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Forward I 
 
Praise be to Allah, the Cherisher and Sustainer of the worlds, May peace and blessings be upon the Seal of the 
Prophets, Muhammad, May the peace and blessings of Allah be upon him, his family, and all his companions. 

The concern for research and its applications, in addition to the new horizons they open to enable humanity 
to withstand all fluctuations of life, is one of the scales by which the revival of nations is measured. 

As nature with its treasures is the starting point for human experiments and research, soil, with what Allah 
bestowed it, is the source and product of human creations and achievements. Therefore, The Agricultural and 
Veterinary Journal has emerged as a sanctuary for every researcher who hopes to publish the outcome of his/her 
scientific experiments and research. 

Universities with its elite staff members are hoped to be scientific minarets for research and publication. As 
Qassim University is one of the sources of knowledge and enlightening for Qassim region in particular and Saudi 
Arabia in general, it devoted its sources to play a major role in the scientific revival. This will meet the 
objectives assigned by the government through its boundless support to this university and to others. 

On the occasion of publishing the first volume of this Journal, I would like to invite the researchers to 
participate in publications, discussions and recommendations. This will help us achieve the ultimate aim of the 
Journal and to create a scientific research ambience that elevates human life and meets all its needs. 

 
 

Rector of Qassim University 
 

Prof. Khalid A. Alhamoudi 
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Forward II 
 
We, at Qassim University, pleased and proud to launch the first issue of the Qassim University Journal of 
Agriculture and Veterinary Sciences (JAVS). We hope that it would have a significant impact on the veterinarian 
and agricultural Scientific communities and research in the Kingdom and the whole world as well. 

Veterinary Medicine and Agriculture are some of the important parts of our scientific research and interests. 
Every nation is concerned with the progress and success of the research in these two areas. They play vital roles 
in providing the whole world with the necessary scientific knowledge towards building a solid basis in food 
supplies. 

This first issue is a humble beginning, and we will strive hard to improve its quality in the subsequent 
issues. We would appreciate the comments and suggestions from our readers to assist us in raising its standards 
to make it a world class quality agriculture and veterinary Sciences  journal. 

 
 

Prof. Saleh A. Al-Damegh 
Vice President of Graduate Studies 
and Research (Qassim University) 
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Opening Word: Editor-in-Chief 
 
Praise be to Allah, who says "Read in the name of Almighty the creator, created man from suspense, read and 
Allah is the most generous, who taught with the pen, taught man what he did not know" (Al Alak Soura). From 
the concept of the research message of the university to publish the results obtained by the researchers, the 
university ascertained to have a scientific journal to publish the research papers and articles in the fields of 
agricultural and veterinary medicine sciences. From the beginning, I was keen with my colleagues of the 
Editorial Board to follow the scientific rules in reviewing, editing and pressing in order to have a distinguished 
journal comparable to the well known journals. I am pleased to state that the Journal is attractive for the 
researchers in Saudi Arabia, Europe and Africa to submit their research papers for publishing in this journal. We 
hope in the near future to have a website for this journal to publish the research papers and articles electronically 
and to disperse this journal on a world-wide scale. Now, it is a pleasure for me to launch the first issue of the 
"Journal of Agricultural and Veterinary Sciences" of Qassim University to be in the hands of the readers; hoping 
to receive any useful comments or suggestions to be used in the next issues. At the end, I kindly appreciate the 
efforts given by the Editorial Board to defuse this work in a suitable form. 

 
 
 

 
Editor-in-Chief 

 
Dr. Soliman N. Al-Dobaib 
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The Use of Estrus Synchronization and Timed Artificial Insemination in  
Dromedary She-Camels in Saudi Arabia 

 
Khalid A. Al-Sobayil 

Department of Animal Production and Breeding , Faculty of Agriculture and Veterinary Medicine, 
 Qassim University, Buryadah, P.O. Box 1482, Saudi Arabia 

 
(Received 5/8/2007; accepted for publication 18/11/2007) 

 

 
Abstract. Twenty adult dromedary she-camels of approximately four years old were divided into four equal groups. Group (1): females were 
served as control where they left without hormonal treatment; group (2): females were given (i.m.) 3000 i.u. human Chorionic Gonadotropin 
(hCG); group (3): females were given Progesterone Release Intravaginal Device (PRID) for 17 days and 3000 i.u. hCG (i.m.) at the time of 
device removal; and group (4): females were given PRID plus 3000 i.u.  Equine Choriounic Gonadotropine (eCG) at the device removal. The 
control and treated animals were artificially inseminated 48 hours after hCG/PMSG injection. Likewise, control females were artificially 
inseminated at the similar time of inseminating other treated females. The insemination dose was 3 ml of freshly collected diluted semen 
which contained a total of approximately 300 million motile spermatozoa. 

Control females did not show an estrus exhibition during the expected period. However, the percentages of estrous exhibition were 20, 
40 and 100% for females in groups 2, 3 and 4, respectively. Pregnancy rates were significantly (p ≤ 0.05) different among groups. Their 
respective values were 0, 20, 40 and 80% for the 1st, 2nd, 3rd and 4th group females. No significant differences were found among groups with 
regard to gestation period which averaged 372 days. All females within treated groups delivered their calves during daytime. All newborns 
were females except one male was born in group 4. In this study, estrous synchronization led to a short calving period which was around 15 
days. 
 
Keywords: Dromedary camels, Estrus synchronization, Artificial insemination. 
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Introduction 
 

Generally, the breeding activity of the one humped camel increases during the periods of rain, low temperature 
and better grazing conditions (Tibary and Anouassi, 1997). However, it has been found in Saudi Arabia that 
conception in dromedary can occur at any time of the year in case of the availability of good quality feedstuffs 
with lower pregnancy rates during spring and early summer (El-Wishy and Ghoneim, 1987). Due to the wide 
variation in time of estrous exhibition between female dromedaries within the breeding season, this requires 
intense efforts from the camel owner to observe his herd, which is not the case in practice.  

Camels are seasonally polyestrus animals. The estrous cycle in the female camel differs from that observed 
in other female farm animals. It is characterized in the female camel by the absence of the luteal phase (Al-
Sobayil, 2003). Hence, there are only three phases within the estrous cycle, namely follicular growth, the 
existence of mature follicles on ovaries (estrous period), and follicular atresia. These three phases last 24-28 days 
(Shalash, 1987). The estrous period is quite long, which sometimes lasts up to 8 days (Tibary and Anouassi, 
1996). The estrous signs in a female camel are characterized by the sitting of the camel to be mounted by other 
females, restlessness, frequent salivation, swelling of the vulva, vaginal mucous discharge, frequent urination 
especially when the male comes close to her, and finally the acceptance of mating by the male (Homeida et al., 
1988). In the last three decades, estrous synchronization regimens have gained more attention of several research 
groups (Dahir et al., 1990; Elias et al., 1985). The progress in the methods of hormone extraction, purification 
and measurements of their concentrations in blood circulation have raised our understanding in the mechanisms 
of regulating reproduction in farm animals (Combarnous and Anouassi, 1994). 

It is well known that ovulation in a female camel actually occurs after a natural mating or induced 
hormonally (Al-Sobayil, 2003). Usually, GnRH, LH or its analogue, hCG, are used to induce ovulation in non-
spontaneous ovulators (Skidmore et al., 1996; Hafez, 2000). The administration (i.m. or i.v.) of 0.5-1 mg GnRH 
induced the ovulation 26-28 hours after injection (Musa et al., 1993). Also, ovulation induction by GnRH or LH 
depends mainly on the dominant follicle (s) size at the time of hormone injection. When she-camels with the 
existence of an ovarian dominant follicle greater than 10 mm in diameter were given LH, the response of 
ovulation approached 90% (Anouassi et al., 1994; Skidmore et al., 1996). Understanding the hormonal changes 
throughout the estrous cycle of the she-camel extremely helped in the application of different hormonal 
combinations to induce and synchronize the estrus in such an animal. As other mammals, the synchronization of 
estrus and ovulation in camels, by hormonal treatment, stimulates ovarian follicular growth, development and 
ovulation. Usually, equine chorionic gonadotropine (eCG) has been used at a dose ranging between 1500-7000 
i.u. to stimulate follicular growth in she-camel in order to accelerate the puberty age, shorten the calving interval 
or induce the estrus out of the breeding season (Elias et al., 1985; Homeida et al., 1991; Agarwal et al., 1993; 
Al-Sobayl, 2003). Likewise, estrous synchronization in the she-camel could also be done by a combined 
treatment comprised of progesterone or its analogues either as daily injection or as an intra-vaginal releasing the 
device of PRID for a period of 10-20 days and injecting 1500-2000 i.u. eCG one day before or at the day of the 
device removal (Tibary and Anouassi, 1997). 

Artificial insemination (AI) in farm animals has been realized as a routine technique in most farm animals 
for decades. However, such a technique is still in its primary application on camels (Zhao et al., 1991). One of 
the major impediments for the spread of such a technique in camels is the difficulties of semen collection due 
to the aggression of male camels. Semen collection, either by artificial vagina (El-Hassanein, 2003) or electro 
ejaculator (Manefield and Tinson, 1996), has faced some failure in camels due to the aggression of sires (Al-
Eknah et al., 2001). However, the ejaculate volume and quality were found to be inferior by the electro 
ejaculation (Al-Knah et al., 2001). Manefield and Tinson (1996) demonstrated and reported the method of 
electro ejaculation in camels. The ejaculate volume of camel semen ranges from 1-12 ml containing the 
viscous mucous layer which liquefies within minutes of its collection, and its concentration of spermatozoa 
per ejaculation averaged 6×109 (Hafez and Hafez, 2001). Camel seminal plasma contains some compounds, 
such as hormones and hormone-likes which play vital role(s) in the ovulation process (Chen et al., 1985). In a 
recent study, the conception rate, as a result of artificial insemination either by raw or diluted semen, has not 
approached 40% (Deen et al., 2003). Skidmore (2004) noticed that the she-camel can be artificially 
inseminated either in a standing or sitting position as the semen must be deposited in the cervix or through the 
uterine body. Thus, the success of AI technique in camels depends mainly on the semen quality, the precise 
onset of the estrus and the necessity of depositing semen in the proper site of the female genital tract at the 
accurate time (Zhao, 2000). 
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Therefore, the present study aimed at; 1) comparing the effects of three hormone regimens on the estrous 
synchronization in dromedary she-camel, and 2) investigating the success rate of applying the artificial 
insemination with freshly collected semen at the synchronized estrus.  
 

 
Material and Methods 

 
Animals and treatments 

Twenty mature four-year-old dromedary she-camels were randomly divided into four equal (n = 5) groups. 
The animals were fed barley grains as a concentrate (3 kg/head/day) containing 8% crude protein, and alfalfa hay 
and tap water were available as a free choice. This study was run at the Veterinary and Agricultural Research 
Center, Qassim University, Saudi Arabia on early fall season of 2004. These animals were randomly divided into 
four equal groups, each of five she-camels, as follows:  

• Group 1 (Control) in which females were left without hormonal treatment. 
• Group 2 (hCG): Each female was given an i.m. injection of 3000 i.u. hCG (Choriolon, Intervet, 

Holland). 
• Group 3 (PRID + hCG): Each female was intravaginally inserted by a Progesterone Release 

Intravaginal Device (PRID) containing 1.9 g progesterone for 17 days, and at day 17 the device was 
removed and each female was given an i.m. injection of 3000 i.u. hCG. The device was inserted by 
restraining the female camel in a regular chute and the vulva was cleaned, disinfected and lubricated. 
The device was loaded into the applicator and gently was inserted into the vagina leaving a free portion 
of the string outside the vulva to facilitate its removal at day 17. 

• Group 4 (PRID + eCG): Females were treated like group, 3 except that hCG was replaced by an i.m. 
injection of 3000 i.u. eCG (Folligon, Intervet, Holland). 

All females in all groups were artificially inseminated 48 hours post hormonal treatment with a dose of fresh 
diluted semen contained 300 million motile sperm. Because of the difficulties of the female cervices to be 
opened, 10 females were inseminated within the first part of their cervices, 8 females were inseminated in the 
middle part, and only two females were inseminated intrauterine. 
 
Semen collection, evaluation and dilution 

Two hours before the suggested time of inseminating females, the semen was collected by using an artificial 
vagina from mature males teased on estrous females. The semen samples were tested for the physical properties 
(i.e. color, PH, volume, concentration and motility). Motility was initially assessed as gross motility, and a drop 
of fresh semen was mixed in sodium citrate (2.9%), and progressive motility was evaluated (X200) as a means of 
five fields. The concentration of sperm cells was estimated by a haemocytometer (Erma, Tokyo, Japan). Using a 
ready made skim milk diluent (IMV, France), the samples were diluted so that the insemination dose of 3 ml 
might approximately contain 300 × 106 motile sperms. 
 
Artificial insemination of females 

At the suggested time for insemination, the females were restrained in a regular chute and the vulva was 
cleaned out. The insemination dose was loaded in a sterilized 3 ml-syringe connected to a 30-cm polyethylene 
insemination catheter. Holding the cervix, the inseminator deposited the semen into the uterine body, or in case 
of difficulties, the semen was deposited halfway within the cervix. 

 
Statistical Analysis 

 
Data were collected and statically analyzed. One way Analysis of Variance (ANOVA) was used to 

determine the differences in the independent variables among groups. Tukey's Honset Significant Difference was 
used to determine the multiple comparisons of means. The significant level was set at P ≤ 0.05 and SAS software 
(SAS, 1996) was used to perform all statistical calculation. 
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Results and Discussion 
 

Hormonal treated females of groups 2, 3 and 4 significantly (p < 0.05) succeeded to exhibit the estrus as 
compared to control females. Estrus exhibition percentages were 0, 20, 40 and 100% for females in groups 1, 2, 
3 and 4, respectively. The estrous exhibition started 24 hours after the device removal in groups 3 and 4. 
Likewise, estrous signs commenced 24 hours after the hCG injection in group 2. Since dromedary camel is 
considered as seasonally polyestrus (Elias et al., 1984a, 1984b; Elias et al., 1985), the situation differs between 
different areas. Evidently, synchronizing female camels with progestogen in addition to the administration of an 
ovulatory hormone may result in a better estrous exhibition within a narrower period. This enables the camel 
raiser to timely inseminate the females without the need for heat observation. After the PRID removal, clear 
estrous signs were observed (i.e. chasing and mounting other females, less appetite, aggregation, salivation, 
restlessness, swelling vulva, vaginal mucous discharge and receptivity to the male). Some of these signs were 
reported earlier (Marie and Anouassi, 1987). One major managerial problem faced was the ability of the treated 
and the surrounding females to withdraw the free end (the string) of the PRID devices from the vulva. This was 
overcome by the reduction of the string to allow a free end of 5 cm so it couldn't be caught by the females. 

Table 1 presents the different treatments and data of pregnancy and parturition in the study. Control females 
neither displayed estrus nor conceived. However, the administration of 3000 i.u. hCG (group 2) enhanced the 
ovulation rate resulting in 20% calving. Moreover, combining hCG with PRID (group 3) doubled the calving 
rate (40%). The highest calving rate (80%) was achieved when PRID was followed by eCG. The physiological 
explanation for such an increase in the pregnancy of the eCG versus hCG-treated females that the eCG molecule 
has FSH-like activity which might have enhanced the follicular development accelerating the existence of the 
dominant follicle and subsequently causing ovulation via its LH-like action. Tibary and Anouassi (2000) 
reported that the synchronization of follicular development and ovulation is improved by the administration of 
1500-2000 i.u. eCG one day before the PRID removal, or the last day of progestogen treatment. In the current 
study, the best calving rate was achieved with PRID + eCG treatment. This result agreed with that obtained 
earlier by Simpkin (1987) when a 15-day progestogen treatment followed by the administration of 1500-2500 
i.u. eCG was given. He reported that an eCG dose guarantees the presence of mature follicle(s) and subsequent 
ovulation. 

There were no significant differences between the treatments in regard to gestation length (mean 372.14 
days with a range of 367-382 days (Table 1)). The only newborn male was heavier (54 kg) than the female's (37 
kg) birth weight. This heavy birth weight resulted in a dystocia and the assistance of the veterinarian (Table 1). 
Surprisingly, all pregnant females calved at daytime (10:00 – 18:00). Out of the seven produced calves, there 
was one male calf and six female calves. The possible explanation of this high ratio (6/7) of female newborns 
might be attributed to the x-chromosome bearing sperm having a longer viable life than the Y-chromosome 
bearing sperm (Valerie and Lawrence, 2007). All newborn calves have white color like the bull. It is well known 
among camel breeders that some bulls inherit their coat color to their offsprings. This might be due to the 
dominance of the gene(s) responsible of this trait in the bull. In the meantime, this explanation needs further 
investigation to ascertain whether or not this idea complies with the scientific fundamentals. 

In conclusion, due to the importance of the camel as an acclimatized animal performing well under harsh 
conditions in hot climate areas, there existed a need for some kind of compromised research for improving such 
a performance. The she-camel mostly does not ovulate without a natural mating or hormonal induction. Thus, to 
reproductively manage a herd of she-camels, this requires laborious efforts of the owner and might result in 
incorrigible outcomes. Therefore, there existed a need for the estrus/ovulation synchronization of the she-camels. 
It is not always correct to rely on the behavioral estrus to determine the best time for ovulation and inseminating 
in she-camels because the signs of estrus do not always correlate well with the ovarian follicular status. 
Therefore, in order to achieve a good ovulation rate which is very critical for a successful AI, the estrus and 
ovulation should be hormonally manipulated. This study proves that the synchronization of female dromedaries 
with progesterone or its derivatives for 17 days (PRID), followed by an i.m. injection of 3000 i.u. eCG and an 
artificial insemination of these females 48 hours later is an efficient, time and labor saving regimen to improve 
the reproductive management of dromedary camel enterprises. Administering eCG, as it contains mainly the 
FSH-like activity and partially the LH-like activity, caused a better synchrony of estrus and ovulation and this 
finally enhanced pregnancy and calving rates. The use of hCG alone does not appear to stimulate the whole 
ovarian system. There is still much multidisciplinary research that needs to be persuaded to monitor the real 
causes of sub fertility in she-camels. 
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Table 1. Pregnancy duration, calving rate and calf features among different treatment groups 
  

Overall Animal Group Parameter 

20 5 5 5 5 Treated Number 

8 5 2 1 0 Estrus Exhibition 

7 4 2 1 0 Pregnant Number 

372.14±4.58 371 376 369 - Average Gestation Length 

7 4 2 1 0 Calving Number 

35% 80 40 20 0 Calving Rate (%) 

N (6) 
Dy (6) 

N (3) 
Dy (1) 

N (2) N (1) - Calving Status 

D D D D - Calving Time 

39.29±6.36 40.75 35.5 41 - Average Calf Weight 

F (6) 
M (1) 

F (3) 
M (1) 

F (2) F  Calf Gender 

N: Normal         Dy: Dystocia         D: Day         F: Female          M: Male 
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  لإبل وحيدة السنام في المملكة العربية السعوديةعي في اا والتلقيح الاصطن توحيد الشياعاستخدام
  

  السبيل بن عبدااللهخالد
אא،אאאא، 

א،K١٤٨٢،אאא 
  

F٥L٨L٢٠٠٧؛١٨L١١L٢٠٠٧E 
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W 
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٣٠٠אK 
אאW 

١ JאFp<0.01Eאאאא،א
א،אאאאאא٢٠٪،٤٠٪،١٠٠٪
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אאאאאאאאK 
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Abstract. Samples of carrot jam were prepared by replacing 0, 25, 50 and 75% of sugars with date paste from Sukary "second grade" and 
Wannanah varieties. The jam samples were evaluated for physical, chemical and sensory characteristics. The obtained results indicated that 
replacing sugars with date paste increased jam ash, protein, crude fibers and minerals (Ca, Mg, K, Mn, Fe and Zn), while it decreased sodium 
contents. The sensory properties were also improved as the proportion of date paste were increased up to 50% of sugars, while beyond that 
(50%) a noticeable decrease in the overall acceptability of jam was noticed, especially with Wannanah variety. Therefore, from the results, 
one may recommend the use of date paste of some date varieties, such as Sukary as a sugar substitute in jam production to increase its 
nutritional value and sensory characteristics. This would also increase the utilization of dates. 
 
Keywords: Carrot, Dates, Jam, Nutritional value. 
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Introduction 
 

Jams are important food products which are prepared and preserved by sugar at a high concentration (Kordylas, 
1990). Sucrose is the most sugar used for jam manufacture during which it is inverted to fructose and glucose 
due to fruit acids or added citric acid and heating effect, and it is desirable to invert 30-40% of the whole amount 
of sucrose (Bennion, 1980).  

Many attempts have been conducted to replace sucrose with nutritive and non-nutritive sweeteners. High 
Fructose Syrup (HFS) was studied as a sucrose replacer in soft drinks, jams and jellies (Hyvonen and Torma, 
1983; El-Atawy and Gad, 1994). The production of diabetic jams of date was also reported (El-Atawy et al., 
1989). Moreover, Habash et al. (1989) applied a partial replacement of sucrose by HFS in the production of 
carrot jam. In general, studies concerned with the incorporation of dates and date products in the production of 
jam are scarce. Dates are not the most adaptable type of fruit for jam making because of their high sugar content, 
comparatively high pH and less pronounced flavor (Barreveld, 1993). However, the suitability of date fruits for 
jam making varies according to variety (Mikki et al., 1978). Also, Abdelmoneim et al. (1983) studied six 
cultivars, namely Rezaiz, Sufri, Khunaizi, Khalas, Nabbut Saif and Burni grown in different regions in Saudi 
Arabia for jam making. The authors found that the prepared jams were generally acceptable with Rezaiz, being 
the most acceptable and Sifri was the least acceptable one. They added that jams treated with potassium 
metabisulfite had more acceptable color. Moreover, Sawaya et al. (1983) tested three major Saudi Arabian date 
cultivars, namely "Khudari", "Sullaj" and "Sifri" for jam making and found that acceptable jams could be 
prepared from the studied cultivars. However, the inclusion of orange, grapefruit, banana and almond flavors at 
specific levels increased the jam acceptability. 

The increasing production of dates in the Kingdom of Saudi Arabia, which is estimated to exceed one 
million tons, and the limited amount of processed dates enhanced the endeavor of incorporating dates or date 
paste in food products. Carrots, a good source of carotene, are usually used either fresh or processed into juices, 
beverages, jams, baby foods and fiber products (Lombrana and Dias, 1985). The amazing benefits of carotenes, 
including its conversion in the body into vitamin A and the unique biological effects of carotenes as antioxidant 
activity, stimulation of the immune response and reducing the risk of cancer (Olson, 1988 and Benoist et al., 
2001), have driven the present work towards providing the consumer with a palatable product having the 
nutritional and health benefits of dates and carrots. Therefore, the aim of this work was to study the improving 
effects of replacing sucrose in carrot jam with date paste produced from two important varieties grown in Qassim 
province, Saudi Arabia. 
 

 
Materials and Methods 

 
Materials 

Date fruits (Phoenix dactylifera) were brought from the Agricultural and Veterinary Research Station of the 
College of Agriculture and Veterinary Medicine, Qassim University, Burydah, Saudi Arabia. Carrots (Daucus 
carota L.) and commercial grade sucrose were purchased from a local supermarket. Food grade pectin and citric 
acid were purchased from Loba Chemie, LTD, India. 
 

 
Methods 

Carrot jam preparation 
Carrots were first blanched in boiling water (1:10) for 10 minutes, then pulped in the presence of blanching 

water. The pulped carrots were then mixed with an equal amount of sugar, gently heated and when the total 
soluble solids (TSS) reached 65%, pectin was added (5 g/kg of carrot : sugar mixture) followed by the addition 
of citric acid (3 g/kg of added sugar). The heating was continued for a few minutes until the TSS reached about 
68-70%. Finally, the resultant jam was hot filled in clean dry jars. 

 
Carrot and date jam preparation 
Samples of carrot jam were prepared by replacing 25, 50 and 75% of sugars with date paste from Sukary 

(second grade fruits) and Wannanah varieties. 
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Proximate analysis 

Moisture content, protein, ether extract, crude fiber, ash and the acidity of the prepared jam samples were 
determined according to the methods of the AOAC (2000). Total soluble solids were determined by a digital 
Abbe Refractometer. Soluble sugars were determined by difference. The mineral contents of the prepared jam 
samples, including calcium, magnesium, manganese, iron, cupper and zinc, were determined using an Atomic 
Absorption Flame Emission Spectrophotometer (Perkin-Elmer Model AA-6200 from Shimadzu, Japan) as 
reported by Ahmed et al. (1995). 

 
Sensory evaluation of jams 

The finished products (samples) were presented to a taste panel of 13-15 judges from colleagues at the 
College of Agriculture and Veterinary Medicine, Qassim University. The panel included faculty members, 
clerks and students. Each judge was asked to evaluate jam samples for color, odor, taste and texture on the 
basis of preference tests using a hedonic scale from 9 being the most liked, and 1 the most disliked 
according to Larmond (1977). 

 
Statistical Analysis 

 
The data generated were analyzed by statistical software package using standard procedures 

(Snedecor and Cochran, 1989) for the analysis of variance and multiple range tests to compare the means 
and determine the effect of treatments. 
 

Results and Discussion 
 

Sensory evaluation 
The sensory properties of carrot jam and carrot containing date paste are shown in Table 1. The 

obtained data indicated that no significant (p≤0.05) differences were detected in the overall acceptability 
scores of the jam samples prepared with date paste from Sukary paste up to 50% sugar replacement as 
compared to the control sample. Lower, but still acceptable sensory scores were given for samples 
containing 75% replacement from Sukary paste. However, the scores of jam significantly (p≤0.05) 
decreased as the proportion of Wannanah date paste was increased, except at 25% replacement which 
showed scores similar to those of the control sample. The color and texture scores were greatly affected by 
the proportion and the kind of date paste replacing sugar, while odor and taste were improved by the 
addition of date paste up to 50% of Sukary and 25% of Wannanah pastes. Therefore, 75% treatment was 
omitted from subsequent work. Generally, the overall acceptability scores indicated that organoleptically 
acceptable carrot jam can be prepared with date paste from Sukary and Wannanah pastes replacing up to 
50% and 25% of the added sugars, respectively. 
 
Table 1. Sensory evaluation of carrot jam containing date paste* 

Item/Attribute Color Odor Texture Taste Overall Acceptability 
Control 8.9a 7.4a 8.1a 7.7a 8.02a 

Sukary, 25% 7.7b 7.5a 8.0a 7.8a 7.75a 
Sukary, 50% 7.4b 7.6a 8.1a 7.8a 7.73a 
Sukary, 75% 6.0c 6.5b 6.0b 6.5bc 6.25b 

Wannanah, 25% 7.2b 7.5a 8.0a 7.5a 7.55a 
Wannanah, 50% 4.0d 6.0b 6.5b 6.8b 5.83b 
Wannanah, 75% 2.0e 5.0c 3.0d 6.0c 4.00c 

*Means with the same column having different letters are significantly different at (p≤0.05). 
 

Proximate analysis 
As shown in Table 2, slight changes were noticed in the moisture content, soluble sugars and acidity 

of the prepared jams. However, significant increases were found in the protein, ether extract, fiber and 
ash contents of carrot jams containing date paste as compared with the control sample. The substitution 
of 25% of sugars using Sukary paste increased protein, fiber, ether extract and ash contents from 0.32, 



Ramadan A. Habiba and Mohamed A. Mehaia 16 

0.23, 0.15 and 0.22%, to 0.57, 0.52, 0.27 and 0.53%, respectively. As the percentage of sugar 
replacement increased to 50%, the aforementioned parameters continued to increase reaching 0.69, 0.65, 
0.35 and 0.61%, respectively. The same trend was observed when Wannanah paste was used as a sugar 
substitute. The increase in such parameters is due to their higher levels in the studied date pastes as 
compared to their levels in the commercial sugar (sucrose) as indicated in Table 2. This means that the 
incorporation of date paste as a sugar substitute in carrot jam had a positive effect by increasing the 
product nutrients, which in turn increased its nutritional value. The obtained results are in agreement 
with those reported by Yousif et al. (1986) who stated that date paste is of high nutritive value and its 
incorporation with other food items could significantly enhance their nutritive value. 
 
Table 2. Proximate composition of carrot jam containing date paste* 

Item/Attribute Moisture (%) Soluble Sugars 
(%) 

Crude Protein 
(%) 

Crude Fiber 
(%) Ash (%) Ether Extract 

(%) Acidity (%) 

Control 26.0a 64.2b 0.32c 0.23c 0.22d 0.15c 0.37a 

Sukary, 25% 26.5a 63.4b 0.57b 0.52b 0.53c 0.27bc 0.36a 

Sukary, 50% 26.0a 63.8b 0.69b 0.65b 0.61c 0.35b 0.37a 

Wannanah, 25% 26.0a 63.2b 0.60b 0.58b 0.56c 0.24bc 0.37a 

Wannanah, 50% 25.5a 64.3b 0.73b 0.72b 0.81b 0.32b 0.38a 

Sukary paste 23.6b 68.3a 1.73a 1.35a 1.63a 0.68a 0.02b 

Wannanah paste 25.5a 67.4a 1.68a 1.63a 1.71a 0.75a 0.03b 
*Means with the same column having different letters are significantly different at (p≤0.05).  
 
Mineral constituents 

It is clearly indicated from the presented data (Table 3) that date paste incorporation in carrot jam 
preparation replacing sugars increased the level of all studied minerals, except sodium contents which 
decreased. This is due to the higher levels of these minerals in Sukary and Wannanah pastes than their 
corresponding levels in the control sample. Calcium, magnesium, potassium, manganese, iron, cupper 
and zinc contents increased from 21, 24.2, 217, 0.10, 0.28, 0.20 and 0.08 mg/100g in the control jam to 
33.0, 33.8, 352, 0.15, 0.75, 0.25 and 0.14 m/100mg in the jam containing Sukary paste (50% sugar 
replacement). However, sodium levels decreased from 60 to 42 mg/100g. A similar trend was observed 
with jam containing Wannanah paste. The levels of the studied elements in the date pastes are in 
agreement with those reported by Abdelmoneim et al. (1983) and Sawaya et al. (1983). Thus, the 
incorporation of date paste in carrot jam production had positive nutritional effects due to the increase in 
the levels of many important minerals (especially potassium), and the decrease in sodium contents in the 
prepared jam, which is beneficial for high blood pressure patients. 

In conclusion, the incorporation of date paste from Sukary (up to 50%) or Wannanah (at 25%) varieties 
as a sugar substitute in carrot jam production increased the sensory acceptability and increased its nutritive 
value. Thus, one may recommend the use of date paste as a sugar substitute in the production of various 
jams to increase their nutritive values and to increase date paste utilization. 
 
Table 3. Mineral composition (mg/100g) of carrot jam containing date paste 

Mineral 
Item/Attribute 

Ca Mg Mn Fe Cu Zn Na K 

Control 21.0 24.2 0.10 0.28 0.20 0.08 60 217 

Sukary, 25% 28.5 31.4 0.12 0.52 0.22 0.11 48 296 

Sukary, 50% 33.0 33.8 0.15 0.75 0.25 0.14 42 352 

Wannanah, 25% 30.0 29.2 0.12 0.48 0.21 0.12 50 304 

Wannanah, 50% 32.5 32.3 0.14 0.64 0.24 0.15 43 355 

Sukary paste 72.0 70.3 0.33 2.0 0.37 0.30 30 980 

Wannanah paste 71.5 66.4 0.29 1.63 0.31 0.32 35 968 
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  تخدام عجينة التمر بدلاً من السكر باسالغذائيةتحسين خصائص مربى الجزر وقيمته 
  

   ومحمد عبد الفتاح مهيا،رمضان أحمد حبيبة
אא،אאאא، 

א،אאא 
  

F١٢L١١L٢٠٠٧؛١٢L١٢L٢٠٠٧E 
  

א٧٥٪،٥٠،،٢٥אאאאאא.ملخص البحث 
?אא?א،אאאאאאKאאאא

،אאאאאאאאאאאא
אאKאאאא٥٠٪،אאא

אאKאאK،אאאא
אאאא،אאאאאאאאK 

 

Kאאא–––:المفتاحيةالكلمات  
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Abstract. The present study aimed to highlight the morphological characteristics of the goat uterus during estrous with special 
attention to the microvascular architecture of the uterine caruncles. For this reason, the uteri of 13 adult nuliparous goats during 
the estrous cycle were examined grossly, and then small pieces from its horns, body and cervix were fixed in 5% glutaraldehyde 
for scanning the electron microscopy of the endometrial surface. The vascular casts were prepared from two uteri during estrus 
by the injection of liquid plastic of three components: catalyst, mercox and methylmethacrylate through the uterine arteries. The 
uterine horn was about 12 cm long and the cranial third of each horn was coiled and free from uterine caruncles. The uterine 
caruncles were about 136 ± 10 in number and irregular quadrilateral in shape. They were arranged regularly in four rows in the 
horns but irregularly distributed in the body. The large uterine caruncles were found opposite to the mesometrial aspect of the 
caudal third of the uterine horn. The average length of the body of the uterus was 2 cm and that of the cervix was 2.5 cm. The 
latter contained four transverse mucosal folds. The horns and the body of the uterus were covered mainly by polygonal 
microvillous cells, but the cervix contained microvillous and ciliated cells. Uterine gland openings were demonstrated in the 
caruncular and intercaruncular regions. Apical blebs and few ciliated cells at the gland mouths were seen only during estrus in 
the intercaruncular regions. The uterus of goats received its arterial blood through three spiral arteries, namely the uterine branch 
of the ovarian artery, the uterine artery of the internal iliac artery and the uterine branch of the urogenital artery, and drained via 
three homonyms veins. At the base of the caruncle, the arteries and the veins broke up into straight vessels, arterioles and 
venules, to constitute wide open meshwork of highly crocked capillaries. The arterioles and venules supplied the subepithelial 
capillary plexus with the efficient flow of arterial and venous blood, providing condition for rapid-transport of nutrients. This 
pattern of vasculature might be needed in those animals of short-gestation period and multiple twins. 
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Introduction 
 

The uterus of goat is of bicornuate type with a small body and two spirally coiled tapering horns. Uterine horns 
and the body became well developed with numerous tubular glands and well defined caruncles at the third month 
of age. There is, however, a significant increase in the weight and dimensions of the genital structures with the 
increase of age. Corpora lutea are observed in the ovaries between the 5th and 6th month of age, and therefore 
goats can attain puberty at this age (Akusu et al., 1986; Chiboka et al., 1988; Fasanya et al., 1988; Bukar et al., 
2006). Caruncular morphogenesis has been reported to be a distinctively fetal event, initiated from day 60 of 
fetal life (Wiley et al., 1987; Eckery et al., 1996). These caruncles, however, are not prominent at birth 
(Sivachelvan et al., 2002). Uterine caruncles in adult goats have been described as thickened knobs of the 
subepithelial tissue into the uterine lumen (Amoroso, 1952) or saucer-like (Nair and Raja, 1973). These 
caruncles are found spreading over the whole uterine mucous membrane, including the tips of the uterine horns 
(Lyngest, 1968). The distribution of these caruncles is reported to be regular in four rows (Lyngest, 1968; Nair 
and Raja, 1973). However, the number is greatly variable ranging from 120-125 (Lyngest, 1968) and about 160 
(Leiser and Kaufmann, 1994). Uterine caruncles are generally described as "gland free endometrial tissue" and 
endometrial glands occur (to) much deeper, if at all, beneath the caruncular tissue proper in cattle (Priedkalns, 
1993) and buffaloes (Schmidt et al., 2005). 

The main blood supply to the uterus of most domestic animals in the form of arteries and veins and the 
branching pattern of these vessels have been intensively investigated in non-pregnant and pregnant animals by 
Badawi and Abdel-Raouf (1970); Krebs et al. (1997); Abd-Elnaeim (1998); Pfarrer et al. (2001) and Abd-
Elnaeim et al. (2001), (2007). According to the available literature, little was found on the visualization pattern 
of the goat uterus except for a recent study by Hafez et al. (2007) that dealt with the relationship between the 
tributaries of the ovarian artery and that of the ovarian vein. They found that there is a close apposition between 
these tributaries, and therefore there is a local utero-ovarian pathway for the corpus luteum luteolysis at the end 
of the non-fertile estrous cycle. The current study was undertaken to obtain some information on the three-
dimensional structure of the goat endometrium with special attention to the microvascular architecture of the 
uterine caruncles by using microcrossion casts and scanning electron microscopy. 

 
Materials and Methods 

 
A total number of 13 uteri of adult nuliparous animals, about 13-15 months of age, were obtained 

directly after slaughtering from Assiut slaughter houses. Four uteri were selected during estrus, and three 
were selected during proestrus, mitestrus and diestrus each. The uteri were described grossly and then 
prepared for scanning electron microscopy to describe the endometrial surface as well as the microvascular 
corrosion casts. 

For scanning electron microscopy, small pieces of tissue were taken from the uterine horns, body and 
cervix. The tissue specimens were washed several time in 0.1 M phosphate buffer (pH 7.3) and fixed in 5% (v/v) 
glutaraldehyde in 0.1 M phosphate buffer (pH 7.3) for 4 hours in the refrigerator. After fixation, the specimens 
were washed again several times in the same buffer for the removal of the fixative, then dehydrated by ethanol 
which was followed by isoamylacetate substitution (Abd-Elnaeim, 1998). The specimens were critical point 
dried using CO2-substitution, mounted on aluminium stubs, sputter-coated with gold, and examined and 
photographed by using the scanning electron microscope (JSM 5400 LV). 

The vascular casts were prepared from two uteri during estrus by the injection of liquid plastic of three 
components, 0.5 g catalyst, 20 ml mercox (Vilene, Tokyo, Japan) and 5 ml methyl-methacrylate (Fluka, 
Neu-Ulm, Germany) through the uterine artery of both horns. The mixture was instilled at low constant 
hand pressure until the venous outflow consisted of pure plastic. After complete polymerization of the 
plastic, 30-60 minutes, the tissues were stored at 60°C overnight. Corrosion was conducted by alternating 
immersion in 20% potassium hydroxide at 60°C and running tap water (Leiser et al., 1998; Abd-Elnaeim et 
al., 1999). For mounting, the vessel casts were embedded in 20% warm gelatin (50oC) and frozen to -5oC 
for cutting with a scalpel, or frozen in liquid nitrogen for cracking. After thawing, gelatin was removed by 
a second corrosion procedure (Leiser and Kohler, 1983). Suitable air-dried specimens were selected by 
stereomicroscope, mounted on aluminum stubs, sputter-coated with gold, examined and photographed with 
the same scanning electron microscope. 
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Results 
 

Gross anatomy 
The uterus was small in the adult nuliparous animals and there was no clear intercornual ligament. The 

uterine horn was about 12 cm long; the cranial third of the horn was narrow, convoluted and free from 
uterine caruncles. The middle and caudal thirds contained a large number of uterine caruncles, 64 ± 5. 
These caruncles were regularly arranged in four longitudinal rows, two rows opposite to the mesometrial 
aspect of the horns and the other two rows were opposite to the anitmesometrial aspect. The middle third of 
the horn was relatively large in diameter and contained a large number of small (3 x 2 x 2 mm) uterine 
caruncles. In the caudal third of the uterine horn, the caruncles were smaller in number and larger in size (5 
x 4 x 3 mm). The larger ones were located opposite to the mesometrial aspect (Fig. 1a). The body of the 
uterus was 2 cm in length and contained only 8-10 small (3 x 2 x 1 mm) uterine caruncles. These caruncles 
were irregularly distributed and having variable shapes ranging from oval to quadrilateral (Fig. 1a, b). The 
cervical canal was short and narrow reaching about 2.5 cm in length and contains four transverse mucosal 
folds with small 4 mm portio vaginalis (Fig. 1a). 
 

 
Fig. (1.  (a) Photograph of the goat uterus, opened dorsally. The cranial third of the uterine horn is narrow, convoluted and free from 

uterine caruncles. The middle and caudal two-thirds are large and contain numerous uterine caruncles. The body is 
small and contains a little number of irregularly oriented caruncles. The cervix is narrow and contains four transversely 
arranged mucosal folds with clearly visible portio vaginalis.  

(b) Magnification of Fig. 1a showing large uterine caruncles are found in the antimesometrial aspect of the middle (1) and 
caudal (2) thirds of the uterine horn and small irregularly arranged ones (3) in the body.  
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Scanning electron microscopy of the endometrial surface 
Scanning electron microscopy of the goat endometrium revealed that the uterine body, the caudal and middle 

thirds of the uterine horn were studded with irregular quadrilateral uterine caruncles. The caruncles were of variable 
sizes, separated from each other by intercaruncular distances. These uterine caruncles were seen as small 
endometrial projections that adhered to the underlying uterine tissues without clearly visible caruncular stalks (Fig. 
2a). Funnel-shaped openings of the uterine glands, surrounded by slightly elevated rims, were observed in large 
numbers on the bases and in few numbers on the tops of the uterine caruncles (Fig. 2b, c). The mucosa of the 
intercaruncular regions was thrown into fine longitudinally arranged folds that were separated by shallow grooves. 
These regions contained a tremendous amount of uterine gland openings (Fig. 3a, b). Tissue debris and apical blebs, 
in addition to few ciliated cells at the gland mouths, were seen in these regions only during estrus (Fig. 3b, c). The 
endometrial surface of both the uterine caruncles and intercaruncular regions was covered with polygonal 
microvillous cells. The microvilli were short on the cell surfaces and relatively long on the borderlines of these cells 
(Fig. 4a, b). The cervical canal showed transversely arranged mucosal folds. These folds consisted of irregular-
shaped ridges separated by deep grooves (Fig. 5a). Most of the cervical gland openings were seen along the deep 
grooves, and few of them were observed on the surface of the ridges (Fig. 5b). Mucous aggregates were 
demonstrated on the surface of the cervical canal in all examined areas particularly during estrus (Fig. 5a, b, c). The 
epithelium of the cervical canal were differentiated clearly into ciliated and microvillous cells. The ciliated cells in 
most places of the cervical canal dominated the microvillous ones (Fig. 5c). 

 

 
Fig. 2.   (a) Scanning electron micrograph from the uterine horn showing variable-shaped uterine caruncles, mostly quadrilateral, 

separated by intercaruncular regions. 
 (b) Scanning electron micrograph of the uterine horn demonstrating numerous uterine gland openings at the base (asterisk) 

and top (arrowheads) of the uterine caruncles.  
 (c) Magnification of Fig. 2b showing funnel-shaped uterine gland openings with slightly elevated rims (arrowheads) at the 

top of the uterine caruncle. 
Fig. 3.    (a)  Scanning electron micrograph of the body of the uterus showing the uterine caruncles (asterisks) and intercaruncular regions (star). 

The intercaruncular regions are studded with fine longitudinally arranged mucosal folds and numerous uterine gland openings.  
(b) Magnification of Fig. 3a demonstrates the endometrial surface of the intercaruncular regions with funnel-shaped uterine 

gland openings (arrowheads) and some tissue debris (arrows). 
(c)  Scanning electron micrograph showing an opening of uterine gland with few ciliated cells (arrow) that are projected 

from the gland mouth. Notice the presence of large apical blebs (arrowheads) on the surface of some cells.  
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Fig. 4.  (a)  Scanning electron micrograph showing an opening of a uterine gland and the surrounding polygonal surface epithelial 

cells which are covered with short microvilli. 
(b)  Higher magnification of Fig. 4a demonstrating polygonal surface epithelial cells, covered with short microvilli. Notice 

that the microvilli are relatively long at the cell borders. 
Fig. 5.  (a)  Scanning electron micrograph showing part of the mucosal fold of the cervix that consists of ridges separated by deep 

grooves. 
(b) Magnification of Fig. 5a showing epithelial cells of the cervix which are microvillous and ciliated cells. Notice the 

presence of large mucous patches (asterisks) on the surface of the cervix. 
(c) Higher magnification of Fig. 5b showing the epithelial cells of the cervix which are clearly differentiated into microvillous 

(asterisks) and ciliated (stars) cells. 
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Blood vascular system and microvascular corrosion casts 
The arterial blood reached the goat uterus via three main arteries, the uterine branch of the ovarian 

artery, the uterine artery of the internal iliac artery, and the uterine branch of the urogenital artery (Fig. 6). 
Each artery was divided into several dorsal and ventral branches at the mesometrial border. The venous 
drainage occurred through three homonymous veins. The uterine branch of the ovarian artery was a highly 
tortuous artery with a relatively smaller diameter. It supplied mostly the narrow cranial third of the uterine 
horn. It was divided at the mesometrial border of the uterus into a cranial branch which reached the tip of 
the uterine horn and a caudal branch which anastomosed with the cranial branch of the uterine artery. The 
uterine artery was a spiral artery which originated from the internal iliac artery, running directly in the 
broad ligament toward the mesometrial border of the uterus. At this location, the uterine artery subdivided 
into a cranial branch and a caudal one. The cranial branch joined the small caudal branch of the uterine 
branch of the ovarian artery, while the caudal branch ramified into several dorsal and ventral branches to 
supply most of the uterus and finally joined the uterine branch of the urogenital artery at the junction 
between the uterine body and cervix. The uterine branch of the urogenital artery was short and less 
convoluted in comparison with the other two arteries. It supplied mostly the body of the uterus and cervix 
(Fig. 6). It anastomosed at the mesometrial border of the uterus with the caudal branch of the uterine artery 
(Fig. 6). The anastomosis between all three arteries of each side as well as communication between the two 
sides was clearly seen during the injection of the casting material through the uterine artery. 

 

 
 

Fig. 6.   A schematic drawing showing the main arterial blood supply of the goat uterus. 1) Uterine branch of the ovarian artery; 2) 
uterine artery of the internal iliac artery; and 3) uterine branch of the urogenital artery. 
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The dorsal and ventral branches of the three uterine arteries pursued a tortuous course in the perimetrium 
before penetrating into the vascular layer, between the inner circular and outer longitudinal muscule layers. At 
this location, the vasculature in the caruncular area was different from that of the intercaruncular one. The 
caruncular areas were supplied by long spiral arteries and veins, and the intercaruncular areas were 
vascularised by short less tortuous arteries and veins (Fig. 7a). The perimetrial capillary network was 
relatively thick and represented about 15% of the total capillary network of the whole uterus. This network 
was opened and was formed of highly tortuous capillaries. In some areas where the superficial perimetrial 
capillary network was partially cracked, spiral arteries and veins were seen running in parallel before 
penetrating into the vascular layer. Here, per vascular capillaries of maternal arteries ramified with an 
alternating pattern, thus representing vasa vasorum (Fig. 7b). The vascular architecture of the myometrium 
was about 25% of the total thickness of the vascular network of the uterus. In this layer, spiral arteries and 
veins were still present particularly in the caruncular regions (Fig. 7a). However, very thick vascular 
architecture, about 60 of the total uterine vasculature, was observed in the endometrium, especially in the 
caruncular regions (Fig. 7a). In this layer, arteries started to ramify into nearly straight arterioles, to irrigate 
the subepithelial capillary plexus with arterial blood. The venous drainage of the subepithelial capillary plexus 
took place via nearly straight venules that joined the tortuous veins in the intermuscular layer. These 
subepithelial capillaries were of variable diameters (5-15 µm). It appeared oval to flattened in cross sections 
and highly crocked forming a wide open meshwork without any difference between meso- and 
antimesometrial side (Fig. 8b). 

 

 
Fig. 7.  (a). Scanning electron micrograph of frozen-cut microvascular cast of the goat uterus showing the vasculature of the 

perimetrium (P), myometrium (M) and endometrium (E). Notice the dense vasculature of the uterine caruncle (star) 
and the relatively loose vasculature of the intercaruncular area (asterisk). The arteries (A) and veins (V) are running in 
the muscular layer of the uterus. 

(b). Scanning electron micrograph selected from a perimetrial region with relatively loose capillary network (CN) to give 
insight to the underlying main blood vessels, arteries (A) and veins (V) that follow a spiral course during their penetration 
into the muscular layer. Perivascular capillaries (vasa vasorum) are clearly visible in the perimetrial region (arrowhead). 
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Fig. 8.  (a). Scanning electron micrograph shows arterioles (a) and venules (v) running nearly straight in the endometrial region 
before ramifying into pre- and post-capillary vessels. These vessels constitute the subepithelial capillary network (CN). 
The gland tubules are vascularized through fine capillary meshworks (asterisks) which connect the subepithelial 
capillary network at the gland mouths (arrowheads). 

(b). Scanning electron micrograph showing the subepithelial capillary network of the goat uterus. 
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Discussion 
 

The shape of the uterine caruncles in the present study was generally irregular quadrilateral, adhering to the 
underlying uterine tissue without caruncular stalks. In sheep, the uterine caruncles have been described as 
rounded to oval in outlines and project like gently sloping hillocks into uterine lumen (Steven et al., 1981). 
Mushroom-shaped uterine caruncles with clear caruncular stalks were described in bovine (Pfarrer et al., 2001). 
In the water buffalo, the common form of the uterine caruncles was oval and elongated, but rounded, kidney-
shaped, pear-shaped and quadrilateral forms were also seen (Abdel-Raouf and Badawi, 1966). These caruncles 
were non-stalked and closely attached to the underlying uterine mucous membrane (Badawi and Abdel-Raouf, 
1970; Abd-Elnaeim et al., 2007). The presence of non-stalked uterine caruncles in the goat like those of sheep 
and water buffalo may favor a firmer attachment of the placenta during pregnancy to the uterus than in bovine.  

The arrangement of the uterine caruncles in the uterus of the goats of the current study was nearly similar to 
that described in sheep by Steven et al. (1981). The uterine caruncles which were described here in the body of 
the goat uterus as irregularly arranged were not reported in the sheep at all. Also, the present study revealed the 
absence of that uterine caruncles in the narrow cranial third of the uterine horn, but Lyngest (1968) mentioned 
that uterine caruncles were found spreading over the whole uterine mucous membrane, including the tips of the 
uterine horns in the same species. In the water buffalo, the caruncles were arranged in two rows in the cranial 
part and in four rows in the middle and caudal parts of the uterine horn (Abdel-Raouf and Badawi, 1966).  

In the present study, the number of uterine caruncles was found to be about 64 ± 5 in each uterine horn, in 
addition to 8-10 caruncles in the body of the uterus. This means that the uterus of goats contained about 136 ± 10 
uterine caruncles. This number was slightly different from that mentioned by Lyngest (1968) and Leiser and 
Kaufmann (1994) in the same species. The number was greatly variable in the cow ranging from 80-140 
(Björkmann, 1954; Leiser and Kaufmann, 1994). 

In previous studies of bovine and buffalo placentae (Leiser et al., 1997b; Pfarrer et al., 2001; Abd-Elnaeim 
et al., 2007), the authors selected small representative areas at the mid-dorsal aspect of each pregnant uterus. 
They attributed their selection to the fact that most developed placentomes are located near the conceptus in the 
mid-section of the pregnant uterine horn, where the blood vessels develop optimally from the beginning of 
placentation. Here, in the current study of the goat uterus, the large well developed uterine caruncles were found 
in the mesometrial aspect of the caudal third of the uterine horn, and this area was supplied mainly by the 
relatively large uterine artery. Therefore, the present study sustained partly the previous studies, taking in 
consideration the species differences and the number of fetuses or twins that may develop in the uterus. 

In the current study, uterine gland openings were demonstrated in the caruncular and intercaruncular 
regions. They were numerous in the intercaruncular regions in accordance with Priedkalns (1993) in bovine and 
Schmidt et al. (2005) in buffaloes. The caruncular regions showed numerous gland openings at the bases of the 
uterine caruncles and little number on its tops. The presence of uterine gland openings on the tops of the uterine 
caruncles was not described before either in goats or in other ruminants. The uterine caruncles were generally 
described in cattle and buffaloes by Priedkalns (1993) and Schmidt et al. (2005) as "gland free endometrial 
tissue", and endometrial glands occurs much deeper, if at all, beneath the caruncular tissue proper. The 
demonstration of uterine gland openings on the tops of uterine caruncles in the present study might suggest that a 
dual role these caruncles in the fetal nutrition, histotroph and haemotroph. In this respect, Guillomot (1995) 
mentioned that in ruminants the embryo entered the uterus by days 4 and 5 at the morula stage, and the 
blastocyst was formed at about day 6. The elongation of the blastocyst occurred by day 13 in the goat, and 3-4 
days later it increased rapidly to give rise to a filamentous conceptus which occupies the full length of the uterine 
horn. During this period of free-life, the nutrition of the conceptus was histotrophic and depended on uterine 
secretions (Bazer et al., 1981). 

In the present study, scanning electron microscopy revealed that there were no great endometrial cyclic 
changes in the goat uterus, except for increasing the secretory activity and the appearance of apical 
cytoplasmic protrusions on the surfaces of the microvillous cells of the intercaruncular regions during 
estrus. In bovines, cytoplasmic protrusions were seen between days 12 and 16 in cyclic and pregnant 
animals, but they disappeared by day 18 to day 21 in the cyclic animals and remained in the pregnant ones. 
This secretory process became evident on the caruncular epithelium as pregnancy progresses. The 
continuation of these secretory activities in the pregnant animals suggests that progesterone is involved in 
their formation (Guillomot et al., 1981; Guillomot and Guay, 1982). 
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The microvascular architecture of the uteri of the goat under investigation revealed that the caruncles are highly 
vascularized through spiral arteries and veins that run directly from the perimetrium to the vascular layer between the 
inner circular and outer longitudinal muscle layers of the uterus. In this respect, goats represent a case between bovine 
that had stalked uterine caruncle and spiral arteries (Pfarrer et al., 2001) and the water buffalo which is characterized 
by non-stalked uterine caruncles and non-spiral vessels (Badawi and Abdel-Raouf, 1970; Abd-Elnaeim et al., 2007). 
In water buffaloes, the caruncular microvasculature was represented by relatively short non-spiral caruncular arteries 
and veins which directly ramified into a large number of vessels that followed nearly a straight course in the caruncular 
interior to the fetal side. This form of short straight non-spiral vessels may reduce the distance between the maternal 
blood in the uterine vessels and the most working part, the capillary complex, to accelerate the process of materno-fetal 
substance exchange during pregnancy (Abd-Elnaeim et al., 2007). Several explanations, however, were given for the 
significance of the spiral and tortuous course of some of the arteries of the genital tract. The spiral arteries form reserve 
windings to accommodate the physiological changes in the size and volume of the uterus (Hammersen and 
Staubesand, 1961). Also, the great length and the spiral windings characterizing the tortuous arteries are considered to 
be a sort of haemodynamic special arrangement (Badawi and Abdel-Raouf, 1970). Spiral arteries and veins have been 
described in the pregnant uterus of ruminants (cow, sheep and goat) and in human (Leiser et al., 1997a). Such arteries 
may help in controlling the blood flow and pressure. Maternal spiral arteries were located in the basal plate of the 
placenta in human and in the placental stalks in ruminants (Leiser and Kaufmann, 1994; Leiser et al., 1997a). In the 
human, they have been of interest for a long time because they curb the blood pressure and flow to the intervillous 
space by spiraling and by cytotrophoblastic plugs in their origin (Boyd and Hamilton, 1970; Benirischke and 
Kaufmann, 1990; Leiser et al., 1997a). However, the impact of blood flow by spiraling may play a minor role in the 
closed arrangement in the uterus and placenta of the goat. The spiral vessels of the current study were characterized by 
the presence of perivascular capillaries, particularly those of the perimetrium. Perivascular capillaries have also been 
described in the arteries and veins of the caruncular stalk of ruminants, especially in the cow (Leiser et al., 1997a), and 
the authors attributed the presence of the perivascular capillaries to the thick-walled vessels which obviously need 
"vasa vasorum" because of the mechanical push and pull stresses by the fetus. 

In the present study, arterioles and venules were found to follow nearly a straight course in the endometrium 
of the uterine caruncles to supply the subepithelial capillary plexus with a rapid flow of arterial and venous 
blood. This scheme of arrangement provides condition for a rapid-transport of nutrients in the goat uterus, which 
could be attributed to the short gestation period and the large number of twins that can be given by the doe. 
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Abstract. Twenty-seven goat tongue specimens were examined to study the terminal branches of the lingual artery of adult goat. Latex 
injection, corrosion casting and radiographic preparations were separately employed following the animal preparation. Five different patterns 
were observed for the termination of the lingual artery into deep lingual artery only or into deep lingual and sublingual arteries. The deep 
lingual and sublingual arteries were responsible of the arterial supplying of both body and tip of the tongue. 
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Introduction 
 

The specific goal of this study was to provide adequate information on the arterial distribution inside the tongue 
to address the needs of detailed anatomical knowledge for both veterinary practice as well as using goats as 
experimental animals. Okano (1960) in the goat, May (1970) in the sheep, Nickel and Schwarz (1963), Ghoshal 
(1975), Wilkens and Münster (1981), Dyce et al. (2002) in ruminants, McLeod (1958) and Raghavan and 
Kachroo (1964) in the cattle, Kenawy (1973) in the camel, El-Ayat (1977) in the buffalo and König and Liebich 
(2005) in most of the domestic animals described the termination of the lingual artery by giving off the 
sublingual artery then continued as deep lingual artery. 
 

Material and Methods 
 

Twenty-seven heads of apparent healthy goats were flushed by warm heparinized saline through the 
common carotid artery of both sides after exsanguination.  

1. Latex injection (Hildebrand, 1968): Nine heads were embalmed slowly using 10% buffered formalin. 
Infused heads were immersed in 2% buffered formalin and allowed to fix in a cold room (5°C) for 5-7 
days. Fixed specimens were injected with red latex. The injection was considered adequate by the 
appearance of pink coloration on the labial mucosa and/or conjunctiva. The specimens were then placed 
in a cold room (5°C) for 3-5 days to allow the latex to harden before manual dissection. 

2. Corrosion casting (Zimmer et al., 1966): Five heads were used for cast preparation using Batson’s No. 17® 
after flushing with the heparinized warm saline. For each specimen, 100 ml of the Monomer Base Solution 
(methyl methacrylate) was colored by red pigment then divided into 2 halves. Twelve ml of the catalyst was 
added to one half, while 12 drops of the promoter was added to the second half. The two solutions were 
mixed together immediately prior to injection. The injected specimens were placed at room temperature for 4 
days to allow complete polymerization of the resin. The heads were then placed in 10% KOH at room 
temperature for the digestion of soft tissues. Once per week, the heads were rinsed with a gentle stream of 
water to dislodge the digested tissue, and replaced in fresh 10% KOH solution. 

3. Radiographic preparation (Sedlmayr and Witmer, 2002): Seven heads were prepared by this technique. It is 
similar in procedure as in latex injection, except in the injection of equal volumes of 60% W/V barium 
sulphate suspension and red latex. Immediately prior to the injection, a 60% W/V barium sulphate 
suspension was prepared using barium sulphate powder in distilled water as 60% W/V and stirred 
mechanically on low temperature hot plate. The injected specimens were immersed again in fresh 2% 
buffered formaldehyde in cold room for at least one week to allow the latex barium mixture to harden. 
Radiographs were performed in the veterinary teaching hospital, VMRCVM using an Eklin EDRS Digital 
Radiographic system at 80 cm distance and a small focal spot beam, at 200 mA, 65 kv and 2 mAS. 

4. Tissue clearing: Six head specimens were prepared by tissue clearing. Four specimens were latex 
injected. The other two heads were similarly injected using Batson’s No. 17 ®. The injected specimens 
were fixed by immersion either in 10% buffered formaldehyde or in AFA (300 cm3 95% alcohol, 100 
cm3 10% buffered formalin, 100 cm3 glacial acetic acid, 500 cm3 distilled water). The injected 
specimens were placed for one week in a cold room. The fixed specimens were progressively dissected 
tongues. Fully fixed and dissected specimens were dehydrated in an ascending ethanol series beginning 
at 50%. Single changes at 10% increment were used between 50 and 90% and with two changes at 5% 
intervals at 95 and 100%. At the 70% and 80% levels, hydrogen peroxide (1 ml of 30% hydrogen 
peroxide per one liter of alcohol) was added for bleaching. Four to 7 days were allowed between each 
ethanol change. The dehydrated specimens were cleared using one of the following methods: 

a) Methyl salicylate (AFIP, 1957): Three of the dehydrated specimens were immersed in 100% 
methyl salicylate for clearing and to be stored and studied. The changing of solution was 
unnecessary unless the seepage of latex discolored the methyl salicylate.  

b) Spalteholz mixture (Spalteholz, 1914): Three dehydrated specimens were transferred from 
100% ethanol into a mixture of benzyl benzoate and methyl salicylate (3:5). 

The cleared specimens by any of the two techniques were best studied and photographed while immersed in 
the clearing fluid. 

Vessels were identified using the nomenclature according to the Illustrated Veterinary Anatomical 
Nomenclature (1992) and Nomina Anatomica Veterinaria (2005). 
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Results 
 

The mode of termination of the lingual artery into the sublingual and deep lingual arteries varied among 
specimens in the following manner: 

I. The lingual arteries gave off the sublingual artery, and continued as the deep lingual artery. (Figs. 1/I, 2, 3 
and 8) in 60% of specimen (16 of 27). 

II. The lingual arteries of both sides communicated through a ventral arch, then each continued separately 
as the deep lingual artery. The arch gave rise to the perihyoid branches, as well as the paired sublingual 
arteries from its rostral border (Figs. 1/II and 6) in 30% of specimens (8 of 27). 

III. In only one specimen, the right lingual artery continued as the deep lingual artery medial to the M. 
hyoglossus, while the left lingual artery gave rise to the sublingual arteries of both sides (Figs. 1/III and 
4). There was no arch formed. 

IV. In only one specimen, the right lingual was of small diameter and gave only the muscular, glandular and 
perihyoid branches, while the left lingual gave rise to the deep lingual and sublingual arteries of both 
sides (Figs. 1/IV and 5). And also, there was no arch formed. 

V. In only one specimen, the larger diameter left lingual artery contacted the smaller diameter right lingual 
artery through the arch. The arch provided the origin of the perihyoid branches, the right sublingual artery 
and both the deep lingual arteries. The left sublingual artery originated from the left lingual artery itself 
(Figs. 1/V and 7). 

 
A. Sublingualis 

The sublingual artery (Figs. 1, 2, 3, 4, 5, 6, 7, 8, 9/3 & 1, 2, 3, 4, 5, 6, 7, 8/4) arose either from the ventral 
aspect of the lingual artery in most specimens (19 of 27) just rostral to the M. hyoglossus, or from the rostral 
border of the arch between the caudal perihyoid arteries in the remaining specimens (8 of 27). The sublingual 
artery first proceeded rostroventrally on the ventral border of M. styloglossus and dorsal to M. mylohyoideus, 
then passed under the cover of the sublingual salivary gland and the rostral belly of the M. digastricus, lateral to 
the M. genioglossus. During its course, the sublingual artery gave off six to eight ventral muscular branches to 
M. mylohyoideus and M. geniohyoideus. Some of the ventral branches penetrated the M. mylohyoideus and 
supplied the rostral belly of M. digastricus. Also, the sublingual artery provided six to eight short dorsomedial 
muscular branches to the M. genioglossus and four to five glandular branches from its lateral aspect to the 
sublingual salivary gland. 

 
A. Submentalis 

The submental artery (Figs. 3, 4 and 8/9) originated from the ventral aspect of the sublingual artery about 2 
cm behind the mandibular symphysis. The submental artery coursed rostrally deep to the skin of the 
intermandibular space supplying it and the M. cutaneus faciei. 

 
A. Profunda linguae 

The deep lingual artery (Figs. 1, 2, 4, 5, 6, 7, 8, 9, 10/5 & 1, 2, 3, 4, 5, 6, 7, 8, 10/6) was considered to be the 
direct continuation of the lingual artery after detaching the sublingual artery medial to the M. hyoglossus. The 
deep lingual artery coursed rostrally in a tortuous course between the M. styloglossus and M. genioglossus. Both 
the deep lingual arteries and their branches ran parallel toward the tip of the tongue, ending about 0.5-1 cm 
caudal to the lingual tip. In only one specimen, the deep lingual artery anastomosed with its fellow of the 
opposite side about 3 cm caudal to the tip of the tongue, forming a common stem that continued for 2 cm to the 
lingual tip to supply it (Fig. 5). In only two specimens, the left deep lingual artery was longer than the right one 
(Fig. 8/5), and was the origin of the last three pairs of the dorsal lingual branches for both sides. During the 
course of the deep lingual artery, it gave off dorsal and ventral lingual branches. 

 
Rami dorsales linguae 

The dorsal lingual branches (Figs. 2, 3, 4, 5, 7, 8, 9 and 10/7) were 15-18 in number and arose at irregular 
intervals from the dorsal aspect of the deep lingual artery on its entire course. Sometimes, the first one or two dorsal 
lingual branches arose from the lingual artery itself. All dorsal lingual branches proceeded to the dorsum of the tongue. 
Each branch subdivided into smaller branches to supply the dorsum of the tongue. The differences in the branching 
features were observed regionally. The first dorsal lingual branch progressed dorsally, caudally, and laterally to supply 
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the lateral surfaces of the lingual root. The second branch was the largest, and distributed into the torus linguae. That 
branch ran dorsorostrally and laterally for 7-8 mm, then divided into a posterior branch passed to the caudal part of the 
torus linguae and an anterior branch. The anterior branch continued rostrally for 3-4 mm, then subdivided into four to 
six branches that passed vertically parallel to each other. Near the dorsum of the tongue, each of these branches broke 
down into two to three finer, smaller branches distributed in the muscles and the mucosa of the middle and rostral parts 
of the torus linguae. The remaining of the dorsal lingual branches coursed vertically and subdivided into smaller 
branches near the dorsum of the tongue. The dorsal lingual branches shortened toward the tip of the tongue. The final 
fine branches of the dorsal lingual branches richly anastomosed with each other to form a large dorsal lingual arterial 
network that was best developed bilaterally in the region of the torus linguae (Fig. 8). 

 
Rami ventrales linguae 

The ventral lingual branches (Fig. 9/8) were 6 to 10 very fine, short vessels following irregular courses. 
They were present in 40% of specimens (12 of 27). These branches distributed into the M. genioglossus and 
M. styloglossus. 

 
Discussion 

 
The termination of the lingual artery and the origin of the sublingual artery were variable among specimens 

in this work. In 60% of these specimens, both the right and left lingual arteries first gave origin to the sublingual 
arteries, and then terminated as the respective right and left deep lingual arteries in agreement with Okano (1960) 
in the goat, May (1970) in the sheep, Nickel and Schwarz (1963), Ghoshal (1975), Wilkens and Münster (1981) 
and Dyce et al. (2002) in ruminants, McLeod (1958) and Raghavan and Kachroo (1964) in the cattle, Kenawy 
(1973) in the camel, El-Ayat (1977) in the buffalo and König and Liebich (2005) in most of the domestic 
animals. The other 40% of the cases that included three variations in the origin of both sublingual arteries from 
an arch uniting the two lingual arteries, together from the left lingual artery or one from the left lingual and the 
other from the arch have not been reported by any other author. 

The submental artery originated from the sublingual artery in the present work in agreement with Ghoshal (1975) 
in small ruminants and horse, Attia (1982) in the mule and Evans (1993) in the dog. This was in contrast with its lack 
of development as reported by Canova (1909) and Heeschen (1958) in the sheep and Schwarz (1959) in the goat. 

An anastomosis of the right and left deep lingual arteries caudal to the tip of the tongue to form a common 
stem that continued to the tip of the tongue is common among other species as reported by Nickel and Schwarz 
(1963), Ghoshal (1975) and Wilkens and Münster (1981) in the ox and pig, Kenawy (1973) in the camel, Abd 
El-Moaty (1980) in the donkey and Attia (1982) in the mule. No author reported it in the goat. Martin and 
Schauder (1938) and Schwarz (1959) in the goat mentioned that one deep lingual artery is longer than the other 
one and reaches the tip of the tongue. Only two specimens in the present work demonstrated this pattern. Further, 
the observation here of the origin of both deep lingual arteries from one lingual artery as found in two specimens 
has not previously been reported. 

Wilkens and Münster (1981) reported the origin of the dorsal lingual branches from the deep lingual artery in the 
domestic animals. However, the present work revealed that the first one or two dorsal lingual branches usually 
originated from the lingual artery itself before terminating as the deep lingual artery. The intense arterial network in the 
region of the torus linguae observed in this work was reported also by Okano (1960) in the goat. 

Finally, the fine delicate ventral lingual branches observed in 40% of the specimens in the present work 
were only reported by Okano (1960). Those branches have not been reported by any other author. 

 
Legends of Figures 

  
1 Left lingual A. 6 Right deep lingual A. 
2 Right lingual A. 7 Dorsal lingual branches 
3 Left sublingual A. 8 Ventral lingual branches. 
4 Right sublingual A. 9 Submental A. 
5 Left deep lingual A.   
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Fig. 1. Variation in the termination of the lingual artery in the tongue of the goat. 

 
 

 
Fig. 2. Dorsoventral radiograph of barium injected tongue of the goat at 80 cm distance and small focal spot beam, at 200 mA, 65 kv 

and 2 mAS. 
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Fig. 3. Lateral radiograph of barium injected tongue of the goat at 80 cm distance and small focal spot beam, at 200 mA, 

65 kv and 2 mAS. 
 
 

 
Fig. 4. Right lateral view of a dissected latex injected tongue of the goat. 
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Fig. 5. Ventral view of a dissected latex injected tongue of the goat. 

 
 

 
Fig. 6. Ventral view of KOH digested cast of tongue of the goat. 
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Fig. 7. Ventral view of Batson’s No. 17 cast of tongue of the goat. 

 
 

 
Fig. 8. Dorsolateral view of Batson’s No. 17 cast of tongue of the goat. 
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Fig. 9. Lateral view of trans illuminated cleared Batson’s No. 17 injected tongue of the goat. 

 
 

 
Fig. 10. Ventral view of trans illuminated cleared Batson’s No. 17 injected tongue of the goat. 
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Plant Diseases And Pests Of Qassim Region Reported to Plant Clinic From 1986 To 2006 
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Abstract. Economic crops in Al-Qassim region , Central Saudi Arabia are subject to many insect pests, fungal, bacterial, viral and nematode

diseases. Qassim region is famous for its large production of date palm, vegetable , grain and forage crops. This paper summarizes the 

records on plant diseases and insect pests identified in plant clinic of Plant Production and Protection Department during period 1984- 2006. 

Number of plant samples sent annually to the clinic increased from 14 samples 1984 to 140 samples 2006. In 1994 the distribution of 

diseases and pests in the examined samples was 34% fungal diseases, 24% insect pests, 14% nematode diseases, 11% bacterial diseases, 8% 

viral diseases, 8% Arthropods and 6% weeds. In 2006 fungal and nematode diseases represented 48 and 35% respectively, while other pests 

and diseases were 2-5%. Although diverse plant species were delivered to plant clinic, date palm and wheat were the most common. During 

the work in plant clinic 20 new plant diseases were identified for the first time in Saudi Arabia. Most of newly recorded diseases were on 

wheat (9 diseases) and date Palm (4 diseases). 



...

El-Meleigi, M.A., Al-Rokibah, A.A., Hassan, Z.M. and Ibrahim, G.H. 1993. Vascular Wilt of Date Palm 

(Phoenix dactylifera L.) caused by Fusarium oxysporum in Al-Gassim Region, Central Saudi Arabia. Proc. 

Of the Third Symposium on The Date Palm in Saudi Arabia. Date Palm Research Center, King Faisal 

University, Al-Hassa, Vol. 2: 67-76. 

Rokibah, A.A., Shehab El-Din, T.M. and El-Meleigi, M.A. 1995. Effect of Fusarium graminearum, N- Level 

and their interaction on wheat productivity. Arab Gulf Scient. Res. 13: 499-510. 

El-Meleigi, M.A., and Al-Rokibah, A.A. 1996a. Survey of wheat diseases in Central Saudi Arabia. Bull. Fac., 

Univ. Cairo, 47: 499-512. 

El-Meleigi, M.A., and Al-Rokibah, A.A. 1996b. Effect of black point diseases and seed treatment with 

fungicides on root rot and grain yield oh wheat in the field. JKAU: Met., Arid Land Agric. Sci. 7: 1-7. 

El-Meleigi, M. A. and Al-Rehiani, S. M. 2004. Biological control of gummy stem blight (Black rot) disease of 

cucurbits in the field using chicken manure and Bacillus polymyxa. JKAU: Met., Env. & Arid Land Agric. 

Sci., 15: 3-11. 

El-Meleigi, M. A. 2004. First report on two new diseases of date palm (Phoenix dactylifera), rachis blight 

caused by Seranomyces californica and wilt of fruit bunch caused by Fusarium moniliforme in Saudi Arabia. 

Proc. International Conf. on Date Palm, King Saud University, Qassem Branch, College of Agric. And Vet. 

Med., Burydah, Saudi Arabia, p 49- 61. 

Shurtleff, M. C. and Averre III, C. W. 1997. The plant disease clinic and field diagnosis of abiotic diseases. 

APS, St. Paul, MN 55121-2097, USA 245 pp. 



).(

Leptosphaerulina sp, Stemphyllium sp.

Phoma sp.

Rhizoctonia sp, Fusarium s

AMV

Medicago sativa

Cuscuta spp.

Colletotrichum sp.

Erysiphe spp.

Pseudoperonospora sp.

Meloidogyne sp

Pythium sp.

Didemella sp.

Fusarium sp.

Alternaria sp.

Cucurbits

 )

(

Sq MV & CMV

Rhizoctonia sp., Fusarium sp.

Cynodon spp.*Gaeumanomyces spp.

 *

Abdallah, M. Y., Al-Rokaibah, A. A. Metawei, M. I. and Zafran, H. A. 2004. Discovery of a Phytoplasma 

organism associated with date palm yellowing., A newly recognized disease in Saudi Arabia. Proc. 

International Conf. on Date Palm, King Saud University, Qassim Branch, College of Agric. And Vet. Med., 

Burydah, Saudi Arabia, English section. p 59-69.  

El-Meleigi, M.A., 1988. Fungal diseases of spring wheat in Central Saudi Arabia. Crop Protection 7: 207-209. 

El-Meleigi, M.A., Rokaibah, A.A. Abdelmonem, A.E. and El-hag E.A. 1990. Survey of wheat pathogens 

associated with soil and wheat residues in Al Gassim fields prior of sowing season. J. King Saud Univ. 2: 83-

91. 

El-Meleigi, M.A., Al-Rokibah, A.A. and Ibrahim G.H. 1987. Study of fungal leaf spots of date palms in Al-

Gassim region, Saudi Arabia. Proc. Sec. Conf. Date Palm King Faisal Univ. 2: 401-410. 

El-Meleigi,M.A.,Al-Rokibah,A.A.El-Hag E. A. and Abdelmonem A. E. 1991. Fungi, bacteria and insect pests 

of wheat crop in Gassim region and their control. Final Report. King Abdul-Aziz City For Science and 

Technology. Riyadh. 445 pp. 

El-Meleigi, M.A. 1991. Alternaria blossom-end rot and seedling blight of cucurbits in Gassim. J. King Saud 

Univ. 3: 77-86. 

El-Meleigi, M.A., Al-Rokibah, A.A., Hassan, Z.M, Ibrahim, G.H., El-Shair, S. M. and Al-Omair, M. 1992. 

Effect of treatment with Trichoderma, Nonpathogenic Fusarium or antagonistic Rhizobacteria on control of 

cucumber and tomato damping off in greenhouse in Saudi Arabia. Proc. First Scientific Saudi Symposium on 

Controlled Environment Agriculture, College of Agriculture, King Saud University, Riyadh, Saudi Arabia 

179-188 p.  



...

).(

Alternaria sp.

Cocliobplus sp

Cladosprium sp..

*

 )*(Seranomyces sp.

Plasmopara viticola

Uncinula necator

*Eutypa lata

FLV
Vitis spp.

Meloidogyne sp.

Xiphinema sp.

*Fusarium spp.

Tylenchulus spp.

Deuterophoma tracheiphila

Phytophthora sp.

Citrus sp.

Punica granatum

Fulva fulvea

Meloidogyne incoginita

Alternaria solani

*Leveillula taurica

Fusarium spp.

Fusarium oxysporum

*Pyrenochyta lycopersic

Lycopersicon

esculentum

Verticillium albo-atrum

Rhizoctonia solani

Fusarium oxysporum

Alternaria solani

*Helminthosporium solani

*Erwinia atroceptica

Streptomyces sp.

Erwinia carotovora.

Solanum tuberosum

Fusarium sp.



) .(.

)(Fusarium graminearum

Cochliobolus sativus

*Pythium sp.

*Alternaria sp

Fusarium sp.

*Heterodera avanae

Ustilago tritici

Puccinia graminis var. tritici

Puccinia striiformis

Puccinia recondita

*Cephalosporium sp.

*Phoma sp.

Erysiphy graminis

*Sclerospora sp.

*Rhizoctonia sp.

*Gemanomyces graminis var. tritici

Teletia fotida

*Bacillus megatearum

BYDV

WMV

Triticum aestivum

Anguina tritici

Cochliobolus and Pyrenophora sp.

Fusarium graminearum

Chocliobolus sativus

Ustilago hordei

Ustilago tritici

Hordeum vulgare.

BYDV

*Fusarium oxysporum

Fusarium monoliforme

Fusarium solani

Ceratocysti radicicola

)(Maugniella scattae

Diplodia phonoces

Fusarium spp

Carla paradoxa

*Fusarium moniliforme

Phoenix dactylifera

Chalara paradoxa 



...

) .(

(El-Meleigi et al. 1988, El-Meleigi 1989, El-Meleigi et al. 1991, Rokibah et al. 1995, El-Meleigi and Al-Rokibah 1996 a & b)

1987 & 1993, El-Meleigi 2003, Abdallah et al. 2004)(El-Meleigi, et al.

( El-Meleigi 1991, El-Meleigi et al. 1992, El-Meleigi and Al-Rehiani 2004)

0

10

20

30

40

50

60

1998 2005

Root

Foliar

Abiotic



1

42%

2

39%

3

7%

4

3%

5

4%

6

2%

7

3%
1

2

3

4

5

6

7

) .()----

---(

0

50

100

150

200

250

300

350

400

450

500

) .(



...

).(.

1

35%

2

48%

3

5%

5

3%

6

2%

7

3%
4

4%1

2

3

4

5

6

7

) .()------

--.(

0

20

40

60

80

100

120

140

160

198619962006



 -

 -



...

)(

) .(.

)Schurtleff and Averre 1997(



Schurtleff and Averre 1997



)()(-) /(

-

--

..-
E-mail: meleigi@hotmail.com

www.meleigi.com

)////(

 .

 -

.





...





...

Analysis of Saudi Arabia’s Import Demand for Live Sheep: An Application of 

the Almost Ideal Demand System (AIDS) 

Khaled Al-Rowaes and Mahmoud Al-Dariny 
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(Received 7/6/2007; accepted for publication 18/11/2007)

Abstract. The goal of this research was to study and analyze the structure of Saudi Arabia’s import demand for live sheep from 

Turkey, Syria, and Sudan as alternative suppliers. The study used the Almost Ideal Demand System (AIDS).  Primary data on 

various variables (imports, prices, expenditures) were used and the Non-linear Least Squares (NLS) method was utilized to estimate 

the model. The relevant tests of model restrictions (Additivity and homogeneity) were conducted and the different price and 

expenditure elasticities were derived to examine Saudi Arabia’s import policy options.  The estimated elasticities were then used to 

forecast imports for 2005-2010. 

Results showed that the AIDS model meets the additivity constraint and that the demand equations for imports from: Turkey, Syria, and 

Sudan, are homogeneous of degree zero.  All elasticity estimates were according to theoretical expectations.  Imports from Turkey were 

highly elastic with respect to own price and to Syrian import prices, inelastic with respect to Sudanese import prices, inelastic with respect to 

expenditure.  Imports from Syria were elastic with respect to own and to Sudanese and Turkish prices; they were also expenditure-elastic.

Imports from Sudan were elastic with respect to own and to Syrian prices, inelastic to Turkish prices, and inelastic with respect to 

expenditure.

Import demand forecasts indicate a general trend towards more imports from Syria and Sudan.   
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