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Summary
Price differences for U.S. wools by preparation and type

were examined using data collected from warehouses and pool
sales across the United States over the period 1993 to 2002.
The goal was to determine premium/discounts in wool prices by
preparation and type, controlling for season, year, region, aver-
age-fiber diameter, and lot size. Unlike previous research efforts,
a hedonic model was used in this investigation.

The hedonic price model explained about 83 percent of
the variation in U.S. wool prices. Seasonality in U.S. clean
wool prices was evident. Wool prices received by producers
from January to March as well as from October to December
were significantly lower from 5.9 percent to 17.4 percent than
those prices in September. Wool prices in June were roughly 8
percent higher than those of September. In accord with prior
expectations, U.S. clean wool prices were highest in 1995 and
1997. Prices in remaining years from 1993 to 2002 were signif-
icantly lower from 11.8 percent to 52.2 percent relative to the
base year of 1997. Further, U.S. clean wool prices were dis-

counted by 7.9 percent and 9.8 percent respectively, in the
Eastern and Western regions of the United States relative to
the Central region.

In line with prior research, prices of table-skirted and
classed wool were significantly higher than original bag wool
by slightly more than 8 percent. Significant differences among
wool types also were evident. In particular, U.S. clean prices
of TSC and BOU Main Line Wool were higher by 23.5 per-
cent over the OB wool breed. Significant differences were
noted as well among wool types from OB. Among wool types,
the premiums/discounts relative to OB wool breed type were
quite large in magnitude. 

U.S. clean wool prices were sensitive to change in average
diameter. The elasticity of clean price with respect to average
fiber diameter was estimated to be roughly -1.42. Lot size, as
measured by grease weight, also positively affected U.S. clean
prices. The elasticity of clean price with respect to lot size was
estimated as 0.16. 
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Introduction
U.S. wool production has been on a

steady decline since the 1940s, due in
large part to the decline in sheep num-
bers. The number of sheep shorn from
1930 to the early 1940s was in the
neighborhood of 40 to 50 million. Since
the early 1940s, the number of sheep
shorn dropped almost monotonically
from a peak of nearly 50 million to
roughly 6 million at present (Figure 1).
Income support through the passage of
the National Wool Act of 1954
stemmed the decline in sheep numbers
until the early 1960s (Hager, 2003).
This time frame coincided with the
advent of man-made fibers, such as poly-
ester and rayon, which have been well
received by the apparel and home fur-
nishings industry. The cotton industry
was able to combat the onset of man-
made fibers through the passage of the
Cotton Research and Promotion Act of
1966 and the amended Act of 1990
(Capps and Williams 2006). Addition-
ally, as a joint product with lamb, U.S.
wool production also fell due to contin-
ued declines in the domestic demand for
lamb (Hager, 2003; Williams et al,
2008). 

With the signing of P.L. 103-130
into law by President Clinton in
November 1993, which phased out over
a two-year period wool and mohair
incentive payments implemented by the
National Wool Act of 1954, U.S. wool
production experienced further
declines. Wool production fell from 78
million pounds in 1993 to 47 million

pounds in 2000, a 40 percent decline in
this short time span. The loss of most
domestic mills due to international
competition and out-sourcing led to fur-
ther difficulties (Hager, 2003; Williams,
et al, 2008). 

Support price schemes in Australia,
New Zealand, and South Africa also
contributed to wool market difficulties.
Because support prices in these countries
were set well above market levels, stock-
piles of wool occurred, particularly
induced by the Australian Wool Coun-
cil (AWC) in the 1980s and early 1990s.
After 1991, these stockpiles gradually
were placed on the world market over
the next decade, with the consequence
of depressing wool prices. With the col-
lapse of the former Soviet Union in the
early 1990s, which contributed to a
notable decline in demand, as well as
the aforementioned repeal of the
National Wool Act of 1954 in Novem-
ber 1993, world market prices of wool
declined from 1995 to 2000. With the
liquidation of the Australian stock piles
in August 2001, however, wool prices
began to rebound (Figure 1).

The United States is a small pro-
ducer of wool in the world, with about
0.7 percent of world production. Aus-
tralia, New Zealand, and China are the
largest producing countries with 27.5
percent, 13.6 percent, and 12.7 percent
of production, respectively. Australia
and New Zealand also account for
slightly more than 90 percent of world
exports of wool. Australia is not only the
largest exporter of wool in the world but
also sets the international standard in

the marketing of wools through prepara-
tion and class. In Australia, most wool is
skirted and then subjectively classed by
fineness, staple length, color, condition,
style, and soundness. Classers produce as
few lines as possible from the wool,
while maintaining uniformity within a
line and eliminating contamination of
the clip with stained, pigmented fibers
and all foreign material. (Lupton et al,
1996). Subsequently, most lots are
objectively measured (prior to sale) for
clean yield, vegetable matter content,
average-fiber diameter (and variability),
staple length, staple strength and color
(Lupton et al, 1989). 

When a sheep is properly shorn, the
fleece can be laid out on a table or floor
and be seen as one piece. Skirting is the
process of removing from fleeces the
stained or inferior wool that grows on
the belly and legs of the sheep (Lupton
et al, 1992). Table skirting is simply
placing the fleece on a table and finish-
ing the skirting process. Classing is the
preliminary sorting of fleece according
to its quality.

Most wool in the United States
continues to be sold as original bag,
termed OB. OB wool is just as it sounds,
wherein the sheep is shorn and the
fleece is bagged without any further pro-
cessing. “Bellies out” means that the
wool from the belly, which is generally
dirty, stained, and has more contami-
nants, is removed. Most of the wool pro-
duced in the United States is in the
rangelands of the Western and Great
Plains States.

Lupton et al, (1996) compared
clean prices of skirted and classed wool
to OB wool over a four-year period end-
ing in 1996 using Texas Agricultural
Experiment Station sheep flocks in San
Angelo, Texas. They found that skirted
and classed wool prices were higher by
6.6 percent to 26.9 percent per year over
OB wool (equivalent to 9 to 30 cents per
pound.) The potential to add value to
the wool by skirting and classing is
attributed to the fact that less sorting of
skirted and classed wool is required
when the wools clip reaches the textile
mills. The resulting labor cost savings
then could be passed back to producers
in the form of higher prices.

Pfeiffer and Lupton (1999) found
that skirted and classed wool may not
produce more net income to producers
than selling wool in OB form. Lupton et

Figure 1: Annual U.S. Sheep Shorn and Annual Nominal Wool Prices (Greasy
Price), 1930 to 2002.
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al, (1989) concluded that skirting could
be profitable when applied to fine-wool
fleeces and is reduced as wool prices
decrease, as skirting costs increase, and
when the wool is most coarse.

Another factor to be considered is
the way wool is presented to buyers. One
experiment conducted by Lupton et al,
(1993) elicited subjective measurements
from buyers for all wool lots. Objective
measurements were available on only
half the lots. The wool lots that were
accompanied by objective measure-
ments consistently received higher
prices. 

The literature suggests that skirting
and classing wool generally produce
higher prices compared to OB wool. We
build on the literature through the use of
a hedonic price model to determine the
premiums/discounts among different
levels of preparation and wool types,
controlling for seasonality, year, region,
average-fiber diameter, and grease
weight (lot size). Previous research
failed to account for these other factors
in affecting clean-wool prices. Conse-
quently, this work is the most definitive
to date in considering U.S. clean-wool
prices.

According to Kott (1997), “Getting
the most for your wool is a complete
process that involves growing it, proper
harvesting and packaging, and then
proper marketing.” By understanding
this process, marketing strategies can be
developed to enhance prices to U.S.
wool producers, especially given the
decline in U.S. wool production over the
past 70 years. In this light, the objective
of this research was to examine price dif-
ferences for U.S. wools by preparation
and by type. Specifically, the goal of this
research was to determine the size of the
premium in wool prices, if any, between
skirted and classed wools (Australian
practice) versus original-bag wools (U.S.
practice). The results from this research
also can provide evidence on the eco-
nomic gains to producers from adopting
various wool preparation practices. As
such, this research may also shed light on

the competitiveness of the U.S. wool
industry versus other countries, particu-
larly Australia

Materials and Methods

Data

A comprehensive survey was sent
to wool warehouses and pool sales across
the United States to collect historical
data on skirted and classed, as well as
original-bag wool sales. A researcher
from Texas A&M University was sent to
locations that did not have the
resources to collect the information.
The data span was a ten-year period
starting in January 1993 and ending in
January 2002. Clean-wool prices were
gathered noting region, season (month
of year), year, wool preparation, wool
type, average-fiber diameter (AFD), and
grease weight (GW). The number of
observations indigenous to this analysis
was 8,589.

To consider the possible impact of
region on wool prices, the United States
was divided into three regions: Eastern,
Central, and Western. The Eastern
region included all states east of the
Mississippi River. The Central region
was separated from the Western region
by a line that ran west of the Dakotas,
Nebraska, Kansas, and New Mexico.
The regions were chosen on the basis of
demographic and market attributes as
well as the location of the marketing
warehouse or wool pool.5

The Eastern market was made up of
smaller volumes of wool that typically
were combined to obtain shipping vol-
ume. Eastern producers have few market
outlets except in niche areas. The wool
produced in this region was variable in
quality and style. In the Central region,
more uniform wool in terms of quality,
style, and quantity was generally pro-
duced. In this region, most producers
raise sheep on privately owned land.
Marketing outlets typically have been
well established in the central region,
and generally producers, warehousemen,

and buyers have well-established rela-
tionships.6 Wool from the Western
region was more variable in terms of all
quality attributes. In the Western
region, wool production typically
occurred on federally-owned land.
Maintaining a uniform flock was not
usually a high priority, either because of
producer preference or because federal
landlords could change the conditions
for leasing the grazing rights from year
to year.7

As exhibited in , nearly 80 percent
of the observations were associated with
the Central region, about 18 percent
were linked to the Western region, and
roughly 3 percent were tied to the East-
ern region. About 50 percent of the
observations occurred in May and June,
when wool was shorn and sold. More
than 50 percent of the observations
occurred over the last three years, due to
the availability of historic records from
the warehouses and pools across the
United States. Warehouses and pools
only saved records from three to five
years back, and they discarded more
dated records. 

The data were separated into three
levels of preparation: Original Bag
(OB), Bellies-Out Untied (BOU), and
Table Skirted and Classed (TSC). OB,
BOU, and TSC wool corresponded to
22.5 percent, 56 percent, and 21.5 per-
cent of the observations, respectively.
OB refers to wool that has been sheared
off the sheep and put into a bag with
nothing removed. A fleece that is BOU
has had the belly wool removed, pack-
aged, and sold separately from the
remainder of the fleece. The belly wool
often is lower quality, stained, and con-
tains more foreign matter.

TSC refers to wool with the highest
level of preparation, corresponding to
the aforementioned skirting and class-
ing practices corresponding to wool
types from BOU and TSC (wool breed);
meat breed; and wool types from OB.
Seventeen different wool types were
identified. The highest percentage of
the observations, slightly more than 60

5 Despite this regional delineation, there is probably as much variation within a region as there is across regions. The regional breakdown is not without problems. For instance,
eastern South Dakota is considered to be in the central region geographically; however, the wool typically is marketed through warehouses in the Eastern region, while a consid-
erable amount of the wools marketed in western South Dakota are produced in the western region as defined in this study. Also, the quality of eastern South Dakota wool is
quite different from that of Texas and New Mexico and even western South Dakota.

6 The marketing structure in Texas is a consigned warehouse system, but not for Kansas, Oklahoma, Nebraska, eastern South Dakota, and North Dakota (Hager, 2003).

7 This production system reflects western Colorado, Utah, Idaho, and California but not necessarily Wyoming and Montana.



4 Sheep & Goat Research Journal, Volume 24, 2009 ©2009, Sheep & Goat Research Journal 

percent, was in the Wool Breed, Main
Line category. Nearly 9 percent of the
observations were associated with the
Tender or Short Line category. Tender
means the fiber content was not strong
enough and could easily be broken.
Short line means that the staple length
was shorter than three inches. Wool

Breed Bellies and OB Wool Breeds each
constituted about 7 percent of the
observations, respectively. 

Some of the original 8,589 observa-
tions were eliminated from further con-
sideration. Observations pertaining to
the years 1990, 1991, and 1992 were
eliminated due to the paucity of data.

Missing observations pertaining to U.S.
clean price, average-fiber diameter, and
grease weight (lot weight) were dis-
carded as well. Thus, the number of use-
able observations for the analysis was
8,533.

Descriptive statistics for U.S. clean
price, U.S. grease price, average-fiber
diameter, and grease weight, are exhib-
ited in Table 2. On average, U.S. clean
price for this sample was $1.35 per
pound ($0.70 per pound, greasy). The
average-greasy price corresponds with
Figure 1. On average, the average-fiber
diameter was slightly more than 22
microns. The average-lot weight (grease
weight) was close to 8,500 pounds. For
prices, average-fiber diameter, and
grease weight, considerable variation
among the 8,533 observations was evi-
dent.

Empirical Model

A hedonic-price model is used to
determine the premium and discounts
associated with wool characteristics,
controlling for region, year, season,
average-fiber diameter, and grease
weight (lot size). Past research consid-
ered prices only to be a function of wool
preparation. Shulte (2001)) similarly
used a hedonic-price model to investi-
gate premiums/discounts of breed, color,
frame size, muscle score, and lot weight
on commingled/background cattle
sales. 

This statistical model employed in
this analysis is given by: 

The right-hand side variables in the
regression model correspond to seasonal

log U.S. Clean Price it = α0 + α1January +
α2February + α3March + α4April + α5May +
α6June + α7July + α8August + α9October +
α10November + α11December + α12YR1993 +
α13YR1994 + α14YR1995 + α15YR1996 +
α16YR1998 + α17YR1999 + α18YR2000 +
α19YR2001 + α20YR2002 + α21WESTERN +
α22EASTERN + α23log AFDit + α24logGWit +
α25BOU + α26TSC + α27WT MAIN LINE +
α28WT TENDER OR SHORT LINE + α29WT
BELLIES + α30WT PIECES + α31WT STAINS +
α32WT LOCKS + α33WT CLOTHING + α34WT
MAIN LINE LAMB + α35WT MB MAIN LINE
+ α36WTMB BELLIES + α37WTOBMB WHITE
FACE + α38WTOBMB BLACK FACE +
α39WTOB CROSS BRED + α40WTOB WOOL
BREED LAMB + α41WTOB MEAT BREED
LAMB + α42 WTOB BLACK + εit

Table 1: A Breakdown of the Number of Observations by Region, Year, Level
of Preparation and Wool Type from Surveyed Wool Warehouses, January
1992 to January 2002.

Number of Percentage of 
Observations Observations

Region
Western 1,547 18.13
Central 6,705 78.58
Eastern 281 3.29

Year
1993 432 5.06
1994 425 4.98
1995 436 5.11
1996 405 4.75
1997 537 6.29
1998 646 7.57
1999 827 9.69
2000 1,621 19
2001 1,442 16.9
2002 1,762 20.65

Level of Preparation
Original Bag (OB) 1,919 22.49
Bellies Out Untied (BOU) 4,779 56.01
Table Skirted Classed (TSC) 1,835 21.5

Wool Type
Wool Breed (Wool Type from BOU and TSC)

Main Line 5,281 61.89
Tender or Short Line 733 8.59
Bellies 603 7.07
Pieces 146 1.71
Stains 76 0.89
Locks 446 5.23
Clothing 77 0.9
Main Line Lamb 220 2.58

Meat Breed
Main Line 132 1.55
Bellies 1 0.01

Wool Types from OB
Wool Breeds 564 6.61
Meat Breeds (White Face) 91 1.07
Meat Breeds (Black Face) 91 1.07
Cross Bred 41 0.48
Wool Breed Lamb 18 0.21

Meat Breed Lamb 3 0.04
Black 10 0.12
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dummy or indicator variables (January,
February, March, April, May, June, July,
August, October, November, and
December); dummy variables correspon-
ding to year (YR1993, YR1994, YR1995,
YR1998, YR1999, YR2000, YR2001,
and YR2002); regional indicator vari-
ables (WESTERN and EASTERN);
level of preparation indicator variables
(BOU and TSC); wool-type-indicator
variables (wool breed [types from BOU
and TSC] - Main Line; Tender or Short
Line; Bellies; Pieces; Stains; Locks;
Clothing; and Main Line Lamb; Meat
Breeds [Black Face]; Cross Bred; Wool
Bred Lamb; Meat Breed Lamb; and
Black).

The base year and month for the
analysis were chosen to be 1997 and
September, respectively. The Central
region was chosen to be the base region.
The bases for level of preparation and
wool type were Original Bag and Origi-
nal-bag wool Breeds. Original Bag corre-
sponds to the lowest level of preparation
and the Original-bag wool Breeds corre-
spond to the highest-quality wool for the
OB level of preparation. We hypothesize
that U.S. clean prices are the highest in
the third quarter of the year, where wool
supply is less abundant. The majority of
the world wool production is clipped and
sold during the first and fourth quarters
of the year. A large proportion of U.S.
wool is clipped in April and May. From
the previous discussion about wool prices
exhibited in Figure 1, we expect U.S.
wool prices to be higher in 1995 and
1997 relative to other years. We hypoth-
esize prices in the Eastern and Western
regions of the United States to be lower
compared to prices in the Central
region. In general, marketing outlets for
wool in the Central region have been

well established relative to other regions.
As well, in the Central region, more uni-
form wool in terms of quality, style, and
quantity is generally produced relative to
other regions. 

Importantly, we expect, a priori,
BOU and TSC prepared wools to com-
mand a premium to OB wool. As well,
we expect BOU and TSC Main Line
wool and BOU and TSC Tender on
Short Line wool to command a premium
over wool types from OB. Further, aver-
age-fiber diameter (AFD) is hypothe-
sized to be inversely related to U.S. clean
price. Finally, it is hypothesized that lot
size, as measured by grease weight, to be
positively related to U.S. clean price.
The closer a lot is to a truckload, the less
money buyers spend on transportation
per pound.

Results and Discussion

Empirical Results

The hedonic-price model explains
about 83 percent of the variation in U.S.
wool prices. The estimated coefficients
and their associated P-values are exhib-
ited in Table 3. The level of significance
chosen for this analysis to conduct statis-
tical tests is 0.01, given the rather size-
able sample of 8,533 observations. Given
that the dependent variable is the loga-
rithm of U.S. clean price, the interpreta-
tion of the estimated coefficients for
each of the qualitative variables (season,
year region, level of preparation, and
wool type) is in terms of percentage
changes. To calculate the pre-
mium/discount or the percentage differ-
ence relative to the base category for
each of the qualitative categories from
the base or reference category, use the

transformation exp(ai-1) x 100 percent,
where ai is the estimated coefficient of
the ith indicator variable.

Seasonal Effects

The months of April, May, July, and
August were not different (P > .01) from
the base month of September. The
month corresponding to highest U.S.
clean prices was June, roughly 8 percent
higher (P <.01) than those of Septem-
ber. Wool prices received by producers
tended to be higher in May and July, rel-
ative to September, but not significantly
(P > .01). In accord with prior expecta-
tions, wool prices received by producers
from January to March, as well as from
October to December, were lower
(P<.01) than those in September. The
range of differences was from 5.9 percent
lower (in March) to 17.4 percent lower
(in January). Unequivocally, seasonality
in U.S. clean prices for wool was evi-
dent. 

Yearly Effects

In accord with prior expectations,
U.S. clean wool prices were highest in
1995 and 1997. Controlling for other
factors, prices in 1995 were higher by
17.7 percent (P<.01) relative to the base
year of 1997. Prices in all remaining
years from 1993 to 2002 were lower
(P<.01) relative to the base year of 1997.
Annual price differences ranged from
11.8 percent lower (in 1996) to 52.2 per-
cent lower (in 2000).

Regional Effects

As expected, U.S. clean wool prices
received by producers were discounted
by 7.9 percent and 9.8 percent respec-
tively in the Eastern and Western
regions relative to the Central region.
Clearly, regional price differences were
evident. In the Central region, recall
that more uniform wool, in terms of
quality, occurs relative to other regions.
Also, marketing outlets have been well-
established in the Central region vis-à-
vis other regions.

Effects of Level of Preparation

In line with most prior research
studies, prices of table-skirted and
classed wool (TSC) were higher (P<.01)
than original bag (OB) wool by slightly
more than 8 percent. Although prices of
bellies out untied (BOU) wool were

Table 2: Descriptive Statistics for U.S. Wool Prices, Average Fiber Diameter,
and Grease Weight (Lot Weight) for the Useable Sample of 8,533 Observations.

Standard 
Variable Mean Median Deviation Minimum Maximum
U.S. Clean Pricea $1.35 $1.25 $0.64 $0.17 $4.80
U.S. Grease Pricea $0.70 $0.65 $0.38 $0.07 $2.87
Average Fiber Diameterb 22.28 21.80 2.39 17.6 38.0
Grease Weightc 8,407 4,982 10,112 1 45,345

a units are dollars per pound
b units are microns
c units are pounds
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higher by about 2-percent relative to OB
wool, this difference was not statistically
different from zero (P>.01). Importantly,
as the level of preparation of wool
increases, U.S. clean-wool price
increases. But, the only significant price
premium was associated with TSC wool
over the reference category OB wool.
Even controlling for other factors, a
price premium of 8 percent for TSC
wool over OB wool was evident. 

Wool Type Effects

As expected, U.S. clean prices of
TSC and BOU Main Line wool were
higher by 23.5 percent over the base cat-
egory of OB wool breed. U.S. clean
prices of TSC and BOU clothing and
Main-line Lamb also were higher by 22.0
percent and 15.4 percent respectively
over OB wool breed. Wool prices of TSC
and BOU bellies, pieces, stains, and
locks, all lower quality types, were dis-
counted from slightly more than 25 per-
cent (bellies) to just under 6.3 percent
(locks) relative to prices of the reference
category OB wool breeds. 

Significant differences in wool
types from OB were evident, as well.
Relative to prices associated with the
base wool type (wool breeds from OB),
prices of other wool types from OB were
lower, ranging from roughly 16 percent
lower (Wool breed lamb) (P<.01) to
nearly 70 percent lower (black)
(P<.01). Prices of OB wool breed and
those from meat breeds, either main line
or bellies, were not different (P>.01).
Differences in U.S. clean prices were
evident among wool types. The pre-
mium and discounts among wool types
relative to the OB wool breed type were
quite large in magnitude.

Effects of Average-fiber diameter

As hypothesized, U.S. clean prices
and average-fiber diameter (AFD) were
negatively related. This relationship is
depicted in Figure 2. Given that U.S.
clean price and average-fiber diameter
are expressed in terms of logarithms, the
estimated coefficient of AFD in the
hedonic-price model represents the elas-
ticity. The elasticity of clean price to
average-fiber diameter was estimated to
be -1.416. Consequently, controlling for
all other influences on clean prices, a 10-
percent change in average-fiber diameter
(e.g. a change from the sample mean of

Table 3: Estimated Coefficients and p-Values in the Hedonic Price Model

Estimated Premium/Discount (%)
Coefficients Relative to Base p-value

Month
January -0.1913 -17.4 <0.001
February -0.0789 -7.6 <0.001
March -0.0608 -5.9 <0.001
April -0.0156 -1.5 0.212
May 0.0065 0.6 0.532
June 0.0779 8.1 <0.001
July 0.0039 0.45 0.756
August -0.024 -2.4 0.081
September Base Base Base
October -0.0624 -6 <0.001
November -0.1154 -10.9 <0.001
December -0.1267 -11.9 <0.001

Year
1993 -0.4947 -39 <0.001
1994 -0.1923 -17.5 <0.001
1995 0.1629 17.7 <0.001
1996 -0.126 -11.8 <0.001
1997 Base Base Base
1998 -0.2702 -23.7 <0.001
1999 -0.7014 -50.4 <0.001
2000 -0.7379 -52.2 <0.001
2001 -0.6249 -46.5 <0.001
2002 -0.2921 -25.3 <0.001

Level of Preparation
Original Bag Base Base Base
Bellies Out Untied 0.0209 2.1 0.27
Table Skirted Classed 0.0811 8.4 <0.001

Region
Central Base Base Base
Western -0.1036 -9.8 <0.001
Eastern -0.0823 -7.9 <0.001

Wool Breed (Wool Types from BOU and TSC)
Main Line 0.2114 23.5 <0.001
Tender or Short Line 0.0551 5.7 <0.013
Bellies -0.2903 -25.2 <0.001
Pieces -0.4179 -34.2 <0.001
Stains -0.6808 -49.4 <0.001
Locks -0.9894 -62.8 <0.001
Clothing 0.1986 22 <0.001
Main Line Lamb 0.1432 15.4 <0.001

Meat Breed
Main Line 0.0394 4 0.174
Bellies -0.1288 -12.1 0.545

Wool Types from OB
Wool Breed Base Base Base
Meat Breeds (White Face) -0.2325 -20.7 <0.001
Meat Breeds (Black Face) -0.3826 -31.8 <0.001
Cross Bred -0.3226 -27.6 <0.001
Wool Breed Lamb -0.179 -16.4 <0.001
Meat Breed Lamb -0.6988 -50.3 <0.00l
Black -1.1606 -68.7 <0.001

Log of Average Fiber Diameter-1.416 <0.001
Log of Grease Weight 0.0162 <0.001
Constant 4.809 <0.001
R2 0.8303
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22 microns to either 20 microns or 24
microns) leads to nearly a 14.2-percent
change in price in the opposite direction
(e.g. a change from the sample mean of
$1.35 per pound to either $1.16 per
pound or $1.54 per pound). Thus, U.S.
clean-wool prices are sensitive to
changes in average-fiber diameter.

Lot Size Effects

Again, as hypothesized, clean wool
price and lot size, as measured by grease
weight (GW), were positively related.
This relationship is presented in Figure
3. Given that clean wool price and lot
size are expressed in logarithms, the esti-
mated coefficient in the hedonic-pricing
model represents the elasticity. The elas-
ticity of clean price to grease weight was
estimated to be 0.0162. Hence a 10-per-
cent change in lot size (e.g. a change
from the sample mean of 8,490 pounds
to either 7,640 pounds or 9,340 pounds)
leads to a 0.16 percent change in clean-
wool price. Although, this elasticity is
statistically significant, practically
speaking, U.S. clean-wool prices were
not heavily influenced by lot size. 

In summary, we pictorially represent
the effects of season, year, region, level of
preparation, and wool type on U.S.
clean-wool prices in Figures 4 through 8.
Each of these factors was statistically sig-
nificant in influencing U.S. clean-wool
prices. The hedonic-price model
explained more than 80 percent of the
variability in U.S. clean-wool prices.

Conclusion
We examined price differences for

U.S. wools by preparation and type
using data collected from warehouses
and pool sales across the United States
over the period 1993 to 2002. The goal
was to determine premiums/discounts in
wool prices by preparation and type
controlling for season, year, region,
average fiber diameter, and lot size.
Unlike previous research efforts, a hedo-
nic price model was used to ascertain
these premiums/discounts due to wool
characteristics. 

Our model allows producers to
ascertain premiums or discounts relative
to the current practice of marketing OB
wool. This information then can be used
to determine marketing strategies to
enhance prices to U.S. wool producers.
Improvements in record keeping and a

Figure 2:  Relationship between U.S. Clean Wool Price and Average Fiber Diam-
eter-Based on the Sample of 8,533 Observations.

Figure 3: Relationship between Lot Size as Measured by Grease Weight and U.S.
Clean Wool Price Based on the Sample of 8,533 observations.
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more uniform description system are
needed in order to continue to monitor
premiums/discounts of U.S. clean prices
due to wool characteristics. 

Producers and marketers alike
need to find more consistent ways to
present U.S. wool to buyers. Many U.S.
producers sell their wool on a sealed-
bid basis after subjective evaluation by
warehouse managers or buyers. It may
be worthwhile to determine if alterna-
tive marketing practices such as open
auction, sealed bid, private treaty, sub-
jective description, and objective
description are influential on U.S.
wool practices.
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Summary
Mature Dorper and Rambouillet ewes were maintained

together for 2 years in a range environment to evaluate their
nutritional status before and during gestation. During Years 1
and 2, nutritional status of mature Dorper (n = 46 and 71,
respectively) and Rambouillet (n = 33 and 81, respectively)
ewes were evaluated during pre- (August), mid- (late October)
and late gestation (December). Ewes were selected from multi-
ple Dorper (n = 20) and Rambouillet (n = 13) flocks. All ewes
performed well while grazing and did not lose weight or BCS
during gestation, except in Year 1 during late gestation when
Dorper and Rambouillet ewes both lost weight. Compared to
Rambouillet ewes, Dorper ewes had higher BCS (P < 0.03) dur-
ing pre-gestation in Year 1 and throughout Year 2 (P < 0.01),

but similar BW (P > 0.10) during both years. Dorper ewes
tended to have greater IGF-1 concentrations (P < 0.08) during
Year 1 in pre-gestation, and maintained greater IGF-1 concen-
trations (P < 0.005) than Rambouillet ewes throughout Year 2.
Dorper ewes had less serum NEFA and serum urea nitrogen (P
< 0.05) than Rambouillet ewes during mid- and late gestation
in Year 2. Results suggest that nutritional status differed at
times, between Dorper and Rambouillet ewes in a range pro-
duction system during gestation. Reasons for Dorper ewes hav-
ing higher BCS and serum IGF-1 concentrations throughout
gestation need to be investigated further.

Key Words: Dorper, Rambouillet, Insulin-like Growth
Factor-1, Metabolites, Rangelands, Sheep
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Introduction
The Dorper breed is a hair sheep

that was developed in South Africa and
recently imported into the United States
(1990s). The Rambouillet is the pre-
dominant breed in many traditional
sheep-raising areas of the United States.
The Dorper is being considered as an
alternative to the Rambouillet by some
U.S. sheep producers because the Dorper
breed has been selected for its adaptabil-
ity to harsh environmental conditions
(Milne, 2000), is reported to have high
productivity, and because it does not
need shearing.

Differences in grazing behavior and
adaptability, nutritional requirements,
and ability to digest forages and metabo-
lize plant chemicals exist among live-
stock and are some factors that can affect
performance and nutritional status of
grazing animals. Nutritional status of
grazing animals can be evaluated by ana-
lyzing changes in BCS, BW, and concen-
trations of serum metabolites and IGF-1.
If an animal is unable to consume
enough forage to meet maintenance
requirements, it uses body reserves,
resulting in increased concentrations of
serum non-esterified fatty acids (NEFA)
and serum urea nitrogen (SUN) due to
adipose and protein catabolism, respec-
tively (Richards et al., 1989; Caldeira et
al., 2007b). Utilizing body energy
reserves (fat and muscle) can be detri-

mental to maternal performance (Gunn
et al., 1995; Rhind et al., 2001) and can
permanently alter fetal development
(Barker and Clark, 1997; McMillen et
al., 2001). Nutrient consumption below
maintenance and that needed for
mandatory production (such as preg-
nancy) also decreases circulating IGF-1
concentration (Harvey and Hull, 1995),
which has been associated with poor
reproductive performance (McGuire et
al., 1992; Funaba et al., 1996).

No research has been reported com-
paring Dorper to Rambouillet ewes to
determine their relative nutritional sta-
tus while grazing rangelands. Production
decisions and nutritional programs can
be more effective if differences in nutri-
tional status are known. Thus, nutri-
tional status of Dorper and Rambouillet
ewes in a range-sheep-production system
was evaluated.

Materials And Methods

Grazing Site

This study was conducted during
2005 (Year 1) and 2006 (Year 2) at the
Hill Ranch near the Texas AgriLife
Research Center, located 45 km south-
east of Sonora, TX (lat 31.14°N; long
100.19°W). This area is located within
the Edwards Plateau Region and has an
elevation of approximately 632 meters.
Vegetation is a mosaic of juniper and oak

mottes interspaced with mid- and short-
grasses. During fall months and winter
months of Years 1 and 2, forage cover
was dominated by Texas wintergrass
(Stipa leucotricha, Trin and Rupr) with
very few intermittent forbs. Table 1 dis-
plays average monthly precipitation for
Years 1 and 2. Nutrient compositions of
key forages are listed in Table 2. Detailed
descriptions of climate, soils, and vegeta-
tion were described by Smeins et al.
(1976) and Riddle et al. (1996).

Animals and Management

From 2003 through 2005, Dorper
and Rambouillet ewe lambs were
obtained from different Dorper (n = 20)
and Rambouillet (n = 13) flocks, and
were managed as a single flock. Ewes had
been mated for the first time at approxi-
mately 18 mo of age to lamb in January
and February at approximately 2 years of
age. All ewes had been managed
together for a minimum of 4 months
before this study started.

Year 1.

Dorper (n = 46; initial mean BW ±
SD = 70.8 ± 11.4 kg) and Rambouillet (n
= 33; initial mean BW ± SD = 68.6 ± 8.0
kg) ewes were composed of 2-year olds (n
= 28 and 19, respectively) and 3-year olds
(n = 18 and 14, respectively). Ewes were
moved to the study area on April 19,
2005 and always grazed together with no
supplementation, because forage avail-
ability was not considered to be limiting.
Rams were introduced on August 16,
2005 and remained with the ewes until
October 28, 2005. Pregnancy was deter-
mined by ultrasound on October 30, 2005
and only ewes that were predicted to
lamb within the first 45 days of the lamb-
ing season (i.e., those bred in the first 45
days of exposure to the rams) continued
to be evaluated. In addition, ewes were
evaluated regardless of number of fetuses,
since ewes with single, twin, or triplet
fetuses were similar for most measured
parameters at each sampling date. Blood
samples were collected, and ewes were
weighed and evaluated for BCS during
pre- (August 9 and 16), mid- (October 28
and November 9), and late (December 13
and 20) gestation. The final sampling
date occurred 23 days before the first ewe
lambed, to minimize inherent variability
in serum hormones and metabolite con-
centrations, which are associated with the

Table 1. Monthly precipitation (cm) for Year 1 (2005), Year 2 (2006) and
10-year averages, at the Texas AgriLife Research Center, Sonora, TXa

Month 2005 2006 10-year average
January 2.57 5.08 2.24
February 4.98 1.22 3.26
March 3.71 3.53 5.13
April 2.39 10.85 5.05
May 16.51 1.19 6.07
June 0.86 5.89 6.74
July 2.92 3.51 5.54
August 9.32 5.99 7.46
September 6.53 9.25 5.04
October 8.26 6.96 8.53
November trace trace 9.56
December 0.38 1.50 1.64
TOTAL 58.42 54.97 62.82

a Year 1: pre- (8-9-05 and 8-16-05), mid- (10-28-05 and 11-9-05), and late
gestation (12-13-05 and 12-20-05); Year 2: pre- (8-8-06 and 8-15-06), mid- 
(10-19-06 and 10-26-06), and late gestation (12-11-06 and 12-18-06).
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periparturient period. On days when
blood was collected and BW and BCS
were recorded, all ewes were gathered and
penned by approximately 0830. Ewes
were returned to pasture approximately 2
h after being gathered.

Year 2.

Dorper (n = 71; initial mean BW ±
SD = 65.9 ± 10.9 kg) and Rambouillet
(n = 81; initial mean BW = 66.0 kg ± 9.4
S.D.) ewes were composed of 2-year olds
(n = 22 and 27, respectively), 3-year olds
(n = 32 and 33, respectively), and 4-year
olds (n = 17 and 21, respectively). Ewes
were moved to the study area on May 15,
2006 and always grazed together with no
supplementation, because forage avail-
ability was not limiting. Rams were
introduced on August 15, 2006 and
remained with the ewes until October
20, 2006. In contrast to Year 1, preg-
nancy was not determined by ultra-
sound. All ewes were evaluated and col-
lected on each sampling date, and only
data from ewes that lambed within the
first 45 d of the lambing season were
analyzed. Ewes were again evaluated dur-
ing pre- (August 8 and 15), mid- (Octo-
ber 19 and 26), and late- (December 11
and 18) gestation. The final sampling
date occurred 22 d before the first ewe

lambed. Ewes were handled as described
for Year 1.

Sample Collection and
Measurements

Forages.

During years 1 and 2, random grab
samples of forages were collected and
combined separately according to the
following groups: dormant Texas winter-
grass (Nassella leucotricha L.) and warm
season grasses, and Texas live oak (Quer-
cus fusiformis) leaves. Warm season
grasses consisted mainly of buffalo grass
(Buchloe dactyloides [Nutt.] Engelm.), big
bluestem (Adropogon gerardii Vitma.), lit-
tle bluestem (Schizachyrium scoparium
[Michx] Nash.), and sideoats gramma
(Bouteloua curtipendula [Michx.] Torr.).
Cool season grasses, other than Texas
wintergrass and forbs, were either absent
or extremely sparse during both years of
this study, thus nutrient composition of
these species is not reported. Samples
remained separated by group as previ-
ously described, oven-dried at 55°C for
48 h, stored at -20°C, and ground in a
Wiley Mill (Arthur H. Thomas Co.,
Philadelphia, Pa.) to pass a 1-mm screen.
Crude protein was analyzed by a stan-
dard method (AOAC, 1990) and NDF

and ADF were analyzed by Ankom
(Ankom Technology Corp., Fairport,
N.Y.) procedures. In addition, a sub-sam-
ple was dried in a forced-air oven at
103°C until weight was constant to
determine DM content.

Animal, Hormone, and Metabolite
Measures.

During Year 1, BW was recorded for
each ewe on August 9, 2005 (pre-gesta-
tion) and January 1, 2006 (late gesta-
tion). During Year 2, body weight was
recorded on August 8 (pre-gestation),
October 19 (mid-gestation), and
December 11 (late gestation). The BCS
(1 = emaciated to 5 = obese) was evalu-
ated by two trained technicians during
Year 1 on August 9, 2005 and during
Year 2 on August 8, 2006, October 19,
and December 11. During Year 1, blood
was collected on August 9 and 16 (pre-
gestation), October 28 and November 9
(mid-gestation), and December 13 and
20 (late gestation). During Year 2, blood
was collected on August 8 and 15 (pre-
gestation), October 19 and 26 (mid-ges-
tation), and December 11 and 18 (late
gestation). To account for inherent vari-
ability in blood serum IGF-1 and
metabolites that occurs with a single
blood sample, IGF-1, SUN, and NEFA
were analyzed by date, but results were
averaged by gestation period (two blood
collections per gestation period) before
statistical analysis.

A 10-ml blood sample was collected
in the morning (at 0900) from each ewe
via jugular venipuncture using a non-
heparinized vacutainer collection tube
(serum separator tube, gel and clot acti-
vator; Becton Dickenson, Franklin
Lakes, N.J.). Blood samples were allowed
to clot and then centrifuged (Beckman
Coulter TJ6 refrigerated centrifuge,
Fullerton, Calif.) at 970 x g for 25 min at
4°C. Serum was decanted and frozen at -
20°C until analyzed for IGF-1, SUN,
and NEFA concentrations. Serum con-
centrations of IGF-1 were determined by
RIA using procedures of Berrie et al.
(1995). Intra-assay CV for IGF-1 was 5.6
percent and 13.4 percent (years 1 and 2,
respectively) with a 95 percent recovery
rate. For year 2005, serum NEFA and
SUN concentrations were analyzed
using an auto-analyzer (Technicon
Autoanalyzer Ill., Bran Luebbe, Buffalo
Grove, Ill.). For Year 2, serum concen-
trations of SUN were analyzed using a

Table 2. Nutrient composition (% DM basis) of clipped forages during Years 1
(2005) and 2 (2006)

Year 1 Year 2
Itema CP NDF ADF CP NDF ADF
Pre-gestation

TX wintergrass 11.5 64.8 41.3 5.0 62.6 43.5
warm season grasses 8.1 67.6 50.6 3.8 67.5 48.7
live oak 9.5 40.9 33.4 7.1 43.5 36.8

Mid-gestation
TX wintergrass 8.1 63.1 46.0 8.1 64.8 40.0
warm season grasses 7.7 61.2 45.2 6.0 63.1 44.4
live oak 10.1 37.2 32.6 9.0 40.9 35.0

Late-gestation
TX wintergrass 5.9 61.4 44.1 5.5 69.7 46.4
warm season grasses 4.0 69.1 54.6 4.7 69.3 48.7
live oak 8.2 46.3 37.2 8.9 42.2 34.2

a Texas wintergrass (Nassella leucotricha) was dominant grass; Warm season grasses
were mainly buffalo grass (Buchloe dactyloides), big bluestem (Adropogon gerardii),
little bluestem (Adropogon soparius), and sideoats gramma (Bouteloua
curtipendula); live oak (Quercus fusiformis).
b Year 1: pre- (8-9-05 and 8-16-05), mid- (10-28-05 and 11-9-05), and late
gestation (12-13-05 and 12-20-05); Year 2: pre- (8-8-06 and 8-15-06), mid- (10-
19-06 and 10-26-06), and late gestation (12-11-06 and 12-18-06).
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commercial kit (Teco Diagnostics, Ana-
heim, Calif.) with intra- and inter-assay
CV < 7 percent. Serum NEFA concen-
trations for Year 2 were also analyzed
using a commercial kit (NEFA C; Waco
Chemicals, Neuss, Germany) with intra-
and inter-assay CV < 9 percent.

Statistical Analyses

Values for IGF-1, NEFA, and SUN
were averaged for each ewe within each
of the three periods (pre-, mid-, and late
gestation). These average values were
then analyzed using Proc Mixed of SAS
(SAS Inst. Inc., Cary, N.C.) with a
model that included breed, age, and
number of lambs born as fixed effects;
and flock of origin and residual as ran-
dom effects. Partial correlations between
NEFA, SUN, IGF-1, BC, and BW were
estimated using Proc Corr of SAS within
breed and after age and number of lambs
were taken into account.

Results And Discussion
Rainfall during Years 1 and 2 was

typical for the Edwards Plateau region of
Texas, except for lower than average
rainfall from mid-October through
December (Table 1). Cumulative spring
rains were below the 10-year average
during both years, but were still suffi-
cient to allow for good warm- and cool-
season grass growth. In contrast, forbs
were either sparse or non-existent during
this two-year trial. During Year 1, forage
quality was low, while ewes were in late
gestation (December), and low during
Year 2, while ewes were in pre- and late
gestation (August and December respec-
tively; Table 2). Low-quality forages dur-
ing winter months is common in this
region of Texas (Huston et al., 1981).

Year 1

Animal Performance.

Body weight was similar between
Dorper and Rambouillet ewes during
pre- and late gestation (P > 0.63; Table
3). Rambouillet ewes tended (P < 0.07)
to gain more BW than Dorper ewes from
pre- to late gestation, but this difference

was only 1.44 kg. Dorper ewes had
higher (P < 0.03) BCS than Rambouil-
let ewes during pre-gestation.

Serum Insulin-like Growth Factor-1,
Non-esterified Fatty Acids, and
Urea Nitrogen.

During pre-gestation, Dorper ewes
had greater (P = 0.01) serum NEFA than
Rambouillet ewes. The SUN values were
similar between Dorper and Rambouillet
ewes (P > 0.13) throughout Year 1. Dor-
per ewes tended to have greater (P =
0.09) serum IGF-1 than Rambouillet
ewes during pre- gestation and had
greater (P < 0.009) serum IGF-1 during
mid- and late gestation (Table 4).

Year 2

Animal Performance.

Body weights were similar for Dor-
per and Rambouillet ewes during pre-,
mid-, and late gestation (P > 0.19; Table
3). Rambouillet ewes tended (P < 0.06)
to gain more BW than Dorper ewes from
pre- to late gestation, but this gain was
only 1.20 kg greater than Dorper ewes.
Dorper ewes had higher (P < 0.004)
BCS than Rambouillet ewes during pre-,
mid-, and late gestation (Table 3).
Changes in BCS were similar (P = 0.75)
between the two breeds.

Serum Insulin-like Growth Factor-1,
Non-esterified Fatty Acids, and
Urea Nitrogen.

During mid- and late gestation, Dor-
per ewes had less (P < 0.05) serum
NEFA and SUN than Rambouillet ewes
(Table 4). Dorper ewes had greater (P <
0.006) serum IGF-1 during pre-, mid-,
and late gestation (Table 4).

Even though nutritional status dif-
fered at times between Rambouillet and
Dorper ewes during gestation, all ewes
seemed to have performed well while
grazing. It is unclear why Dorper ewes
had greater NEFA concentrations than
Rambouillet ewes during pre-gestation
in Year 1, except that they had greater
body condition than Rambouillet ewes
at this time and may have been able to
mobilize fat depots more effectively.
Another explanation could be that Dor-
per ewes began losing body condition
just prior to blood sampling, thus elevat-
ing NEFA while maintaining greater
BCS than Rambouillet ewes. For exam-

Table 3. Least squares means of body condition score (BCS), change in BCS,
body weight (BW), change inBW, and average daily gain (ADG) in Dorper
and Rambouillet ewes grazing in the Edwards Plateau Region of Texas during
Years 1 (2005) and 2 (2006).

Year 1 Year 2
Itema Dorper Ramb SEMb P-value Dorper Ramb SEMb P-value
Pre-gestation

BCS, 1-5 3.47 3.05 0.18 0.03 3.15 2.67 0.10 <0.001
BW, kg 70.7 69.3 2.53 0.63 65.2 66.6 1.68 0.46

Mid-gestation
BCS 3.39 2.96 0.12 0.002
BCS change 0.25 0.30 0.09 0.57
BW, kg 67.5 69.5 1.75 0.29
BW change, kg 2.46 3.03 0.55 0.26

Late gestation
BCS 3.35 2.92 0.12 0.004
BCS change -0.04 -0.07 0.10 0.82
BW, kg 74.5 74.6 2.38 0.98 77.2 79.7 1.84 0.20
BW change, kg 9.57 10.13 0.62 0.40

Overall
BCS change 0.21 0.23 0.09 0.75
BW change, kg 3.56 5.00 0.77 0.07 11.85 13.05 0.61 0.06

a Year 1: pre- (8-9-05 and 8-16-05), mid- (10-28-05 and 11-9-05), and late
gestation (12-13-05 and 12-20-05); Year 2: pre- (8-8-06 and 8-15-06), mid- (10-
19-06 and 10-26-06), and late gestation (12-11-06 and 12-18-06).
b Greatest standard error of least squares means reported.
c P-values for change BW were derived using log transformation and data are
reported as actual BW change.
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ple, Caldeira et al. (2007b) discovered
that an increase in NEFA concentra-
tions was the first reaction to under-
nutrition.

During late gestation (Year 1),
NEFA concentrations were similar for
Dorper and Rambouillet ewes, but > 780
μEq/L, suggesting that ewes in both
breeds had mobilized body fat. For exam-
ple, non-pregnant and non-lactating
ewes fed restricted diets to induce a BCS
change from 4 to 2 had NEFA concen-
trations of 750 μEq/L (Caldeira et al.,
2007b). Therefore, according to NEFA
values reported by Russel (1984) and
Firat and Özpinar (2002), ewes seemed
to have been unable to satisfy nutrient
requirements for maintenance and late-
gestation-fetal growth during Year 1,
resulting in fat mobilization. During year
2, Rambouillet ewes had NEFA concen-
trations that were only 40 to 50 μEq/L
greater than Dorper ewes, thus the bio-
logical significance is questionable.

Serum urea nitrogen is an indicator
of protein status, especially during stable
vs. dynamic conditions (Caldeira et al.,
2007b). Dorper and Rambouillet ewes
always had SUN concentrations within
normal values (Carlson, 1996; Kaneko,
1997) and within ranges reported for
pastured ewes during late pregnancy

(Antunovic et al., 2002). Rambouillet
ewes had greater SUN than Dorper ewes
during mid- and late gestation in Year 2,
suggesting they were consuming higher-
quality forages, such as oak leaves, which
are desirable to livestock in the Edwards
Plateau region (Vallentine, 1960).
Greater SUN concentrations can also be
a result of catabolizing muscle protein
when large amounts of body reserves are
mobilized, but results suggest that large
amounts of body reserves were not mobi-
lized. Greater SUN may also be due to
Rambouillet ewes having lower BCS
than Dorper ewes throughout this study,
since previous reports suggest that ewes
with lower BCS can have greater SUN
(Caldeira et al., 2007a).

Moderate heritability exists for
serum IGF-1 in livestock (Herd et al.,
1995; Spicer, 2002; Davis et al., 2003).
Afolayan and Fogarty (2008) reported
0.28 ± 0.10 for IGF-1 heritability in
young crossbred ewes. Given the exis-
tence of genetic variation in this trait, it
is possible that Dorper ewes may have
inherently greater serum IGF-1 concen-
trations than Rambouillet ewes, which
could be directly related to differences in
metabolism, grazing behavior, or nutri-
ent requirements during gestation. For
instance, during mid-gestation in Year 2,

NEFA concentration and BW were not
correlated (r = 0.07, P > 0.10) in Dorper
ewes, but negatively correlated (r = -
0.23, P < 0.04) in Rambouillet ewes,
which suggests possible differences in
metabolism. In addition, IGF-1 concen-
tration was not correlated to BW in
Rambouillet ewes (P > 0.10) during this
study, but was correlated to BW in Dor-
per ewes during late gestation in Year 1
(r = 0.36, P < 0.02) and during pre-,
mid-, and late gestation in Year 2 (r =
0.32, P < 0.006; r = 0.37, 0.40, P <
0.006).

Afolayan and Fogarty (2008) sug-
gest that selecting young ewes for low
IGF-1 may reduce feed intake and
improve maintenance efficiency of
mature ewes while grazing, without
greatly affecting other production traits.
However, low-serum IGF-1 during gesta-
tion can be detrimental to dam perform-
ance (Gunn et al., 1995; Rhind et al.,
2001) and permanently alter fetal devel-
opment (Barker and Clark, 1997; Galla-
her et al., 1998; McMillen et al., 2001).
Because Dorper ewes seemed to have
performed as well as Rambouillet ewes
on rangelands (e.g., always had higher
BCS than Rambouillet ewes) and had
greater IGF-1 concentrations, further
research is warranted.

Nutritional status has pronounced
effects on serum IGF-1 (McGuire, 1992;
Wallace et al. 1997; Spicer et al., 2002).
Even though NEFA values during late
gestation in Year 1 suggest ewes moblized
body reserves, BW change and serum
IGF-1 concentrations imply that body
reserve mobilization was not severe
when compared to previous results (Gal-
laher et al., 1998). Furthermore, ewes
with low BCS can have less serum IGF-
1 than ewes with high BCS (Snyder et
al., 1999; Caldeira et al., 2007a). Thus,
greater IGF-1 concentrations in Dorper
vs. Rambouillet ewes also suggests that
Dorper ewes could have been in a better
nutritional state, since they maintained
greater BC and had lower NEFA con-
centrations than Rambouillet ewes
throughout gestation (Year 2). In con-
trast, Rambouillet ewes may have greater
genetic potential for growth, since NRC
(2008) suggests that ewes with greater
genetic potential for growth can have
greater nutrient requirements that are
more affected by nutritional status.
Although we did not measure frame size,
the greater BCS of Dorper ewes when

Table 4. Least squares means of insulin-like growth factor-1 (IGF-1), non-
esterified fatty acids (NEFA) and urea nitrogen (SUN) in Dorper and
Rambouillet ewes grazing in the Edwards Plateau Region of Texas during
Years 1 (2005) and 2 (2006).a

Year 1 Year 2
Itema Dorper Ramb SEMb P-value Dorper Ramb SEMb P-value
Pre-gestation

IGF-1, ng/mL 159.1 141.8 10.2 0.09 154.0 130.1 8.7 0.005
NEFA, μEq/L 710.6 574.3 50.9 0.01 290.7 287.4 25.2 0.90
SUN, mg/dL 12.3 13.4 0.7 0.13 8.9 9.3 0.4 0.25

Mid-gestation
IGF-1, ng/mL 174.6 131.5 11.0 <0.001 200.4 161.7 7.3 <0.001
NEFA, μEq/L 575.6 534.3 40.0 0.29 200.0 239.8 17.4 0.02
SUN, mg/dL 11.4 11.8 0.7 0.59 15.5 16.9 0.4 0.001

Late gestation
IGF-1, ng/mL 194.5 150.6 15.6 0.008 197.2 139.1 8.2 <0.001
NEFA, μEq/L 787.1 812.1 77.1 0.75 334.5 391.7 27.3 0.04
SUN, mg/dL 9.0 10.4 0.8 0.14 10.6 12.1 0.5 0.001

a Year 1: pre- (8-9-05 and 8-16-05), mid- (10-28-05 and 11-9-05), and late
gestation (12-13-05 and 12-20-05); Year 2: pre- (8-8-06 and 8-15-06), mid- (10-
19-06 and 10-26-06), and late gestation (12-11-06 and 12-18-06). SUN = serum
urea nitrogen.
b Greatest standard error of least squares means reported.
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there was not a significant breed differ-
ence in BW, suggests that Rambouillet
ewes were larger framed than Dorper
ewes.

Dorper and Rambouillet ewes both
seemed to have performed well during
gestation in a range-sheep-production
system without supplementation. Results
imply that negative effects associated
with mobilization of body reserves, such
as poor fetal development probably did
not occur (Gunn et al., 1995; McMillian
et al., 2001; Rhind et al., 2001). How-
ever, high NEFA values during late ges-
tation in Year 1 warrant supplementa-
tion of range forages, since maternal
nutrition during pregnancy affects over-
all production potential of the fetus
(growth and fiber), mammary gland
development, and gestation length
(Prosser and Davis, 1992; NRC 2008).

Conclusion
Understanding both nutritional sta-

tus and physiological differences
between Dorper and Rambouillet sheep
is important. Results suggest that nutri-
tional status differed at times between
Dorper and Rambouillet ewes in a range-
production system during gestation. Dor-
per ewes may have a slight production
advantage during gestation, due to main-
taining better body condition and
greater IGF-1 concentrations. In con-
trast, Rambouillet ewes may have greater
genetic potential for growth, thus greater
nutrient requirements that are more
effected by nutritional status. Further
research is needed to determine genetic
differences between these two breeds in
a monoculture pasture (eliminating vari-
ability in grazing behavior) by evaluating
metabolism and hormonal regulations,
fetal development, lamb production, and
nutrient requirements for maintenance
and pregnancy. Evaluating differences in
grazing behavior and forage preferences
between Dorper and Rambouillet ewes
in a range production system would also
be beneficial.
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Summary 
To determine whether luteal phase concentrations of prog-

esterone (P4) altered ovulation rate and litter size in ewes,
mature Barbados Blackbelly ewes were assigned to groups
treated so that they would be expected to have low, medium or
high P4 (n = 23 or 33 per group in two seasons). Each ewe on
low and high P4 received a P4-containing intravaginal insert
from d 4 through d 14 after estrus. Ewes in low group were given
PGF2α on d 6 to regress corpora lutea (CL). Ewes with medium
P4 were untreated. Ovaries in 10 or 8 ewes per group (in seasons
1 and 2, respectively) were observed by transrectal ultrasonog-
raphy from d 6 of the pre-breeding cycle until ovulation, and in
all ewes on d 7 after breeding (one ram to 10 to 16 ewes). Num-
bers of follicles that disappeared at estrus (P < 0.02) and of CL

formed (P < 0.001) increased linearly with decreasing P4. As P4
decreased, more follicles disappeared from the penultimate
than the final wave of development. Disappearance of follicles
was correlated with CL formed (0.53; P < 0.0001). Conception
rates did not differ with expected concentration of P4. Lambs
born per CL decreased linearly (P < 0.001) with decreasing
concentrations of P4. Prolificacy did not differ (P > 0.32)
among ewes treated to have low, medium or high concentra-
tions of P4 (2.0, 1.9, and 1.9 ± 0.1 lambs, respectively), despite
greater ovulation rates. On a practical basis, altering proges-
terone before breeding did not change productivity of the ewe
in terms of number of lambs born.

Key Words: Barbados Blackbelly, Ovulation Rate, Proges-
terone, Prolificacy, Ewe, Sheep
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Introduction
Patterns of follicular development

and ovulation rates in ewes have varied
with dosages of exogenous progestogens
(Robinson et al., 1968; Allison and
Robinson, 1970), an effect probably
mediated by regulation of tonic secretion
of luteinizing hormone (LH; Baird and
Scaramuzzi, 1976). In anestrous ewes
induced to ovulate by introduction of
rams, prior treatment with progesterone
appeared to increase ovulation rate com-
pared to ram introduction alone
(Knights et al., 2001). More follicles
were recruited early and late in the
estrous cycle, periods when concentra-
tions of progesterone are low (Brand and
de Jong, 1973; Schrick et al., 1993).
Bartlewski et al. (1999) found an inverse
association of ovulation rates with con-
centrations of progesterone across breed
types, with greater progesterone and
fewer ovulations in western white-faced
ewes and less progesterone and more
ovulations in Finnsheep ewes. 

Ewes exposed to low concentrations
of progestogens had greater pulse fre-
quencies of LH and concentrations of
estradiol, and ovulated older and some-
times had more follicles than control
ewes (Johnson et al., 1996; Levya et al.,
1998; Viñoles at al., 1999; Bartlewski et
al., 2003). These findings might explain
reduced pregnancy rates in ewes on low
concentrations of progestogens observed
by some authors (Johnson et al., 1996;
Viñoles at al., 1999), but not by others
(Evans et al., 2001), as well as differ-
ences in pregnancy rates among exoge-
nous progestogens (Crosby et al., 1991).  

In the present study, patterns of fol-
licular development and ovulation and
lambing rates were investigated after
experimental manipulation of concen-
trations of progesterone in cycling ewes
of a relatively prolific breed, Barbados
Blackbelly, in Barbados, where seasonal
breeding is not expressed in non-lactat-
ing ewes of the breed (Patterson, 1983).
The aim was to test the null hypothesis
that concentrations of progesterone did
not affect numbers or ages of follicles
that ovulated or subsequent litter size. 

Materials and Methods
The experiment was conducted in

Barbados (latitude 10° north) with 168
Barbados Blackbelly ewes in two seasons.

Sixty nine ewes were studied in the dry
season (December 2003, season 1) and
99 different ewes were studied in the wet
season (July 2004, season 2). The ewes
had average ages of 2.5 yr, parities of 1.8,
and BW of 43 kg, which did not differ
among groups or between seasons. Ewes
were penned in an enclosed barn and
received a daily ration of 2 kg of concen-
trates (corn and soybean meal formu-
lated to contain 18 percent crude pro-
tein plus minerals), with water and pan-
gola hay available ad libitum.

Ewes were randomized among three
groups of 23 or 33 ewes each for seasons
1 and 2, respectively. Ewes in these
groups were expected to have low,
medium, or high progesterone as a result
of treatment. All ewes were treated
twice, 8 d apart, to synchronize estrus
before the study, each time with two
injections of 5 mg PGF2α (Lutalyse®,
Pfizer Animal Health, New York, N.Y.) 3
h apart (Hawk, 1973). Ewes that would
be expected to have medium proges-
terone received no further treatment;
progesterone in those ewes was provided
by the corpora lutea (CL) in their
ovaries. Each ewe assigned to low prog-
esterone received a progesterone-con-
taining insert (Controlled Internal Drug
Releasing Device [CIDR-G; InterAg,
Hamilton, New Zealand] containing 0.3
g of progesterone) on d 4 after the syn-
chronized estrus and was given PGF2
on d 6 (as in the estrous synchronization
protocol) to regress the CL and remove
endogenous progesterone. These ewes
were expected to have low circulating
concentrations of progesterone through-
out the luteal phase (Van Cleeff et al.,
1998). Ewes in the high progesterone
group received a CIDR on d 4 to provide
additional progesterone to that produced
by the CL. In each group, the CIDR was
removed on d 14. Because the study was
conducted in Barbados, it was not possi-
ble to conduct radioimmunoassays to
determine exact concentrations of prog-
esterone in peripheral blood. Biological
response, as indicated by interval from
removal of the CIDR insert to estrus, was
used to confirm that concentrations of
progesterone differed as expected.

Breeding Soundness Examination,
Ram Introduction and Observation
for Estrus

A breeding soundness examination

(testicular size, sperm concentration and
motility; Salamon, 1976) was performed
on six Barbados Blackbelly rams, to ver-
ify that each was in breeding condition.
On d 7 after estrus, a Sire-Sine® harness
with a crayon in the area of the brisket
was placed on each of the rams and the
rams were allotted to six pens. Each 5 x
9 m pen contained 5 or 6 ewes from each
group, for a maximum ewe-to-ram ratio
of 17:1. Ewes were observed on d 7
through d 21 at 6:00 a.m. and 6:00 p.m.
for crayon marks. Time and date of
observed estrus were recorded to deter-
mine the interval from CIDR removal to
post-treatment estrus (marked by a ram;
0.5 d increments). Once each day, after
observation for estrus, crayons on the
briskets of the rams were replaced with a
different color to distinguish ewes that
subsequently came into estrus and to
ensure that crayon marks were visible.

Observations of Follicular
Development and CL

Follicles in the ewe develop at least
in part in wave-like patterns, with
cohorts growing beyond 3 mm in diame-
ter approximately every four days during
the estrous cycle (e.g., Ginther et al.,
1995). Follicles that ovulate normally
come from the final and the penultimate
(next to last) wave (Bartlewski et al.,
1999; Gibbons et al., 1999). Thus, it was
of interest to determine whether any
change in ovulation rate was due to
retention of older follicles or recruitment
of more follicles in the final follicular
wave. Follicular development was
observed by transrectal ultrasonography
using an Aloka 500 SSD (Corometrics
Medical Systems, Wallingford, Conn.)
equipped with a 7.5 MHz linear-array
transducer, as described by Schrick et al.
(1993). Ultrasonographic observations
were done by two operators in season 1,
but by only one operator in season 2.
Ovaries of 10 ewes per group in season 1
and of 8 ewes per group in season 2 were
scanned daily from d 6 through subse-
quent estrus and ovulation (up to d 18
for some ewes). Ovarian follicular diam-
eters were measured and recorded in
three categories; small (2 to 3 mm),
medium (4 to 5 mm), and large (≥ 6
mm), and their relative positions and
those of CL were recorded on an ovarian
map. 

Data recorded included numbers of



©2009, Sheep & Goat Research Journal Sheep & Goat Research Journal, Volume 24, 2009 19

small, medium and large follicles; day of
emergence of each ovulatory follicle;
and maximum size of each ovulatory fol-
licle prior to ovulation. After estrus, fol-
licles ≥ 4 mm were recorded as ovulated
if not observed on the ovary at the sub-
sequent scanning (Schrick et al., 1993).
Growth rates of follicles were deter-
mined by retrospective comparisons of
the follicle sizes recorded up to the point
of plateau in diameter or ovulation.  The
interval (d) from appearance (at 2 or 3
mm in diameter) to disappearance was
termed the life span of the follicle. Folli-
cles that were first detected at 4 mm
were recorded as 3 mm on the previous
day, because average growth rate approx-
imates 1 mm/d (Schrick et al., 1993).
The interval from CIDR removal to ovu-
lation was measured from these observa-
tions. Ovulation rate was confirmed by
the number of CL observed by ultra-
sonography 7 d after estrus.

Lambing dates and numbers of
lambs born were recorded. Conception
rate was determined by ewes lambing, as
a percentage of ewes in estrus. Pregnancy
rate was measured as the percentage of
ewes treated that lambed. Prolificacy was
expressed as the number of lambs born
per ewe that lambed. Lambing rate was
defined as lambs born per ewe treated,
and lambs born per CL (counted on d 7)
also was evaluated.

Statistical Analysis

The basic statistical model used
throughout was a two-way analysis of
variance or categorical analysis (Chi-
square) comparing values in ewes among
the three expected concentrations of
progesterone, and the two seasons in
which the study was conducted. When
significant differences were detected by
analysis of variance, differences among
individual groups were evaluated by
Duncan’s multiple range test. Transfor-
mations were utilized when the raw data
were not normally distributed. Linear
and quadratic components of the vari-
ance were tested when appropriate for
continuous variables.  All analyses were
conducted using SAS version 8.1 (SAS
Inst. Inc., Cary, NC). Comparisons of
the intervals from CIDR removal to
estrus or to ovulation and the growth
rate of follicles in the final and penulti-
mate waves utilized  Poisson regression
in the GENMOD procedure, because

the data followed a Poisson distribution.
Average diameter of all ovulatory folli-
cles and growth rates of follicles were
analyzed with ANOVA using the
MIXED procedure. Counts of follicles
were transformed to square roots for
analyses. Numbers of follicles in each
size class per day and numbers of ovula-
tory follicles were compared in GEN-
MOD using Poisson regression: in these
analyses the model included day as a
repeated measure within ewes. The
effects of expected progesterone on the
numbers of small (2 to 3 mm), medium
(4 to 5 mm), large (≥ 6 mm) and total
follicles during d 6 through d 14 were
determined. Conception and pregnancy
rates were examined by Chi-square
analyses using the FREQ procedure.
Lambs born per CL and per ewe lambing
(prolificacy), and partial embryonic loss
were compared in GENMOD using
logistic regression. Numbers of follicles
in the final and penultimate waves and
the interval (d) that each follicle was
observed were examined using analysis
of variance in the MIXED procedure.
Effects of expected progesterone on pro-
portions of disappearing large (ovula-
tory) follicles arising from the final and
penultimate follicular waves were exam-
ined by Chi Square. A correlation coef-
ficient was calculated to examine the
relationship between numbers of CL
formed and numbers of follicles that dis-
appeared. 

Results and Discussion
None of the variables examined dif-

fered between seasons or revealed inter-
actions of season with expected concen-
tration of progesterone. Therefore all
data are reported as means over both the
dry and wet seasons.

Intervals to Estrus and Ovulation 

The percentage of ewes marked by
rams (mean 90 percent) and the per-
centage of scanned ewes observed to
ovulate (mean 85 percent), did not differ
with expected concentration of proges-
terone. Intervals from removal of the
CIDR to estrus exhibited a quadratic
pattern (P < 0.005) over groups
expected to provide increasing concen-
trations of progesterone (low 1.5 ± 0.1,
medium 2.2 ± 0.2 and high 1.9 ± 0.1 d,
respectively). Likewise, intervals from
CIDR removal to ovulation increased

linearly (P < 0.05) with increasing
expected concentrations of progesterone
(2.0 ± 0.3, 2.9 ± 0.6 and 3.2 ± 0.2 d,
respectively). These data, in agreement
with those of Deaver et al. (1986), con-
firmed that the treatments applied
altered progesterone in the manner
expected.

Numbers of Follicles, Growth
Rates, and Lifespan of Ovulatory
Follicles 

Numbers of large (≥ 6 mm in diam-
eter) and medium (4 to 5 mm) follicles
present during d 6 to d 14 varied, and the
pattern differed, as indicated by the day
x expected progesterone interaction (P <
0.0001), but number of small (2 to 3
mm) follicles did not differ (Figure 1). A
day x  expected progesterone interaction
was observed for total number of follicles
on the ovary (P < 0.001; Figure 1).
Specifically, numbers of medium follicles
on d 6 through d 9 and of large follicles
on d 9 through d 13 increased as con-
centrations of progesterone decreased.

Last diameters of ovulatory follicles
did not differ among expected concen-
trations of progesterone (4.8 ± 0.6 mm).
In contrast, Johnson et al. (1996)
observed that diameters of ovulatory fol-
licles were greater in ewes that had con-
centrations of progesterone < 1 ng/mL
from d 6. In the present study, growth of
follicles in the penultimate wave might
have been limited by relatively greater
concentrations of progesterone during
the mid- to late-luteal phase of the cycle.
In comparison, most growth of ovulatory
follicles from the final wave occurred
during the very late luteal and follicular
phases of the estrous cycle, when proges-
terone concentrations were waning and
frequency of pulsatile secretion of LH
would have increased. 

Mean intervals from detection at 2
or 3 mm to ovulation were 9.0 ± 0.2 and
5.0 ± 0.3 d for ovulatory follicles of the
penultimate and final waves, respec-
tively (P < 0.05). Mean intervals that
ovulatory follicles from both waves were
present prior to ovulation increased lin-
early (P < 0.05) as concentrations of
progesterone decreased (5.7 ± 0.6, 7.6 ±
0.6 and 8.1 ± 0.2 d for ewes with high,
medium and low progesterone, respec-
tively). Thus, follicles from the penulti-
mate wave were an average of 4 d older
at ovulation than follicles from the final
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wave, and ovulatory follicles were
retained on the ovary for about 1.5 d
longer in ewes with low concentrations
of progesterone than in ewes with high
or medium progesterone. Similarly, in
earlier studies, lifespan of the largest fol-
licles in the penultimate wave
(Bartlewski et al., 1999) or that arose
earlier (Johnson et al. 1996) was
increased, which allowed them to ovu-
late with follicles from the final wave.

Ewes with low progesterone had
more (P < 0.01) medium and large folli-
cles prior to ovulation than ewes with
high or medium concentrations of prog-
esterone (Figure 2). Follicles from the
penultimate wave that disappeared after
estrus had grown more slowly (0.7 ± 0.1
mm/day) than those from the final wave
(0.9 ± 0.1 mm/d; P < 0.05). However,
mean growth rates of follicles that disap-
peared after estrus did not differ with
expected progesterone within either
wave, or for both waves combined (high,
0.7 ± 0.1, medium, 0.8 ± 0.1, low, 0.6 ±
0.2 mm/d).

In cows, lower progestogen led to
increased pulse frequency of LH, mainte-
nance of dominant follicles, and greater
secretion of estradiol (Stock and For-
tune, 1993; Kinder at al., 1996). Taft et
al. (1996) found that frequent injections
of bovine LH during normal luteal
phases maintained the largest (domi-
nant) follicle and suppressed recruitment
of other follicles in cows. Although folli-
cles are recruited in the ewe despite the
presence of other large follicles (Dugga-
vathi et al., 2003, 2005), follicles in the
penultimate wave might have been pro-
tected from atresia by a greater frequency
of secretion of pulses of LH in ewes with
lower concentrations of progesterone
(Johnson et al., 1996 and Van Cleeff et
al., 1998). In contrast, more follicles in
the 2-mm to 5-mm classes during the
mid-luteal phase were observed in
Merino ewes with 2 CL than in ewes
with 1 CL (Turnbull et al., 1978).

Ovulation Rates 

As shown in Table 1, the increase in
ovulation rate as progesterone decreased
was clearly due to greater persistence of
follicles from the penultimate wave. The
proportion of disappearing large follicles
that came from the penultimate wave
increased from 36.3 percent in the high
progesterone group to 53.7 percent in

Figure 1. Numbers of total follicles (height of each bar at each day) and numbers
in each size class summed over both ovaries (diagonal bars - 2 and 3 mm [small];
horizontal bars - 4 and 5 mm [medium]; and cross hatched - ≥ 6 mm [large]) on d
6 through estrus and ovulation (up to d 18) in ewes with expected high (A),
medium (B), or low (C) progesterone. Numbers of medium, large, and total
follicles varied with the day by expected progesterone interaction (P < 0.001,
0.001, and 0.0001, respectively). Note the patterns by which follicles moved
from smaller to larger categories as the cycle progressed and that more large
follicles were present later in the cycle in groups with expected lower
progesterone. Then as ewes returned to estrus, the total number and the numbers
of medium and large follicles decreased due to ovulation.
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ewes on medium progesterone and 76.7
percent in ewes on low progesterone (P
< 0.005). The effect of expected proges-
terone on ovulation rate was linear (P <
0.01), regardless of whether ovulation
rate was estimated by disappearance of
follicles after estrus (Figure 3 A) or num-
bers of CL on d 7 after estrus (Figure 3
B). The number of follicles (≥ 4 mm)
that disappeared in relation to estrus

increased linearly (P < 0.05) with
decreasing concentrations of proges-
terone. Number of CL formed was corre-
lated to number of follicles that disap-
peared (r = 0.53; P < 0.0001). 

The increase in ovulation rate in
ewes with lower expected concentra-
tions of progesterone was due to reten-
tion and ovulation of more follicles from
the penultimate wave of follicular devel-

opment. This finding is in agreement
with Johnson et al. (1996) and
Bartlewski et al. (1999; 2003), who
reported that follicles of varying ages, or
originating from both the penultimate
and final follicular waves, ovulated in
the cycling ewe. Additionally, it extends
to a relatively prolific breed of ewes the
finding by Bartlewski et al. (1999) in less
prolific ewes that exposure to low con-
centrations of progestogens during the
luteal phase can increase ovulation rate. 

The number of follicles that disap-
peared and was presumed to have ovu-
lated was an overestimate of the number
of CL observed on d 7 after estrus, which
was used as a final measure of ovulation
rate. Similarly, Bartlewski et al. (2003)
observed that not all follicles that disap-
peared at estrus formed CL. The accu-
racy of observation of disappearance of
follicles as a measure of ovulation rate
might have been reduced, because some
follicles ≥ 4 mm did not ovulate, but
regressed in size and might have been
assumed to be new 2 or 3 mm follicles.
Alternatively, some ovulated follicles
might not form a CL. In earlier research,
Murdoch et al. (1983) observed that
ewes injected with LH or FSH on d 15
ovulated, but were unable to develop
sufficient luteal function. They sug-
gested that the pre-ovulatory follicle was
forced to ovulate prematurely and lacked
gonadotropin receptors on follicular
cells, which reflected follicular maturity

Figure 2. Mean (± SEM) numbers of follicles in each size class on the day prior
to ovulation by expected concentrations of progesterone (diagonal bars - high;
solid bars -medium; horizontal bars - low). Numbers of medium and large follicles
were greater in ewes with expected low progesterone than in ewes with expected
high or medium progesterone (P < 0.01).

Table 1. Intervals from emergence to disappearance of presumed ovulatory follicles from the final or penultimate waves.

Expected concentration of progesterone
High Medium Low All Groups

Number of ewes observed 15 15 16 46
Time from emergence to ovulation:

Final follicular wave:
Total number of follicles observed 21 19 13 53

Interval (days ± SEM) 4.6 ± 0.5 5.2 ± 0.3 5.5 ± 0.3 5.0 ± 0.3c

Penultimate follicular wave:
Total number of follicles observed 12 22 43 77

Interval (days ±SEM) 8.2 ± 0.3 9.0 ± 0.3 9.2 ± 0.2 9.0 ± 0.2d

Both waves:
Total number of follicles observed 33 41 56 130

Interval (days ± SEM) 5.7 ± 0.6a 7.6 ± 0.6b 8.1 ± 0.2b 7.2 ± 0.4

*Proportions of disappearing follicles arising from the penultimate and final waves differed with expected concentration of
progesterone (χ2 = 14.76, 2 df, P < 0.005).

a,b Means in the same row with different superscripts differed (P < 0.05; Duncan’s multiple range test).
c,d Overall means for waves differed (P < 0.05).
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and inherent ability to luteinize. When
follicular synthesis of estrogen was
reduced by treatment with an aro-
matase inhibitor and follicles were ovu-
lated/luteinized by injection of hCG
(Benoit et al., 1992), estrus did not
occur and the onset of luteal function
was delayed. However, ewes showed
estrus naturally after withdrawal of
progesterone in the present study, and,
as discussed below, pregnancy rates in
the normal range indicated that func-
tional CL were formed.

Conception and Pregnancy Rates,
Embryonic and Fetal Losses,
Prolificacy and Lambing Rates

Conception and pregnancy rates to
the single service averaged 76 percent
and 74 percent, respectively, and did not
differ with expected concentrations of
progesterone during the pre-breeding
cycle in the present study. Evans et al.
(2001) found that lower dosages of
progestogen had no deleterious effects
on embryo quality or fertility and con-
cluded that age of follicles was less criti-
cal in sheep than in cattle. In contrast,
reduced conception and pregnancy rates
in ewes were associated with lower-
luteal-phase concentrations of proges-
terone or progestogens before breeding
and the ovulation of older follicles

(Johnson et al., 1996; Ungerfeld and
Rubianes 1999; Viñoles et al., 2001).
Similarly, cows with low concentrations
of progesterone during the luteal phase
ovulated an older follicle and had
decreased pregnancy rates (Cooperative
Regional Research Project, NE-161,
1996) due to death of embryos during
the 2 to 16 cell stage (Ahmad et al.,
1995). Lower conception rates were
observed in studies using immunization
against androgens to increase ovulation
rate (Boland et al., 1986; Meyer and
Lewis, 1988; Wilkins, 1997), but not in
trials using immunization against
inhibin (Kusina et al., 1995a,b). Wilkins

Figure 3. Characteristics (mean ± SEM) of ewes with expected high, medium or low concentrations of progesterone. A.
Numbers of follicles disappearing after estrus in 15, 15, and 16 ewes, respectively, observed by ultrasonography. The
number of follicles that disappeared increased linearly with decreasing expected concentrations of progesterone (P < 0.02).
B. Numbers of CL in ewes that lambed to first service (n = 39, 44, or 41 ewes, respectively) increased linearly with
decreasing expected concentrations of progesterone  (P < 0.001). C. Numbers of lambs born per CL in ewes that lambed to
first service decreased linearly with decreasing expected concentrations of progesterone (P < 0.01). D. Numbers of lambs
born per ewe lambing (prolificacy) did not differ with expected progesterone.
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(1997) reported that some nutritional
treatments that increased ovulation rate
depressed conception rates, but in his
study, ewes with twin ovulations had a
greater conception rate than ewes with
single ovulations.

Births per CL decreased linearly
(P<0.001) with decreasing concentra-
tions of progesterone (Figure 3 C) during
the luteal phase preceding ovulation.
Thus, reproductive wastage (CL not rep-
resented by lambs born) was greater for
ewes with low (1.3 ± 0.2; P < 0.01) than
for ewes with either high (0.8 ± 0.2) or
medium (0.9 ± 0.2) concentrations of
progesterone. As a result, the greater
ovulation rates (Figure 3 B) observed
with lower concentrations of proges-
terone did not produce a corresponding
increase in number of lambs born per
ewe lambing (Figure 3 D). Prolificacy
(lambs born per ewe lambing) did not
differ among groups and averaged 1.90 ±
0.12, 1.86 ± 0.11 and 2.00 ± 0.14 for
ewes with high, medium or low proges-
terone, respectively. Lambing rate
(lambs born per ewe treated) did not dif-
fer among ewes on high (1.3 ± 0.1),
medium (1.5 ± 0.1) or low (1.5 ± 0.2)
concentrations of progesterone. Quintu-
plets were born to one ewe with high
and one ewe with low concentrations of
progesterone and quadruplets were born
to one ewe with medium concentrations
of progesterone. 

An increase in partial rather than
total pregnancy loss was associated with
decreasing progesterone in the cycle
before ovulation, because pregnancy
rates did not differ with concentrations
of progesterone, older ovulatory follicles
(oocytes) originating from the penulti-
mate wave may not be as healthy and
may be a causative factor of more repro-
ductive wastage. Greater reproductive
wastage in ewes with lower-luteal-phase
concentrations of progesterone, which
ovulated more follicles from the penulti-
mate wave, might have been due to
reduced fertilization rate (Hulet et al.,
1956; Boland et al., 1986; Mitchell et al.,
2002), greater embryonic death (Hulet
et al., 1956), delayed embryonic devel-
opment (Boland et al., 1986), greater
fetal death (Dixon et al., 2007), or a
combination of those factors (Kleemann
and Walker, 2005a,b). It may be impor-
tant to note the report by Carrillo et al.
(2006) that both lambing rate and pro-

lificacy were increased by treatment with
125 mg bovine GH 5 d before the end of
treatment with intravaginal sponges
containing 45 mg flurogestone acetate.
Growth hormone is required in addition
to FSH and LH in order to produce ovu-
lable follicles in the ewe (Eckery et al.,
1993).

Negative relationships between
ovulation rate and lambs born per ovula-
tion have been reported in numerous
studies (Meyer, 1985; Knights et al.,
2003; Dixon et al., 2007). In addition to
the effects on follicles and oocytes dis-
cussed above, uterine capacity might
have influenced litter size through the
inability to sustain additional embryos.
Nawaz and Meyer (1991) and Meyer et
al. (1994) observed differences among
breed-types in “uterine efficiency”
(lambs born per CL), with greater effi-
ciency in genotypes known to have
larger litter sizes in each study.

Other Considerations  

Rams were introduced to the ewes
in this study 7 d before withdrawal of
progesterone or regression of CL. Based
upon a study by Evans et al. (2004),
exposure to rams for 3 d before progesto-
gen withdrawal might have been
expected to limit fertility or prolificacy.
They found 14-percentage- and 9-per-
centage-point reductions in ewes lamb-
ing to first service in two trials and 0.23
fewer lambs born per ewe lambing in one
of those trials, which they attributed to
increased LH pulse frequency in
response to ram introduction during
treatment with progestogen. However,
their results might have been influenced
in part by the fact that they delayed
introduction of intact rams for breeding
until 48 h after sponge withdrawal
(Hawken et al., 2005). In the present
study, the same intact rams remained
with the ewes throughout and overall
pregnancy rate was quite acceptable,
similar to that reported for hair sheep in
the tropics (74 percent; Godfrey et al.,
1997), and greater than that observed in
ewes treated with intravaginal inserts
(CIDRs) in the breeding season (57 per-
cent; Rhodes and Nathanielsz, 1988).

Conclusions
In summary, removal of endogenous

progesterone and use of intravaginal

inserts to lower circulating concentra-
tions of progesterone increased ovula-
tion rate through more follicles being
maintained from the penultimate wave,
likely due to greater LH pulse frequency,
which regulates follicular and oocyte
maturation. However, increased ovula-
tion rate did not increase litter size.
Older oocytes, from follicles of the
penultimate wave, might have been
incapable of either fertilization or
embryonic development, the latter being
more likely, based upon the research
with cows. Furthermore, uterine capacity
might have limited litter size. In practi-
cal terms, even though most proges-
terone delivery systems provide lower
progesterone than the corpora lutea in a
ewe’s ovaries, and lower progesterone
raised ovulation rate, there was no net
gain or loss in lambs born. 
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Summary 
Backgrounding lambs on forage-based diets after weaning

may provide producers with alternatives to traditional market-
ing of lambs directly to feedlots. Our objective was to evaluate
feedlot performance of lambs from different backgrounding
treatments. Seventy-two crossbred lambs were randomly
assigned to one of four backgrounding treatments. Treatments
were imposed after traditional, range-weaning practice (140 d
of age). Treatments were: 1) drylot ad libitum access to 80:20
alfalfa:barley pellets (PELLET); 2) cool-season, grass-paddock
grazing (GRASS); 3) unweaned, dormant-range grazing (LATE
WEAN); and 4) weaned, dormant-range grazing (RANGE).
After 29 d of backgrounding, lambs within backgrounding
treatment were assigned to feedlot pens (3 pens/treatment).
Lamb-BW and ultrasound measurements were taken at wean-
ing (d-29), after backgrounding (d 0), after transition to 70 per-
cent grain diet (d 19), and at the end of the feedlot period 

(d 68). Lambs backgrounded on PELLET had greater BW 
(P < 0.10) at d 0 and d 68 than lambs assigned to other treat-
ments. Feedlot DMI of PELLET lambs was greater than all
other treatments, and feedlot ADG of PELLET lambs was
greater than LATE WEAN and RANGE lambs (P < 0.10). At
the end of the feedlot period (d 68), ultrasound measures of LM
were greater (P < 0.05) for GRASS than either LATE WEAN
or RANGE when BW on d 68 was included as a covariable. No
differences (P > 0.10) in 12th-rib-fat thickness were detected
among treatments at d 68. Results from our 2007 study indicate
that 29-d-background treatments on dormant range diminished
subsequent-feedlot performance; however, GRASS back-
grounding had similar feedlot performance to PELLET back-
grounding.

Key Words: Backgrounding, Feedlot Performance, Tissue
Deposition, Lamb
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Introduction
Western-range-sheep producers

typically sell lambs immediately after
weaning, and the majority of these
lambs go directly to feedlots. The
USDA National Animal Health Moni-
toring System (2004) reported that 17
percent of the feedlot lambs per year had
been weaned two weeks prior to ship-
ping to the feedlot. Maintenance of
lambs on forage-based diets post-wean-
ing prior to feedlot entry (background-
ing) has the potential to improve feed-
lot performance (Turgeon et al., 1986),
carcass merit (McClure et al. 1995), and
producer profitability (Blackburn et al.,
1991). Moreover, Mathis et al. (2008)
reported that steers backgrounded on
range had lower feedlot mortality rates,
similar feedlot productivity, and were
more profitable than steers back-
grounded in a drylot.

However, there is limited published
research reporting the effects of different
backgrounding systems on subsequent
lamb-feedlot performance. Therefore our
objective was to evaluate the effects of
dormant range, improved pasture, and
drylot backgrounding vs. late weaning
on lamb-feedlot performance and tissue
deposition.

Materials and Methods
The Institutional Animal Care and

Use Committee at Montana State Uni-
versity approved activities involving the
live animals.

Animals, Treatments, and
Research Sites

Seventy-two (Black-face X Western
white-face) wether and ewe lambs were
randomly selected at weaning (average
BW, 31 kg ± 0.67 kg, respectively) from
the Red Bluff Research Ranch ewe flock.
Lambs were assigned to treatments in
such a manner that average-lamb BW
and the number of wethers and ewe
lambs were similar in all backgrounding
treatments (18 lambs per treatment). All
background treatments lasted 29 d, start-
ing when lambs were 140 ± 5.9 d of age
and lasting until the beginning of the
feedlot period. Treatments were: 1)
lambs not separated from their dams at
Red Bluff Research Ranch (LATE
WEAN); 2) lambs removed from the
ewes for 4 d then returned to graze with

the ewe flock at Montana State Univer-
sity Red Bluff Research Ranch
(RANGE); 3) lambs weaned and moved
to grass paddocks at Montana State Uni-
versity Fort Ellis Research and Teaching
Farm (GRASS); 4) lambs weaned and
allowed ad libitum access to an 80 per-
cent alfalfa: 20 percent barley pellet
(Table 1) in a drylot at Fort Ellis
Research Farm (PELLET). 

Montana State University Red Bluff
Research Ranch (latitude 45˚35’ N, lon-
gitude 111˚38’ W) elevation ranges from
1,402 m to 1,889 m, and annual precipi-
tation ranges from 35.5 cm to 43.1 cm.
Vegetation is a typical, foothill-bunch-
grass type. Bluebunch wheatgrass
(Pseudoroegneria spicata) and Idaho fes-
cue (Festuca idahoensis) are the major
grasses. Rubber rabbit brush (Ericameria
nauseosus), prairie sagewort (Artemisia
frigida), lupine (Lupinus spp.), milkvetch
(Astragalus spp.), and western yarrow
(Achillea millefolium) are commonly
occurring shrubs and forbs (Harris et al.,

1989). Previous literature determined
the chemical composition of this dor-
mant range to be approximately 5.7 per-
cent CP, 68.8 percent NDF, and 45.6
ADF percent  (Soder et al., 1995).

Montana State University Fort Ellis
Research and Teaching Farm (latitude
45˚ 38’ N, longitude 110° 58’ W, altitude
1505 m) received 61 cm of precipitation
in 2007 (NCDC, 2009). Sheep pastures
were predominantly smooth brome (Bro-
mus inermis), crested wheat (Agropyrom
cristatum), and Kentucky blue (Poa
pratensis) grasses. Prior to the experiment,
paddocks A and B (0.53 ha and 1.42 ha,
respectively) were grazed by sheep in the
spring and summer. Fall regrowth pro-
duced most of the forage available for the
GRASS backgrounded lambs. Previous
literature conducted on the same pad-
docks at a similar time of year determined
the paddocks to be approximately 13.8
percent CP, 63.5 percent NDF, and 33.4
percent ADF (Hatfield et al., 2002).

Table 1. Chemical composition (DM basis) of feedlot diet ingredients.1

Feedlot Diet2
Alfalfa: Supplemental 

Whole Corn Barley Pellet Pellet
DM, % 85 90 86
CP, % 9.96 17.80 22.80
CF, % 3.97 1.40 2.30
ADF,  % 3.48 30.50 19.10
Ash, % 1.32 8.35 10.40
TDN, % 91.90 71.20 73.20
Sulfur, % 0.12 0.32 0.44
Phosphorus, % 0.29 0.30 0.66
Potassium, % 0.36 2.20 1.39
Magnesium, % 0.13 0.36 0.36
Calcium, % 0.01 1.96 1.38
Sodium, % <0.01 0.06 1.29
Iron, ppm 24 133 276
Manganese, ppm 8 40 108
Copper, ppm 4 6 15
Zinc, ppm 21 20 86
Bovatec, mg/kg 264

1 Chemical analysis conducted by Midwest Laboratories Inc. (Omaha, Neb.).
2 Feedlot diets consisted of 80 percent alfalfa: 20percent barley pellets, whole

corn, and a supplemental pellet designed to be fed at 0.227 kg/(lamb•d) on an
as-fed basis. Diets were hand mixed and placed in self-feeders, which allowed
ad libitum access. Diets started at 30-percent concentrate (corn and barley) and
moved up 10 percentage points in concentrate for every 26.7 kg of pen intake
(~4.45 kg/lamb; as fed basis). Finishing-lamb diets were held constant at 70
percent concentrate.
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Backgrounding

On September 6, 2007 all lambs
except LATE WEAN were moved from
Red Bluff to Fort Ellis (56 km). At Fort
Ellis, PELLET, RANGE, and GRASS
treatment lambs were placed on paddock
B for 4 d. Then on September 10,
RANGE lambs were returned to the ewe
herd at the Red Bluff Research Ranch,
PELLET lambs were moved to a drylot
pen with self-feeders containing 80 per-
cent alfalfa: 20 percent barley pellets
(Table 1), and GRASS lambs were
moved to paddock A. Lambs remained
on their respective treatments for 29 d.

Feedlot

On October 9, 2007 all lambs were
removed from their respective back-
grounding treatment, orally drenched
with an anthelmintic (Valbazen; Pfizer
Animal Health, Exton, Pa.), vaccinated
against Clostridial perfringens C and D
(Bar-Vac CDT; Boehringer Ingelheim
Vetmedica, Inc., St. Joseph, Mo.), and
allowed to graze paddock B for 48 h. On
October 11 (d 0) lambs were then
removed from feed and water for 12 h
and shrunk BW were obtained. Lambs
within backgrounding treatments were
randomly assigned to pens (6 lambs per
pen and 3 pens per treatment). Feedlot
diets consisted of 80 percent alfalfa: 20
percent barley pellets, whole corn, and a
supplemental pellet (Table 1) designed
to be fed at 0.227 kg/(lamb•d) on an as-
fed basis. Each ingredient was sampled
and composited over time. Feed samples
were stored in a dry location at room
temperature. Proximate analysis and
mineral concentrations were determined
by Midwest Laboratories, Inc (Omaha,
Neb.; Table 1). Diets were hand mixed
and placed in self-feeders, which allowed
ad libitum access. Diets started at 30-
percent concentrate (whole corn and
barley fraction of pellet) and moved up
10 percentage points in concentrate for
every 26.7 kg of pen intake (≈4.45
kg/lamb; as-fed basis). Finishing-lamb
diets were held constant at 70-percent
concentrate. 

After all pens had reached the 70-
percent-concentrate diet (October 30,
2007; d 19 post start of feedlot period),
the step-up period was concluded. On d
19, all lamb-unshrunk BWs were
recorded and lambs were vaccinated
against Clostridial perfringens C and D

(Bar-Vac CDT; Boehringer Ingelheim
Vetmedica, Inc., St. Joseph, Mo.). On
December 18 (d 68), ultrasonography
(Aloka Co., LTD, Wallingford, Conn.)
determined that more than half of the
lambs had achieved the target 0.5 cm
12th-rib-fat thickness and the feedlot
period was concluded. Lambs were
removed from the feedlot pens and
weighed. Lambs were then held off feed
and water over night and shrunk BW
were measured. Percent shrink was aver-
aged on each lamb, and a pencil shrink
was applied to d 19 lamb BW.

On d 19 and d 68, feed refusals were
removed from the self-feeders and
weighed. Pen intakes during the step-up,
finishing and total feedlot periods were
determined by subtracting feed refusals
from feed offered.

Lamb health was monitored during
the feedlot period. Lambs showing signs
of acidosis were drenched with sodium
bicarbonate saturated in water. One
RANGE lamb died during the step-up
period, and its data were removed from
the study. 

Carcass and Ultrasound
Evaluation

At the conclusion of the feedlot
period, 20 lambs (5 lambs/treatment) of
similar BW (average 53 ± 4 kg) were
selected for slaughter. On December 20,
slaughter lambs were taken to a local
abattoir (96 km) and harvested the next
morning. After an approximate 24 h
chill, carcass weight, kidney fat, 12th-
rib-fat thickness, and LM (longissimus
muscle) area were recorded. 

Ultrasound measurements of LM
area and 12th-rib-fat thickness were
taken at 12th/13th rib transverse using
an Aloka SSD-500V real-time ultra-
sound device with a 3.5 MHz, 12.5-cm
linear array transducer and standoff
guide. On d-29, d 0, d 19, and d 68,
lamb LM area was measured using ultra-
sonography. On d 19 and d 68, lamb-fat
thickness was measured using ultra-
sonography. All ultrasound measure-
ments were collected and interpreted by
the same technician. Technician bias
was -0.018 cm and 0.12 cm for LM area
and 12th-rib-fat thickness, respectively.
Standard error of prediction was 0.63
and 0.17 cm for LM area and 12th-rib-
fat thickness, respectively. Standard
error of repeatability was 0.55 cm and

0.07 cm for LM area and 12th-rib-fat
thickness, respectively.

Statistical Analysis

Data were analyzed as a completely
random design using the GLM procedure
of SAS (SAS Inst. Inc., Cary, N.C.).
Means were separated by the LSD proce-
dure, and differences were considered
different at P < 0.10. Pen was the exper-
imental unit for growth and feed intake
data, with 3 pens per treatment. Lamb
was the experimental unit for ultrasound
and carcass data. The main effect for all
analysis was backgrounding treatment.
Body weight at the time of scan was
added as a covariable for all ultrasound
data to identify tissue deposition inde-
pendent of BW.

Results and Discussion

Lamb Growth

Lambs backgrounded on the PEL-
LET treatment had the greatest (P ≤
0.06) BW among treatments (Table 2) at
the start of the feedlot period (d 0). After
lambs were stepped up onto the 70 per-
cent concentrate diet (d 19), PELLET
and GRASS lambs had greater BWs (P ≤
0.05) than RANGE and LATE WEAN
lambs. At d 68, PELLET lambs weighed
more (P ≤ 0.02) than lambs with other
backgrounding treatments. 

Feedlot Performance

No differences (P > 0.35) among
backgrounding treatments (Table 3)
were detected for DMI, ADG, or G:F
during the step-up (d 0 to d 19) or fin-
ishing (d 19 to d 68) periods. Differences
were detected for the total-feedlot period
(d 0 to d 68). Lambs backgrounded on
PELLET treatments had the greatest
DMI (P ≤ 0.08). Average-daily gain was
greater (P ≤ 0.10) for PELLET than
RANGE and LATE WEAN lambs. Feed
efficiency was greater (P = 0.08) for
GRASS than RANGE lambs.

Ultrasonography Data

After backgrounding (d 0), PELLET
and GRASS lambs had greater (P ≤
0.01) LM areas than RANGE and LATE
WEAN lambs (Table 4). After the step-
up period (d 19), no differences (P >
0.30) were detected for LM areas. At the
conclusion of the feedlot period (d 68),
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GRASS lambs had greater (P ≤ 0.05)
LM areas than RANGE and LATE
WEAN lambs; however, PELLET lambs
did not differ (P ≥ 0.28) from all other
treatments.

PELLET lambs had the greatest (P <
0.01) 12th-rib-fat thickness among
treatments at the end of the step-up
phase (d 19). At the conclusion of the
feedlot, there were no differences (P >
0.21) in 12th-rib-fat thickness among
treatments.

Carcass data

No differences (P > 0.18) were
detected among backgrounding regi-
mens for chilled carcass weight, LM
area, or kidney fat (Table 5).  Lambs
from GRASS, RANGE, and LATE
WEAN treatments had greater 12th-
rib-fat thickness (P ≤ 0.10) than PEL-
LET lambs.

Discussion

After the 29 d backgrounding
period, PELLET lambs had greater lamb
BW than did all other treatments. Simi-
larly, Mathis et al. (2008) reported that
steers backgrounded in a drylot were
heavier than steers backgrounded on
native range for 45 d after weaning.
After the feedlot step-up period, both
PELLET and GRASS lambs were heav-
ier than RANGE and LATE WEAN
lambs. Similarly, Mathis et al. (2008)
reported that range-backgrounded steers
had lower interim steer BW than drylot-
backgrounded steers. At the conclusion
of the present study, PELLET lambs had
greater lamb BW than did GRASS,
LATE WEAN, and RANGE lambs.  In
contrast, Mathis et al. (2008) reported
similar final steer BW between back-
ground treatments. One reason for the
difference in final BW could be that
Mathis and others supplemented protein
to the background treatment, whereas,
our dormant-range treatments were not
supplemented. 

In the present study, lamb back-
grounding treatment did not affect step-
up DMI or G:F. However, Drouillard et
al. (1991) restricted lamb growth for 35
d with either deficiencies in protein or
energy prior to feedlot entry. They
reported that d 0 to  d 14 feedlot DMI
was less in the unrestricted treatment
than both energy- and protein-restricted
treatments and feedlot G:F was greater

Table 2. Effects of backgrounding treatment on feedlot lamb BW.1,2

Treatment
GRASS LATE WEAN PELLET RANGE SE

No. of Pens 3 3 3 3
Weaning BW, kg 32 31 31 31
Feedlot BW, kg

d 0 33a 33a 35b 33a 0.59
d 19 36b 35a 36b 34a 0.60
d 68 48a 47a 51b 46a 0.87

ab Row means with different superscripts differ (P < 0.10).

1 Treatments were applied to lambs for 29 d after weaning.  
GRASS lambs were maintained on grass paddocks at the Fort Ellis Research
Center. 
LATE WEAN lambs were not weaned from dams during background period.  
PELLET lambs were self-fed alfalfa:barley pellets.  
RANGE lambs were weaned from dams for 4 d and returned to range with ewe
flock.

2 Weaning (d -29) represents removal of lambs from ewes when lambs were 140 ±
5.9 d; except LATE WEAN lambs.
d 0 lambs were removed from backgrounding treatments and began step-up diets. 
d 19 lambs finished the transition period and began the finishing diet.  
d 68 was the conclusion feedlot period.

Table 3. Effects of backgrounding treatment on lamb DMI, ADG, and G:F
during feedlot periods.1

Treatment2

GRASS LATE WEAN PELLET RANGE SE
No. of Pens 3 3 3 3
Step-up

DMI, kg 1.31 1.24 1.34 1.15 0.08
ADG, kg/d 0.16 0.10 0.08 0.06 0.05
G:F 0.120 0.079 0.049 0.048 0.024

Finishing
DMI, kg 1.66 1.68 1.79 1.65 0.06
ADG, kg/d 0.24 0.25 0.28 0.25 0.02
G:F 0.144 0.148 0.156 0.152 0.009

Total
DMI, kg 1.56a 1.56a 1.67b 1.51a 0.04
ADG, kg/d 0.22ab 0.20a 0.23b 0.20a 0.01
G:F 0.139a 0.132ab 0.135ab 0.131b 0.003

ab Row means with different superscripts differ (P < 0.10).

1 Step-up was 19 d period during which lambs were adjusted from 30 to 70%
concentrate diets.  
Finishing was 47-d period that lambs remained on the 70 percent concentrate diet.  
Total was 68 d-feedlot period.

2 Treatments were applied to lambs for 29 d after weaning.  
GRASS lambs were maintained on grass paddocks at the Fort Ellis Research Center.  
LATE WEAN lambs were not weaned from dams during the background period.  
PELLET lambs were self-fed alfalfa:barley pellets.  
RANGE lambs were weaned from dams for 4 d and returned to range with 
ewe flock.
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in protein than energy-restricted lambs
(Drouillard et al. 1991). Their restricted
treatments lost BW during the 35-d
period, whereas, the RANGE, LATE

WEAN, and GRASS lambs maintained
BW during the backgrounding period.
Therefore, lamb-BW change during
background could very well affect feedlot

performance during the first few weeks
upon feedlot finishing. 

During the 68-d feedlot period,
RANGE, LATE WEAN, and GRASS
lambs had less feedlot DMI. Drouillard
et al. (1991) found that protein- and
energy-restricted lambs had lower d 0 to
d 42-feedlot DMI than unrestricted
lambs, but total feedlot was not different
among treatments (approximately 110
d). Therefore, intensity and duration of
lamb restriction appears to influence
subsequent feedlot DMI.

Lambs on the RANGE and LATE
WEAN treatments had lower feedlot
ADG than PELLET lambs; whereas,
GRASS lambs were similar among treat-
ments. Mathis et al. (2008) found higher
initial feedlot ADG in range than drylot
backgrounding; however, no difference
in total-feedlot ADG was found between
range- and drylot-backgrounded steer
treatments. It is not clear why the pres-
ent study’s range background treatments
did not have compensatory ADG. How-
ever, Turgeon et al. (1986) found that
greater duration and intensity of growth
restriction prior to feedlot entry was
associated with higher levels of compen-
satory gain. 

Ultrasound measurements of LM
area indicate that LATE WEAN and
RANGE treatments had less LM areas
than GRASS and PELLET lambs at the
start of the feedlot period. In addition,
GRASS lambs maintained larger LM
areas to the conclusion of the feedlot
period. Drouillard et al (1991) reported
that restricted lambs (35 d) had less pro-
tein tissue than unrestricted lambs after
the restriction period and that difference
in protein tissue between treatments was
not regained during the feedlot period.
However, Turgeon et al. (1986) reported
higher rates of protein deposition during
the feedlot period in restricted (100 d
and 200 d) vs. unrestricted lambs. Differ-
ences in carcass LM area among studies
are most likely due to length and inten-
sity of background restriction prior to
feedlot entry.

Fat thickness on d 19 was lower in
RANGE, LATE WEAN, and GRASS
lambs than PELLET lambs; however,
upon feedlot completion all treatments
reached a similar fat thickness. Similarly,
Drouillard et al. (1991) and Turgeon et
al. (1986) reported that restricted lambs
had less fat than unrestricted lambs after

Table 4. Ultrasound measurements of LM area and 12th-rib fat thickness of
backgrounded lambs.1

Treatment2
GRASS LATE WEAN PELLET RANGE SE

No. of Lambs 18 18 18 17
LM area, cm2

Weaning 8.08 7.66 7.96 7.81 0.23
d 0 9.52a 8.62b 9.61a 8.64b 0.24
d 19 10.87 10.57 10.91 10.67 0.24
d 68 16.50a 15.65bc 16.02ac 15.57bc 0.32

12th-rib fat thickness, cm
d 19 0.28a 0.28a 0.35b 0.27a 0.01
d 68 0.53 0.51 0.49 0.51 0.02

ab Row means with different superscripts differ (P < 0.10).

1 Weaning (d -29) represents removal of lambs from ewes when lambs 
were 140 ± 5.9 d.
d 0 lambs were removed from backgrounding treatments and began step-up diets.  
d 19 lambs finished the transition period and began the finishing diet.  
d 68 was the conclusion feedlot period.

2 Treatments were applied to lambs for 29 d after weaning.  
GRASS lambs were maintained on grass paddocks at the Fort Ellis Research Center.  
LATE WEAN lambs were not weaned from dams during the background period.  
PELLET lambs were self-fed alfalfa:barley pellets.  
RANGE lambs were weaned from dams for 4 d and returned to range with 
ewe flock.

3 Lamb BW at time of ultrasound measurement was added as a covariable to
analyze LM and FD independent of BW.

Table 5. Effects of backgrounding treatment on lamb carcass characteristics
taken after a 68 d feedlot period.

Treatment1

GRASS LATE WEAN PELLET RANGE SE
No. of lambs 5 5 5 4
Chilled carcass wt, kg 26.4 26.3 26.6 25.8 0.47
LM area, cm2 17.4 16.1 16.0 15.8 0.76
12th-rib fat 

thickness, cm 0.48a 0.48a 0.33b 0.46ab 0.06
Kidney fat, kg 1.14 0.97 1.16 1.00 0.11

ab Row means with different superscripts differ (P < 0.10).

1 Treatments were applied to lambs for 29 d after weaning.  
GRASS lambs were maintained on grass paddocks at the Fort Ellis Research Center.  
LATE WEAN lambs were not weaned from dams during the background period.  
PELLET lambs were self-fed alfalfa:barley pellets.  
RANGE lambs were weaned from dams for 4 d and returned to range 
with ewe flock.
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the restriction period; however, after
feed restriction ceased, fat was deposited
at a greater rate in the previously
restricted lambs.

Lambs of similar BW were selected
for harvest, and comparison of treatment
among similar BW can be made.
Although, PELLET lambs had less car-
cass-fat thickness than all other treat-
ments, ultrasound measurement of fat
thickness across the entire treatment
group was not different among treat-
ment. Indicating that selection of similar
BW among treatments may have artifi-
cially selected the leanest lambs from the
PELLET treatment. Carcass weight, LM
area, and kidney fat were all similar
among treatments. Similarly, Mathis et
al. (2008) reported similar carcass
weight, LM area, and fat thickness
between steer-background treatments.

Conclusions
Lambs on the PELLET-background

treatment allowed for greater feedlot
ADG, as compared to RANGE- and
LATE WEAN-backgrounding treat-
ments. The study also showed that
GRASS lambs had similar feedlot ADG
to PELLET lambs and higher G:F ratios
than RANGE lambs. In addition,
GRASS lambs had similar BW to
RANGE and LATE WEAN lambs after
backgrounding; however, GRASS lambs
deposited more LM during the back-
grounding and feedlot phases. Although,
PELLET lambs deposited more LM than
RANGE and LATE WEAN during the
background treatment, feedlot LM depo-
sition was similar among PELLET, LATE

WEAN, and RANGE lambs. All lamb
treatments reached a similar FD at the
conclusion of the feedlot phase. In con-
clusion, results from this study con-
ducted in 2007 showed that different
background-management strategies will
alter feedlot-lamb performance and LM
deposition. Producers must factor in cost
of backgrounding in relation to improve-
ments in feedlot performance.  
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Summary 
Effects of replacing cottonseed meal (CSM) with corn dis-

tillers dried grains (DDG) on growth, wool, and serum NEFA,
urea N (SUN), and IGF-1 concentrations were investigated in
Rambouillet wether lambs. Lambs (n = 44) were individually
fed ad libitum diets for 84 d containing DDG that replaced 0
percent (0DDG), 33 percent (33DDG), 66 percent (66DDG),
or 100 percent (100DDG) of the CSM in a completely ran-
domized design. Diet × day interactions were not observed (P >
0.12) for BW, ADG, DMI, degradable protein intake, or G:F.
As DDG increased in the diet, ADG and G:F decreased qua-
dratically (P = 0.08), but no difference (P = 0.13) in daily DMI
was observed. Lambs fed 100DDG diet had similar (P > 0.23)
ADG, average DMI, and G:F compared to lambs fed 0DDG
diet. A diet × day interaction (P < 0.001) was observed for

SUN, but not for serum NEFA or IGF-1 concentrations (P >
0.16). At times, SUN increased (P < 0.10) as DDG increas-
ingly replaced CSM, which was attributed to an increase (qua-
dratic, P < 0.001) in degradable protein intake. Serum NEFA
decreased linearly (P < 0.08) and serum IGF-1 decreased qua-
dratically (P < 0.05) as DDG increasingly replaced CSM in the
diets. Wool characteristics were not affected (P > 0.10) by diet.
Results indicated that DDG can replace all the CSM in lamb-
finishing diets without negatively affecting growth, efficiency
of gain, or wool characteristics, and can potentially reduce cost
of feed•kg-1 gain.

Key Words: Cottonseed Meal, Distillers Dried Grains,
IGF-1, Lambs, Wool
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Introduction
Up to 80 million tons of distillers

dried grains (DDG) are expected to be
produced by 2014 (FAPRI, 2009; Nee-
ley, 2009), which should continue mak-
ing DDG an economical feed due to
market saturation. Research evaluating
the use of distillers byproducts in beef-
and dairy-cattle diets is extensive, and
performance has been variable (Firkins
et al., 1985; Ham et al., 1994; Depen-
busch et al., 2009). A limited amount of
research has evaluated effects of using
DDG in lamb-finishing diets (NASS,
2007); however, the sheep industry has
demonstrated an interest to use this feed
resource to lower the cost of gain.

Cottonseed meal is a common pro-
tein source for lamb-finishing diets, espe-
cially in Texas. Even though CSM con-
tains a greater concentration of CP and
degradable protein than DDG (NRC,
2007), potential exists for DDG to com-
pletely replace CSM as the protein source
in finishing diets. For example, Huls et al.
(2006) reported that DDG with solubles
(DDGS) could be effectively fed to lambs
at 23 percent of diet DM by replacing soy-
bean meal and a portion of corn in diets
where soy hulls were the only fiber source.
Others have reported that DDGS could
be fed to lambs with alfalfa hay and
replace 20 percent of the barley (Schauer
et al., 2005) or fed at 60 percent of diet
DM without affecting final BW, G:F, or
mortality, or causing lambs to exhibit
signs of acidosis, polioencephalomalacia,
or urinary calculi (Schauer et al., 2008).
Furthermore, DDG contain high levels of
bypass protein and sulfur, both of which
have enhanced growth and animal-fiber
production (Throckmorton, et al., 1982;
Reis and Sahlu, 1994). If DDG can effec-
tively replace all of the CSM in lamb-fin-
ishing diets without negatively affecting
lamb growth and end products, it would
benefit corn growers and the ethanol
industry and reduce feed costs associated
with growing lambs. The objective of this
study was to determine the effect of
replacing CSM with DDG in lamb-fin-
ishing diets.

Materials and Methods

Animals and Management

The experimental protocol was
approved by the Texas A&M University

Institutional Animal Care and Use
Committee (#2007-92). Rambouillet
wether lambs (n = 44; approximate age =
4 mo; initial BW = 28.8 kg ± 3.5 kg)
were weighed at the beginning of the
adaptation period 28 d before study ini-
tiation, stratified by BW, and randomly
assigned to diets (n = 11•trt-1). Lambs
developed coccidiosis during the adapta-
tion period and were treated orally for 5
d with amprolium (Corid, Merial,
Duluth, Ga.); one lamb had to be
removed from the study due to the coc-
cidia infection. Lambs received an ear
tag and a subcutaneous injection of a
clostridial vaccine (Vision 7 with SPUR,
Inervet Inc., Millsboro, Del.). Lambs
were randomly assigned to individual,
completely covered dirt pens (2.44 ×
2.97 m) with automatic watering systems
and feed bunks. Pelleted diets contained
corn DDG that replaced 0 percent
(0DDG), 33 percent (33DDG), 66 per-
cent (66DDG), or 100 percent
(100DDG) of the cottonseed meal
(CSM; Table 1). Urea was added at the
rate of 0.09 percentage units for each 1
percentage unit increase in DDG to 
keep diets isonitrogenous. Monensin
(Rumensin 80, Elanco, Indianapolis,
Ind.) was added to each diet at
22g•metric ton-1 of feed. Lambs were
individually fed once daily at 0800 at ad
libitum intake, calculated for each lamb
as the previous day’s intake plus approx-
imately 15 percent of dietary DM. Feed
refusals were collected twice per week
and weighed.

During the adaptation period, per-
centage of concentrate in the diet was
gradually increased in non-amalgamated
feed, and pelleted diets were gradually
introduced. Lamb BW was recorded and
blood serum collected on d 0, d 14, d 28,
d 56, and d 84. Lamb BW on d 84 was
adjusted by adding final grease fleece
weight to shorn BW. Average daily gain
and DMI were calculated between days
that BW was recorded. Average-daily,
degradable-protein intake (DPI) was
calculated for each lamb as [((dietary
CP × (degradable CP/100))/100) ×
average DMI]. Clinical signs related to
coccidiosis, acidosis, and bloat were
recorded daily. Lambs were shorn 5 d
before study initiation and on d 82.
Lambs were also evaluated for carcass
characteristics and fatty acid profiles,
the results of which will be presented in
a companion paper.

Sample Collection and
Measurements

Feeds
The DDG samples were randomly

collected prior to feed pelletizing, and
CSM samples were collected from a dif-
ferent source than that used in these
diets. Samples of diets were randomly
collected on d 0, d 19, d 41, and d 69,
dried at 55ºC in a forced-air oven for 48
h, ground in a Wiley Mill (Arthur H.
Thomas Co., Philadelphia, Penn.) to
pass a 1-mm screen, and stored at -20ºC.
Samples of each diet were combined for
d 0 and 19 and for d 41 and 69, thus
chemical analyses were evaluated for two
pooled sets of samples, averaged, and
presented in Table 1. Nitrogen was ana-
lyzed by a standard method (AOAC,
2006) and CP calculated as 6.25 × N.
Sodium borate-Na phosphate buffer and
enzymatic digestion procedures were
used to analyze soluble and degradable
feed protein, respectively (Roe et al.,
1990). Crude fat was measured by ether
extraction (AOAC, 2006). The NDF
and ADF were analyzed using Van Soest
et al. (1991) procedures modified for an
Ankom 2000 Fiber Analyzer (Ankom
Technol. Corp., Fairport, N.Y.) without
correcting for residual ash and using -
amylase and Na sulfite. Sulfur was evalu-
ated by a Leco (model SC-432, St.
Joseph, Mich.) analyzer and all other
minerals were analyzed by a Thermo Jar-
rell Ash IRIS Advantage HX Induc-
tively Coupled Plasma Radial Spectrom-
eter (Thermo Instrument Systems, Inc.,
Waltham, Mass.). Distillers dried grains
and diets were also evaluated for individ-
ual fatty acids, and these data will be pre-
sented in a companion paper.

Serum Collection and 
Laboratory Analysis.

A 15-mL blood sample was col-
lected from each lamb 4 h after feeding
via jugular venipuncture using a non-
heparinized vacutainer collection tube
(serum separator tube, gel and clot acti-
vator; Becton Dickenson, Franklin
Lakes, N.J.). Blood samples were allowed
to clot and then centrifuged (Beckman
Coulter TJ6 refrigerated centrifuge,
Fullerton, Calif.) at 970 × g for 25 min at
4ºC. Serum was decanted and frozen at 
-20°C until analyzed for serum urea N
(SUN), NEFA, and IGF-1 concentra-
tions. Serum urea N concentrations were
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analyzed using a commercial kit (Teco
Diagnostics, Anaheim, Calif.) with
intra- and inter-assay CV less than 3.1
percent. Serum NEFA concentrations
were also analyzed using a commercial
kit (NEFA C; Wako Chemicals, Neuss,
Germany) with intra- and inter-assay
CV less than 7.6 percent. Serum IGF-1
concentrations were determined by RIA
using procedures of Berrie et al. (1995).
Intra- and inter-assay CV for IGF-1 were

9.4 percent and 19.2 percent, respec-
tively, with a 95 percent recovery rate.

Wool

Fleece and fiber measurements were
made at the Texas AgriLife Research
Center in the Wool and Mohair Research
Laboratory, San Angelo. After grease-
fleece weights were obtained for each
individual fleece, staples (n = 10) were
removed from random positions in each

fleece for staple strength (Agritest, 1988)
and length measurements (ASTM,
2007b). The remainder of the fleece was
then pressure-cored (32 × 13 mm cores,
Johnson and Larsen, 1978) to obtain a
50-g random sample. Two 25-g sub-sam-
ples were used to determine scoured yield
(ASTM, 2007a). One of the washed and
dried duplicates was mini-cored (ASTM,
2008) to obtain a few milligrams of 2-mm
snippets that represented the whole

Table 1. Ingredient, chemical composition (% DM basis), and cost of distillers dried grains (DDG), cottonseed meal
(CSM) and diets1

Diet (% of CSM replaced by DDG)
Item DDG2 CSM2 0DDG 33DDG 66DDG 100DDG
Cottonseed hulls 25.00 25.00 25.00 25.00
DDG 0.00 6.60 13.20 20.00
CSM 20.00 13.40 6.80 0.00
Milo, crushed 47.40 46.95 46.51 46.04
Molasses 3.00 3.00 3.00 3.00
Limestone 2.00 1.85 1.69 1.54
Ammonium Cl 0.75 0.75 0.75 0.75
Salt 0.85 0.85 0.85 0.85
Urea 0.00 0.60 1.20 1.82
Mineral premix 1.00 1.00 1.00 1.00

CP, % 22.50 50.80 18.75 17.94 18.65 18.98
Soluble protein, % 35.0 21.0 29.5 30.5 44.5 47.0
Degradable protein, % 49.0 49.0 57.5 45.5 60.5 68.0
Crude fat, % 4.4 5.3 4.6 4.95 4.55 5.2
NDF, % 41.80 17.00 25.35 26.55 25.15 27.10
ADF, % 14.50 14.00 14.85 17.45 14.30 15.02
TDN, % 71.0 76.0 85.0 85.0 85.5 85.0
Ca, % 0.10 0.34 0.83 1.02 0.86 1.00
P, % 0.80 1.66 0.44 0.48 0.41 0.44
Ca:P 0.13 0.21 1.89 2.13 2.10 2.27
Mg, % 0.30 0.86 0.25 0.26 0.22 0.22
K, % 1.13 1.76 0.89 0.91 0.84 0.88
Na, % 0.48 0.27 0.51 0.44 0.52 0.52
S, % 0.40 0.58 0.28 0.29 0.28 0.30
Fe, ppm 171.0 145.0 423.5 503.5 325.0 284.0
Zn, ppm 90.0 72.0 59.5 59.0 57.5 59.5
Cu, ppm 5.0 15.0 4.0 5.0 3.5 4.0
Mn, ppm 53.0 22.0 48.0 55.5 50.0 54.5
Mo, ppm 1.0 2.4 0.60 0.85 0.70 0.80
Cost•metric ton-1 feed $180.78 $254.63 $221.46 $219.07 $216.68 $214.22
Cost of feed•kg-1 gain $1.14 $1.23 $1.21 $1.13

1 Mineral premix ingredients: sodium chloride, potassium chloride, sulfur, manganous oxide, zinc oxide, vitamins A, D, and E,
calcium carbonate, cottonseed meal, cane molasses, animal fat, and 22g of Monensin (Rumensin 80)•metric ton-1 of feed.
Soluble and degradable protein fractions = % of CP. Cost•metric ton-1 feed estimated using information from local markets
and current Feedstuffs magazines: cottonseed hulls ($116), DDG ($181), CSM ($255), milo ($240), molasses ($265), lime-
stone ($198), ammonium Cl ($1086), salt ($243), urea ($695), mineral premix ($591). Cost of feed•kg-1 gain = ([Cost/metric
ton of feed/1000] x [feed/gain]).
2 The random sample of DDG that was used in the diets was collected when feed was pelleted; the random CSM samples were
from a different source than that used in the diets.
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fleece. These snippets were washed in a
Buchner funnel with 1,1,1-
trichloroethane (10 ml) and acetone (10
ml), dried at 105°C for 1 h and cooled
and conditioned for 12 h in a standard
atmosphere of 21 ± 1°C and 65 ± 2 per-
cent rh (ASTM, 2007c). Conditioned
snippets were then spread onto micro-
scope slides (7 cm × 7 cm) and measured
for fiber diameter distribution (mean, SD,
and CV), comfort factor (percent fibers <
or = 30 µm), and average-fiber curvature,
SD, and CV, using an OFDA 100 (BSC
Electronics, Ardross, Western Australia;
Baxter et al., 1992; ASTM, 2008).

Statistical Analyses

Data were analyzed using PROC
MIXED (SAS Inst. Inc., Cary, N.C.).
Lamb BW, ADG, daily DMI, G:F, and
SUN, NEFA, and IGF-1 were initially
analyzed using a model that included
diet, day, and diet × day interaction, with
day as the repeated measure and lamb
within diet as the subject. Only SUN had
a diet × day interaction (P < 0.001), thus
the SUN model was analyzed by day.
Wool characteristics were analyzed using
a model that included diet with lamb as
the experimental unit. Average-fiber
diameter evaluated on a mid-side sample
at the start of the study was initially used
as a covariate for average-fiber diameter
of the fleece, and initial BW was used as
a covariate for clean- fleece weight, but
covariates were removed because they
were not significant. Wool production
per unit of BW (g•kg-1) was calculated as
clean-wool production divided by final
shorn BW. Non-normal data were trans-
formed using natural-log or arcsin square-
root functions. Covariance structures
(compound symmetry, heterogeneous-
compound symmetry, and heteroge-
neous-autoregressive order-1) were used
to determine the most appropriate struc-
ture for each model. Data are reported as
least squares means with greatest stan-
dard errors, except for BW where all
standard errors are reported in Figure 1.
Treatment effects were tested using the
following single degree of freedom non-
orthogonal contrasts: 1) linear and 2)
quadratic effects of replacing CSM with
DDG, and 3) 0DDG vs. 100DDG.
PROC IML was used to generate coeffi-
cients for the linear and quadratic con-
trasts with unequal spacing (DDG
replacing 0 percent, 33 percent, 66 per-
cent, 100 percent of the CSM). Only the

highest order contrast that was signifi-
cant (P < 0.10) was discussed.

Results and Discussion

Lamb growth

No diet × d interactions (P > 0.12)
were observed for lamb BW (Fig. 1),
ADG, daily DMI, DPI or G:F (Table 2).
By design, initial lamb BW was similar
(P > 0.30) among treatments and rela-
tive weights remained similar (P > 0.50)
throughout the study, even though ADG
and G:F decreased quadratically (P =
0.08). All lambs had similar average-
daily DMI (P > 0.70). Huls et al. (2006)
discussed possible palatability issues
related to ammonium chloride fed at 0.5
percent of diet DM, but diets in the cur-
rent study containing 0.75 percent
ammonium chloride did not reduce
intake. The unexpected quadratic trends
for ADG and G:F are attributed to the
lesser ADG of lambs fed 33DDG diet
and the lesser G:F of lambs fed 33DDG
and 66DDG diets, respectively. These
results suggest that negative associative
effects occurred, which reduced growth

(33DDG diet) and efficiency (33DDG
and 66DDG diets) of lambs fed diets
containing both CSM and DDG.

Growth rates in the current study
did not increase as percentage of DDG
increased in the diets.   Schauer et al.
(2008) reported no linear or quadratic
trends in ADG or G:F in wether lambs
fed diets (> 20 percent CP) with DDGS
replacing portions of barley and soybean
meal, but did report a linear increase in
DMI and greater ADG for lambs fed the
highest level of DDGS (60 percent)
than those fed the lowest level (0 per-
cent). Differences in ADG and G:F
observed in the experiment of Schauer
et al. (2006) was attributed to low CP
(11.7 percent) in the control diet (no
DDGS), which increased to 18.4 percent
CP in the diet with the greatest DDGS
concentration. In the current study,
lambs fed the diet in which all of the
CSM was replaced by DDG (100DDG)
had similar (P > 0.23) ADG, average
DMI, and G:F compared to lambs fed the
0DDG diet.

Huls et al. (2006) replaced all the
soybean meal and a portion of the corn
with DDGS (22.9 percent of DM) in
pelleted wether lamb diets that included

Figure 1. Effect on lamb BW of replacing dietary cottonseed meal with distillers
dried grains.  Distillers dried grains replaced 0% (0DDG), 33% (33DDG), 66%
(66DDG), or 100% (100DDG) of the cottonseed meal.  A diet x d interaction
(P > 0.43) was not observed and BW were similar (P > 0.50) among diets
throughout the study.
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10 percent soy hulls. There were no dif-
ferences in lamb final BW, average daily
DMI, ADG, or G:F among diets. Even
though no signs of acidosis were
observed, they discuss the possibility
that the greater fermentability of soy
hulls could have contributed to subclini-
cal acidosis. The 100DDG diet fed in the
current study was 75 percent concen-
trate and used 25 percent CSH as the
sole roughage source. Cottonseed hulls
contain greater NDF and ADF than soy
hulls (Hsu et al., 1987; NRC, 2007), and
48-hr true in vitro DM digestibility of
CSH has been reported to be 20.8 per-
cent (Whitney and Muir, 2010). Appar-
ent in situ digestibilities before the duo-
denum of CSH and soy hulls have been
reported to be 16.4 percent and 40.2 per-
cent, respectively (Hsu et al., 1987). The
nutrient composition of CSH suggests a
low feeding value (Torrent et al., 1994;
NRC, 2007; Whitney and Muir, 2010).
However, feeding a less rumen-fer-
mentable roughage source than soy hulls
(i.e. CSH) in high-energy rations con-
taining DDG may be beneficial due to
positive associative effects. For example,
Hsu et al. (1987) reported greater rumi-
nal pH and less total VFA for sheep fed
a CSH diet compared to a soy hull diet.
These results can be attributed to CSH
fiber characteristics, which can increase
rumen buffer capacity (Van Soest,
1994).

Chemical compositions of diets

(Table 1) were not statistically analyzed,
but are similar except for a few nutri-
tional differences. For example, percent-
age of dietary urea was increased in the
diets as DDG increasingly replaced CSM
to make diets isonitrogenous, which
resulted in greater soluble and degrad-
able protein (Table 1), except for
33DDG diet having the least degradable
protein. This resulted in a quadratic
increase (P < 0.001) of DPI and greater
DPI (P < 0.001) for lambs fed 100DDG
diet compared to lambs fed 0DDG diet
(Table 2), because average DMI was sim-
ilar among all lambs. All lambs con-
sumed at least twice as much degradable
protein as required for lambs gaining
between 0.34 kg•d-1 to 0.38 kg•d-1

(NRC, 2007). Therefore, additional
dietary urea in diets containing DDG
could have probably been excluded
without reducing growth, which would
have further reduced the cost of diets
containing DDG; especially the
100DDG diet, which contained the
most dietary urea and was the least
expensive diet with the lowest cost•kg-1

gain (Table 1). In contrast, some dietary
urea may be needed when roughages,
such as CSH, are used in diets contain-
ing DDG, because urea can enhance cel-
lulose digestion (Burroughs et al., 1951;
Belasco, 1954).

Consuming an excessive amount of
DPI can negatively affect rumen and tis-
sue metabolism and increase energy

expenditure related to excretion
(McBride and Kelly 1990; Reynolds,
2002). Even though lambs fed 100DDG
diet consumed the greatest (P < 0.001)
amount of degradable protein, their
growth rate was similar (P > 0.23) to
lambs fed 0DDG diet. One explanation
may be related to the condensed tannin
(CT) concentration of CSH. Previous
reports indicate that CSH contained
5.63 percent CT (percent of DM, no
cotton fiber included in analysis; data
not shown; Whitney and Muir, 2010),
which can bind nutrients (Yu et al.,
1993; Yu et al., 1996) and reduce solu-
bility and degradability of protein (Yu et
al., 1995a,b) and ruminal NH3-N con-
centrations (Waghorn et al., 1987).
Research evaluating the use of feeds con-
taining CT, in diets containing high
concentrations of DDG (thus, high CP
concentrations) and interactions and
associative effects of CT, degradable CP,
fermentable carbohydrates, and source
and concentration of roughage is war-
ranted.

Dietary crude fat was greater in
100DDG diet than 0DDG diet (Table
1), but lambs fed 100DDG diet had
ADG and G:F similar (P > 0.23) to
lambs fed 0DDG diet. Therefore, dietary
crude fat concentrations up to 5.2 per-
cent of diet DM did not reduce growth
or efficiency of gain. Schauer et al.
(2008) reported that wether lambs con-
suming diets containing 60 percent

Table 2. Effects of replacing cottonseed meal (CSM) with distillers dried grains (DDG) on lamb growth and serum urea
N (SUN), NEFA, and IGF-1 concentrations

Diet (% of CSM replaced by DDG) P-value
0DDG vs.

Item 0DDG 33DDG 66DDG 100DDG SEM Linear Quadratic 100DDG
ADG, kg  0.38 0.34 0.36 0.36 0.01 0.46 0.08 0.23
DMI, kg 1.978 1.924 2.057 1.966 0.063 0.70 0.73 0.90
DP intake, kg 0.213 0.157 0.233 0.254 0.006 <0.001 <0.001 <0.001
G:F, kg•kg-1 0.195 0.178 0.179 0.190 0.007 0.80 0.08 0.75

SUN, mg•dL-1

d 0 9.6 12.3 14.1 17.4 1.2 <0.001 0.85 <0.001
d 14 16.4 18.1 20.2 18.5 1.5 0.22 0.25 0.33
d 28 18.3 17.4 20.5 19.7 1.0 0.11 0.99 0.33
d 56 18.6 15.1 21.0 23.7 0.9 <0.001 0.002 <0.001
d 84 18.2 17.3 18.7 22.4 1.0 0.003 0.03 0.004

NEFA, mEq•L-1 97.3 97.2 86.9 84.3 6.4 0.08 0.96 0.15
IGF-1, ng•mL-1 217.0 183.8 191.9 199.4 11.0 0.45 0.05 0.33

DP intake = degradable protein intake; calculated as [((dietary CP x (degradable CP/100))/100) x lamb DMI].
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DDGS and 8.3 percent crude fat actually
had greater daily DMI compared to diets
containing 2.5 percent to 6.7 percent
crude fat. These results are in contrast to
others, which have indicated reduced
feed consumption and ADG of lambs fed
diets with 5 percent or more added fat
(Hale et al., 1954; Jordan et al., 1958).
Growth performance inconsistencies
across studies could be associated with
large variations that exist in DDG nutri-
tive value (Spiehs et al., 2002), yet envi-
ronmental and physiological differences
would likely have greater significance on
performance outcomes.

Serum Urea N, NEFA, and IGF-1

A diet × day interaction was
observed for SUN concentration (P <
0.001; Table 2). Serum urea N increased
on d 0 (linear, P < 0.001) and d 56 and
d 84 (quadratic, P < 0.04). Lambs fed
100DDG diet had greater (P < 0.005)
SUN than lambs fed 0DDG diet on d 0,
d 56, and d 84. Differences in SUN can
be attributed to DPI. For example, lambs
fed 33DDG diet consumed the least
amount of degradable protein, which
was the primary reason for quadratic
trends observed for SUN on d 56 and d
84. As percentage of DDG increased in
diets, dietary urea was also increased to
make the diets isonitrogenous. Dietary
urea is rapidly hydrolyzed in the rumen
and can rapidly increase rumen NH3-N,
which is then absorbed by the liver and
detoxified mainly to urea (Carter et al.,
1989; Awawdeh et al., 2005). In addi-
tion, SUN was correlated (0.51, P <
0.001) to average-daily, degradable-pro-

tein intake.
Bunting et al. (1992) reported that

dietary fat increased rumen NH3-N con-
centrations in lambs, but reduced circu-
lating urea N concentrations, which was
attributed to greater N accretion rates.
Dietary fat did not seem to affect SUN
in the current study because 100DDG
diet had a greater concentration of crude
fat, but lambs consuming this diet had
greater SUN than 0DDG at times. The
contrast between the current study and
Bunting et al. (1992) supports the fact
that DPI was the primary factor affecting
SUN.

Greater SUN can be beneficial to
ruminants by recycling urea to the
rumen, but can also increase urinary N
excretion (Cocimano and Leng, 1967;
Kohn et al., 2005), which is an ineffi-
cient use of nutrients. The transfer of cir-
culating urea N into the rumen reaches a
plateau when it reaches 16 mg to 18 mg
N 100•mL-1 serum (Weston and
Hogan, 1967; Vercoe, 1969). Harmeyer
and Martens (1980) discussed upper lim-
its of 16.8 mg N•100 mL-1 serum where
urea transfer into the rumen stops being
linearly related to circulating urea N.
Therefore, urinary N excretion of lambs
in the current study was likely greater
where urea was added to diets containing
DDG.

A diet × day interaction was not
observed for serum NEFA concentra-
tions (P > 0.16), but NEFA slightly
decreased (linear, P = 0.08), as percent-
age of DDG increased in the diet. Lambs
fed 100DDG diet had similar (P = 0.15)
serum NEFA concentrations compared

to lambs fed 0DDG diet. Minimal NEFA
concentrations indicate that very little
fat mobilization was occurring (Chilliard
et al., 2000) and that effects were mainly
related to dietary nutrient intake.
Greater degradable protein consumption
did not result in greater NEFA concen-
trations, which contradicted results of
Fernandez et al. (2001).

A diet × day interaction was not
observed for serum IGF-1 concentrations
(P > 0.30), but serum IGF-1 decreased
(quadratic, P = 0.05), as percentage of
DDG increased in the diet. Lambs fed
100DDG diet had similar (P = 0.33)
serum IGF-1 concentrations compared
to lambs fed 0DDG diet. Serum IGF-1
was not correlated (P > 0.72) with
growth, even though similar quadratic
trends were observed for ADG and IGF-
1 concentration. Others described serum
IGF-1 as an indicator of growth rate
(Breier, 1999), and it is positively corre-
lated to ADG and G:F (Bishop et al.,
1989; Stick et al., 1998; Hersom et al.,
2004).

Wool Production and
Characteristics

Genotype dictates the capacity of a
sheep to produce wool. However, the
expression of genetic potential for wool
growth and its physical characteristics
can be modified by plane of nutrition. In
fact, rate of fiber growth in an adult
Merino sheep has been shown to vary by
as much as four-fold due to changes in
nutrient supply (Reis, 1982). Wool
growth can be influenced markedly by
amount and specific type of protein in

Table 3. Effects of replacing cottonseed meal with distillers dried grains on lamb wool characteristics

Diet (% of CSM replaced by DDG) P-value2

0DDG vs. 
Item/d3 0DDG 33DDG 66DDG 100DDG SEM Linear Quadratic 100DDG
Grease fleece weight, kg 1.40 1.28 1.23 1.27 0.06 0.10 0.15 0.12
Clean wool fiber, % 38.36 39.66 42.39 40.36 1.71 0.24 0.31 0.39
Clean fleece weight, kg 0.53 0.50 0.52 0.51 0.03 0.59 0.76 0.48
Clean wool production•unit 

BW-1, g•kg-1 9.74 9.26 9.23 9.29 0.51 0.53 0.58 0.51
Avg fiber diameter, µm 19.92 19.52 19.81 19.61 0.41 0.72 0.80 0.58
SD fiber diameter, µm 4.24 4.54 4.60 4.37 0.21 0.64 0.27 0.69
Avg staple length, mm 31.24 31.93 29.03 30.90 1.20 0.45 0.60 0.83
SD staple length, mm 3.12 3.12 3.23 3.35 0.30 0.21 0.51 0.19
Avg fiber curvature, 

deg•mm-1 108.33 104.41 108.96 106.13 2.97 0.87 0.86 0.59
SD fiber curvature, deg•mm-1 64.27 65.40 66.46 63.73 1.37 0.91 0.15 0.77
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the diet, and to a lesser degree, by
amount of accompanying energy. Other
components in the diet, including tan-
nins (Min et al., 1998), organic and
inorganic S (Qi and Lupton, 1994), vita-
mins and trace elements (especially Cu
and Zn; Reis, 1989) have also been
shown to affect wool growth. In the cur-
rent study, the range in CP among the
four diets was small (17.94 percent to
18.98 percent) but the ranges in soluble
(29.5 percent to 47.0 percent of CP) and
degradable (45.5 percent to 68.0 percent
of CP) protein were relatively large
(Table 1). Condensed tannins from the
CSH component of the diet were con-
stant across diets. Dietary S ranged from
0.28 percent to 0.30 percent, and the
concentrations of Cu and Zn were very
similar. The measured differences in the
types and amounts of protein supplied in
the four diets did not produce any differ-
ences in clean-wool production or any of
the measured-fiber characteristics. The
important conclusion is that substituting
CSM with DDG did not alter wool pro-
duction or quality characteristics in
these growing lambs.

Conclusions
Results indicated that DDG can

replace all of the CSM in lamb-growing
diets without negatively affecting ADG,
efficiency of gain, or wool characteristics
and has the potential to lower cost of
feed•kg-1 gain. In contrast, lamb ADG
and G:F were reduced when DDG
replaced a portion of the dietary CSM,
which needs to be further investigated.
Lamb feeders can potentially reduce feed
costs without sacrificing growth, feed
efficiency, or wool characteristics,
because at the time of this study, DDG
was $74•ton-1 less than CSM when
averaged across various U.S. markets. At
times, SUN was greater in diets contain-
ing higher percentages of DDG, which
was attributed to an increase in soluble
and degradable protein fractions and
intakes. Further research is warranted to
determine if dietary urea is required in
lamb diets when DDG replaces all of the
CSM. If dietary urea is not required or
can be reduced, feed costs and the cost of
feed•kg-1 gain would be reduced and
SUN would decline, which would
reduce N intake and excretion. Since
nutrient concentrations of DDG from
different sources can be highly variable,

DDG composition should be reported
independent of the overall ration com-
position.
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