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Abstract Awassi is the local breed of sheep in Jordan and
is the most important breed in the semi-arid regions of the
near east countries. Awassi ram and ewe lambs reach
puberty at around 8 and 9 months of age, respectively. The
breeding season of Awassi ewes starts as early as April and
lasts through September. After puberty, Awassi rams are
sexually active throughout the year. The normal estrous
cycle in Awassi ewes is 15–20 days (average 17 days).
Estrus ranges from 16–59 h (average 29 h) during the
breeding season. The reproductive performance of unim-
proved Awassi sheep has been low while improved Awassi
has the highest fertility and milk production and are the
heaviest among all Awassi populations. The gestation
length varies from 149 to 155 days (average 152 days).
Hormones that are commonly used for induction and
synchronization of estrus in Awassi ewes include proges-
tins, gonadotropins and PGF2α. An Awassi ewe produces
40–60 and 70–80 kg of milk per 150-day lactation period
under traditional and improved production systems, respec-
tively, in addition to the suckled milk left for lambs until
weaning. The improved Awassi has the highest milk
production among all Awassi populations and may reach
506 L over 214-day lactation period. The objective of this
review is to summarize the reproductive pattern and milk
production of Awassi sheep in the Middle East region.
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Introduction

Awassi is the most common breed of sheep in the Middle
East countries and the only native breed in Jordan. The
breed is used for meat, milk, and wool production and has
been introduced into more than 30 countries in all
continents of the world (Galal et al. 2008). Awassi sheep
posses good characteristics such as resistance to diseases
and parasites, ability to walk long distances for grazing,
strong flock instinct, well adaptation to management
fluctuations, and tolerance to harsh environmental condi-
tions, especially those related to scarcity of feed availability
and high ambient temperatures (Gürsoy 2005; Kridli et al.
2007c). Awassi sheep, however, is a low prolific breed
(Abdullah et al. 2002) and reach puberty at a later age than
other breeds (Al-Molla and Kridli 2003). The improved
Awassi of the breed has the highest milk production among
all Awassi populations (Galal et al. 2008).

Photoperiod is the main environmental factor affecting
sheep reproduction (Chemineau et al. 1992). Awassi ewes
breeding season starts as early as April and lasts through
September (Zarkawi 1997). The mating activity is concen-
trated during late June through early September (Abu Zanat
et al. 2005). Seasonality in sexual activity of rams
corresponds roughly to the breeding activity of the females
of the same breed (Dufour et al. 1984). However, Awassi
rams can be used for breeding any time of the year and can
be considered non-seasonal due to the non-significant
changes in semen quality throughout the year (Salhab et
al. 2003; Tabbaa et al. 2006).

Reproductive performance is one of the main factors that
determine the efficiency of sheep flock production especially
in countries in which sheep industry is important (Ibarra et al.
2000). Factors that can affect the reproductive activity in
sheep include season, photoperiod, breed, age, nutrition,
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diseases, stress, management, environment, and male factors
(Amer and Hazzaa 2009; Ozyurtlu et al. 2010).

The use of hormones to manipulate the reproductive
processes offers many advantages that are difficult to attain
without their use. Hormones are used to induce estrus and
ovulation; thus, they facilitate early breeding of ewe lambs, out-
of-season breeding, and increase productivity (Keisler 2007).

Early pregnancy diagnosis is considered an important
management practice to avoid unnecessary delay in
rebreeding and improves the overall economic return of
the flock. Milk and meat are important products from
Awassi sheep and many consumers in the Middle East
region prefer them over any other breed and species.

Awassi sheep genetic improvement and selection pro-
grams have resulted in the development of improved
Awassi and Assaf breeds and Afec-Awassi and Afec-Assaf
strains. The improved Awassi is characterized by producing
the highest amount of milk, having highest fertility and
twinning rate, and heaviest body weight among all Awassi
populations (Galal et al. 2008). The Assaf breed was
developed from a cross between the Awassi with East
Friesian breeds. It is considered a high-producing dairy and
mutton breed and well adapted to the intensive management
system. It has an average milk yield of 334 L during 173-
day lactation, 1.34 lambings per ewe per year with an
average lambing interval of 272 days (Pollott and Gootwine
2004). Introducing the FecB Booroola gene into the Awassi
and Assaf breeds resulted in the formation of the Afec-
Awassi and Afec-Assaf strains with prolificacy of about
two lambs born per ewe lambing (Gootwine et al. 2001).

The objective of this review is to summarize the
reproductive pattern and milk production of Awassi ewes
in the Middle East countries.

Breed description

The average body weight of adult Awassi ewe is 45–55 kg
while the ram weighs 60–90 kg (Degen and Benjamin 2003;
Ozyurtlu et al. 2010). The body is covered with long coarse
wool of creamy white color except for the face. The head is
long and narrow with a convex forehead profile and
predominantly brown but sometimes black in color. Rams
usually have long spiral horns (40–50 cm in length) while
ewes are polled or have short horns. The tail is characteris-
tically fat in the Awassi breed. On average, the fat tail of
Awassi ewe is about 18 cm long, 16 cm wide, and weighs
around 6 kg, while in rams, it is about 30 cm long, 25 cm
wide, and weighs around 12 kg. The tail emerges from the
rump in one stem that hangs down into two lobes that
broaden out toward their lower portion. A deep rift divides the
lower part of the lobes (Hailat 2005; Galal et al. 2008). The
average birth weight of single-born Awassi lambs is about

5.0 kg while twin lambs are about 20% lighter than singles
(Zarkawi et al. 1999).

Puberty

Puberty in ewe lambs is attained with occurrence of the first
behavioral estrus that is accompanied by ovulation and
development of a corpus luteum with a typical lifespan (Kinder
et al. 1995). Ram lambs reach puberty when their ejaculate
contains a threshold (minimum number) of fertile spermatozoa
that are capable of achieving successful fertilization (Senger
2003). The fundamental requirement for pubertal onset is the
secretion of gonadotropins (follicle stimulating hormone
(FSH) and luteinizing hormone (LH)) at high enough levels
to initiate gametogenesis, steroidogenesis, development of
reproductive tissues, changes in body conformation, and an
increase in sexual desire. Several external factors modulate the
timing of puberty in sheep such as breed, husbandry, season
during which the lamb is born, the photoperiod that the lamb
is experiencing during onset of puberty, growth or nutritional
intake, and social cues (Senger 2003). Sheep reach puberty at
an average age of 7.5 months with a range of 4 to 15 months.
Awassi ewe lambs born in winter reach puberty at around
9 months of age (Al-Molla and Kridli 2003). Awassi ram
lambs reach puberty when they are about 243 days old, weigh
about 42 kg, have scrotal circumference of 21 cm in diameter,
testosterone concentration of 1.9 ng/ml, and have normal
spermatozoa in the ejaculate with at least 30% mass motility
over two consecutive semen collections 1 month apart (Kridli
et al. 2006, 2007b).

The breeding season

Sheep are considered short-day breeders because their
seasonal reproduction is regulated by photoperiod through
melatonin secretion along with other environmental factors
such as temperature, nutrition, and social relationships
(Arendt 1998). Sheep breeds derived from the northern
hemispheres have a defined breeding season spanning the
fall and winter months. In the tropical zones, where variation
in day length is less, indigenous sheep tend to breed
throughout the year. Awassi sheep are considered seasonal
breeders although their breeding season tends to be long. The
breeding season starts as early as April and lasts through
September (Zarkawi 1997). The natural breeding season of
Awassi rams is concentrated between late June through early
September, which allows ewes to lamb between late
November and early February (Abu Zanat et al. 2005). The
breeding season in improved Awassi flocks begins 1 or
2 months earlier than in the flocks of unimproved Awassi
(Epstein 1985). The distribution of lambings in improved
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adult and yearling Awassi ewes, with one lambing a year,
occurs in the months of December and April, respectively.

Sexual behavior

Sexual performance is highly variable among rams, irrespec-
tive of season. Both sexual inactivity and homosexual
behavior have been described and approach an incidence of
10–20% in populations of rams (Roselli et al. 2004). After
puberty, Awassi rams are sexually active throughout the year.
However, their activity is higher in summer and fall
compared to spring (Kridli et al. 2007a). The ram approaches
a ewe in a low stretch position with the head angled to the
side. Often, the ram contacts the flank of the female, strikes
out at the female with one front leg before attempting to
mount her. Rams display the flehmen response to ewes in
estrus after sniffing the anogenital region. The presence of fat
tail in Awassi ewes acts as a barrier to the spread of genital
secretions and traps urine odors which may partially
overpower the females’ sexual odor, thus reducing the
sniffing behavior of rams (Kridli et al. 2008). In addition,
the fat tail causes mating difficulties especially when using
sexually naïve rams or when mating Awassi ewes with exotic
rams (Kridli and Said 1999). At the time of mating, the ram
must raise the ewe’s tail for successful copulation. An
experienced Awassi ram stands to the ewe’s side and pushes
her fat tail with his foreleg upwards and sideway while
mounting. If the fat tail is too heavy to be moved with the
leg, the ram dismounts and uses his chest to lift the ewe’s tail
up (Epstein 1985). Preventing copulation may increase
aggressiveness of rams (head butts) toward the estrus ewes
due to frustration (Price et al. 1993). Some rams will mount
several times before ejaculation, and others may service a
ewe during the first mount. Virgin rams exhibit an
improvement in sexual performance after frequent exposure
to estrus females to a level comparable to that of experienced
males (Price et al. 1991). Most easily noticed sign of estrus
in Awassi ewes is standing quietly as the ram conducts his
investigative courtship. As estrus approaches, the vestibule
becomes hyperemic and the vulva slightly swells with
copious cloudy or clear secretion accumulated around the
external os of the slightly dilated cervix. As the estrus period
progresses, this secretion becomes less copious and more
viscous, which indicates the approach of ovulation. Awassi
ewes may have a loss of appetite when they are in estrus
(Epstein 1985).

Estrous cycle

The length of the normal estrous cycle in Awassi ewes is
between 15 and 20 days (with an average of 17 days). An

excessively longer recurrent estrus that varied from 20 to
77 days has been reported (Epstein 1985). However, such a
wide period could be due to early pregnancy loss and
undetected estruses due to silent heats. Estrus in Awassi
ewes lasts an average of 29 h, but may range from 16 to
59 h during the breeding season (Epstein 1985).

At the ovarian level, the estrous cycle can be divided into the
follicular phase covering the 2–3 days in which ovulatory
follicles grow and produce their ova and the luteal phase which
lasts about 12–14 days and dominated by one or more corpora
lutea on the ovary (Lindsay 1991). Transrectal ultrasonography
has allowed description of follicular dynamics (follicles with
diameter >2 mm) in the ewe (Bartlewski et al. 1999). Ovarian
follicular development in ewes is a progressive and recurring
process, with three to four waves of follicular growth
occurring each cycle. During the estrous cycle, one to three
antral follicles emerge or grow from a pool of follicles of 1 to
3 mm in diameter, approximately every 4 to 5 days. The
ovulatory follicle (6 to 7 mm in diameter) emerges around
day 11 of the cycle and grows over a period of 4 days at a
growth rate of 1.2 mm per day. The largest nonovulatory
follicles grew at the same rate as ovulatory follicles and
regressed over a period of 2.6 days at a rate of 1.2 mm per
day (Ravindra et al. 1994). Large antral follicle life span in the
ewe consists of a 2- to 4-day growing phase, a static phase
(no apparent change in size, 1–4 days), and regressing phase
(1–5 days) (Rawlings and Bartlewski 2007).

In the cyclic ewe, transient increases in estradiol and
peak FSH serum concentrations are associated with the
follicular wave emergence. Serum concentrations of estra-
diol peak at the end of the growth phase of the largest
follicle of the wave (about day 16 of the cycle) (Bartlewski
et al. 1999). Although mean serum FSH is greatest at wave
emergence, FSH pulse frequency increases during the
follicle growth phase of follicle waves (Bartlewski et al.
2000). The LH is released from the pituitary gland in
episodic pattern for most of the luteal phase. Estradiol from
large antral follicles, along with gonadotropin-releasing
hormone, stimulates the release of preovulatory LH surge
which occurs about 10 h after the onset of estrus, and then,
both LH and estradiol concentrations fall rapidly (Ward
1986). The resultant LH surge induces final development of
the ovulatory follicles, ovulation, luteinization, and matu-
ration of the primary oocyte to a secondary oocyte
(Scaramuzzi et al. 1993). Ovulation typically occurs from
12 h before to 8 h after the end of estrus, with an average
occurrence within an hour after end of estrus. In Awassi
ewes with long estrus periods, ovulation tends to precede
the end of estrus, while in ewes with shorter estrus periods,
ovulation usually occurs after the end of estrus (Schindler
and Amir 1972). After ovulation, the corpus luteum grows
rapidly and starts to produce significant amount of
progesterone from day 3 of diestrus. Progesterone concen-
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trations remain elevated until day 13. If viable embryos are
not present in the uterus on day 13 of the estrous cycle (day
of estrus=day 0), pulses of oxytocin from the corpus
luteum and the posterior pituitary, on days 10–12 of the
cycle, initiate prostaglandin F2α secretion from the endo-
metrium between days 14 and 17 of the estrous cycle.
PGF2α causes regression of the luteal tissue and diminishes
progesterone secretion to less than 1.0 ng/ml by the last
2 days of diestrus (Pineda 2003; Rawlings and Bartlewski
2007).

Reproductive performance

The minimal fecundity or prolificacy for the ewe is the
production of a crop of one lamb per ewe per year and is
referred to as a 100% lamb crop. Sheep producers seek a
prolificacy average of at least 1.5 lambs per ewe (Pineda
2003). A fertile ewe is capable of producing at least one
lamb per pregnancy. The reproductive performance of
Awassi ewes has been low in the semi-arid regions of the
near east countries (Hamadeh et al. 2001; Husein and Kridli
2002). Under normal conditions, less than 10% of Awassi
ewes lamb twice a year (Lafi et al. 2009). A study was
conducted by Kridli et al. (2007c) on 3- to 6-year-old
pluriparous Awassi ewes (n=56) bred during June and July
reported 60.7% (34/56) pregnancy rate, 91% (31/34) single
birth rate, 9% (3/34) multiple birth rate, 90% lambing rate
(number of lambs born per ewe mated), and 1.08 fecundity
(number of lambs born per ewe lambing). The lambing
rates from first mating ranged from 33% to 35% (Abdullah
et al. 2002). The twinning rate in Awassi ewes ranged from
4% to 20% (Epstein 1985).

The positive effect of supplying energy and protein in
excess of requirements (flushing) few days prior to mating
improves Awassi sheep fecundity. A strong correlation was
found between females weighing more than 50 kg at the
time of mating and a fertility rate of 100% in Awassi sheep
(Thomson and Bahhady 1988). An increase in lambing
percentage of 0.3 to 1.3 (Kassem et al. 1989) and ovulation
rate of 2% (Smith 1985) were reported for each kilogram
increase in body weight before mating.

Husein and Haddad (2006) reported that the gestation
length for 2–6-year-old Awassi ewes (n=14) weighing 52±
1.5 kg was 149±0.6 days. The gestation length during the
normal breeding season in about 1-year-old Awassi ewes (n=
16) weighing in average 37.4±4.9 kg (range, 29.5–44.0 kg)
varied from 149 to 155 days with an average of 152±
2.3 days (Zarkawi 1997). The duration of pregnancy was not
affected by either the type of birth (146±6.0 to 153.6±
3.6 days for singles, 148.7±1.2 to 153.3±4.4 days for twins,
and 144 to 146.5±0.5 days for triplet) or the sex (152.1±
1.4 days for males and 151.0±1.5 days for females). In

addition, estrous synchronization programs during or outside
the breeding season have no effect on the duration of
pregnancy in Awassi ewes (Al-Merestani et al. 1999; Turk
et al. 2008).

Control of the reproductive cycle

Effective hormonal therapies to control the estrous cycle in
ewes are essential for successful breeding, increasing the
number of pregnant females (Motlomelo et al. 2002) and
allowing ewes to be bred and lamb a more uniform lamb
crop within a short period (Titi et al. 2010). It should be
pointed out that hormonal control of the reproductive
processes should never substitute good management prac-
tices. Hormones that are commonly used for induction and
synchronization of estrus in Awassi ewes include proges-
tins, gonadotropins, and PGF2α.

The most widely used program for out-of-season
breeding is a combination of progestin given for periods
9–16 days and pregnant mare serum gonadotropin (also
known as equine chorionic gonadotropin) administered at
the time of progestin removal or within 48 h prior to
removal. The controlled intravaginal drug-releasing device
and the progestin-impregnated vaginal pessary are the most
commonly used progestin delivery systems. Administering
PGF2α 24 h before progestin removal and introduction of a
teaser ram 24 h after progestin removal further tighten
estrus synchrony (Keisler 2007). Estrus can be expected
about 24–48 h after removal of the progesterone source.

Administration of PGF2α is the preferred method for
synchronizing estrus and ovulation in cycling ewes. PGF2α
induces regression of the corpus luteum, reduces progesterone
concentrations, and allows for a new follicular wave to start
within 2–3 days (Alnimer et al. 2005). One dose of PGF2α
results in 60% to 70% of the cycling ewes in the flock to
exhibit estrus within 30–60 h. A two-treatment method
involving a second injection 9 to 11 days after the first one
results in the tightest estrus synchrony in almost all ewes
(Keisler 2007).

The ram effect is widely used to manipulate reproduction
in ewes. Continuous exposure of ewes to rams advances
puberty in ewe lambs, shortens the period of anestrous
about 2 months, and advances ovulation relative to the
onset of estrus by advancing the preovulatory LH surge
(Rosa and Bryant 2002). However, to evoke a ram effect
response, ewes need to be isolated from the sight, sound,
and smell of rams prior to ram introduction. Although
reports in the literature vary greatly in the duration of
isolation, Keisler (2007) suggested the duration to be
approximately 30 days.

Light manipulation to alter the natural ratio of light to
dark and administration of exogenous melatonin to supple-
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ment the endogenous release can also be used to advance
the breeding season in ewes.

Detailed description of the various methods of
controlling the reproductive processes in Awassi sheep
is beyond the scope of this article.

Pregnancy diagnosis in Awassi sheep

Early pregnancy diagnosis, determination of the fetal
numbers and stage of gestation, and recognition of the
abnormalities of pregnancy are important reproductive herd
health management practices because of the impact of
reproductive performance on the economic return from the
flock. The real-time B-mode ultrasonography is the
preferred method of pregnancy diagnosis for small rumi-
nants. Generally, scanners with sector, linear, and convex
probes at frequencies of 3.5 to 7.5 MHz are used for
pregnancy diagnosis in sheep. Linear array transducers are
suitable for both transabdominal and transrectal scanning,
while sector transducers are preferred for transabdominal
pregnancy diagnosis. Pregnancy diagnosis in Awassi sheep
utilizes the same principles and findings as in other sheep
breeds. A positive diagnosis of pregnancy requires the
identification of the embryo, fetus, or placentomes. The
embryo appears as an echogenic mass surrounded by
anechoic fluid within the uterine lumen on about day 30
until day 45. By day 45, fetal skeletal structures are
sufficiently dense to reflect most of the ultrasound waves.
As pregnancy progresses, the fetus continues to develop
and specific structures become more easily identifiable
(Bazer et al. 2007). Placentomes could be detected by
transrectal ultrasonography (5 MHz) on day 32 of gestation
and, by day 42, appear as small gray C- or O-shaped
structures around the edges of the fluid-filled vesicle (Doize
et al. 1997). Transrectal ultrasonographic scanning can be
used to diagnose pregnancy as early as day 18 and as late as
day 120 of pregnancy. Transabdominal ultrasonography can
be used to accurately detect pregnancy as early as day 35 of
gestation, and it is the preferred approach during the second
half of pregnancy since larger portion of the pregnant uterus
can be easily visualized (Kähn 2004). Transrectal ultraso-
nography is mainly used as a research tool to study, for
example, embryonic death and follicular dynamics (Kähn
2004; Bazer et al. 2007). Under field conditions, transrectal
ultrasonography is not of practical use since it requires
animal handling and time. On the other hand, up to 250
ewes can be scanned transabdominally per hour with high
accuracy (Bazer et al. 2007).

The correlation between placentomes size and gestational
age in ewes is controversial. Kelly et al. (1987) found a
significant quadratic relationship between ultrasonographic
placentomes diameter and square root transformation of day

of pregnancy. In contrast, Doize et al. (1997) and Gonzalez
et al. (1998) found poor correlation due to great variations in
the size of placentomes in the same observations. Ababneh et
al. (2000; unpublished data) found the relationship between
the size of placentomes determined by transabdominal
ultrasonography and gestation age in 3–6-year-old pluripar-
ous Awassi ewes (n=13) carrying singles and which had an
average pregnancy duration of 152 days is best fitted in the
following equation: Y=4.16X−3.62, where Y is the gesta-
tional age in days and X is the placentomes size in
millimeter. Analysis of this equation demonstrated that the
size of the placentomes increased about 1 cm every 40 days
of gestation.

Awassi ram reproduction

Seasonality in the ram can be measured by the changes in
the diameter of the testes and the level of reproductive
hormone secretions. These changes correspond roughly to
the breeding activity of the females of the same breed
(Dufour et al. 1984). The mean weight of the testes of
unimproved Awassi rams is 140 g and of the epididymis is
23 g (Epstein 1985). In a study conducted by Tabbaa et al.
(2006) to evaluate monthly changes in scrotal circumfer-
ence (SC) and some semen characteristics of ten Awassi
rams (five matures of 2 to 6 years old and five yearlings of
12 to 18 months old) starting in May for an entire year
found that SC was affected by age and month of the year.
Mature rams had greater SC (33.5±0.8 cm) than yearlings
(29.6±1.3 cm) throughout the year. The highest SC values
were observed during August, September, and October
before declining from November throughout January.
Semen characteristics reported for the yearling versus
mature Awassi rams were as follows: ejaculate volume
(milliliter) (0.87±0.2 vs. 1.0±0.1), mass motility (percent)
(65.3±6.0 vs. 72.7±3.8), forward motility score (score
1–4) (3.38±0.2 vs. 3.48±0.1), sperm concentration (109/
ml) (2.21±0.5 vs. 2.91±0.3), abnormal sperm (percent)
(18.1±2.0 vs. 16.39±1.2), and normal sperm concentra-
tion (109/ml) (1.85±0.4 vs. 2.48±0.3). These semen
characteristics are not affected by ram age and month of
the year. However, Salhab et al. (2003) found that
ejaculate volume (average, 1.2±0.5 ml) and spermatozoa
concentration (average, 4±1.6×109 sperm/ml) collected
from 11-month-old Awassi rams (n=14) increased signif-
icantly over the next 20 months despite monthly variations
while progressive motility (average value, 75±10%) was
similar throughout the study period. Epstein (1985)
reported similar average semen characteristic of Awassi
rams to those reported by Tabbaa et al. (2006). Results of
Salhab et al. (2003) and Tabbaa et al. (2006) studies
showed that Awassi ram semen is not affected by the
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season and that both yearling and mature Awassi rams
may be employed for breeding at any time of the year
while taking in consideration the ram to ewe ratio with
respect to ram age.

Awassi ewes milk production

Milk yield of unimproved Awassi ewes shows a wide
variation among countries and depends on dam’s age and
weight at lambing, month of lambing, type of birth, sex of
born lamb, the sheep management system, and length of
lactation period (Jawasreh and Khasawneh 2007). An Awassi
ewe produces 40–60 kg of milk per 150-day lactation period
under traditional (extensive) production system (Degen and
Benjamin 2003) and 70–80 kg under improved (intensive)
production system at government research stations (Hailat
2005). These levels do not include the suckling period when
milk is left for lambs. The amount of suckling milk in
traditional production system ranged between 68 and 90 kg
during a period of 81–93 days (Hailat 2005). The improved
Awassi is the second best milk-producing breed of the world
and the highest milk-producing breed in Turkey. Milk yield
ranging from 97.5 to 360 kg over 95 to 222 days lactation
period was reported (Gürsoy 2005). Awassi ewes nurse their
lambs for 2 to 3 months, depending on the state of pasture,
time of birth, and growth of the lamb. During the suckling
period, lambs are isolated from their dams 12 h before
morning milking. Awassi ewes are milked twice a day during
the first 3 to 4 months of the milking period and only once
during the following month until they go dry (Epstein 1985).
Ewes are usually milked by hand. Mechanical milking is
practiced in some governmental research stations (Hailat
2005). Milk production from 3- to 6-year-old pluriparous
Awassi ewes (n=56) was recorded weekly from parturition
until weaning at 70 days of age with the aid of milking
machine, with lambs being separated from the dams 12 h
before the morning milking. The quantity of milk produced
was extrapolated over the 24-h period. Milk production
increased until reaching a peak at the third week of lactation
(567±63 g), after which it began to decline. The percentages
of milk dry matter, protein, and milk ash were 14.3%, 5.4%,
and 0.83%, respectively. Milk protein percentage increased
with advancement of lactation reaching its highest values at
the time of weaning (6.3%) (Kridli et al. 2007c). The average
specific gravity (SPG) of Awassi milk is 1.0371. Milk
specific gravity differs in different months of the year due to
variations in the proportions between various constituents,
namely fat (SPG 0.93), proteins (SPG 1.346), lactose (SPG
1.666), and ash (SPG 5.5) (Epstein 1985).

Milk production of 1,360 improved Awassi ewes was
followed over 3 years. Lambs were removed from the ewes
at birth, and milk yield was recorded once a month over

214-day lactation period. These ewes had mean total milk
production of 506 L. Maximum secretion potential of the
ewes was 3.9 L/day, which resulted in a peak yield of
3.44 L/day at day 45 of lactation. Milk production
increased by 62 g/day midway between the start and peak
of lactation, and decreased by 16.5 g/day midway between
the peak and end of lactation (Gootwine and Pollott 2000).

Conclusion

Awassi is the most common sheep breed in the Middle East
countries. It is used for meat, milk, and wool production.
The amount of milk produced during the lactation period
varies greatly among different studies. The improved
Awassi is the second best milk-producing breed of the
world. The breed has low prolificacy and reaches puberty at
a later age than other breeds. However, it has good
adaptability to various managemental and environmental
conditions. Awassi ewes have an average interestrus
interval of 17 days with the breeding activity starts as early
as April and lasts through September. Awassi rams can be
used for breeding all year around. Progestins, gonadotro-
pins, and PGF2α are commonly used to control the estrous
cycle of Awassi ewes. Pregnancy diagnosis can be
performed using transrectal and/or transabdominal real-
time B-mode ultrasonography.

References

Abdullah, A.Y., Husein, M.Q., Kridli, R.T., 2002. Protocols for estrus
synchronization in Awassi ewes under arid conditions. Asian-
Australasian Journal of Animal Sciences, 15, 957–962.

Abu Zanat, M.M., Mekdadi, H.A., Tabbaa, M.J., 2005. Production
systems of small ruminants in middle badia of Jordan. Dirasat,
32, 205–213.

Al-Merestani, M.R., Zarkawi, M., Wardeh, M., 1999. Early Breeding
and Pregnancy Diagnosis in Syrian Awassi Sheep Yearlings.
Reproduction in Domestic Animals, 34, 413–416.

Al-Molla, M.M., Kridli, R.T., 2003. Effect of royal jelly on puberty of
winter-born Awassi ewe lambs. In: Proc. 54th Annual Meet.
EAAP, Book of Abstracts, Roma, Italy, p. 325.

Alnimer, M.A., Tabbaa, M.J., Amasheh, M., Alzyoud, H., 2005.
Hormonal treatments and the ram effect on synchronised oestrus
in Awassi ewes at the beginning of the breeding season. New
Zealand Journal of Agricultural Research, 48, 473–480

Amer, H.A., Hazzaa, A.M., 2009. The effect of different progesterone
protocols on the reproductive efficiency of ewes during the non-
breeding season. Veterinarski Arhiv, 79, 19–30.

Arendt, J., 1998. Melatonin and the pineal gland: influence on
mammalian seasonal and circadian physiology. Reviews of
Reproduction, 3, 13–22.

Bartlewski, P.M., Beard, A.P., Cook, S.J., Chandolia, R.K., Honaramooz,
A., Rawlings, N.C., 1999. Ovarian antral follicular dynamics and
their relationships with endocrine variables throughout the oestrous
cycle in breeds of sheep differing in prolificacy. Journal of
Rreproduction and Fertility, 115, 111–124.

1324 Trop Anim Health Prod (2011) 43:1319–1326



Bartlewski, P.M., Beard, A.P., Rawlings, N.C., 2000. An ultrasound-
aided study of temporal relationships between the patterns of LH/
FSH secretion, development of ovulatory-sized antral follicles
and formation of corpora lutea in ewes. Theriogenology, 54, 229–
245.

Bazer, F., Cunninham, W., Marsh, D., 2007. Pregnancy diagnosis. In:
Youngquest, R.S., Threlfall, W.R. (Eds.) Current therapy in large
animal theriogenology. Saunders Elsevier, St. Louis, pp. 661–
666.

Chemineau, P., Malpaux, B., Delegadillo, J.A., Gue’rin, Y., Ravault, J.
P., Thimonier, J., Pelletier, J., 1992. Control of sheep and goat
reproduction: use of light and melatonin. Animal Reproduction
Science, 30, 157–184.

Degen, A.A., Benjamin, R.W., 2003. Milk intake and growth rate of
Awassi lambs sucking ewes grazing on natural pasture in the
semi-arid Negev. Animal Science, 76, 455–460.

Doize, F., Vaillancourt, D., Carabin, H., Belanger, D., 1997.
Determination of gestational age in sheep and goats using
transrectal ultrasonographic measurement of placentomes.
Theriogenology, 48, 449–460.

Dufour, J.J., Fahmy, M.H., Minvielle, F., 1984. Seasonal Changes in
Breeding Activity, Testicular Size, Testosterone Concentration
and Seminal Characteristics in Rams with Long or Short
Breeding Season. Journal of Animal Science, 58, 416–422.

Epstein, H., 1985. The Awassi sheep with special reference to the
improved dairy type. Food and Agriculture Organization of the
United Nations, Rome.

Galal, S., Gürsoy, O., Shaat, I., 2008. Awassi sheep as a genetic
resource and efforts for their genetic improvement—A review.
Small Ruminant Research, 79, 99–108.

Gonzalez, B. A., Santiago, M. J., Lopez, S. A., 1998. Estimation of
fetal development in Manchega dairy ewes by transrectal
ultrasonographic measurements. Small Ruminant Research, 27,
243–250.

Gootwine, E., Pollott, G.E., 2000. Factors affecting milk production in
Improved Awassi dairy ewes. Animal Science, 71, 607–615.

Gootwine, E., Zenu, A., Bor, A., Yossafi, S., Rosov, A., Pollott, G.E.,
2001. Genetic and economic analysis of introgressing the B allele
of the FecB (Booroola) gene into Awassi and Assaf dairy breeds.
Livestock Production Science, 71, 49–58.

Gürsoy, O., 2005. Small ruminant breeds of Turkey. In: Characterization
of the Small Ruminant Breeds inWest Asia and North Africa. Vol. 1.
West Asia (L. Iniguez ed.). International Center for Agricultural
Research in the Dry Areas(ICARDA), Aleppo, Syria. p: 239–416.

Hailat, N., 2005. Small ruminant breeds of Jordan, In: Iniguez, L.
(Ed.) Characterization of Small Ruminant Breeds in West Asia,
North Africa, West Asia. ICARDA, Aleppo, pp. 30–61.

Hamadeh, S.K., Abi Said, M., Tami, F., Barbour, E.K., 2001. Weaning
and the ram-effect on fertility, serum luteinizing hormone and
prolactin levels in spring rebreeding of postpartum Awassi ewes.
Small Ruminant Research, 41, 191–194.

Husein, M.Q., Haddad, S.G., 2006. A new approach to enhance
reproductive performance in sheep using royal jelly in comparison
with equine chorionic gonadotropin. Animal Reproduction Science,
93, 24–33.

Husein, M.Q., Kridli, R.T., 2002. Reproductive responses of Awassi
ewes treated with either naturally occurring progesterone or
synthesis progestagen. Asian-Australasian Journal of Animal
Sciences, 15, 1257–1262.

Ibarra, D., Laborde, D., Van-Lier, E., 2000. Repeatability and
relationship with field mating performance of a serving
capacity pen test in rams. Small Ruminant Research, 37,
156–169.

Jawasreh, K.I.Z., Khasawneh, A.Z., 2007. Genetic evaluation of milk
production traits in awassi sheep in jordan. Egyptian Journal of
Sheep and Goat Sciences, 2, 83–100.

Kähn, W, 2004. Veterinary reproductive ultrasonography: horse,
cattle, sheep, goat, pig, dog, cat. English translation and
revision by Volkmann, D. and Kenney, R.M. Schlutersche
Verlagsgesellschaft mbH and Co., Hannover, pp 187–212.

Kassem, R., Owen, J.B., Fadel, I. and Whitaker, C.J., 1989.
Aspects of fertility and lamb survival of Awassi sheep under
semi-arid conditions. Research Development Agriculture,
6, 161–168.

Keisler, D.H., 2007. Sheep breeding strategies, In: Youngquest, R.S.,
Threlfall, W.R. (2nd Eds.) Current therapy in large animal
theriogenology. Saunders Elsevier, St. Louis, pp 649–661.

Kelly R.W., Newnham J.P., Johnson T., Speijers E. J., 1987. An
ultrasound technique to measure placental growth in ewes.
Australian Journal of Agricultural Research, 38, 757–764.

Kinder, J.E., Bergfeld, E.G., Wehrman, M.E., Peters, K.E., Kojima,
F.N., 1995. Endocrine basis for puberty in heifers and ewes.
Journal of Reproduction and Fertility. Supplement, 49, 393–
407.

Kridli, R.T., Said, S.I., 1999. Libido testing and the effect of exposing
sexually naive Awassi rams to estrous ewes on sexual performance.
Small Ruminant Research, 32, 149–152.

Kridli, R.T., Abdullah, Y.A., Shaker M.M., AI-Momani Q.A., 2006.
Age at Puberty and Some Biological Parameters of Awassi and
its First Crosses with Charollais and Romanov Rams. Italian
Journal of Animal Science, 5, 193–202.

Kridli, R.T., Abdullah, A.Y., Obeidat, B.S., Qudsieh, R.I., Titi, H.H.,
Awawdeh,M.S., 2007a. Seasonal variation in sexual performance of
Awassi rams. Animal Reprodction, 4, 38–41.

Kridli, R.T., Abdullah, A.Y., Shaker, M.M., Masadeh, M.K., 2007b.
Sexual activity and puberty in pure Awassi and crosses and
backcrosses with Charollais and Romanov sheep breeds. New
Zealand Journal of Agricultural Research, 50, 429–436.

Kridli, R.T., Abdullah, Y.A., Shaker, M.M., Al-Smadi, N.M., 2007c.
Reproductive performance and milk yield in Awassi ewes
following crossbreeding. Small Ruminant Research, 71, 103–
108.

Kridli, R.T., Abdullah, A.Y., Shaker, M.M., Mahmoud, K.Z., 2008.
Sexual performance of rams sequentially exposed to short-tailed
and fat-tailed ewes. Reproduction in Domestic Animals, 43, 497–
501.

Lafi, S. Q., Talafha, A. Q., Giadinis, N., Kalaitzakis, E., Pourliotis,
K., Panousis, N. 2009. Factors affecting the reproductive
performance of Awassi sheep flocks in North-East of Jordan:
An epidemiological study. Tropical Animal Health and
Production, 41:1755–1764

Lindsay, D.R., 1991. Reproduction in the sheep and goat, In: Cupps,
P.T. (Ed.) Reproduction in domestic animals. Academic press
Inc., San Diego, pp. 491–515.

Motlomelo, K.C., Greyling, J.P.C., Schwalbach, L.M.J., 2002.
Synchronization of oestrus in goats: the use of different
progestagen treatments. Small Ruminant Research, 45, 45–49.

Ozyurtlu, N., Kucukaslan, I., Cetin, Y., 2010. Characterization of
Oestrous InductionResponse, Oestrous Duration, Fecundity and
Fertility in Awassi Ewes During the Non-breeding Season
Utilizing both CIDR and Intravaginal Sponge Treatments.
Reproduction in Domestic Animals, 45, 464–467.

Pineda, M.H., 2003. Reproductive patterns of Sheep and Goats, In:
Pineda, M.H., Dooly, M.P. (Eds.) McDonald’s Veterinary
Endocrinology and Reproduction. Blackwell, Ames, pp. 435–
446.

Pollott, G.E., Gootwine, E., 2004. Reproductive Performance and
Milk Production of Assaf Sheep in an Intensive Management
System. Journal of Dairy Science, 87, 3690–3703.

Price, E.O., Estep, D.Q., Wallach, S.J.R., Dally, M.R., 1991. Sexual
performance of rams as determined by maturation and sexual
experience. Journal of Animal Science, 69, 1047–1052.

Trop Anim Health Prod (2011) 43:1319–1326 1325



Price, E.O., Borgwardt, R., Dally, M.R., 1993. Effect of ewe restraint
on the libido and serving capacity of rams. Applied Animal
Behaviour Science, 35, 339–345.

Ravindra, J.P., Rawlings, N.C., Evans, A.C.O., Adams, G.P., 1994.
Ultrasonographic study of ovarian follicular dynamics in ewes
during the oestrous cycle. Journal of Reproduction and Fertility,
101, 501–509.

Rawlings, N.C., Bartlewski, P.M., 2007. Clinical reproductive
physiology of the ewe, In: Youngquest, R.S., Threlfall, W.R.
(2nd Eds.) Current therapy in large animal theriogenology.
Saunders Elsevier, St. Louis, pp. 642–648.

Rosa, H.J.D., Bryant, M.J., 2002. The ‘ram effect’ as a way of
modifying the reproductive activity in the ewe. Small Ruminant
Research, 45, 1–16.

Roselli, C.E., Larkin, K., Resko, J.A., Stellflug, J.N., Stormshak, F.,
2004. The volume of a sexually dimorphic nucleus in the ovine
medial preoptic area/anterior hypothalamus varies with sexual
partner preference. Endocrinology, 145, 478–483.

Salhab, S.A., Zarkawi, M., Wardeh, M.F., Al-Masri, M.R., Kassem,
R., 2003. Characterization and evaluation of semen in growing
Awassi ram lambs. Tropical Animal Health and Production, 35,
455–463.

Scaramuzzi, R.J., Adams, N.R., Baird, D.T., Campbell, B.K., Downing,
J.A., Findlay, J.K., Henderson, K.M., Martin, G.B., McNatty, K.P.,
McNeilly, A.S., 1993. A model for follicle selection and the
determination of ovulation rate in the ewe. Reproduction, Fertility,
and Development, 5, 459–478.

Schindler, H., Amir, D., 1972. Length of oestrus, duration of phenomena
related to oestrus, and ovulation time in the local fat-tailed Awassi
ewe. Journal of Agricultural Science, 78, 151–156.

Senger, P.L., 2003. Pathways to pregnancy and parturition, 2nd
Edition. Current Conceptions Inc., Pullman

Smith, J.F., 1985. Protein, energy and ovulation rate. In: Genetics of
reproduction in sheep. Butterworths, London, pp 349–360.

Tabbaa, M.J., Kridli, R.T., Al-Ghalban, A., Barakeh, F.S., 2006. Age-
related changes in scrotal circumference and some semen
characteristics in Awassi rams. Animal Reproduction, 3, 431–
438.

Thomson, E.F., Bahhady, F.A., 1988. A note on live weight at mating
on fertility of Awassi ewes in semi-arid North-West Syria. Animal
Production, 47, 505–508.

Titi, H.H., Kridli, R.T., Alnimer, M.A., 2010. Estrus Synchronization
in Sheep and Goats Using Combinations of GnRH, Progestagen
and Prostaglandin F2α. Reproduction in Domestic Animals, 45,
594–599.

Turk, G., Gur, S., Sonmez, M., Bozkurt, T., Aksu, E.H., Aksoy, H.,
2008. Effect of exogenous GnRH at the time of artificial
insemination on reproductive performance of Awassi ewes
synchronized with progestagen-PMSG-PGF2α combination.
Reproduction in Domestic Animals, 43, 308–313.

Ward, W.R., 1986. The breeding season and the estrous cycle, In:
Morrow, D.A. (Ed.) Current therapy in theriogenology. Saunders,
Philadelphia, Pennsylvania, pp. 846–847.

Zarkawi, M., 1997. Monitoring the reproductive performance in
Awassi Ewes using progesterone radioimmunoassay. Small
Ruminant Research, 26, 291–294

Zarkawi, M., Al-Merestani, M.R. Wardeh, M.F., 1999. Induction of
synchronized oestrous and early pregnancy diagnosis in Syrian
Awassi ewes, outside the breeding season. Small Ruminant
Research, 33, 99–102

1326 Trop Anim Health Prod (2011) 43:1319–1326


	Awassi sheep reproduction and milk production: review
	Abstract
	Introduction
	Breed description
	Puberty
	The breeding season
	Sexual behavior
	Estrous cycle
	Reproductive performance
	Control of the reproductive cycle
	Pregnancy diagnosis in Awassi sheep
	Awassi ram reproduction
	Awassi ewes milk production
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


