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Foreword

The 1996 Sheep and Goat/Wool and Mohair Consolidated Progress Report has been prepared by
Texas Agricultural Experiment Station and Extension Service scientists to communicate current research
activities and results to those involved in all phases of the sheep and goat industry. Our objective is to
get results to the industry as rapidly as possible, More detailed information on any subject in this report
may be obtained by contacting the responsibie scientist(s) directly.

Sheep and goat research in Texas is a consolidated effort involving the scientists working at College
Staticn, San Angelo, Sonora, and other research sites. These scientists maintain close communication
with scientists at other Texas universities and in other states, including those with the USDA.,
Additionally, linkages are established with research organizations in other countries where sheep and goat
research is being conducted. Through this network, we maintain a prompt awareness of new
developments and emerging technology that may be useful in Texas. The research program maintains
relationships with sheep and goat commodity groups and other private organizations involved with animal
health care products; feed supplements; ration additives; growth promotants; wool, mohair, and lamb
processing and marketing; and other products and concepts that may be useful in sheep and goat
production. A new Sheep and Goat Center currently under construction at Texas A&M University
College Station, wilf greatly enhance our ability to address important issues for the sheep and goat
industries.

Texas leads the nation in both sheep and goats, and needs to maintain a viable sheep and goat industry
in order to efficiently utilize and manage a sustainable range resource. These animals also provide an
important economic diversity for land managers and base support to the rural communities in West
Texas.

The loss of the USDA wool and mohair incentive removed a stabilizing factor for the industry, and
has resulted in a substantial decline in numbers. However, there are limited alternative uses for much
of the lands where sheep and Angora goats are raised. Cattle numbers can be increased only slightly
but can not replace the income and range management options provided by sheep and goats. The relative
large number of manuscripts related to meat goats in this report is evidence that there is considerable
interest in further developing this phase of the industry.

The primary objective of the TAES research program is to provide new technology to maintain a
productive and profitable Texas sheep and goat industry. We are pleased to provide this overview of
research and related studies conducted by Research and Extension staff. Please contact any of us if we
can be of assistance. :

Carl Menzies, Resident Director Bryan Johnson, Head
Texas A&M University Agricultural Research Animal Science Department
and Extension Center at San Angelo Texas A&M University, College Station
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Explanation of (P > .05)

Dan Waldron

Much of the research in this report has an aim of making a comparison between different
animals or animal products (wool and mohair). Some experiments have the objective of
comparing different breeds of animals, while some experiments are comparing the same type of
animals that are given different treatments. These trearments are often different feed and{or)
management. A briet explanation of the implications of the statistical meaning of (P < .05) is
given here in order to make this progress report more useful to all readers.

Significant differences when comparing groups or treatments

Several reports will show the differences among groups and include statements such as
“Group A was heavier (P < .035) than Group B’ or “Group A was significantly (P < .03}
heavier than Group B' or “Group A was not significantly {P > 03) heavier than Group B." The
word significantly, as used in this context, refers to the confidence the researcher has in the
observed result. The (P < .05) is read: probabiliry less than .05. This indicates that there is less
than a 5% probability that the advantage of A over B was not due 1o the treatment, A vs B, but
was due to chance. If P > .05 probability greater than .03, is used, it indicates that there is
greater than a 5% chance that the difference between the averages of the two groups is due to
chance. In general, a researcher will consider differences between two groups to be not
significant if the probability of the ditference being due to chance, rather than the treatment used
in the experiment, is greater than 10%. The p-value in P < .05, is 2 measure of the confidence
that a researcher has in the result of the experiment. Smaller values indicate a greater contidence.

As a simplified example, assurme that a research project was conducted tw measure weight
gain of two groups of lambs, A and B, in a 30-d period. The average gain of Group A was 14
Ib and the average gain of Group B was 12 lb. This would be a significant difference if each of
the lambs in Group A gained 14 Ib and each of the lambs in Group B gained 12 Th. However,
if the Group A lambs' gains ranged from 8 to 20 b and the Group B lambs ranged from 6 to 18
th, the difference between the treatments (14 - 12 = 2) might not be signiticant. Therefore, the
variation within a group is considered when determining how much confidence one should have
in a difference between groups. A research report may include a statement such as “The higher
average gain of Group A over Group B was not statistically significant.’ This could be restated
as " Because the variation of gain within each group of lambs was so high, the fact that the
average tor Group A was greater than the average for Group B may not be repeated it this
experiment were conducted again.”

A group of animals of similar breeding will not all guin the same or have fleeces with
the same fiber diameter. This variation among animals has to be taken into account when
describing difterences seen in research trials. Using the concept of statistical signiticance is the
accepted way to take into account the biological variation. The variation may be due to genetics
(unless animals are identical litter mates or clones they will have some differences in their
genetic makeup), health, nutrition, behavior, environment, or a combination of these factors,

Vil




Reproductive Performance, Serum Antibody Titers, and FSH Levels of
Rambouillet Ewes Passively Immunized Against Inhibin

T.D. Willingham, D.F. Waldron, and J.E. Wheaton

ABSTRACT

Two experiments were conducted to evaluate the
cffect of passive immunization with an inhibin antibody
on reproduction in Rambouillet ewes. Ninety-six ewes
were used in each experiment. Passive immunization
with increased antibody titers (P < .01) in Rambouillet
ewes in two years’ experiments. FSH levels were higher
(P < .01) in treated ewes 24 h after immunization.
Immunization increased ovulation rate (P < .01) for all
ewes in Experiment 1 and for the 3-yr-old ewes in
Experiment 2. Days to estrus, fertility, lambs per ewe
exposed and prolificacy were not affected by
immunization. Timing of immunization mn relation to
CIDR removal had no effect on antibody titer, FSH
levels, fertility, or lamb production of treated animals.
However, 1mmunization 24 h prior to CIDR removal
did increase ovulation rate and decrease days to estrus
when compared with 0 or 48 h. Ovulation rate response
to immunization was found to be positively related to
body weight at breeding.

Introduction

Improvement of reproductive efficiency has long
been a major focus of sheep research because of its
importance (Shelton, 1980) to overall efficiency of meat
production. Methods evaluated for improving
reproductive efficiency have included genetic selection
and edocrine manipulation.  Genetic methods have
included within breed selection, or crossbreeding to
prolific breeds: while endocrine manipulation has
evaluated the use of exogenous hormones, immunization
against endogenous steroids or gonadal proteins. The
usc of immunization has the potential to elicit an
immediate response which can be long term (active
immunization) or short term {passive immunization).
Research evaluating active immunization against
androstenedione has shown that reproductive levels can
be increased (Willingham et al., 1991} but these
increases are generally considered excessive for
extensive range production of sheep. Recent
developments in the isolation of mhibin, a naturally
gceuring glycoprotein in the ewe (Burger, 1988, Ying,
1988}, development of antisera {(Meyer et al., 1991) and
positive early trials (Kusina et al., 1995) have increased
interest in the potentizl use of immunization against
inhibin for improving reproduction. It is the purpose of
these trials to evaluate passive immunization against

inhibin and its effects on antibody titer levels, serum
FSH concentrations, and reproductive performance in
Rambouillet ewes maintained on range.

Materials and Methods

In the fall of 1994 ninety-six, mature Rambouillet
ewes (121.4 + 1.2 Ib) were randomly assigned to four
treatments. Ewes were treated intravaginally with a
controlled internal drug release device (CIDR)
containing progestin for 13 d to synchronize estrus.
Treated ewes were passively immunized with an
intramuscular injection of an inhibin-antibedy at either
48 {-48 h), 24 (-24 h) or 0 h before CIDR removal. A
control group was not immunized. Dosage was 4,536
RP-2U/Ib for 4 mean body weight of 121.5 Ib. Control

- and treated ewes were further randomly assigned to

three breeding groups (1, 2, 3) within each of the four
treatment groups. Each breeding group had 32 ewes
with eight from the contro} group and eight from each of
the treatment groups. Breeding group 1 (BGI} ewes
were placed with three fertile males at CIDR removal.
BG2 and BG3 ewes were placed with four vasectomized
rams. All rams were fitted with a marking harness to
aid in detection of estrus. Ewcs were checked daily for
estrus throughout the first estrous cycle, then every
other day for two subsequent estrous cycles. Owvulation
rates were observed laparoscopically in all ewes 7 d
after CIDR removal. Ovulation rates were also
observed in BG2 and BG3 ewes approximately 7 d after
their second observed estrus. and BG3 ewes again 7 d
atter the third estrus. Onme control ewe was removed
from the trial after the first laparoscopy because she had
lost her CIDR and ne corpora lutea (CL.) were abserved.
A 0 h ewe was later removed because of failure to cycle
at the first or second laparoscopic observation and the
ovaries appeared abnormal. After the first laparoscopic
evaluation, BG 2 ewes werc placed with fertile rams.
BG3 ewes were placed with fertile rams after the second
laparoscopy. Ewes were lambed in confinement. Birth
rype, birth date, sex. dam. and birth weight were
recorded.

A second cxperiment with 96 Rambouillet ewes was
conducted in the fall of 1995, Ewes (108.8 + 1.9 1b)
were randomly assigned and balanced for age (3- or 6-
yr-old) to two treatments (control, (0 h) for passive
immunization. Method of immumzation, dosage of
antibody, and estrus synchronization were the same as
the first experiment. At CIDR removal. 0 h ewes were




passively immunized against inhibin and all ewes
(control, (0 h) were placed with 15 rams. Eleven rams
were fitted with marking harnesses to aid in estrus
detection. Ovulation  rates  were  observed
laparoscopically only for the first estrus 9 d after CIDR
removal.

Biood Samples

Experiment |

Blood samples were collected by venipuncmure in 13
ml vacuum tubes. Samples were collected from all
treated ewes 24 h after immunization and all control
ewes at CIDR removal. Serum was separated and stored
at -4 °C for determination of antibody titers and FSH in
all ewes. FEight animals randomly selected from each
treatment were bled weekly until the third ovulation rate
was observed. The same animals were bled each time.

Experiment 2

All ewes were sampled a single time, 24 h after
CIDR removal. Blood collection, serum separation and
storage were conducted the same as in Experiment 1.

Statistical Analysis

Statistical analysis of data were performed using the
GLM procedure of SAS {(1992). The model used
{Experiment 1} to estimate treatment differences for
anitbody titer, FSH, and all reproductive traits included
the fixed effect for treatment and a linear covariate for

body weight at breeding. Breeding group and breeding
group x treatment interactions were also evaluated for
fertility and prolificacy. Prelumninary analysis showed
no significant effect of breeding group or interactions in
prolificacy; however, breeding group had a significant
effect on fertility. Treatment means were estimated for
serum concentrations and reproductive performance
when adjusted to the mean body weight of all animals.

The model used to estimate treatment differences in
Experiment 2 for antibody titer and reproductive traits
included a fixed effect for treatment by age and a
covariate for breeding weight within treatment.
Treatment means were estimated at the mean body
weight of all ewes (108.8 Ib).

Results and Discussion

Experiment }

Antibody titers (Tables | and 2) of immunized ewes
increased tenfold over the control ewes within 24 h of
immunization and remained higher (P < .01) than
controls throughout the sampling period (42 d).
Antibody levels declined steadily after the observed 24
h post injection peak. Antibody titers and FSH were
similar for anmimals treated 48, 24 or O h before CIDR
removal. FSH levels of immunized ewes were higher
(P < .01) than control ewes 24 h after antibdy injection
but were comparable to control ewes 7 d after CIDR
removal.

Table 1. Least squares means of blood serum antiboedy titer and FSH from ewes sampled 24 hours after immunization with an inhibin antibody

Antibody Titer RP-2 Units FSH ng/ml
LS Mean LS Mean .S Mean L5 Mean
{n =23 n =71} P (n = 23} n =70 P
Control vs Imnwunized 3148 + 429 3848 + 2.44 M 1332 £ 1.4 1979 +£ 0.539 o1
Ohvs-24h 340.97 + 4.29 336.19 + 4.20 43 2027 £ 1.4 2017 £ 1.02 94
Ohvs-48h 340097 + 429 33800 + 4.20 62 2027 + 1.04 18,91 £ 1.2 35

Table 2. Least square means of blood serum antibody titer and F5H from ewes passively immunized against inhibin and sampled weekly after CIDR removal

Antibody tizer RP-2 units FSH np/ml
Drays after CIDR remioval Comrol (n = 8} Immunized (n= 24) B Control in =8} Immumzed fn=241 13
7 27.22 £ 11.69 25331 £ 676 0l 17.26 + 1.64 17.27 + 0.95 99
14 2340 + 7.0 192,37 + 4.04 i 13.97 + 1.40 1777 + 081 03
2 17.92 + 5.61 151.49 + 3.24 m 11.52 £ 1.1% .31 + G.6d 87
28 10.65 + 7.21 109.49 + 4.16 01 1495 + 1.45 13.29 + (.84 a3
s 15.29 + 6.01 902 + 3.47 01 974 + 1.75 1124 = 1.1 14
42 2475 £ .26 T6.70 + 4.77 01 14.44 + 229 16.17 + 1.32 51

[e%]



Days to first estrus (Table 3) were not different for
control vs treated ewes. Ovulation rate of immunized
ewes was increased 96% (3.18 vs 1.62) as compared to
controls during the first estrous cycle after antibody
injection. Ewes treated 24 h prior to CIDR removal had
a greater {P = .05) ovulation rate {3.74) than ewes
treated 48 h prior (2.99) 1o CIDR removal or ewes
treated at (2.83) CIDR removal. Ovulation rate at the
second estrus was similar for control and treated ewes,
At the third estrus, the immunized ewes ovulated
significantly fewer (16.7%) ova than control ewes. One
possible explanation is that the increased ovulation rate
after the first estrus may lead to a period of below
average reproductive performance as antibody titers
decline. This has been suggested in earlier work
(Willingham et al., 1991) which was done with active
immunization against androstenedione where a
nensignificant decline in lamb production was observed.

Further work needs to be conducted to determine if this
decline in ovulation rate is repeatable and if so, the
duration of the negative effect of immunization on
ovulation. This is particularly important if a producer
were o passively immunize ewes for out of season or
fall lambs, followed by re-exposure of ewes for winter
or spring lambs.

Fertility, prolificacy, and the number of lambs born
per ewe exposed, did not differ (Table 4} for passively
immunized ewes when compared to control ewes. The
failure of increased ovulation rate to be realized as
increased number of lambs born, and subsequentiy
raised, is not readily explained by these data. It has
been well documented (Casida et al. 1966; Dolling and
Nicolson, 1967) that as owvulation rate increases,
reproductive wastage increases but generally at a lower
rate for many different reasons.

Table 3. Least squares means of days to first estrus and ovulation rate at three consecutive cycles

n 1.5 Mean n LS Mean P

Days to first estrus .

Control vs Treat 22 1.86 + 0.21 65 186 +0.12 o9

Ohvs-24h 22 204 4 (.21 23 1.43 + 0.21 04

Ohvs 48 h 22 2.4 4+ 0.21 20 2,10+ 0.22 85
First ovulation rate

Control vs Treat 23 1.62 + 0.28 71 318 + 016 R0}

Onhvs-24h 73 2.83 + 0.28 24 374+ 027 02

(hvs-48h 23 2.83 4+ 0.2% 24 2499 £ 0027 &7
Second Ovulation rate

Control vs Treat 15 1.94 + {110 47 1.78 + .06 20
Third ovulation rale

Cuontrol vs Treat 8 1.98 + 0.14 24 1.65 + 0.08 05

Table 4. Least squares means reproductive performance of ewes passively immunized against inhibin

n LS Mean n LS Mean P

Ferulity

Control vs Trear 23 070 = 0_09_ 71 0.73 + 005 I8

hvs-24h 23 078 £ 0.09 24 .62 + 0.09 .21

hvs 48 h 23 0.78 + 0.09 24 0.79 £ 0.09 O
Lambs born per ewe exposed

Control vs Treat 23 122 4 (018 71 1.21 + 010 a7

Uhys-24h 23 1.30 + 018 24 104 1 01R .3l

Ohvs-d8h 23 1.30 £ 018 24 1.29 £ 018 .96
Pralificacy

Comntrol vs Treat 16 1.74 + .14 52 1.68 + (.08 i

Ohvs 24h 18 1.69 + 0.13 15 1.69 £ 0.14 98

Ohvs-48h 18 1.69 £ 013 19 1.64 £ 0.12 R0




Results of Experiment 2 are shown in Table 5 and
support the general conclusions of the Experiment !.
Antibody titers increased markedly within 24 h after
passive immunization while days to estrus, fertility,
lambs per ewe exposed and prolificacy were not affected
by immunization. FSH has not been evaluated at
present.  The immunized 3-yr-old ewes had a
significantly higher ovulation rate (2.14 vs 1.28) than
the 3-yr-old control ewes. However, the ovulation rate
of the 6-yr-old immunized ewes was not significantly
different (1.79 vs 1.73) from the 6-yr-old control ewes.

The mean body weight did not differ among the
treatment by age cells. However, the 3-yr-old ewes did
welgh less than the 6-yr-cld ewes (97.2 1b vs 126.4 1b).
The estimated regression coefficients for body weight
were 014 and .001, for the treated and control groups,
respectively. The difference between these regressions
coefficients was not sigmficantly different from zero (P
= .39). However, the nonsignificant difference between
the bedy weight within treatment regression coefficients
and the effect of mmunization acress age indicate that
immuriization had a larger effect at heavier body
weights. The relationship between treatment and body
welight i1s shown in Figure 1. The estimated effect of
immunization at 100 1b body weight was an increase of
34 4+ .26 ova (P = .20) The estimated effect of
immunization at 130 1b body weight way an increase of
75 + .34 ova (P = .03). However, it should be
remembered that this increase in ovulation rate is not
resulting in a significant increase in lambs produced.
The data from these two experiments suggest that the

effect of passive immunization with an inhibin antibody
can increase ovulation rate. The results of Experiment
2 suggest that the effect is greater in younger ewes (3-
yr-old vs 6-yr-old) and the effect is greater at higher
body weights.

Figure 1. Retationship of ovulation rate to body weight
by treatment.

2.5 4

1.0
80 100 110 120 130 140
Body Weight, Ib
Treatmente—e—e Antibody —--—-— Control

Table 5. Antibody titers and reproductive performance of 3- and 6-yr-old Rambouillet ewes (Experiment 2).

Treatment Age, ¥r n Antibody titer RF-2 units
Imnwunized 3 29 154.36" 4 593
Immunized [i] 19 162 50¢ + 2.07

Contral 3 29 0.69° + 5.63

Control f 19 0.88" + 7.66

Treatment Ape, vr n Days ta esimus n Ovulation rate
Immunized 3 16 LA & 92 29 204 + .21

[mmunized 6 1% 1.95" 4 16 19 1.7¢" + .29

Comerol 3 27 1.63* + .12 29 1.28" + .20

Control 6 19 152" + 15 9 173" 1+ .27

[.ambs per

Lreatmuent Age.yr n Ferility ewe exposed n Prolificacy
Immunized 3 29 B3+ 12 A3+ 19 15 1.31" £ .21
Immunized & 19 Al ot 16 634 27 I1 1.49" + .26
Control 3 29 A6* £.11 5% 4+ 19 14 1300 £ .20
Contrisl f 19 B .15 1.21* + 25 15 1.45 + 19




Implications

The use of passive immunization against inhibin
caused a marked increase in antibody titers and FSH,
with FSH concentrations declining rapidly while titers
declined gradually. Passive immunization improved
ovulation rate yet failed to improve fertility, lambs
per ewe exposed or prolificacy, in Rambouillet ewes
maintained under extensive Texas range conditions.
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Evaluation of the Accuracy of Central Performance Test Data in
Rambouillet Sheep

D.F. Waldron, P.V. Thompson, W.S. Ramsey, T.A. Taylor, M. Salisbury,
and G.R. Engdahl

ABSTRACT

A progeny test of nine centrally tested Rambouillet
rams was conducted. The postweaning central
performance test was 140 d long. Traits evaluated on the
central test included average daily gain, fleece weight
and {leece fiber diameter. Progeny were evaluated for
birth weight, weaning weight, postweaning weights and
postweaning gain. Progeny performance was regressed
on sire’s central test performance. Increased average
daily gamn on central test resulted in progeny with
significant {P < .05) increases in weaning weight and
postweaning gains of lambs on feed. Increased average
daly gain on central test did not result in increased
progeny birth weight. Increased average daily gain on
central test resulted in positive, but nonsignificant (P >
.10} increases in postweaning weights of ewe (6 mo and
{0 mo) and wether (7 mo) progeny. Data from
additional sires and traits will be collected in this
ongoing project.

Introduction

A central performance test of Rambouillet rams has
been conducted annually at the Sonora Station since
1948 (Shelton, 1979). A purpose of such a central
performance test 1s to allow for valid comparisons of
performance of amimals from different ranches.
Performance differences observed on different ranches
can be due to genetic differences as well as
environmental differences. When evaluating breeding
stock. it is desirable 1o separate genetic differences, that
will be passed on to progeny, from environmental
differcnces, that will not be passed on to progeny. The
practice of measuring performance of animals from
several different ranches at one central location has been
employed to remove environmental differences. If the
performance of rams during the test is not influenced by
pretest environment, the differences observed are
genetic differences. Research work conducted during the
early vears of the Sonora test (Shelton, 1959) showed a
positive relationship between central test performance
and progeny performance, indicating that the test
practiccs were successful in identifying genetically
Superior rams.

Test practices have changed since the 1950s. Some
of the central tests used in the 1959 report were 308 d

long. The test has been 140 d long since 1972, A study
conducted with Suffolk rams from Midwest central
performance test stations in the 1980s showed no
significant relationship between central test performance
and progeny performance for post weaning growth rate
{Waldron et al., 1990). The central tests in the Midwest
study were only 63 d long, which is typical of many
central performance tests in the Midwest (Waldron et
al., 1989).

Self feeders are used at the Sonora central test so
that performance is not limited by available nutrition.
Because of the high level of nutrition, performance for
traits such as growth rate and fleece weight are higher
than what would be expected under range conditions.
The objective of this study was to estimate the
relationship between performance observed during the
140-d central performance test and subsequent progeny
performance under commercial conditions. This report
gives results on growth traits for the first phase of a
three-phase project.

Materials and Methods

Each phase of this project includes obtaining rams
from the central performance test, mating them to ewes
the next breeding season, evaluating growth rate of
progeny as lambs, and evaluating fleeces of progeny as
yearling ewes and 2-yr-old ewes. Nine unrelated rams
that completed the Sonora Central Performance Test in
February 1994 were chosen to be used in the first
phase. The rams were chosen so that a wide range of
performance was represented for average daily gain
(ADG), clean fleece weight {(CFW) and fiber diameter
(FD). The range of performance among the 203 rams
that finished the test and the nine rams selected for the
progeny test are shown in Table [.

Table 1. Mean, minimum and maxirmoum of performance measures on
central test

Trait Mo # Mean  Miimum Maximum
ADG, Thid N = 203 72 44 1.07
n=9 79 56 99
Clean fleece wt.. Ihiyr N =M1 1.5 f3 192
n="9 12.2 9.1 15.3
Fiber diameier, um N =203 237 17.8 9.6
n=y9 238 2 70

*203 rams finished the central test, 9 rams were chosea for the progeny est.



A flock of 3-yr-old, commercial Rambouillet ewes
on the Winters Ranch near Brady, Texas were mated in
single sire pastures in September 1994, All lambs were
welghed at birth and at weaning, June 26, 1995, at an
average age of 135 d. The ewe lambs were raised on
pasture with some supplemental feed. Postweaning
weights were obtained on the ewe lambs at 6 and 10 mo
of age. The ewe lambs were shorn on August 7, 1995,
so that the fleeces obtained in 1996 would all have the
same period of growth. No analyses were deone on the
fleeces shorn at an average age of 6 mo.

Ram lambs were visually appraised and ranked at 60
d of age by an experienced livestock evaluator. The five
highest ranked lambs were left as intact males and the
remainder were castrated, At weaning, the wether lambs
were taken to the Texas A&M sheep center at College
Station, Texas, shorn and started on feed. They were fed
ad Ubitum a diet that was 15% crude protein and 67 %
TDN. Lambs were slaughtered n four groups with the
heavier lambs slaughtered after 49 d on feed. The traits
analyzed were weight after 49 d on feed,
approximately 7 mo of age, and ADG during the 49 d
on feed. The ram lambs were part of another experiment
where the lambs were self-fed the same diet as was fed
at the Sonora Central Performance Test. This trial was
conducted at Angelo State University, San Angelo,
Texas. The rams were shorn October, 1995 and again
140 d later in February, 1996.

Growth rates and body weights were analyzed with
PROC MIXED (SAS. 1992). Sire of the lambs was fit
as a random effect, sire's ceniral test performance was
fit as a covariate (Henderson, 1984), All other effects
were fit as fixed effects. The partial regression
coefficients of progeny performance on sire's central
test performance were used to evaluate the relationship
between progeny performance and sire’s central test
performance.

Results

The results of the regressions of various progeny
weight and growth fraits on sire's central test
performance are presented in Table 2,

Birth weight

The regression of progeny birth weight on sire's
ADG on central test was not significantly different from
zero. This observation indicates that selecting for
increased postweaning ADG on central test does not
result in a correlated increase in birth weight.

Weaning weight

The regression of progeny weaning weight on sire's
ADG on central test was significantly different from
zero. The regression coefficient of 10.7 indicates that
for each .1 b increase in sire’s ADG on central test,
progeny weaning weight increased by 1.07 Ib/lamb.

Postweaning, ewes

The regression of ewe progeny postweaning weights
at 6 and 10 mo of age had significance levels of .15 and
.13, respectively. The regression coefficients were
positive, indicating that rams that had higher ADG on
central test, sired ewe lambs that were heavier at 6 and
10 mo of age. However, the low significance levels
indicate that the relationship between postweaning ewe
lamb progeny weight under pasture conditions and sire's
ADG was not strong,

Postweaning, wethers

The regression of wether postweaning weight at 7
mo of age was similar to that of the ewe postweaning
weight in that the significance level was .13, The
regression coefficient was positive (26.3 Ib} , but had a
large standard errot (17.0 lb). This indicates that for
each .1 Ib increase in sire's ADG on central test, wether

Table 2. Partial regression coefficients (b} + SE of progeny performance on sive's central test performance

Progeny frait Sare trait N h + 5E P
Birth weight ADG 233 0d 4. 75 90
Weaning weight ADG 205 107 =58 07
Ewe lambs

Weight at 6 mo ADG 102 1.8 +£ 7.5 A5

Weieht at 10 me ADG W2 N1 1 6.6 13
Wether fambs

Weight at 7 mo ADG 56 W3+ 170 13

ADG ADG 56 24 4+ 01 4
Kam lambs

Weaght at 12 mo ADG 35 ®3.1 + 300 01

140y d postweaning ADG ADG 35 434 12 .




postweaning weight increased by 2.63 lb/lamb. The
regression of wether postweaning ADG on sire's ADG
or central test was significantly different from zero. The
regression coefficient of .24 indicates that for each .1 1b
increase in sire's ADG on central test, wether
postweaning ADG increased by .024 Ib. Postweaning
ADG was measured on the progeny for 49 d. Another
way to express this is that for each .1 |b increase in
sire's ADG on central test, wether postweaning gain
increased by 1.18 Ib/lamb (.024 x 49d = 1.18).

Postweaning rams

The regression of ram progeny weight at 12 mo of
age was significantly different from zero. Each .1 lb
increase in sire's ADG on central test, resulted in an
average increase of 8.3 Ib/ram lamb at 12 mo of age.
The regression of ram progeny postweaning ADG on
sire’'s ADG on central test was also significantly
different from zero. Each .1 1b increase in sire's ADG
on central test, resulted in an average increase of .043 Ib
in ram progeny ADG.

Discussion

The general inference that can be drawn from the
results in Table 2 is that the relationship between central
test performance and progeny performance is positive.
Central test performance was a better indicator of
progeny performance when progeny were raised in an
environment similar to that of the central test. However,
the number of rams with progeny (9) that have been
evaluated is not adequate for conclusions. A second set
of central performance tested rams have produced lambs
bornt in 1996 and a third set of rams will be mated to
produce lambs in 1997. Wool quantity and quality
measures will also be evaluated,

Implications

Preliminary results suggest that performance on the
140 d Sonora Central Ram Performance Test is
positively related to progeny weaning weights,
postweaning weights and ADG. A central performance
test can provide meaningful across-flock comparisons of
animals for traits that can be measured in young rams.
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The Use of a DNA Marker to Select Sheep for Increased Ovulation Rate

D.F. Waldron, E. Gootwine, T.D. Willingham, and G. Montgomery

ABSTRACT

Ovulation data was analyzed according to DNA
marker (OarAE101) genotype in three half-sib families
of Booroola-Rambaouillet ewes. One of the sires was
heterozygous at the marker locus. An estimate of the
effect of FecB was 1.2 + .25 ova based on the 16
daughters in the informative sire family. The mean
ovulation rate of the daughters of the two sires that were
homozygous at the marker locus was 2.4,

Intreduction

In the early 1980s Boorcola-Merino sheep became
available in the U.S. The Boorecola-Merino was of
interest because it had the ability to produce
approximately 100% more lambs/ewe lambing than
Rambouillet ewes. Unlike the Finnsheep and other
prolific breeds, the Booroola-Merino's extra lambs
resulted from the effect of a single gene (Davis et al.,
1982). The fact that the extra lambs are a function of a
single gene, rather than multiple genes, is significant
because through crossing and backcrossing Booroola-
Merino with other breeds and subsequently selecting for
desirahle production characteristics, it is possible to
transfer, or introgress, the fecundity gene of the
Booroola {(FecB) into the breed of choice. in Texas
range sheep production, the traditional breed of choice
is the Rambouillet. In the mid 1980s a research project
was initiated at the Texas Agricultural Experiment
Station at San Angelo to evaluate Booroola-Merino x
Rambouillet cross ewes relative to Rambouillet ewes.
The early reports of this research showed that although
the Booreola-cross ewes produced more lambs, because
of a higher ovulation rate, Booroola-cross ewes were
smaller and their lambs did not grow as fast as
Rambouillet lambs (Willingham et al., 1988). However,
this early project compared the Rambouillet to the
Booroola-Merino, The results were partly a functicn of
FecB and partly a function of the particular Merine
genetics.

Individual animals may have zero, one or two copies
of the gene (FecB) which is responsible for the increased
number of lambs born. Ewes with two copies of FecB
sometimes produced litters of four or more lambs.
Lambs born in larger litters had markedly lower
survival. Ewes with one copy of FecB usually had twins
or triplets and rarely had litters of four or more.
Therefore, the purpose of this project became to make

further crosses and selections so as to produce ewes with
a high percentage of Rambouillet parentage that still
carry FecB. Until recently, the only methods that could
differentiate between ewes that did or did not carry the
FecB were to count ovulations by laparoscopy or count
numbers of lambs born. There was no direct test for
rams. A ram'’s status for FecB could only be determined
by observations on reproduction of his daughters,

The science of molecular genetics has made dramatic
advances during the life of this project. In 1993 jt was
reported {Montgomery et al., 1993) that a DNA marker
had been found that was linked to FecB. Linked, in this
context, means that the marker locus and the FecB locus
are in the same region on the same chromosome. Thus,
the PNA marker can be used to predict which animals
were carrying zero, one of two copies of FecB,
provided that 1) the parents of the animals are known,
2) DNA from the parents had heen analyzed and 3) the
status of the parents for FecB was known. Each animal
has two alleles at the marker locus, one inherited from
the sire and one inherited from the dam. The different
alleles at the marker locus are designated by letters
(AB,C.D,E,...). Therefore, an ammal's genotype is
designated by two letters such as, EG or EE.
Determining an animal’s genotype at the marker locus
involves obtaining a blood sample from the animal,
extracting DNA from the white blood cells
(Montgomery and Sise, 1990) and analyzing the DNA
by Polymerase Chain Reaction (PCR) to determine
which alleles are present in that animal. The DNA
marker locus (OarAE101} that was used in this project
has been estimated to be 13 ¢cM away from the FecB
locus (Montgomery et al., 1993). Therefore, the marker
information will allow correct prediction of an animal’s
FecB status 87 % of the time. However, the advantage of
using this DNA marker is that the evaluation can be
made on lambs before they reach reproductive age.

The Booroola-Rambouillet flock at San Angelo has
a mixture of ewes with zero, one or two copies of I'ecB.
These ewes also have a wide range of Rambouillet
parentage. In order for the DNA marker data to be
useful, the FecB status of some animals must be
determined. This was done by progeny testing three
rams. The three rams were mated, in July 1994, to
purebred Rambouillet ewes from a tlock that had no
ewes carrying FecB. The female progeny in the three
half-sib families were used in the progeny test. The
purpose of this report is to present results of this
progeny test.



In June and July of 1995, blood samples were obtained
from the sires and the ewe lamb progeny of the three
half-sib families. DNA was extracted from the white
blood cells, stored in ethanol at San Angelo and sent to
the Volcani Center in Bet Dagan, lsrael for marker
analysis. Genotype at the marker locus was determined
on the three rams and their daughters.

In November and December 1995, the three half-sib
families of Booroola-Rambouillet ewe lambs were
exposed to sterile rams for one estrous cycle and a
fertile ram for the subsequent cycle. Rams were fitted
with a marking harness and breeding marks and dates
were recorded. Ovulation rate was observed and
recorded on each ewe approximately 10 d after a
breeding mark was recorded. Thus, ovulation rate was
determined at two consecutive cycles on all the
daughters. The mean of the two ovulation observations
and weight at 9 mo ot age were analyzed within sire
group with PROC GLM (SAS, 1990). The model used
marker genotype as a fixed effect.

Results and Discussion

The marker genotypes for the sires and the
frequency of genotypes in each sire-group are shown in
Table 1. Two of the sires (783 and 822) were
homozygous for the OarAE101 marker. The families of
the two sires that are homozygous (II) at the marker
were not informative for establishing linkage. However,
in this instance, the gene frequency within these two
families provides an estimate of the gene frequency
within the flock of Rambouillet ewes at the FecB locus.
Based on these two families, the frequencies were E
10%, G 80% and I 10%. A fourth allele, A, was
inherited from one of the dams that was bred to 1088,
The 1088 family was not used in calculating the gene
frequencies. A larger number of ewes would need to be
sampled to get a reliable estimate of the gene frequency
at this locus. The ovulation rate data from the 1088 sire
family will provide information about the linkage
between the OarAE1(}1 and FecB loci. The estimate of
frequency of the I allele at the OarAE10] locus of 10%
among the Rambouillet ewes, suggests that some of the
ewes with the GI genotype in the 1088 family inherited
the I allele from the dam rather than the sire. Therefore,
when cstimating the difference in ovulation rate, within
the 1088 family, between the ewes that possess the |
allele (EY and GI) and those that do not (AG, EG and
GG), it is expected that some (an estimated 10%) of the
Gl ewes did not receive the T allele from the sire.

The means of two observations/ewe of ovulation rate
are shown in Table 2 by genotype within sire group. All
daughters of 783 and 822 inherited the | allele. If these
rams arc also homozygous for FecB, each of their

10

daughters has one copy of FecB. All of the 783
daughters and 90% of the 822 daughters had mean
ovulation rates of 2 or more. The ovulation data suggest
that 783 and 822 are homozygous for FecB.

Tahle 1. Frequency of genotypes at QarAE101 locus in three half-sib
families*

Sire, senotyoe

783, 11 222, 1 1088, GI
Marker genotype
AG 6% (1)
EG 12% (2}
El 16% (3} 5% (1} 19% (3
GG 25% {4)
GI F4% (14) 86%{19) 37% 16)
11 10% (2} 9% {2y
Total 100 % (19 100% (223 100% (16

* number of daughters in parentheses

Table 2. Mean ovulation rate and (number of ewes ohserved} by marker
genotype within sire families

Stre, genorype

783, 1 g22. 11 1088, GI
Marker genetype

AG 100 {
EG 150 (2
EI 2.83 (3} 2501 2503
GG 1.25 (4
Gl 257 (14} 229019} 233 (6
II .50 1.75 (2}

In contrast, 44 % of the daughters of 1088 had mean
ovulation rates less than 2. The groups that are
infoermative for linkage analysis, are those of sire 1088
because he was heterozygous at the marker locus.
Analysis of mean ovulation rates of 1088 daughters
which carry the T allele vs those that do not carry the 1
allele yielded an estimate of an increase in ovulation rate
of 1.2 £ .25 (P < .(1) associated with the [ allele. For
the 1088 sire, the I allele is linked to the FecB allele
which increases ovulation rate. There was no significant
difference in body weight between ewes which inherited
either the I allele or the G allele frem sire 1088.

The estimate of increased ovulation is similar to that
reported by others (Piper et al., 1985) when comparing
ewes with one copy of FecB to ewes with zero copies of
FecB. The estimate in this report differs from many of
the previous reports in that the estimate is based on data
from ewes within a group of half-sibs. The use of the
DNA marker affords the opportunity to get an estimate
of the effect of FecB unbiased by other genetic
background effects. Currently more heterozygous rams
are being progeny tested and additional DNA markers
are being evaluated for accuracy in identifying sheep
that are carrying FecB. The use of the marker has
allowed for stricter culling on production traits.
Therefore the selection progress for superior growth and
wool characteristics can be accelerated.



Implications

The use of DNA markers has provided the ability to
select lambs for increased reproductive rate before they
reach reproductive age. The use of this procedure has
limited value when pedigrees are not known. When
replacements are selected according to marker genotype,
further selections can be made so that improvement in
other important production traits can be achieved. Using
marker assisted selection will increase the rate of
introgression of FecB into Rambouillet sheep.
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Growth Rate and Feed Efficiency of Boer x Spanish
Compared to Spanish Goats

D.F. Waldron, T.D. Willingham, P.V. Thompson, and J. E. Huston

ABSTRACT

Boer x Spanish kids were compared to Spanish kids
for pre- and postweaning weights during a 2-yr study.
Fifteen Boer sires and eight Spanish sires were
represented by a total of 681 progeny. Boer-sired kids
were heavier at birth, but this did not result in dystocia.
Boer- and Spanish-sired kids were similar in weight (P
> .5) at 100 d of age. The male kids were randomly
assigned 1o cither a high level of nutrition in a feedlot or
low level of nutrition on pasture. The Boer-sired kids
had greater growth rate (P < .1) and greater live
weights at 8 mo of age (P < .1) in the feedlot. Boer-
sired kids had an advantage (P < .03) in feed:gain ratio
over Spanish-sired kids (6.0 vs 7.3) in the feedlot. Intact
male kids had a weight advantage of 9.1 lb over
castrated males at 8 mo of age. The Boer-sired kids did
not have a consistent, significant advantage in
postweaning weights or growth rate when maintained on
pasture with little or no supplemental feed. Doe kids had
a nonsignificant advantage in weight at & and 9 mo of
age. Postweaning growth rates indicate Boer-sired kids
are physically later maturing.

Introduction

There has been an increased interest in raising goats
for meat production during the 1990s. Some of the
factors fueling this interest are strength of the market for
slaughter goats, the loss of mohair mcentive payments,
and the desire by ranchers to diversify their operations.

The South African Boer goat has long had a
reputation for being an improved breed with respect to
increased meat production (Naude and Hofmeyr, 1981;
Casey and Van Niekerk, 1988). The Boer is reported to
have a large mature size, high growth rate, lean carcass
{Van Niekerk and Casey, 1988), and high reproductive
rate (Campbell, 1984). There are no published reports
where the performance of Boer was directly compared

Table t. Number of does kidding, sires and records by vear and breed of sire

to an alternative meat producing breed that is available
to U.S. goat producers. In the Southwestern U.S., the
Spanish goat has been used primarily for meat
production (Shelton, 1978). Boer germplasm, live
animals, embryos, and semen, became available in the
U.S, m 1993, The objective of this study was to
estimate differences in growth rate and feed efficiency
of kids sired by either Boer or Spanish bucks.

Materials and Methods

A herd of Spanish does was used to produce Boer
X Spanish (Bx) and Spanish x Spanish (S} kids in March
and April of 1994 and 1995. The Spanish does were
assigned at random to be bred to either Boer or Spanish
bucks. Because of the limited number of Boer bucks and
their associated high cost, artificial insemination using
thawed frozen semen was used to produce most of the
Bx kids on a random sample of the does while the
Spanish bucks were naturally mated in single sire
pastures. Boer sires were chosen so as to represent a
range of performance, live weights up to 1 vr of age,
and to rmmmize relationships between sires. The Boer
semen available in the U.S. in 1993 and 1994 was from
sires that had been in New Zealand quarantine stations.
Performance data were not available on all sires. The
Spanish sires that were used were chosen so as to
represent a selected sample of bucks. When the Boer
became available to U.S. goat producers, two avenues
for genetic improvement were 1) use Boer bucks and 2}
use selected Spanish bucks. The very high cost of Boer
bucks in 1993 and 1994 made the vuce of highly selected
Boer bucks unaffordable for many goat producers. Thus,
the comparison in this study was of a representative
sample of Boer bucks versus a selected sample of
Spanish bucks. The number of does kidding, number of
sires, and number of kids born are shown in Table 1 by
year and breed.

Postweaning
Year Rreed Dies Birth wt. 100 d wt Males, feedlol Males, pasture Females, pastare
of sire kidding Sires records records records recpTds reconds
149494 Boer i26 f 211 T2 43 23 1603
Spanish a7 53 154 133 43 4 71
R Boer i1} 9 143 127 40 25 a7
Spunish 11 4 173 157 40 32 59
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The does were maintained and all kids were horn at
the Winters Ranch, near Brady, Texas. The kids were
paired with their dams and weighed within 24 h of birth.
All male kids of the 1994 kid crop were left intact. A
random sample, within sire, of the male kids of the 1995
kid crop was castrated at an average age of 87 d. All
kids and does were maintained on pasture until
approximately 100 d of age. Male kids were weaned
from their dams at approximately 100 d of age.

At weaning, male kids were randomly assigned to
either pasture or feedlot for the postweaning growth
period, approximately 4 to 8 mo of age. An adjustment
period of approximately 4 wk was used to get the kids
on feed before starting the trials. In 1995, castrated and
ir:act males were assigned to the feedlot whereas only
castrated males were assigned to pasture. Thus, the 1994
pasture kids were intact males and the 1995 pasture kids
were castrated males. The kids that had been assigned to
pasture were not given supplemental feed. The pasture
used in 1994 was typical Edwards Plateau rangeland,
which had multiple species of grasses and forbs. Low
quality and availability of vegetation resulting from low

rainfall during the study period provided a low level of -

nutrition. The pasture used in 1995 provided a higher
level of nutrition because of greater rainfall during the
study period. The kids that had been assigned to feedlot
were fed an 80% concentrate, 14% crude protein diet.
The postweaning growth periods were 112 and 100 d,
for 1994 and 1995, respectively.

The kids assigned to the feedlot environment were
assigned randomly to pens within breed or breedtype. In
1994 there were four pens of each breedtype. In 1995
there were three pens of each breedtype-sex {intact or
castrated) combination., Feed intake was recorded for
each pen. Feed consumed was expressed as a percentage
of the average live weight of the kids in the pen. A
feed:gain ratioc was computed by dividing feed
consumed by weight gain per pen.

The female kids were left with their dams on pasture
until weaning at approximately 5 mo of age. At weaning
the female kids were maintained on pasture with some
supplemental feeding when pasture conditions
deteriorated. Postweaning weights were recorded at 6
and 9 mo of age.

Statistical Analyses

Weight data were analyzed with PROC MIXED
(SAS, 19923, Birth and 100 d weight were analyzed
using data from both years in one analysis. The model
included fixed effects for year, breed of sire, sex, type
of birth, a random effect for sire within breed, and a
covariate for date of birth within year (for hirth weight)
or age at weaning {for 100 d weight). Postweaning rraits
were analyzed within year because of the different

circumstances across years. The model used to analyze
the weights and gains of the feedlot kids also included a
random effect for pen. Feed consumption and feed: gain
were analyzed on a pen basis using data from both
years. The model included fixed effects for year, breed
of sire, and sex within year. Feed consumption and
efficiency data were analyzed with PROC GLM (SAS,
1990).

Results

The results of the birth weight analysis in Table 2
show that Bx kids were significantly heavier at birth.
The higher birth weights of the Boer kids did not result
in increased dystocia. The average weight of the Spanish
dams was 82 b at the beginning of the breeding season.
This suggests that the increased birth weight of Bx kids
was not a probiem for these average size Spanish does.
The birth weight difference was maintained through to
100 ¢ of age. However, due to the increased variation in
100 d weight compared to birth weight, the difference
was not significant at 100 d of age.

The different postweaning environments used for the
males resulted in substantial differences in variances
{Table 3). The most obvious differences were observed
in the 1994 trial, where at 8 mo of age, the feedlot kids
weighed nearly twice as much as their half-sib
contemporaries that had been assigned to pasture.
Although the same diet was fed to the feedlot kids in
1994 and 1995, a different barn was used with a
different style of feed trough. Because there were
several factors that were different, sires, weather, barn,
gic., a conclusion about why the feedlot performance
was greater in 1994 as compared to 1995 would be
speculative. Despite the difference in the absolute level
of performance in the feedlot, the advantage of Bx over
S was similar across years, Under feedlot conditions, Bx
kids were 8.9 and 8.6 1b heavier than S kids at & mo of
age, in 1994 and 1995, respectively, This was primarily
a result of the superior growth rate {.08 Ib/d) of the Bx
kids during the postweaning feeding phase.

Table 2. Least squares means + (SE) of breed of sire for birth and 180 d

weights
Trait Buer Spanish Bocr - Spanish P
Birth weight, 1b 635 £ 10 598 £+ .12 +.37 + .14 .01
00 d weight b 367+ 74 363 + .62 +.37 + .64 sl

The 1995 feedlot data included intact and castrated
Bx and § males. At 8 mo of age the intact males were
heavier (9.1 + 3.0 1b, P = .01) than castrated males.
Part of this weight advantage existed at the start of the
postweaning trial because castration was done 7 wk
prior to the start of the postweaning growth trial. The
intact males had a nonsignificant advantage in growth




rate (042 +.024 lb/d) over the castrated males during
the pestweaning growth period.

Under pasture conditions, the performance of the
1994 kids was not comparable to the performance of the
1995 kids because of the difference in level of nutrition
provided by the pastures. The ADG of the pasture kids
in 1994 was very low and not different between breed of
sire. The ADG of the 1995 kids on average pasture was
intermediate to the ADG of the feedlot kids and that of
the 1994 pasture kids. The Bx kids on pasture in 1995
had an ADG advantage (P < .1} over their §
contemporaries.

The results in Table 3 for 8 mo weight on pasture
appear to contradict the results for ADG on pasture. The
1994 pasture Bx kids were heavier (P = .06) but did not
gain faster (P = .93), whereas the 1995 pasture kids
were not heavier (P = .66) and did gain faster (P =
09). This is merely a sampling effect. The kids were
assigned to pasture or feedlot at random within sire.
Further analysis showed that, at the start of the

postweaning growth trial, within the sample of kids
assigned to pasture, the Bx kids were nonsignificantly
heavier than the S kids in 1994 and nonsignificantly
lighter than the § kids in 1995. Therefore, the Bx kids
weight advantage on pasture in 19964 was due to a
higher weight at the start of the postweaning trial.

The Bx kids consumed more feed, as a percentage
of live weight, than S kids (Table 4). However, the
higher postweaning growth rate of the Bx feedlot kids
(Table 3) resulted in a better postweaning feed:gain ratio
for Bx as compared to §.

The growth rates of the doe kids from 6 to 9 mo of
age are shown in Table 5. There was not a significant
breed of sire effect on live weight at 6 or 9 mo of age in
the doe kids maintained under range conditions.
However, the growth rate of the Bx kids was greater {P
= .061in 1994 and P = .11 in 1995) than that of the S
kids from 6 10 9 mo of age.

Table 3. Least squares means + (SE) of breed of sire for postweaning traits measured in male goat kids

Trait Boer Spanmsh’ Roer - Spanish P

B mo wi, 1 feedlot - 1994 3.0+ 3.26 74.0 + 188 8.9 + 450 N
8 mo wr, b feedlor - 1995 68.4 + 2.96 598 + 356 R6 £+ 4.55 09
® mo wi, b pasture - 1594 440 + 1.77 39.5 + 1.86 444+ 211 06
& mo wi. b pasre - 1995 S48 +1.52 559 4+ 1.45 - 1.0 £ 2.28 .66
ADG, feedlor - 1994 A7+ 02 28 403 08 + .04 08
ADG, feadlot - 1995 25 402 A7 + .02 8+ .03 A3
ADG, pasture - 1994 O+ .0 41 x.m =01 +£.01 83
ADG, pasture 1995 13 4+ 01 A0+ 03 + .01 09

Table 4. Least squares means + (SE) of feed consumption and efficiency by breed of sire

Trait Boer Spanish Boer - Spanish P

Feed consumgnion, % of live weighttd 315 + 0% 287+ 06 28 + 0B 003
Feed:gain 6.0 + .42 7.5 4+ .42 -1.5 + 59 02

Table 5. Least squares means + {SE) of breed of sire for postweaning traits in female kids

Trai Boer Spanish Boer - Spanish r

f m wi, th - 1994 4+ 104 40.3 + 118 1.0+ 1.39 .51
9 mo wt, b - 1994 474 + 87 46.1 £ 1.04 1.4+ 1.16 a6
ADG, 6w 9 mo - 1994 N H | 06 +£.0 03+ .01 06
B mo wt, 1h - 1995 352 +£1.31 358 + 1.33 -6+ 1 75
G mo wi, b - 1995 435 £ 1.24 41,9 + 1.27 1.5 + 1.69 39
ADG, 6 te % mo - 1995 08 + .01 06 + .01 02+ .01 1l
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Discussion

The preweaning data indicated that the Bx kids did
not have a significant weight advantage at 100 d of age
when raised under range comditions. If kids are to be
marketed for slaughter at 100 d of age or less, the
potential of the Bx kids will not be realized fully. The
postweaning results show that Bx kids have an
advantage over S kids in growth rate at a high level of
nuirition. The advantage of the Bx kids (.08 1b/d) can be
realized if the kids are provided with a postweaning
level of nutrition that will allow them to express their
genetic potential for growth. When postweaning
mutrition level was low (1994 pasture), no difference in
growth rate was observed between Bx and S kids. The
1995 pasture conditions were superior to the 1994
pasture conditions, and the postweaning growth rate of
the Bx kids was superior (P < .1) to that of the S kids
in 1995.

Blackburn {1995) published results of a computer
simulation study where the biological efficiency of Boer
was greater than Spanish in situations where nutrition
was not lmiting. A similar result was obtained in the
present study. However, the simulation result was a
function of female reproduction, whereas the present
study does not address reproduction.

The estimates of feed:gain ratio in the present study
(6.0 and 7.5) were less than those of a smudy that used
Alpine and Nubian kids (Lu and Potchoiba, 1990) from
17 to 32 wk of age. They reported estimates of feed:gain
ratios of 9.3 and 8.6 using dry matter intake:gain for
diets of 12.7 and 15.1% CP, respectively. The CP level
of the present study was intermediate to these levels.

The postweaning data from the female kids, which
were on pasture, indicate that Bx kids are physically
later maturing than S kids. in both years, the S kids had
a nonsignificant weight advantage at 6 mo and the Bx
kids had a nonsignificant weight advantage at 9 mo. The
fermale kids were not on a high level of nutrition, as is
evident by comparing the growth rate of the females to
that of their male half-sibs. The data from the male kids
indicate that the potential growth rate advantage of Bx
over S will not be realized on a low level of nutrition.
The breed of sire comparison in the fermales is therefore
applicable to the conditions under which the kids were
grown and should not be generalized to cother situations
where a higher level of nutrition is available. The results
presented here are applicable to West Texas range
conditions,

The potential growth rate advantages of Bx kids over
S kids can be realized economically if the market wiil
pay financial rewards for heavier kids at the same age or
younger kids at the same weight. The profitability of
feeding goats i1s a function of growth rate, feed

conversion and market rewards for increased weight,
The feed efficiency resulis showed that Bx kids had an
advantage in a feedlot environment.

If male goats are tc be maintained past puberty in
the breeding season, castration is a management option
that will eliminate rutting behavior. The consequence of
castration at 3 mo of age was estimated to be a
disadvantage of 9.1 |b of body weight at 8 mo of age.

Implications

What impact the Boer goat will have on the meat
goat industry will ultimately be a function of its ability
to produce a profit. The postweaning data from these
studies demonstrate that, when nutrition is not a limiting
factor, Boer-sired kids exhibited a higher growth rate
than Spanish-sired kids. The advantage of the Boer-
sired kids in postweaning growth rate was realized
during the latter part of the feeding trial. This suggests
that for meat goat producers to realize the full benefit of
using faster growing Boer bucks, kids will have to be
marketed at older ages (6 to 8 mo) and/or heavier
weights (> 60 1b liveweight).
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Growth and Carcass Characteristics of Spanish, % Boer, and %2 Boer
Wethers after 66 Days on Feed

R.V. Machen, E.R. Holland, L.W. Thigpen, Jr., and K.G. White

ABSTRACT

Rate of gain and feed efficiency were measured
during a 66-d feeding trial involving 150 meat goat
wethers {Spanish, % Boer, and % Boer; 50 each). Rate
of gain was related 1o percentage Boer; mean average
daily gains (Ib/hd/d) for the breed groups were .25, .33,
and .49 for the Spanish, %4 Boer, and % Boer,
respectively.  Feed efficiency (lb feed/Ih gain) was
similar for the Boer-influenced groups (8.2 and 8.3 for
4 Boer and ' Boer, respectively). When compared to
the Spanish wethers (10.8), Boer-influenced kids were
29% more efficient. On a live weight basis, ¥ Boer
wethers produced heavier carcasses with larger loineye
areas. However, when compared on a per 1b of carcass
weight basis, carcass measurements did not differ across
the three groups.

Introduction

Excitement, enthusiasm, and interest in meat goat
production, marketing and consumption exploded with
the introduction of the Boer goat to the United States in
1993. Developed in Scuth Africa (Campbell, 1984) and
now spread throughout the world, the Boer goat can
potentially contribute several beneficial characteristics to
a meat goat production system: docility, aggressive
eating behavior, and rapid growth potential (Casey and
Van Niekerk, 1988; Van Niekerk and Casey, 1988).
Due to limited numbers of purebred animals and their
relatively high value, studies to date have involved
evaluation of the Boer in crossbreeding programs with
Angora and Spanish does.

Relatively few studies have compared the
performance of Boer-influenced and Spanish goats under
feedlot conditions. In addition, studies published to date
have been limited to 2 Boer influence. The objective
of this study was to 1) compare the average daily gain
and feed efficiency of Spanish, % Boer, and 2 Boer
goats under feedlot conditions and 2) to evaluate the
carcass characteristics of these goats after the feeding
period.

Experimental Procedure

Spring-born (7 to 8 mo old) Spanish, % Boer, and
Y2 Boer wether kids (n = 50 per group) were selected
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by weight postweaning and fed in breed groups (one pen
per group) for 66 d to evaluate feedlot performance and
carcass characteristics. Wethers were selected such that
average initial weight would be near 50 Ib. The % Boer
(2 Boer bucks bred to Spanish does) and ‘> Boer
(purebred Boer bucks on Spanish does) wethers were
reared from the same fleck of Spanish does on one
ranch. Sires used to produce the Boer-intluenced kids
were distantly related. The Spanish wethers were
selected from another flock to match the weight of the
2 Boer wethers. All kids were castrated at
approximately the same age. Sire, dam, and birth date
records were not available for each kid.

Wethers were self fed a commercially available,
14% crude protein alfalfa-based pellet containing
approximately 60% TDN. Wethers were fed as breed
groups (i.e., Spanish in one pen, %4 Boer in another
pen, etc.). Pen size, shade availability, water, and feed
trough space were identical for the three groups. A
preliminary adjustment period of 10 d (October 10 to
Qctober 23, 1995) preceded initiation of the trial. Goats
were held off feed and water overnight before each
weighing.  During the preliminary period, all goats
were treated for internal parasites and vaccinated against
Clostridium perfringens (types C and D) and tetanus.

Upon completion of the feeding penod, five head
per breed group (10%) were transported to a nearby
slaughter facility for carcass data collection. The five
goats nearest the average live weight for each breed
group were selected for slaughter. All goats were
slaughtered the same day. Hot carcass weights were
obtained on the kill floor. Carcass data were collected
96 h later and included chilled carcass weight, loineye
area, and kidney and pelvic fat content.

Differences in average daily gain between breed
groups were analyzed using the Analysis of Variance
and Duncan’s Multiple Range Test procedures of SAS
(1992).

Results and Discussion

Rate of Gain and Feed Efficiency

One Spanish wether died (cause undetermined).
Seven Spanish wethers were removed from the study
after 34 d on feed due 10 health problems and weight
loss. The '% Boer kids were approximately | mo
younger than either of the other two groups and



consequently, weighed less at the start of the feeding
period (Table 1). The heaviest % Boer kids available
were used. Average daily gain was positively related to
Boer influence (Table 1) and different among the three
groups (P < .0001).

Whereas rate of gain is important, feed efficiency is
an equally important characteristic. The previously
mentioned aggressive eating behavior of the Boer is
demonstrated in Table 1. As indicated, when feed
consumption is expressed as a percentage of body
weight, the Boer-sired kids exhibited greater feed
consumption. Likewise, because they also gained at a
faster rate, the Boer-sired kids converted feed to gain
more efficiently (8.2, 8.3, and 10.8 for % Boer, %4
Boer, and Spanish, respectively). The higher feed
consumption exhibited by the ¥ Boer relative to the
other kids is inconsistent with the results of a previous
study reported by Waldron et al., 1995. Therefore,
conclusions about feed consumption differences due to
breed of sire is an area that needs further research.

Table 1. Growth and performance of Spanish, 4 Reer, and '4 Boer wethers
during a 66-day feeding period

Performance measure Spartish %4 Boer 4 Boer
Initial weight. Ib 51 40 52
Final weight, Ib 69 61 84
ADG, thid 25 33 49
Diaily feed intake {as fed), [hihd/d 2.7 2.7 4.1
Daily feed intake, % BW 4.6 5.3 6.1
Feed:gain 10.8 8.2 8.3
Feed cost of gain', &b 100 s 74

A htterent letters within a row indicate difference (P < 01},
“Feed cast - $185/ton.

Feed cost of gain is another economically important
factor to consider. Facilities limited the number of feed
groups to three. Because wethers were fed as breed
groups, statistical analysis of the feed efficiency data
was precluded. Given a feed cost of $185/ton delivered
to the producer, a market value of $0.75/1b (live weight)
and considering the feed conversions shown above, it
appears that feed cost of gain came near breakeven
(market value $0.75 to $0.80/1b live weight) for the
Boer-sired wethers ($0.76 and $0.79) but was not
economically feasible for the Spanish wethers ($1.00 /Ib
of gain). This cconomic analysis refers only to feed cost
of gain and does not provide for a return to overhead,
management, or interest.

[t should also be noted that feed costs were at a 3 to
4-yt high during this trial, In addition, had the energy
content of the ration been increased, feed efficiency may
have been more favorable, Less expensive feed
ingredients and a more efficient feed conversion could

substantially improve the economic feasibility of feeding
meat goats.

Carcass Characteristics

Goats were scheduled for slaughter near the end of
the year. Live weight of the goats upon completion of
the study (> 60 Ib) precluded the slaughter of large
numbers. A logistical problem involved location of a
packer capable of slaughtering goats and merchandising
carcasses weighing in excess of 30 |b. Therefore,
slaughter numbers were restricted.

Data from this small group of goats is presented in
Table 2. Due to the limited carcass data available,
statistical analysis was not performed for carcass
parameters. Dressing percentage was calculated using
hot carcass weight and live weight at slaughter (goats
were held off feed and water overnight prior to
slaughter). A weekend and a holiday fell between
slaughter and carcass fabrication; therefore, chilled
carcass weights were recorded 96 h post-slaughter.
Cooler shrink was calculated as the difference between
hot and chilled carcass weights, expressed as a
percentage of hot weight. Carcasses were separated
between the 12th and 13th rib for fat thickness and
loineye measurements. Loineye area data represent the
average of two independent evaluators. Kidney and
pelvic fat was removed at fabrication and includes the
kidneys.

Table 2. Carcass characteristics of Spanish, 4 Boer, and "2 Boer wethers
after 66 days on feed

Carcass characteristcs Spanish 4 Boer 2 Boer
Live wi, b [iL:3 frl B3
Hot carcass wt, Ib 5.4 1.2 42.5
[ressing percentage, % 52 31 51
Chiiled carcass wt, 1h 33.2 196 41.3
96-h cooler shrink, % 6.3 51 4.4
Kidney and pelvic far, % 6.1 5.5 5.3
Loineye area, in.* 1.62 1.57 225
Loineye area/lb carcass, in.’ 05 )5 .05

"Includes the kidneys.

Results of this study concur with those of the
Waldron et al., 1995, Boer-sired kids grew faster and
produced more marketable product when compared (o
Spanish at a constant age. However, when compared
on a constant carcasy weight basis, differences among
breed groups were near zero. All carcasses were
essentially devoid of subcutaneous fat over the loineye
at the 12th rib; therefore, fat thickness was not
recorded. However, a significant portion of the carcass
weight, up to 6%, was internal fat.

Although the 96-h interval between slaughter and
fabrication is not typical for most packers, it does point



to a handling difference between goat and lamb, beef, or
pork carcasses. Unlike the other species, the goat has
very little subcutanecus fat and has little or ne
protection from desiccation. Therefore, if goat meat is
to be shipped significant distances, 1t must be protected
from dehydration (i.e., fabricated into wholesale cuts
and vacuum packaged}.

Several experimental design obstacles beyond the
authors’ control should be menticned. These include:

1) The Spanish wethers used were from a different
ranch and thereby came from a different genetic
pool than the Boer-influenced kids. Therefore,
maternal influence may have influenced the
postweaning performance of the wethers. Visually,
the quality (size and conformation) of the does from
the two ranches did not differ.

2) Health problems encountered in the Spanish
wethers may have been due to a change in
environment. After the initial removal of obvicusly
sick animals, the Spanish wethers completing the
project exhibited no sign of illness. Postmortem
examination of the five Spanish wethers slaughtered
provided no indication of health problems.

3) The % Boer wethers were approximately 1 mo
younger than either of the other two breed groups.
This age difference could have influenced the
results. Ideally, age would be used as a covariate in
the data analysis, but, as indicated, birth dates were
not available. Across the industry, few meat goat
producers keep individual birth records.

4) The limited facilities did not allow pen replication
of the breed groups. Statistical freatment of live
weight gain was based on growth of individual
animals.

Implications
What impact the Boer goat will have on the meat

goat industry will ultimately be a function of its ability
to produce a profit. The postweaning data from this and

other studies demonstrate that, when nutrition is not a
limiting factor, the Boer-sired kids did gain faster.

Perhaps the greatest benefit of using Boer sires,
relative to Spanish, is increased growth potential of the
Boer-cross kids. The carcass data from this and other
studies suggest that there are little or no compositional
differences attributable to breed of sire when goats of
similar live weight or similar carcass weight are
compared.

Growth and carcass evaluation studies to date have
been confined to kids with % Boer influence or less.
Subsequent studies involving larger percentages and
purebreds will further quantitate the contribution of the
Boer to the U.S. meat goat industry.
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A Comparison of Angora and Spanish Does for Producing Crossbred
Goats for Slaughter: Effects on Growth Rate and Feed Efficiency

D.F. Waldron, T.D. Willingham, and P.V. Thompson

ABSTRACT

Growth and feed efficiency were evaluated in kids
born to Angora and Spanish does that had been bred to
either Boer, Spanish or Angora bucks. The data
analyzed included 418 records on birth weight, 375
records on 100-d weight, and 80 records on postweaning
gain and weight. Boer- or Spanish-sired kids born to
Angora dams were .29 1b lighter (P > .01} at birth and
not significantly different for weight at 100 d of age,
weight at 8 mo of age, postweaning gain, and feed:gain
ratio when compared to kids born to Spanish dams. The
purebred Angora kids were compared to kids from
Angora does and meat breed bucks. At 100 d of age, the
purebred Angora kids weighed 6.3 lb less than kids
sired by meat breed bucks. Feed:gain ratio of purebred
Angora kids was less desirable (P < .07) than Angora-
cross kids sired by meat breed bucks (11.2 vs 8.2},

Introduction

The loss of the mohair incentive program (Jones and
Wyse, 1994}, the relative stability of the price of goat
kids for slaughter, and the potential high growth rates of
Boer goats (Casey and Van Niekerk, 1988) have caused
some mohair producers to consider breeding their
Angora does to meat goat sires. The practice of breeding
Angora does to meat goat sires allows a mohair
producer to continue shearing adult females and produce
a crossbred kid which will be more desirable to buyers
of slaughter goats. However, the loss of income from
hair production on the kid crop must be considered. An
alternative system would be raising kids for slaughter
from Spanish does bred to meat goat sires. The relative
profitability of breeding Angora does to meat goat sires
or to Angora sires will be a function of the price of
mohair, the difference in growth rate between Angora
and Angora-cross kids and the difference in value of the
kids sold. A comparison of using Angora does vs using
Spanish does requires estimates of differences in
reproduction, growth rate, and value of kids at the time
of sale. The objectives of this study were to 1) estimate
growth rate and feed efficiency differences between kids
born 1o Angora or Spanish dams when bred te either
Angora, Spanish, or Boer bucks and 2) estimate growth
rate and feed efficiency differences between purebred
Angora kids and Angora-cross kids.
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Materials and Methods

A herd of Spanish and Angora does was used to
produce Boer x Spamish (BS). Boer x Angora (BA),
Spanish x Spanish (SS) . Spanish x Angora (SA) and
Angora x Angora (AA) kids in March and April of
1995. The does were assigned at random within breed to
be bred to either Boer, Spanish, or Angora bucks. The
same Spanish (n = 4) and Boer bucks (n = 9) were
mated to both Angora and Spanish does, Because of the
limited number of Boer bucks and their associated high
cost, frozen thawed semen was used to produce most of
the BS and BA kids, while Spanish bucks were natrally
mated in single sire pastures and Angora bucks were
group mated with the Angora does. The number of does
kidding and number of kids with records are shown in
Table 1 by breed of sire and breed of dam.

The does were maintained and all kids were born at
the Winters Ranch, near Brady, Texas. The kids were
paired with their dams and weighed within 24 h of birth.
All male kids from Angora dams and a random sample
of the male kids from Spanish dams were castrated at an
average age of 87 d. All kids and does were maintained
on pasture until approximately 100 d of age. Kids were
weaned from their dams at approximately 100 d of age.

At weaning, male kids were assigned randomly
within breed of sire-breed of dam to pens in a feedlot
for the postweaning growth period, starting at
approximately 4 mo of age. There were three pens each
of BA, SA, BS and S§ and two pens of AA. An
adjustment period of approximately 4 wk was used
get the kids on feed before starting the trial. The kids
were fed an 80% concentrate, 14% crude protein diet.
The postweaning growth peried was 100 d. Feed intake
was recorded for each pen. Feed consumed was
expressed as a percentage of the average live welght of
the kids in the pen. A feed: gain ratio was computed by
dividing feed consumed by weight gain per pen.

Statistical Analyses

Weight data were analyzed with PROC MIXED
(SAS, 1992). The mode! included fixed effects for breed
of sire X breed of dam interaction. sex, and type of
birth, a random effect for sire within breed and a
covariate for date of birth for birth weight, or age at
weaning (for 100 d wt). Postweaning traits were
analyzed with a model that included fixed effects for



Table 1. Number of kids {number of does) with records by breed of sire and
breed of damn

100 d wi
Breed of dam

Birth weight records
Breed of dam

Paostweaning wit
Breed of dam

Breed of sire Ang. Span. Ang.  Span.  Ang. Span.
Angota 22021 0 7
Boer 59(46) 152 (B8} 51 134 ) 19
Spanish 21{18} 174(112) 20 158 15 19

breed of sire x breed of dam interaction and type of
hirth, random effects for pen and sire within breed and
a covariate for age at the start of the trial. Feed
consumption and feed:gain ratio were analyzed on a pen
basis. The model that was used included a fixed effect
for breed of sire x breed of dam interaction. The feed
consumption and feed: gain ratio data were analyzed with
PROC GLM (SAS, 1990).

Results

The results of the birth weight analysis in Table 2
show that kids from Spanish dams were .29 1b larger at
birth., The probability (P) values of comparisons of
Angera vs Spanish are underestimated because
independence across does was assumed and there were
relationships among the does. However, no pedigree
records were available for these does. At 100 d of age,
kids from Angora dams were not significantly heavier
than kids from Spanish dams. The postweaning data
shown in Table 2 indicate that kids from Angora and
Spanish dams had similar live weights at 8 mo of age
and smmilar postweaning average daily gain (ADG).

The results shown in Table 3 were calculated from
the estimates of kids from Angora dams. The estimated
differences in performance of purebred Angora kids
compared to Angora-cross kids show that the Angora
kids were lighter and had a lower growth rate than
Angora-cross kids. However, the small number of
Angora kids available for the postweaning trial resulted

Table 3. Least squares means + (SE) of breed of sire for weights and gains

Table 2, Least squares means + (SE) of breed of dam for weights and gains

Trait Angora Spanish Angora - Spanish P
Birth wt, Ib 6.20 + .11 6.50 + 07 -29 4+ .11 A1
00 dwt ibh 366 £ 1.07 G+ 56 +7+1.13 53
fmowtlb 577 £333 561+ 3.04 + 16141 69
postweaning

ADG. I AB84 + 026 1K) £ 024 + 003 + 032 93

large standard errors, and therefore, the estimated
differences were not significantly different from zero.

There were no significant differences between kids
from Angora and Spanish dams for feed consumption or
feed:gain ratio (Table 4). Kids from each of the breeds
of sire had similar feed consumption expressed as a
percentage of body weight (Table 5). However, the
feed:gain ratio of the Angora-sired kids was lower (P =
.(6) than that of the kids sired by meat breeds.

Discussion

The number of kids born to Angora dams was lower
than desired. Because of the low number of AA and SA
kids, this trial should be repeated hefore conclusions
should be drawn. The extremely high standard errors of
the estimates that include the AA kids indicate that the
results may differ if this experiment were to be repeated.
Therefore, the results should be viewed with caution.

The data from this study suggest that the growth rate
of kids sired by meat breed bucks from Angora dams is
similar to or slightly greater than that of kids from
Spanish dams. If the objective is to produce goat kids
for slaughter, the Angora doe can be used to produce
kids that grow at least as fast as kids produced by
Spanish does. However, the lower reproductive rate of
Angora does relative to Spanish does (Thompson and
Shelton, 1982} suggests income from slaughter kid
production will be less with Angora does. However,
mohair sales income from the Angora does may offset
the disadvantage in reproductive rate.

Trait Angnira Boer Spanish Angora - Meal sires P
Burth weight, 1b 581 + .25 644 + 12 5.96 1 .20 -39+ .27 15
100 d weight, Th 0.3+ 191 /e £ 111 4.5 £ 1.81 63+ 2.1 n
£ mo wi, b 34 + 52433 63.7 + 4.06 51.6 £ 5.44 203 4+ 52433 47
postweaning

ADG. Ib D87 2122 JA98 £ .032 170+ 042 -g7 £ 2122 B




Table 4. Feed consumption and efficiency by breed of dam

Trait Angora Spanish Angora - Spanish P
Feed consumption, % of live weight/d 302 £ .09 M+ 09 00+ .12 .98
Feed:gain ratio 82+ .71 g6+ 71 40 4+ 1.0 i}
Table 5. Feed consumptien and efficiency by breed of sire
Trait Angora Boer Spanish Angora - Meat sires P
Feed consumphion, % of live weight/d im+ 15 247 + .12 307 + .12 -0+ 18 97
Feed:pain 11.2+£1.23 84+ 101 8.0+ 1.01 -3.0 £ 1.42 .06
In this study, which did not include enough Angora Acknowledgments

sires to draw general conclusions, the growth rate of
crossbred kids from Angora dams was greater than
purebred Angora kids. The weight difference between
Angora-cross kids and Angora kids at 100 d of age or
later suggests that the income from selling kids to
slaughter will be substantially greater when they are
sired by either Boer or Spanish sires as compared to
Angora sires. This extra value from selling heavier kids
must be compared with the loss of income due to mohair
production from the purebred Angora kids.

This study has provided data on the relative growth
rates of Angora and Angora-cross kids. A thorough
analysis of the relative profitability of breeding Angora
does to either Angora bucks or meat breed bucks is
required n order to make recommendations on breeding
plans. A possible plan would be to use Angora bucks at
the beginning of the breeding season and meat breed
bucks subsequently. In this program the mohair clip
from the kids would be more uniform because of the
narrow range of birthdates of the purebred Angora kids.
This program would also be expected to result in a more
uniform kid crop because the later born Angora-cross
kids would have a higher growth rate than the Angora
kids.

Implications

The growth rate and feed:gain ratio of Angora-cross
kids are similar to that of Spanish and Spanish-cross
kids. Therefore, the Angora doe can be used to preduce
crossbred kids for slaughter that will not be at a weight
disadvantage to kids from Spanish does.
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Effects of Protein Level and Roughage Level in Feedlot Rations for Goats

J.E. Huston and D.F. Waldron

ABSTRACT

Two studies were conducted to determine the effects
of ration characteristics on the performance of kid goats
in the feedlot.  Growth rates were similar and not
statistically different in kids fed 14 and 16.4% protein
rations. However, goats in these studies did not record
high gains, and additional studies are needed to determine
the possible rtelationship between live weight gain
potential and protein content of the ration. Live weight
gain and feed efficiency of kid goats reflected similar
effects of two different roughage levels to those observed
with lambs and feedlot cattle. Tt is suggested that a
lower roughage feedlot ration will result in lower
conswmiption, similar gain, and improved feed efficiency.

Introduction

The apparent high demand for goat meat suggests that
the goat industry is on the brink of substantial expansion.
Historically, goats entering the meat trade have been
either young kids {20 1o 40 1b) for outdoor barbecues or
adult salvage animals for processed meat products. With
the development of 4 marketing system for meat goats, a
demand 15 anticipated for a goat feedlot industry to
provide unitorm carcasses for wholesale and retail cuts.
Relatively little information is available on teedlot
performance of goats or on ration characteristics. Studies

were conducted to compare growth rates of goats fed
rations containing two levels of protein (Exp. 1) and two
levels of roughage (Exp. 2).

Materials and Methods

Experiment 1

Male Angora, Spanish, and Boer cross (Spanish x
Boer) goats were assigned to rations containing either 14
or 16.4% protein (Table 1) and ted for 112 d during the
summer and fall of 1994. Two pens of 9 to 12 kids per
pen were fed for each breed or breed cross at each
protein level. The rations were fed daily in open troughs
to allow free choice consumption, and retusals were
weighed back as needed (not less frequent than 4-d
intervals). The goats were weighed at the beginning of
the study and at 28-d intervals thereafter. Initial and tinal
weights were used to calculate daily gain. Data from
some kids were not included in the final analysis because
of the obvious adverse effects of social ordering within
the pens. Breed comparisons are being reported
separately, and in this report, only the eftects of protein
level and breed x protein level on live weight gain were
tested (SAS, 1991).

Experiment 2
Male intact Angora and crossbred (Spanish x Boer)
castrate kids were assigned to two rations (Table 1)

Tahle 1. Ingredients and estimated nutrient contents of rations fed in experiments to determine effects of protein level (Fxp. 1) and roughage level {(Exp. 2}

on perfornmance af kil godts in the feedlot

Experiment 1
Provein tevel

Expedment 2
Roughaye level

ltem Medium High Moderate Low
Ingeedients, 7
Cutopsesd Jwlts 12 12 12.5
Altalfa ] 5 12.5 12.5
Sorplaun gratn 68 60.2 6l.5 7
Cuontensced meal 4 & 3 2
Sovhean meal 4 8 3 2
Fishy meal 1 1
hlolasses 4 4 4 4
Ammonium chleride .3 5 .5 3
Mone-dicaleium phosphate A 4
Calcium carbuonate 1.4 1.4 | 1
Ulrey ]
Vitamin/mneral premis! & 5 5 5
Rumuensin®
100.0 100.0 Ton.0 1001
Estimated nutricm content
Crude protein 14.0 16.4 L5.0 15.2
1 68,4 68,11 G670 721

'Comained amounts of vitamins A, D, and I; salt: and trace minerals to satisty mimimal requirements.

1 . - N .
“Rumensin added to menensin at 10 mgdfh feed.
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having ditterent levels ot roughage for a 78-d teeding
period. Two pens of either five or six kids per pen were
tfed tor cach breed or breed cross for each ration. The
guats were ted daily for free choice consumption, and
refusals were weighed back at 2- 1o 4-d intervals and
discarded. Because the experiment was confounded for
breed and sex (Angora bucks and crosshred wethers), the
data were analyzed as a randomized block design (SAS,
1991} with breed {sex) representing blocks for evaluating
cfieets of treatment (roughage level), Data included daily
live weight gain, daily feed intake, and feed conversion
(FC; b teed/1b gain).

Results and Discussion

The goats in Exp. 1 gained .31 and .33 Ih/d at the
medium and high protein levels, respectively (Table 2),

Table 2, Fffect of rativn protein Jevel on growth rate of male kid goats
{Exp. 1)

Pritein level

Ttein Mudiuin Hish Change, % P!
MNumber of Kids 34 i)
Average five weight, 1b
Tritial 43.0 41.7
Final 7.5 TR2
Cran 4.5 365
Live weisht gain, (h/d 31 .33 + 6 .51

"Prohability 1hat difference is due to chance,

Because the data showed no significant (P = .72)
interaction for breed x protein level, the data were pooled
fur analysis of the etfect of protein level. This 6% higher
gain for goats receiving the high protein ration was not
significantly different (P = .51). In studies with Angora
kids including a recent study (Huston et al., 1996), gain
increascd with increases in protein contemt to above 16%
of the ration.  Also, a study with Spanish kids in the
feedlot suggested that gain increased with increases in
protein fevel up 1o 17% (Shelton and Thompson, 1976).
However, in that experiment the protein concentrates
contained up to 6% feather meal which may not have
been uttlized well, The data in the present study indicate
that tor the general population of meat goat kids weighing
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from 40 to 80 tb and fed relatively high concentrate
rations, 14% protein is likely adequate. Because there is
presently such a wide wvariation in the meat goat
population, additional studies with high-performance
individuals are needed to determine whether there is a
relationship between growth potential and ration protein
requirements.

Results of Exp. 2 (Table 3) are consistent with those
generally observed for lambs and growing cattle fed in
confinement.  In cattle and sheep experiments, as
roughage level in feedlot rations decreased from a
maximal intake level, teed intake decreased and live
weight gain either was not aftected or was shghtly
depressed. The net effect was that feed conversion
improved (less feed requited for each unit of gain).

Table 3. Live weight gain, feed intake, and feed efficicocy of mule ki< goats
fed rations containing two levels of roughage (Exp. 2)

Roughage level

Ttem Moderate Luow Change, 4 Pl
Number of kids 21 20
Live weight gain, Ib/d 27 24 -8 B8
Feed intake. lb/d 225 1.43 -18 14
Tecd comversion,

1% feed/ b gain 5.3 7.7 + ¥ 53

"Probability that difference is due o chance.

Although these data are consistent with results for sheep
and cattle smdies, none of the differences between
treatments were statistically significant.  Variability in the
performance of individual goats in the feedlot makes these
kinds of studies more difticult to interpret. However, it
appears that goats respond similarly to sheep and cattle to
roughage level in feedlot rations,
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Effects of Ration Protein Level on Live Weight Gain and Mohair Growth
and Quality in Male Angora Kid Goats

J.E. Huston, K.W. Bales, and C.J. Lupton

ABSTRACT

This study was conducted to investigate the etfects of
level of dietary protein 2nd of ruminally undegraded
protein on live weight gain and mohair of Angora kid
goats fed for slaughter.  The swdy was designed
particularly to test the effects of dietary protein level and
quality on the production and characteristics of mohair
that could be satvaged from Angora kid goats before
slaughter. Increasing dietary protein from 10.8 to 16.4%
increased live weight gain. clean tleece weight, and fiber
diameter 31, 37, and 7%, respectively. Staple length and
percentages of med and kemp tibers were not affected.
Increasing ruminglly undegraded protein in the diet did
not turther stimulate any responses. These data suggest
that increasing the protein content of diets from below
12% up to 16% tor Angora kid goats in the feedlot will
have a large positive effect on mohair growth that will
more than otfset a slightly negative effect on mohair
quality.

Introduction

Products of the various types of goats include milk,
meat, fiber, and skins, Three developments during the
1990s have intensitied an interest in the meat goat. (1)
There is an existing and growing population in the United
States who will buy and often prefers goat meat. (2) The
Wool Act was rescinded, thereby phasing out the
incentive payment that provided stability for the highly
volatile mohair market.  (3) Boer goat genetics were
imported into the United States.  However, historical
trends indicate that mohair will once again be of high
value, and 4 liquidation of the Angora flock may not be
advisable in the long term.  Some producers are
considering whether to retain the Angora as a dual-
purpose goat.  Angora kids can be sheared once or twice
then sold for mear, However, to produce an acceptable
carcass, the Angora kid may require a period of feeding.
A previous study {(Huston et al., 1992} showed that
feeding 4 high protein feed 1o replacement female kids on
pasture increased the fiber diameter of mohair and
perhaps decreased its value.  Because the mohair is of
peak value during this period {(Hunter, 1993}, an
important question is whether feeding to produce a
marketable carcass will adversely aftect the value of the
fleece. A study was conducted to determine the effecrs
of the protein level and additional ruminally undegraded
protein in diets of goats in the feedlot on live weight gain
and mohair growth and guality,
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Materials and Methods

Male Angora kid goats weaned at 4 mo and weighing
40 + 3 b were fed diets (Table 1) containing 10,8, 14.0,
and 16.4% protein and a fourth diet containing 16.2%
protein (including elevated ruminally undegraded protein;
UDP). Eight groups of nine kids per group were fed with
two pens of goats fed each experimental diet for 112 d.
The rations were tormulated to be equal in energy,
calcium, and phosphorous contents. The goats were fed
daily in open troughs, and refusals were weighed back
every 2 to 4 d and discarded. Data from individual goats
that were abused by otber kids in the group and could not
compete successtully were not included in the data
analysis.

Table 1, Rations fed in a study to detecmioe the effects of protein level on
male Angora kid goats in a feedlnt

Protein level,

Tngredients, % 10.8 14.0 16.4 162"
Cuttonseed holls 12 12 12 12
Pehyvdrated alfalta 5 5 5 3
Sorghum prain 759 a8 6.2 fid
Cottonseed meal 4 ] 3
Sovbean meal 4 ] 4
Fish meal 3
Muolasses 4 + 4 4
Ammonium chloride .5 ) 3 .5
Mona-dicalcium phospliate ] 6 4
Calcium carbonate 1.3 l.4 [ ]
Vitamis/mineral premix? ) .3 .5 5
Rumensio t + + [
11108 61 L0 1000} 1¢).1

IRation contained an elevated concentration of ruminally undegraded pretein
SUDP}.

qPr{nr‘idt:al.i vitamins A, ID, and F and most trace minerals to satisty requirements.
“Included at 20 g monensindlon,

The goats were shorn, weighed, and assigned to
treatment in mid July and were weighed at 28-d intervals.
Initial and final weights were used to calculate average
daily live weight gain (ADG) for the 112-d feeding
period. At termination, the kids were weighed and shorn
then held for slaughter in concert with a companion
study.  The fleeces were bhagged separately and
transported 1o the Texas Agricultural Experiment
Station’s Wool and Mohair Research laboratory tfor
determining clean fleece weight (CEW), tiber diameter
(FD), staple length (SL), med fibers {MED), and kemp
fibers (KEMP).

The data were analyzed using the general linear model
(GEM) and regression (REG) procedures of the Statistical
Analysis System (SAS, 1991).



Results and Discussion

The data (Table 2) showed strong linear responses in
ADG and CFW (r° .80 and .29, respectively) o
increasing protein in the diet. Also, FD was increased at
the very high levels of protein (16.4 and 16.2%). These
dara are consistent with studies by Huston and Shelton
(1967) and Stewart ¢t al. {1971) that showed increased
tive weight gain, clean fleece production, and fiber
diameter with increasing protein in the diet. However,
the observed increase in fiber diameter was minor
compared to the increase in quantity, and the mohair was
still considered to be of high value on a unitary basis.
Staple length was not affected by increasing protein.  This
is consistent with many previous reports which suggest
that staple length is not as sensitive as tfiber diameter to
dietary proteinn. Neither MED nor KEMP were affected
by ration protein level.

The elevated ruminally undegraded protein did not
influence any response criteria in comparison to the other
high protein treatment.  Although feed intake is not
included in this report, the UDP treatment ration was not

consumed at the same level as was the other high protein
treatment, a4 fact that may have influenced the outcome of
the comparison. Results of other studies, though
inconsistent, suggest that elevated UDP can stimulate
growth and mohair production in growing Angora kid
goats. However, because goats are very particular about
what and how much they eat, foul smells and tastes that
often accompany good sources of UDP can have a greater
negative effect than the potential positive effect of greater
protein absorption.
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Tahble 1. Effects of ration protein level on live weight gain and mohair growth and characteristics of male Angora kids

Protein Jevel, %

ltew 10.8 14.0) 16.4 16.21 5EM?2 r-square’
MNumher of kids 13 17 16 17
Live weight, kg

Tnsitial 44.3 40.3 39.6 38.5

Final 6.5 65.4 68.7 68.5
ADG. Ibid .20 .22 .26 27 02 80
CFW. oid 9.1 10.7 12.5 12.3 a2 20
FIoo um 27.2 27.6 291 20.6 .93 BE
SL. i, 4.0 4.1 4.1 4.2 13 08
MEI. & 81 75 .76 RO A7 01
KEMP, 7 .24 2% 28 Al .09 01

TRation contained an elevaled concentration of ruminally undegraded praein (UDF

“Standard errur of the mean.
FFraction of the variation alttibutable w FETERSION,




Intake of Forages of Different Digestibility by Dry, Pregnant, and
Lactating Ewes

JI.E. Huston, K.W. Bales, and B.S. Engdahl

ABSTRACT

A study was conducted (o determine the voluntary
intake of forages of different digestibility by ewes that
were either fat or thin and either dry, pregnant, or
lactating.  When body weight was adjusted to a common
condition score, voluntary intake in g/kg live weight was
not aftected by body condition, Forage consumption by
ewes in ditferent physiological states was in the order of
dry. nonpregnant > pregnant < lactation. Within the
range of the forages used in this study, dry matter intake
decreased as torage digestibility increased, but intake of
digestible dry matter did not change. These data suggest
that intake of forages in the upper range of digestibility is
determined by a physiological target tor digestible dry
matter (energy).

{ntroduction

Forage consumption is the most important voluntary
activity of grazing animals and is the basis of animal
priduction from rangeland. The level of productivity of
animals is limited by 1) their genetic potential to be
productive and 2) the level of nurrients (protein, gnergy,
¢te.) consumed. A previous report described an attempt
to estimate supplemental feed needs for range ewes
(Huston, 1986). In order to improve estimates of forage
intake, an experiment was conducted to determine the
effects ot furage digestibility on intake in ewes that were
gither fat or thin and either dry (D), pregnant (P), or
lactating (L).

Materials and Methods

A feeding experiment was conducted in early
Fehruary, 1994 to determine the voluntary intake of three
forages by ewes. The ewes were prepared during the
summer and tall of 1993 for the feeding experiment.
Halt of the ewes were nutritionally favored (given better
pasture and supplemental feed) and halt were distavored
(given poorer pasture and no supplemental feed) to create
ewes that were fat and thin (body condition scores, > 4.0
and <7 2.5, respectively).  Synchromized breeding was
attempted using two prostaglandin injections (Lutalyse®
at 5 mg, ten d aparn before introducing a tertile ram and
ohserving breeding marks, The plan was to have 15 ewes
in each body condition, in each physiological state (Table
1), Early-cut and late-cut alfalta hays and a super-high
guality ryegrass hay each would be fed to five of the 13
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ewes. The two alfalfa hays represented early season and
late season cuttings from the same farm in Deming, New
Mexico. The ryegrass was obtained from a midwinter
cutting from a farm near Uvalde, Texas.

The trial to determine voluntary intake was initiated
when lambs nursing the lactating ewes were at least 1 wk
old and the pregnant ewes were within 3 wk of
parturition. The sheep were fed ground alfalta hay as a
group for 5 d.  Then ewes were penned either
individually or as a ewe-lamb pair and fed a high-quality
alfalfa hay for 5 d. The test forages were fed tor 4 d to
establish voluntary intake (retusals discarded each day?},
then ofterings and retusals were measured for 4 d.
Lambs were prevented trom consuming the forages
offered to the ewes but were offered a small amount of
torage that was inaccessible to the ewes,

Digestibilities of the three forages were determined in
a conventional digestion trial with three ewes fed cach
torage in stalls allowing total collection of teces. The
trial included a 10-d preliminary adjustment period
followed by a 4-d collection period.  The forages were
oftered free choice.

The data were analyzed using GLM (SAS, 1991) o
calculate least squares means and standard errors. The
model included effects for physiological state (D. P, L},
body condition (thin, fat), and torage (Alfaltul, Alralfa3,
Ryegrass) and two-way interactions ot the main ctiects.
PROC REG was used to determine the relationship
hetween torage digestibility and voluntary intake,

Results and Discussion

The actual numbers of ewes in the different treatment
groups differed from planned (Table 1) because several
ewes failed to breed as planned.  As a result, the
“pregnant”™ physiological state was not inchuded in the
analyses when all three forages were considered,
Likewise, the “ryegrass” forage was not included when
all three physiological states were considered.

The digestibility values of the forages (Table 2)
ditfered from the expected.  The late-cut alfalfa
(Alfalfa3), expected to be about 35% digestible, was
higher in digestibility than the early-cut hay (Altalfal)
(66.3 vs 60.8%, respectively). The ryvegrass (Ryegrass}
was expected to have a digestibility in the range of 72 10
75%. The lower value (00.7%) may have resulted trom
drying difficulties during the cool, humid January days.
The net result was that the range in digestibiiity of the
forages was more narrow than desired.



Table 1. Assignment of ewes ¢o treatments in a stady of the offects of
physinlogical state, body condition, and forage digestibility on intake of dry
matter and digestible dry matter in Rambouillet ewes

Number of ewes

Ihvsiologicat Hody
state condition Forage PManned Actual
Dy,
nonprerpLnt Thin Adfalfal 5 10
Attalfal B g
Ryeyorass 5 4
Fat Alfullal 5 &
Allalfal 3 6
Ryvegrass 3 5
Pregnant Thin Alrallal 5 2
Alfalful 5 4
Ryestass 3 O
Fat Alfalfal 3 3
Alfulta3 5
Ryegrass !
Lactating Thin Alfaltal 3 5
Alfalfa3 5 4
Ryegrass 5 4
Fat Alfalfui 5 5
Alfaital 5 3
Ruyeprass 5 3
Toxal a0 B7

Table 2. Dry matter content and digestibiliey of forages in a study of the
cffects of physiological state, hody condition, and forage digestibility on
intake of dry matter and digestible dry matter in Rambowillet ewus

Forage contents

Forage Diry matter, % Dry matier digestibility, %
Allattal 84.8 60.8
Adtalfad L1 66.3
Ryegrass 87.9 66.7

Interactions among the main eftects {physiclogical
state, body condition, and torage) were not statistically

significant,  Therefore, only the main effects will be
presented and discussed.
Physiological state aftected live weight, body

condition score, and forage intake (Table 3). Live body
weights were highest for pregnant ewes and lowest for
lacrating ewes. Dry ewes were mtermediate in live
weight, but when corrected to a constant body condition
score of 3.0, live weights were similar for dry and
lactating ewes and about 15 1b (approximate weight of
conceptus) lower than tor pregnant ewes, Lactating ewes
lost body condition rapidly tollowing lambing, and those
inn the “fat” group had body condition scores lower than
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the targeted 4.0 value. Forage intake was highest for
lactating ewes and lowest for pregnant ewes irrespective
of the method of expression. On an adjusted live weight
basis, pregnant and lactating ewes consumed 83 and
122 %, respectively, of the amount consumed by the dry
ewes. Assumning that all ewes were identical in body size
when in the same body condition and physiological state,
the relative voluntary intakes were 1.0, 88, and 1,17 for
ewes that were dry, pregnant, and lacrating, respectively,

Fat ewes weighed more than thin ewes (Table 4), but
the difference in body condition score was less than
planned. Adjusted live weights were similar for the two
groups.  Although both dry matter and digestible dry
matter intakes were higher in thin ewes when expressed
on 4 live weight basis, intake per unit of adjusted live
weight did not ditfer. That is, actual voluntary intake
was not affected by body condition in this study.

Tahle 3, Live body weights, hody condition scores, and voluatary forage
intakes nf ewes that were cither dry, pregonant. or lactating

Phvaslogical state

Ttem Diey Fregnant Lactating SEMT
Fawves, N 3! 16 |9
Live weight, Iy 151 170 133 4.2
Bedy condition seore- 36 3.8 21 14
Adjusted live weight, Ib> 147 161 142 L&
Dry matter intake
Ibfd 4.2 3.7 3.9 AL
ek LW 7 X3 7.0 1.21
siky adjusted 1LW 181 233 343 L. 14
Digestible dry matter intake
Ihid 2.6 14 il 1
alky LW 176 14.2 233 T4
ok adjusted 1YY 17.8 14.8 2.7 32

"Body condition scores were assigned by a four-menber panet on 2 tive-point
scale (1 = very thin: 5 = very fal).

“Live weight was adjusted to a stapdard body condition of 3,0 using a regression
la\f body condition score (X1 and height (X0 on body weight (Y.

“Standard error of the mean.

The influence of forage on voluntary intake by ewes
(Table 5) suggested an eftect of cnergy density (forage
digestibility).  Whereas dry matter intake seemed (o
decrease as forage digestibility increased, digestible dry
mattet intake was rather constant across all torages. This
is illustrared in Figure 1 which shows the overall
regressions (pooled data) tor forage digestibility on dry
matter and digestible dry martter intake by all ewes.
These darg suggest that the ewes voluntarily consumed
farage until a threshold requirement for digestible dry
matter was reached.  This threshold was different tor
ewes in the ditferent physiological states, but in each
case, the lower digestible forage (Altalfal, 60.8 DDM)




Table 4, Live hody weights, body condition scores, and voluntary forape
intakes of ewes that were either “thin” or “fat”

Bedy Condition

Item Thin Fal SEM?
Faes. Mo, a 3z
Live weight. b i34 154 3.20
Bady condiion score’ 2.6 35 15
Adjusted live weight, b2 143 144 1.27
Dy matter intake
Ibid 4.3 A7
uike LW 3 28.5 1.30
kg adjusted LW 28.5 0.8 1.1%
Iigestible dey matter intake
Ihid 7 2.8 10
wiky LW 0.6 18.2 .81
ke adjusted LW 18.9 19.2 14

*Budy condition scores were assipned by a four-member pane! on a five-point
gca]c il = veryhin: 5 = very fat).

“Live weight was adjusted to a standard body condition of 3.0 using a regression
of body condition score (X} and height ;) on bady weight (Y).

*andaed error of the mean.

Table §. Live body weights and hody condition scores of cwes and their
voluntary intakes of theee forages

Forage
llem Altaltal  Allalfal  Ryegrass SEM?
Twes, Noo 26 24 18
Live weight, th 143 145 142 4.5
Bady condition scorel 3.0 3.0 2.4 21
Adjusted live weight, 1b7 144 147 144 1.5
Dry matter imtake
1bd 4.6 4.3 39 20
aikp LW 32.4 25.9 28.3 1.61
oikg adjusted TW 31.8 29.0 275 I
I¥gestible dry matter intake
1lxid 2.8 25 2.6 12
aikg LW 19.7 19.8 18.8 - 1.03
gk adjusted LW 19.3 19.3 18.3 91

'Body condition scores were assigned by a four-member panel on a five-point
scale (1 = very thing & = very fau).

’Live weipht was adjusted w a standard body condition of 3.0 using a regression
of bedy condition score (X,) and height {X;) on body weight (Y).

38tandard error of the mean.

could be consumed at an adequate level. Forages having
somewhat lower digestibility (e.g., < 50% DDM) may
not be consumed at a level adequate to supply the
threshold amount.
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Figure 1, Forage DM Digestibility vs Intake DM1 and
DDMI in all ewes
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Forage dry matter digestibility
Implications

These data indicate that increased forage digestibility
will not be beneficial to the grazing ruminant once a
threshold level is reached. This level would be expected
to be different tor the different species, classes, and
genotypes of animals generally in order of energy
requirements per unit of live body weight.
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The Effects of Nutrition, Shearing, and Environment on Angora and
Cashmere Goat Production

C.A. Taylor, Jr., J.E. Huston, C.J. Lupton, W.S. Ramsey, and T.D. Brooks

ABSTRACT

Fitry-four Cashmere ¢nd sixty Angora females were
ussigned 4eross various treatment groups to determine the
etfects of body condition and natural cover (trees and
shrub canopy) on survival, kidding rate. and fiber
production of Angora and Cashmere goats sheared at two
winter dates. The treatments included feeding a 14%
pelleted ration at two difterent feed levels (full feed for
halt of the goats and 1.3% of body weight for the other
half} o create High and Low body conditions.  Half ot
the animals on each teed treatment were then either shorn
on Junuary 135 or February 21, Fleeces were individually
sdacked and will be analyzed for tiber quality at a tumure
dute. After shearing, the goats were placed either into an
open pasture {canopy cover < 1%) or into a brush
pasture {canopy cover > 25%).  All goats were scanned
with a sonagram to determine the number of fetuses/doe.
Does were monitored to record abortions and early births,
Kids were paired with their dams to  determine
reproductive losses. Angora and Cashmere goats in the
High condition body treatment gained 26.5 and 28.6
Ibihd. respectively whereas those in the Low body
condition treatment  gained virtually zero, Angora does
averaged (97 fetuses compared to 1,55 tor Cashmere
does. Angora does raised .61 kids to 6 wk of age, and
Cashmere does raised 1.32 kids each which represents a
reproductive loss of 37 and 15%, respectively. The body
condition. natural cover, and shearing date appeared 0
have no direct effect on kid production.  However, 4
possible breed x body condition interaction was observed
for survival of adult goats after shearing. Six of seven
{807 of the adult Cashmere goats that died were in the
low body condition group, and only one Angora adult
died. Results of this study will become more meaningtul
atter data are accumulated over several years.

Intreduction

Goats o Texas vary in appearance and genetic
potential and are perceived to ditfer in hardiness and
resistance 1o various types of stress. Angora goats have
a high genetic potential for fiber production, resulting in
high nutritional  requirements. Also, because forage is
frequently of tow quality, Angora goats in the Edwards
Plateau region of Texas are generally undernourished
throughout most of their lives unless they are provided
supplemental feed.  Being undernourished results in
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reduced reproduction, size. and fleece weight, and
increased susceptibility to death tfrom  hypothermia
immediately after shearing (Shelton, 1993). Cashmere
goats produce significantly less fiber than Angora goats
and apparently have lower nutritional requirements on 4
body weight basis.  However, a rclatively lower
nutritional reguirement does not necessarily reduce the
shearing loss potential in cashmere goats as compared to
Angoras. Factors such as body condition and protection
from harsh environments may bhe as mporant w
Cashmere goats as they are to Angora goats, A study 18
in progress to determine the interaction ot management
and the environment on Angora and Cashmere poat
production and survival,

Experimental Procedure

A flock ot 34 Cashmere does {mixed aged does) and
sixty Angora does (21 mo old) were assigned randomly
4cross various treatment groups to study how the effects
of nutrition and shearing interact with environmental
conditions to atfect goat production (Figure 1), Breeding
season for the does started October 2 and continued until
November 15, 1995, Atier breeding and to establish
High and Low body conditions, the does were assigned to
20 pens {six goats per pen based on body weight and
breed) and fed a 14% pelleted ration at cither 1.5% of
body weight or od fikitum for 60 d.  All goats were
scanned on December 1 with 4 sonagram to determine the
number of fetuses/doe.  One half of the study goats were
shorn on January 15 and placed either into a 42 acre
pasture with less than 1% brush canopy cover {epen
pasmure} or into an 80 acre pasture with greater than 25%
brush canopy cover (brush pasture}y. The remaining goats
were maintaingd in pens until they were shorn on
February 21 and then evenly divided into the two pasture
treatments. Goats were fed a supplement in both pastures
to maintain body condition. Fleece characteristics of both
breeds of goats will be quantitied at a later date to assess
the treatment eftects.  Does were monitored so that
abortions and early births could be recorded.  Kids
surviving to & wk of age were considered o be
successfully raised.

The Statistical Analysis System (SAS, 1983) General
Linear Models procedures were used to analyze the data
generated in this study. Duncan’s Muliiple Range Test
was used to identify significant differences between mean
values,



Results and Discussion

The teeding treatment was used to create a High and
Low body condition.  Goats in the High body condition
fained more weight than goats in the Low body condition
(P < .01). At the beginning of the srudy, the average
body weight of the Angora goats was 65.7 1b compared
to 104 b tor the Cashmere goats (P = .01}. The average
live body weight of the Angora goats in High body
condition changed from an initial weight of 67.4 [b on
QOctober 2 1o 93.9 Ib on November 15 (gain = 26.5 1b),
whereas the average live weight of these in Low body
condition remained the same (P = .45; Figure 2}, Body
weights of Cashmere goats in High body condition
changed from an initial average weight of 105.9 1b on
Qctober 2 to 134.5 b on November 15 (gain = 28.6 1b).
Those in Low hody condition remained the same (P =
Ay

Angora does averaged .97 fetuses compared to 1.55
per Cashmere doe (P < .01). They raised fewer (P <
.01) kids than Cashmere does to 6 wk of age (.61 vs 1.32
per doe) retlecting a 37 and 15% kid loss for the two
breeds, respectively (Figure 3). The feeding treatment
gffect on tetus and kid production averaged 1.3 and 1.2
ferses/doe (P > . 10) for the High and Low treatments,
respectively, and .97 and .93 kids/doe (P > . 10). There
was no significant breed x teeding treatment interaction.
The shearing treatment effect on fetus and kid production
averaged 1.2 feruses/doe for both shearing dates and 1.1
and .8 kids/doe for the January and February shearing
dates, respectively (P > 10). There was no significant
breed x shearing treatment interaction.  The pasture

treatments appeared to have no effect on subsequent kid
production (P > .10),

Death losses of does were greater for the Cashmere
than the Angora goats. A total of seven Cashmere goats
died compared to only one Angora goat. Six of the dead
Cashmere goats were from the Low body condition
treatment, Of those that died, five were from the
February shearing date, and four from the brush pasture.
Cold dry weather occurred throughout most of the study
period (Figure 4). Freezing weather occurred 4 d in 4
row (Jan 18 to 21} soon after the first shearing date (Jan
15).  No rain fell during January, and February
precipitation was below normal.  March had similar
terperatures as February but did receive 28 in. of
precipitation; April had two consecutive days of cold wet
weather. This is an ongoing project and additional years
will be needed to better guantify the treatment eftects.
However, this first year’s data support the opinion that
Angora goats are morg susceptible to abortions than
Cashmere goats. Body condition appeared to be more
important to adult goat survival than other treatments.
Cashmere goats appeared to be more susceptible to
hypothermia than Angora goats.
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Figure 2. Weight changes of goats during feeding portion of test
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Figure 3. Number of fetuses and kids per doe
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Cotton Feed Product Composition: A Survey

M.C. Calhoun, L..A. Forster, Jr., S.W. Kuhlmann, and B.C. Baldwin, Jr.

ABSTRACT

This report contains the results of a comprehensive
survey conducted during the period from 1991 to 1994 to
provide reliable, up-to-dgte nformation t livestock
producers, nutritionists, consultants, feed formulators,
and others on notritional and gossypol values  for
cottonseed, cotonseed meal and cottonseed hulls. The
work wuas done in cooperation with the National
Cottonseed Products Association and invelved over 5,000
individual analyses on 83 cottonseed, 123 cottonseed
meal, and 31 cottonseed hull samples collected at 40
cottonseed oil mills across the U.S,

Introduction

Corron is 2 major crop grown throughout the Southern
L.S5  Production for 1995 was 18.0 million bales
harvested teom 16.0 million acres.  Most of the cotton
grown is Upland cotton (Gossypium hirsutum), but some
long staple ur Pima cotton {G. burbadense) is grown in
the southwestern states. Pima represents less than 2% of
U.S. cotton acreage. Cottonseed production for 1995 was
6.9 million tons.  In recent years, 50 to 55% of available
seed has been processed by the oil mills, and 40 to 45%
has been ted directly o ruminant livestock as whole seed
(NCPA, 1996). Couonseed meal and cottonseed hulls are
important by-products  of cottonseed o1l extraction.
Cottonseed meal is used as a high protein supplement for
animals, primarily ruminants, and hulls are used as a
source of roughage in animal feeds. Based on current
production  estimates, about 2.9 million tons of
cottonseed, 1.8 million tons of cottonseed meal and 1.1
million tons of cottonseed hulls were available w feed to
livestock from the 1995 crop.

Reliable nutritional information s essential for
formulating and manufacturing feeds. Little information
15 available for cottonseed hulls, and much of the
intormation for cottonseed and cottonseed meal represents
analyses done 25 to 30 yr ago. Periodic introduction of
new cotton varieties during this time period has been
accompanied by decreases in average seed size and oil
percentage, changes that could have altered nutritional
vatues for whole seed. The most recent comprehensive
determination ot noiritional values for cottonseed meals
was done under the direction of the National Cottonseed
Product Association (NCPA) during the 1960s (Jones,
19813 Since then there have been changes in oil
extraction procedures that justity a reexamination of
nutritional and gossyvpol values for cottonseed meals. In
the mid [960s. 51% of cotonseed was processed by

screw presses, 25% by prepress solvent ¢xtraction, 22%
by direct solvent extraction, and 2% by hydraulic
pressing. By 1980, only 20% ot the sced was processed
by screwpressing, whereas prepress solvent extraction
and direct solvent extraction each accounted for 40%. By
the mid to late 1980s, the predominate process was direct
solvent extraction. This is still the predominant process,
but the last 10 yr have seen a rapid introduction of
expanders into direct solvent plants,  This process is now
commonly referred to as the expander solvent process.
Expanders dramatically reduced free gossypol levels
compared with the direct solvent process without
expanders.

Experimental Methods

During December 1991 and January 1992, cottonseed
meadl samples were obtained by the NCPA from 40
cottonseed oil mills {nine expeller, one prepress sobvent,
six direct solvent and rwenry-four expander solvent) tor
a study to determine protein degradation in the rumen.
Protein degradation was determined by Dr. Glen
Broderick using a rumen in vitro system (Broderick,
1987). These samples were then shipped to the Texus
Agricultyral Experiment Station's Nutrition/Toxicology
Laboratory in San Angelo, Texas, for determination of
gossypol values; free and 1otal by the Official Methods of
the American Oil Chemists Society (AOCS, 1985 a.b)
and (+)- and (-)-gossypol by high pertormance liguid
chromatography (Hron et al., 1995) Finally the samples
were sent to a commercial laboratory for determination of
crude protein, acid detergent and neutral detergent fiber,
crude fiber, ether extract and macro and micro minerals
(Livestock Nutrition Services, P.O. Box 1655, Columbia,
MO 65205).

In a subsequent survey, oil mills across the U.S. were
asked by the NCPA to participate in a project to sample
and analyze cottonsced, cottonseed hulls, and cottonseed
meals during the 1993-94 processing vear. Thirty-one oil
mills cooperated with this project.  Samples were
collected over a 5-d period on three occasions during the
period from November 1993 to May 1994, The first set
of samples (N = 28) was collected in November and
December 1993, the second set (N = 28) in January and
February 1994, and the third set (N = 27) in March and
April 1994 Five of the oil mills used the expeller
process, one the prepress solvent process, one the direct
solvent process, and 24 the direct solvent process with
expanders. A total of 83 samples were collected and
submitted. Not all plants submitted samples for each



collection perind. Twenty-two submitted three samples,
eight submitted two and one submitted only one sample.

As they were collected, samples were shipped to the
Texas Agricultural Experiment Station's Research Center
at San Angelo. They were subsampled and stored at -
13 1o -20°C until used tor analyses. A basic analysis
consisting of dry matter, crude protein, acid detergent
fiber, neutral detergent fiber, crude fiber, ether extract,
ash. and macro and micro minerals was done at the
Northeast DHIA Forgge Laboratory (Forage Laboratory,
Northeast DHIA | 730 Warren Rouad, Ithaca, NY 14850).
Amino acid anafyses (cottonseed meals only) were done
by Woodson-Tenent {Woodson-Tenent Laboratories, 345
Adams Avenue, Memphis, TN 38101).  Gossypol
analyses were done at the Texas Agricultural Experiment
Station's Nutrition/Toxicology Laboratory in San Angelo.
Free and total gossypol were determined by the Official
Methods of the American (hl Chemists Sociery (AOCS,
1985 a,b}, and the 1somers of gossypol were determined
by high performance liquid chromatography (Hron et al.,
1993},

The 83 cottonseed and cottonseed meal samples were
amalyzed individually.  The 83 cotonseed hull samples
were composited to provide a single sample for each of
the 31 o1l mills. The composite samples were then
analvzed.  Amino acid composition was obtained for
cottonseed meals from eighteen cottonseed oil mills. The
sample analyzed for amino geids was a composite of the
samples received from each mill.

Results and Discussion

The nutrient composition of the 83 samples of
cononsced collected during 1993-94 s presented in Table
I, along with information tor whole, linted cottonseed
from the most recent revisions of the United States -
Canadian Tables of Feed Composition (NRC, 1982) and
the Nutrient Requirements of Dairy Cattle (NRC, 1989).
Values in the Nutrient Reguirements of Beef Caitle
(NRC, 1984) and Sheep (NRC, 1985} are very similar 10
those in the US-Canadian Tables.  All values are on a
100% dry matter basis. The most significant changes are
the lower value tor ether extract and the higher values for
the fiber measurements (acid detergent fiber, neutral
detergent fiber and crude fiber). These changes would be
expected to result in 4 decrease in the energy values for
whole linted cottonseed (Coppock and Wilks, 1987;
Weiss, 1993,

Cotonseed 15 naturally  very  low  in sodiumg
conseyguently, the value (31% Na) reported in the Ubited
States - Canadian Tables appears incorrect. The copper
value (54 ppm) in these tables also appears incorrect.
The iron content of cottonseed in the present survey (50

Lad

Tabke 1, Nutrient composition of whole linted cottonseed®

NRC NCpad

Duiry” NRC* 1893-94 Survey

Trem Catle 1982 MEAN SD°  CVE MIN MAX
Dry matier. % 920 0 9:0 4916 Ky 47 894 93
Crude protein, % 230 238 125 107 478 2007 258
Auid dewergent fiber, 340 290 384 238 Al4 33y 433
&

Neutral detergent 4400 390 472 340 72D 3w 340
tiher. %

Crude fiher. % 240 2004 295 204 591 2 350
Ither extract. % PACRS I | 178 .54 B.62 3.8 21.2
Ash, % 4.8 4.8 3.8 .23 610 334 432
Calciem, % 2 1B NE] Lle 14073 [0 Jun
Magnesium. R4 .35 a5 020 5081 & 390
Phosplhoms, % 64 ) L] A5 SR 447 TN
Potassium, % oo 121 1.14 AT 586 99 128
Sodium., % 01 3 08 00T R o3 03y
Sulfur, 7% 26 i) i 023 10L.35F 0 144 260
Cupper. ppot 9 54 7 1.3 Py 40 i
Iron, ppm 151 131 30 1.5 229 3749 j2374
Manganese. ppin 19 1 15 22 4.9 1L 204
Malyhdenum, ppm 1.6 2034 Lo 38
Zine. ppan 33 - 33 a5 . 249 420

alues are ona 109 dry malter basis for 83 samples collected at 31 cottonseed
ol mills during 1993-94,

"NRC. 1989,

“United States - Canadian Tables of Feed Composition (NRC. 1982).
dNativnal Cottonseed Products Assoclation,

EStundard deviation,

‘Coefficient of vatiation,

ppm) is one-third of previously published values (151
ppm).

The nutrient composition of cottonseed hulls s
presented in Table 2. The values are for composite
samples from 31 oil mills. Information from the United
States - Canadian Tables of Feed Composition {(NRC,
1982) has been included for comparison. The values
reported in the current revisions of the Nutrient
Requirements of Dairy Cattle (NRC, 1989), Beet Cattle
(NRC, 1984) and Sheep (NRC, 1985) are identical to
those in the United States - Canadian Tables, Results of
the current survey are similar to published values (NRC,
1982} for many putrients: however, some of the mineral
¢lements, particularly the trace elements arce considerably
different. Potassium is higher, whereas. sultur, copper.
iron, manganese, and zinc are much lower.



Table 2. Nutrenot composition of cottonsced hulls®

NCPA®
1993.94 Survey

ltern NRC® MEAN 54 Cve MIN  MaX
ey matter. % 1.0 894 87 1o 87 91.3
Crude presein, 7 4.1 5.0 T3 130 4.0 6.9
Acid detergent 7100 670 2.83 4.2 579  TL6
fiber. %

Neulral deterpent 904 K69 4.13 4.8 763 916
fiber, %

Crude fiber, % 478 386 112 6.4 41,5 562
Lther extract, % 1.7 1.9 66 347 1.0 33
Ashy, % 2.4 2.8 n o107 239 397
Caleiom., % A3 13 03 200 L 25
Magnesium. % 14 13 2133 2 23
Phesphoms, % (9 08 04 50,0 05 26
Potassium, 7 BT 1.13 05 4.4 1.03 1.24
Sodium. % 02 4109 003 333 005 e
Sullur, 4 .09 N3 .0l 2000 A3 Al
Copper, ppm 13 36 0.0 3.0 30
Lron. ppn 131 EUR 13.4 44,3 18.0 910
Manganese, ppm 119 Lt & 31 18.4 120 220
Muolvbdenwn. ppin - 37 A0 1314 ol 1.50
Zine, ppm 22 ER 2.3 32 6.l 19.0

SWulues are vnoa 100% dry matter basis for samples submitted by 31 oil
mills. Each sanple was a composite of samples received from each mill.
PTnited States - Canadian Tables of Feed Composition (NRC, 1952
“Natiopal Cottonseed Products Association

A% tundard deviation,

“Coelficient of variation.

The nutrient composition ot the 40 cottonseed meal
samples obtained from the oil mills during December
1991 and January 1992, summarized by processing
method, is presented in Table 3. The data in this table
represent samples collected from nine expeller, one
prepress solvent, six direct solvent and twenty-four
expander soivent oil mills. All values are reported on a
100% dry matter basis. Because there was only one
prepress solvent plant and only one sample was collected

from this plant, a comparison with other processes
hashimited value. However, for the other cottonseed
meals, the major effects of processing appear to be on
ether extract, sodium, and rumen degradable protein.
The expeller process leaves more residual oil than any of

the solvent processes, The higher sodium content of the
solvent extracted cottonseed meals prabably retlects the

Tuble 3. Nutrient composition of cottonsced meals processed by different

methods®

Oil extraction procedure

Prepress Direct Expander
Ttem Mechanical solvent solvent sulvent
Dry matter, % F3.9(1.6) 91.6 03013 206 (1.4
Crude protein. % 45 8 (2. 8) 41.6 49.0 {2.(h  48.4 (2.5
Acid detergent
liher. % 17.1¢2.2) 21.4 l6.1 2.7 l6.7 (3.0}
Neutral delergent
fiber, @ 28.0 (2.8} 284 25137 26.0 (4.0}
Crude fiber, % 16.4 (1.6} 19.6 15.642.0% to.l (2.3
Ether extract, % 5.8(2.3) 49 1.4 {9 1.2 (1.0
Calcium, % 20 (.03 24 21 .02 23003
Mapnesium, % L6910 55 CThH 0w L0
Phasphorus. % 1.26(.25) 1.36 1.33 (.36} 1.28¢.301
Potassium, % 1.90 {205 1.64 1.99 {19y 1.914.23)
Sodium. % 06 {08} L3 16 {083 BLEA DY
Copper. ppim 19.5{16.8) 175 17.3 (3.3 [7.6 (3.
Iron. ppin 124 {68} 16 104 {9 [RERID]
Manganese. ppm 24.3{4.2) 25.7 23743 2302
Zinc. ppm 65 5{3.7 RIN| 670 (8.5) G9.7 6.1
Undegraded 52.4 (7.8} 6.0 36,2 (3.8 ERRINEs|

pm[einb, %

*The data in this table represents the analysis of 40 cottonsesd meal samples
obtained dunng December 1991 and January 1992 by the Natonal Cottenseed
Products Association from 40 oil mills, Values are the means for each process
wilh the standard deviation in parentheses. Values are on a 100% dry matter
basis. Samples were collected from nine mechauical (expeller process), cne
prepress solvent, six direct solvent, and twenty four direct solvert with
expanders oil mills. All were commercial 41 % protein coltonseed meals,
YRumen undegraded protein was determined by Dir. Glen Broderick using a
rumen iz vitro system {Broderick, 1987,

addition of soapstock to these meals. Undegraded
protein, as estimated by a rumen in viro System
(Broderick, 1987), was higher for the expeller meal than
for any of the solvent meals. This is due to the higher
temperature and pressure associated with this process,
The sirmilar values for the solvent meals is hard to explain
because the temperatures and pressures assoclated with
the prepress solvent and expander solvent processes are
greater than for the direct solvent process and would be
anticipated to increase the percentage of protein not
degraded in the rumen.

Results of the basic analyses to determine the nutritional

composition of cottonseed meals obtained in the 1993-94



survey are summarized by process in Tables 4, 5, and 6,
respectively, for mechanically extracted, prepressed
solvent extracted, and solvent extracted meals,

Table 4, Nutricot composition of mechanically cxtracted, 41% crude
protein coftonseed meal #-?

Table 5. Nutrient composition of prepressed solvent extractd, 41% vrde
protein cottonseed meald

NCPA
1993-94 Survey
lters NCPA" NRCY MFEAN  SD° CVE MIN MAX
Dy matter, % 914 930 923 L84 2.0 R97 957

Crude prrutein. 4 449 443 46 135 2.9 438 4849

Acid detergent - 20,0 18,1 Lag 110 151 213
fiber,

Neutral deterpent - 80 323 630 2000 219 4.9
fiher, &

Crude fiher, % 4.5 12.8 1.4 1.0y w6 97 130
[iber extract, F 4.1 .0 1.6 A2 42 39 34
Ash, 6.8 fi.6 1.2 107 148 6. 9.8
Calvium. % 18 21 21 03 124 13 24
Magnesium. % 46 58 A3 07 1ee 52 73
Phosphorus, % .02 116 L.14 13 114 43 1.38
Ptassium. 7 .31 1.45 1.68 e 52 181 1.8
Sodiom, 7§ M U3 L0702 296 004 011
Sulbae. & . 43 43 0255 L3 48
Copper, ppm 183 200 10.9 1.7 156 80 140
Irun. ppm 94 1970 1064 229 21.5 T80 1570
Munpunese. ppm 206 140 18,7 20 1.6 160 22.0
Kalvhidennm. pmn - 2.4 A4 265 1.3 37

Zine, ppau aly ne f2 R 6.9 1.1 500 760

NCPA
1993-94 Survey

[tem NCPAY NRCY MEAN S CVY MIN MAX
Diry matter, % 809 910 o0.3 125 14 9.0 9l
Crude protein, % 460 456 8.2 34 BRI VL b
Acid detergent - 18.0 18,5 [ T N A N Tl W
Neutral detergent - Xn0 a0 L& 7.1 234 273
fiber, %

Crude fiber, 4 150 141 12t 3027 LT oL
Erher extract. % 7 1.3 1.7 37 0220 S|
Ash, 7 71 BRI 7.8 114 146 6.9 9.4
Calcinm, % 17 21 Rt 01 34 23 25
Mapoesium, % A4 55 6l A11.3 326y
Phosphoms. % 1.8 ]2t 1.20 5 127 R
Polassium. % .36 1.39 1.68 12 7.1 132 1.8]
Sodwin, % A4 g A% Ay 3L A 22
Sulfur, % - 34 A4 02 54 42 47
Copper, ppm 199 20,0 13.3 47035 130 140
Iron, ppm 1224 2230 1347 626 405 [0S0 2430
Manganese, ppm 24 7230 PALREY 47 23 0 LG
Maolyhdenn, ppm : - 35 4153 280 40
L, ppm Hv.d /L0 643 £ ] L6 350 FlLOo

"hernational Feed Number, 301 617,

P Vulues are on A 1O0% dry matter basis, The data are for 14 samples
collected frem ve ofl mills.

“Walues are for swnples analyzed by the Natienal Cottonseed Products
Association during the 19605, These are adjusted means obtained by adding
tliber, ashy or subtracting (all olher nutrientsy % standard deviation from
actual means Jones, 19811,

MTnited States - Canadian Tables of Feed Compesition (NRC. 1982).
“Standard deviation. ’

'Cuetficient ot variation.

Al of the cottonseed meals were commercially produced,
41% crude protein meals, Twenty-four of the oil mills
using the  solvent  extraction process  were  using
expanders. and one was a direct solvent plant without
expanders. Because the industry does not label these as
separate  processes, these were combined and  are
presented 1n g single table (Table 6),

Led
[

“Tnternational Feed Nutnber, 5-07-871

bVules are on a LOD% dry matter busis,  The data are fur theee samples
collected from one vil midl

“Values are for samples analvzed by the Nationa] Cononseed Products
Association during the 1960s. These are adjusted means obtained by adding
{fiber. ash} or subtracting (all ether nutrients) '4 standard des ation fnom actoal
means (Jones, 19813,

Teinited Stales - Canadian Tables of Feed Compaosition 1NRC. 19421,
EStandard devialion,

'Coefficient uf variation.

For comparison purposes, nutritional composition data for
cottonseed meals analyzed by the NCPA during the 1960s
(Jones, 1981) and trom the United States - Canadian
Tables of Feed Composition (NRC. 1982) were included
in these tables. The NCPA data from the 1960s are not
directly comparable to the NRC duata or the results of the
current survey because the means teported by NCPA
were adjusted by either adding, in the case of fiber and
ash, or subtracting, tor all the other nutrients, %2 standard
deviation from actual means (Jones, 1981).

Results of this survey  suggest crude protein.
magnesium, potassium, and sulfur are higher and crude



Tahle 6. Nwtricut composition ot selvent-extracted, 41% crude protein
cottouseed meal®

NCPA
1993-94 Survey
[tem NCPA NRC MEAN CVt MAX
v d SDe MIN
Dry matter, % Yrd o 9o 4.1 83 1.0 867 91.0
Crude protein, 438 452 476 199 42 4390 524
Actd detergent — - 173 270 156 122 239
fther, %
Neutral - - 245 361 147 158 324
detergent tiber,
W
Crude riber, 13.7 133 1.2 1.47 131 R4 153
Ether extract, % 1.7 1.6 22 89 4l 6 4.7
Calcium, A7 18 2203 132 16 .36
Magoesium, % 44 S4 A6 06 9.6 49 82
Phosphorus, & 108 1.21 1.20 .14 120 86 1.54
Potassium, % 1.28 1.32 172 b 64 145 198
Sudium, 405 A4 09 632 004 33
Copper, ppm 180 22.4 12 20 162 70 160
Iron, ppm 996 2280 126.0 390 309 T50 2220
Manganese. 229 230 2001 2.7 133 140 250
ppm
Molyhdenuim, — — 15 B0 320 13 s
ppm
Zine, ppm 63.6 6K 63.7 68 107 490 R3O0

aliternational Feed Number. 5-01-621.

bV alues are ona 1O dry matter basis. The data are for 66 samples
collected trom 25 oil mills,

cValues are tor sumples analyzed by the National Cottonseed Products
Assnciation during the 1960s. These are adjusted means obtained by
adding (tiher, ash) or subtracting {all other nutrients) % standard
deviation from actual means (Jones, {981},

dUnited Statex - Cunadian Tables of Feed Composition (NRC, 1982},
eStandard deviation.

fCoetficient of variation.

fiber. copper, and manganese are lower in cottonseed
meals produced today compared with those 25 to 35 yr
ago. The major etfect of process is on tat content, The
mechamcally extracted cottonseed meals have a much
higher residual oil content than prepressed solvent or
direct salvent cottonseed meals.

Table 7 presents a summary of published information
for the amino acid composition of cottonseed meals by
process (NRC, 1971; Jones, 1981; NRC, 1982). In
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comparing the NCPA and the NRC values it is important
to remember that the NCPA values are adjusted means,
obtained by subtracting 'z standard deviation trom the
actual means (Jones, 1981}, [t was not possible t©
calculate actual means tor the NCPA dara because the
standard deviations were not reported.  All values are

Table 7, Amino acid compaosition of mechanical, prepress solvent. and
direct solvent extracted eottonseed meals expressed as a percentage of dry

NCPA® NRC?

Prepress  Direct Peepress  Thirect
Amino acid Mech. solvent  selvent Mech,  sobvent  selvent
Alaning 1.73 1.80 1.79 | .al) [ 1.61
Arginine 474 5.10 5.13 4.51 4.71 +4.62
Aspartic Acid 4.11 4.14 4.07 T 378 368
Cystine .64 N it T8 90 A3
Giutamic Acid ~ 9.35 4.23 8.94 K. 56 B.43 K2t
Glycine 1.85 1.89 1 &7 .06 24 27
Histidine 117 1.22 .22 .15 P27 [
lsolencing 1.43 1.48 1.47 1.56 1.59 L.a7?
Leucine 2.44 270 2.66 2.50 2.67 1.56
Lysine (total} 174 1,90 1.95 1.73 201 1.%6
Methionine RS 34 38 62 6l 64
Phenvlalanine 2.41 2.47 2.47 2.35 T2 246
Proline 1.55 1.7 .60 1.44 159 1.33
Serine L84 1.%4 1.96 1.44 2 192
Threonine 1.42 1.47 1.48 1.44 .48 1.52
Tryplophan .55 52 58 A7 56 Al
Tyrosine 1.19 L.26 L.26 1.01 1.27 P13
WValine 2.0 2.0u 2.01 245 2.20 200
SUM 440,79 42.22 41.75 39.47 410 30.3]

alues are for samples analyzed hy the Nationad Cottonseed Prodocis
Association dunng the 19605,  These are adjusted meaus obtaiped by
subtracting %4 standard deviation from actual means (Jones, 19811

"The values for alanine. aspartic acid, glutamic acid and proline were oltanesl
from the Atlas of Nutitonal Pata on United States and Canadian Feeds iNRC,
19713, All uther values were olained from the United States - Canadian
Tahles ot Feed Composition (NRC. 1982].

reported on a 100% dry matter basis. With the exception
of lysine, process does not appear to have an important
effect on essential amino gcids. The lower values for
total lysine tor the mechanical process, compared with
solvent processes, may reflect the increased binding to
gossypol that occurs at higher temperatures and pressures,

Amino acid profiles for 18 cottonseed meals (three
mechanical, one prepress solvent, and fourteen expander



solvent) are given in Table 8 (expressed as 2 percentage
of dry matter} and Table 9 (expressed as a percentage of
protein). The NCPA and NRC data in these tables are

Table 8. Amine acid composition of cottenseed meals expressed as a
percentage nf dry matter

NCPA
199344 Survey
At wend NOPA* NRC" MUANT  SDY VP MIN  MAX
Alinine .77 1,62 .79 18 6A 13 203
Arainine 5400 4.61 .81 2t 350 4350 533
Asparic Acid 4L amn +.24 84 48 399 472
Cvstie Nil.] 5 by LSS 61 33
Glutwmiv Acid %17 8,40 008 393 8.5 BILOIN20
Glycine | &7 202 | &7 R 5.4 1.7 11z
[SENITISTITS 1.21 121 (] NSk i3 .34 1.64
Tsoluucine .46 I.6) l.28 A67 52 1.17 1.43
1 eucine 2.an LT 2.61 095 38 245 281
Towsine ool | .87 | 87 1.3 A7 80 1ae 209
Bethiening 3% a3 7 070 9.0 67 91

Phepvlalaine 2,44 2.34 234 A24 53 208 2.60

Proline 1.62 1.32 1.62 A6 104 1260 Yo
Serhwe 1.91 1.52 213 0% 46 202 239
I'hrecnine .46 .48 |57 oM 44 146 1.75
Trypropliau 55 58 a2 054 10,4 38 B0
Trrosing .24 114 1.03 58 57 94 115
Valine 204 2.0 | 82 09l 5.0 a6 200
STUM 41,38 4N2Y 0 41,39

"\Values are for samples analyzed by the National Cottonseed Products
Assoclation doring the 1960s. ‘These are adjusted means obtained by
sulrauting Y standard deviation noun actual means {Jones, 19813

e values Tor alanine, asparmic auil. glutwmie aoid. aod prolowe were obtained
fron the Atlas of Nutftonal Patt on Enied $tates and Canadian Feeds (NRC.
19711 All ather values were ultained {tom the United States - Canadian
Tables of Teed Composition (NRC. 19827, Fach value represents the average
tor mechamcally extracted. prepressed solvent extracted, and direet solvent
ealructed % proein cotonseed meals.

“lhe datit ire fer samples obtained frome 18 ol mills across the United States,
Pl sanuple was o composite of e saoges received from cach mill.
SStandard deviation,

“Coellicient of variation.

averages for the mechanically extracted, prepressed
solvent extracted, and direct solvent extracted cottonseed
meals presented in Table 7. The sample submitted for
gach of the 18 cottonseed meals was a composite of the
samples received from each of these mills during 1993-
04,  Admitedly, this 18 a small number of samples;
however, the higher value tor histidine and the lower
values tor isoleucing, methionineg, tyrosine and valine

-

may be significantly different than the values in the
NCPA and NRC publicartions.

Cottonseed, cottonseed meal, and cottonseed hulls all
contain gossypol, a toxic, polyphenolic hinaphthyl

Table 9. Amioo acid composition of cottonseed meals expressed as a
pereentage of protiin

NCTA
1993-03 Surveyv

NCPA® NRCP MEANS 8D OV BMIN  MAX
Alanine 388 3506 374 ez 7 ) 4,22
Arginine 10,97 10,18 10,05 06 54 A L
Aspartic Acid 902 K20 886 et 401 $49 0 a7
Cystine f49  LEA 1.44 GET B 1.22 L.55
Glutamic Acid 20,12 18,51 18.97 1168 6.2 17,24 X174
Glycine 4,10 464 390 213 34 idH 0 436
Thstidine 2.05 266 114 A3 83 281 3odtl
Tsoleucing 3.20 354 164 149 55 244 1R
l.eucine 570 56R 46 UEE RN .09 57y
Lysine (tewal} 4.0 4101 4.0 BRIV % 130 4.73
Methicnine 1.28  1.38 1.61 136 X4 140 187
Phenvialinne 537 518 4. 85 2360 30 4.44 53
Prodine 3560 333 340 340113 el 4.23
Serine 419 424 446 s 42 4.1z 4,51
Threonmine 3 3.2 329 135 4.2 303 L
Trvptaphan 1.21 [ 1.10 X1 110 72 1.28
Tyrosine 272 A0 X3 26 5% 1.95 2.3
Valine 4.458 3.63 3.8l WA 343 414
UM 91.24 3874 46,94

Walues are for samples analyvaed by the National Cottenseed  Products
Association during the 196805, These are adjusted means ohaned by
subtructing Y4 standard deviation from actual means (Jones. 1981

P Ihe values for alanine. aspartic acid. glutamic acid. and proline were vhtained
trom the Atlas of Nutntional Data on Uinited States and Canadian Feeds iNRC,
L971}. All ather values were oblained from the United States - Conudian
Tables of Feed Compuosition {NRC, 19821, Tach value represents the sveeage
fir mechanically extracted. prepressed solvent extracted, and direct solvent
extracted 41 % protein cottonseed mweals,

“The data are for samples obtained from 18 ol mills across the Tnited Stares,
Lach sample was 4 composite of the samples reccived from cach will.
dStandard deviation,

“Coetticient of variation.

dialdehyde (Berardi and Goldblatr, 1980).  Gossypal
oceurs throughout the cotton plant, but is concentrated in
pigment glands present in cottonseed. These glands are
visible as small dark specks when a seed is cut. Because
of restricted rotation about the bond that joins the two
naphthalene groups of the molecule, gossvpol exists
naturally a8 4 mixture of two stereoisomers.  These ate
(+)- and (-)-gossypol. The minus isomer appears 1 have



the preatest biological activity and s the i{somer
responsible for infertility in males (Matlin er al., 1985;
Joseph er al., 1986; Lindberg et al., 1987).

Total and tree gossypol, expressed as a percentage of
dry matter, and (+)- and (-)-gossypol, expressed as a
percentage of towdl gossypol are presented in Table 10,
The valugs are means with the standard deviations in
parenthesis,  Cottonseed hulls contained the least total
gossypol of any of the cotton by-products; but because
about 40% of this was tree gossypol, the free gossypol
content of some of the hull samples was higher than free
gossvpod values for some mechanical and prepress solvent
cottonseed meals.  Particles of cottonseed meats not
separdted from hulls are believed to be the source of
gossypol in cottonseed hulls,

Decarticated seed is cottonseed mearts (kernels) with
the outer seed coar (hulls and lint) removed.  Gossypol
analysis 1s done on decorticated seed, and this is the basis
on which mist luboratories report the gossypol content of
cotonseed. The gossypol values for whole, linted seed in
Table 10 were caleulated by multiplving the percentage of
gussypol in decorticated seed by .35, This value assumes
the weight of decorticated seed is 55% of the weight of
whole, limed seed.  Total and free gossypol are
essentially the same in recently harvested and properly
stored whale cottonseed.  Seed can be stored for many
months in a cool, dry environment without altering this
relationship.

Processing method does not appear to attect total
gossypol, and the total gossypol content of cottonseed
meals does not appear o have changed much in the last
25 1w 3% vro Processing method does affect free
gossypol.  The higher temperatures and  pressures
associdted with production of mechanically extracted and
prepress solvent cottonseed meals result in lower free
gossypol values than for direct solvent meals.  The
introduction of expanders into the direct solvent process
in the last decade has dramatically reduced free gossypol
i cottonseed meals produced by the solvent process
{Table 10). .

The proportions of {+)- and  {-)-gossypel in
cottonseed is a varietal characteristic. Seed of the upland
cortons currently grown in the U.S. average about 60%
{+3- and 40% (-)-gossvpol. The range of values for the
1somers is 55 10 65% (+)- and 35 to 45% (-)-gossypol.
Processing does not appear to aftect the isomers, and the
proporpons ol the somers o cottonseed  hulls and
cononseed meals are the same as for the seed (Table 10y,
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Table 10. Percentages of total and free gossypol and the proportions of
gossypol isomers in cotton feed products?

Gossypol
Samples, Gossypol isumersd
Ttern No. Total”  Free® {(+} i)
- — — % of wtal —
Cottonseed hulls® 0 107 049 59.4 40.6
{.03) {.03) (2.7} 2.7
Decorticated sced® 83 1.20 1.24 61.2 kLR
Whele linted seed’ &3 Rl 68 6l.2 K
(WAL {013y 2.4 2.4}
Mechanical CSM
18 --- 1.02 04 --- --
2h 9 118 04 62.1 379
{.18) 01 L& (L&)
3 14 1.09 08 59.9 3.1
£.12) {.014) 2.4 12,4
Prepress solvent CSM
1% 1.13 Nk
2k ! RY 3 §7.6 424
3 3 1.06 07 581 41,9
.04 (.02 (1.%) (1. 81
Threct sobvent CSM
12 [.04 il
bl 6 1.21 s 0.9 390
.27 .08y 1L L7
Expander solvent
P 24 119 0 $9.0 Al
LA Lom (2.5) (2.5
3" 53] I.l6 14 54.3 41.7
T Aty P01 (2,60

“Percentages ol free and tolal gossypol are on a dry matter basiss {+ - and
) possypol are expressed as a percentage of total gossypol. Values are
means with the standard deviation in parentheses.

bToral gassypul was determined by the Ofticial Method of the American Chl
Chemists Society (AOCS, [985h).

‘Free gossypol was determined by the Official Method of the Americin Uhl
Chenmists Society (AQCS, 19852y,

d(+)— and (-}-possypol were determined by high performance  hyuid
chromatugraphy (Hron et al.. 1993),

“Watues are for samples collected at collonseed oil mills during 19$93-94,
Ryulues for whole, linted seed were calculated by multiplymyg the percentage
of gossypol in decorticated seed (seed without hulls and Jint) by (33,
EValues are for samples analyzed by the Natonal Cettenseed Products
Association during the 1960s. These are adjusied means, 1.¢.. aclual neans
P\?Iu& 1A standard deviation.

Walues are for samples collected at ceottonseed ol mills during 1991-92
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Diagnosis of Ovine Lentivirus Infections

A. de la Concha-Bermejillo, R.A. Juste, and J. Kwang

ABSTRACT

Ovine progressive pneumonia (OPP) is a disease of
sheep caused by ovine lentivirus {OvLV). In the present
study, the sensitivity and specificity of the agar gel
immunodiffusion (AGID) test were compared with that
of recombinant ELISA for the diagnosis of OPP.
Serum sarnples from OvL.V or placebo experimentally
inoculated lambs were collected before inoculation and
weekly for 26 wk thereafter. Ovine lentivirus antibodies
were determined by the AGID test, a recombinant p24-
OvLV protein ELISA (rp24-ELISA) or a recombinant
transmembrane-OvEV protein ELISA (rTM-ELISA).
Duplicate serum samples were also submitted to a
private diagnostic laboratory that uses a caprine arthritis
encephaliis virus (CAEV) envelope  recombinant
proteint ELISA (rfCAEV-ELISA} for the identification of
OvLV-infected sheep.

The specificity of the AGID test was always 100%,
and the sensitivity ranged from 11% on post-inoculation
wk 2 to 100% from post-inoculation wk 5 until the end
of the experiment {average 91.5%). The specificity of
the recombinant ELISA test varied depending on the
recombinant OvLV protein used. While the sensitivity
and specificity of the rp24-ELISA varied from 22.2 to
100% (average 87.7%) and 50 to 100% (average
94.6%), respectively, the sensitivity and specificity of
rTM-ELISA test ranged from 5.5 to 100% (average
86%) and from 62.5 to 100% (average 94.9%).
Surprisingly, the CAEV-ELISA missed all OPPV-
infected cases. These results indicate that OvLV AGID
test has a high sensitivity and specificity for the
diagnosis of OPP in this cxperimental setring.

Introduction

Qvine progressive pneumonia (OPP) is a chronic
disease of sheep caused by ovine lentivirus (OvLV}.
The reported seroprevalence of OPP in the U.S. is 26 %,
but a wide variation exists among states and among
individual flocks (Cutlip et al., 1992). On the other
hand, the OPP seroprevalence in Texas 15 only 0.5%.
Nevertheless, OvLV-infected ammals are frequently
moved into Texas from states with high OPP
prevalence.

Ovine lentivirus infection of sheep may lead to a
diseasc complex characterized by chronic weight loss
and inflammation of the lungs, lymph nodes, joints,
mammary gland and the central nervous system (Cutlip
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et al., 1988; Oliver ct al., 1981; DeMartini ct al.,
1993), The econemic losses attributed to OPP may be
due to animal deaths, depressed lamb growth because of
low milk production of ewes with mastitis, losses from
secondary infections. and loss of trade as a result of
restrictions in the international export market. Because
sheep infected with OvLV remain infected for life, carly
identification of infected animals is critical for the
control of this infection {DeMartint et al., 1991},

Serological tests are the most frequently used
methods of OPP diagnosis, and among them. the agar
gel immunodiffusion (AGID) test is the most commonly
used because of its low cost, simplicity, and high
specificity. However, the sensitivity of the AGID test
generally is considered to be low. More recently,
indirect ELISA tests, using either whole virus or
recombinant OvLV proteins, have come to the scene
claiming a high degree of sensitivity (Zanoni et al..
1951; Houwers et al., 1982; Kwang et al., 1993). In
many cases the sensitivity and specificity of serological
tests are based on the use of serum samples collected
from the general population in which the precise state of
infection cannot be confirmed by other means. In this
study, we compared the sensitivity and specificity of an
AGID test with those of two recombinant ELISA tests
using serum samples collected chronologically after
experimental OvLV or placebo inoculation. In addition.
paired serum samples were submitted to a private
veterinary diagnostic laboratory that runs an ELISA test
for the identification of OvLV-infected animals using a
caprine arthritis encephalitis virus recombinant protein
(rCAEV-ELISA).

Material and Methods

Animals and Animal Inoculation

Twenty-six Rambouillet or Rambouillet x Suffolk
newborn lambs from seronegative ewes were separated
from their mothers and raised on an artificial diet.
Newborn lambs were randomly allocated into two
groups. The first group consisting of 18 lambs was
inoculated intratracheally with 1x10° TCID,, of OvLV
strain 85/34, The second group consisted of eight lambs
inoculated with a non-infected cell culture supernatant.
Serum samples collected hefore noculation and weekly
for 26 wk after inoculation were assigned a code and
tested biindly for the presence of OvLV antibodies by
the AGID test, by two different recombinant ELISA
tests, or were submitted to a private diagnostic



laboratory. Blood samples, collected every other week
starting before experimental inoculation until the end of
the experiment. were tested for the presence of
infectious virus by standard virus isolation in tissue
culture.

Ten additional 1-mo-old Rambouillet lambs were
inoculated in the same way as above with OvLV
dilutions (two lambs/dilution) ranging from 1x10° to
1x10* TCID,,, and serum samples collected weekly were
tested by the AGIDY test.

Agar Gel Immunodiffusion Test

Serum samples were tested for the presence of
OvLV antihodies by the AGID test using a
commercially  available kit  and  following
recommendations by the manufacturer (Veterinary
Diagnostic Technology, Inc. 4890 Wheat Ridge, CO
80033).

ELISA

An ELISA test was used to determine the antibody
responses to the transmembrane {TM} and p24 OvLV-
structural proteins, as previously described (Kwang et
al., 1993). Briefly, microtiter plates were coated with
120 pgiwell recombinant TM or p24 in .1 M sodium
hicarbonate buffer (pH 9.6). The plates were then
washed three times in ELISA washing solution (0.15 M
NaCl, .05% Tween 20}, and excess binding sites were
saturated with 100 ul of 1% bovine serum albumin
{BSA) in phosphate-buffered saline (pH 7.2, .15 M) for
1 hat 37 "C. After three washes, 100 gl diluted sheep
serum (1:50) in 1% BSA buffer were added to each
well, and plates werce incubated at 37 °C for 1 h.
Following a subsequent washing of the wells, 100 pl of
anti-sheep immunoglobulins conjugated with horse
radish peroxidase were added to each well, and plates
were incubated at 37 °C for | h. Wells were washed
again, and 100 ul of substrate solution (citric acid, 2,2'-
azinobis, 3-ethyl bensthiazoling sulfenic acid, H,0,)
were added. The color reaction was allowed to proceed
at room temperature for 30 min, and the absorbance of
each well at 405 nm was recorded in an automatic
ELISA plate reader. '

Virus Isolation

Blood mononuclear cells (BMNC) were separated by
centrifugation on a Ficoll-Hypaque gradient (de la
Concha-Bermejillo et al., 1995). Subsequently, a total
of 4 x 10° separated BMNC were cocultivated with
semiconfluent monoelayers of goat synovial membrane
(GSM) cells In 25 cm? tissue culture flasks for 12 d. At
the end of this period, cell cultures were rinsed in
Hank's balanced salt solution (HBSS), fixed in
methanol, stained with Giemsa, and evaluated for the
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presence of syncytia. A positive score was given when
at least one cell containing at least five nuclel was found
{de la Concha-Bermejillo et al., 1995).

Data Analysis

The results obtained from the rTM-ELISA and the
rp24-ELISA were corrected for between-plate variability
by dividing the OD reading of the test samplcs by the
OD reading of the positive control in their respective
plate. Initially, cutoff points that had been determined
previously (Kwang et al., 1993) were used as the
positive-negative threshold for the rp24- and r'TM-
EL.ISAs. However, after realizing that under this
criterion too many infected animals were scored as
negative during the initial weeks after infection. new
cutoff values that resulted in a better trade-off between
sensitivity and specificity were established.

Results

Ovine lentivirus was re-isolated in at least two
occasions from all OvLV-inoculated lambs.  Virus
isolatton in individual lambs ranged from 2 to 12 times
during the course of the experiment, and the frequency
of isolation in the OvLV-inoculated experimental group
was higher between post-inoculation wk 2 and 8. Ovine
lentivirus was never isolated from any of the negative
controls.

The results of the sensitivities and specificities of the
AGID, the mp24-ELISA, and the rTM-ELISA are
presented in Figures 1 and 2, respectively. Positive
reactions to the core protein in the AGID test were first
seen in two OvLV-inoculated lambs by 2 wk post
inoculation. On wk 3 after inoculation, eight OvLV-
tnoculated lambs showed a weak positive reaction
against the envelope {env) protein, while in eight OvI.V-
inoculated lambs the predominant reaction was against
the core protein. By 4 wk post-inoculation, only one
OvLV-inoculated animal wes still negative, 10 lambs
showed clear anti-p24 bands and the remaining seven
reacted with different levels of intensity to the env
protein. All lambs infected with 1 x 10° TCID,, were
positive by the AGID test by 5 wk post-inoculation and
remained positive for the rest of the experiment. None
of the placebo-inoculated controls showed any positive
reactions in the AGID test during the experiment
Based on these results the specificity of the AGID test
was always 100%. On the other hand. the sensitivity
ranged from 11% on post-ineculation wk 2 to 100%
from post-inoculation wk 5 until the end of the
experiment {average 91.5%).

The initial cutoff points between positive and
negative rp24- and rTM-ELISA OD readings were taken
from a previous report; however, because under this




Figure 1. Sensitivity of the agar gel immunodiffusion
(AGID) test, recombinant p24-ELISA and TM-ELISA,

100

&0
60

40

20
o]

0 2 4 6 8 10121416.1820222426

Weeks Post-inoculation
QAGID
vg. 915

Sensitivity

. p24-ELISA . THM-ELISA

Avg. 877 Avg. 86

Figure 2. Spectficity of the agar gel immunodiffusion
(AGID) test, recombinant p24-ELISA and TM-ELISA.
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criterion many infected animals were scored as negative
during the initial phases of infection. new cutoff values,
to obtain the optimal trade-off between sensitivity and
specificity, were established for each ELISA format by
plotting the percent accuracy in the detection of infected
and non-infected amimals in each of the O values
(Figures 3 and 4. Based on this system a cutoff value of
0.4 for the p24-ELISA and of 0.08 for the rTM-ELISA
were selected. respectively.

The specificity of the rp24-ELISA ranged from 50
to 100% (average 94.6%) and the sensitivity from 22,2
to 100% (average 87.7%). The average specificity of
the tTM-ELISA was 94.9% (range 62.5 o 100%) and
the average sensitivity was 86% (range 5.5 to 100%).
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Figure 3. Determination of the cutoff value for the
p24-ELISA test.
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Figure 4. Determination of the cutoff value for the
TM-ELISA test.
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In this experiment, preinoculation serum samples had a
particularly high OD reading in both ELISA formats,
regardless of the experimental group, resulting in
specificities of 30.0 for the rp24-ELISA and of 62.5 for
the rTM-ELISA during the experimental wk Q.

The time of seraconversion in lambs inoculated with
10° or 1¢* TCID, of OVLY occurred by wk 4 post-
inoculation. One lamb inoculated with 10° TCIDy, and
one lamb inoculated with 10? TCID,, seroconverted at
wk 5 and 4, respectively, and the other two lambs
these groups seroconverted by wk 6 post-inoculation.
The two lambs inoculated with 10' TCIDs,
seroconverted by & wk post-inoculation.



Discussion

The specificity of the AGID test for the detection of
lenuvirus infected sheep has been found to be 100% by
most authors. However, ifs sensitivity has been reported
to be lower than that of ELISA tests (Houwers et al.,
1982; Kwang ct al., 1993), Using experimentally
lentivirus-inoculated sheep, Simard and Briscoe (1990}
found that by 2 wk post-infection, 70% of the
experimental animals could he detected by an indirect
whole virus ELISA whereas none could be detected by
AGID. The average sensitivities of these tests from wk
3 1o 14 were Y6% for the ELISA test and 70% for the
AGID test. Similarly, increased sensitivities of an
indirect whole virus ELISA and a recombinant ELISA
tests over the AGID test have been found by Houwers
et al. (1982) and by Kwang et al. (1993}, respectively.
However, false positive reactions that affect the
sensitivity of some recombinant ELISA tests have been
reported and ascribed to reactions to E. coli antigens
that contaminate the recombinant viral proteins during
purification (Zanoni et al., 1991).

In our swdy, we compared the sensitivity and
specificity of a commercially available AGID test with
two recombinant ELISA tests using sheep serum
samples collected sequentially after OvLV or placebo
inoculation. OvLV was reisolated from all virus-
inoculated sheep but never from the placebo inoculated
animals. thus confirming the infectious- or free-OvLV
status of the animals in each of the two experimental
groups. The average sensitivity (91.3%) and specificity
(100%) of the AGID test were slightly superior to those
of the rELISA 1tests. The average sensitivities and
specificities of the rp24ELISA (87.4 and 94.6%,
respectively) and the rTM-ELISA (86 and 94.9%,
respectively) were not different (p < .05). The virus
strain used in this experiment, OvLV-85/34 is a
biological clone, meaning that it is composed of a
genetically diverse population of OvLV variants or
quasispecies (Woodward ef al., 1995). Both antigens
used for the TELISAs were originally clened from an
OvLYV infectious molecular clone (Kwang and Cutlip,
1992a; Kwang and Cutlip, 1992b). Although the OvLV
p24 and TM proteins carry conserved epitopes, it is
possible that some immunogenic differences in the
critical epitopes between strain 85/34 and the
recombinant OvLV proteins existed, thus resulting in
lower cross reactivity between these two OvLV strains
and decreased scnsitivity of the rELISA tests. This
observation is supported by the fact that the relative
sensitivity and specificity of the rTM-ELISA using
serum samples of  OvLV naturally infected sheep
(where a wide range of strains may exist} were 97.6 and
100% , respectively (Kwang et al., 1993). Furthermore,

43

this theory also could explain the reasons why the
rCAEV-ELISA failed to detect all infected animals,
because differences in epitope immunological cross
reactivity between small ruminant lentiviruses exist. In
a recent publication, the sensitivity of the CAEV AGID
was higher (91.0%) than that of the OvLV AGID test
{56.0%) for the detection of caprine antibody to CAEV
(Knowles et al., 1994). Similarlv, some CAEV
recombinant antigens might fail to detect ovine antibody
to OvLV. Variability in the sheep immune response to
different regions of OvLV env protein has been found
(Carey et al.. 1993). The private veterinary diagnostic
laboratory that runs the rCAEV-ELISA indicated that
the antigen used for their test was a recombinant CAEV
envelope protein but did not specify the characteristics.
It is known that many of the epitopes in the cnv protein
of lentiviruses are poorly conserved. Therefore, if the
immunological epitopes present in the recombinant env
protein of the CAEV-ELISA are different from those in
the OvLV strain 85/34, the test would fail to detect
infected animals.  Further evidence that different
proteins from small ruminant lentiviruses have different
immunological cross reactivity comes from the fact that
the OvLY r'TM-ELISA test was more effective than the
OvLV 1p24-ELISA and the OvLV AGID test in
identifying CALV antibodies in the goat population
{Kwang et al., 1995).

Our results indicate that the OvLY AGID has a high
sensitivity and specificity for the diagnosis of OPP.
Other advantages of the AGID test include its low cost
and simplicity. Recombinant ELISAs varied greatly in
their effectiveness to  detect infected animals.
Recombinant ELISA tests based on OvLV recombinant
proteins had good sensitivity and specificity. The
slightly lower sensitivity of the rTM-ELISA compared
to the AGID test was partially due to the lower
percentage of infected cases detected by the r'ITM-
ELISA in the early stages of infection. However, the
sensitivity of this test after wk 8 post-inoculation was
always 100%. This delaved detection by the rTM-
ELISA may be cxplained by the fact that ELISA tests
detect only the IgG antiviral response. whereas the
AGID test detects both IgM and IgG antibodies. 1t is
well known that the initial antibody response is by [gM
subsequently switching to Ig(.

Because they may be casier to perform when a
large number of animals are screened, ELISA tests may
be the ones of choice for eradication campaigns.
However, when individual infected animals need to be
dentified, the AGID test could be chosen. In addition,
the sensitivity and specificity of ELISA tests can be
manipulated by moving the cutoff value up or down
depending on particular needs in each diagnostic
situation, Because ELISA tests can quantify the amount




of antibody, these tests are ideal in research situations in
which the kinetics of the host immune response to
particular lenlivirus proteins needs to be studied.

It 15 not clear why the OD readings in all serum
samples collected at wk O (before noculation) were
higher than the readings at wk 1, but this suggests that
serum samples from newborn lambs have a higher
affinity for non-specific binding and therefore result in
false positive reactions. The ELISA test based on
CAEV recombinant antigens performed very poorly,
indicating that each test must be carefully standardized
before it can be recommended for diagnostic purposes.

In our study. all experimental lambs infected with |
x 10° TCID,, were detected as seropositive by the AGID
test at 5 wk post-inoculation, indicating that delayed
seroconversion or latency did not occur. Furthermore,
the amount of virus inoculum seemed to have only a
minor effect on the time of seroconversion. Lambs
inoculated with 10° 10%, or 10* TCID,, of OvLV
seroconverted between 2 and 5 wk post inoculation.
One of each lamb inoculated with 10° and 10° TCIDy,
seroconverted at wk 5 and 4, respectively, and the other
two lambs in these groups seroconverted by wk 6 post-
inoculation. The two lambs inoculated with 10 TCIDy,
seroconverted by 8 wk post-inoculation. However, in
one study in which 10% of the animals in a group of 20
sheep were found seropositive by ELISA, 70% were
found positive by in sim hybridization, PCR, and
cocultivation, suggesting that latent OvLV infections
may occur {Johnson et al., 1992). For this reason, the
roles of genotypically and phenotypically diverse OvLV
strains in latency and time of seroconversion need to be
further investigated.
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Shedding of Ovine Lentivirus in Semen of Infected Rams is Facilitated by
Concurrent Brucella ovis-Induced Epididymitis

A. de la Concha-Bermejillo, S. Magnus-Corral, S.J. Brodie, and J.C. DeMartini

ABSTRACT

Ovine progressive pneumonia is 4 chronic disease of
sheep caused by ovine lentivirus (OvLY). Virus shedding
in semen plays a very important role in the epidemiology
and transmission of several viral diseases of humans and
domestic animals; however, there is no information on
OvLV excretion in the semen of infected rams.

In this experiment, seven rams were uvsed to
determine it epididymitis increased the risk of shedding
infectious OvLY In semen of infected rams. Rams 1 and
2 were nawurally infected with OvLY. Rams 3,4, 5, and
6 were inoculated intravenously with t x 10° TCIiDg, of
OvLY, Ram 7 wus inoculated with a cell culture
supernatant  and used a3 OvLV  negative control.
Fourteen weeks atter OvLY inoculation, rams 1, 2, 3, 6,
and 7 were inoculated with 8 x 10% CFU of Brucella ovis
into the left epididymis. Ram 4 was 4 natural case of B.
eviy epididymitis, and ram 5 was left non-inoculated and
used as B. ovis negative control.

Ovine lentivirus was demonstrated in the semen of
rams 3 and 6 hut only atter B. ovis inoculation. Ovine
lentivirus was 1solated consistently | starting at 8 wk after
virus mnoculation undl the end of the experiment, from
hlood mononuclear cells (BMNC) of rams 3 and 6, but
onlv - occasionally  from rams |, 2, 4, and 5.
Sermquantitative determination of OvLV-DNA amplified
by PCR tfrom alveolar macrophages showed a higher
OvLV-DNA load in rams 3 and 6 than in the other
OvLV-infected rams. Collectively these results suggest
that the presence of intlammatory cells in the ejaculate
and a high virus load in infected animals are important
factors that determine the shedding of ovine lentivirus in
semen. Dissemination ot OvLV through contaminated
semen could have important implications in  the
epidemiology and control of this infection,

Introduction

Ovine progressive prieumaoniy is g chronic disease of
sheep caused by ovine lentivirus (OvLY), also called
maedi-visna or oving progressive  pneumonia  virus.
Ovine lentiviruses comprise a subgenus of retroviruses
that  share genetic, marphologic and  pathogenic
characteristics with the human immunodeficiency virus
(HIV) and the simian immunaodeficiency virus (SEV) (de
la Concha-Bermejillo et al., 1995; Letwvin and King,
1990: Levy, 19934).
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Venereal transmission of viral diseases s a major
concern for human and veterinary medicine.  [n the cattle
industry, in which artificial insemination is commoniy
used, attention has been focused on such diseases as
infectious bovine thinotracheitis {(1BR) {(Van Engelenburg
et al., 1993: Vilcek et al., 1994; Van Qirschot et al..
1993; Van Engelenburg et al., 1995), bovine virus
diarrhea (BVD) (Afshar et al., 1991; Kirkland et al.,
1991), bluetongue (BT) (Akita et al., 1993; Bowen et al..
1985), and more recently bovine immunodeficiency virus
{B1V} (Nash er al., 1995), where clinical signs are not
always seen but detection of virus in semen is ot great
importance. In sheep, toot and mouth disease, vesicular
stomatitis, rinderpest, peste des petits ruminanes, BT,
epizootic hemorrhagic discase virus, sheep pox, Rift
Valley tever, Wessalbrons disease and Nairobi sheep
disease have all been considered as potentiagl threats
through intected semen (Philpotr, 1993).  Although
venereadl transmission of HIV is known to be an important
route  of transmission, the factors that  determing
frequency dand amount of fentivirus shedding in semen
remain largely undetined (Levy, 19934, Miller <t al..
1994). Swudies of rhesus macagues chronically intected
with STV show that virus-intected cells {macrophages and
T lymphocytes) can be found in inflammatory lesions
throughout the reproductive tract but particularly in the
epididymis (Miller et al., 1994},

Ovine fentivirus 18 known to be transmitted through
the colostrum of intected mothers 1o their offspring and
occasionally through the placenty (Brodie et al., 1994).
Increased seroprevalence in older sheep suggests that
close contact transmission is also an important route of
transmission (Snowder et al., 1990),  Inflammatory
lesions of the reproductive tract have heen reported in
lentivirus infected rams (Paltt et al., 1980), However,
there is no information on venercal shedding  and
transission of OvLY . Because the target cell for OvLY
replication is the monocyte/macrophage (Clements et al..
1994), our hypothesis was that teukocytospermia would
increase the risk of lentivirus shedding in semen,
Brucellosis of sheep, caused by B, o1is, 15 a4 major cause
of epididymitis and leukocytospermia in rams {Ladds.
1685). The objective of the present experiment was o
study the role of epididymal inflammation in the shedding
of lentiviruses in rams co-infected with OvLY and B.
ovis.




Materials and Methods

Animaly and Animal Inoculation

Seven mature rams were used in this experiment.
Two rams, 1 and 2, were naturally intected with ovine
lentivitus, Rams 3 1o 6 were inoculated intravenously
with 1 x 109 TCIDs,, of OvLV strain 85/34. Ram 7 was
inoculated with supernatant tluid trom unintected goat
synovigl membrane (GSM) cells and kept as the OvLV-
negative  control. Fourteen  weeks after OvLV
inoculation, rams 1, 2, 3,5, and 7 were inoculated with
8 x 10® CFU of B. oviy directly into the left epididymis.
Ram 4 was a natural case of B. ovis epididymitis, and
ram 3 was left un-inoculated and used as the B. ovis-
negative control,  Blood, semen, and serum were
collected at wk 0, 4, 6, 8. 10, 14, 15, 16, 18, 20, 36, and
44 after OvLY inoculation. The presence of infectious
OvLY in blood and semen was determined by virus
isolation and subsequent OvLV-DNA amplification by
PCR. Leukocywospermia was evaluated hy staining
semen smears with Giemsa.  Serum  precipitating
antibodies o OvLY were detenmined using an agar gel
immunodiffusion test.  Paired serum samples were
submitted to the Texas Vererinary Medical Diagnostic
Laboratory for detection of B, ovis antibodies by indirect
ELISA. Seminal plasma collected at wk 0, 8, 14, 15, 16,
36, and 44 wuas also tested for the presence of OvLY
precipitating antibodies by AGID.  All rams were
necropsied at wk 45 of the experiment, and tissues were
collected (or histologic analysis. Bronchoalveolar lavage
(BAL) was performed immediately atier death with sterile
Hank's  balanced  salt  solution (HBSS) pH 7.4,
supplemented with 100 U/ml penicillin and 100 ug/ml
streptomycin (Lairmore et al., 1986). Aliguots of BAL
cedls were kept frozen at -70 °C until needed for DNA
extraction and PCR amplification.

Virus Isolation

A wrtal of 4 x 10% Ficoll-separated BMNC or BAL
cells, or 100 x 10°% sperm cells were cocultivated with
GSM cell semi-confluent monolayers in 25 ¢m? cell
culture tlasks for 16 b, Subsequently, non-adherent
maonunuciear cells and/or sperm cells were removed and
GSM ceils washed and incubated at 37 °C, 5% CO, in
Dulheceo’s modified Eagle Medium (D-MEM) with 10%
FBS, 100 U/ml penicilling 100 wg/ml streptomyein, and
25 pgiml amphotericin B, Culures were observed every
other day fir the presence of OvLV-associated cytopathic
eftect (CPE}. Atter 12 d of incubation, GSM cells were
washed, trypsinized, counted, aliqueted, and frozen tor
PCR anaiysis. Direct OvI.V-DNA amplification by PCR
also was performed trom BAL cells eollected at necropsy
(de la Concha-Bermeiillo et al., 1995).
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Polymerase Chain Reaction

PCR was performed as previously described (Brodie
¢t al., 1992; Brodie er al., 1995). Briefly, extraction of
DNA trom the GSM cells co-cultivated with BMNC or
semen and from non-cultivated BAL cells was achieved
with non-ionic detergents and proteinase K digestion. A
volume of extracted DNA corresponding to 1.5 x 10°
cells was used for each reaction. Ovine lentivirus primer
pairs specitic for the long terminal repeat (LTR) that
result in the amplitication of a 280 bp product were used.
DNA was amplified through 25 cycles of PCR in 50 mM
KCL, 10 mM Tris-HCI (pH 8.3), 2.5 mM MgCl,, 200
umol of each deoxyribonucleotide triphosphate, 10
pmoles each of upstream and downstream primer and 2.5
units of the thermostable Thermus aquaticus (Taqy DNA
polymerase. The reactions were performed using our
defined conditions. Each cycle started with a | min
denaturation step at 95 °C, followed by cooling to and
holding at 55 °C to allow primer annealing. Each cyele
ended with a chain-elongation step of 3 min at 72 °C,
One tenth volume of amplitied DNA product was
resolved by agarose gel electrophoresis and visualized by
ethidium bromide staining. DNA amplitied from BAL
cell was subsequently transferred to a nylon membrane,
hybridized to the appropriate 32p riboprobe, and detected
by autoradiography.

Agar Gel Immunodiffusion Tesr

Precipitating antibodies to OvLV capsid and envelope
proteins were detected by agar gel immunodiffusion
(AGID) test using a commerciaily available kit
(Veterinary Diagnostic Technology. Tnc. Wheatridge,
CO).

Gross and Microscopic Assessment of Lesions

Necropsies were performed on all rams and
macroscopic changes recorded. Lung, caudal mediastinal
lymph node, right and left iesticle, right and left
epididymis, prostate gland, and spleen were fixed in 10%
buftered formalin selution, sectioned at 5 pm, stained
with hematoxylin and eosin, and examined using light
MICTOSCOpY.

Results

Results of virus isolation/PCR to detect OvLY in
BMNC and semen of rams are presented in Tabie 1.
Ovine lentivirus was isolated trom BMNC of all natwurally
and experimentally infected rams on ar least one
nccasion, hut never from the OvLV-negative control
(Ram 7). Frequency of isolation was higher in rams 3
and 6 than in any other OvLV-infected rams. tntam 3,
OvLY was isolated every time it was attempted, starting
at wk 6 post-inoculation; in ram 6, OvLV was isolated 7



out of 9 times during the same period. Syncytia and cell
Ivsis could he detected in the GSM/BMNC co-cultures of
these two rams within 4 to 7 d of co-culture.  Ovine
lentivirus was detected also in the semen of these two
rams but only after 8. ovis inoculation.  In order to detect
OvI.V in BMNC in most other instances, amplification of
OvL.V-DNA by PCR from the co-cultures was necessary.
Leukocytes were present in the gjaculates of all rams after
cxperimental infection with B. ¢vis and in the naturally
infected ram (ram 4} trom the heginning of the study.
Due to the high ratio berween sperm cells and leukocytes
in the ejaculate, guantification of the number of
leukocytes per ml of semen was not  possible,
Semiguantitative amplitication of OvLV-DNA extracted
directly trom BAL cells showed a stronger signal in rams
3 and 6. Ram 1 gave a very faint signal that was only
detected by autoradiography.

Rams 1 and 2 were naturai cases of OvLV infection
and were seropositive by the AGID test. Rams 3 to 6,
experimentally infected with OvLV 85/34, seroconverted
hberween 6 and 8 wk post-inoculation.  Ovine lentivirus
precipitating antibodies were not detected in the seminal
fluid of any of the experimental animals.  Serum
antibodies to B, ovis were present in ram 4 since the
beginning of the experiment. All rams experimentally
infected with B. ovis seroconverted between wk 15 and
18 of the experiment,

Gross pulmonary lesions were limited to the lungs of
ram 3 and consisted of areas of severe consolidation.
These areas were light gray in color, had a firmer
consistency  than the rest of the lung, were well
demarcated, and did not tloat in water. On cut surface,
exudate could not be exiruded out of the airways. The
caudal mediastinal lymph node was enlarged in this ram.
Microscopic Iesions consistent with those of lymphoid
interstitial pneumonia (LIP) were present in the lung of
ram 3. and consisted of diffuse coalescent areas of
lymphoid  hyperplasia  and interstitial infiltration of
mononuclear inflammatory cetls that compressed the
adjacent fung parenchyma and completely obliterated the
alveolar lumen.  Smooth muscle hypertrophy, interstitial
lbrosis and exudation of macrophages into the alveolar
lumen were also observed.  Multifocal discrete areas of
slight to moderate perivascular and peribronchiclar
infiltration of lymphocytes were distributed throughout
the Tung sections of the intermediate and caudal lobes.
Marked lymphotollicular hyperplasia was found in the
caudal mediastinal fvimph node of ram 3. The left
cpididymis in all 8. avis-inoculated rams was enlarged,
and moderate w severe fibrous adhesions between the
tunica albuginea and the wnica vaginales were present.
Histologically, affected epididymatl ducts were dilated and
contained accurnulated spermatozoa. Fibroplasia, diffuse
intiltration of macrophages, lymphocytes, and plasma
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cells were found in the interstitium. Multifocal areas of
severe granulomatous Inflammation consisting of a central
arca of degenerated sperm  cells, surrounded by
macrophages, lymphocytes, plasma, and multinucleated
giant cells were also found in the left epididymis. The
left testicle of the B. ovis-infected rams had occasional
areas of mild tubular atrophy and degeneration.  The
prostate gland in these rams had moderate to severe
lymphoplasmacytic cellular infiltration in the lamina
propria and connective tissue. [nflammatory lesions were
not found in the reproductive tract of tam 7 (B. Ovis-
negative control).

Table 1. Results of ovine leativirus detection by a combination of virps
isolation and DNA amplification by the polymerase chain reaction frmn
blued monenuclear cells and semen in rams infected with ovine lentivirus

Ram Number

I 2 3 4 5

Week OvLV was detected in bload

Betore 10 0. .8, 10 [R4] 510
1}, ovis 14 1014
Alter - --- 15,16, 151K, 18 15,14, ---
B. ovis 18,20, 20,44 18,200,
36,44 44

Week (LY was detected inseimen

Before --- -—- - . -- ---
B. ovis
After - - 15,16, 1516
B ovis 18,36,
44
Discussion

In domestic animals, most of the reports of virus
shedding in semen deal with the demonstration of the
agent in the ejaculate or with the sensitivity of different
tests o demaonstrate these infectious agents in semen
samples. However, studies to understand factors that
predispose shedding of viruses are limited.  In humans,
despite definitive evidence of the venereal transmission of
HIV, the portal of entry into the male reproductive tract
and the mechanisms of transmission are not well
understood. Zidovudine therapy has been associated with
4 marked reduction in seminal leukocyte concentration
and HIV transmission (Politch et al., 1994), stressing the
importance of the presence of white blood cells in the
gjaculate in lentivirus shedding.

Results of the experiment reported here indicate that
inflammatory lesions of the male teproductive tract
predispose to shedding of OvLY in the semen of infected
rams. Inflammation ot the epididymis can disrupt the
epididymis-blood barrier, atlowing the passage of virus-



infected leukocytes, free virions in seminal plasma, and
macromolecules that would otherwise be kept out of the
excurrent ducts. Because monocytes/macrophages are the
primary cell target of OvLV replication and because
OvLY viremia is cell-associated (Clements et al., 1994;
Brodie et al., 1995), we hypothesized that by inducing
epididymitis, infected monocytes contaminate the semen
thus carrying the virus in the ejaculate. Studies in cattle
have shown that the presence of bluetongue virus (BTV)
in semen is not g common event, but when it occurs, it is
probably due to infected blood cells carrying the virus
into the genital tract via damaged capillaries {Bowen et
al.. 1983).  The tact that OvLV anubodies were not
demonstrated in the seminal plasma in spite of being
present in serum suggests that the antibody concentration
in seminal plasma was much lower than in serum.
Studies of paired blood and semen samples from HIV-1
seropositive men show that the antibody titer in seminal
plasma is on average two logs lower than that in blood
(Woll et al., 1992). Non-suppurative prostatitis and
migration ot inflammatory celis through the luminal
epithelium of the prostate also were observed in all B,
ovis-infected rams; therefore, passage of OvLV from
blond to semen also could have occurred at this level,

Alternatively, inoculation of OvLV-infected rams with B.
oviy may have resulted in the activation of the cytokine
network and upregulation of virus expression. [t has been
shown that polymorphonuclear (PMN) leukocytes from
HIV-seronegative donors increase HIV replication over
[00-fold in chronically HIV-infected cell lines of the
monoeyte. T, and B ocell lines. The addition of
Chlamydia trachormaniy to the co-cultures of PMN
leukocytes and mononuclear cetls (MNC) increased HIV
replication by an additional ninefold at 24 b, whereas C.
thrachomanis  alone had no effect on p24 antigen
production by MNC. Tt is believed that HIV replication
is triggered by contact of HIV-infected cells with PMN
leukocytes that in turn generate  reactive  oxygen
imermiediates and soluble factors such as TNF-¢ and IL-6
(Ho et at.. 1995,

We did not characterize the distribution of OvLV in
the different compartments of the ejaculate.  Previous
studies indicare that plasma viremia is a common event
durtng HIV intections (Ho et al., 1995). Although HIV-
tree virions have heen demonstrated in seminal plasma
and HIV DNA has been shown to he carried by
spermatogonia, spermatocyies. and some spermatids, HIY
in semen is predominantdy cell-associated, most likely
with leukocytes (Mermin et al., 1991; Krieger et al.,
1991, Nuovo et al.. 1994, Levy, 1993b).  On the other
hand. free OvLY in plasma of infected sheep has not been
demonstrated; theretore, it is unlikely that free-OvLY
would have been present in the seminal plasma fraction of
the OvLV-positive semen samples.  Studies o compare
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the sensitivity of virus isolation and PCR to detect bovine
herpes virus (BHV}-1 in bovine semen samples indicate
that the PCR test detects five times as many positive
samples as the virus isolation test alone (Van Engelenburg
et al., 1995). However, PCR alone does not give
information on the infectivity of the positive samples. In
our study, to obtain the best sensitivity in detecting
infectious OvLV in semen samples, we used  4n initial
virus isolation technigque followed by amplitication of
OvLV-DNA by PCR in the indicator cell ling. Qur
results show that the additional PCR amplification
increases the chances of obtaining 4 positive sample when
compared to the use of virus isolation alone. In addition,
we also showed that the virus shed in semen is infectious.
and for this reason, the semen of infected rams may be a
source of virus for non-intected animals.  Venereal
transmission has been shown to occur both for HIV and
SIV {Alexander, 1990; Levy, 19934). Initial observations
led to the postulation that because epithelial cells of the
female reproductive tract & 0 not express the CD4 cell
surface receptor, lesions in the epithelium needed o be
present for sexual transmission of HIV., New evidence
indicates that HIV-carrying mononuckear cells can
directly intect epithelial cells of the genital tract
{Pearce-Pratt and Phillips, 1993). It is likely that a
similar mechanism could occur in the case of OvLV.
Additional experiments are needed to determine the
mechanisms and frequency of venereal transmission of
OvLV.

Lesions in the reproductive tract, consisting of
granulematous epididymitis, non-suppurative prostatis,
and mild testicular degeneration, were found only in the
B. ovis-infected rams suggesting that these lesions were
the result of infection with this organism and not due to
OvLV inoculation. Interstitial lymphocytic infiltration in
the testis has been reported in sheep infected with OvLY
and in humans intected with HIV {Palfi et al., 1989;
Pudney and Anderson, 19913); however, this lesion was
not found in any of the OvLV-infected rams in this study.

[n HIV-infected humans, intectious virus and viral
antigens are detected intrequently and at lower levels in
hody fluids than in blood. In a recent report, HIV-1 was
isolared from blood of all 34 seropositive individuals but
only in 32% of semen samples from the same individuals
(Krieger et al., 1991). In the present study, noc all
leukocytospermic OvLV-infected rams shed detectable
levels of virus in the semen, suggesting that other factors
may influence the frequency and relative efficiency of
lentivirus shedding in semen. We found an association
hetween the frequency of infectious OvLV isolation from
BMNC, the amount of proviral DNA in BAL cells. and
virus shedding in semen, indicating that virus load in the
organism also plays an important role in determining the
frequency of shedding of OvLY in semen. In a previous



study. seminal shedding ot BTV in infected bulls closely
followed peak virus titers in blood, and in no case, was
BTV isolated from semen without its concurrent isolation
from blood (Bowen et al.. 1985). The observation that
OvLY was not detected in semen samples before B, ovis
inoculation does not rule out the possibility that the virus
could have been present in minute amounts.  Other
factors such as stage of disease, immune starus, or
nurritionsl  status may  also play an important but
undetined role in the shedding of lentiviruses {(Alexander,
19903
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Adding Value to Wool Clips by Fleece Skirting and Classing

C.J. Lupton, F.A. Pfeiffer, and S. Byrns

ABSTRACT

For each of the past four years, the Texas
Agricultural Experiment Station (TAES) has sold its wool
clip in two distinet forms. About 15% (3,600 Ib/yr) has
been sold with minimal preparation as “original bag”
(OB) wool. The bulk of the clip { ~ 19,000 thiyr) was
sold after skirting and classing. This report documents the
results of TAES wool sales during this period.

Introduction

From 1986 to 1990, the TAES conducted studies to
establish the technical and economic effects of various
levels of fleece skirting and classing. Skirting s the
practice of removing inferior wool {stains, tags, skin
pieces, shanks, and heavy vegetable contamination) from
the bulk of the fleece. Classing involves the grouping of
properly skirted like wools for commercial marketing
purposes decording to several wool characteristics: staple
length, strength, average fiber diameter, vield, color, and
style. The results of our studies were published in
technical journals, progress reports, and the popular press
and have been discussed on numerous occasions at field
days as well as national meetings (e.g., Pfeifter er af,
1988; Lupton er af., 1989; Lupton et af,, 1992). Based
on the results of our own research and the documented
experiences of other researchers and progucers, a policy
decision was made in 1991 to attempt to optimize TAES
wool income by skirting and classing most TAES wool
prior to marketing. In order to continue the evaluation of
these value-adding practices, some wool from one or
more of the tlocks was not skirted or classed bue
delivered to the warehouse each year in "original bag"
(O1) form.

Procedures

The TAES maintains sheep flocks for- research
purpuses at several West Texas locations close to San
Angelo, Barnhart, Brady, and Sonora, Most of the ewes
are Rambouillets although strong- and fine-wool Merino
influences were introduced into one tflock 6 yr ago and
Booroola Merno into another. Most of the sheep are
shorn once a year, one flock being shorn in January and
the rest in April or early May. From 1992 to 1995, the
bulk of the wool was skirted, classed, and baled by
certitied classers. About 15% of the clip was minimally
skirted (heavy dung locks, high vegetable matter ( > 6%)
bellies, and tloor sweepings only were removed from the
main fleece line), packaged in wool sacks, and delivered

to the warehouse to be sold in OB form. The warehouses
to which the OB wools were delivered have traditionally
specialized in selling wool in this form. Conversely, the
prepared wools were marketed at warehouses having a
history of handling skirted and classed wools, Average
prices for the OB and skirted and classed clips were
calculated in each of the 4 yr.

Results and Discussion

Overall, the characteristics of our main-line, staple
wools have fallen within the tollowing ranges during the
past 4 yr:

Average tiber diameter, pm: 19.5 10 21.5

(64's to 70's)

Yield, %: 48 0 63

Vegetable matter, % St 4.5,

A summary of sale results and associgted poundages are
presented in Table 1. The type of detailed records that
were kept during this period and that permitted
calculation of average prices are presented in Table 2
(1994 data).

Table 1 shows that weight-averaged prices for the
skirted and classed wool were 15% higher than for OB
wool over the 4-yr period. In the past, this added income
was magnified by incentive payments. Future decisions
on wool preparation will have to consider the loss of the
Wool Act. Timing of the sale within a4 vear is very
important, as is evidenced in the 1995 column of Table
1. In 1995, the Experiment Station failed to sell some of
the skirted and classed wool during the normal high
activity period of May and June. These wouls were
committed for sale in December at the "guaranteed
minimum  price” option otfered by the marketing
organization. The result was 3 .59/1b less than the May
price.

At least one major wool company still prefers to
purchase OB wools. Other companies have stated
preferences for skirted or skirted and classed wools.
Consequently, there dare producers in both camps. Some
are still undecided on how best to optimize their income
from wool, These data are targeted primarily at this group
of producers who are in the best position to incorporate
their individual labor and other costs into the overall
calculation.

Two other points should also be part of the decision-
making progess. [T skirting and classing is to be
conducted, it must be done by pruperly trained personnel.
Secondly, producers going to the trouble and expense of
having their wool skirted and classed should be sure to



have the main lines ohjectively measured for vield and
average tiber diameter betore selling. This is the only
objective way the buyer can offer top price. 1t is also the
only way the producer can be sure he or she is getting
paid tor the true value of their clip. The size and number
of main lines will determine to 4 large extent the
economic feastbility of this practice.

Conclusions

Compared to OB wool, the sale of skirted and classed
waol produced higher gross rewrns in each of four
production years (1992 to 1993). The magnitude of the
added value was variable among years ranging from +$
.09 to .30 per greasy lb ot wool, this being equivalent to
a range in price ditferentials for the OB and prepared
products of 6.6 10 26.9%.

The increased financial returns from skirted and
classed wool are offset by the extra expense and trouble
of performing these tasks. Individual producers are in a
unique position to calculate these costs and determine
potential profitability of skirting and classing in their own
operations.
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Table 1. Irices received for OB and skirted and classed wools over a 4-vr period hy the Texas Agricultural Experiment Station, San Angeln

1992

Ttem 1992 1994 1995
OB pounduge k) | 8305 1170 1482
Payment maided Stwoll/y2 A/ ld to 1993 6129594 §5/23/98
Average price, /(b 1.0532 6741 1.1185 1.3557
LIEDA guuted range for OB, $/1h 1.13t0 1.24 0o 81 .13t 1.35 1481w 1.73
Skirted and classed poundage 21150 15473 20199 19,420
Payment mailed 5o 10592 31y 12493 5-7/94 6t 7795 GMP*
Averuge price, $/lb 1.1831 Arirky| 1.4151 1.4455 8519

*GMI* = Guaraniced minimum prices. 12/31/95,
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Fiber Diameter Measurements of Fine-wool Rams on Performance Test

C.J. Lupton, D.F. Waldron, and F.A. Pfeiffer

ABSTRACT

Avergge tiber diameter (AFD), standard deviation of
fiher diameter (SD), and cocfficient of variation of fiber
diameter (CV) were determined for core-sampled pre-test
fleeces, side and britch on-test samples, and core-sampled
post-test tleeces for 531 rams participating in the Texas
Agricultural Experiment Station's Ram Performance Test
during the years 1994, 1995, and 1996, Pre-test tleece
measurements were shown not tw provide a good
indication of the AFD of wool grown during the test.
Further, although side and post-test core samples were
significantly correlated (r2 = .75) in terms of AFD, side
samples were coarser (1.33 um, P < .0001) than whole
tfleece core samples. Britch and side AFD differences
were not indicative of whole tleece variability of AFD
(r? < 04} These last two observations have important
implications tor the fine-wool ram performance tests
conducted by the Texas Agricultural Experiment Station
{TAES) und the University of Wyoming (UW).

Introduction

Average fiber diameter and standard deviation of
fiber  diameter  are  important price-determining
characteristics of raw wool because (together with length
characteristics) they govern the size and uniformity of
yarn, the efticiency of yarn production, and ultimately the
type ol product that can be manufactured from a
particular lot of wool {Iman et af., 1990; Lupton, 1995).
Consequently, AFD and fiber diameter variability, either
SD or coefficient of variation (CV), are two of the
variables used to assess vverall merit ot fine-wool rams
on pertformance test (Rilev ef al., 1996). [n the TAES
Pertormance Test (Shelton and Lewis, 1986; Waldron
and Lupton, 1996), the AFD ot a side sample is used to
estimate AFD of the tleece grown during the test. The
ditference between AFD of 4 britch sample and that of
the corresponding side sample is used as a measure of
fiber diameter variability. [naddition, the AFD of side
and britch samples constitute two independent culling
levels (24,94 and 26.39 wm, respectively) tor certification
of rams in  the American Rambouillet Sheep
Breeders'Association. Previous work (Lupton et al.,
1990) on a limited number (103} of rams participating in
the 1989 TAES test and rams (78) in the 1989 UW
performance test (Tman ef «@f, 199 indicated that AFD
of side sample was 4 good indicator (r = ,89) of AFD of
whote fleeces and that the difference in AFD between
britch and side was significantly but only poorly
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correlated (r = .15) with whole-fleece CV of tiber
diameter, In contrast, the CV of fiber diameter of the
whole fleece core sample was moderately correlated
(r = 45} to the CV of fiber diameter of the side sample.
One implication for fine-wool ram testing and selection of
stud rams was that the CV of fiber diameter of the whole
fleece is not a sensitive indicaror of coarse britch wool
{and vice versa).

The current 3-yr study was designed to establish the
relationships  between AFD and variability of fiber
diameter for fleeces collected at the beginning of
performance tests, side and britch samples collected
during the pertormance tests, and whole fleeces shorn at
the end of the tests. Results trom this experiment will
permit informed recommendations 10 be made concerning
the use of the most appropriate measures ol tiber
digmeter distribution in fine-wool selection programs
and/or index equations.

Procedures

Rams participating in the 1994, 1995, and 1996
TAES Ram Performance Tests were routinely shorn at
the beginning of the test. The “pre-test” tleeces were
expected to be variable as a result of different pre-test
management practices, environments, ages, and genetic
backgrounds of the rams. Thirty-two  Y2-in core samples
were removed from each pre-test tleece. The core
sampies (PRC) were washed and dried (ASTM, 1995),
conditioned, sub-sampled with a 2-mm mini-corer, and
the resulting sub-samples were measured for AFD, SD.,
and CV using an Optical Fibre Diameter Analyser
(OFDA; IWTO, 1995). Ninety-eight days inte the
performance tests, mid-side (8) and britch (B) samples
were removed from each ram. These wool samples were
sub-sampled close to the base of the staple using 4 2 mm
“spippeter” device. This sampling site was chosen
hecause it is known that AFD of a side sample of a ram
on test tends to be constant after the tirst 28 d (Schater,
1992; Bohnert, 1994). The resulting 2 mm snippets were
cleaned with solvents {1, 1, l-trichloroethane, ethanol,
and acetone), dried, conditicned, and measured tor AFD,
SD, and CV using the OFDA. At the end of the 143-
performance tests, each ram was shorn. These post-test
tleeces were core sampled (POC) and measured in un
identical manner to the pre-test fleeces.

Data were analyzed to provide simple statistics
(mean, SD and CV) for each variable measured. [n
addition, simple linear regression and  analyses of
variance were pertormed on the data using procedures of
SAS (SAS, 1992).



Results and Discussion

Tables 1, 2, and 3 show least squares means and
standard errors by year for AFD, 8D, and CV of the
PRC, S, B, and POC samples, respectively, Overall, the
AFD of the PRC did not differ among years (P > .05).
In contrast, mean side sample AFD in 1995 was less than
1994 or 1996 (P < .05). Britch AFD had a similar
pattern, but core samples from the whole fleece indicated
that 1994 flecces were tiner (P < .03) than the other two
vears. For the 3 vr of testing {Table 4), wool produced
during the test (POC) was 2.20 um coarser than that shom
rom the animal at the start of the test. Britch samples
were 2 97 um coarser than side samples, and side samples
were 1.33 um coarser than post-test core samples of the
whole [leece (POC). The observed consistent coarseness
of the side sample compared to the fleece as a whole is
contrary to earlier observations on rams participating in
performance tests. However, a similar observation has
been made previously lor crossbred ewes under range
conditions (Iman ¢f af, 1990} Yearly trends in 8D of
fiber diameter shownin Table 2 tend to [ollow closely the
trends in AFD. The CV data (SD/AFD X 100}
summarizedin Table 3 conlirms that the variability in side

Tahle 1. Least squares means of average fiber diameters hy _\-'t:arl

and britch samples is generally less than that observed for
either of the core samples.

Although AFD of pre-test core, side. britch, and post-
test core samples differ, regression analysis confirmed that
the measurements are significantly correlated. A selection
of pertinent regression equations and their corresponding
coelficients of determination (12} are given in Table 3.
Only 43% of the variation in S8 AFD can be accounted for
by the vaniability of PRC AFD (Table 5 and Figure 1). In
contrast, 75% of the variation in § AFD is accounted for
by variationin POC AFD (Table 5 and Figure 2). The two
measures of variability of fiber diameter (SD and CV)
invariably exhibit lower r? values than the corresponding
AFD correlation.

The differences between side and britch AFD values
were thought to be a reasonable indicator of variability of
fiber diameter in the fleeces as a whole. The two
regression equations at the bottom of Table 5 and Figure 3.
show that such is not the case. This observation is in
agreement with that made by [man er al in 1990
Measures of whole-tfleece varigbility of fiber diameter are
best determined by measuring representative core
samples.

FRC ‘ B POC
ear ~ {um} {pam} (um) i}
1994 201 19.95 (.1t 20714 (.13} AT T 22.06"11)
19935 169 20020 (113 23.27° (13) 26.23" (.18 212,45 (11
1456 L6t 20200411 23,945 (15) 26.56%b [ 18) 22.48% (127

LT\& = numnber of runs 10 pertormance 1est: PRC = pre-test core sample: 8 = side sample; B = britch sample: POC = past-lest core sample.

“Calumn means having different superseripts differ (P < .05).

Table 2. Least squares means of standard deviation of fiber diamiter by vear

1

PRC 8 ] POC
Yoear N tpemm () {(pm} {um}
1994 201 4638 (.04) 4.34% (04 5.66% (061 442 (.04
1995 169 4.04" (05 3.76%( 04} 4,547 Loy 4,48 (.04)
1996 161 4.05° (0% 397 (04 4.72% oy 4.43 (,04)

AN Calumn means having ditterent superseripts ditfee (P = 05).

Table 3, Least squares means of coefficient of variation of fiber dismeter hy year

:'N = number ot rams in peformance test, FRC — pre-test core sample; § - side sample; B — britch samplet POC = post-lest cors sample.

1

PRC s B POC
Year N () [urm) {wm) [pm}
1594 201 23217 (19 18312 (12) 20952019 20,04 (.14
1994 169 20000 21 1617013 17317 2n 20.004.15)
1996 161 003" L2 16,57 ¢.13) 17330021 19.72 (.16)

N = numiber of rams in pertormance test PIAC - pre-test core sample: § = side sample: 13 — britch sample; POC - post-test core sample.

A0 umin means having ditterent superscripts Jiffer (P < 05,
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Table 4, Least sguares means of average fiber diameter, standard deviation, and coefficient of variation for 531 ram fleeces

Hlem pRC! 5 B roc

AFD, um A1 23.64° 26.61° 22.30°
STy, wn 42 4.04d 5,022 4.447
v, 2123 17.100 18.81° 19.95°

BAL

Row means having different superseripts difter (P < 05,

"PRC = pre-test core sample: § = side sample: B = britch sample: and, POC = post-lest core sample.

Table 5. Simple lincar cegression cquations and eocfficicats of determination {r*) for various measures of average fiber diameter, standard deviation, and

cofficicnt of varation

Dependent variable

Average fiher dlameter

N = k{13 + 88 PRC 43
N =515+ 67B 4
g = -6l + 1.09 POC 75
Stundard deviation
5 = 2.19 + 43 PRC 27
5 =201+ 4B .55
S =1.90+ 48 POC 2l
Cucttivient of variation
5 = 11.10 + .28 PRC 21
8 =413+ 42F A7
S = 11.24 + .29 POC A9
POC 8D =417 + 0% (B AFD - § AFI) .04
POy OV = 1948 4+ 15{B AFD - § AFIY 0l

IS - Side sumple: PRC = pre-test core sample: B = britch sample: POC = post-test core sample: AFD = average liber diameter; SID = standard deviation of fiber

diameter: and, CV = coelficient of variation of fiber diameter

Implications

[n terms of fiber diameter and its associated
varigbility, rams participating in the TAES and UW
performance tests are being assessed using different
criteriaz. Because these criteria are used to certify the
rams in a4 common o association (The American
Rambouillet  Sheep Breeders”  Association),  some
corrective measures need to be taken, Preferably, this
would be done without lowering current standards that
have been in effect for many years. One suggested
solution for future ram tests would be as tfollows.
First,hoth testing agencies would measure AFD and CV
ot side, britch, and whole fleeces. The current
certification standards based on side and britch AFD
measurements wauld be rerained. However, the TAES
index equation would be moditied to match the UW
equation in which AFD and CV of whole fleeces are used
tnstead of AFD of side sumples and (britch-side) AFD
differences. In general, measures of tiber diameter
variability are expected to become more important to
breeders and processors as measurement methods become
mure etticient,
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Figure 1. Side sample (SAFD) versus pre-test core average  Figure 3. Britch minus side average fiber (B-S AFD) versus

fiber diameter (PTCAFD). coefficient of variation of fiber diameter for whole fleece
{POCCY).
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Figure 2. Side sample (SAFD) versus post-tesi core average
fiber diameter (POCAFD).
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Fiber Diameter Measurements of Angora Goats on
Performance Test

C.J. Lupton, D.F. Waldron, and F.A. Pfeiffer

ABSTRACT

Average fiber diameters (AFD) and wvariabilities
{standard deviation, SD and coefficient of variation,
CV) of fiber diameter were measured on the fleeces of
301 male Angora goats participating in the 1994 and
1995 Angora Goat Performance Tests conducted by the
Texas Agricultural Experiment Station. This was
achieved by core-sampling each fleece and measuring a
representative sub-sample using an Optical Fibre
Diameter Analyser. These values were then compared
with comparable measurements that had been made on
neck, side, and britch samples removed halfway through
the test. Average fiber diameters measured on core
samples were highly and sigmificantly correlated with
each individual and the average of the three
measurements made on neck, side, and britch samples.
The same was true for the measures of fiber diameter
variability (SD and CV). However, the variability
among neck, side, and britch average fiber diameters
(traditionally used as an indicator of fleece uniformity)
were poorly correlated with variability of fiber diameter
in the fleece core sample (CSD). The most accurate way
to estimate the average fiber diameter and variability of
a mohair fleece is to measure a representative core
sample. Implications of these results for the performance
test are given in a later section,

Introduction

Performance testing using objective measurements
of economically important traits provides useful
information for making selection decisions. An Angora
goat performance test was begun by the Texas
Agricultural Experiment Station (TAES) in 1967,
discontinued in the early seventies and restarted in 1980.
The program emphasizes the value of selecting males on
their overall merit rather than focusing on a single trait
{Lewis and Shelton, 1985). Since its inception, fiber
diameter measurements were made on samples removed
from the neck, side, and britch regions about halfway
through the test. This practice 1s rationalized as follows.
Taking the samples &8 wk before the end of the test
provided the lab adequate time to make all the fiber
diameter measurements. This much time was necessary
when a projection microscope technique was being used.
Measuring samples taken at three distinct places was
thought to provide a good indicator of mohair
uniformity in the fleece as a whole. Averaging the three
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measurements was considered to provide a number that
would be close to the true average fiber diameter of the
whole fleece grown during the test period. This value
was then used in the index equation for ranking animals
on overall merit. In recent years, whenever onc or more
of the three average fiber diameter measurements
exceeded 50 pm, the goat became ineligible for
certification (Waldron and Lupton, 1995).

For several years, the TAES Wool and Mohair
Research Lab has been equipped with instrumentation
that can measure mohair average fiber diameter and
distribution much more rapidly than the prejection
microscope. Thus, the requirement of sampling at the
midpoint of the test is no longer necessary. Fleeces
grown during the test period can now be fully quantified

in terms of yield, average fiber diameter, and
medullated fibers i less than 3 wk.
An experiment was designed to study the

relationships among average fiber diameters measured
on the neck, side, britch and whole fleeges, as well as
compare variability of fiber diameter in the whole fleece
to those measures of variability determined for the neck,
side, and britch samples and the traditional indicator of
variability {i.e., variation among neck, side, and britch
average fiber diameters).

Methods

Mohair samples (approximately 3 in X 3 ) were
removed from the neck, side. and britch regions of each
goat participating in the 1994 and 1995 Angora Goat
Performance Tests conducted at the TAES, Sonora
facility. Each sample (representing 8 wk growth) was
subsampled close to the base of the staple, cleaned,
cenditioned, and measured for average fiber diameter
(AFD), standard deviation of fiber diameter (SD), and
coefficient of variation of fiber diameter (CV).
Subsequently, 112-d fleeces were shorn from the
animals and cored (with 32 '2-in coring tubes} to obtain
a sample representative of the whole fleece. This sample
was cleaned in a standard manner (ASTM. 1995),
conditioned, and measured for AFD, 8D, and CV. The
Optical Fibre Diameter Analyser (OFDA) was used to
make all the measurements in both years of the
experiment {(IWTQ, 19953). Simple statistics were
calculated for each of the variables measured and linear
regression and analyses of variance were accomplished
using procedures of SAS (SAS, 1992},




Table 1. Minbnum and maximum values, means, and standard deviations
for core, neck, side, and hritch averuge fiber diameters (AFD), standard
deviations {SD), and coefficients of vartation (CV} of fiber diameter

liems Min Mux Mean 5D
Core

AFDY, pm 29.5 570 399 319

SD, um 7.8 17.2 1.0 1.6

CV, % 207 R 27.6 29
Neck

AFID, pm 28,1 59.4 41.4 53

SD, um 6.1 (74 1.2 20

CV, % 16.5 83 247 4.0
Side

AFD, pm 270 56.3 9.7 4.9

SO, um 6.1 17.3 9.5 1.7

OV, % 159 367 24.1 kR
Britch

AFD, pm 289 64.0 44.5 59

5D, pm 6.4 227 12.3 24

UV, & 17.0) 5l.6 28.0 5.6
Averape of three body focations

AFD, pm 28.0 59,0 41.9 5.1

S0, pm 6.5 18.7 10.7 1.8

CV. % 17.9 IR0 25.6 3.9

Results and Discussion

Data from the 301 animals completing the 1994 and
1995 performance tests were analyzed. A summary of
the simple statistics is given in Table 1. In terms of
magnitude, the average fiber diameter of the fleece core
sample (CAFD) was not different than that of the side
of the neck sample (NAFD), 4.6 pum < AFD of the
britch sample (BAFD), and 2.0 pm < the mean AFD of
the neck, side, and britch samples (AAFD). The last
value (AAFD) is the one used in the index equation to
rank ammals. As expected, the variability of fiber
diameter in the core sample (CV} 15 greater than in
either the neck or side samples. However, it is
comparable in magnitude (27.6 vs 28.0%) to that
measured for mohair growing in the britch region. This
study confirms that fibers from the britch of Angora
goats are the coarsest and most variable mohair tested
{beard hair excluded).

In terms of year differences, all 1994 average fiber
diameters and standard deviations of fiber diameter were
greater than those measured m 1995 (P < .0016). The
coefficients of wvariation of fiber diameter were
unaffected by year (P > .26).

Table 2 and Figure 1 show that CAFD and AAFD
are highly correlated. More than 84 % of the variation in
CAFD can be accounted for by the variation in AAFD.
The CAFD is also significantly correlated with SAFD,
NAFD, and BAFD (r2 = .8190, .7785, and .6673,
respectively). Any onc of these measures of AFD could
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be used to give a fair estimate of CAFD, but AAFD
would give a better estimate than any of the three
individual measures. Nevertheless. the estimate would
not be perfect (because r2 = 1) and CAFD would best be
determined by measuring it directly.

Table 2. Linear re!at‘ionshlgs between various measures of average fiber
diameter and variability of fiber diameter!

\[}):g:g;:‘l:em Intercept Slope md“elpen_ rt
varsable

CAFD = 10.03 + 71 X AAFD 8461
CAFD = 13.05 + .65 X NAFD 7788
CAFD = 111,89 + 3 X SAFD K190
CAFD = 15.89 + 54 X BAFD 6673
CSD = 3.41 + il X ASD 6679
C8D = 10.82 + 08 X STD 0049
coy = 13.15 + 56 X ACY 6040

“Key to abbreviations:

CAFD = average fiber diameter of the fleece core sample; AAFD = average
of the neck, side, and britch average fiber diameters; NAFD = average fiber
diameter of the neck sample; SAFD = average fiber diameter of the side
sample; BAFD = average fiber diameter of the britch sample; 8D = standard
deviation of fiber diameter of the fleece core sample; ASD = average of the
neck, side, and britch standard deviations of fiber diameter, STD = standard
deviation of the neck, side, and britch average fiber diameters. CCV =
coefficienr of variation of fiher diameter of the Aeece core sample; ACY =
average of the neck, side, and britch coefficients of variation of fiber diameter,
rt = ¢oefficient of determination.

Variability of fiber diameter in the core samples is
described by CSD and CCV. The CSD values are
significantly correlated with average standard deviation
of diameter values measured on neck, side, and britch
samples (ASD; r* = 6679, Figure 2). The correlation
between CCV and ACV is also quite high (r? = .6040).
However, because the correlations are not perfect, the
best estimate of variability of fiber diameter in the
whole fleece would also best be measured directly.

In the past, neither ASD nor ACV values have been
available in the performance test report. A more
traditional method of gauging variability (or uniformity)
of mohair fiber diameter in these test animals has been
to mentally compare the neck, side, and britch average
finer diameters, Table 2 and Figure 3 show that the
correlation between actual variability of fiber diameter
in the fleece (CSD} and the variability among neck,
side, and britch average fiber diameters (STD) is very
poor. In other words, comparing the average fiber
diameters of the neck, side, and britch sample is a very
poer method of estimating fiber diameter variability in
the fleece as a whole. The CSD is calculated from fibers
obtained in a manner so as to be representative of the
entire fleece. The STD cannot separate bucks that have
a small arca of coarse fiber from those that have a large
area of coarse fiber.



Implications

Because the TAES Wool and Mohair Research Lab
15 now equipped with an instrument that permits
relatively high-speed measurement of fiber diameter
parameters, it is no longer necessary to sample the
animals at the mid-point of the test. Measuring a core
sample of the fleece shorn at the end of the test would
provide more accurate estimates of average fiber
diameter and variability in the fleece compared to those
measurements currently being cbtained on neck, side,
and britch samples.
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Figure 1. Average of fiber diameter at three locations
(AAFD) versus core sample average fiber diameter.
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Figure 2. Average of standard deviation of fiber

diameter at three locations (ASD) versus core sample
standard deviation (CSD).
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Figure 3. Standard deviation of average fiber diameter
for three locations (STD) versus core sample standard
deviation of fiber diameter (CSD).
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Determination of Medullation in Wool and Mohair Using an Optical Fibre
Diameter Analyser (OFDA)

C.J. Lupton, F. A, Pfeiffer, and S.J. Lewis.

Meduilated fiber measurements are important (uality
determinants affecting appearance and performance {e.g.,
dyeability and resilience) of wool and mohair fabrics.
Currenthy, these measurements are made manually using
a projection microscope. Because the wechnigue is slow,
labor intensive, and expensive, relatively few fibers per
sample (1,000) are observed and measured in normal
commercial practice. Consequently, the accuracy of such
measurements s relatively  poor.  Autormnatic  image
analysis has been demonstrated to be a very versatile
echnology for measuring a wide range of fiber properties
(Qi et ¢l.. 1995). The Optical Fibre Diameter Analyser
{(OFDA), a commercially available  instrument
incorpoerating this technology, has been programmed to
measure fiber diameter, fiber curvature, and tiber opacity
distributions. This latter capability has been utilized by
severdl researchers for estimating medullation in wool
(Edmunds, 1993) and mohair (Brims and Peterson, 1994,
Peterson and Gherardi, 1995) because the opacity of a
fiber increases as its degree of medullation increases.
This research brief describes our preliminary evaluation
of an OFDA instrument for rapid and accurate estimation
of medullation in wool and mohgir using a single opacity
calibration,

Opacity distributions of medutlated wool and mohair
(five samples each selected to represent a broad spectrum
ol medullation, .6 10 26.50%) were measured using the
OFDA atter calibration with a slide of known opacity.
The distributions were then used 1o estimate med
{OFDAM), kemp (OFDAK), and total medullated
(OFDAT) fiber content. Fibers having opacity > 80%
and widths greater than the sample mean were considered
to be medullated. Objectionable kemp fibers were those
having opacities > 94%. The OFDA estimates were
compared with projection microscope (PM)-determined
med (PMM), kemp (PMK), and total medullated (PMT)
fiber contents. The PM measurements were made on five

representative subsamples (1,000 fibers each) of each of

the 10 fiber samples and OFDA opacity measurements

were made on two mini-cored subsamples (measured 3
times each and approximately 10,000 fibers per individual
measurement). The wool and mohair samples exhibited
broad ranges of med, kemp, and total medullation (.5 to
17.4, .1 10 9.1, and .6 10 26 5%, respectively). The
OFDA underestimated total medullated (6.7 vs 9.1%)
and med fibers (4.1 vs 6.5%) but OFDAK values {2.6%)
were not different (P > 9) than PMK. All three
estimates, OFDAM, OFDAK, and OFDAT were highly
and significantly (P < .001) correlated with their PM
counterparts (r? = 981, .964, and .981, respectively).
The corresponding standard errors of prediction were .47,
31, and .68%. Times for determining medullation
parameters ranged from 50 to 150 min per sample for the
PM and averaged 8 min using the OFDA. These results
confirm that the OFDA is a promising system for
accurate and relatively rapid estimation of medutlation in
wool and mohair. An international round trial (Turpie,
1995) is currently in progress that will assist us in
developing a standard method of test that will be
acceptable to both the wool and mohair industries. Our
own efforts are directed at evaluating the method for
measuring low bur commercially important levels of med
(0 to 5%) and kernp (0 to 1%) in mohair.
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Residual Insecticide Concentrations in Raw Fleeces, Scouring Liquor, and
Scoured Wool Following Application Three Weeks before Shearing

C.J. Lupton, J.E. Huston, F. A, Pfeiffer, and K.W. Bales

ABSTRACT

Five Rambouillet ewes per treatment group were
either not sprayed, sprayed with water, or sprayed with
one of two organophosphorus insecticides (malathion and
diazinon) ar recommended ((5%) or high (1.5%)
application concentrations 3 wk prior to shearing. These
uyntimely applications were made in order to establish
insccticide concentrations 1) 1n the fleeces ar shearing
time (shearer exposure levels), 2) in the fleeces after
scouring (texrile worker exposure levels), and 3) in the
scouring liguor {potential for inclusion into lanolin-based
produces). Analyses showed that most of the applied
tnsecticides degraded in the period between spraying and
shearing with malathion decaving at a faster rate than
diazinon. An initial concentration of 5,000 ppm of
insecticide decreased to 6. 25 ppm in 3 wk in the case of
malathion and 127 ppm for diazinon. Malathion was not
detectable (less than .03 ppm) in any ot the scoured wool
samples. Diazinon was present (06 to .83 ppm) in four
af the six scoured wool samples. Malathion was detected
in the seouring liquor of the two groups sprayed with this
insecticide at levels ranging from .03 to .11 ppm.
Diuzinom was detected (.20 to 11.56 ppm) in the scouring
liguor from g1l groups.

This experiment shows that these two commonly used
arganophosphiorus  insecticides degrade rapidly in the
flecces of sheep. However, when applied at the
recommended levels 3 wk before shearing, some active
chemicals are still present at shearing time causing
undesirahle exposure to shearers and wool handlers.
Diagzinon, being more stable than malathion, poses a
greater potential problem. Agueous scouring of wool
treated 1nthis way reduces insecticide levels below 1 ppm
in the scoured wool, Flowever, insecticide in the scouring
liquor would tend t concentrate in the wool grease
fraction thus causing unacceptable contamination of
lanolin products. '

Applying organophosphorus insecticides to sheep a
short time betore shearing is not advisable because it
causes  exposure  of  workers  to  insecticides  and
contamination of products made from wool grease. 1f
treatment with pesticides is absolutely essential in the 3
mo bhefore shearing, synthetic pyrethroids (e.g., Ectrin)
should be used rather than organophosphates.

Introduction

in many areas throughout the world, the use of
pesticides oy protect sheep from external parasites is

ot

essential for maintaining animal health and production of
high quality wool. It has been estimated that high levels
of pesticide are present in 5% of Austratian wool sale fots
(Russell ef ¢f., 1995). This 5% of wool contributes 50%
of the total pesticide residue in that nation's clip. While
atternpting to downplay the problem, the Australian Woo!
Residue Management Council has stated that stratepies
will be adopted to halve current levels of pesticide
residues in the clip within 2 yr. The presenwe of
pesticides in wool products has the potential 10 cause
problems at several stages in the wool harvesting. sales,
and processing pipelines (Russcli, 1990, 1994). Perhaps
more Importantly, the public perception of pesticides in
wool products has the potential of seriously damaging
wool's "natural” image. A recent controlled trial in
Australia concluded that late-season (9 ma or more wool)
applications (backhne and jerting techniques) are largely
responsible for high residue levels,

In Texas, only a small proportion of sheep producers
treat their animals for external parasites (Craddock.
1995). Current Texas Agricultural Exiension Service
recommendations (Fuchs ¢ ¢f . 1990) tor control of lice,
ticks, and keds on sheep include immersing, sprayving, or
dusting animals within 30 d after shearing with
appropriate  concentrations and tforms of coumaphos,
diazinon, fenvalerate, malathion, methoxychlor, or
permethrin. - The recommendation o spray soon atter
shearing was made to ensure better access 1o the insects
by the chemicals. Retention of insecticides m shorn
fleeces was probably not a major consideration at the time
these recommendations were formulated. Coumaphos is
the only chemical recommended for spot treatment of the
other common external parasites of sheep, wound
infesting larvae and flecce worms, Nationaily,
recommended treatments for 1Ty strike, keds, lice. mange
mites, and ticks also involve application of the following
chemicals: fenvalerate, coumaphos, organophosphates,
and pyrethroids (AST, 1988). Litule quantitative data arc
available on the extent and type of residual insecticides in
U.S. wool g5 received at the warehouses or supplied w
the mills. Spraying wool with organophosphates to avoid
darnage due to wool moths is common practice in many
storage areas.

In 1 1992 pesticide audit conducted for the American
Sheep Industry Assoctation (AST), Cunningham (1994)
reported on pesticide levels in 16 scoured wools and their
associated concentrated scouring effluents.  Samples
representative of wool production in 13 states were
provided by Yocom-McColl Testing Labs,, [Inc., Denver,



CO. Analyses tfor 25 organochloringe and organo-
phosphorus pesticides were conducted by the Warren
Analytical Laboratory, Greeley, CO. No pesticides were
detected in scoured wool samples (detection limits .01 or
05 ppm). For the liguid samples, minute quantities of
Lindane (up tw .27 ppb), chlorpyritos (up to 4.3 pph),
diazinon {up to .31 pph), and 4, 4'-DDE (up to .18 ppb)
were detected (detection limis .03 or .25 pph) in some of
the concentrated scouring effluents.  Story (1992)
reported on a 1-yr study conducted at Wellman, Inc.,
Johnsonville, SC, in which several hundred samples of
wool grease had been analyzed for pesticides (also at the
Warren Analvtical Laboratory, but in this case testing for
the presence of 34 pesticides). His general conclusions
were as toflows: 1. LS. wool grease has low levels of
pesticides; 2. wool grease imported from Australian
scourers usually contains very high levels of pesticides;
3. wool grease imported from Europe and trom South
America usually has tairly high levels of pesticides; 4.
Australian wool scoured in the U.S. generally produces
wouol grease having acceptable levels of pesticides; 5. for
the most part, diazinon 18 the greatest problem; 6.
organochlorine pesticides {e.g., Lindane) in problem
concentrations (greater than 10 ppm) are rare but have
shown up in some European greases.

AT least part of the conclusions might be explained by
the Australian policy of not exporting grease wool
containing excessive levels of insecticide. Presumably,
such wools are scoured in Australia thus contributing to
Story's second and fourth observations. To qualify as
United States Pharmacopoeia (USP) Lanolin, refined
w00l grease may not contain more than 10 ppm of any
one of 34 listed pesticides, nor more than a total of 40
ppm ol any combination of all 34 pesticides. The Federal
Drug Administrations’s list of 34 pesticides does not
inctude any pyrethroids or carbamates. These compounds
senerally have a short lifetime, are relatively nontoxic to
humans, and produce harmless  residues  on
decomposition,  Organochlorine {OC) pesticides {e.g.
Lindane, DDT) are potentially the most hazardous
because of their longeviry in the environment and other
species-specitic problems. Wellman's  concern  for
pesticide residues in wool grease, communicated to the
AS] and athers by Story. provided the main impetus for
the current study.

Pesticide concentrations are of primary concern at
four distinct stages. First, pesticide in the greasy wool; to
date, no  domestic regulatons  exist  limiting  the
concentration of pesticides at this stage. Australian
regulations are being developed to protect shearers and
wool handlers from exposure 1o pesticides. The tolerance
level for malathion i most food crops is 8 ppm.
Secondly, pesticide concentrations in scouring plant
ettluent; 1n Texas. no specitic regulation covers this area.
[However, cach situation is considered individually by
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local, state and tederal authorities and maximum levels
for pesticides (as well as chemical oxygen demand,
biochemical oxygen demand, etc.} are specified in the
etfluent permit, these being dependent on the individual
plant’s and local authority’s abilities to remove the
contamination. A new Australian Sewerage Acceptance
Guideline i3 suggesting a pesticide discharge limit ot 1
ppm. The third area of concern is pesticide residues in
refined lanolin. This problem was discussed previously.
The fourth area of concern is residual pesticide in scoured
wool. Because of current and future plans for “eco-
labeling” of all textiles, the level of pesticides in wool
textiles will need to be zero. Proposed Interlaine (a
European wool trade association) eco-labeling rules
specify total organochlorine residues less than .2 ppm,
organophosphates less than 2 ppm, and pyrethroids less
than 3 ppm in raw wool in order to ensure no measurable
pesticide in the scoured, dyed, and finished textile
product (Shaw, 1996).

It appears obvious from published reports that if
recommended chemicals are applied at the correct
concentration and at the right time, no serious
contamination of grease wool, scoured wool, or wool
grease would occur. However, residual pesticides may
¢reate problems if applied at the wrong strength or just
prior to shearing.

The current experiment was designed to determine
residual levels of  two commonly used insecticides
applied at normal and 3 times the recommended levels 23
d betore shearing a 12-mo wool clip.  The fatter condition
was used 48 a "worst-case scenario.”

Procedure

Thirty Rambouillet ewes having 11-mo tleeces were
identified for this study. The ewes were maintained
together on rangeland in the San Angelo area betore and
after treatment. These sheep had not been treated with
any pesticides in the preceding yvea:. Treatments were
imposed on March 22, 1995, and consisted of the
following. For control purposes, five ewes were not
sprayed and another five were sprayed with water only.
Two groups containing five sheep cach were sprayed
separately with recommended concentrations of malathion
(.5%) and diazinon {.5%). Finally. two other groups of
tive ewes each were sprayed separately with three times
the recommended concentratons of malathion (1.5%) and
diazinon (1.5%). A high-pressure sprayer was used to
ensure thorough penerration of the tleeces. Sheep were
sprayed until fleeces were saturated. The 30 ewes were
permitted to comtinue grazing together for 3 wk after
which they were shorn. Individual tleeces were packaged
separately and taken 1o the Wool and Mohair Research
Lab. At least 200 g of Y-inch cores were removed from
gach fleece. Cores from each fleece within a group were



combined and blended prior to turther analysis.  This
action negated statistical analyses but was necessary (for
tinancial reasons).  Representative samples of greasy
cores (250 ¢ each) trom each of the six groups were
dnalvzed for organophosphorus insecticides at Warren
Analytical Laboratory. The 11 compounds included in
the analvsis  were  chlorpyrifos, disyston, ethion,
malathion, pirimiphos-methyl, trithion, diazinon, ethyl
parathion, fenitrothion, methyl parathion, and ronnel. In
addition, samples ot scoured wool and scouring liquor (1
liter of effluent from the first wash) representing each
group were also  analyzed for  organophosphorus
insecticides. The detection limits were .03 pprm for wool
samples and .01 ppm for liquid samples. As a
precaution ggainst conamination (specifically, plasticizers
in plastic bags), all samples were packaged in glass
Mason jars. The ratio of greasy wool to scouring liquor
in the first wash was 250 g : 6 L = 1 : 24, The scouring
nperation was conducted quantitatively (ASTM, 1995) in
order that clean yields could be calculated for each group
ol fleeces. An QFDA (IWTQ, 199%) was used to
determine the fiber diameter distribution of each group of
scoured cores,

Resulis and Discussion

Grease Weol, Malathion was applied at rates of .5
and 1.5%. this being equivalent to 5,000 and 15,000 ppm
tir sheep having the tleece properties summarized in Table
L. Alter 3 wk, the amount of malathion remaining in the
tflecces was 6.25 and 116 ppm, respectively (Table 2).
During the same time frame, the concentrations of
diazinon in the fleeces of sheep sprayed with this
chemical diminished to 127 and 160 ppm, respectively.
Diazinon degraded at a slower rate than malathion in this
situation. It is obvious that some transter of insecticides
veeurred among groups of sheep. Even the fleeces of the
animals in the two control groups contained measurable
amounts  of  both  insecticides,  This  contamination
probably nccurred when the sheep returned to the flock
soon after being spraved and while they were still wet.

Table 1, Average vadues of fleece propertics for the 6 tresatment groups

Lub scoured Average fber

Treatment vield, % darmeter, pm
Nutspraved RN 21.4
Water ST 2008
A5 N aluclion S 21.2
b5 Mutathion 6.0 2.3
5T Diadinen a1.0 pieal
1.3 LHuzuen ab.3 21.2
Kein Vilies 618 21.0

Tahle 2. Insecticide concentrations in prease wool, seourced wool, and
scouring liguor (efflucnt) cmulsions
Tres Sampfe Maluthipn. Diaziem,
reatment Lype ppme ppm
Mot sprayed GwW 32 ERT:]
By NI MN12
EET NI 26
Water GW A4 11,40
W NIy 14
EFF MLy an
5% Malathuen GW 625 9.73
W NI} Ny
FFE 03 29
1.5% Malathion Gw+ 116.00 11.30
SV N] NIy
LI'E il RX
.§% Diuzinon Gw* a7 127
5 NI 23
EFE ND & 86
1.5 Diazinon GW 0y 160
5W NI A3
LFE NI» 11.36

IGW = grease woul, SW = scoured wool, EFF = scouring liquor reffluenti
3 eindllsion .

ND = none detected at a detection Tunit of .03 ppm tor GW and SW and 01
< pprn for EFF )

JAlse 13 ppm ethyl parathion and .02 ppm methyl parathion

Also 03 ppm chloepyrifos

“Also 10 ppon chlomynfos

Though the concentrations of insecticide had declined
rapidly in the 3 wk after application, residual levels in the
grease wool caused undesirable exposure to shearers and
waol handlers.

Scoured wool. Malathion was not detectable in any ot
the scoured wool samples.  If it was present, 18
concentration was less than .05 ppm. Very small
amounts (.06 to .83 ppm) of diazinon were found in four
of the six scoured wool samples. Thus, spraying these
insecticides, even at this short time before shearing, did
not result in retention of significant amounts of either
insecticide in the scoured wool. These small amounts
would certainly be further reduced in subsequent wet
processing (washing, dyeing, and finishing).

Scouring liguor. Malathion was not detected 1n the
scouring liguor of either of the control groups or the
diazinon-sprayed groups. However, it was detected at
very low levels (.03 and .11 ppm) in the scouring liguor
of the malathion-sprayed fleeces. Diazinon was detected
(.20 to 11.36 ppm) in the scouring liquor trom all groups.
These tindings have serious consequences for scourers
and refiners of wool grease because both insecticides
would tend to concentrate in the tarty rather than the
aqueous fractions.



Other pesticides. Three other pesticide residues were
detected. In the case of the 1.5% malathion treatment,
the methyl and ethyl parathion found in the effluent
sample almost certainly emanated from the commercial-
grade malathion. Similarly, chlorpyrifos found in the
grease wool ot both the diazinon treatments was possibly
an impurity in this commercial grade product.

Conclusions

Late-season to  sheep of organo-
phosphorus insecticides that  are known to  degrade
relatively quickly in the environment resulted in
undesirable residual levels of insecticide in both grease
wool and scouring liquor emulsions. Spraying sheep with
insecticides a short time betore shearing is therefore not
recommended. The scouring process removed most of the
residual insecticide leaving only very minute quantities in
the scoured wool. Pesticide levels in wools produced
Overseds are currently 4 cause for concern (Anon., 1994,
1995). There is no evidence to suggest that any U.S.-
produced wool contains  excessively high levels of
pesticides. Every effort should be made to maintain this
situation,

applications
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How Different is Lamb from Other Meats?
Sensory Evaluation of Pan-fried Ground Meat Patties by Consumers

Y.A. Ziprin and K.S. Rhee

ABSTRACT

Pan-fried lamb, beet and pork patties containing
approximately 21% fat were evaluated by consumers (a
large. number of untrained sensory panelists) to
determine 1f they could correctly identity the species
and o document the probable  basis  of  their
identification. Ot the 71 people who evaluated meat
patty samples, 59, 49, and 32% correctly identified
lamb, beef, and pork, respectively. Flavor intensity of
lamb and pork patties did not have positive eftects on
their overall palatability, whereas flavor intensity of
beet patties had positive etfects. Lamb patties were
rated most intense in tlavor and lowest in overall
palatability.

Introduction

Meat tlavor is a major consideration in the selection
of meat by consumers. Species-specific flavor notes in
combination with 2 blend of general meaty notes
common to all meats determine fresh cooked meat
flavor (Brennand and Lindsay, 1992). It is believed
that the limited consumption of lamb in the U.S, is
partially due to its distinct flavor. However, to what
extent consumers can indeed sensorially differentiate
lumb  from other meats has not been clearly
documented.  According to an early report (Howe and
Barbella, 1937), beet and pork were identified correctly
more often than lamb in blind tests, but no data were
presented.  Then in 1968, Wasserman and Talley
reported that beet and lamb, compared to pork, were
identitied less often when lean ground roasts (baked
meat loaves) were tested.  However, opposite results
were found when ground roasts comtaining fat were
evaluated. In the siudy by Wasserman and Talley, the
cooked samples were refrigerated overnight and
brought to  room temperature  before - serving,
According to the authors, cold meat samples were
ientified with the same accuracy as warm meat
samples.  However, unless the cooked samples were
stored  anaerobically, as in vacuum packaging,
overnight storage at refrigeration temperature could
cause lipid oxidation and that in turn could potentially
aftect dentification of the species.  Reid et al. (1993)
reported that mutton tlavor was more intense when
cooked mutton adipose tissue was stored anaerobically
than when stored aerobically (under high oxygen
conditon), whereas lipid oxidation was greater in
acrobically stored  samples. They suggested that
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compounds responsible tor mutton odor could undergo
a greater degree of degradation in the presence of
oxygen and that lipid oxidation products could
conceivably mask the mutton tlavor. The objective of
this study was to document the ability of consumers o
differentiate lamb from other meats (beet and pork) and
the acceptance levels ot these meats, when presented as
pan-fried ground meat patties,

Experimental Procedure

Ground meart patties with a target fat level of 20%
were prepared from fresh lamb legs and shoulders, beet
chucks, or pork boston shoulders.  Patties {1/4 ib, 3/4-
in. thick} were crust-frozen at -4 °F, vacuum
packaged, and stored at -4 °F until used for cooking.
The frozen patties were thawed overnight at 39 °F and
pan-fried in 4 preheated household skillet at 325 *F toa
final internmal temperature of 160 °IF.  The cooked
patties were crust-frozen, vacuum packaged, and held
frozen for 4 ¢ untl uwsed for sensory evaluation,
Precooked patties were reheated in a microwave oven
(700 watt) without prior thawing. Each pauy was
sliced into six wedges for serving and placed in warm
plates, loosely covered with aluminum foil and kept
warm in a 120 °F oven for 5 min or less before
serving. Sensory panclists (71 people)  were
undergraduate and graduate students, taculty, and statf
at Texas A&M University., Each panclist evaluated
two serving sets of the three meat types or a total of six
samples. The serving order for the three meat types
within each serving set was preset and used for all the
panelists, The serving orders were pork, lamb, and
beet in the first set and beef, lamb, and pork for the
second set. In addition to species identificauon, all
samples were evaluated for the following sensory
attributes: flavor intensity (1 = extremely wesk; 9 =
extremely intense), juiciness (1 = exwemely dry; 9
extremely juicy), tenderness (I = extremely tough; 9
= extremely tender), and overall palatability (1 =
dislike extremely; 9 = like extremely}. Five raw or
cooked patties tfrom each species were homogenized tor
tat and moisture analyses.  Moisture was determined
using the AOAC (1990) oven-drying method, and fut
content was gravimertrically determined on lipid extracts
prepared by the procedure of Folch ef af. (1957,

The SAS (1990 program was used for all data
analyses. Data were first analyzed by the l'requency
Procedure for the number/percentage of panelists who
correctly identified the species of the samples.  [n



addition, the Frequency Procedure was used to compute
chi-square tests and measures of association between
serving  order  and  correct/incorrect  species
identitication. Compurations were done with all three
species included and with just beef and lamb.  For
those samples whose species were correctly identified,
their sensory attribute scores were analyzed by the
General Linear Models Procedure and mean separation
by the Student-Newman-Keuls test. The Correlation
Procedure was used to determine relationships between
sensary attributes,

Results and Discussion

For the first serving set, 68% of panelists correctly
identitied lamb whereas 76 and 39% were correct on
beet and pork, respectively (Table 1), The low
percentage of correct responses for the pork might be
partially due to the fact that it was the first sample
served.  For the second serving set, 80% of consumer
panelists made correct wdentification of lamb as well as

Table 1, Species identification by 4 consumer sensory panel

Panelists who correctly identilied species

Samyple Number % of all panelists {n = 71}
Figst serving
Reel 34 76.1
Launh 44 67.6
Furk 2 3%.4
Second serving
Reet 44 62.0
Ll 37 80.3
Trurk A7 80.3
Buth servings
Bueel as 49.3
[amb 42 59.2
Purk 23 32.4

pork, and only 62% for beet. Less than 60% correctly
identitied both servings ot any of the spectes, with the
highest correct identitication tor lamb (59%). Since
meat patties were pan-fried for sensory evaluation, the
browned/fried flavor resulting tfrom the cooking methad
might have had some masking effect on species-related
flavors.  Note that species identification was not
influenced by fat or moisture levels of samples served
becuuse cooked patty fat content (21.6 to 23.4%) and

moisture  (49.3 to 30.6%) were not significantly
different (P > 05) among the species.  Presumably,

lamb could have been even more distinguishable if the
meat patties had been cooked by a preparation method
that results in less browned/tried tlavors than pan-
frying.
When
andlyzed
between

species  identification
to determine  the degree
sample  presentation  order

responses  were
of association
and response
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(correct or incorrect identification), contingency
coefficients were all low. Contingency coetficients
were 0.25 with all three species included and §.15
without pork, indicating that the serving order-response
association was weak even with all three species
included and still weaker when responses on only heef
and lamb were used in the analysis.

Sensory scores of those samples whose species
were correctly identified indicated that  panelists
perceived lamb patty samples to have the highest flavor
intensity  (mean score, 7.1; about "moderately
intense™), followed by pork samples (6.1, about
"slightly intense”) and beet samples (4.9; close to
"neither intense nor weak"} (Table 23, They also rated
lamb and pork samples as juicier and more tender than

Table 2. Sensory attrihute ratings for becf, lamb, and pork samplis
correctly identified

Samples correctly identitied

Attribute Beef Lamh Pork
Flaver intensity 4.9° ERk 6.1"
Juiciness 3.9° 3.8" 5.3
Tenderness 5,50 6.0° 6,22
Overall palatabitily 51¢ 4.4b 3.5

**Means within the same row which are followed by the same superscript
letters are not different (P > 0.05),

beet samples. Overall palatability scores were close to
"dislike slightly" for lamb patty samples and between
"neither like nor dislike” and "like slightly” for beef
and pork samples. Panelists’ lower overall palatability
scores for lamb seemed to be due to its intense
(species) flavor, because juiciness and tenderness
ratings for lamb samples were as good as, or better
than, those of the other two species samples.
Correlation data (Table 3) on correctly identified
samples indicated that flavor intensity of lamb pattics
indeed had a negative effect (or did not have a positive
effect) on overall palatability whereas the opposite was
true for beet patties. Flavor intensity of pork patties
had neither positive nor negative effects on overall
palatability, according to their correlation coefficients,

Conclusions

This study has documented that 4 majority of people
can differentiate lamb from beef and pork in blind taste
tests and that those who can differennate species,
perceive the lamb (species) flavor strong and may
dislike lamb. Thus, flavor moditication or reduction of
species-related  flavor  would be an  important
consideration in developing value-added products trom
sheep meat that are targeted toward the population that
does not currently like lamb tlavor.
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"$Not significant (P >
L

Table 3. Corr¢lations between sensory attribptes for beef, lamb and
pork samples corroctly identified

Correlation coefficient® with samples correctly identitied

Beel Lamb Pork

First serving sata?

Flavor vs overall palatability 0.65 .33 .op"

Tuiciness vs overall palatability 1.54 DI sd

Tenderness vs averall palatability 0.61 007" 0,85
Second serving datal

Flavor vs uverall palatability 0.60 -0.003M8 p1ets

Juiciness vs overall palatability 0.41 (r.49 062

‘Tenderness vs overall palatability .49 .48 .45
Combined data®

Flavor vs overall palalability 0.63 S s

Juiciness vs overall palatablity 0.57 0,32 0.63

lepderpess vs overall palatabjlity 0,36 0.26 0.47

an = 54 for beefl n = 48 for lamb: n = 28 {or pork.

n = 44 for beef no= 37 for lamb: n = 57 for pork.

“n = 99 for beef: n = [0S for lamb; 0 = 85 for pork.

A5

The correlation coefficient 15 a measure of the mutual relationship belween
two variables, ranging from 1 (perfect negative correlation) w + 1 (perfect
positive correlation). A positive (plus} correlation coefficient indicates that
as the value of one vanable increases. so does the value of the other
variable, whereas a negative (minus) coetficiont indicates that as the value of
one increases, the value of the other decreases.



Effect of Breed-type and Feeding Regimen on Goat Carcass Characteristics

I.S. Oman, D.F. Waldron, D.B. Griffin, and J.W. Savell

ABSTRACT

Meat-type (Boer x Spanish, Spanish) goats from two
feeding regimens (feedlot, range) were slaughtered, and
live and carcass weights were obtained. At 24 h
postmortzm, various yield and quality measurements were
taken. One side tfrom each carcass was fabricated into
major wholesale cuts for dissection into major carcass
components.  Feedlot goats had heavier (P < .03) live
and carcass weights, higher (P < .03) fat and lean and
lower bone dissectable carcass portions when compared
to range goats. Boer x Spanish goats had significantly
greater  live  weights,  carcass  weights,  carcass
conformation scores and leg circumference scores when
compared t Spanish goats of similar age. There were no
significant ditferences in carcass traits between Boer x
Spanish and Spanish goats when data were adjusted for
live weight.

Introduction

A rising demand for goat meat in Texas and the U.S,
has resulted from increased ethnic diversity in the U8
In the last decade, immigration into the U.S. has
averaged 61,150 persons each month; many of these
IMmigrants are goat meat consumers {Pinkerton et al.,
1994). LUSDA slaughter numbers retlect the growing
demand for goat meat.  Approximately 60,000 meat goats
were slaughtered at USDA-inspected plants in 1981; in
1990, approximately 200,000 goats were slaughtered in
USDA-inspected plants (NASS, 1991).

Goat production in Texas and the U.S. historically
has heen a low-labor enterprise with little emphasis on
productivity and management practices. Because of their
ability 1o utilize marginal range resources, goats in Texas
have been used primarily for brush control.  Variations
exist in animal availability. breed type. feeding regimen,
body weights, condition at slaughter and carcass
characreristics.

The majority of the meat-type goats in the U.S. are
Spanish goats. The erm “Spanish” is used to describe
common, meat-type goats and to distinguish them from
dairy- and fiber-type goats; echnically, " Spanish” is not
a breed (Paschal, 1992), Duairy- and fiber-type goats are
dlso d source of meat. The Boer breed was developed in
South Africa tor the purpose of meat production. This
breed is known for s larger frame size, increased
muscularity and characteristic white body and brown or
red-colored head.  Boer poats were imported into the
LS in April 1993, According to a simulation study
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reported by Blackburn (1995), Boer goats should produce
more saleable weight per doe than Spanish goats when
forage conditions are not limited; however, under less
than optimal conditions, they are not more productive.

The effect of breed-type and dier on goat carcass
characteristics has been investigated in only a limited
number of studies. The objectives of this study were
determing the effects of breed-type and feeding regimen
on carcass characteristics of meat-type goats.

Materials and Methods

This study included Boer x Spanish and Spanish kids
obtained from the Texas Agricultural Experiment Station
(TAES) at San Angelo, Texas. All animals were intact
males and from the spring 1994 kidding season. The
Boer x Spanish and Spanish kids were 4 subset of those
used in a breed comparison trial {Waldron et al., 1996).
The kids in this study were chosen to be representative of
each of the sires. Boer x Spanish, n = 24 and Spanish,
n = 24 kids were assigned randomly to either a teedlot
(n = 12 for each breed-type) or a range (n = 12 tor each
breed-type) treamment.  Kids assigned 1o the fecdiot
treatment were fed either a 12.5 or 15% crude protein
diet. Range kids were turned out on rangeland consisting
of multiple species of native grasses and forbs; no
supplemental feed was given, and rainfall was atypieally
low,

After 112 d on either the teedlot or pasture treatment,
animals were slaughtered at the Rosenthal Meat Science
and Technology Center on the Texas A&M University
campus. All kids were approximately 9 mo of age at the
time of slaughter. Live weights and warm carcass
weights were collected. Carcasses were chilled at 2 °C.
and at approximatelyv 24 h postmortem. the following
medsurements were taken: longissimus muscle area at the
12th rib; actal and adjusted (visually adjusted for
variations in fat thickness over the leg, loin, rack, and
shoulder} 12th rib tat thickness; body wall thickness (3.1

¢m from the edge of the longissimus dorsi); leg
circumference {across the stifle area of the leg,

encompassing both legs): and carcass length (measured
from the point of the hock to the point of the shoulder).
Scores for marbling, flank streaking, maturity, color, and
buckiness (based on a 5-point scale where 1 = no
buckiness and 5 = extremely bucky) also were assigned
by Texas Agricultural Experiment Station persopnel to
cach carcass.

Because no official erading standards designed
specificallv for U.S. poat carcasses exist. number scores



and general descriptions were assigned for carcass
conformation based on muscle shape and thickness of the
fep. loin, rack, and shoulder. A scale was developed by
selecting carcasses representative of eight conformation
tvpes given even-numberedscores 0 to 14, Animals falling
between the categories were assigned odd-numbered
scores, resulting in a 15-point scale where 1 = very thin
and angular and 15 = verv thick and bulging. Figure 1
illustrates animals representative of conformationscores 2,
4. 6.8, 10, and (2.

One side from each carcass was dissected into knife
separable components of subcutaneous fat, intermuscular
fat, internal fat, fean and bone to determine physical
composition. Analysis followed a 2 X 2 factorial
arrangement with breed-tvpe (Boer x Spanish and Spanish)
and feeding regimen (feedlot and range) as the main
effects. Least squares means were generated, and ali data
were analvzed using SAS PROC GLM (1991),

Results and Discussion

There was a significant imteraction between breed and
feeding regimen only for actual and adjusted fat thickness
(Figure 2). Feedlot Boer x Spanish goat carcasses
possessed higher (P < 05) actual and adjusted fat
thicknesses than did feedlot Spanish poat carcasses.
Additiomally, feedlot goat carcasses had higher actual and
adjusted fat thicknesses than did range goatl carcasses.
Mean live weights, carcass weights, and carcass
measurements for meat-lype goats within breed-tvpe are
reported in Table 1. Boer x Spanish goats possessed
heavier (P < .03) live and carcass weights, higher (P < .03)
carcass conformation scores and larger (P < .03) leg
circumferences than did Spanish goats. All other carcass

Figure 1. Conformation score scale.

Table 1. Mean carcass yield and quality measurements for meat-type goats
within breed-type

Item [oer x Spanish Spanish
Live wt, Ib 64.55° s7.3l
Warm carcass wt., lb 14.89° 30.54°
Longissimus muscle area, in? 1.50 1.34
Budy wall thickness. in 45 38
Carcass conformation score® 7.33¢ s.o8t
Carcass length, in 906 X35
Leg circumference. in (2.47° gt
Lean maturity scnreb 1.39 P43
Skeletal maturity score? 1.56 |.57
Marbling score® 2.53 2.43
Live wi, Ib 64.55° 57130
Flank streaking score® 282 2.59
Buckiness scored 2.96 2.71

“Means based on a 15-point descriptive scale (1.0 = very angular. narrow
il’;;j thin; 15.0 = extremely thick and bulging).
eans Dased on TISDA skeletal and lean maturity scores for lamb 11,00 =

A" 0 (w14 mo of age, hreak joint presenty; 2.00=B" (over 14 mo of age:
hreak joiat not present)].
CMeans based on USDIA marbling and flank streaking scores (1,00 =
Practically devoid™: 300 = Slight™ 5.00 = Modest™h,

Means based on a2 S-point scale (1.0 = no huekiness: 5.0 = extreme
I_J}lckiness].
“IMeans in the same row with different superseripts are different (P < 055

No. 6 No. 8
6y

No. 10 No. 12




Figure 2. Mean and actual adjusted fat thickness in inches over the 12th rib for meat-type goats

Actual fat

Ej Boer x Spanish, feedlot
ﬁ Boer x Spenish, pasture

7

Adjusted fat

Spanish, feedlot

- Spanish, pasture

“beheans with different superseript letters for each set of measurements

are difterent (P < ,05).

measurements were not different (P > 05). Diet had a
significant effect on live and carcass weights and carcass
measurements (Table 2) Feedlot goats possessed heavier
(P < .035) live and carcass weights, larger (P < 05)
longissimus muscle areas, higher (P < .05} bodv wall
thicknesses, carcass conformation scores. carcass lengths,
leg circumferences, skeletal maturity scores, marbling
scores. flank sireaking scores, and buckiness scores. Lean
maturity scores were not dilferent (P > 03} When the
carcass measurements were adjusted for live weight there
were no significant differences between Boer x Spanish
and Spanish goats,

Mean percentages of carcass components within breed-
tvpe and feeding regimen are reported in Table 3. Feedlot
Boer x Spanish and Spanish goat carcasses had a higher (P
< 03) percentage of lean for the side than did range
Spanish goat carcasses: however, feedlot Spanish goat
carcasses were not dilferent (P > .05} from range Boer x
Spanish goat carcasses for lean percentage. Feedlot goat
carcasses possessed higher (P < .05} fat percentages and
lower (P < .05) bone percentages when compared to range
goat carcasses. This trend was generally observed for most
major wholesale cuts.

Diet has heen found to alse play a signiticant role on
carcass characteristics in other species.  Tatum et al.
(1989) reported that lambs ted in a teedlot produced fatter
carcasses than lambs fed limited or no grain.  Several
studies have verified this theory in beef cattle as well
(Bowling et al., 1977; Schroeder et al., 1980; Burson et
al., 1980).
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Table 2, Mean carcass yield and quality measurements for meat-type goats
within feeding regimen

Item Feedlot Range
Live wt. Ib 78 47° a2
Warm carcass wi, th 44 B¢ 20.61f
Longissunus muscle area, in2 1.86° .98f
Body wall thickness, in 61¢ 23t
Carcass conformation score? 9,86% 2.54f
Carcass length . in 41.39° 3s5.82f
leg circumference, in 21.15% 17.03f
Lean maturily scored 1.39 1.43

Skeletal maneity score? 1.44! 1.68°
Marbling score® 3.20° 1,750
Flank streaking score® 3.51¢ 1,89r
Buckiness scored 4.21¢ i a6t

IMeans based on a 15-point deserptive scale (1.0 = very angutar. narrow and
thin: 15.0 = extremely thick and bulging).

chax\s Pased on USTIA sheletal and lean matunty seores for lamb {100 = P
{0-14 mo of age, break joint presenty: 2.00=B" {over 14 mo of ape: break juim
ot presenty].

Means based on USDA murbling and flank streaking scores (1.00 = Practically
Devoid™:; 3.00 = Slight®: 5.00 = Modest™,

IMeans based on a S-point seale (1.0 = no buckiness: 5.0 = extremely bucky).
"'I‘Mcans i the same row with different superscenms are different (P < 03}



Talle ). Mcan percentage of carcass componoents for meat-type goats within breed-type and feeding regimen

i Spapis. Spapis

ot {Comocoent Eeedlat Ranges Eeedinl Ranps
Side® Lean (%) 57.79" 55.780¢ 57.61P 55.28¢
Bone (%) 26.50° 36.89" 27.58° 36,480

_Fali% 15.71% 7.34° 13.4¢" 8.24¢
Lean (%) 61.437¢ 59.55° 63.30P a0.850¢

Shoulder Bune (%) 21.57¢ 31,937 22.17° 29.42b

_Laci%) 15,88 8165 §4.40" y 45¢
Tean () 54.16° 50.969r 56,160 52.19t¢

Rack Rone (%) 29.43¢ 43.97" 30.61¢ 40,380

Lot (%) 16410 507 13240 7.43°

Lean (%) 56.540 50.49¢ 57830 50,345

Shorgtedyy Bone (%} 24.40¢ 42.68P 2527 39,470
Far (%) 19.06Y 6.83¢ 21,590 10.1%"

Lean (%) 57.17 54.36 56.41 34,18

Sirluin Bone (%) 21.02° 35.900 25,345 3441l
Ll (% 21.8P 5,74C 258 11.4/°

Lean (%) 62.23P 59.56" 62.52P 39058

Leg Rone (%) 29 54° 35.47° 31.01° 15,900

Far () 5.23b 4074 6,74° 5,054

3Side includes major wholesale cuts plus neck, shank. breast, plate and flank.

Pedhteans in the same row without a common superscript are different (P < 03],

Implications

Feeding goats results in heavier live and carcass
weights. and heavier muscled, fatter carcasses. Cross-
breeding using Boer influence results in heavier live and
carcass weights, higher conformationscores, and larger leg
circumlerences when goats are compared at the same age.
The Boer x Spanish goats were not significantly different
from Spanish goats for any carcass traits when adjusted to
a commonlive weight, This suggests that the advantage of
the Boer x Spanish kids is in the greater growth rate.
There is a need for standardized grades to facilitate
marketing of the various sizes and types of goats currently
being produced. The carcass conformation scale developed
for this studv could assist in developing some type of
erading system. Because much of the goat meat consumed
loday is by ethnic groups with different preferences in
terms of age. weight, and quality, future research should
focus on market development and de-tetmining the demand
for various tvpes and sizes of goals.
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Carcass Characteristics and Retail Shelf-life of Meat- and
Fiber-type Goats

J.S. Oman, D.F. Waldron, D.B. Griffin, and J.W. Savell

ABSTRACT

Meat-type (Boer x Spanish, Spanish) and fiber-type
(Spanish x Angora, Angora) goats were weighed, then
slaughtered, and carcass weights were obtained. At 24 h
pustmortem, various vield and quality measurements were
taken. One side from each carcass was fabricated into
major wholesale cuts for dissection into major carcass
components,  Rib chops from the opposite side were
fabricated, packaged, and displaved in a retail case.
Trained panelists evaluated the rib chops for lean color,
surtace discoloration, and overall appearance for day 0,
1, 2, 3, and 4; packages were opened and analyzed tor
off-odor on day 4. Generally, the fiber-type goats
possessed higher meusures of fat and lower measures of
lean when compared to the meat-type goats. It is
important to note that the Angora carcasses possessed a
higher (P < .05) percentage of intermuscular fat.
Differences also were observed between crossbreeds
(Spanish x Angora and Boer x Spanish) and purebreeds
(Angora and Spanish) in that crosshreeds produced
heavier (P < .05) carcass and offal weights. Shelf-life
was not atfected by breed-type.

Introduction

Two events in 1993 will influgnce U8 goat
production in the tuture: 1) the importation of Boer goats
into the U5, and 2) the repeal of the National Wool Act
and the subsequent phase-out of wool and mohair
incentive payments to producers, The latter event has
already had a major impact on Angora goat producers--
especially in Texas--where 86% of the nation's Angora
goats and 91% ot the nation's mohair are produced
(NASS, 1994). According 1o Jones and Wyse (1993),
this policy decision could result in a loss of 3,000 jobs
and a decline in personal income of $75 million in a 41
county region ot Texas. Producers need alternative uses
for the traditionally fiber-producing animals. Because
selection in Angora goat breeding has historically been
hased primarily on tiber quantity and quality, relatively
little emphasis was placed on meat-type traits.  Boer
goats, which are native to South Africa, have a high meat
yvielding potential (Van Niekerk and Casey, 1988).
However, the influence of Boers in crossbreeding systems
has not been studicd.  With the phase-our and future
glimination of the wool and mohair incentive, some
Angardg goat producers are looking for an alternative
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outlet for their stock. Crossbreeding with meat-type
Spanish, Boer or Boer cross goats could be a feasible
management practice.

In conversations with producers and retailers, meat
from Angora goats 1s often discriminated against because
it is believed to have a shorter shelf-life than meat from
other breeds. However, there has been no published
research that supports this idea.  Much of the research in
the area of meat goats has focused on breeding,
reproduction, productivity, and other live-animal aspects.
Only limited research has focused on the tinal product of
meat goats. The objectives of this stwudy were to
determine the effects of breed type on carcass
characteristics and retail sheif-lite of meat- and tiber-type
goats.

Materials and Methods

Meat- (Boer x Spanish, n = 12 and Spanish, n = 12)
and fiber-type (Spanish x Angora, n = 6 and Angora, n
= 6) kids were ohtained from the Texas Agricultural
Experiment Station {TAES) at San Angelo, Texas. All
goats were intact males from the same kidding season and
were fed either a 12.5 or 15% crude protein diet. The
Boer x Spanish and Spanish kids were 4 subset of those
used in a breed comparison trial (Waldron et al., 1996).
The kids in this study were chosen to be representative of
each ot the sires. After 112 d on feed, kids were
slaughtered at the Rosenthal Meat Science and
Technology Center on the Texas A&M University
campus. All kids were approximately 9 mo of age at the
time of slaughter. Live weights and warm carcass
weights were collected,

Carcasses were chilled at 2 °C, and at approximately
24 h postmortem, the following measurements were
taken: longissimus muscle area ac the 12th rib; actual and
adjusted (visually adjusted for variations in tat thickness
over the leg, loin, rack, and shoulder) 12th rib fat
thickness; body wall thickness (5.1 ¢m trom the edge of
the longissimus dorsi); leg circumference (across the
stifle area of the leg, encompassing both legs); and
carcass length (measured from the point of the hock to the
point of the shoulder). Scores for marbling, flank
streaking, maturity, color, and buckiness (hased on 4 5-
point scale where | = no buckiness and 5 = extreme
buckiness) also were assigned by Texas Agricultural
Experiment Station personnel to cach carcass. Because no
official grading standards designed specifically tor U.S.



godl  carcasses  exist, number scores and general
descriptions were assigned for carcass conformation based
on muscle shape and thickness of the leg, loin, rack, and
shoulder (Oman et al., 1996).

At approximately 48 h postmortem, carcasses were
tabricated. One side from each carcass was dissected
into knife separable compenents of subcutaneous fat,
tntermuscular fat, internal fat, lean, and bone to
determine physical composition. The rack from the
opposite side of each carcass was fabricated into six .75
in. thick chops. Two sequential chops were placed on a
plastic foam tray and packaged with oxygen permeable
overwrap film. Three packages of rib chops from each
carcass were placed in an open-air retail case simulating
retail conditions in a meat market. Packages were placed
randomly in the case to allow for even distribution and to
provide a rotational etfect (1o account for variations in
temperature and light theoughout the retail case). Texas
Agricultural Experiment Station personnel analyzed the
chops on days 0, 1, 2, 3, and 4 for lean color, surface
discoloration, and overall appearance. Because no scale
for goat lean color exists, a scale for lean color was
developed prior to the study based on variations from the
lean color scale for lamb set forth by Wanstedt (1982)
{Table 1). Surface discoloration and overall appearance
scales also followed those utilized by Wanstedt (1982).
On day 4, each package was opened and analyzed for off-
odor by Texas Agricultural Experiment Station personnel
{(Wanstedt, 1982).

Table 1. Scoring system for goat lean color

Description Score
Bright. vouthful reddish-pink 15
Muoderately bright ced 13
Cherry red 11
Sligtstly dark red Y
Muoderately dark red 7
Dhack red or brown 5
Very dark brown 3
Extremely dark brown 1

Analysis of data utilized breed as the main etfect;
cofor data for the retail shelf-lite study were blocked by
day and by panelist and odor data were blocked by
panelist.  All data were analyzed using SAS PROC GLM
(1991).

Results and Discussion

Least squares means of carcass measurements are
reported in Table 2. Live weights for Boer x Spanish and
Spanish x Angora goats were not different (P > .03), and
live weights for Spanish x Angora goats and Spanish
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Table 2, Teast symares means of carcass yield and quality measnremoents for
mieat- and fiber-type goats

Boer Spanish
x X
Carcass measurement Spanish  Spanish  Angora Angord
Live wt, Ih 84,07 1383 g0.33C 61,678
Warm carcass wi, 1b 47.84° 41890 a4300T 32008
Longissimus muscle area, in’ 1.594° 1.78¢ .78 1447
Fat thickness, 12th rib, in .05° 03t Rt 03¢
Adjusted fat thickness, in Rl o4f nye e
Carcass conformation score® 11.42¢ 8.33f 10,670 .00
Carcass length, in 2100 41,08 4037 37.008
Ieg circumference, in 2L60° 200697 20960 18.79¢
Lean maturity score® 1.42 1.45 1.88 1.37
Skeletal maturity score” 1.42 1.47 1.52 .33
Marbling® 335 3068 4120 4030
Flank streaking® 3.63% 3408 4.31¢ 4.15¢
Tuckiness scored 433 408 4.83¢ 3.7

“Means hased on @ 15-point descriptive scale (1.0 = very angular, natrow
and thin; 15.0 = extremely thick and bulging).

"Means based on USDA skeletal and lean maturity scores for lamb |1.00 =
A™ (0 10 14 mo of age: break joint presenth 2.00 = U (over 14 me of age:
hreak joint not present}].

Means based on USDA marbling and flank streaking scores (1.00 =
Practically devoid®; 3.00 = Slight™; 5.00 = Mudest™),

IMeans hased on a S-point scale (1.0 = no buckiness; 5.0 = extreme
buckiness).

*EMeans in the same row with differest superscripts are different (P < 03),

goats were not different; Angora goats had lower (P <
.05) live weights than all other breed-types involved in
the study. This trend also was observed for carcass
weights. Boer x Spanish, Spanish and Spanish x Angora
goat carcasses possessed larger (P < .05) mean
longissimus muscle area than did Angora goat carcasses.
Carcasses from Spanish goats had a lower (P < .03)
mean 12th rib far thickness than all other breed-types.
Fiber-type goats possessed ca:icasses with higher {P <
.05) adjusted fat thicknesses than did meat-type goats.
Carcasses from Boer x Spanish goats had higher (P <
.03) carcass contformation scores than carcasses from
Spanish goats; carcasses from fiber-type goats had
conformation scores that were not different (P > 03)
from carcasses from meat-type goats.Meat-type goats
possessed longer (P < .03) carcasses than carcasses
from fiber-type goats. Carcasses trom Angora goats had
smaller (P < .035) leg circumferences than all other
breed-types. No differences (P > .05) were observed
among breed types for skeletal and lean maturity.
Angora carcasses had higher (P < .05) marbling scores
than meat-type carcasses, but were not ditterent (P >
.05) from Spanish x Angora carcasses. Spanish x Angora
carcasses had higher (P < .05) flank streaking scores




than meat-type carcasses, but were not difterent (P >
.05) trom Angora carcasses. Angora godt carcasses had
lower (P < .03) buckiness scores than did crosshred goat
carcasses but were not ditterent (P > ,03) from Spanish
goat carcasses. [t should be noted that for all
measurements except live weight and warm carcass
weight, differences can be accounted for by differences
in live weight or warm carcass weight.

Least squares means of percentage of  carcass
components are reported in Table 3. Meat-type goats
possessed higher (P < .05) percentages of lean and
lower (P < 05) percentages of tat for the side than did
fiber-type gpoats.  However, Spanish x Angora goat
carcasses tended to not be ditterent (P > .03) from meat-
tvpe goats for percentage of lean tor the shoulder, rack,
shortlnn, sirloin, and leg. In general, percentage of bone
was not different (P > .05) among breed-types. Ina
separate analysis of intermuscular fat, Angora goat
carcasses possessed a higher (P < (5} percentage of
intermuscular fat (as a percentage of side weight) when
compared t all other breed-types. Boer x Spanish goats
and Spanish goats were not ditferent (P > .05; Figure 1),

Table 3. Mean percentage of carcass components for feediot meat- and
fiber-type goats

RBoer Spanish
b X
Cut Component Spanish Spanish Angora Angora
Tean % 57,707 57.61° 55.12¢ 51.57
Side” Liome % 26,50 27,54 25.61 25.81
Tl 15.71% 13,404 19.27° 22,620
Lean % 61.42%  @3.30° 58,800 54,464
shouider 0 21.57 22.17 22.13 21.98
Lat % j6. 8y 14,404 18.96° 23,320
lean % 54,165 56,160 51.31°%¢ 46,724
Rack Hone 29457 30A10 2740 2507
Lat % 164194 13244 21.30° 28.00"
Lean 4 56,540 52,830 53800 46 5¢
T TV 24.40 25.27 25.23 25.87
Far % 19.08° 21.89° 20.97¢ 2800
[ean 5 3706 56415 55 (yghe 50.61¢
Srbais e g 2.0z 35.34 31,73 22.29
Fa % IR 18.25° 23,18 27.100
Lean % £2.230 62,257 60,937 58.61°
e Rone % 20.54b0 31.0th 28.95° 29,540
- Fat 7 g2t g 740 10,125 11,849

“8ide includes major wholesale cuts plus neck, breast, plate and flank.
Tpeans in the same row with different superseripts differ (P < .05)

For the retail shelf-life phase of this study, interaction
ot breed by day was not significant for lean color, surtface

discoloration, and overall appearance; however, the day
effect was signiticant. Mean scores for lean color,
surface discoloration, and overall appearance consistently
declined as number of days increased. A significant
decline was observed between d 3 and d 4 for all analyses
(data not reported), and mean off-odor score for all chops
was 3.44 (“modest™ off-odor).

Implications

The performance of the Spanish x Angora goats in
this study indicates that crossbreeding Angoras with meat-
type goats is feasible for producing goal carcasses
comparable with the Boer x Spanish and Spanish goat
carcasses. Future research should include Boer x Angora
animals to determine if this crossbreed could be an
additional option for goat producers. Breed-tvpe did not
have an effect on retail shelf-life; however, more work
needs to be done to improve shelf-life of goat meat.
Efforts also should be made to further examine other
aspects of the meat goat industry, including carcass
composition and palatability attributes.

Figure 1. Mean percent intermuscular fat, total side for
feedlot meat- and fiber-type goats.
15.34%

15 13570

% Intermuscular Fat

Boer x Spanish Spanish

. Angora

Spanizh x Angora

APeMeans with different superseripts are ditferent (P < .03)
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Carcass Composition of Market Lambs Slaughtered at Different
USDA Yield Grade Endpoints

K.D. Fritz, M.D. Menzies, C.L. Skaggs, D.S. Hale, J.D. Williams, and J.W. Savell

ABSTRACT

Ninety market lambs of commercial tfinewool (n =
30y, Suftokk {n = 30) and finewool first (F1) ¢cross (n =
30} breed wypes traced ro the same genetic background
were assigned randomly to one of five reatment groups
(n = 18) to ascertain the effects of breed and sex on
cdrcass characteristics and composition.  Lambs were
slaughtered at staggered intervals according to assigned
fat thickness range (treatment) designated by the USDA
vield grade equation. USDA yield and quality grade
factors were obtained at 48 h postmortem. The left side
of each carcass was fabricated into closely trimmed retail
cuts, whereas the right side was dissected into knife-
separable components to determine physical composition.
With the exception of bone weight, sex class had no
effect on carcass components (P > .05). In general,
within each breed group, as yield grade increased,
percentage of retail product decreased, percentage of total
subcutaneous (s.¢.) and seam fat increased, percentage of
iean and bone decreased, and percentage of internal fat
remained constant.

Introduction

[n our health-conscious society, consumers are
demanding less fat in all of the products they buy.
Today's marketing system for slaughter lambs
encourages overfattening because increases in carcass
welght and dressing percentage are rewarded by the
current pricing system. Hence, unwanted fat is
passed down the chain to the retailer and consumer.
Individuals interviewed across industry segments
listed overfinished lambs as the number one
marketing/merchandising problem (Williams, 1991).

Lamb carcasses in the U.S. are assigned, on a
voluntary basis, a numerical yield grade, which is
used to rank and classify these carcasses on an
estimation of their saleable yield or percentage of
boneless, closely trimmed retail cuts. An antemortem
evaluation of subcutaneous fat thickness at the 12th-
13th rib interface was utilized as one of the selection
tactors in this study.  Currently, this carcass
measurement 18 the only tactor used to determine the
USDA (1992) yield grade (YG).

Comprehension of fat partitioning and deposition in
sheep 1s critical because fat accounts for most of the
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variation in lamb cutability. Therefore, the objective of
this study was to determine the influence of sex class,
breed type, and yield grade class on ¢carcass composition
and retail yield.

Experimental Procedure

Animals.

This  study utilized commercial Rambouillet
{finewool), Suffolk and Finewool first (F1) cross lambs
1o characterize the current market lamb supply in Texas.
To minimize the variation present among animals, lambs
of similar genotype in each of the three breeds were
selected, with 15 wethers and 15 ewes from each breed.
The Suffolk lambs were purchased from two producers
who use the same genetic base to produce Suffolk market
lambs. The Commercial tinewool and F1 lambs were
purchased from one producer who uses the identitied
Suffolk ling in his crossbreeding program. Ninety feeder
lambs (60 to 70 Ib) were bought and transported to the
Texas A&M Sheep Center. Upon arrival, three males
and females from each breed type were assigned
randomly to one of five yield grade (Y} treaunent
groups (n = 18), devised to simulate the far thickness
ranges designated by the USDA (1992} Yicld Grade
equation.

The lambs were evaluated periodically and visually
appraised by a team of three experienced livestock
evaluators, who individually evaluated each lamb and
compared estimates of fatness before making a collective
decision. Lambs were slaughtered at staggered intervals,
when the evaluators determined that the lambs had
reached their assigned tat thickness.

All lambs were slaughtered at the Texas A&M
University Rosenthal Meat Science and Technology
Center using normal industry practices. The carcasses
were evaluated for USDA quality and vyield grade
characteristics by trained carcass evaluators at 48 h
postmortem.  Kidney and pelvic fat (KP) was not
removed during slaughter and was left intact until
fabrication.

Fabrication.

The tight side of each carcass was dissected into
knite-separable components ot subcutaneous fat, seam
tat, internal fat, lean, and bone to determine physical
composition.  The left side was tabricated into closely
trimmed retail cuts to determine the saleable yield of each



carcass, and was fabricated similar to the cutting styles
utilized by Lorenzen et al. (1995). Combined retail
product from the leg, loin, rack, and shoulder as a
percentage of cold side weight, with kidney and pelvic fat
removed, was calculated.

Statisticat analysis.

Duata were analyzed by analysis of variance using the
general linear model (GEM) procedure of SAS (1991).
A compleiely randomized design in 2 3 (yvield grade class)
X 3 (breed type) X 2 {sex class) factorial arrangement
was utilized. Due to unequal cell sizes, least squares
means, and associated standard errors, were generated.
Mean  separations were performed using Least
Significance  Difterence with a  pre-determined
significance level of P < .05,

Resolts and Discussion

Table 1 reports the means and standard deviations of
various carcass characteristics. Percentages of carcass
components by yield grade class and breed type are
located in Table 2. In general, within each breed group,
as vield grade class increased, percentage s.c. fat
increased, percentage lean trim and bone decreased, and
internal fac remained constant, Table 3 presents the least
squares means for retail percentages. YG 4 and 5 yielded
the lowest percentages of trimmed retail product and the
highest percentages ot s.c. tat (P < .05). No difference
(P > 03) in percentage of internal fat was observed
across Y groups.

These results agree with the findings ot Garrett et al.
(1990}, who reported that yield grade made a significant
difference in dissectible components and carcass retail
yield, and with Rouse et al. (1970}, who tound that as
lambs increase in weight, the biggest observed difference
in percentage deposition was fat.

Table 1. Mean carcass traits (m = 88)

Measurement Mean SD Min Max
L2th rib fat thickness, .30 A2 10 Nl
in.

Carcass weight, 1b 68.66 16,19 41).90 14.61
K fat, 4.39 1.77 1.56 11.20
Lep seore . 11.%8 1.16 10.00 14.00
Ribeye area. i< 2.32 41 1.65 385
Body wall thickness., in, R .36 18 1.%0
USDA gquality prade 11.61 107 10,00 15.00

“KP = actual percentage of kidney and pelvic fat removed before fabrication.
’Ll:g confurmation score (10 = Low Choice. |1 = Average Choice, 12 =
High Cheice, ete.).

“USDA guality grade (10=Low Choice. LE=Average Choice, 12=Iligh
Cholce. ete. .

YG 4 and 5, lamb carcassses exceeding .36 in fat depth
at the 12th-13th rib interface yielded the lowest
percentage of retail product and the highest percentage of
s.¢. fat. In order to improve consumer acceptance of
lamb, the industry must take action to produce a leaner
product, and the overfattening of market lambs must be
discouraged economically.
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Table 2. Percentage carcass Components

Breed Component{ % ) YG 1 YG2 YG 1 YG 4 YG 5
Finewoa! s.c. fat 14.60" 16.63° 17.58% 2123 20.73%
seam fat g.190 9,63 10.76® 13.132 14952
internal fat 2.518 237 3.158 112* 2,152
lean 50.39° 49.32° 47654 44.05b 43.83P
hame 13299 21142 19.67" 17.62¢ 17.6K¢
F1 s.c. fat 14.16° 17.08b¢ 18.604b 2207 23.28°
seam fal 11.12b 11.43° 11.27° 13.94° 14.29%
internal fat 2.73% 2.66° 1,742 1.76° 2.12¢
lean 50.48° 42.17° 49.02° 43.63° aznh
bote 20,730 19,75 18.51b¢ 17.54¢ 16.87¢
Sutfolk s.c. fat 12.02¢ 15.46" 18.44% 19.21° 21324
seam fat 7528 1570 12.86° 13.25% 12.62°
internal fat j.719 1.54% .01 |.6%° 7.254
jean 55,152 50.24" 46.99¢ 47.34M 43.63°
bone 22788 19.90° 18.68M 17.82° 19.27%¢
# %51 gast sypares means within a row lacking a common superseript differ (P <
05,
Table 3. Percentuge vetail compuenents
Breed Component (%) YG 1 YG2 YG3 YG 4 YG 5
Finewnol retail® 46.14° 4645 43280 42,345 40.21¢
lean 9.64* 7.56P 7.01® 6.17° 6.52b¢
bone 14.442 13.77° 13178 11.24% 10.13%
s.¢. fat 10.45¢ 11.52¢ 13.340 17.092 19.174
seam fat 74P 2.194b 2,742 3438 3.05
internal fat 1180 1.89%F 2.512 2.58% 239%
F1 retail 45.95% 45.01% 45.068 40.37° 35,728
lean %084 6.580 6.8240 6140 6.42%
hone 15.408 13.55° 12.61% 11620 10.32¢
s.c. fat 10.104 12.34¢ 12.66% 17.18% 20.358
senn fat 1.99% 2,650 1,158 417 1.58%
internal fat 1.622 2.328 2,478 2,269 2.402
Suffulk retail® 8814 47.0780 44,880 41.91¢ 41.90¢
jean 9.61¢ 7.27 6.25P 6.29% 5990
hone 13.599 13,078 11670 11.06" 12.18°
s.0. fat 7.41¢ 10.63¢ 13,790 14,83+ 16794
seam fat 43P 2417 3.152 3328 3.26°
internal fal 1.4%% 1.86" 2.26% 2.468 2,734

2. b & d pfeans within a row lacking a vommeon superscript difter (P < .05).
€ Retail — retail product from the leg, loin, rack, and shoulder as a percentage of’

cold side weight with Kidney and pelvic fat removed.
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Growth, Composition, and Palatability Traits of Market Lambs
Expressing Extreme Muscle Hypertrophy

K.J. Goodson, J.W. Savell, and R.K. Miller

ABSTRACT

Dorset x Suffolk crossbred wethers expressing 4
normal phenotype {control, n = 10) and extreme muscle
hypertrophy, or Callipyge, phenotype (CLPG, n = 9)
were fed individually and slaughtered upon reaching
maximum growth potential (approximately 12¢3 Ib).
CLPG had higher feed conversion and were more
efficient in lean deposition (P < .05). Carcass weights
did not differ, but fat thickness was lower (.12 in, vs .22
in.), ribeye area was greater (3.7 inZvs 2.5 in,z), and
USDA yield grade was improved (1.6 vs 2.6) for CLPG
carcasses (P < .05). CLPG carcusses demonstrated
higher cutability and a more desirable muscle to bone
ratio, with less fat and more lean as a percentage of total
side weight (P < .05). Muscle from control lambs had
lower calpastatin activity per gram of muscle (3.1 vs
2.3y, higher tar percentages and lower moisture
percentages (P < .05}, Surcomeres from CLPG biceps
temoris were the longest (P < .05) whereas other
muscles were similar. Total amount of collagen did not
differ between treatment; however, percent solubility was
highest in the longissimus muscle (P < .05). Shear force
values did not ditfer between control and CLPG biceps
temoris while CLPG longissimus muscle hiad higher (P <
.05) shear force values than control longissimus muscle
(7.98 vs 4,32 Ib). Biceps femoris did not differ between
control and CLPG in trained sensory panel myofibrillar or
overall tenderness or connective tissue amount ratings.
However, CLLPG longissimus muscle received the lowest
tenderness ratings (5.0, 6.1, and 4.9, respectively) and
the control longissimus muscle received the highest (P <
05; 7.0, 7.1, and 6.9, respectively). These data suggest
that while lambs expressing extreme muscle hypertzophy
are superior in efficiency of growth and composition,
quality and palatability of some muscles may be affected
negatively.

Introduction

Consumer demands are forcing all segments of the
meat industry to decrease fat and increase leanness in
products.  "The National Survey of Lamb Carcass
Curtability Traits” (Tatum et al., 1989) reported that a
large proportion of lamb carcasses were excessively fat.
In that survey, the average tat thickness at the 12th/13th
rih was 0.29 in. and over 39% of the samples were
USDA yield grade tour and five. This survey illustrated
that the 11.S. lamb industry has been moving backwards
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because the average fat thickness for lamb was 0.18 in.
in 1969 (Souwham and Field, 1969).  Individuals
interviewed across industry segments cited overfinished
lambs as the major marketing/merchandising problem
(Williams, 1991). The second most important problem in
marketing lamb was the high retail prices. These high
prices are attributed to the relatively small serving sizes.
To improve consumer acceptance of lamb products, the
lamb industry must take action to produce a leaner
product,

Recently, a genetic mutation that causes cxtreme
muscling in sheep was identitied {Cockett et al., 1994).
Market lambs that display this extreme muscle
hypertrophy phenotype, reterred to as Callipyge, are very
lean and muscular in appearance.  Whereas this
phenotype seems desirable to the producer, there remain
questions about the use of these cxtremely muscular
animals in the meat industry. With the possible benefits
from the inclusion of this phenotype into the commercial
lamb population from 4 producer standpoint, the objective
of this study was to determine the effect of extreme
muscle hypertrophy  on  animal  growth,  carcass
composition, and meat palatability characieristics.

Experimental Procedure

Dorset x Suffolk crossbred wethers expressing a
normal phenotype (control, n = 10) and extreme muscle
hypertrophy (CLPG, n = 9) were obtained and fed at the
Texas A&M University Sheep Center. Lambs were fed
2 Ib twice daily in feeding crates with individual stalls so
that feed consumption could be measured for each lamb,
Live weights were collected on each lamb every 7 d
throughout the feeding period. lambs were slaughtered
at the Rosenthal Mear Science and Technology Center
upon reaching maximum growth potential (approximately
120 Ih). To characterize the population, live weight (Ib).
hot carcass weight {Ib}, tat thickness {(in.), ribeye area
(in.%), and kidney and pelvic fat (%) were measured, and
a USDA yield grade was assigned to each animal.
Carcasses were split for fabrication of both sides and
dissection ot the left side. Fach side was fabricated into
a rough leg, loin, rack, and shoulder, neck, breast, plate,
flank, and shank. Weights were recorded tor each cut
from the left side and then cuts were separated by
physical dissection into lean tissue, fat, and bone and
heavy connective tissue. From each carcass, biceps
femoris (BF), semitendinosus (S8T), semimembranosus
(8M}, longissimus muscle (LD}, and triceps brachii (TB)



were identitied and samples excised for subsequent
analysis. Calpastatin enzyme activity at 24 h postmortem
{(Shackelford et al., 1994), surcomere length (Cross et al.,
19813, percent collagen and solubility (Cross et al.,
1973}, and fat and moisture percentages (AOAC, 1990}
were determined tor the tive muscles. Warner-Bratzler
shear torce and trained sensory panel evaluations (Cross
et al., 1978) of BF and LD were determined. Data were
analyzed using GLM procedure of SAS (1990) with a
significance level of P < .05, Unadjusted means were
reported for live animal and carcass characteristics, and
means were separated using Tukey's Studentized Range
Test (P < .05). Least squares means were generated for
chemical, sensory, and shear attributes. These means
were tested tor significance (P <C 03) using Bonferroni’s
procedure (Lenter and Bishop, 1993).

Results and Discussion

Control fambs had a lower teed conversion ratio (P <
.05} combined with higher feed consumption, indicating
they were less efficient from a production standpoint.
CLPG lambs were more efficient at depositing lean with
minimal fat while requiring less feed energy (Table 1).

Tahle 1. Mcan growth data = SE of vcontrol and Callipyge lambs

Troart Contral Callipyvge
Averape dailv gain 24+ 01 22201

Feed vonversion 42870 .02 30051 03
Daily teed intak e A5 03 340 .03
Live weight. by 1250+ 6 1153%: 9

*Traits: Average daiby gain (I d), Feed conversion (lb of teed per b of gain) and
dailv feed intake (lb vach d)
B € % foans within a row Tweking a commen superseript deller (P« 05}

Carcuss weights did not difter, but fat thickness was
lower, ribeye area was higher, and USDA yield grade
was lower for lambs expressing extreme muscle
hypertrophy (Table 2).  There was no (P > .03)
treatment by muscle interaction tor calpastatin activity;
however, there was a significant treatment eftect. CLPG
muscles had higher (P < .05) calpastatin activity levels
than control muscies (3.11 vs 2.47).  Across muscles,
those trom the leg had similar (P > .03) calpastatin
activity levels (BF = 2.64, ST = 2.89, SM = 2.64), but
the TB had the highest (P < .05) activity level (3.35).
The LD muscle had the lowest calpastatin activity (2.43)
hut did not differ in acovity from the BF and SM. CLPG
muscles exhibited a higher (P < .05) percentage of
maoisture than the control group (74.71 vs 73.74). There
was no (P < .05) treatment by muscle interaction for
total collagen amount; however, there were differences in
solubility as affected by muscle. LD had the highest per-
cent solubility while the BEF, SM, and TB had the
lowest,

&n

Tablc 2. Mean carcass characteristics and dissectable components {percent
of side weight} + SE of controf {n = 10} and Callipyge (n = 9) lambs

Trait Contral Callipyge
Hot carcass weight, 1h M2+t 7 7.0+ .7
[at thickness, in. 277 £ .05 2P+ 05
Ribeye area, in.? 25P 4 9 3.7 ¢ 6
Kidney!pelvic fat, % 1.7+ .2 1.1 +.2
USDA vield grade 260+ 2 16" + .2
Fat. % 29.0% 4 1.7 19.7 £ 1.9
Lean, % 48.5P + 1.5 60.0% + 1.6
Bone, % 166 + .6 152 £ .5

“M Means within 2 row lacking a commen superseript difter (P < 05).

Far percentages (Table 3), except for the BF, were
higher for the control muscles vs the CLPG muscles.
Sarcomeres from the CLPG BF were the longest while
other muscles were similar. Between muscles, BF and
ST had longer sarcomere lengths than SM, LD, and TB.
Shear torce values did nor differ between control and
CLPG BF. Shear force values for control LD were
lowest, but did not differ from BF. CLPG LD had the
highest shear values, but did not differ from either the
control or CLPG BF.

Table 3. Least squares means for treatment x muscle effect on sarcomere
length (z:m), fut (%), and YWarner-Bratzler shear furce (Ih)

Mlusele Conirol Callipvge
Sarcomere length (um)
Biceps femoris 1.830 1.96%
Semitendinosus 1470 182"
Semimemnbiranosus 1754 174
Longissimus muscle 177 1.72‘?
Triceps bravhii 1734 1.70¢
Eat {"a}
Biceps femoris 20 12t
Semitendinasus &,36% 2719
Sermimembranosus 34604 1.x8d
Longissimus muscle 4.07b i od
Triceps brachii 360t 23
Shear farce {Iby
Biceps {umoris 6422 697
Tongissimus muscle 4320 T.08%

#hade pfaang within a subheading lacking a common superseript ditfer (P -7 .05)

There was a treatment by muscle interaction (P < .03)
for sensory pane! tenderness and connective tissue amount
ratings (Table 4). The BF did not differ between control
and CLPG in myofibrillar or overall tenderness or tor
connective tissue amount. However, CLPG LD received
the lowest tenderness ratings, and the control LD
received the highest.  This interaction followed that
observed for shear force values.

Feed efficiency and carcass traits favored lambs
expressing extreme muscle hypertrophy. CLPG lambs
required less feed energy to produce leaner, trimmer
carcasses.  However, muscle from comtrol lambs had
lower calpastatin levels, lower shear tforce values, and
higher sensory scores. Presence or absence of the CLPG



Tahle 4, l.cast squares means for teegtment by muscle effect on sensory
attributes

Sensory attribuee® [ muscle Control Callipyge
Myofibritlar tendermess

Biceps femornis 6.2¢ 5.9¢

Longissimus muscle 7.00 5.08
Cunneclive lissue

Biceps femoris 6.0° 6.3¢

T ongissimus muscle 7.1P 61°
Overall tenderness

Biveps femorts 6.0° 6.0°

Tongissimus muscle g.ob 4,94

* Sensury auributes were tated on an eight point scale where 1 = extremely
um%h, abundunt connective tissue; 8 = extremely tender, no conneclive tissue.
b.e.8 Means within a sensory atribute lacking a common superscript differ

(P < 05,

gene had a significant effect on LD, whereas BF was not
attected.  Theretore, while lambs expressing extreme
muscte hypertrophy are superior in growth and
composition, quality and tenderness of some muscies may
be affecred negatively.
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Evaluation of Live Animal and Carcass Measurements to Predict Lamb
Carcass Composition and Retail Yield

K.D. Fritz, M.D. Menzies, C.L. Skaggs, D.S. Hale, J.D. Williams, and J.W. Savell

ABSTRACT

Lambs of simitar genotype (n = 90) from three breed
types (commercial finewool, Sutfolk, and finewool first
(F1) cross) were selected for use in this study. Three
ewes and three wethers trom each breed type were
assigned randomly to one of five yield grade treatment
groups (n = 18), devised to simulate the fat thickness
ranges designated by the USDA vield grade equation.
The lambs were evaluated periodically by a team of three
experienced livestock evaluators and a live estimation of
fat thickness, along  with  several other linear
measurements were recorded for each lamb. Lambs were
slaughtered at staggered intervals when the evaluators had
determined that the lamb had reached its assigned fat
thickness. USDA vield and quality grade factors were
obtained at 48 h postmortem. The left side of each
carcass was fabricated into closely trimmed retail cuts,
while the right side was dissected into knife-separable
components to determing physical composition.  As yield
grade class increased, days on feed and live weight
increased proportionately. A live estimation of fat
thickness was correlated to percentage retail yield and the
separable components of subcutaneous  (s.c.) fat and
scam tat. Weight ot kidney and pelvic fat (Ib removed
during fabrication) was correlated to percentage separable
seam fat,

Introduction

Demand for lamb has declined some 33 % in the past
20 yr. The projected U.S. 1995 per-capita consumption
of lamb is 1.1 Ib. This, coupled with the loss of wool
incentive payvments, puts the viability and agbsolute
survival of the sheep industry in the U.S. at a remendous
risk. The present market system does not recognize trug
carcass merit or value, but instead rewards additional
weilght and dressing percentage.

In order for the lamb industry to maintdin and
improve current market share, the ability to identify,
produce, and properiy manage lean, high cutability Jambs
must be its foremost concern,

Lamb carcasses in the U.S. are assigned, on a
voluntary basis, a numerical yield grade, which is used to
rank and classify these carcasses on an estimation of their
saleable yield or percentage of closely trimmed retail
cuts. The currem equation and measurements utilized
were changed and adopted for usage by the United States
Department of Agriculture (USDA, 1992). The current
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equation utilizes only one measurement, subcutaneous fat
thickness at the 12th rib, removing kidney and pelvic fat
(KP) and leg conformation score from consideration. The
accuracy values associated with the current yield grading
system are signiticantly lower than the values ot the
previous equation {Smith et al., 1969).

Many packers and retailers believe that the amount of
KP and the amount of seam fat in a4 lamb carcass are
closely correlated, and that removal of KP eliminates the
possibility for using that trait to predict the amount of
seam fat in lamb carcasses. The "National Lamb Market
Basket Survey” (Harris er ¢f., 1990) reported that 44 8%
of the separable far in the surveyed retail cuts was
external fat, whereas 52.2% was seam fat. This report
also concluded that "lamb retail cuts, as they are
presented to the consumer today, do not have excessive
amounts of external fat; however, there is excessive seam
fat in many retail cuts.”

According to Edwards er af. (1989). the hest
predictor of market lamb composition is still a subjective
estimate of fatness by an experienced livestock evaluator.
Other researchers have reported that linear measurements
could have value in a live animal selection program
{Cassard et af., 1969; Orme ef ¢f., 1962).

Therefore, the objective of this swmdy was 1o
determine the relationship between live animal and

carcass measurements and characteristics and lamb
carcass composition and retail yield.
Experimental Procedure
Animals.,
This study utilized commercial  Rambouillet

(finewaonl), Suftfolk and finewoo! first (F1) ¢ross lambs to
characterize the current market lamb supply in Texas. To
minimize the variation present among animals, lambs of
similar genotype in cach of the three breeds were
selected, with 15 wethers and 15 ewes {rom each breed.
The Sutfolk lambs were purchased from two producers
who use the same genetic base to produce Sutfolk market
lambs. The commercial finewool and Tl lambs were
purchased from one producer who uses the identitied
Suffolk line in his crossbreeding program. Ninety feeder
lambs (60 to 70 1bs.) were bought and transported to the
Texas A&M Sheep Center.

Upon arrival, three males and females trom each
hreed type were assigned randomly to one of five yicld
grade (YG) treatment groups (n = 18), devised to



simulate the tat thickness ranges designated by the USDA
{1992) Yield Grade equation. After a backgrounding
program (starter diet) tor 2 wk, the lambs were weighed
and evaluated for frame size and fat thickness. Lambs
were allowed to consume their diets on an ad fibitum
basis and received a constant supply of fresh water.

The lambs were evaluated periodically and visually
appraised by a tweam of three experienced livestock
evaluators, who individually evaluated cach lamb and
compared estimates of fatness before making a collective
decision. Lambs were slaughtered at staggered intervals
when the evaluators determined that the lambs had
reached their assigned tar thickness. Before slaughter,
the lambs were measured for shoulder height, heart girth,
body length, and forearm circumference, and live weights
were recorded.

All Tambs were slaughtered at the Texus A&M
University Rosenthal Meat Science and Technology
Center vsing normal industry practices.  All carcasses
were evaluated tfor USDA quality and yield grade
characteristics by trained carcass evaluators at 48 h
postmortem.  Additional carcass measurements and
characteristics were recorded.  Kidney and pelvic fat
(KP) was not removed during slaughter and was left
intact until fabrication.

Fubrication.

The right side of each carcass was dissected into
koite-separable components of subcutaneous fat, seam
far, internal fat. lean, and bone 1o determine physical
compaosition.  The left side was fabricated into closely
rimmed retail cuts to determine the saleable vield of each
carcass and was fabricated similar to the cutting styles
utilized by Lorenzen et al. (1995). The tollowing weights
and percentages were recorded tor the left side:
untrimmed primal weight = combined weight ot rough
leg. loin, rack, and shoulder; total retail product =
combined weight of closely trimmed retail product from
the deg, loin, rack, and shoulder; primal retail yield =
total retail product/untrimmed primal weight; percentage
side retail vield = total retail product/cold side weight;
and percentage side retail yield (KP out) = total retail
yield/cold side weight with KP removed.

Statistical analvsiy,

Data were analyzed by analysis of variance using the
general linear model (GLM) procedure of SAS (1991).
A completely randomized design in 4 5 (yield grade class)
X 3 (breed type) X 2 (sex class) tacrorial arrangement
was urilized.  Due 1o unequal cell sizes, least squares
means, and associated standard errors, were generated.
Mean  separations  were  performed  using  Feast
Significance  [Difference  with  a  pre-determined
significance level of P< 03, Pearson's correlation
coetficients were used w determine the relationship
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between the dependent {compositional} variables and the
independent (live animal and carcass medsurements)
variables.

Results and Discussion

Live and Carcusy Measurements.

Tables 1 and 2 report the live animal and carcass
measurements for each yield grade class.  As days on
feed increased, yield grade class, live weight, and carcass
weight also increased (P < .05).

Yield grades 4 and 3 had the most fat in the shoulder
pocket, and over the breast, sirloin, and dock and the
most KP (P < .03), as well as the greatest leg, shoulder,
and loin circumferences.

Correlation Coefficients.

Simple  correlation  coctficients  between  hive
measurements and yield grade class and retail weights and
percentages are reported in Table 3. A live estimation of
subcutaneous fat thickness was correlated (P < .001) 10
actual yield grade class (.82} and negatively correlated (P
< .001) to percentage side retail vield with KP in (- 73)
and KP out (-.72). Days on feed was correlated (P <
001) to vield grade class (.67).  Live weight was
correlated (P < .001) to actual yield grade class (71)
and weight ot total retail product (.90},

Table 4 reports the simple correlation coefficients
between carcass measurements and vield grade class and
retail weights and percentages.  Fat thickness at the 12¢h-
13th rib was negatively correlated (P < 001} to both
percentage of primal retail vield (-.63) and to side retail
vield (-.75). Fat thickness over the neck was negatively
correlated (P < .001) to pereentage of primal retail vield
(-.61) and 1o side retail yvield (-.73). Yield grade class
was negatively correlated to percentage side retail yield
(-.73). Although carcass weight was correlated (P <
001) to weight of retail product (.97 and to vield grade
class (.71}, it shared 4 negative correlation (P < 001}
with percentage primal retail yield (-.34).

Table 5 reports the correlation coetficients between
live measurements and side dissectable components.
Estimated fut was negatively correlated (P < 001} w
percentage lean (-.59}, and percentage bone {(-.67), and
correlated (P < .001) to pereentage s.c. fut {58) and
percentage seam fat (.65). Days on feed was correluted
(P < 001) to percentage s.c. tat ((30) and percentage
seam fat (60, Live weight was negatively correlated (P
< .001) to percentage lean (-.53) and percentage hone
{-.35) and correlated (P < .001) to percentage seam {69}
and percentage s.c. tar (.48).

Table 0 presents the correlation coefticients between
intact  carcass  measurements  and  side  dissectable
components. Probe fat at the 12th-13th rib was correlated
(P < .001) to pereentage s.c. fut ((68) and percentage



seam fat ((70), Carcass weight was negatively correlated
(P < .001) to percentage bone (-.59) and correlated (P
< 001y to percentage percentage s.c. fat (.43) and
percentage  seam  (.71). Leg, loin, and sirloin
circumferences were negatively correlated (P < .001) to
percentage lean and correlated (P << .001) to percentage
seam and s.¢, tat.

Lambs fed to fatter live endpoints required more days
on feed and additional pounds in live weight. A live
estimation of s.¢. fat thickness at the 12th rib was
significantly related to percentage of carcass components
and percentage retail yield. Intact carcass measurements
oftered  similar correlation  coetficients  with  these
COMpPONENtS.

Implications

Today the consumer dictates demand for red meat
products, and the consumer wants a lean, unitorm,
convenient product.  Overfat lamb carcasses and
uniformity are still major problems haunting the lamb
industry. The production of leaner slaughter jambs may
provide an opportunity to improve lamb merchandising.
This must be accomplished for the lamb industry to keep
stride with competitive meat products,
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In spite of the many challenges tacing the U.S. lamb
industry, consumer preferences and true product value
have not been clearly communicated through the
marketing chain back to the producer. Selection tor
leanness in market lambs must be emphasized and justly
rewarded.
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Tahle 1. Least Squares Means (SE) for live animal measurements for each yield grade

YG 1 ¥G2 YG 3 YG 4 YG 5
Measurement (n=11} {n = 30} n=16) {n = 22} n=9
Frame score! 2.08 2.01 1.494 2.08 2.16

{14 (.08} (11 (.08) (.14}

Days ou feed 60.16° 75.58° 105140 168,822 186,675

(17.013 (9.48) (13.82) {10.76) (17.68}

Average daily gain, .298 320 .352b 412 _3geb
Ibiday (.08 (.03) {.04) (03 (.05)
Cstimated fat. in. 1 200 kil Al® 448
(.03 (.02 (.02 .02 (.03

Hean girth. in. 12.32 31.69 33.65 34.22 35.46
{1.57 {.88) {1.28) (1.07) (1.81}

Heiglyt, in. 26.430 289950 26,072 3.572 3,79
(1.46) (.82) {1.19) (9% (1.68)

Length. in. 25.88 26.21 26.79 28.33 28,88
(.53) 30 (44) (.36) {.62)
Forearm circumference. in. 8.58P 8,620 8850 9.32¢ 9,29
(.26 {15 {213 (18) (.29

Live wt, Ih 100.06¢ 110.90¢ 124.74° 143 484 151,76
(1.99) (1.28) (1.77) (1.45) (2.28)

&Pt SMeans within rows with different superscripts differ (P < .085).
9 Frame score {1 = Small Framed, 2 = Average Framed, 3 = Large Framed).
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Table 2. LS8Means (SE} for intact carcass measurements for each yield grade

YG 1 YG2 YG 2 YG 4 YG 5
Measurement (n=11) (n = 30) (n=16) (n = 22) n=09
Carcass wt. |b 52.70° 59,24 58.79° 81.55° #7858
(3.24) {1.81) (2.63) {2.05) (3.37)
Prove far, in.” 14¢ 234 300 380 .51#
(02) (01 (.01 {.on (02}
Shoulder pocket, i, AT 5P .59b _81® B3
(.06 (.03) (.03) {.04) {.06)
Beeast. in, 88> 91° .99t L1138 1220
(.06) (.04) (.05) {.04) (.06)
Neck. in. 1.60P 1728 2.07 2.36° 237
(.15 (.08} (12) .09 (15
Sirloin, in. 27 .33¢ AP 508 528
(.04) (.02) (.03} (02) (.04)
Duck. in. .a2b 4k 4e? 628 65°
(.05 (.03 (.U4) {.03) (.06}
Leg conformation 12.24 11.86 12.18 11.68 11.68
seorck {.26) .16} (.23} (.18} .29
Leg circum., in. 26.55° 27.58¢ 28890 25.94% 30.33%
(.47 (.26 (.38) {.30) (.49)
Lep width, in. fo.51h 10.56" 110 11218 11.36%
(.24) Nk (19 (15 (24
Shoulder 3].43° 32.52¢ 34.06° 35.67% 36.35%
circumference. in, {.52) .29} .43y 3% (.55
Luin circumlerence. in. 30,42°¢ 31.65° 33.25" 34,6300 15 .54
€79 (.44) (.65 (.50 (.83
USDA quality grade? 11.40 11.26 1.7 12.06 11.83
(.31 {19} (27 (.22) {.36)
KP, kgl 1.58¢ 2.7 3.10° 4.18° 5.28%
(.16) {10y (.13) (113 {.18)

ab. e 9 € T Shfeans within rows with different superseripts differ (P < .05).

[Probe fat is measurement at the 12¢h-13th rib interface.

g Leg conformation score (10 = Low Choice, 11 = Average Choice, 12 = High Choice. eic.).

R USDA guality grade (10 = Low Choice. 11 = Average Choicg, 12 = High Chaoice, etc.).
VKP = Ibs of kidney and pelvic fat removed poor to fabrication,
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Table 3 . Simple correlation coefficients between live measurements and yield grade class and side retail product weights and percentages

Yield grade  Untimmed primal Total retail ~ Primal petail % Side retai! % Side retail yield
Measurement clags wl, b product, Ib yield, % yield® % {KP outib, %
Estimated fat. in. N 7AM el i 5B - -
Frame score® 06 14 16 -12 -13 - 11
Days on feed N Yk 70 G - 33w - -
Heart girth, in. 24" AQ it Ak -.05 - 17 -16
Length, in. 54 T4 i =20 -
Height, in. 4O 3T i -23* - 35w -
Forearm ¢ir, in. 28 N Tha el =01 -.2a* - 28*
Live wt., Ib e 95> GQ** - - -

1 % side retail yield is equated from the total retail product weight from the four major primais as a percentage of cold side weight,
Y % side retail yield (KP out) is equated from the retail product weight from the four major primals as a percentage of cold side weight with

kidney and pelvic fat removed.

¢ Frame Score {1=S$mall Framed, 2 =Average Framed, 3=Large Framed).

* P« 05
** P01
*eE P o< 00

Table 4. Simple correlation coefficicnts between carcass measurements and yield grade ¢lass aod retail product weights and percentages

Yield grade l.[ntrimmcd Total retail Prim:}l retail % Sid_e retajl % Side retail g’ieg[{d
Mcasurement class  primal wt, Ib product, Ib yield, % yield® (KP out)™
Probe fat, in 98 e : 56** - - -
Carcass wt. |b Tk Qe LGT* - - -
Leg score - 21 20 32w 3 20 .14
Shoulder, in. T G2 (GO = 35w - -
Breast. L. e ST 51 - 30w - -
Neck , in. T4 Sl LAGws - -
Sirloin, in. o5 62 54 - - -
Daek, . e Sl 46 - -
Leg cir, in. 5o Qg Qg -18 - -
Leg width, in. e T T .04 =17 -.18
Shoulder cir, in. e RS 9. - - -
Lotn ¢ir . in. H0* B4 Bl =29 - -
KP, It Bk 53w N7 AL - -
KPP. % g 28w 20 - - 55>

 Carcass measurements. Probe fat is measurement at the 12th-13th 1ib interface. KP = kg of kidney and pelvic fat. KPP = % kidney and

pelvic [at,

Y % side retail yield is equated from (he total retail product weight from the four major primals as a percentage of cold side weight.
© % side retail yield (KP out} is equated from the retail product weightfrom the four major primals as a percentage of cold side weight with kidney and

pelvic fat removed.
* < 05

** POt

kP 001
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Table 5. Simple correlation coefficients between live measurements and percentage side dissectable components of lean, bone and fat

Measurement Lean, % Bone, % S.c fat, % Scam fat, % Internal fat, %
Estimated fat, in. - T LG5 =08
Framne score® - 12 11 -03 17 -4
Days on feed - - 3G+ Gl -.14
Heart girth. in. 10 -.28 -.08 \25% =07
Length. . A2 - A AT -14
Height. in. i1 47w .24 -03
Forearm cir, in. -2 =23 .21 3T -.20
Live weight. b - - 48 Y =22

A Frame score {1 = Small Framed. 2 = Average Framed, 3 = Large Framed).

* P05
** P 0]
e P o< 001

Table 6, Simple correlation cocfficicnts between carcass measurements and percentage side dissectable componeats of lean, hone and fat

Measurement Lean, % Bone. % 8. fat, % Seam fat, % Iniernal fat, %
Probe fal. in - - LGB 59 -
Carcass wi. Ib - - 43 Tl -.24
Leg score 43+ 04 -05 -.33
Shoulder. in, - - LAt 5T -13
Hreast, in. - BA. bl 32w A5%* - 13
Week |, - L ) -
Sitlein, . - 3y 54 -
ook, L - 33w - 34w g2 -2
Leg cir. in. - 34 KAl =30
Leg width. in. - 16 - 35 Al deTE -.24
Sheulder circum.. in. - - 45 ek e -.18
Lot cireurmm, .o - - 3R ik - 12
EP I - g g =01
KPP, % - - A2 53 13

® Carcass measurernents.  Probe fat is measurement at the 12th-13th rib interface. KP = kg of Kidney and pelvic fat. KPP = % kidney

and pelvic tat.

b 1 side retail yield is equated from the total retail product weight from the four major primals as a percentage of cold side weight.

Coa
removed.

= P < 03
*=* Po
== P 0
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Influence of Various Marketing Styles of Wholesale Lamb on Retail
Merchandising Options

C.L. Lorenzen, A.M. Martin, D.B. Griffin, J.P. Walter, T.R. Dockerty,
H.K. Johnson, and J.W. Savell

ABSTRACT

Lamb carcasses (n = 94} from four major packers,
selected to vary in weight class and fat thickness, were
utilized to determine retail yield and labor requirements
of wholesale lamb fabricated to different retail endpoints.

It can be concluded that retail yield decreases and total
processing time increases for innovative versus traditional
fabrication methods when a comparison is made within
subprimal. When wholesale purchasing options were
compared, total retail yield did not differ (P > .035).
Boxed subprimals had a shorter (P < .05) total
processing time than lambs fabricated as whole carcasses
or three-piece boxes. Increasing time required to perform
innovative processing procedures would dictate that
retailers increase price per pound to compensate for loss
of time and yield. Lamb Computer Assisted Retail
Decision Support (CARDS) software can assist retailers
in determining estimates ot what those numerical values
may actually be.

Introduction

Lamb is currently sold as traditional, bone-in retail
cuts which are presented to the consumer with little
external fat cover (Harris et al., 1990). However,
wholesale lamb can be purchased as a traditional carcass,
4 3-piece boxed carcass, or as innovative, vacuum
packaged subprimals. Although yields of innovative and
traditional subprimals have been investigated (Garrett et
al., 1990, 1992), little information exists for innovative
and traditional retail fabrication comparisons. With the
trend for meat sources to move to boneless retail cuts that
are more consumer triendly, this study was conducted to
investigate the salable yield of retail cuts from ditferent
wholesale lamb purchasing methods, and to use that
information to develop a Lamb CARDS (Computer
Assisted Retail Decision Support) software package.

Materials and Methods

Lamb carcasses (n = 94) from four major packers,
selected to vary In weight class and far thickness, were
utilized 10 determine retail yield and labor requirements
of wholesale lamb. Carcasses were shipped to Texas
A&M University to be fabricated in a simulated retail
cutting room by experienced meat cutters from Texas
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State Technical College. Lambs were allorted randomly
according to weight class to be fabricated as whole
carcasses (n = 20), three-piece boxes (n = 22), or
subprimals (n = 52). Processing times (s) were recorded
and wholesale and retail weights (kg) were obtained to
calculate  retail  yield, Lambs, regardless of
merchandising option, were fabricated into

traditional, bone-in retail cuts, or innovative, boneless or
semi-boneless retail cuts.

Results and Discussion

Overall, retail yield decreased and processing times
increased as lamb subprimals were fabricated to a
boneless or semi-boneless, inmovative endpoint when
compared to bone-in traditional retail cuts (data not
shown in tabular form). Retail yield did not differ (P >
.05) among wholesale purchasing methods (Table 1).
Lambs purchased as subprimals had shorter (P < .05}
total processing times than lambs tubricated as whole
carcasses or three-piece boxes (Table 2).

Table 1. Comparison of tetal retail yield (%) by purchasicg method

Purchasing method Retail yietd, %

Carcass 727
Three-piece box 729
Subprimal 68.5

Table 2. Comparison of total procussing times (min) by perchasing wethod

Purchasing method Processing time, 1m

Carcass IK.E5
Three-piece box 37.00
Suhpritnal 23.33

Increasing time required to perform  innovative
processing procedures would dictate that retatlers need
determine the amount they must increase price per pound
to compensate for the loss of time and yield. This must
also be evaluated with consumer expectations tor meat
products in terms of leanness and ease of preparation. In
addition, the lack of difference in retail vield by
merchandising option would indicate that tetailers should



make purchasing decisions based on the product mix in
the retall case. Data trom this project has been used as
the hase for the Lamb Computer Assisted Decision
Support {CARDS) sottware which aids retailers in making
purchasing and marketing decisions. Lambs CARDS
allows tetailers to make comparisons of purchasing and
marketing apportunities on 2 computer instead of by trial
and error. [t also encourages retailers to collect and use
their own data to make dependable buying and marketing
decisions.
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