Foreword

The 2000 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 communicate results to the public as rapidly
as possible. More detailed information on any subject in this report may be obrained by
contacting the responsible scientist(s) directly.

Sheep and goat research in Texas is a consolidated effort involving scientists working
at College Station, San Angelo, Sonora, Uvalde, and other research sites. These scientists
maintain close communication with scientists atother 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.

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.
The current drought in West Texas has had a significant impact on sheep and goat
numbers in the State, but when the rains return, the land will once again be best utilized
when properly stocked with sheep, goats, and cartle. Since our last progress report, the
section 201 import restrictions on foreign lamb imports has resulted in favorable lamb
prices. There are about two years left in this import quota, at which point the U.S. sheep
industry will need to have made adjustments to successfully compete with the imports.
One way they will be able to accomplish this is to implement an appropriate combination
of production technologies — many of which are presented in this and previous progress
reports — to increase their efficiency of production. There are many opportunities to
expand this industry by using sheep and goats as part of an integrated pest management
strategy to help manage brush and weeds. As 1 like to point out at every opportunity, you
can import the commodity, but you cannot import their impact.

John Walker, Resident Director of Research
Texas A&M University Agriculrural Research
and Extension Center at San Angelo
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Heritability of Dietary Selection of Mountain Big Sagebrush
(Artemisia tridentata Nutt. ssp. vaseyana (Rydb) Beetle) in
Rambouillet Sheep

G.D. Snowder, J.W. Walker, K.L. Launchbaugh, and L.D. Van Vleck

ABSTRACT

The heritability of diet selection for mountain big sagebrush (Artemisia tridentata Nutt.
ssp. vaseyana (Rydb) Beetle) by grazing sheep was estimated from fecal samples collected
from 549 Rambouillet ewes. Fecal samples were collected in September and October
during 1996 and 1997 from free-grazing ewes on intermountain sagebrush-bunchgrass
rangelands at the U.S. Sheep Experiment Station in Idaho. The total number of fecal
samples was 1,949. Fecal samples were evaluated for composition of big sagebrush by
near-infrared spectroscopy. Percentage sagebrush in the diet was less in September than
October (21.6 vs 31.7 %, respectively). Heritability estimates were similar between
September and October sampling (0.25 and 0.28, respectively). The genetic correlation
between September and October percentages of sagebrush in the diet was high r; =
0.91), implying that there is strong genetic similarity between September and October
measurements and that an annual measurement may be sufficient for selection. These
results contribute to a greater understanding of dietary preferences in freely grazing
sheep, and suggest opportunities to improve production efficiency and forage
management throﬁﬁgh selection for dit:ﬂ Prcfcrcnccs.
Sheep and Goat, Wool and Mohair CPR 2000:1-9

Introduction

Selection has long been used to develop different livestock breeds for production
characteristics (milk, meat, fiber), behavior, color, size, and resistance to disease, pests, or
environmental extremes (Lasley, 1987). However, to our knowledge, herbivores have not
been purposefully bred to modify their diet characteristics. Selection and breeding of
animals for specific diet characteristics could be used to develop herds and flocks of
livestock for vegetation management such as weed control or improved forage utilization.
Understanding inherited limitations of diet flexibility is important in designing
interventions to boost animal nutrition and production even if selective breeding is not
employed.

Although it is well established that species of livestock differ in diet selection (Grant
etal., 1985), much less is known about the effect of variation within species. Two studies
with limited numbers of observations have shown a significant sire effect for the botanical
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composition of diets of free-grazing goats (Warren et al., 1983) and cattle (Winder et al.,
1995).

The ability to modify diet selection by genetic selection deserves more attention
because of the advantages of permanently incorporating the desired changes into an animal
population. The objective of this study was to estimate the heritability for the percentage
of mountain big sagebrush (Artemaisia tridentata Nutt. ssp. vaseyana (Rydb) Beetle) in the
diet of Rambouillet sheep.

Materials and Methods

This research was conducted at the U.S. Sheep Experiment Station located 6 mi north
of Dubois, ID (112° 10'W, 44° 21'N) which is a research unit of the USDA Agricultural
Research Service. During the study, sheep grazed on sagebrush-grasslands that have been
typically used as spring and fall range.

Animals and Management

This study estimated percentage sagebrush in the diet of Rambouillet sheep, a typical
western white-faced fine-wool sheep breed. Percentage sagebrush in the diet was estimated
for 549 ewes over 2 years in an unbalanced repeated measures design. The ewes originated
from 100 sires. Live body weight of the animals averaged 158 to 164 b (Table 1). Data
were collected on the same animals in both years, resulting in a higher average age of the
ewes in the second year (Table 1). Slightly fewer animals in the second year of the study
reflects normal culling and death loss. Three genetic lines within the Rambouillet breed
were considered for statistical analyses. Ewes are bred to single sires within selection lines.

Table 1. Average age (= SD), body weight and number of observations on Rambouiller ewes

samglcd in chtcmbcr and October of 1996 and 1997

Number of observations

Year Age, yr Live wt, Ib September October Toral

1996 26%15 158 + 18 543 540 1083

1997 34x13 164 + 16 435 431 866
Sagebrush Grassland

The study was conducted on sagebrush bunchgrass communities predominated by
loam-type soils dominated by mountain big sagebrush (Artemisia tridentata Nutt. ssp
vaseyana; 15 to 45 % composition by weight). Other abundant woody species included
threetip sagebrush (Artemisia tripartita) and bitterbrush (Purshia tridentata). The dominant
herbaceous plant was bluebunch wheatgrass (Pseudoregneria spicata; 20 to 40 %
composition by weight) with other grasses including Idaho fescue (Festuca idahoensis),
sandberg bluegrass (Poa sandbergii), and thickspike wheatgrass (Agropyron dasystachyum).
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Grasses contributed 50 to 60 % of the annual forage biomass and though dormant by the
time of the study, they still constituted most of the available biomass. Forbs contributed
10 to 20 % of the annual forage biomass and consisted mainly of arrowleaf balsamroot
(Balsamorbyiza sagittata) tapertip hawksbeard (Crepis acuminata), velvet lupine (Lupinus
lewcophyllus), and dozens of other species in trace amounts. By fall, when the trial was
conducted, the forbs had senesced and decomposed and were largely unavailable.

These rangelands were grazed by ewes and their lambs under herded conditions in the
spring (May and June) and again by the ewes after fall weaning (September and October).
Although ewes were under constant surveillance of a herder, they had free access to the
vegetation. (razing constraints related to diet selection imposed by the herders were
considered minimal because sheep were moved frequently (generally every 2 to 4 d) to new
grazing sites within the rangeiand (7,800 ac). The frequent moves prevented overgrazing
and allowed the sheep free choice among existing vegetative species; therefore, diet
selection for sagebrush was considered to be based on an individual animal’s choice rather
than being influenced by grazing pressure or forage availability. Average annual
precipitation for the study area is 13 in.

Fecal Sample Collection and Analyses

Percentage sagebrush in the diet was determined by analysis of fecal samples with near
infrared reflectance spectroscopy (NIRS) according to the procedure of Walker et al,
{2000). Fecal samples were collected from the rectum of each ewe on 2 consecutive days
in September and again in October. Fecal samples were collected mid-morning on
September 24 and 25 and October 8 and 9 in 1996 and 1997. Within 6 h of collection,
samples were dried in a forced air oven at 130° F for 48 h. Duplicate dried fecal samples
were composited by individual animal within sampling month and year and stored at room
temperature in paper bags.

Statistical Analyses

The statistical difference between September and October percentages of sagebrush
in the diet was tested using the Tukey-Kramer method with the GL.M procedure of SAS
(1989). The model was an unbalanced repeated measures design. Samples from ewes were
collected across months and years but not all ewes were present in both years or samples
could not be collected. The fixed effects included months (September vs October), year of
collection (1996 and 1997), genetic selection line (wool, maternal, and random control),
and age of the ewe (2, 3, and >3 years of age). Body weight of the ewe at weaning was
included as a linear covariate.

Genetic analyses of the data required identification of the genetic relationships among
all ewes in the study. This was accomplished by using the MTDFNRM subroutine
procedure found in the computer programs of Boldman et al. (1993). The genetic
relationship matrix was generated from the Rambouillet pedigree file from 1975 to 1997
totaling 3,261 animals from 404 sires and 1,953 dams. The average inbreeding coefficient
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was small (1.9 %); therefore, the effects of inbreeding on percentage sagebrush in the diet
were assumed to be negligible.

Variance components for September and October percentages of sagebrush in the diet
were esttmated using a single- and two-trait statistical analyses. The two-trait analysis
estimated genetic and environmental correlations between the sampling periods of
September and October. Estimates of variance and covariance components were obtained
using a derivative-free REML algorithm (Graser et al., 1987) with the computer programs
of Boldman et al. (1993).

Single trait analyses were performed for each month of collection (September or
October). The model included as fixed effects: year of collection (1996 and 1997), genetic
selection line (wool, maternal, and random control), and age of ewe (2, 3, and >3 years
of age). Body weight of the ewe at weaning was included as a linear covariate. Random
effects included additive genetic effect of the ewe and permanent environmental effect of
the ewe due to repeared measures. Because estimates of additive genetic variance
component for percentage sagebrush in the diet were previously unknown, prior values for
the analyses were initially based on a heritability estimate of 0.3 reported for diet selection
in goats (Warren et al., 1983).

A two-trait analysis was performed to determine the genetic relationship between
September and October percentages of sagebrush in the diet. The model included effects
identical to those in the single trait model plus all possible covariances between additive
genetic and permanent environmental effects for the two sampling periods.

Results and Discussion

Estimates of average percentage sagebrush in the diet as measured by NIRS on fecal
marter did not differ across years of collection (P = 0.56; Table 2) but did differ berween
months of collection (P = 0.001). Sagebrush represented 21.6 % of the diet dunng
September and increased to 31.7 % in October. All ewes consumed some sagebrush. The
range berween minimum and maximum percentage sagebrush in the diet was a two to
three-fold magnitude.

Sagebrush has frequently been reported as an important forage plant for sheep. Cook
et al. (1948) reported that Rambouillet sheep consumed 38.6 % sagebrush type browse
in the northern central Utah mountains where sagebrush cover was esumated at 34 %
during summer grazing (mid-July to mid-September). On sagebrush-grass rangelands
where browse constituted 50 % of the herbage production big sagebrush comprised only
5 % of sheep diets from September to April (Cook and Harris, 1968). The higher
percentage sagebrush in October compared to September diets was consistent with the
generally observed increase in browse utilization by sheep as the season progresses on
intermountain rangelands (Cook and Harris, 1968). The increased percentage sagebrush
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in the diet presumably represented the increased value of this forage compared to other

alternatives as the scason progressed (Newman et al., 1995).

Table 2. Mean (£ 5D), nunimum and maximum percentage sagebrush (Avzemisia tridentata) in
the diet of Rambouillet ewes

September October
Year Mcan Min, Max, Mean Min, Max.
1996 234+ 24 17.4 319 327+ 2090 237 423
1997 195 + 2.6 10.3 284 304 + 25" 23.6 39.6
Total 2l.6 = 3.2° 10.3 319 317 = 3.0° 23.7 423

*"Within a row, means without a common superscript letter differ (P < 0.05).

Percentage sagebrush in the diet was not different among Rambouillet selection lines.
Estimates of variance components from single trait analyses were similar to those from
bivariate analysis; therefore, only estimates from the bivariate analysis are presented in
Table 3. Heritability estimates were similar for September and October sampling periods
(0.25 and 0.28, respectively). In a 2 yr study that investigated the heritability of diet
selection of Spanish goats based on half-sib analysis of 155 goats from 14 sire groups in
western Texas, Warren et al. (1983) concluded there was no sire effect for the preferred
forage species. However, the average heritability for percent dietary composition of the
non-preferred forage species was 0.30. Winder etal. (1995) investigated the genetic aspects
of diet selecrion of Brangus cows in the Chihuahuan desert in New Mexico. They found
significant sire effects for botanical composition of several plant species or genera in fall
diets but not in winter or summer diets. Their heritability estimates, derived from a small
number of sires (n = 12), ranged from 0.51 to 0.87 with large standard errors of abourt
0.5. Heritability estimates in our study were based on 1,949 diets from 549 ewes out of
100 sires. By comparison, herirability for weaning and yearling weight in ancestors to the
sheep in this study were 0.45 and 0.57, respectively (Ercanbrack and Price, 1972).

Environmental effects represented approximately 70 % of the phenotypic variation
each month. The large contribution of environmental effects to the variance for diet
composition was expected because of the many biological factors influencing big sagebrush
availability and palatability. The correlation between September and October
environmental, or residual, effects was small (r = 0.16) inferring little overlap of
environmental effects between the 2 months. Permanent environmental effects attributed
to repeated observations on ewes were small and made up less than 4 % of the phenotypic
variance.



Table 3. Estimares of components of variance and fractions® of total variance for percentage sagebrush
in the diet in Rambouillet sheep from bivariare analysis

Month o’ | o, ol “Gﬁ Ihz _pf:z ¢
Septeruber 1.57 0.00 4.79 6.36 0.25 (.00 0.75
October 2.02 0.27 5.04 7.34 0.28 0.03 .69

"o?, additive genetic variance; 0]2\,_, permanent environmental variance; ¢, residual variance; Uﬁ, total
variance; h?, fraction of total variance represented by o2; pe?, fraction of rotal variance represented by o?;u;
¢’, fraction of toral variance represented by o?.

Genetic correlation between Seprember and October meakes = 0.91.

Permanent environmental correlation = 0.00. Residual correlation = 0.16.

The genetic correlation between September and October percentages of sagebrush in
the diet was 0.91. A genetic correlation greater than 0.85 strongly infers that the two traits
are genetically similar (Robertson, 1959). Therefore, percentage sagebrush in the diet
appears to be genetically similar between September and October although October’s
average percentage sagebrush in the diet was one-third greater than in September.
Response to selection for percentage sagebrush in the diet should not differ whether
genenc selection is based on observations made in September or in October. Also, the
correlation between the random permanent environmental effects of the ewe was
inconsequential (r = 0.003), indicating that the non-genetic effects associated with the ewe
across sampling months were not important.

Genetic influences on diet selection have been investigated in mice (McClearn and
Rodgers, 1961; Lush, 1981), humans (Krondl et al., 1983), goats (Warren et al., 1983),
and cattle (Winder et al., 1995). However, genetic mechanisms affecting diet selection are
only beginning to be understood. Studies are indicating that genes play an important part
in physiological mechanisms affecting food preferences such as taste sensitvity, enzyme
deficiencies associated with nutrient intolerance, and detoxification of chemicals. Studies
in mice have demonstrated that genetic influences on dietary intake can be addirive,
recessive, dominant, or pleiotrophic (Bachmanov et al., 1996, 1997). Gene mappings are
identifying loci in mice associated with the neural response to sensory taste factors for
several chemicals including sweetness of the amino acid phenylalanine (Nimomiya et al.,
1991), saccharin, sucrose and quinine (Blizard et al., 1999). In humans, genetic factors
influence dietary preference via taste sensitivity. Acceptance or rejection for broccoli by
humans has been linked to strong genetic influences on taste sensitivity to its bitter flavor
associated with phenylthiocarbamide (Krondl etal., 1983). Genetics have also been found
to influence preference for hamburger, cottage cheese, chicken, and orange juice by
humans (Falciglia and Norton, 1994). In humans, the inability to digest certain foods has
been linked to genetic influences on enzyme deficiencies; the most well known human
enzyme deficiency being lactase (Lisker, 1984) but may also include fructose intolerance
and galactosemia. Research to identify such genetic factors influencing the grazing
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ruminant’s preference is needed with potential application in animal nutrition, forage
utilization, and biclogical control of noxious weeds.

In a practical sense, the heritability estimate for percentage sagebrush in the diet (0.25
to 0.28) is moderate, inferring that the trait will respond to selection pressure. The rate of
response depends upon the selection pressures placed on the trait. A one percentage point
increase of sagebrush in the diet per generation can be achieved when 20 animals out of
a population of 100 are selected for breeding based upon their October percentage
sagebrush in the diet (where selection intensity = 1.4, standard deviation of October
sampling = 2.7, and October heritability estimate = 0.28).

The concept of diet selection as a heritable trait is relatively new (Walker, 1995;
Launchbaugh et al., 1999). Selective breeding for diet selection characteristics could be
used to improve the value of livestock for vegetation management. Use of livestock to
contro) undesirable plants is dependent upon their unilizing the target plant at a level that
will place that species at a competitive disadvantage relative to other plants in the
community. For example, sheep grazing is routinely used to help manage leafy spurge
(Euphortia esula L.; Johnston and Peake, 1960) and three-tip sagebrush (Artemisia
tripartita Rydb; Laycock, 1967).

As the economic and social importance of noxious weeds increases, use of livestock
to help control these weeds can become an important selection criteria for breeders. In the
U.S., the annual cost of controiling noxious weeds and lost production as a result of weed
infestation is estimated to be $12 billion (Babbitt, 1998), compared to a total estimated
value of sheep and lambs of $640 million (USDA-NASS, 1999). Thus, the direct cost of
noxious weeds is 18 times greater than the total value of the sheep industry. Although
sheep may never be the sole solution to the noxious weed problem, if they reduced it by
only 5 %, they would double their total economic value.

Implications

This study confirms that genetic factors significantly influence the dietary preferences
of grazing sheep for a single plant species, mountain big sagebrush (Artemisia tridentata
Nutt. ssp. vaseyana (Rydb) Beetle). Selective breeding to manipulate dietary preferences
of ruminants may lead to improved animal production by producing animals with inherent
preferences for more nutritional plants. Genetic manipulation of dietary preferences for
target plant species may also result in more desirable forage utilization and biological
control of noxious plants. Whereas ruminants have long been utilized as harvesters of
forage, our perspectves could change to that of greater utlization of ruminants as
managers of forage through their selective dietary preferences. The ultimate value of sheep
production in the U.S. may depend on the sheep’s ability to ecologically control the $12
billion cost of noxious weeds.
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Mechanisms of Vitamin D; on Tenderness of Lamb

C.T. Boleman, W.S. Ramsey, R.K. Peel, and J.W. Savell

ABSTRACT

The objectives of the experiment were to determine the delivery system of vitamin D;
(VITD) on Ca blood serum and 2) whether VITD supplementation improves Warner-
Bratzler shear (WBS) values of chops from the longissimus lumborum (LL), semitendinosus
(ST), sewmimembranosus (SM), and biceps femorss (BF) from each of 40 carcasses. Forty
feedlot fambs were assigned randomly to one of two treatments of a control (CONT)
(n=20) or 750,000 TU of VITD (n=20) and fed in a mock feedlot environment for 4
d before slaughter. There were no differences (P > 0.05) for ionized blood Ca levels
in blood serum. Vitamin D; content in livers and kidneys differed (P < 0.01) berween
VITD vs. CONT (livers - 504.54 vs. 27.13 and kidneys - 1530.20 vs. 21.18 ng/g
vitamin D;). Carcasses from VITD treated lambs had less (P < 0.05) average fat
thickness (AFT) (0.27 vs. 0.33 1n) and an increase (P < 0.05) in overall conformation
score (OCS). The four muscles were removed, fabricated into chops, and assigned
randomly to a postmortem aging day of 5 (AGS), 10 (AG10), or 15 (AG15) for WBS
determination. Chops from the LL did not differ (P > 0.05) for WBS values for CONT
vs. VITD for all aging davs; however, chops from the SM and ST had (P < 0.05) lower
WRBS values for VITD vs. CONT at 5 d aging. No other day differed for WBS values.
Activation and acceleration of calpain dependent proteases could be responsible for
lower WBS values for AG5 chops however, VITD regulators arc most likely preventing
VITD from increasing Ca levels in blood.

Sheep and Goat, Wool and Mohair CPR 2000:10-18
Introduction

Several researchers have reported that injecting calcium chloride in lamb primals after
slaughter resulted 1n acceleranion of postmortem tenderization and increased overall
tenderness (Koohmaraie er al., 1989, 1990; Koohmaraie and Shackelford, 1991; Clare et
al., 1997). This effect on tenderness is thought to be a result of calcium dependent
proteases (CDP), m and g calpains, degrading the z-line in the muscle cell. These CDP's
are thought to be accelerated when calcium can be placed into the muscle in greater
quANTItICs.

Studies have beent performed to evaluate the clevation of serum calcium in blood on
lactating dairy cows with low blood calcium through the supplemcntation of 5.0 or 7.5
x 10° IU of vitamin D; (VITD) 1o aid in the prevention of milk fever (Hibbs et af., 1946,

10
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Hibbs et al., 1951; Hibbs and Pounden, 1955). These authors indicated that
supplementing VITD to dairy cows prepartum for 7 to 14d resulted in increased serum
calcium in the blood.

Recent studies have been performed to evaluate the effects of supplemented or
bolused VITD on beef tenderness (Montgomery et al.,1997; Swanek et al., 1999; Hill et
al.; 1999; Scanga et al., 1999) and one study evaluating pork (Enright et al., 1998) with
the premise of supplementing VITD in large amounts increase calcium because VITD
functions as a regulator of calcium and is required for active absorption of calcium
(DeLuca, 1979). These studies have revealed conflicting reports. Montgomery ct al.
(1997) and Swanek et al. (1999) concluded that VITD could be responsible for increased
tenderness of beef due to the activation of calpain proteases. However, both Hill et al.
(1999) and Scanga et al. (1999) showed no differences in tenderness comparing the
control vs. treated,

The present experiment was conducted to determine the effectiveness of
supplementing VITD to feedlot lambs to ultimately improve meat tenderness through the
activaton of calpains.

Materials and Methods

The Institutional Agriculture Animat Care and Use Committee (IAACUC) of Texas
A&M University approved the use and treatment of the rams and feedlot lambs in this
study according to established guidelines (AUP #9-248AG). The lamb product harvested
from the lambs used in Trial 2 was authorized as consistent with public health by the
Department of Health & Human Services and could be placed into market as human food
(Investigational New Drug File 010550 A0000D).

The treatment level of VITD used in the trial was 750,000 IU supplemented (S750).
This treatment level was determined by an initial trial studying the effects of varying levels
of supplemented and bolused VITD on ionized blood calcium, weight gain, and percent
intake. Forty lambs were purchased from Kothmann Commission Company and
transported to the Texas A&M University Sheep Center. The 40 head were assigned
randomly to eight pens with five lambs per pen. These lambs were fine-wool and fine-
wool-cross sheep and consisted of both ewe and wether lambs. Breed types were
determined by a panel of experts. Twenty lambs in four of the eight pens were assigned
to a treatment of 750,000 JU of VITD, and 20 lambs in the remaining four pens served
as the control.

The lambs were fed in a mock feedlot environment at the Texas A&M University
Sheep and Goat Center located at the Animal Science Teaching, Research and Extension
Center, The lambs were fed and given free access to a hay supplement for 7 d without
VITD supplementation to allow adjustment to the new environment. The ration the
lambs were fed was purchased from the Kothmann Commission Company (Menard, TX).
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After the 7 d feeding adjustment, each pen was fed 10 b of feed, with pens one, three, five,
and seven supplemented with VITD. The VITD used in Trial 2 was Rovimixd D, 500
(500,000 1U/g) purchased from Rocheé Vitamins, Inc. (Parippany, NJ). Before feeding,
the refused feed was removed, weighed and recorded.

Slaughter and bleeding procedures

The first 20 lambs were transported to the Rosenthal Meat Science and Technology
Center at Texas A&M University for slaughter. Lambs were slaughtered by approved
humane techniques. Blood was collected immediately prior to exsanguination for later
measurement of Ca levels. During slaughter, liver and kidney samples were removed,
wrapped individually in aluminum foil and placed into an Harris Ultralow Temperature
Freezer (Model # 21V-85, Harris Manufacturing, Asheville, NC) for later analysis of Ca.
Collection of grade data '

After slaughter, carcasses were chilled for 24 h, ribbed between the 12 — 13" rib
interface, and graded according to USDA (1992) guidelines prior to fabricaton. Data
were collected for dressing percent (DP), Adjusted fat thickness (AFT), longissimus muscle
area (LMA), bodywall thickness (BWT), percent boneless, closely trimmed retail cuts
(BCTRC), flank streaking (FS), skeletal and lean maturity (MAT), leg conformation score
{LCS), and overall conformation score (OCS).

Fabrication and Warner-Bratzier shear (WBS) procedures

Loin and leg sections were removed from the right side of the carcass and used for
WRBS force after aging at 35.6° F for 5, 10, or 15 d. Individual muscles from these sections
that were used for shear force determination were the longissimus lumborum (LL),
semitendinosus (ST), semimembranosus (SM), and &iceps fermorss (BF). Each of these muscles
was removed and fabricated into 1.25-in-thick chops and randomly assigned to one of the
three aging treatments. Following the procedure outlined by Carpenter and King (1965),
the LL was cut into six, 1.25-in-thick chops and trimmed free of fat and bone. Two loin
chops were assigned randomly to one of the three aging treatments. The ST, SM, and BF
muscles each were cut into three, 1.25-in-thick chops, trimmed free of fat and bone and
assigned randomly to one of the three aging d. These chops were broiled and cooked to
an internal temperature of 158°F on a Farberware Open-Hearth Broiler (model 450N,
Kidde, Inc; Bronx, NY) according to AMSA (1995) gaidelines. These chops were chilled
for 24 h, after which three cores were removed from each chop parallel to the muscle fiber
orientation.

Measuring VITD in livers and kidneys

Vitamin D, was measured in the livers and kidneys by the National Animal Disease
Center (Ames, IA).

Statistical Analysis

Data from ionized blood Ca concentrations in blood serum, percent intake, weight
gain, tissue calcium, liver calcium, and kidney calcium from Trial 2 were analyzed by
analysis of variance (ANOVA) using the general linear model (GLM) procedure of SAS
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(1988). Main effects were treatment levels (0 and 750,000 IU of VITD). Significant
differences between lest squares means were determined at the P < 0.05 level.

Data for WBS values from Trial 2 were analyzed as a split-split plot design using the
GLM procedure of SAS (1988). Main effects of interest were treatment, muscle, and
aging d. The whole plot was treatment with animal identity as the error team. The split
plot was muscle and its interaction with treatment, with animal identity nested within the
interaction of treatment and muscle as the error term.  For the split-split plot aging, day
and its interaction with all other main effects were the effects of interest. The true error
was utilized in the split-split plot analysis. All interactions of the main effects found to be
non-significant (P > 0.05) were pooled into the error term. Additionally, cooking loss
was utilized as a covariate in the WBS analysis. Least squares means were separated using
a pair wise ¢-test using a predetermined p-value of P < 0.05.

Results and Discussion

Least squares means for ionized blood calctum in serum are presented in Table 1. It
should be highlighted that there was no difference comparing the control vs. treated.
However, VITD in livers and kidneys were highly significant (P < 0.01) (livers - 504.54
vs. 27.13 and kidneys - 1530.20 vs. 21.18 ng/g vitamin D;) comparing treated to control.
The higb levels of VITD in the kidney could be a direct result of secretion of the hormone
calcironin. Calcitonin is secreted when there is an unusual rise in calcium in blood.
Calcitonin reabsorbs VITD from the blood and stores it in the kidney (McDowell, 1989).

Table 1. Lcast squares means of ionized blood calcium concentrations in blood serum comparing
rreatment for Trial 2

Lonized Blood Calcium

ltem Control Vitamin Dy SEM P<
Initial” 9.85 10,10 0.16 0.25
Final 9.90 10.00 0.16 0.62
Difference” (.05 -0.10 0.15 0.50

*Lambs were supplemented vitamin 13, ar 750,000 1U’ per d for 4 d before slaughter.
"M nicial calciiny was meastired 1 d before the initiation of the weaunent.

' Final calciium was measured the day of exsanguinanon,

“ Difference was determined by subtracting the inital calcium from the final calcium.

Table 2 shows the least squares means for the main effect of VITD and control. Even
though VITD did not affect carcass characteristics in previous beef trials {(Duckett et al,,
1998; Hill et al., 1998; Scanga et al., 1999), two traits differed (P < 0.05) between VITD
and control treatments. AFT was less in the VITD lambs (0.27 in) compared to the



14

contro] {0.33 in). These results could be attributed to treated lambs not consuming the
treated feed resulting in a lack of intake. There was also a (P < 0.05) difference in OCS for
VITD compared to the control. The carcasses with less fat would display a more muscular
shape over the leg, loin, rack, and shoulder resulting in a higher OCS.

Table 2. Least squares means for the main effect of trearment on simple carcass traits from
supplemented vitamin D in Trial 2°

Trait Control  Vitamin D, SEM P=

Dressing percent, % 58.97 59.01 0.50 0.96
Adjusted fat thickness, i 0.33 0.27 0.06 0.05
Longissimus muscle area, in? 2.37 2.45 0.53 0.51
Bodywall thickness, in 1.11 1.06 0.11 0.55
Boncless, closelv trimmed retail cuts, %" 44.86 45.27 0.35 0.39
Flank streaking: 380.44 383.41 8.30 0.79
Overall maturity’ 153.81 157.12 2.54 0.34
Leg conformation score* 388.10 - 400.85 8.25 0.20
Overall conformation score' 379.21 394.50 5.00 0.03

"Lambs were supplemented vitamin 1Y, at 7.5 x 107 per d for 4 d before slaughter.

"Percentage of boneless, closely rimmed retail cuts: determined by formula using adjusted fat
thickness, longissimus muscle area, belly wall thickness, and carcass weight as factors. The equation:
= 49.936 — {.0848 x carcass weight, pounds) — (4.376 x adjusted far thickness, inches) - (3.530
x (bodywall thickness, in) + (2.456 x longissimus muscle arca, inches?

“Flank streaking: 300 to 399 and 400 to 499 = USDA Choice and USDA Prime, respectively,

‘Total maturity: 100 to 199 = red, youthful color of lean in flanks and red, round ribs.

‘Leg conformation score: 300 to 399 and 400 to 499 = USDA Choice and USDA Prime,
respectively.

'Overall conformation score: 300 to 399 and 400 1o 499 = USDA Choice and USDA Prime,
respectively.

The treatment effect of VITD to feedlot lambs on WBS values is shown in Table 3.
The table summarizes the WBS values for each of the four individual muscles at the defined
postmortem aging d. The muscles originating from the leg region of the carcasses revealed
encouraging results. The 5 d postmortem aging WBS values for the SM and the BF
revealed lower (P < 0.05) WBS values for treated compared to control, but there was no
significant difference. In general, for the leg muscles, as postmortem d increased in regard
to the leg muscles, the control displayed lower WBS values or narrowed the range of the
WBS values when compared to the treated. This also was evident in the overall WBS
values of treated versus control. Day 5 comparisons of WBS values resulted in lower
values for the treated versus the control (P = 0.13). However, 10 and 15 d postmortem
aging revealed lower WBS values for the control versus the treated with a significant
reduction (P < 0.05) at d 15. These WBS value differences, in regard to postmortem
aging of VITD versus control product also were noted by Swanek et al. (1999). These
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steaks from the LL had lower WBS values for the treated at 7 d, but steaks aged at 14 and
21 d revealed no WBS difference. The results from this study and Swanek et al. (1999)
suggests that VITD could accelerate the posumortem aging process, however, after a
duration of approximately 4 to 7 d, this acceleration is halted. However, the LL muscle
displayed lower (P < 0.05) WBS values for the control versus the treated at aging d of 5
and 15. Day 10°s WBS values also revealed a decrease in WBS values for the control, but
these results were not significant (P = 0.13).

Table 3. Least squares means for the main effect of treatment on tenderness of the
longissiius lumborum, semitendinosus, sewmimembranosus, and biceps femoris muscles using
Warner-Brawzler Shear Values (Ib.) in Trial 2°

Treatment

Muscle Control Vitamin D, SEM P«
Lomgissimus lumborum

Shear force, d 5 5.16 584 0.07 0.01

Shear force, d 10 5.07 5.42 0.07 0.13

Shear force, d 15 4.59 5.23 0.07 0.01
Sesnitendinosies

Shear force, d 5 6.81 6.57 0.12 0.54

Shear force, d 10 6.68 6.44 0.12 0.56

Shear force, d 15 5.95 5.53 0.12 0.26
Semupnembranosus

Shear force, d 3 8.36 7.74 0.07 0.01

Shear force, d 10 7.21 8.09 0.07 0.01

Shear foree, d 15 6.68 7.12 0.07 (.06
Buceps femorts

Shear force, d 5 6.40 5.73 G.10 0.02

Shear force, d 10 5.97 5.95 0.10 0.99

Shear force, d 15 5.38 6.02 G.10 0.06
Overall

Shear force, d 5 0.70 6.48 0.05 0.12

Shear force, d 10 6.22 6.48 0.05 (.09

Shear force, d 15 5.64 5.97 0.05 .03

‘Lambs were supplemented vitamin D at 750,000 1U per d for 4 d before slaughter.

Table 4 displays WBS values of the four studied muscles at 5, 10, and 15 d. WBS
values decreased as aging d increased. The LL had a lower (P < 0.05) WBS values than
cach of the other three muscies at all aging d. The values of 5.16, 5.07, and 4.59 1b. were
much lower than the results published by Carpenter and King (1965). These authors had
WBS values of 9.74 in, but had a zero aging period for the chops. The three muscles
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analyzed in the leg displayed variation in tenderness results. Even though the BF muscle
did display lower WBS values than the ST, these values were only significant (P < 0.05)
at 10 and 15 d. The BF muscle had lower (P < 0.05) WBS values at each d when
compared to the SM. The SM displayed lower WBS values at all three aging d, but it was
only significant (P < 0.05) at d 5. These results differ from the results recorded by
Jeremiah et al. (1971) who found the SM to have the most desirable tenderness rating,
followed by the BF, and the SM in lamb, but Ramsbottom et al. (1945) results on beef
tenderness muscles found the same ranking of WBS values as this study.

Table 4. Least squares means of tenderness on muscle type at 5, 10, and 15 d aging of the control
lambs from the longissimus lumborum, semitendinosus, semimembranosus, and biceps femoris muscles using
Warner-Brawler Shear Force (Ib) in Trial 2

Muscle Type
Longissimus  Buceps
Shear force, aging day  lumborum  femorss Semitendinosus Semimembranosns  SEM
Shear force, d 3 5.16° 6.46™ 6.81° 8.36" 0.09
Shear force, d 10 5.07 5.97° 6.68% 7.21" 0.09
Shear force, d 15 4.59° 5.38" 5.954 6.08" 0.09

=IWithin a row, least squares means lacking a common superscript letter differ (P < 0.05).
Implications

The hormone calcitonin is most likely being secreted when lambs are supplemented
high dosage levels of VITD. Because of this, high levels of VITD to increase tenderness
in lamb meat is not unlikely to work. However, further studies should be implemented
to determine what level of VITD stimulates the release of calcitonin. There could be the
possibility of supplementing VITD just below this level to increase plasma calcium without
antagonistic reiease of calcitomin.
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Pre-chilled Versus Chilled Carcass Grading of Ovine Carcasses

R.K. Peel, W.S. Ramsey, J.W. Savell, and C.T. Boleman

ABSTRACT

The objective of this experiment was 1o determine if Ovine carcasses could be graded
pre-chilled (hot) to the same degree of accuracy as they are presently graded chilled
(cold). Lamb carcasses were collected for the study on three consecutive days (d 1, n
=219;d 2, n = 206; d 3, n = 155) at a commercial slaughter facility in San Angelo,
TX. Carcass sampling was established by the order cach lamb carcass arrived on the
sfaughter floor, although an effort was made to obtain carcasses with variation in
subcutaneous far thickness. Each lamib carcass was graded hot at an average time of 15
min post stunning. Following a 20 h average chiil, each carcass was graded a second
tume for the cold grade. Three experienced evaluators (USDA Meat Grading
Supervisors) independently graded each unribbed carcass to closelv simulate industry
conditions. These grades were assigned without the aid of a measuring device.
Correlanion cocthicients were 0.125, 0.200, 0.440, 0.604 and 0.771 for hot bone, hot
lean, hot flank streaking, hot quality grade and hot vield grade, respectively. R? vajues
were 0.015, 0.039, 0.0004, 0.003, and 0.595. for hot bone, hot lean, hor flank
streaking, hot quality grade, and hot yicld grade, respectfully. Grader training will be
required to evaluate the hot carcasses. Hot grading does not appear to be feasible in the
cstablishment of maturity or quality of the carcass but may be adequate in the
determination of yicld grades.

Sheep and Goar, Wool and Mohair CPR 2000:19-30
Introduction

Cold carcass grading is the normal, accepted method of evaluating Ovine carcasses for
grade assignments. Currently, Ovine carcasscs are graded after an average 20 h chilling
period.  After chilling, the carcasses are graded by trained USDA personnel, and the
carcasses arce sorted by grade and an inventory of the previous davs processing is created.
Plant personnel do not actually know how many carcasses of any one yield grade are on
hand until grading, sorting and inventory have been completed. The purposc of this study
was to cstablish the accuracy of assigning the subjective grade of Ovine carcasses hot vs
cold.

The primary interest in hot carcass grading is one of improving plant cfficiency
through decreased labor requirements. If a facility could place a grader ar the end of the
processing line, the carcasses could then be sorted off of the slaughter floor into graded

19



20

coolers.  Currently, the carcasses are graded the morning following slaughter and
subsequently sorted by grade. Grading the carcasses hot would enable the processor to
accomplish several efficiency goals simultancously. The carcasses would be graded as they
came off of the processing line and could then be sorted by grade into coolers. The
processor could maintain a ranning inventory of cach grade of carcass throughout the day.
This inventory would strengthen the ability of the packer to marketr the carcasses
throughout the day as they becamc available. The ability to grade hot would decrease plant
personnel requirements because the need to resort entire coolers following grading would
be eliminaced. The ability to grade hot could also possibly shorten the time in the cooler
for cach carcass. The processor could ship the carcasses sooner because there would no
longer be a need to wait on the graders 1o complete grading before shipping.

There has been substantial research with methods of objectively grading using various
tvpes of instrumentation. The primary problem arises with the transfer of technology from
the laboratory to industrial application. Subjective grading is rooted in tradition and has
relicd on visual appraisals for evaluaung and grading live animals and carcasses for the lase
50 vears. To change methods of evaluating, carcass composition will require a major
adjustment in philosophy (Forrest and Judge, 1994).

Scicnufic evaluation of a potential grading technology is often overly concerned with
cquipment accuracy and neglects the operational needs of the packing plant. Sim (1983)
stated that "The bottom Linc is in productivity.” Thercfore, a particular picce of equipment
has no chance of incorporation into an integrated on-line system if 1t slows chain speed,
has the potental to produce “down ume”, requires additional personnel, or necessitates
extra time for operation.  Electronic technology has little chance for on-line application if
it does not generate monetary gain by replacing plant personnel, improving carcass
classification, or by more accurarcly pricing the carcass relative to vield of lean.

Therefore, there has been a great deal of interest in hot carcass grading as an
alternative to mechanical means of grading to improve efficiency. Hort carcass grading can
increase the turnaround time of the carcass by decreasing the time the carcass is in the
cooler beforc being shipped. Hot grading will eliminate the extra sorting afrer cold
grading because the carcasses will be sorted according to grade as they are put into coolers.
Hot carcass grading will provide the packer with a running inventory of each grade
continuously throughour the day. Hot carcass grading will remain a subjective score
assigned by trained personnel. The same personnel that have been assigning grades to
chilled carcasses.

The purpose of this study is to answer the question of whether hot grading can be
accomplished on the processing floor and if hot grading may be done as accurately as cold
grading.
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Materials and Methods

Lamb carcasses (n = 578) were collected for the study on three consecutive days (d
1,n=219;d2,n = 206;d 3, n=153) at a commercial staughter facility in San Angelo,
TX. Carcass sampling was established by the order each lamb carcass arrived on the
slaughter floor, although an effort was made to obtain carcasses with variation in
subcutancous far thickness. Lamb carcasses with pulled fell membranes or distorted fat
coverings were excluded from the study. Each lamb carcass was individually identdfied
with the plant slaughter tag according to the d of harvest.

Each lamb carcass was evaluated hot with the carcass temperatures ranging from 103
to 106 °F at an average time of 15 min post stunning. Following a 20-hr average carcass
chill, each lamb carcass was evaluated a second time at 32 °F. This second evaluation was
recorded as the cold grade assigned to each carcass.

Visual estimates

Three experienced evaluators (USDA Meat Grading Supervisors) independently
evaluated each unribbed carcass, and recorded estimates on bone maturity, lean maturity,
flank streaking, conformation, and USDA yield grade. Each carcass was evaluated hot and
cold with the cold estimate being designated the "actual" measurement because it is the
current method accepted by the industry in grading lamb carcasses. These estimates were
made without the aid of a measuring device to facilitate determination of the efficacy of
assigning grades to the aforementioned factors using visual assessments by the graders of
hot and cold carcasses.

External Fat Measurements :

Measurements of external fat thickness were obtained by an experienced evaluator
(USDA Grading Supervisor) using a metal ruler. The evaluator obtained two
measurements on each unribbed carcass over each ribeye. External fat thickness was
measured at a point over the center of each ribeye, between the 12™ and 13" ribs. The
average of the two fat thickness measurements (obtained on the left and right side of each
carcass) was recorded as the fat thickness value for that individual carcass.

Maturity

Differentiation between lamb, yearling mutton, and mutton carcasses is determined
on the basis of differences in the development of their muscular and skeletal systems.
Lamb carcasses have slightly wide and moderately flat rib bones and light red color and
fine texture of lean. Typical yearling mutton carcasses have moderately wide rib bones that
tend to be flat and a slightly dark red color and slightly coarse texture of lean. Typical
mutton carcasses have wide, flat rib bones and a dark red color.

Skeletal maturity is determined by the presence of break or spool joints located on the
forelimb. Trotters have an important role in determining the classification of a carcass. A
carcass with two break joints on both front trotters or one “spool” joint and a break joint
on the other front trotter will be classed as lamb or yearling mutton based on its other
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evidences of maturity. A carcass with “spool” joints on both front trotters will be classed
as yearling mutton or mutton based on other maturity indicators. A carcass with two
“spool” joints will result in the yearling mutton or mutton classification on other maturity
indicators. Mutton carcasses must have two “spool” joints on both forelimbs.

In determining the maturity class of Ovine carcasses, more consideration is given to
the characteristics of the flesh than is given to the characteristics of the skeleton. Carcasses
from young (A maturity) lambs have moderately narrow, slightly flat rib bones;
moderately red moist and porous break joint(s}; and a slightly dark pink color of inside
flank muscle. Carcasses from more mature lambs (B maturity) have slightly wide,
moderately flat rib bones; slightly red, but slightly dry and hard break joint(s); and a light
red color of mside flank muscles.

Flank Streakings and Firmness

The quality of the lean flesh is most effectively evaluated by consideration of its
texture, firmness, and marbling, in a lean cut surface. However, lamb carcasses are not
ribbed in the industry, thus, lean cut surfaces are not typically present. Therefore, the
quality of lean is evaluated indirectly by evaluating the quantity of fat streaking within and
upon the inside flank muscles in relation to the apparent evidences of maturity. Within
each grade, the requirements for flank fat streaking increase progressively with evidences
of advancing maturity. The relationship between flank fat streaking, maturity, and quality
1s shown in Table 1.

Table 1. Flank far streaking and firmness scores for lamb

Quality Trait Scores

Flank tat streaking Abundant Small
Moderately abundant Slight
Slightly abundant Traces

Firmness

Modcrate
Modest

Extremely firm

Tends to be extremely firm
Firm

Tends to be firm
Moderately firm

Tends to be moderately firm
Slighdy firm

Pracuically devoid
Devoid

Tends to be slightdy firm
Tends to be slightly soft
Slighdy soft

Tends to be moderately soft
Moderately soft

Soft

Very soft

USDA, 1992.
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Conformation

Conformation is defined as the manner of formation of the carcass with particular
reference to the relative development of the muscular and skeletal systems, in addition to
the quantity and distribution of exrernal finish. However, external fat in excess of that
normally left on retail cuts is not to be considered in evaluation of conformation.

The conformation descriptions included in each of the grade specifications refer to the
thickness of muscling and to an overall degree of thickness and fullness of the carcass. The
conformation of a carcass is evaluated by averaging the conformation of its various
component parts, giving consideration not only to the proportion that each cut is of the
carcass weight, but also to the general desirability of each cut as compared to the other
cuts.

Superior conformation implies a high proportion of edible meat to bone and a high
proportion of the weight of the carcass in the more demanded cuts, and is reflected in
carcasses that are very thick muscled, very wide, and thick in relation to their length, and
possess a very plump, full, and well rounded appearance. Inferior conformation implies
a low proportion of edible meat to bone and a low proportion of the weight of the carcass
in the more demanded cuts, and is reflected in carcasses that are very thinly muscled, very
narrow in relation to their length, and that have a very angular, and thin, appearance.
Table 2 gives the basic description of each grade. Table 3 illustrates the extent to which
superiority in quality may compensate for deficiencies in conformation, and vice versa,
indicated for each grade in the official standards.

USDA Yield Grades

The USDA yield grade equation for lamb is an estimation of percent closely trimmed
(.10 in or less) semi-boneless, major retail cuts from the leg, loin, rack, and shoulder. The
yield grade of an Ovine carcass is determined on the basis of adjusted fat thickness over the
ribeye muscle between the 12 and 13™ ribs. The USDA yield grade equation is as
follows: USDA Yield Grade = 4 + (10 X Adjusted fat thickness, 12" rib, in). The range
of fat thickness for each yield grade is reflected in Table 4.

Statistical Analysis

Statistical evaluation of the utility of hot grading will be based on comparison of (1)
simple coefficients of correlation between hot carcass evaluations and cold evaluations, and
(2) Least Squares estimates of visual hot carcass evaluations regressed on cold carcass
evaluations. Each carcass was evaluated hot and cold by each evaluator. The objective of
this study was not to evaluate the accuracy of the evaluator but evaluate the effectiveness
of the grading procedure. Therefore, the grade assigned by each grader for each carcass
was combined for a composite score for each factor considered. These composite scores
were then used for statistical analysis.



Tabie 2. Conformaton equivalents for lamb carcasses

Grade Description

Minimum Prime  Moderately wide and thick in relation to their length
Modcrately plump and full legs
Moderately wide and thick backs
Moderately thick and full shoulders

Minimum Choice  Tend to be slightly wide and thick in relation to their length
Tend 1o have slightly plump and full legs
Tend to have slightly wide and thick backs
Tend w0 have slighdy thick and full shoulders

Minimum Good  Moderately narrow m relation to their length
Slightly thin and tapering legs
Slightly narrow and thin backs

Slightly narrow and thin shoulders

Minimum Utlicy  Very angular and very narrow in relation to their length
Thin and slightly concave legs
Very narrow and sunken backs
Narrow and sharp shoulders

Hip and shoulder joints are plainly visible

Minimum Cull Extremely angular and extremely narrow in relation to their length
Extremely thin-fleshed throughourt
Extremely thin and concave legs
Extremely sunken and thin backs
Very thin and sharp shoulders
Hip and shoulder joints, ribs and banes of the spinal column are

clearly outlined

USDA, 1992.
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Table 3. Examples of the extent to which superiority in quality mav compensare for deficiencies in

conformation, and vice versa, indicated for each grade in the official standards

Grade Example

Prime Superior conformation will not compensate for deficient quality, thus a lamb must have
at Icast low Prime quality. Superior quality will compensate for inferior conformation on
an equal basis to the exrent of a combination of low Choice conformation and high Prime
quality, The lean flesh and external fat must be not less than moderately firm and a carcass

must have a thin covering of external fat,

Choice Superior conformation {avg. Choice) will compensate for 173 grade of deficient qualicy
(high Good). Superior quality will compensate for inferior contormation on an equal
basis to the extent of a combination of low Good conformation and high Choice quality.
The lean flesh and external fat must be nort less than tends t be shightly firm and a carcass

must have a thin covering of external fat,

Good Superior conformation (avg. Good) will compensate for 1/3 grade of deficient quality
(high Utility). Superior quality compensates for inferior conformation on an cqual basis
to the extent of high Utility conformation and average Good quality. The lean flesh and
external fat must not be less than slightly soft.

USDA, 1992,

Table 4. USDA vicld grade for lamb and fat thickness ranges

Yield Grade Fat thickness range in inches
1 00t .15
2 1610 .25
3 2610 .35
4 36 to 45
5 40 or greatcr

USDA, 1992,
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Results and Discussion

Lean and Bone

The purpose of evalnating the bone and lean of the carcass in to aid in the
determination of maturity of the carcass. This study revealed very low correlation’s (0.125
and 0.200) for bone and lean evaluation. R’values were indicative of the inability of the
hot assessment to predict the cold score. The R? value is an indicator of how well the hot
carcass grade was at predicting the cold carcass grade. Therefore, a higher R* value
indicates a better prediction of the cold grade.

However, in an industriaf setting, the maturity questions of the carcass are most often
handled on the processing line. As the carcass proceeds on the chain, the trotters are
evaluated, if the break joint is indicative of a mutton carcass, the carcass is transferred to
another rail. The ability or inability of the grader to evaluate maturity of the carcass on the
basis of bone and/or lean is insignificant due to the mechanism of assessing maturity on the
processing line.

All carcasses were assigned to either an A or B classification as well as a numerical
score. Numerical scores reflected the positdon of the carcass within either the A or B
maturity group. All carcasses in this study were classified as A maturity carcasses both hot
and cold, the differences resulted from the numerical assignments which are not used in
the industry. Table 5 illustrates the regression analysis for hot bone and hot lean as a
predictor of cold bone and cold lean.

Table 5. Regression equations to predict cold bone or lean grade based on hot evaluaton

Intereept Slope R’ MSE N

Modct Bone Lean Bone Lean Bone Lean Bone Lecan Bone Lean

Dav 1 45,119 39.175 0146 0191 0.029 0033 34384 46.838 219 219
Day 2 40.853 23546 0160 0440 0.057 0215 17.644 22.775 206 206
Day 3 43.575 26939 0.181 0499 0028 0089 34.611 48238 153 153
Overall 41.012 39112 0,195 0197 0.015 0.039 31167 43923 578 578

Flank Streaking

Flank streaking is used as an indicator of the quality of the Jean flesh and is most
effectively evaluated by consideration of its texture, firmness, and marbling, in a lean cut
surface. However, lamb carcasses are not ribbed in the industry, thus, lean cut surfaces are
not available for evaluation. Flank streaking is also used as an indicator of maturity as the
apparent evidences increase with maturity.

There were no predictable relationships between hot evaluation of flank streaking and
cold flank streaking. The correlation coefficient for hot flank streaking was 0.440. R’
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from regression for hot flank streaking to predict cold was 0.0004. These two values
combine to reiterate the assess ability of the subjective hot score to predict the cold score
for flank streaking.

Variability is most likely due to differences in the visibility of the fat within the inside
of the flank muscles. As a carcass dehydrates, water is lost primarily from the fat of the
carcass thus changing the appearance of the fat deposits. While the carcass is hot, the fat
appears transparent; whereas, when the carcass dehydrates and the fat compresses, the fat
assumes a white color that enhances visibility.

Quality Grade

Quality grades of an Ovine carcass are based on separate evaluations of two general
considerations. First the quality, or palatability indicating characteristics of the lean, and
the conformation of the carcass.

Conformation 1s the state of the carcass with reference to the relative development of
the muscular and skeletal systems. The conformation of the carcass may be influenced
somewhat by the quantity and distribution of external finish.

Findings of this study indicate that the graders were unable to satisfactorily grade the
quality of a hot carcass. The correlation coefficient was 0.604 which can be considered
moderately correlated, R? values were 0.003 which indicate that the percentage of the
occurrence of the hot grade predicting the cold was low. However, in this study, each
grader also assigned a numerical value within each quality grade. A numerica) value was
an effort to be more precise in the placement of the carcass within any given grade. The
primary reasoning behind the variation in quality grade is due to the differences in
appearance of the carcass when hot. As the carcass cools, the lean and fat assume a more
compact and fuller state with differences in color as well. These factors all contribute to
the variation between hot and cold carcass grades. However, the overwhelming majority
of the lambs slaughtered in the United States all grade choice. One must question if the
low correlation’s and low R? values are really significant in the commercial setting.

Accuracy of hot quality evaluation would increase with experience of the grader. The
appearance of the carcass is different when hot than cold. The appearance of the fat and
the appearance of the texture and firmness of the lean provide the largest variance in
appearance from hot to cold. When cold, the fat will be primarily transparent while after
chilling, the fat will assume a white appearance which dramatically increases the visibility.
The appearance of the texture and firmness of the lean appear more placid and not as firm
when hot. When the carcass has chilled, the fat has solidified and much of the muscle has
chilled which causes some expansion of the lean tissue, which gives a fuller, more rounded
appearance.

When the grade is based on a subjective score, then the subtle appearance differences
become major factors in determining the grade of the carcass. The correlation coefficient
for hot quality grade was 0.604. R’ from regression for hot quality grade to predict cold
was 0.003. As with the other factors considered in this study, the grade assigned to the
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hot carcass was compared with the grade assigned to the same carcass cold. Table 6
illustrates regression analysis for hot quality grade to predict cold quality grade.

Table 6. Regression equations to predict cold quality grade based on

hot evaluation

Model Intercept HQG R® MSE N

Dav 1 2066.634 0.011 0.000 165.174 219
Day 2 239.316 0.150 0.071  144.434 206
Day 3 117.313 1015 .072 249958 153
Overall 248.962 0.115 0.003  193.156 578

Yield Grade

Yield grades for an Ovine carcass are based on the amount of external fat present. The
amount of fat is evaluated in terms of its actual thickness over the center of the ribeye
muscle and is measured perpendicular to the outside surface between the 12* and 13" ribs,
The fat thickness may be adjusted at the discretion of the grader. When carcasses do not
have a normal distribution of external fat, the fat thickness over the ribeye may be adjusted
to reflect unusual amounts of fat on other parts of the carcass.

Table 7 gives the correlation coefficients for yield grade. The overall correlation
coefficient for hot yield grade was 0.771. Table § illustrates the regression analysis for hot
yield grade to predict cold yield grade. Hot and cold yield was moderately correlated and
the hot carcass yield grade accounted for 59% of the variation between the two evaluations.
The next question is how accurate is the cold grade compared with the actual yield grade
calculated from the actual fat thickness measurement using the metal probe. The R? value
for the cold yield grade to predict the actual yield grade was 0.530. While the R? value
for hot vield grade to predict acrual yield grade was 0.355. There is about a 20%
difference between the two grades in the ability to predict the actual yield grade determined
from the metal probe measurement. The graders have been trained to grade carcasses cold.
In this study, the graders were able to correctly grade hot yield in lamb carcasses correctly
35% of the time when compared to actual yield grade but were accurate in grade
placement of cold carcasses 59% of the time when compared with the subjective cold yield
grade. An assumption could be made that with further training, the graders could easily
improve on hot yield grade accuracy with further experience and training.
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Table 7. Simple correlation coefticients for hot and cold vield grade

Hot Yicld Grade Cold Yield Grade

Dav 1 Day 2 Day3 AllDays Dayl Day 2 Dav 3 Al Days

Hor Yicld 1.000 1.000 1.000 1.000 0.652 0.823 0.787 0771
Cold Yicld G.652 0.823 0.787 0.771 1.000 1.040 1.000 1.000

Tabte B. Regression equations to predict cold vield grade based on

hot evaluarion

Model Intercept  HYG R’ MSE N

Day 1 0844 0653 04255 008 219
Day2 0427 1029 0674 0087 206
Dav3 0962 1151 0618  0.l64
Overall  -0.132 0933 0595  0.126

oo
A | on
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Implications

Low correlation and low R? values for all factors except yield grade seem to indicate
that Ovine carcasses may not be graded hot with any degree of certainty. However,
maturity is assessed in the commercial facility on the kill floor. There is not a need for the
grader to be able to determine the maturity of the carcass based on lean and/or bone
evaluation of the carcass. The grader will be able to determine maturity of the carcass by
the trotters. The graders in this study correctly placed all carcasses into either A or B
maturity groups 100% of the time. The effort to assess flank streaking, quality grade, and
yicld grade will require experience and training of the graders to be better able to evaluate
the thickness of the fat covering over the ribeye.

It is also possible that hot grading could be coupled with a measuring device that
would enhance the accuracy and decrease the subjectivity of grading Ovine carcasses.
Implementation of this technology within the industry could prove difficult, as change 1s
slow in a business so steeped in tradition. However, if instrumentation were developed
which would not slow the chain, produce down time, or require additional personnel,
implementation would be more likely.

A large amount of the variation in this study can be attributed to the graders in that
they are not accustomed to evaluating the factors set forth in this study on a daily basis.
If training and practice were provided, much of the berween grader variation could
possibly be removed. Any other work in this area should be done with the USDA graders
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at the plant. These are the graders who grade on a daily basis and are more accustomed
to the unique colors and physiology of the lamb carcass.

Hort carcass grading has the potential to change the standard operating procedure of
lamb facilities across the United States. If hot carcass grading were implemented, the
processor would be able to decrease labor requirements. If a facility could place a grader
at the end of the processing line, the carcasses could then be sorted on the rail as the
carcasses exit the kill floor area into graded coolers. Currently, the carcasses are graded the
morning following slaughter and subsequently sorted by grade. Grading the carcasses hot
would enable the processor to accomplish several efficiency goals simultaneously, The
processor could maintain a running inventory of each grade of carcass throughout the 4.
This inventory would strengthen the ability of the packer to market the carcasses
throughout the d, as they became available. The ability to grade hot would decrease plant
personnel requirements because the need to resort entire coolers following grading would
be eliminated. The ability to grade hot could also possibly shorten the time in the cooler
for each carcass. The processor could ship the carcasses sooner because there would no
longer be a need to wait on the graders to complete grading before shipping. The
combination of the aforementioned factors would increase the labor and plant resource
utilization, which could ultimately increase the profitability of the plant.
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Frankfurters Made with Lamb and Other Mecats and/or Fats

K.S. Rhee and S.U. Bohanan

ABSTRACT

This study was conducted to determine sensory and chemical properties of reduced-fat
frankfurters made with lean lamb or lean lamb/pork in combination with lamb fat, pork
fat or high-oleic sunflower oil. Reduced-fat frankfurters with lean beef/pork plus pork
fat as well as high-fat frankfurters with lamb/pork or beef/pork plus pork fat were also
made for comparison. Actual fat contents of reduced-fat and high-fat products
formulated for 15% and 30% fat were 17 to 18% and 28 to 31%, respectively, after
processing. Fat content and processing yield were not significanty different among all
reduced-fat products. Trained sensory panelists rated reduced-fat lamb/pork frankfurters
with pork fat less intense in lamb flavor when compared to similar products with
sunflower oil or lamb fat. Off-flavor intensity scores increased as lamb-flavor intensity
scores increased, whereas frankfurter-flavor intensity scores decreased as lamb-flavor and
off-flavor intensity scores increased. Consumer panel results indicated that the reduced-
fat product made with lean lamb/pork and pork fat was as desirable in flavor as the
reduced-far product made with lean beef/pork and pork fat or their high-far
counterparts. Little lipid oxidation occurred in any of the products when vacuum-
Eackaecd samples were stored at 4°C for 12 wk.

Sheep and Goat, Wool and Mohair CPR 2000:31-37

Introduction

Frankfurters provide convenience for the consumer and are widely consumed.
Traditional (regular-fat) frankfurters, however, are fairly high in fat content {and calories),
saturated fatty acids and cholesterol. There have been research efforts to decrease saturated
fatty acids in frankfurters by increasing monounsaturated fatty acids (St. John et al., 1996;
Park et al., 1989,1990). The fatry acid changes have been achieved either by using meat
with an ¢levated level of monounsaturated fatty acids or by simply replacing knife-separable
animal fats with a high-oleic acid vegetable oil. The impetus of such efforts was the
advantage reported of dietary monounsaturated fatty acids over other fatty acid groups —
decreasing the undesirable (LDL) cholesterol level in plasma without affecting the desirable
(HDL) cholesterol level (Grundy, 1986). Currently, no lamb-based frankfurters are
available at supermarkets or large retail stores in the United States. This is consistent with
the low annual consumption of lamb (USDA, 1998). The distinct species-related flavor
of lamb (Rhee and Ziprin, 1996) and relatively high prices could be some of the reasons

31
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for the low consumption. This study was conducted to document whether the “lamby”
flavor can be masked by the curing/smoking process and spices, or by using lamb in
combination with other types of meat and/or fat, in the manufacture of reduced-fat
frankfurters. Our specific objectives were: (a) to determine sensory and chemical traits of
reduced-fat frankfurters made with lean lamb or lean lamb/pork (50%/50%) and fat from
three different sources (pork fat, lamb fat, or high-oleic sunflower oil); (b) to compare
such products with a similar reduced-fat product made with lean beef/pork (50%/50%)
and pork fat; and (c) to compare alt the reduced-fat products with high-fat products made
with lean beef/pork (50%/50%) plus pork fat or lean lamb/pork (50%/50%) plus pork fat.
According to the Nutrition Labeling and Education Act of 1990, which was implemented
in 1994, the fat content of a “reduced™-fat product, when compared to that of the
respective reference product, should be at least 25% less, i.e., the fat content must be
reduced by 25% or more (Mermelstein, 1993).

Materials & Methods

Beef trimmings, lamb legs and shoulders (not mutton), and pork boston butt and
backfat were obtained locally. High-oleic sunflower oil (So) from SVO Enterprises
(Columbus, Ohio) was composed of >85% oleic acid (monounsaturated), <10%
polvunsaturated fatty acids and <10% saturated fatty acids. Frankfurter seasoning (blend
of white pepper, coriander, mustard, ginger, and mace) was from A. C. Legg Packing Co.,
Inc. (Birmingham, Alabama). Frankfurter batter preparation, stuffing, and heat processing
were done as described by Park et al. (1990). The batters prepared for 30% and 15% fat
after processing contained 10% and 25% added water, respectively. Processing (cooking)
yvield was determined by weighing products before and after heat processing. Products
were chilled at 2°C overnight, peeled, and vacuum-packaged. Product designations, along
with lean meats used, added fats and product target fat levels, are shown in Table 1.
Processing of each product was done in two replications conducted over 2 d.

Tabie 1. Frankfurter formularions

Product Target fat level (%)
abbreviation Lean meat’ Source of added fat of finished product
BP-P-30 50% Beef/50% Pork Pork 30
1.P-P-30 50% Lamb/50% Pork Pork 30
BP-P-i5 50% Recf/50% Pork Pork 15
LP-P-15 50% Lamb/50% Pork Pork 15
LP-So-15 50% Lamb/50% Pork Sunflower oil 15
LP-L-15 50% Lamb/50% Pork Lamb 15
L-P-15 100% Lamb Pork 15

"Lean percentages on a far-free basis,
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Total fat content, moisture, protein content, and lipid oxidation were determined as
described previously (Park et al., 1989, 1990). Sensory evaluations were conducted
ualizing a trained panel as well as a consumer panel. The trained sensory panel consisted
of 11 panelists who had been trained by the procedures of Meilgaard et al. (1991).
Panelists were trained for a 0 - 15 (0 = absent) flavor intensity scale using scale-anchoring
reference standards, including various commercial frankfurters. Additionally, cooked
ground meat pattics (lamb, pork, and beef) were used to train the panelists for species-
related flavors. The flavor ateributes evaluated were frankfurter-flavor, jamb-flavor and off-
flavor intensities. Test products were evaluated in two sessions (one session/d), with seven
samples (one processing replication of the seven test products) served in each session.
Frankfurters were steeped in hot water (95°C) for 7 min, sliced into 2.5 cm-long pieces,
wrapped in aluminum foil, and held (ro more than 15 min) in a conventional oven
preheated to 80°C until the start of each session. Panelists were seated in individual booths
with incandescent lighting, and samples were passed through hooded domes separating the
sample preparation and testing areas. Panelists were provided with distlled water at room
temperature to cleanse their palates between sampies and were instructed to expectorate
samples in cups provided. A consumer-type (untrained) panel consisted of faculty, staff,
and students at Texas A&M Umiversity. Samples from each processing replication were
cvaluated by 50 panelists, with a total of 100 panelists used to evaluate samples from all
(two) processing replications. Sample preparation, serving, and test settings were identical
to those of the trained panel evaluation. Samples, however, were evaluated on a 9-point
hedonic scale (1 = dislike extremely, 5 = neither like nor dislike, 9 = like extremely) for
appearance, flavor, juiciness, texture, and overall palatability. The SAS (1995) program
was used for all data analyses. Data were analyzed by the General Linear Models
Procedure and Student-Newman-Keuls multiple-range test. The Correlation Procedure
was also used where appropriate. Significance was established at P < 0.05.

Results and Discussion

All products were similar in protein content (Table 2). Fat content was not
significantly different among the five reduced-fat products. Likewise, processing yield was
similar for all the reduced-fat products, regardless of the source of added fat. However,
both yield and moisture were higher for the two high-fat products (BP-P-30 and LP-P-30)
than for all the reduced-fat products. The correlation coefficient between yield and
product moisture was 0.92 (P < 0.05).

Results from the trained panel flavor evaluation are shown in Table 3. For products
with lamb/pork used as lean meat source (LP-P-15, LP-So-15 and LP-L-15), the type of
fat added had marked effects on their flavors. Frankfurter-flavor intensity scores were
lower (although less than 1 unit difference on a 0 - 15 scale) when sunflower oil or lamb
fat was added (LP-So-15 and LP-L-15, respectively) than when pork fat was added (L.P-P-
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15 and L-P-15). Conversely, LP-So-15 and LP-L-15 were given higher (< 1 unit
difference on a 0 - 15 scale) lamb-flavor intensity scores than LP-P-15. Since species-
related flavors are associated, either directly or indirectly, with the fat portions of meats
(Jamora and Rhee, 1999), one would expect LP-L-15 (containing both lamb meat and
added lamb far) to be higher in lamb-flavor intensity. As for the lamb/pork franks with
sunflower oil (LP-S0-15), the species-related flavor of lamb meat (knife-separable lean)
might have been stronger than the pork meat flavor and the vegetable oil flavor (not
distinct). The ground lean lamb used in this study contained about 4% fat, which might
have been sufficient to contribute a lamby flavor to products. Using pork fat (rather than
lamb fat or the vegetable oil) with lean lamb/pork combination significantly reduced lamb-
flavor intensity. Since the panelists were informed that some test products contained lamb,
some of them gave lamb-flavor intensity scores for products containing no lamb (either
lean meat or fat). However, the lamb-flavor intensity scores for such products (BP-P-30
and BP-P-15) were extremely low, and of no practical significance, as shown by mean
scores of 0.08 and 0.06 ona 0 - 15 scale (Table 3). Off-flavor intensity scores for reduiced-
fat products tended to be higher when lamb fat or sunflower oil was added (LP-1-15 and
LP-So-15). Products with added pork fat were rated low in off-flavor intensity, regardless
of fat content. It should be noted, however, that the differences among all the products
in frankfurter-flavor, lamb-flavor and off-flavor intensities, although statistically significant,
were very small (on a scale of 0 - 15). Correlation analysis revealed the nature of the
association between the flavor attributes evaluated. Correlation coeflicients were -0.90 for
frankfurter-flavor intensity versus off-flavor intensity, -0.88 for frankfurter-flavor intensity
versus lamb-flavor intensity, and 0.80 for lamb-flavor intensity versus off-flavor intensity.
In other words, as lamb-flavor and off-flavor intensity increased (the two changing in
tandem), frankfurter-flavor intensity decreased.

Table 2. Processing vields and proximate composition

Products

BP-P-30 LP-P-30 BP-P-15 LP-P-15 I.P-So-15 [LP-L-15 L-P-15

Processing vield (%)  88.08" 86.51° 79.90™  82.74° 78.20° 80.88™  79.11"

Fat (%) 31.07 27.82" 17.88" 17.86° 17.5%7 16.20¢ 16.98°
Moisrure (%) 47.73" 44.36"  34.9%° 34.79¢ 35.12¢ 35.38° 3520
Protein (%) 13.05* 12.95° 14.45° 15457 14,757 14.50° 14.20¢

S Within a row, means without a common superscript letter differ (P < 0.05),
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Table 3. Trained panel flavor scores for reduced-fat and high-far frankfurters made with different types
of meat and fat

Product

Flavor intensin” RP-P-30 LP-P-30 BDP-P-15 LP-P-15 1IP-So-15 LP-L-15 L-P-15

Frankfurter flavor 8.07* 7.86% 8.23° 8.33¢ 745" 7.49° 8.24
Lamb flavor 0.08" 0.53%® 0.06" 0.10 0.e0? 0.91* 051"
Off-flavor 0.39" 0.35" 0.40° 0.22" 0.80% 1.02¢ 0.30"

**Within a row, means without a common superscript lerter differ (P < 0.05).
*Scored ona 0 - 15 scale,

Results from the consumer sensory evaluation are shown in Table 4. For flavor
desirability, LP-P-15 was rated as high as BP-P-15 and the two high-fat products (BP-P-30
and LP-P-30). LP-So-15, LP-L-15 and L-P-15 received lower flavor desirability scores
than the other two reduced-fat products (LP-P-15 and BP-P-15). The two high-fat
products {beef/pork and lamb/pork products, both with added pork fat) were rated similar
in flavor desirability, reinforcing the positive effect of added pork fat on the flavor of
frankfurters containing lamb meat. These consumer panel results on flavor desirability
were generally in line with the results from the trained panel evaluation. For both juiciness
and texture desirability, two of the reduced-fat products — lamb/pork franks with added
pork fat (LP-P-15) and beef/pork franks with pork fat (BP-P-15} — were rated as high as
their high-fat counterparts (LP-P-30 and BP-P-30, respectively). The same trend was
observed for overall palatability as well.

Table 4. Consumer panel hedonic scores for reduced-fat and high-fat frankfurters made with different
types of mear and fat

Products

Sensory attributes®  BP-P-30  LP-P-30 BP-P-15 LP-P-15 LP-So-15 LP-L-15 L-P-15

Appearance 6.22° 6.37" 6,37 6.24° 593 6.17 6.01°
Flavor 6.06" 5.68" 5.99° 5.78 5.20 5.13" 5.08"
Juiciness 5.62" 5.808 5.84" 5.9¢° 5.17° 5.24" 5.23"
Texture 598 5.85" 5.64" 5.59% 5.13™ 4.93 5.02°
Overall palatability 6.08° 5.86" 6.02° 3.88° 5.24" 5.00° 5.19°

*FWithin a row, means without a common superscript letter differ (P < 0.05).
“Scored on a 9-point scale.

There was no notable lipid oxidation in any of the products during a 12-wk storage,
regardless of fat content, lean or fat sources, or storage time. Apparently, the nitrite (a
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well-known antioxidant for meat) in these products and the vacuum-packaged {(oxygen-
excluded) storage at 4°C were sufficiently effective for inhibition of lipid oxidation.

Conclusions

When considering results from both consumer panel and trained panel evaluations of
the test products, flavor seemed to be the most important sensory attribute for lamb-
containing frankfurters. The use of frankfurter spice mixture (consisting of several spices)
and curing process apparently did not completely mask the species-related lamb flavor in
reduced-fat frankfurters made with lean trimmings of lamb legs and shoulders/pork boston
butts (50%/50%) plus lamb fat or high-oleic sunflower oil. Added pork fat had a positive
effect on the flavor of products containing lamb meat. In general, there were no marked
differences between any of the products containing lamb meat and the products not
containing lamb meat as long as added fat was from pork. Within each fat content
category (reduced-fat or high-fat), frankfurters made with famb/pork meats plus pork fat
were as acceptable as the corresponding frankfurters made with beef/pork meats plus pork
fat. Using high-oleic sunflower oil, rather than lamb fat, in reduced-fat lamb/pork
frankfurters - which may be desirable from a nutritional point of view — did not improve
the product flavor and acceptability.
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Fatty Acid Profiles of Goat Diets and Their Effects
on Meat Fatty Acids

K.S. Rhee, D.F. Waldron, Y.A. Ziprin, and K.C. Rhee

ABSTRACT

Boer x Spanish kids were either fed a high concentrate diet or grazed on rangeland. The
concentrate diet consisted of sorghum grain, cottonseed hulls, dehydrated alfalfa meal,
cottonseed meal, soybean meal, molasses, and mineral and vitamin supplements.
Animals were slaughtered at 206-234 d of age. Lipid extracts from goat muscle tissue
and representative samples of the concentrate diet and the parts of range plants that
goats were expected to have consumed were analyzed for fatty acid profiles. The range
plant samples were much higher in the percentage of total saturated fatty acids when
compared to the concentrate diet. Conversely, the percentage of total unsaturated fatty
acids was higher for the concentrate diet (81% vs. 62-73%). Muscle tissue fat from
animals grazed on pasture was more saturated than the fat from animals fed the
concentrate diet, reflecting the fatty acid saturation differences between the two diets.
The major unsaturated fatty acids in range plants were linoleic (18:2) and linolenic
(18:3) acids, while in the concentrate diet the major unsaturated fatty acids were oleic
(18:1) and linoleic acids. Regardless of diet type, oleic acid was the major unsarurated
fatty acid in goat muscle tissue. Distinct differences among the range plant types (grass,
forb, or browse) were found in some fatty acids, such as stearic (18:0), linoleic and
linolenic acids.

Sheep and Goat, Wool and Mohair CPR 2000:38-43
Introduction

The fatty acid composition of meat is not only an important diet/health concern to
consuimers, but also is a primary factor determining the stability of the stored product
(Rhee, 1992). The fatty acid composition of tissues of ruminants ts less affected by dietary
lipid composition than that of nonruminants, because of the hydrogenation of dietary
lipids by rumen microbes (Byers and Schelling, 1993). However, the ruminal conversion
of dietary unsaturated fatty acids to saturated fatty acids normally is not complete. Beef
cattle studies (Westerling and Hedrick, 1979; Melton, 1983; Marmer ct al., 1984;
Chilliard, 1993) have shown that dietary fatty acid composition differences can cause
differences in tissue fatty acid composition. In this study, we evaluated fatty acid profiles
of goat diets and muscle tissue from the goats produced on two different diets to

38
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understand the relationship between the fatty acid composition of animal diets and that of
meat.

Materials & Methods

Animal feeding was done in San Angelo, Texas. Twenty castrated, male goats {Boer
x Spanish), ranging in age from 90-118 d, were assigned to two dietary treatments. Ten
were placed on rangeland and 10 were fed a high concentrate diet. The rangejand/pasture
was populated with multiple species of native grasses, browses and forbs. The high
concentrate diet was given a4 libitum for 116 d before slaughter. It contained sorghum
grain {67.5%), cottonseed hulls (12%), dehydrated alfalfa meal (5%), cottonsced meal
(4%), soybean meal (4%), molasses (4%), and mineral and vitamin supplements.

Range plant samples (the parts of each plant that goats were expected to have
consumed) were obtained toward the end of the period the goats were on pasture, and
were placed in airtight plastic bags and frozen. Animals were slaughtered at a commercial
facility in San Angelo, at 206-234 d of age. Muscle (semimembranosus) samples were
removed from carcasses at ~60 h postmortem and frozen in Ziploc® freezer bags. The
muscle samples and range plants and concentrate diet samples were shipped frozen with
dry ice to College Station. All samples were kept at -20°C until analyzed.

Total fat extraction and fatty acid analysis were done as described previously (Rhee
et al., 1997). Results for each fatty acid were expressed as a percentage of the sum of all
identifted fatry acids. Analysis of each diet specimen was performed on two subsamples.
The General Linear Models Procedure of the SAS (1995) program was used for data
analysis. A mean separation (Student-Newman-Keuls test) was used to test for differences
between samples. The data were analyzed as a completely randomized design, and
significance was defined at P < 0.05.

Results and Discussion

The range plant samples were much higher in the percentage of total saturated fatty
acids when compared to the concentrate diet (27-38% for the range plant samples vs. 19%
for the concentrate diet) (Table 1). Conversely, the percentage of total unsaturated fatty
acids was higher for the concentrate diet (81% vs. 62-73%). Polyunsaturated fatty acids
(18:2 and 18:3) made up 71-92% of total unsaturated fatty acids in range plants, whereas
18:1 (monounsaturared farty acid) and 18:2 constituted 37% and 59%, respectively, of the
total unsaturated fatty acids in the concentrate diet. Distinct differences among the range
plant types were found in 18:2 and 18:3. Grasses (sideoats grama, common curlymesquite
and sand dropseed) and forb (globe mallow) were about 2 folds higher in 18:2 percentage
when compared to browses (littleleaf sumac and catclaw acacia). The percentage of 18:3,
however, was higher in the browses and forb than in the grasses. Differences in total fatty
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acid unsaturation between the intramuscular fat from range goats and that from
concentrate-fed goats (Table 2) were not as large as the differences observed between the
range plants and the concentrate diet (Table 1). In intramuscular fat, whether from range
goats or concentrate-fed goats, 18:1 constituted more than two-thirds of total unsaturated
fatty acids. In comparison, 18:1 made up only 7-28% of the total unsaturated fatty acids
in range plants and 37% in the concentrate diet.

Table 2. Fatry acid composition (%) of goat muscle {sewmsmembranousus) samples

Muscle samples from

Fatty acids Range goats Concentrate-fed goats
14:G 1.78 1.78°
14:1 0.30¢ 0.43°
16:0 2051° 20.99°
16:1 1.62° 2.71°
17:0 1.29° 1.75"
17:1 (.54 2,32
18:0 16.27° 10.24°
18:1 42.43° 51.00°
18:2 774" 5.74"
18:3 116 0.18"
20:3 0.21° 0.08"
20:4 3.43° 2.27°
21:0 1.17 0.15"
240 1.17 0.38"
Total saturated 42.19° 35.28"
Total unsaturated 57.82" 64.72"
Toral moenounsaturated 45,29 56.46"
Total polyunsaturated 12.54° 827"

“"Within a row, means without a common superscript letter differ (P < 0.05).
‘Percentage based on a total of identified fatty acids listed.

There is little published information available on the effect of diet/feeding regimen on
fatty acid composition of goat muscles/intramuscular fat. In our previous study (Rhee et
al., 1997) on goat meat patties made with knife-separable lean composite (with some,
though minimal, visible external fat), patties from concentrate-fed animals within the same
breed type were higher in the 18:1 percentage when compared to the respective patties
from animals grazed on rangeland without grain supplementation, while the 18:0
percentage was higher in the latter. As for other ruminants, diet effects on fatty acid
composition of beef have been extensively studied. Westerling and Hedrick (1979)
reported that the 16:0 percentage in intramuscular fat was similar between animals fed an
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82.4% corn diet and those grazed on predominantly fescue grass, whereas the 18:1
percentage was greater in grain-fed animals and 18:0, 18:2 and 18:3 percentages were
higher in forage-fed animals. In the study by Marmer et al. (1984), however, the 18:2
percentage of intramuscular fat was higher in animals fed a 79% corn diet than in animals
fed a forage diet (primarily winter wheat). The differences between these studies may be
related to fatty acid composition differences that could have been present berween the two
grain diets and/or the two forage diets. Fatty acid profiles of diet samples were not
determined in these studies. As for lambs, grazing reportedly increases the 18:0
concentration in adipose tissue, while grain concentrates increasing 18:1 and 18:2 (Enser,
1995).

In conclusion, our results indicated that intramuscular fat from Boer x Spanish goats
grazed on pasture without any grain supplementation was more saturated than
intramuscular fat from goats fed a high concentrate diet. Such trend with intramuscular fat
seemed to generally reflect the fatty acid saturation or unsaturation differences berween the
two diets. Further studies are needed on the relationship between the fatty acid profiles of
diet specimens (different grain diets and various range plants) and those of tissue samples
from goats that have undergone the dietary treatments. Effects of time-on-feed also need
to be investigated.
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Effects of Prenatal Shearing of Ewes on Lamb Birth Weight and
Neonatal Lamb Survivability

S.]. Falck, G.E. Carstens and D.F. Waldron

ABSTRACT

Shearing pregnant ewes in cold environments has been shown to increase lamb birth
weights and survival rates. This is supported by research that has demonstrated that
maternal cold exposure enhanced brown fat thermogenesis and cold tolerance of
newborn lambs. This study was designed to determine the effect of late-gestation
shearing on lamb birth weight and survival rates during the neonatal period in typical
West Texas conditions. Rambouillet ewes of mixed ages were randomly assigned,
within sire family and vear of birth, to one of two shearing treatments, prenatal shorn
or unshorn. The ewes remained on the same treatment for all 3 years. The prenatal
shorn ewes were shorn in early January, 2 to 54 d prior to lambing (mean = 20 d). The
unshorn ewes were shorn after lambs were an average of 96 d old. Lamb survival rates
for 480 lambs were analyzed using a model that included fixed effects of shearing
(prenatal or unshorn), year, sex of lamb, type of birth (singles, twins, triplets), age of
dam (2, 3-5, 6+), significant 2 way interactions (P < .2}, and linear and quadratc
etfects of birth weight and minimum temperature.  Lamb survival rates were not
affected by age of dam, but were lower (I’ < 0.02) on day 3 for triplet compared to twin
and single lambs (74.3, 88.0 and 89.2 + 5%, respectively). There was an interaction
between sex of lamb and shear treatment (P < 0.05) for lamb survival. Male lambs from
shorn ewes had 12% lower survival rates at one day of age than male Jambs born to
unshorn ewes (P < 0.01), whereas prenatal shear treatment did not affect the survival
rate of female lambs. L.amb birth weight ranged from 3.5 to 15.4 1b and was not affected
by shear treatment (P > .5). Lamb survival rates increased quadratically as both birth
weight (P < 0.05) increased and as minimum temperature on day of birth (P < 0.01)
increased. Predicted survival rates at 3 days of age for 4, 6, 8, 11, and 13 Ib birth weight
lambs were 57.6, 73.8, 85.4, 94.0, and 94.0 = 6%, respectively. Predicted survival rates
at 3 days of age for 20, 30, 40, and 50° F minimum temperature were 71 .6,87.5,91.5,
and 83.5 = 5%, respectively. These results demonstrate that prenatal shearing of ewes
20 d prior to lambinE did not increase birth weight or imErovc lamb survival rate.

A
Sheep and Goat, Wonl and Mohair CPR 2000:44-58
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Introducton

Lamb deaths are a considerable economic loss to the sheep industry each year. A
1996 USDA report estimated that 9.4% of lambs born alive died prior to weaning. In
Michigan flocks, Rook (1989) reported mortality rates of 15 to 20%, and found that the
majority of these deaths occurred within the first three days of life.

Simpson (1995) found that weather related causes were responsible for 40.5% of the
lamb deaths, with only predators responsible for a greater number. Weather losses include
deaths from lightning, drowning, and chilling. Other post-mortem studies suggest that
30% of all neonatal deaths may be the result of hypothermia, starvation, or the
combination of the two (McCutcheon et al., 1981). Hypothermia and starvation share
physiological mechanisms and each condition may contribute to the other. Lambs in a
cold environment must increase heat production to avoid hypothermia. This increased
heat production depletes body reserves and can lead to starvation unless the lamb receives
adequate energy from nursing. As lambs’ body temperatures decline their ability to suckle
is impaired. Failure to suckle, whether from mismothering, central nervous system injury
due to dystocia, or discomfort will result in starvation thereby contributing to hypothermia
because the lamb has less energy to utilize for heat production. This phenomenon is called
the starvation-exposure syndrome (McCutcheon et al., 1981).

A 1993 study by Azzam et al. in Nebraska examined the effects of environmental
conditions on neonatal calf survival rate. Utilizing over 70,000 calving records, they
reported that as the environmental temperature decreased calf mortality rates increased.
Mortality rates of non-dystocia calves in a dry environment increased from less than 4%
at 86° F to over 18% when the ambient temperature was -4° F. Precipitation also
negatively affected the calf survival rate, particularly at lower temperatures. In the same
study it was also found that low birth weight calves (birth weights 1.5 standard deviations
below the mean) had higher mortality rates, particularly at lower temperatures.

Low birth weight lambs also have increased mortality rates. Alexander and McCance
(1958) reported that the rectal temperatures of lambs that died within 72 h of birth were
significantly lower at 6 h of age than the temperatures of lambs that survived.

Management practices that are able to reduce the incidence of low birth weights of
lambs will likely increase lamb survival rates. Rutter et al. (1971) demonstrated that by
shearing pregnant ewes 7 weeks prior to parturition lamb birth weights increased by 16%
compared with unshorn ewes. The lamb mortality rate was also decreased from 35.8% in
the unshorn group to 18.5% in the shorn group. When ewes were shorn and exposed to
cold temperatures (34 to 43° F) 5 weeks prior to lambing, birth weights of single lambs
were increased 27% compared to unshorn ewes housed at 59° F (Thompson et al., 1982).

There is substantial evidence of benefits to prenatal shearing from studies done outside
the United States. The objective of this experiment was to determine if shearing pregnant
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ewes 1In late gestation would increase birth weight and improve lamb survival in a west
Texas flock.

Materials and Methods

A three-year study was conducted with a flock of mixed-age Rambouillet ewes. Prior
ro mating in the first year of the study, ewes were randornly assigned within sire family and
year of birth to one of two shearing treatments. The treatments consisted of shearing prior
to lambing (prenatal shorn ewes) and shearing after lambing (unshorn ewes). The ewes
in the prenatal shorn treatment were shorn in January each year an average of 20.1 + 12.6
d prior to lambing, whereas, the unshorn ewes were not shorn undl April, 96.2 + 15.1 d
after lambing. As young ewes were added to the flock each year they were assigned to a
shearing treatment prior to mating. Once assigned to a shearing treatment, ewes were kept
on the same treatment in subsequent years. There were a total of 276 parturitions over
the three-year period resulting in 480 lambs. The average body weight of the ewes at time
of mating was 132.7 = 1.3 lb. .

Upon shearing of the prenaral shorn ewes in January, both groups were housed in a
common pen {150 x 300 ft) with access to a three-sided shed. Ewes and lambs remained
in this pen until fambs were 7 to 14 days of age, at which point they were returned to
pasture. While housed in this pen, ewes were fed a diet consisting of 30% sorghum grain,
40% peanut hulls, 16.5% cottonseed meal, 8% molasses, 3% salt, 1% calcium carbonate,
1% urea, and 0.5% ammonium chloride.

Data collected at lambing included lamb birth weight, sex, type of birth (single, twin,
or triplet), and age of ewe. Minimum and maximum temperatures on the day of birth
were also recorded. Lamb survival was observed for up to 7 days of age. Dara was
analyzed using general linear model procedures in SAS (1996) to examine factors affecting
birth weights. Variables in the model were shearing treatment, year, sex of lamb, type of
birth, and age of dam. The age of dam was categorized as 2 year olds, 3- to 5-yr olds or
6- to 7-yr olds. All interactions were examined in initial models and remained in the final
model if P < 0.2, but there were no significant interactions in this model.

Survival rate on day 1 was coded as 0 if a lamb died at birth or during the first day of
life or 1 if the famb survived through the first day of life. Lamb survival rates through days
3 and 7 were likewise coded. This model included shearing treatment, year, sex of lamb,
type of birth, and age of dam. The interaction of shearing treatment x sex of lamb had a
P < .20 so it was also utilized in the model. In addition, linear and quadratc effects of
day-of-birth minimum temperature and birth weight were included in the model.
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Results

The average litter size was not affected by shearing treatment (1.69 and 1.74, for
unshorn and shorn, respectively). Age of dam affected litter size. The 2-yr-old ewes had
smaller litters (P < 0.01) than did the 3- to 5-yr-old or 6- to 7-yr-old ewes (1.53, 1.81,
and 1.79, respectively).

Type of birth significantly affected the birth weight of lambs (Table 1). Single lambs
were 22.5% heavier than twin lambs (P < 0.001), and twin lambs were 17.8% heavier
than triplet lambs (P < 0.001). Survival rates for triplet lambs were lower (P < 0.05) on
days 1, 3, and 7 compared to single and twin lambs. Yapi er al. (1992) also found a
positive correlation between litter size and lamb mortality, which is probably due to heavier
birth weights (McCutcheon er al., 1983) and increased cold resistance (Stott and Slee,
1987) of single lambs compared to twin and triplet lambs. There was not a significant
difference, however, between survival rates of single and twin lambs in this study.

Tabie 1. Effects of sex of lamb and type of birth on lamb birth weights and survival rates

Birth ~— @-—-——-—-——-—--- Survival Rate"— == == =~ — —

Factor Weight* Day 1 Day 3 Dav7
Sex of Laméb

Female 7.63 88.1 831 82.1

Male 8.25 90,2 845 80.6

SE A1 2.2 2.7 2.9

P-Value 001 3% .65* .66
Type of Birth

Singles 948 94.6 89.2 875

Twins 774 93.5 88.0 3.6

Triplets 6.57 79.3 74.3 72.9

SE .18 3.8 4.7 5.1

P-Value .001 01 02 09

“Birth weight of lambs, Ib.
*Lamb survival rates: percentage of lambs alive after the first, third, or seventh d of age.
“Sex of lamb x shear treatment was significant for lamb survival rates (see Fig. 3 and rext).

Minimum temperature had a significant (P < 0.01) quadratic effect on survival rates
for day 1, day 3, and day 7 (Figure 1). The optimum minimum temperature range was
from 39 to 43° F. Below 39° F there was a decline in lamb survival rates. Compared to
survivability at 39° F, survival rates declined 5% when temperatures decreased to 30° F and
23% when temperatures decreased to 21° F.
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Figure 1. The effect of minimum temperature on day of lambing on lamb survival,
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Lamb birth weight had a significant quadratic effect on lamb survival rates on day 1
(P < 0.01) and also tended to affect survival rates on day 3 (P = 0.06) and day 7 (P <
.10). The effect of lamb birth weight on survival rate is illustrated in Figure 2. There was
a 10% reduction in day-1 survival rates when birth weights decreased from 8 to 6 Ib, and
a 25% reduction when birth weights decreased from 8 to 4 Ib. Similar effects were noted
for survival rates on days 3 and 7. At heavier birth weights, survival rates declined slightly,
reflecting possible complications from dystocia. Gama et al. (1991) found that birth
welght was the best predictor of lamb mortality rates.

Age of dam had a significant effect on lamb birth weights (Table 2). Lambs from the
6- to 7-yr-old ewes were 4.7% heavier than lambs from 3- to 5-yr-old ewes and 14.1%
heavier than lambs {rom 2-yr-old ewes. Age of dam was not a significant factor affecting
survival on days 1, 3, or 7. This corresponds with Hanrahan (1986) who found no effect
of ewe age on lamb survivability when adjusted for litter size.

Regardless of prenatal shear treatment, the majority of lamb deaths for 7 d mortality
rates occurred within the first day of life. Deaths within the first day of life accounted for
61.8 and 53.4% of the 7 d mortality rates of prenatal shorn and unshorn treatments,
respectively.



Figure 2. Effect of birth weight on lamb survival.
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Table 2. Effects of prenatal shearing rreatment and age of dam on lamb birth weight and
survival rates

Bith =~ Survival Rate"————~——— -

Factor Weight' Day 1 Day 3 Day 7
Shear Treatment

Prenatal Shom 7.89 86.9 81.3 78.8

Unshorn 7.96 9i4 86.4 839

SE 11 2.1 2.6 29

P-Value .50 06 09 A1
Age of Dam

2-vr olds 7.36 86.3 835 79.2

3- 1o d-vr-olds 8.03 38.8 84.1 83.1

6- to 7-vr-olds 8.40 Q24 83.9 81.8

SE 15 3] 3.9 4.2

P-Value 001 32 99 67

‘Birth weight of lambs, 1b.
"Lamb survival rates: percentage of lambs alive after the first, third, or seventh d of age.
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Lamb birth weight was not affected by prenatal shear treatment (Table 2). There was
a significant interaction between prenatal shear treatment and sex of lamb for survival rates
ondays 1 (P < 0.05), 3 (P < 0.01), and 7 (P < 0.01). Prenatal shcaring did not aftect
day 1 survival rates of female lambs, however, male lambs born to shorn ewes had lower
(P < 0.01) survival rates than male lambs born to unshorn ewes (Figure 3). This was also
the case for day 3 and 7 survival rates. The possibility was considered that prenaral
shearing mcreased birth weights of male but not female lambs, thereby increasing the
incidence of dystocia in male lambs. This was not likely the case, howcever, since the
inreraction berween prenatal shear treatment and sex of lamb for birth weight was not
significant (P > .25). Aninteraction berween sex of lamb and prenatal shear treatment for
lamb birth weights or survival rates has not been reported in other studies. The finding
that male lambs born to shorn cwes had lower survival rates than male lambs born to
unshorn ewes is contrary to results from previous studies (Table 3). In studies that have
reported beneficial effects of prenaral shearing on lamb survivability it was also found that
prenatal shearing increased birth weights.  Therctore, the lack of a posittve prenatal
shearing eftect on lamb survival in the present study is not surprising given that birth
weight was not affected. It remains unclear as to why prenatal shearing has a negative
impact on survivability of male lambs in this study.

Figure 3. Effect of shearing on day 1 survival rate of male and female lambs {prenatal shear x sex of lamb
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One possible explanation as to why prenatal shear treatment did not increase birth
weight or improve survivability of lambs in this study, is that the length of time from
shearing to lambing may have been too short. Only five of the 17 studies reviewed in
Table 3 found no effect of prenatal shearing on lamb birth weight. In these five studies,
the time from prenatal shearing to lambing ranged from 21 to 36 d, whereas, in the studics
that did report a birth weight response, the length of time from shearing to lambing
generally was greater than 40 d. Two studies have examined the timing of prenatal
shearing on lamb birth weights (Black & Chestnure, 1990; Morris & McCutcheon, 1997).
In these two studies, the smallest increases in birth weights due to prenatal shearing were
tound when the time from shearing to lambing was less than 30 d (Tabie 3).

A sccond rcason for a lack of a prenatal shear effect may be that the ambient
temperatures during late gestation were too mild. The 3-yr average minimum temperaturc
on the day of lambing in this study was 36.3 = 8.1° F (range of 17.1 to 59.0° F), and the
average maximum temperature on day of lambing was 64.6 + 11.7° F (range of 23.0 to
84.9° F). Surprisingly, few authors have reported the ambient temperature conditions that
existed during their studies (Table 3). The studies that did report ambient temperatures
were not extremely cold compared to the temperatures reported in the current studv.
Collectively, the results of studies presented in Table 4 clearly demonstrate that prenatal
cold exposure enhances and prenatal heat exposure suppresses lamb birth weights, thereby
potentially impacting lamb survival rates.

Discussion

Despite the fact that prenaral shearing treaument did not increase lamb survivability
i this study, the majority of prenatal shearing experiments have shown beneficial responses
(Tables 3 and 4). There are a number of possible mechanisms whereby prenatal shearing
may improve lamb survival rates. Prenatal shearing affects ewe behavior at lambing.
When cwes are not housed during lambing, prenatal shearing has been shown to increase
the likelihood that ewes will lamb in sheltered areas, thereby increasing the chance of lamb
survival, particularly in inclement weather (Lynch and Alexander, 1976). Another benefit
could be increased colostrum consumption by lambs due to less wool around the ewes’
udders.

Several studies have reported an increase in drv matter intake of ewes that were shorn
prior to lambing (Austin and Young, 1977; Vipond et al., 1987; Svmonds ct al., 1992;
Black and Chestnutt, 1990; Dabiri et al., 1996). This increase in intake was thought to
be a factor in increasing lamb birth weights by increasing the total supply of nucrients
available to the developing fetus, However, because cold exposure increases rate of passage
in ruminants, digestibility is decreased, so metabolizble energy intake is similar to that of
unshorn ewes (Symonds et al., 1986). In one trial prenaral shorn and unshorn ewes were
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ted equal amounts of dry marter and the shorn ewes still had heavier lambs (Thompson et
al., 1982).

Cold exposure may alter the way nutrients are partitioned in the ewe. Plasma glucose
levels increase in cold exposed ewes {Symonds et al., 1992; Clarke et al., 1997) and in
feruses as well (Thompson et al., 1982). Infusion of glucose into the ferus during the last
4 weeks of pregnancy has been shown to increase fetal weight compared with saline-
infused controts (Stevens ct al., 1990},

Another benefit to shearing pregnant ewes in late gestation may be a reduction in
thermal load. Shelton and Huston (1968) examined the effects of heat stress during lare
gestation. Control ewes were housed at 75° F, whereas warm-treated cwes were exposed
to 90° F for 12 (partial) or 24 (full) h per day. The partal heat treaument lowered birth
weights by 16% and increased mortality rates to 20%. The full heat creatment had a 40%
reduction in birth weight compared with control and a mortality rate of 45% (Table 4).

Besides increasing birth weight, prenatal shearing has been shown to enhance brown
fat metabolism in newborn lambs. Brown fat is present in newborn fambs and functions
to produce hear through nonshivering thermogenic mechanisms o help prevemt
hvpothermia. Stott and Slee (1985) conducted a study where ewes were exposed to cither
warm (79° F, full fleece) or cold (42.8° F, shorn) treatments 14 d prior to lambing,
Brown fat metabolism, measured as an increase in OXygen consumption i1 response to a
norephinephrine challenge, was found to be 2.8 times thermoneutral metabolism in lambs
from cold-cxposed cwes, but only 1.7 times thermoneutral metabolism in lambs from
warm-cxposed ewes. Likewise, Symonds etal. (1992) found that lambs from cold-exposed
cwes had 40% greater brown fat thermogenic acuvity than control lambs.

Implications

Although prenatal shearing of ewes has been shown to increase lamb birth weights
and improve survival rates in several studics, no increases were obscrved under the present
study. The beneficial cffects of prenatal shearing appear to be influenced by the degree of
cold exposure and the length of time between shearing and lambing.
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Comparative Productivity of Angora, Meat,
and Crossbred Goats under Identical Management

J.E. Huston, P.V. Thompson, C.]. Lupton, and J.W. Kiker

ABSTRACT

A 2-yr study was conducted to determine total production (fiber and meat) of Angora
and meat goat females bred to either Angora or meat goat males (AA, AM, MA, and
MM, respectively). Angora females bred to Angora males (AA) produced fewer (78.4
vs 140.4%) and smaller (36.8 vs 52.2 lb) weaned kids than mear females bred to meat
males (MM). The crossbred kids (both AM and MA) weaned at intermediate weights
that were different (P < 0.05) from AA and MM but not different (NS) between the
reciprocal crosses. Feedlot performance data showed differences similar to those for
weaning weights. Kids from the AA group gained slower (.15 vs .26 Ib/d; P < .10)
compared with those from the MM group whereas the crossbred groups were
intermediate. Other data collected included fleece weights of the Angora females and
kids and differences in gain due to sex and diet type. These data will be used to evaluate
the use of Angora females to produce crossbred kids for meat during periods of low
mohair prices.

Sheep and Goat, Wool and Mohair CPR 2000:59-64
Introduction

Angora goat numbers are declining and meat goat numbers are increasing in Texas
as a result of low and variable mohair prices and increasing demand for goat meat in the
United States. Mohair is the primary product of Angora goat enterprises and has received
the major consideration in selection and management decisions. The mutually beneficial
relationship between the goat and its habitat, goat meat and hides (from surplus kids and
salvage adults), and the advantage of enterprise diversity (mixed animal species) are also
important considerations. However, low demand and volatile mohair prices varying up
to 1,000 percent cause periods of unprofitability for producers. Recent trends in Texas
roward replacing Angora goats with meat goats raise the concern that the high quality
Angora seed stock that has long dominated the Texas goat population may disappear.
These current situations are stimuli for an approach for managing the Angora goar as a
dual-purpose animal using meat goat sires at opportune times but holding the option of
returning to pure-bred Angora sires when mohair prices are favorable. A 2-yr study was
conducted at the Texas A&M University Agricultural Research and Extension Center at
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San Angelo, comparing the production components of Angora and meat goats and Angora
X meat goat crosses. Data from this study are intended for use in developing a decision aid
for optimal long range goat management.

Materials and Methods

The study involved breeding Angora and meat female goat flocks with both Angora
and meat goat sires to produce full blood Angora (AA) and meat (MM) kids and crossbred
kids from either Angora or meat goat does and meat or Angora sires (AM and MA,
respectively). The resulting weaned kids were then fed in a growth trial to determine the
effects of breed, sex, and diet type on average daily gain (ADG) and feed efhciency (FE).
The Angora flock was typical of a mixed-age (2- to 5- yr), medium body size (70.7 Ib)
Texas flock. The meat goat flock was younger (6 mo to 3 yr) averaging 51.1 and 87.4 Ib
during yr 1 and 2, respectively. The meat goat females originated from a herd of Spanish
goats bred to Boer sires and consisted of first, second, and third generation upgrading
(one-half to seven-eighths Boer). Females from each type (Angora and meat goats) were
divided equally among either three (yr 1) or two (yr 2) pastures for breeding to both
Angora and meat goat sires during a 45-d breeding season beginning October 1 each . The
sires (minium of three per 100 females) were typical high-shearing Angora males and meat
goat males (five-eighths Boer) produced from the Texas Agricultural Experiment Station
flock at the H.D. Winters Ranch lease in McCulloch County. Breeding groups were
arranged so that sire effects were equalized for the straighr bred and crossbred groups (i.e.,
the same sires produced MM and AM kids). The flocks received identical but minimal
management beyond breeding and supplemental feeding (approximately .5 Ib/hd/d of 32%
crude protein supplement) during the winter. Predation, primarily from both red and gray
foxes, reduced kid crops substantially. The kids were weaned on August 14 and August
S in yr 1 and 2, respectively, and identified as AA, AM, MA, or MM by the breed of the
dam and the appearance of the sires’ influence. Mohair fleece weights were recorded for
the adult Angora females in February and August and for the weaned kids in August,
Weaning dates for all kids corresponded with the August shearing for the Angora goats.
Between weaning and beginning of the feedlot trials, the kids were fed a standard diet
(Table 1) during a uniformity period.

Feeding trials were conducted each year to determine effects of breeding (AA, AM,
MA, and MM), sex (M,F), and diet type (HR, LR; Table 1) on growth rate and feed
efficiency of kids. Kids from the breeding study described above and additional similar
kids produced from other breeding studies were used in these growth trials. A replicated
4 x 2 x 2 factorial design (32 pens) was used. The kids were assigned to treatment to
equalize weight within breed and sex. Feed was weighed into bunk feeders daily and
excesses were weighed back two or three times per wk and discarded. Attempts were made
(with limited success) to keep goats out of feed troughs and water buckets. Goats that
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died or were targets of severe abuse by pen mates were removed from the pens and were
not included in the data. Data collected included initial and 28-d weights and feed
consumption. Final weights were recorded 80 and 76 d after the beginning of the trials
during yr 1 and 2, respectively.

Table 1. Diets fed to weaned kid goats during a 2-vear study to determine the cffects of breeding, sex,

and diet cnergy Ievel on gmwth and feed efficiency

Uniformiry High roughage Low roughage
[rems dict {HR) (LR)
Ingredicnts
Caottonseed hulls 10 7.5 3
Peanut hulls . 7.5 3
Dehvdrated alfalfa meal 20 15 6
Sorghum grain 52 52.5 70
Cottonseed meal 5 11 11
Soybean meal 5 -
Molasses 5 4 4
Ammonium chloride 0.75 0.75 0.75
Calcium carbonate 1 0.75 1
Sale 0.5 0.5 0.75
Viramin/mineral premix 0.75 0.5 0.5
Rumensin (10 mg/lb actve) - - +
Estimated nutrient contents
Crude protein 15 15 15
TDN 67 64 70
Calcium 0.77 0.60 0.57
Phosphorus 0.30 0.34 0.37

Results and Discussion

The numbers of kids produced by the breeding groups were below expectations,
especially during yr 1 (data not shown). The meat goat females were younger than the
Angoras and, possibly as a result, produced fewer kids. Also, predation during yr 1 was
very high. Therefore, data on kid production is presented for yr 2 only (Table 2). These
data indicate ciearly the advantage of the meat goat over the Angora in reproductve rate.
The sire effect on kids weaned was unclear. Although statistical analyses were not applied
to the reproductive rate data, it appeared that the kid crop was slightly lower in crossbred
than in pure-bred goats. In addition to kids produced, the Angora females produced an
average annual total of 11.9 Ib of mohair (Feb. = 5.5 Ib; Aug. = 6.2 1b); the weaned kids
produced 2.3 Ib/hd (Aug. only) of fine, high quality mohair.
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Angora kids weighed less (P < 0.05) and meat goat kids weighed more (P < 0.05)
at weaning than either of the two crosses (Table 3). A breed X sex interaction (P < 0.05)
suggested that crossbred males had a greater advantage over crossbred females when the
dam was Angora and the sire meat goat than the reverse situation. However, the average
weaning weights of crossbred kids did not differ, regardless of breeds of parents.

Table 2. Comparative reproductive rates of Angora and meart goats (vear 2

only)
Angora sire Meat sire
Angora Mear Angora Meat
Item female female female female
Number of goats (females) 51 48 49 47
Number of kids weaned 40 47 34 66
Kid crop, % 78.4 97.9 69.4 140.4

Table 3. Comparative wcming wcights of Angora and meat goats and reciprocal crosscs

Angora sire Mecat sire
Angora Meat Angora Meat
female temale fernalce female
Item AA MA AM MM Total/average
Number of kids weaned 43 28 55 74 200
Average weaning weights, Ib :
Male 39.2 45.6" 54.2" 58.4° 49.8
Female 34.1° 43.6" 41.9° 46.0° 414
All kuids 36.8 45.6° 48.0° 52.2¢

*Within a row, means without a common superscript differ (P < 0.05),

Dara from the feedlot trial (Table 4) indicated that kids produced by mecat goat parents
gained faster (P < 0.10) than those produced by Angora parents. The average daily gains for
crossbred goats were intermediate and did not differ (P = .34). Feed conversion ratios ranged
from 9.5 to 13.3 and were not statistically different. The Angora kids (AA), which had the lowest
gain, also had the lowcst feed conversion, indicating a low relative feed intake (data not shown).

Tables 5 and 6 show pooled effects of sex and diet type on growth rate and feed
conversion during the feedlor trials. The male kids gained live body weight faster (P <
0.05), especially early during the growth period. Later in the trials when kids reached 6
to 7 mo of age (Nov. and Dec.), the male goats displayed rutting activities and gain
declined. This decline late in the growth period when feed consumption remained relatively
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high apparently reduced feed conversion. Although feed conversion did not differ (P =
.72) for the entire period for the kids of different sexes, it is likely the male kids gained

more efficiently early and less efficiently late in the trial. Diet tvpe did not affect rate of
gain (P = .22) or feed conversion (P = .29).

Table 4. Growth rates and feed efficiencies of Angora and meat goats and reciprocal

CrOSSCS
Angora sire Mear Sire
Angora Meat Angora Meat
female female female fermale
Ttem AA MA AM b1
Number of kids 102 28 95 71
Average daily gain, Ib/d 15 21" 18™ 26
Feed conversion, feed/gain 9.5 13.3 10.8 10.2

““Within a row, means without a common superscript differ (P < 0.10).

Table 5. Growth rates and feed conversions for male and ferale kid goats®

Sex
Ttem F M Pdift
Number of goats 139 157
Average daily gain, Ib/d .19 21 I < 0.05
Feed conversion 10.0 (99) 11.2 (96) P=.72

‘Feed conversion was calculated for vear 2 data only. The numbers in parentheses
represent the numbers of goats used in determining feed conversion.

Table 6. Growth rates and feed conversions for goat kids ted high and low routhagc dicts®

Dricr
Ttem Low roughage High roughage Pditt
Number of goats 149 147
Average daily gain, Ib/d 21 .20 =22
Feed conversion 8.8 (97 12.4 (98) P =29

*Feed conversion was calculated for vear 2 data only. The numbers in parentheses
represent the numbers of goats used in determining feed conversion,
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Implications

Reproductive rate was higher in meat goat females than in Angora kids. Meat goat
kids exhibited higher weaning weights and growth rates than Angora kids. However, kids
out of Angora females that were sired by meat goat males had weaning weights and
growth rates higher than Angora kids and similar to those often observed for meat goat
kids. Although Angoras cannot successfully compere with meat goats in the production
of meat only, the use of meat goat sires on Angora females will increase the likelihood that
a combination of meat from crossbred kids and mohair from the Angora females can
together return a sum sufficient to justify retention of Angora breeding stock untif mohair
prices are again favorable.



Nutritional Quality and Intake of Prickly Pear by Goats

Z. McMillan, C.A. Taylor, Jr., C.B. Scott, and J.E. Huston

ABSTRACT

Prickly pear is a succulent common throughout the southwestern U.S. Although most
efforts focus on control of prickly pear, prickly pear can be used as a reserve forage for
livestock during drought. In addition, some ranchers in southern Texas and Mexico have
planted a spineless variety of prickly pear for livestock forage. Our objectives were to
determine 1) the nutritional quality of both spined (Opuntia macroriiza) and spineless
(Opuntia rufida) prickly pear, 2) if experiences early in life affect prickly pear intake, and
3) if forage availability affects prickly pear intake. Spineless prickly pear was higher (P
< 0.05) in dry marter digestibility, organic matter digestbility, crude protein, and
tended to promote higher protein retention in goats. Goats at more spined prickly pear
on a wet basis, but intake was similar on a dry marter basis. Early life experiences with
spineless prickly pear increased (P < 0.05) intake of singed prickly pear. Forage
availability did not affect prickly pear intake. Collectively, these results suggest that
spineless prickly pear would be a more nutritious alternative forage, and that spineless
prickly pear can be fed during weaning to increase prickly pear intake after prescribed
buminE.

Sheep and Goat, Wool and Mohair CPR 2000:65-73
Introduction

Perceptions of prickly pear (Opuntia sp.) vary among geographic locations and
prevailing climates. Many livestock producers in the southwestern United States attempt
to control prickly pear because of its competitive nature with more nurtritious forages,
livestock health problems caused by prickly pear spines, and interference of prickly pear
with fivestock handling and forage utilization. In more xeric environments, spineless
prickly pear has been introduced as an alternative feed, but little is known about its
nutritional qualites. In drought conditions, prickly pear has been used as forage for cattle
and other grazing livestock (Griffiths, 1905). Prior to feeding prickly pear as an emergency
feed, most ranchers singe pads with a propane burner to improve its acceptance and reduce
the health hazards from ingestion of spines (Hanselka et al., 1993).

Throughout most of western and central Texas, prescribed burning is used to manage
prickly pear, but mortality rates are typically low foliowing winter fires unless burning is
followed with herbicides (Ueckert et al., 1988). The high cost of herbicides Jowers the
economic feasibility of controlling prickly pear. Given that livestock will consume prickiy
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pear, particularty once the spines have been removed, it may be feasible to conduct a
prescribed burn and then release livestock to consume the singed prickly pear immediately
after burning or once the new tender pads sprout.

Recent studies on livestock training have suggested that experiences with certain foods
early in life increase intake of those foods later in life (Provenza, 1994). Thus, it may be
possible to train livestock to consume more prickly pear, thereby increasing the
effectiveness of biological control after prescribed burning.

In Experiment 1, we compared the nutritional quality and intake of spined and
spineless prickly pear. Our objective was to determine if either species could meet the
nutritional requirements of goats when other forage is limited. In Experiment 2, we
determined if goats could be trained to consume prickly pear after prescribed burning. For
the third experiment, we assessed how forage availability affected prickly pear intake.

Methods

Nurritional Quality

Experiment 1 began in early summer of 1999 with the use of eight goats (Boer X
Spanish Cross) from 15 to 16 mo of age, and weighing approximately 99 lbs. For 5 d,
four goats were fed spineless prickly pear (Treatment 1), and four goats (Treatment 2)
were fed spined prickly pear with singed thorns. Prickly pear pads were collected on site
and chopped into 5 cm strips immediately before feeding each morning. Pad selection was
limited to the two outer-most pads that appeared mature. Both species of prickly pear were
growing in the same soil type and received the same amount of precipitation. After 5 d of
feeding, treatments were reversed and four goats fed spineless prickly pear in Trial 1 were
fed singed prickly pear in Trial 2.

Feces and urine were collected daily during each 5-d collection period for each trial.
Urine was frozen to maintain nutrient quality until analysis. Feces were dried at 60° C to
measure dry marter content and ground to pass through a 1-mm Wylie mill screen.
Digestible protein, using nitrogen contents of feces and urine, was determined with
standard micro-Kjeldahl procedures. Dry matter digestibility, organic matter digestibility,
and digestible organic matter of prickly pear were estimated using standard in vive
techniques and compared among the two prickly pear species. Intake was recorded daily
for individual goats.

Preliminary evidence suggested that nutrient quality may vary among seasons (Huston
etal.,, 1981). Experiment 1 was repeated in winter (December) to estimate differences in
prickly pear quality among summer and winter.

Early Life Experiences

Experiment 2 was conducted at the same time as Experiment 1. Eighteen male and
female Boer-cross goats at 4 to 5 mo of age, weighing 44 Ibs, were used to determine if
experiences early in life affect prickly pear consumption. Treatments consisted of goats



67

either naive or familiar with prickly pear. All goats were raised in pens to control exposure
to prickly pear. The naive goats received only alfalfa pellets (1.5% BW/d) to meet
maintenance requirements prior to Experiment 2. Experienced goats were fed spineless
prickly pear (two outer pads cut into 2 in strips) ad libitum 1 hr daily untit consumption
leveled off (8 d). After the initial 8 d, all naive and experienced goats were fed singed
prickly pear (two outer-most pads) for 1 hr daily over 4 d with intake recorded daily.
Forage Availability and Prickly Pear Intake

Experiment 3 began 14 d after completion of Experiments 1 and 2. Goats were fed
alfalfa pellets at one of the three levels (1.0, 2.0, 3.0% maintenance). Singed prickly pear
(two outer-most pads) was fed to all three groups (n = 6/group) for 2 h each morning
before feeding their pre-assigned alfalfa ration. Singed prickly pear intake was recorded
daily over 5 d. The effects of basal ration feeding level on prickly pear consumption were
compared among the three treatments.
Statistical Analysis

A latin square design was used for Experiment 1 and a completely randomized design
was used for Experiments 2 and 3. For each experiment, data were analyzed using repeated
measures analysis of variance because data were collected over several days. Means were
separated using least significant differences (LSD) when P < 0.05. Dara were analyzed
using the statistical computer package JMP.

Results

Nutritional Quality

Goats readily consumed both prickly pear species. Goats consumed more (P < 0.05)
spineless prickly pear on a wet basis whereas dry matter intake was similar for both species
of prickly pear (Table 1). Moisture content during the summer was 95% for spineless, and
90% for singed prickly pear and decreased (P < 0.05) in the winter to 90% and 75%,
respectively.

Dry matter digestibility varied (P < 0.05) among prickly pear species (Table 1).
Spineless prickly pear was higher in dry matter digestibility, organic matter digesnbility,
and digestible organic matter for both summer and winter trials (Table 1).

Digestibility and intake of spined and spineless prickly pear were similar across seasons
{Table 2). Crude protein values for both spineless and singed prickly pear were lower in
winter than summer {Table 2). Crude protein also differed (P < 0.05) among species for
the overall experiment (Table 1).

Protein balance (beiow, at, or above maintenance requirements) was similar among
species and across seasons even though percent crude protein differed (Tables 1 and 2).
Protein balance for spineless prickly pear was well above maintenance requirements in the
winter (Table 2). Values were slightly negative for both species in the summer, but were
as high as 0.88 oz for spineless prickly pear in the winter (Table 2).
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Table 1. Mean nutritional paramcters of spine {singed) and spineless prickly
pear fed to goats for Experiment 1. Data were pooled across the summer and
winter trials because of a lack of a season effect. Crude protein values were
measured using the two outermost pads of cac}h specics

Parameter Singed Spineless
Wet matter intake, oz/lb BW 2.5° 1.2
Dry matter intake,0z/lb BW 0.22 0.19
Dry matter digestibility, % 58.0° 79.0°
Organic macter digestibilicy, % 70.0" 83.00
Digestible Organic Matter, % 53.0" 62.0°
Protein balance, oz 0.09 0.39
Crude protein, % 4.8" 8.1°

**Within a row, means without a common superscript letter differ (Wet
matter intake, PP < 0.05; DMD, P < 0.05; OMD, P < 0.07; DOMP < 0.07,
CP, P < 0.05).

Table 2. Mcan nutritional parameters of spine (singed} and spineless prickly pear fed to goats during
summer and winter. Crude protein values were measured using the two outermost pads of each prickly
pear species, Speeics by season interactions were not significant

Surnmer Winter

Parameter Singed Spincless Singed Spineless
Dry matter intake, oz/lb BW 0.23 0.18 0.21 0.20
Dry matter digestibility, % 63 75 53 83
Organic mateer digestibility, % 73 79 67 87
Digestible organic matter, % 54 56 51 69
Protein Balance, oz -0.04 -0.09 0.23 0.88
Crude protein, 5.1 8.6° 4.6° 7.6"

*'Within a row, means without a common superscript letter differ (P < 0.05).

Early Life Expertences

During the 8-d familiarization period, goats ate an average of 0.02 oz/lb BW (dry
weight) of spineless prickly pear during the 1-hr feeding interval. Following initial
exposure to spineless prickly pear, goats familiar with spineless prickly pear ate more (P <
0.05) singed prickly pear than naive goats (Familiar = 0.05, Naive = 0.02 oz/lb BW,
respectively). Intake of prickly pear differed (P < 0.05) over the four d of feeding (Figure
1). Nevertheless, familiar goats consistently ate more singed prickly pear than naive goats.
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Figure 1. Dry marter intake (lbjoz BW) of singed prickly pear by naive and familiar goats over a 4-d trial
period on d 9, 10, 11, and 12 of Experiment 2. The first 8 d involved the familiarization period when
experienced goats were fed spineless prickly pear. Goats were fed prickly pear for 1-hr daily for 12d. Average
consumption of spineless prickly pear for the familiarization period was 0.02 0z/lb BW on dry basis.
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Forage Avaslability and Prickly Pear Intake

Varying forage availability levels did not affect singed prickly pear intake for this study
(0.05, 0.05, and 0.06 oz/lb BW for below, at, and above maintenance, respectively).
Goats familiar with spineless prickly pear in the previous experiment continued to eat more
(P < 0.08) singed prickly pear than naive goats, regardless of the forage availability (Figure
2).

Discussion

Nutritional Quality

Prickly pear is perceived as being of low nutritional value, especially for protein, and
a poor feed source for goats (Huston etal., 1981). In this study, spineless prickly pear was
higher in nutritional value than spined prickly pear. However, goats readily consumed both
species. Given that goats will consume singed prickly pear, and do receive some nutritional
benetit from it, ranchers could follow prescribed burning with goaning. Grazing singed
prickly pear and the new pads that sprout in the spring should increase available forage and
reduce regrowth of prickly pear.

Goats were unable to meet maintenance requirements for protein during the summer.
Conversely, maintenance requirements for protein were met during the winter when goats
were consuming prickly pear. Thus, protein supplementation would be required in the
summer when goats were eating prickly pear and alternative forage was limited.
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Figure 2. Dry matter intake (0z/lb BW) of singed prickly pear by naive and familiar goats in Experiment
3. Goats were fed a basal ration at 1.0, 2.0, or 3.0% maintenance. Goats were fed prickly pear for 1 h daily
for 12 d. Intake of the basal ration did not affect (P > 0.05} intake of prickly pear.
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The relatively high digestibility and positive protein balance of spineless prickly pear
suggest that it may serve as a viable alternative feed source for goats and possibly other
ruminant livestock. Establishing spineless prickly pear can be highly successful, but requires
at least 4 yr for sufficient biomass to accumutate (Turpin and Gill, 1928). The palatability
of spineless prickly pear will likely necessitate fencing around the perimeter to limit
herbivory until plants are established. Thereafter, offering spineless prickly pear as a forage
would be more cost effective than burning spined prickly pear in droughts because of the
high cost of labor and cost of propane.

Spineless prickly pear could also serve as emergency forage for wildlife in the form of
food plots when forage is limited. Given the relative palatability of spineless prickly pear,
producers may need to limit wildlife access to prevent over-harvesting. Some area ranchers
are establishing deer-proof fences around food plots that can be raised or lowered to
control deer access to the plot. As forage becomes limited on rangelands, fences could be
lowered to allow deer access to spineless prickly pear.

Most forages grown in food plots for deer were developed in areas that receive higher
and more consistent precipitation and are not adapted to xeric climates. Because spineless
prickly pear evolved in dry conditions, it should remain productive even during drought.
Early Life Expertences

Experiences early in life can improve consumption of undesirable plants later in kife
as evident from this experiment and others (Provenza, 1994). Weaning is a vulnerable
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time for diet selection because of limited maternal influences on dieting habits (Hinch et
al., 1987). Following weaning, goat kids could be hand-fed spineless prickly pear to
improve its acceptance. Given that spineless is more nutritious than spined, goats should
develop a preference for it (Provenza, 1995). Once goat kids acquire a preference for
spineless prickly pear, the transition to singed prickly pear is easily attainable. As an
alternative to growing and hand-feeding spineless prickly pear, producers could wean goat
kids in a pasture after singeing prickly pear spines instead of conditioning with spineless
prickly pear.

Forage Availability and Prickly Pear Intake

Forage availability did not affect prickly pear intake in this study. Goats consumed
prickly pear at a constant rate regardless of the energy content of the basal radon. Goats
may have continued to consume prickly pear because of an innate desire to consume a
variety of foods. In another study, when lambs were offered three rations varying in
nutrient quality (high, medium, and low), they consistently ate all three even though the
high quality ration met all of their dietary requirements (Provenza et al., 1996). Food
preferences change within meals often to less nutritious foods (Newman et al., 1992) and
rumninants prefer alternatives to forages they have consumed for severa! days (Ramos and
Tennessen, 1993) or even several hours (Parsons et al., 1994). Reasons for why animals
consume a variety of foods remains unclear; however, Provenza (1995), argued that
preferences change in response to postingestive feedback from nutrients and toxins within
ameal. For instance, as energy or protein levels consurned increase, preference of the flavor
associated with the nutrient decreases (Villalba and Provenza, 1999). Thus, as levels of
energy increase, preferences for foods high in energy decreases and preferences for food
high in protein increases (Gietzen, 1993). This results in animals selecting a diet that
achieves a ratio of digestible energy intake to digestible protein intake between 47-49
(Egan, 1977). Given the positive protein balance that resulted from consumption of prickly
pear in Experiment 1, goats may have consumed prickly pear in this studv even though
energy requirements were met with the basal ranon.

Prickly pear may also provide other essential nutrients such as some minerals and
vitamins that may be limited. Preliminary studies have illustrated that livestock and
wildlife often consume prickly pear even when forage quantity is not limited {Taylor et al.,
1980). In 1999, monthly samples of spineless and spined prickly pear were taken to
determine changes in nutrient content throughout the yr. These samples wilt be analyzed
for digesubility, N, P, K, Mg, and several trace minerals to identify correlations among
changes in specific nutrient content levels and the selection of prickly pear as a dietary item.

Implications

The concept of eliminating prickly pear is not practical because of economic restraints,
its use as emergency feed during droughts, and it’s importance for wildlife habitat.
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Improved methods of controlling and utilizing it may be feasible. Environmentally sound
range improvement methods will be demanded in the future for natural ecosystem
sustainability. The capabilities to mantpulate goats at weaning are achievable if producers
take time to impiement a training period by means such as feeding spineless prickly pear.
In the near future, producers may have the knowledge and technology available to select
goats for both commodity production and as biological control agents.

Spineless prickly pear has the potential as an alternative forage when range conditions
arc depleted. Nutritionally, it yields enough protein to meet and even exceed a goat’s
protein requirements. Spineless prickly pear could be used for deer forage in the form of
high-fenced food plots, but the cost of implementation is unknown.
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Germination and Subsequent Diet Selection of Juniperus Ashes
and Juniperus pinchotii Seedlings by Angora Goats

C.A. Taylor, Jr., N.E. Garza, Jr., and T.D. Brooks

ABSTRACT

Ashe and redberry juniper (Jumiperus Asher and J. pinchotis, respectively) contain
phytochemicals that reduce their palatability. This is part of the reason these plants have
extended their geographic range as well as increased in density. The objectives of this
project were to determine the germination of redberry and Ashe juniper seeds and then
use the seedlings from the germination study along with live oak (Quercus virgintanus)
and ashe juniper with mature foliage to determine preference of Angora goats for these
plants in a pen study. Ten thousand seeds of redberry and Ashe juniper were planted
in 200, 1-quart pots { 50 seeds per pot). Seeds were randomly collected from 40 trees
(20 trees per specices) in December and January and planted in the spring with the fruit
removed. Only about one-tenth of the seeds of redberry and Ashe that emerged
germinated 1n the spring, compared to about one-fifth to one-fourth in the fall, and
about two-thirds in the winter. There was no germination of cither species during the
summier. Preference determined using Rodgers® Index for cafeteria-style experiments
averaged .87, .53, .34, and .24 for live oak, redberry juniper seedlings, Ashe juniper
scedlings, and mature Ashe juniper, respectively. Sixteen and 39% of the redberry and
Ashe seedlings were killed by goating, respectively. Distance from nmuineral soil o
cotviedons averaged 0.7 in for redberry and 1.3 in for Ashe juniper.  Ashe juniper
seedlings are more susceptible to goating than redberry because of greater cotvledon
height.

Sheep and Goat, Wool and Mohair CPR 2000:74-80

Introduction

Redberry juniper (funiper pichotii) and Ashe juniper (Jumiper Asher) contain
phytochemicals (terpenoids) that reduce their palatability (Riddle et al., 1996; Pritz ctal,,
1997). This reduced palatability partially cxplains why these plants have been able to
extend their geographic ranges and greatly increase their abundance.  Juniper has
significantly increased over the past 100 yr (Ansley et al., 1995; Smeins et al., 1997;
Ueckert, 1997). This increase in juniper has caused a significant reduction 1n the carrying
capacity of Texas rangclands for livestock (Taylor and Ralphs, 1992; Fuhlendorf and
Smeins, 1997), decreased water yield and increased erosion (Thurow and Hester, 1997},
increased labor costs associated with problems of livestock management (Scitres, 19803},
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decreased wildlife habitat {(Rollins and Armstrong, 1997), and a loss in biodiversity
(Fuhlendorf et al., 1997).

Management of juniper on rangeland is usually expensive and success can be variable
for most techniques. Therefore, preventive measures and management of such lands
requires an understanding of the causes of the problem as well as the implementation of
cost-effective juniper control methods to meet resource goals and objectives. This requires
an understanding of the life history and physiological aspects of the vegetation and how
they are related ro the grazing behavior and physiology of the livestock to properly utilize
grazing techniques to guide succession toward a desired plant community.  Previous
research at the Texas Agricultural Research Station has shown that immature juniper
foliage has lower concentrations of terpencids than mature juniper foliage (Straka,
unpublished data). Aiso because of different compositions of terpenoids, mature redberry
juniper 1s less palatable than mature Ashe juniper (Riddle et al., 1996; Pritz et al., 1997).
The Ashe and redberry juniper seedlings had needle leaves and retained their cotyledons
for approximately 4 mo. The mature foliage of the Ashe juniper was represented by scale
leaves with fully developed glandular trichomes. Glandular trichomes containing secretory
cells in the epidermal layer are the primary sites of terpenoid production and accumulation
in most oil producing species (Yamaura et al., 1992; Gershenzon et al., 1992). It is our
hypothesis that juniper seedlings are more palatable and therefore more vulnerable to
herbivory than Ashe juniper with mature foliage. This knowledge, coupled with when
juniper seeds germinate, provide information that would allow the tactical use of goats to
remove juniper at its most vulnerable growth stage. The objectives of this study were: 1)
to document the seasonal germination of redberry and Ashe juniper seeds over an 18-
month period; and 2) to quantify the preference for redberry and Ashe juniper seedlings
in the cotyledon stage by Angora goats relative to live oak and Ashe juniper with mature
foliage.

Materials and Methods

The study was conducted at the Texas Agricultural Experiment Station (31° N, 100
" W) between Sonora and Rocksprings, Texas. Detailed site descriptions can be found in
Riddle er al. (1996).

For the germination trial over 10,000 seeds of redberry and Ashe juniper were
randomly collected from 40 trees (20 trees per species) during December,1993 and
January, 1994. Pulp was removed from the juniper berries before planting. Two hundred
1-quart pots were filled with soil collected from a site on the Experiment Station which
supported equal numbers of redberry and Ashe juniper. Fifty seeds per pot (200 total
pots) of each juniper species were planted approximately 1.5 cm deep 1n 100 pots in the
spring of 1994. The pots were placed in a greenhouse and new seedlings per pot were
counted on a seasonal basis. The greenhouse was cooled with an exhaust fan and
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cvaporative cooler in the summer. It was not uncommon for temperatures within the
greenhouse to reach 100° F during the hottest part of the summer. A natural gas heater
was used during the winter months; however, freezing temperatures were occasionally
measured in the greenhouse. The germination study was concluded when no new
seedlings were recorded for two successive seasons.

Live oak acorns were collected in the fall of 1992 and planted in small styrofoam cups
filled with soil from the Experiment Station. After these seedlings reached 1 yr of age they
were transplanted to 1-quart pots (one seedling per pot). Ashe juniper plants 12 to 18 in
tall with mature foliage were randomly located on the Experiment Station and transplanted
into 1-quart pots in 1993.  Live oak and Ashe juntper with mature foliage were included
in the cafeteria trials because these plants are generally abundant where scedling
recruitment is taking place and we wanted a better understanding of how goats would use
the vegetation complex when browsing. Live oak is more palatable than redberry or Ashe
juniper (Taylor, 1992).  Although live oak also has phytochemicals (tannins) that affect
palarability and intake, it’s tannins apparently are less aversive to domesticated herbivores
than terpenoids. .

In April 1995, eight Angora goats were randomly placed into individual pens (4 - 8
ft) and fed a 16% crude protein pellet (full feed) for 5 d. After a base line intake had been
determined for each goat, goats were fed 75% of their average intake of the pelleted ration
and were also offered live oak, redberry and Ashe juniper free choice for a 10-d preliminary
feeding period.

Four goats that appeared to be the best adjusted, based on feed and forage
consumption and temperament, were selected for the cafeteria trials. A total of 16
cafeteria trials were conducted (four trials per goat). The number of pots of each species
needed for the cafetena trials were placed outside of the greenhouse approximately 1 mo
prior to the feeding trials to allow plants to “harden”. For each trial four 1-quart pots each
of redberry juniper seedlings, Ashe juniper seedlings, live oak, and Ashe juniper with
mature foliage were placed into a pen. Pots were randomly arranged in a tray and the
goats were allowed to browse on the plants for 5 min. Three different methods were used
to quantify use on each plant species. One method recorded the bites/plant while another
method was a measure of plant disappearance by measuring pre- and post-browsing plant
length. Feeding time per plant was also recorded.  Calculation of Rodgers’ Indices of
preference were determined from the bite data. This method of determining preference
is recommended for cafeteria trials where forage is not replenished as it is consumed
(Krebs, 1989).

Data were analyzed as a one-way analysis of variance (P < 0.05) and means were
separated by Duncan’s Multiple Range test (SAS, 1988).
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Results and Discussion

Germination

Total germination of redberry and Ashe juniper averaged 5.7 and 5.3%, respectively,
for the 18-mo study. Only one redberry seedling emerged 22 mo after the seeds were
planted.  This low germination is typical of these two plant species (Smeins and
Fuhlendorf, 1997). Based on their results from germination studies conducted at the
Texas Agricultural Experiment Station, Smeins and Fuhlendorf concluded thar desiccation,
bacteria, and other degrading factors seem to destroy the seeds after 18 mo.  In another
study near Uvalde, Texas, germination of juniper seeds from a seed bank was 0% while
germination of freshly collected seeds was 5% (Owens and Schliesing, 1995).

For our study, total germination was not as important as when germination actually
occurred. Percent of total germination of redberry seeds averaged 11.9, 0, 26.7, and
61.3% for the spring, summer, fall and winter seasons, respectively. The pots were
monitored for another two seasons after the winter period but no new seedlings were
observed. Percent of total germination of Ashe juniper averaged 9.4, 0, 18.2 and 72.3%
for the spring, summer, fall and winter seasons, respectively. For both species the greatest
level of germinanon occurred approximately 12 mo after the seeds had been collected from
the trees (P < 0.05).

Since soil moisture was readily available and fairly constant throughout the
germination study, temperature must have been a major factor in determining when
germination was ininated. Smeins and Fuhlendorf (1997) reported that favorable
precipitation during the late spring-early summer period was responsible for germination
of juniper seeds. They also reported that cold-stratification of seeds with the fruit removed
increased overall germination.  Even though results of these germination studies still leave
some uncertainty, knowledge of the level of juniper berry production along with seasonal
weather conditions should iiluminate optimal periods of seedling recruitment.

Cafeteria trial

Number of bites per min averaged 21, 16, 13, 11 and 5 for the first, second, third,
fourth, and fifth min of feeding trials, respectively. Biting rate over each 5-min tmal was
affected mostly by forage disappearance. As the preferred foliage was harvested, goats
reduced their biting rate and spent more time searching through the remaining foliage.

Goats averaged 31, 18, 11, and 9 bites from live oak, redberry juniper seedlings, Ashe
juniper seedlings and Ashe juniper with mature foliage for the 5-min trials. Because pots
with juniper seedlings had less biomass than the live oak or Ashe juniper with marture
foliage, total number of potential bites per seedling pot was limited. Number of bites for
the first min averaged 15.4, 3.9, 1.4 and .4 for live oak, redberry juniper seedlings, Ashe
juniper seedlings, and Ashe juniper with mature foliage, respectively (Table 1). Goats
generally selected live oak, removing the easily accessible foliage first and then moved to
redberry and Ashe juniper seedlings. Number of bites for the second min of each trial
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were similar for live oak, redberry and Ashe juniper seedling but lower for mature Ashe
juniper foliage (P < 0.05). Once the seedlings had been mostly harvested, the goats
would go back to the live oak and harvest the remaining foliage or alternate between live
oak and juniper seedlings. Mature Ashe juniper foliage was mostly avoided until the
fourth and fifth min when very little live oak or juniper seedlings were left.

Table 1. Average number of bites per minute from live oak, redberry and Ashe juniper seedlings,
and Ashe juniper with mature follage by Angara goats

Rites per Minute

Species 1 b 3¢ 4" 5
Live oak 15.4° 4.6’ 4.6" 2.6 0.6
Redberry juniper 39" 4.0 4.1 4.1 0.6
Ashe juniper 1.4~ 4.3 3.0" 0.9" 1.3
Manure Ashe

Juniper foliage 0.4 1.6" 1.3° 3.3° 2.0

“Within a column, means without a common superscript letter differ (0 < 0.05).

Values calculated by using Rodgers’ indices of preference were .87, .53, .34 and .24
for live oak, redberry juniper seedling, Ashe juniper seedling, and Ashe juniper with mature
foliage, respectively. These values were determined from the entire 5-min cafeteria trial.
Live oak was preferred over other species (PP < 0.05) and redberry and Ashe juniper
seedlings were preferred over Ashe juniper with marture foliage (P < 0.05). Goats spent
43,27, 17 and 1.3% of their feeding time on live oak, redberry and Ashe juniper seedlings,
and Ashe juniper with mature foliage, respectively.

Percent of plant height removed was 31, 59, 58, and 1% for live oak, redberry and
Ashe juniper seedlings, and Ashe juniper with mature foliage, respectively. After the
cafeteria trials were completed the plants were monitored and plant deaths were recorded.
Sixteen percent of the redberry juniper seedlings were killed by goating compared to 39%
for Ashe juniper seedlings. Any seedlings bitten below the cotyledon area died. The
average height from mineral soil to the cotyledons was 0.7 in for redberry juniper seedlings
which represented 18.5% of total plant height compared to 1.4 in for Ashe juniper
seedlings which represented 35.7% of total plant height. Because the cotyledons were
more elevated for Ashe juniper seedlings, they were more vulnerable to goating than
redberry juniper seedlings. These findings were unexpected but may help explain why
redberry and Ashe juniper are not evenly distnibuted over the research station. For
example, two long-term livestock exclosures at the Sonora Research Station (exempt of
domestic grazing and browsing since 1948) have an Ashe juniper to redberry juniper ratio
of 95:5 (based only on plant numbers). Pastures that have had some level of domestic
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herbivory since 1948 have Ashe juniper to redberry juniper ratios that range from 80:20
to 5:95.

Implications

Since the weakest link in the life cycle of juniper is the seedling stage, we recommend
frequent browsing with goats to take advantage of the window of palatability that seedlings
experience before they cross over the threshold and become less palatable. Concentrate
goats on the young seedlings to attack the juniper when it is in its most vulnerable life
stage and lowest in terpenoids. Increase grazing pressure (concentration of goats) on target
pastures in the winter. Hit the juniper hard when goats will most likely consume it and
harm to other plant species can be minimized. Initiate a close monitoring program for
early detection of juniper seed germination and seedling emergence. Monitor use on the
preferred forage to insure that over browsing does not occur. Goating is a unique
management tool in that it can directly generate income in the short term to help pay for
other control methods and to extend the effective treatment life of the more expensive,
conventional control methods.
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Near Infrared Spectroscopy of Sheep Feces for Predicting
Botanical Composition of Diets

J.W. Walker, $.D. McCoy, K.L. Launchbaugh, and M.J. Fraker

ABSTRACT

The lack of simple and aftordable techniques for estimating the dietary composition
(both chemical and botanical) of free-grazing ruminants is a major limitation to grazing
management. The objectives of this study were to expand the use of near infrared
spectroscopy (NIRS) of fecal samples for predicting the percentage of mountain big
sagebrush (Artemisia tridentata Nutt. ssp. vaseyana (Rydb) Beetle) in the diet, investigate
the ability of NIRS to simultaneously predict multiple botanical species or categories,
and to quantify the limitations of using NIRS of fecal samples to predict diet
composition. This research was conducted at the USDA, U.S. Sheep Experiment Station
located in Dubois, Ida. Fecal materials from three feeding trials with known levels of
sagebrush were used to develop NIRS fecal calibration equations and to validate these
equations. The 1996 trial varied both level of sagebrush and levels of alfalfa and grass
hay. The 1998 trial compared frozen to air-dried sagebrush. The Wyoming trial was a
metabolism study using frozen sagebrush. Trials used different levels of sagebrush
varying from 0 to as much as 30% of the diet in increments of 4 to 10 percentage
points. All data sets had acceptable calibrations for percentage of sagebrush in the diet.
Coefficients of determination ranged from 0.91 to 0.95 with a standard error of
calibration (SEC) of about 2 percentage points or about 15% of the mean level of
sagebrush in the diets fed. The validation statstics for independent data sets were
generally acceptable, with some exceptions. Validation for internal data sets, i.¢., when
validation data were a subset of samples used for calibration, were excellent with an R’
exceeding 0.90, slopes of 1.0 and coefficient of variation from 11 to 22%. The average
H statistic far exceeded the recommended value of 3 for all external validation data sets
(i.e., data sets that were not a subset of the same trial from which the calibration was
developed). However, a small average H did not ensure that the bias and slope did not
exceed acceptable limits. This use of NIRS of fecal samples to predict botanical
composition of diets made research possible that could not have been conducted with
other procedures.
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Introduction

The lack of simple and affordable techniques for estimating the dietary composition
(both chemical and botanical) of free-grazing ruminants is a major limitation to grazing
management. Near infrared spectroscopy (NIRS) of fecal samples to predict the percentage
of leaty spurge (Euphorbia esula L.) in the diets of sheep and goats is an alternative to more
costly procedures such as microhistological analysis (Walker et al., 1998).

The objective of this study was to expand the use of NIRS of fecal samples for
predicting the percentage of mountain big sagebrush (Artemisia tridentata Nutt. ssp.
vaseyana (Rydb) Beetle) in the diet and as a methodology for estimating the phenotypic
expression of sagebrush consumption for estimation of the heritability of preference for
sagebrush (Smowder et al., 2000). We also investugated the ability of NIRS to
simultaneously predict multiple botanical species or categories. Finally, we tried to quantify
the limitations of using NIRS of fecal samples to predict diet composition in the case
typical of free grazing animals where samples are not available for validating suspected
spectral outliers.

Methods

This research was conducted at the USDA, U.S. Sheep Experiment Station located
in Dubois, Ida. Fecal materials from three feeding trials with sheep fed known levels of
sagebrush were used to develop NIRS fecal calibration equations and to validate these
equations. A feeding trial was conducted in 1996 to develop a NIRS calibration equation.
A feeding trial in 1998 was conducted to validate the 1996 trial and determine if the intake
of sagebrush was affected by air-drying compared to storing samples frozen before feeding.
Fecal samples from a trial conducted in Wyoming to determine the effect of increasing
levels of sagebrush on intake and digestibility 