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Abstract. Meat importation and fast food restaurant chains in Saudi Arabia have been increased in the 
recent decades to meet the increased demand and change of the lifestyle in the country. Public fear of the 
hormonal residues in imported meats and chicken has motivated the researchers to monitor the levels of 
the three natural sex steroid hormones in raw meats and to investigate the effect of cooking method on 
these residues. Thirty three fresh and processed red meat and chicken samples of local and imported 
origin were purchased from the local market. Six methods of cooking were applied to test their effects on 
the levels of estradiol 17-β (E2), progesterone (P4), and testosterone (T) residues in meat samples. Mean 
E2 residue was found to be higher (p<0.01) in imported (132.2 ± 6.8 ng/kg) than in local (104.6 ± 5.9 
ng/kg) meats. Contrariwise, T levels were not statistically different (p>0.05) in imported (1.98 ± 0.08 
µg/kg) than in local (1.82 ± 0.09 µg/kg) meats. Also, P4 residues were not different (p > 0.10) in 
imported (3.28 ± 0.27 µg/kg) than in local (2.84± 0.08 µg/kg) meats. Cooking method exhibited 
significant effect on the E2 and T but not on P4 residues in meat. Cooking by grill, microwave and oven 
surpassed frying, boiling and pressure in reducing the hormonal residues in various meats. Grill, 
microwave and oven reduced T residues by 29, 23 and 19% of that found in raw non cooked meats, 
respectively. Also, these three methods significantly (p<0.01) reduced E2 residues by 27-47% of its 
counterparts in non cooked meats. However, grill was found to be the sole cooking method that reduced 
(p<0.01) P4 residues in meats, the level of reduction approached 31% of that found in raw non cooked 
meats. There were no significant differences between the raw and processed meats in their contents of the 
three hormones. Although quite increases of the three tested hormones were found in the imported meats 
and chicken, these increases still comply with the safety allowable levels set by the American FDA and 
WHO guidelines. Moreover, microwaving, grilling or cooking in oven were the best cooking methods to 
minimize the hormone residues in meats. 
Key words: Meat, estradiol 17-β, progesterone, testosterone, cooking method. 
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Introduction 
Since 1989, European countries (EU) introduced a prohibition on the use of 
thyrostatic, estrogenic or gestagenic substances for growth promotion in meat 
production. The use of hormones such as estrodiol-17β, testosterone and 
progesterone to promote growth is now prohibited both for domestic production 
within the EU and in imports from other countries of meat from animals given these 
hormones (Heitzman, 1983). However, the status was different in the U S A as they 
allow the use of growth promoters, i.e hormones or antibiotics in meat production 
farms. Hormone implants containing estradiol benzoate/progesterone were first 
approved in 1956 by the U.S. Food and Drug Administration (FDA) for increasing 
growth, feed efficiency and carcass leanness of cattle. Later, other implants 
containing testosterone, zeranol, trenbelone acetate and combinations of these 
hormones were developed and approved for use in cattle by the FDA. 

Among scientific, public and political communities there has been a 
controversy and arguments about banning or allowing the regular use of such 
compounds in meat production, as some scientific reports indicated possible 
carcinogenicity and genotoxicity (Andersson and Skakkebaek, 1999). Also, it has 
been found that the highest rates of hormone-related cancer, including cancer of 
breast, ovary, prostate, testes and colon were found in North America ,where 
hormone-treated meat is consumed (Sibbald,1999). 

Not only natural steroids are used as growth promoters, but also synthetic 
compounds such as zeranol, trenbolone and melengesterol. 

Increasing awareness of the scientific as well as public community about the 
risks of the residues of such compounds on human health has been raised in the 
recent decades. The recent life style of partially or fully dependence on fast foods 
and the increased consumption of such a food by the adolescents and prepubertal 
young generation promoted us to monitor the residues of the three natural sex 
steroid hormones in meats and their available processed products . 

Therefore, it was the aim of the current study to investigate the effectiveness 
of various types of cooking on the minimization of such hormones in the human 
diets. 

 
Materials and Methods 

Meat samples and cooking methods:   
Thirty three raw, processed and readymade beef, camel, lamb and chicken samples 
were purchased from the local supermarkets, including local series of internationally 
restaurants. The samples involved local as well as imported meats. Samples were 
taken to the physiology laboratory, sliced into equal 7 pieces to be disseminated into 
7 cooking treatments (i.e. raw, grill, oven, microwave, frying, stew and pressure 
cooking). Cooking methods were applied in the highly equipped educational kitchen 
in the Department of Food Sciences, College of Agriculture and Veterinary 
Medicine. Cooking was done similar to what is done at home kitchen, i.e. spices and 
salt were added and time of cooking was adjusted by a stop watch. 
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Cooked samples were then transferred in sanitary food bags to the physiology 
laboratory for hormone analyses. 
Steroid hormone extraction:  

Steroid hormones were extracted according to the method described by 
Zeitoun and Fathelbab (1994) with some modification. One gram of minced and 
homogenized meat sample was taken into a clean centrifuge tube, five milliliters of 
an absolute ethanol (96% chromatographic grade, Sigma-Aldrich, USA) were added 
and samples were centrifuged (3000rpm/15 minutes) at room temperature. The 
centrifuged sample tubes were immersed in ice bucket for 30 minutes and the 
supernatants were aspirated into clean centrifuge tubes. A second centrifugation 
cycle as previously mentioned was applied and supernatants were aspirated into 
clean tubes. Extracted samples were subjected to a weak stream of nitrogen while on 
a warm block (37ºC) until complete drying occurs. Dried residues were reconstituted 
in 1 ml phosphate buffer saline (PBS) (pH 7.2). Samples were then ready for the 
hormonal determinations. 
Enzymeimmune assays (EIAs) of T, E2 and P4  

EIA Commercial kits (Human, Germany) were used for the determinations of 
T, E2 and P4. The sensitivity of progesterone ranges between 0.03-0.07ng/ml. The 
intra- and interassay coefficient of variations for progesterone values were 3.7 and 
5.1%, respectively (Israel et.al, 1972). Testosterone determinations sensitivity range 
was 0.05-0.09 ng/ml and intra- and interassay coefficient of variations were 2.9 and 
4.7%, respectively (Moltz et al, 1984). The sensitivity of estradiol 17-β was 
3.6pg/ml. The intra and interassay coefficient of variations were 3.2 and 5.6%, 
respectively (Goldstein et.al, 1982). 
Statistical analyses: 

Data were analyzed using GLM procedure (SAS, 2000). Significance among 
means was detected using Duncan's Multiple Range Test (DMRT, Steel and Torrie, 
1980). 

The fixed model used for analysis was as follows; 

Yijkl = µ+ Ai + Bj + Ck + eijk ; where: 

Yijkl = an observation of sample l,  
µ = overall mean, 
Ai = fixed effect of type of sample (imported or local), 
Bj = fixed effect of type of cooking methods (j = 1-7).  
Ck= fixed effect of type of material (raw or processed),  
eijkl= random error. 

 
Results and Discussion 

Local meats exhibited significant lower mean (p< 0.01) residues of estradiol 
17-β (E2) than this found in imported meats. However, progesterone (P4) and 
testosterone (T) residues were not significantly (p>0.05) different between the two 
sources of meat (Table 1). 
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Table (1). Sex steroid hormone (E2, P4 & T) residues in local and imported meats (LSM ± SEM) 

Meat Source          E2                                 P4                                    T 

(ng/kg) 

Local               104.6± 5.9a                   2843.0±84.2                   1817.8±91,6 
 

Imported        132.2±6.8b                    3280.5± 272.5                 1978.5±76.0 
Means in the same column with different superscripts significantly differ (p<0.01). 

According to the US-FDA guideline, they allowed incremental increases 
above the normal levels (i.e. in non treated meats) of E2, P4 and T in muscles up to 
120, 3000 and 640 ng/kg, respectively (CVM-FDA, 1983, 1994a &1994b). 
Moreover, acceptable daily intake (ADI) maxima of estradiol, progesterone, and 
testosterone were established by the Joint Expert Committee on Food Additives 
(JECFA) at 50, 30000 and 2000ng/kg body weight (BW), respectively. Even though, 
there still are found about 26 % increases in the amount of E2 residues in imported 
than local meats, these increases remain fall within the safe levels. When an adult 
person weighing around 70 kg consumes per day for example two sandwiches (or 
other equal items) containing around two hundred grams of meat ,that means he 
consumes about 21 ng E2 ,which still below 50% of the allowable value per kg BW 
set up by JECFA. This means that the amount of E2 consumed is far below that 
allowed for a 70 kg person (≈1% of the allowed level). There were no significant 
differences (p> 0.05) of the three hormones in raw versus processed meats. The 
values of E2, P4 and T were 110.6±7.7, 3727.8±333.8 and 1860.2±114.8 ng/kg raw 
meats. However, the respective values in processed meats were 123.1±5.9, 
2630.5±82.2 and 1920.2±64.6 ng/kg. 

As shown in Table 2, there exist significant (p<0.01) reductions in T and E2 
residues of cooked meats as compared to their levels in raw (control-non cooked) 
meats. However, cooking method didn't influence P4 levels in cooked and raw 
meats.  

Table (2). Effect of cooking method on the E2, P4 and T residues in meats (LSMEAN±SEM) 

Cooking method E2                   P4                         T 
(ng/kg Meat) 

Control–non cooked 148.2 ± 14.2a        3336.1± 374.3ab       2137.6 ±170.1a 
Grill 77.9 ± 10.6d          2304.1± 179.0b        1510.0 ±129.2b 
Microwave 108.8 ± 10.8dc       2732.0 ± 282.4ab      1645.2 ±1445b 
Oven 94.8 ± 10.9dc         3311.9 ± 5430ab       1732.2 ±131.5ab 
Boiling 129.6 ± 10.9 abc    3039.4 ± 216.7ab      1958.5 ±150.9ab 
Frying 140.9 ± 11.8ab       3071.2 ± 300.6ab      2121.2 ±167.0a 
Pressure 124.6 ± 110.5abc    3664.5 ± 589.2a        2153.6 ±178.6a 

Means in the same column with different superscripts are significantly different (p<0.01). 
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Grill gave the best results as far as the reduction in the levels of the three 
hormones (Table2). Followed by the grill, cooking in the oven and microwave also 
revealed good cooking methods for the reductions (p<0.01) in the three hormonal 
residues in all tested samples. Grill reduced E2 by about 50% of its original levels in 
raw meats. Oven reduced E2 levels by 36%, however microwave reduced E2 by 
about 27% of its original levels in raw meats. Testosterone levels were reduced by 
29, 23 and 19% for meats cooked by grill, microwave and oven, respectively. These 
values are in agreement with the values set up by the JECFA and parallel  to the 
values obtained in Iranian meats (Oveisi et.al, 2007). Acceptable daily intake (ADI) 
maximum of Testosterone was established by JECFA at 2 µg /kg body weight, based 
on reported no-or lowest observed effect levels in humans of 1.7 mg testosterone/kg 
body weight (Joint FAO /WHO, 1999).  

Average progesterone levels in imported meats were found to be 3280 ng/kg 
meat, which represent 9% more than the upper safe level (3000 ng/kg). 
Contrariwise, average progesterone level in local meats was 2843 ng/kg meat, 
representing 5% less than the upper safest level. 

As illustrated in Figure (1), there were no statistically significant differences 
(p>0.05) in the levels of the three tested hormone residues between red meats and 
chicken, even though there appears to exist higher levels in chicken than in meats. 

 
Figure (1). Overall Means (ng/Kg) of Testosterone (T), Estradiol (E2) and  Progesterone (P4) in red 

meats (M) and chicken meats (C).  

CT=Chicken Testosterone, MT=Meat Testosterone, CE2=Chicken Estradiol, ME2=Meat Estradiol, 
CP4=Chicken Progesterone, MP4=Meat Progesterone 
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Table (3) exhibits average levels of the three hormones in the processed 
meats. These involve canned beef, beef burger, luncheon and hot dogs. Hot dogs 
contained the lowest (p<0.01) level of testosterone (1244.3±120.9 ng/ kg) as 
compared to the highest level in canned beef (2992.9±170.8ng/kg). Likewise, 
canned beef contained the highest level of estradiol (157.9±12.5ng/kg), however 
luncheon (103.0±7.8ng/kg) and hot dogs (109.6±8.6ng/kg) contained the lowest 
levels of E2. Highest level of progesterone was found in canned beef (3400±170.8 
ng/kg) and the lowest level existed in luncheon (2097.0±130.5ng/kg) .The only 
Possible explanation for the differences in the hormone levels between meat 
products is attributed mainly to the existing percent of a filler material (i.e soy bean, 
corn starch, spices,..etc) which might vary considerably between various meat 
products. As the percent of meat in a product decreases, the level of hormone 
residue consequently decreases. 

Table (3). Effect of type of processed product on the E2, P4 and T residues in meats (LSM±SEM) 

Processed 
Product E2                                  P4                                        T 

(ng/kg Meat) 

Canned Beef 157.9±12.5a            3400.0±419.6ab                    2992.9±335.3a 
Sausage 140.2±10.8ab           2552.8±138.0c                     2030.4±110.8b 

Beef Burger 115.0±10.1ab           2773.1±130.9bc                    1858.8±104.6b 
Beef Luncheon 103.0±9.1b               2079.6±138.1c                     1743.9±106.4bc 

Hot Dogs 109.6±9.5ab              3588.6±321.4a                    1244.3±110.2c 

Means in the same column with different superscripts significantly differ (p<0.01). 

Evidently, levels of the three sex hormones in the imported meats are slightly 
higher than in domestic meats. Although precautionary concerns are paid to the hormone 
residues in meat and their products especially in the European countries, there are still no 
clear minimum safe levels of these hormones for human consumption. Moreover, to 
date, to the best of our knowledge there is little information on the daily production 
levels of these hormones and their effects on human health, particularly in prepubertal 
children both males and females (Doyle, 2000). 

The approved US-FDA guidelines, so far depend on acceptable residue levels 
in tissue from hormone–treated animals on the presumably highly overestimated 
production rates in prepubertal children given in the JECFA report (Andersson and 
Skakkebaek, 1999). 

Steroid hormones are very potent compounds that have profound biological 
effects on both animals and humans. Whether the level of the external consumed 
hormone is within the normal physiological level, still a subject of controversy. 
Recent in vivo studies in prepubertal adolescents indicate that even small differences 
in hormone levels and very low doses of steroid hormones may have significant 
adverse biological effects (Caruso-Nicoletti et al, 1985; Masamura et al, 1997). 
Likewise, in vitro research has shown significant molecular effects of estrogen in 
extremely low doses (Tayel, 2008). 
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In conclusion, special attention must be paid to the consumption of fat rich-
fast foods, in which mainly imported meats are used. Moreover, special concern 
should be addressed to the lasting effects that may occur during specific sensitive 
time of life, mainly during the fetal, perinatal and pubertal periods. Therefore, 
according to the results obtained in the current study, it is preferable to use recipes 
for cooking meats, like grill, oven or microware which get-rid of most fats for the 
best reduction of these fat-soluble hormones. 

Acknowledgement: The authors acknowledge the University of Al-Qassim 
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تأثير طرق الطهي على متبقيات الهرمونات الجنسية الأستيرودية الطبيعية في اللحوم 

   القصيمردة و المحلية و منتجاتها بمنطقةالمستو 

  

 )٢( و سمير محمد أحمد)١(مصطفى محمد زيتون
)١(

   قسم علوم الأغذية)٢( و قسم إنتاج الحيوان و تربيته 

  المملكة العربية السعودية ، ٦٦٢٢ب .بريدة ص ٥١٤٥٢جامعة القصيم ، كلية الزراعة و الطب البيطري
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Abstract. The objectives of this study were to clarify the most common causes of dystocia in sheep and 
goats in Saudi Arabia and to evaluate the efficiency of Prostaglandin F2α (PGF2α) in treating the 
ringwomb syndrome in ewes and does carrying dead fetuses. One hundred and sixty one Awassi and 19 
Najdi ewes and 265 Aradi and 19 Damascus does suffering from dystocia were investigated in this study. 
Dystocia was diagnosed after careful vaginal examination and each case was attributed to a single 
primary cause. In cases with ringwomb, ultrasound examination was performed to investigate fetal 
viability. Cases with viable fetus(es) were promptly cesarean sectioned. While in cases with dead 
fetus(es), PGF2α was administrated intramuscularly and the animals were observed for 72 hours for 
cervical dilatation. The results indicated that the important causes of dystocia in sheep were ringwomb 
(31.7%), narrow pelvis (21.7%), fetal mal-disposition (21.1%), and fetal oversize (15%). Other less 
important causes were uterine torsion (4.4%), monsters (4.4%) and simultaneous presentation of twins 
(1.7%). In goats, ringwomb (32.8%), fetal mal-disposition (22.6%), narrow pelvis (18%), and 
simultaneous presentation of twins (13.7%) were the major causes of dystocia. Other minor causes were 
uterine inertia (6.7%), fetal oversize (3.2%), uterine torsion (1.8%), and monsters (1.4%). After treatment 
of ringwomb cases with PGF2α, 21.9% of ewes and 68.6% of does had fully dilated cervix (P< 0.01). The 
mean intervals from treatment to complete cervical dilatation were 63.0±11.6 hr and 41.5±13.1 hr for 
ewes and does, respectively (P< 0.001). In conclusion, ringwomb syndrome constituted about one third of 
the causes of dystocia in the small ruminants in Saudi Arabia. It could be effectively treated by 
administration of PGF2α in does.   

  
Keywords: dystocia; ringwomb; small ruminant; causes; treatment. 
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Introduction 
Dystocia, or difficult birth, is a contributory factor in peri-natal death of dams and 
newborns because of damage to the birth canal and use of excessive traction forces 
(Rook et al., 1990; Ghosh et al., 1992; Brounts et al., 2004; Scott, 2005). The ability 
to distinguish lambing and kidding difficulties is important in treating dystocia. 
Generally, dystocia may be of fetal or maternal origin (Noakes et al., 2009). Fetal 
dystocia occurred mainly due to oversize, mal-disposition, and monsters (Engum 
and Lyngset, 1970; Rahim and Arthur, 1982; Majeed and Taha, 1989a; Noakes et 
al., 2009). Maternal dystocia were mainly due to a deficient dilatation of the cervical 
canal (ringwomb), narrow pelvis and uterine inertia (Franklin, 1986; Majeed and 

Taha, 1989b; Thomas, 1992; Noakes et al., 2009).  
Ringwomb, or incomplete cervical dilatation, is a problem in some sheep and 

goats flocks. It accounted for an incidence of 20 to 30% of all dystocia cases 
(Jackson, 1995; Noakes et al., 2009).  The cause is still unknown but may be due to 
a lack of release of hormones involved in softening collagen or a lack of response of 
the collagen in the cervix to hormonal stimulation (Wu  et al., 2004; Palliser et al., 
2006) . There was no correlation of ringwomb with breed of sheep, age, and body 
condition score. However, there was a genetic predisposition; the occurrence of 
ringwomb appears to run with bloodlines and when these bloodlines are inbred, the 
frequency of ringwomb increases (Hindson and Turner, 1972, Majeed and Taha, 
1989b; Thomas, 1992; Ghosh et al., 1992; Sobiraj, 1994; Noakes et al., 2009). 

Manual dilatation, medical and hormonal therapies, and surgical approach 
have been used to treat the ringwomb syndrome with variable outcomes. The 
administration of PGE2, in form of intra-cervical gel, had no effect in causing 
softening of the cervix (Jones, 1982). Using relaxin on ewes affected with ringwomb 
did not appear to be of practical value (Hindson and Turners, 1972). Treatment with 
calcium borogluconate and/or estradiol benzoate has shown satisfactory results in 
goats (Majeed and Taha, 1989b; Ghosh et al., 1992; WU et al., 2004). However, the 
optimal response has been obtained by intramuscular injection of prostaglandin F2α 
analog (Ghosh et al., 1992). 

Estimates showed that small ruminant herds have increased by 54% since 
1994 in Saudi Arabia (FAO, 2010). Moreover, Saudi Arabia imports more live 
sheep and goats than any other nation in the world. In addition, there is scare 
information about the forms of dystocia in local breeds of sheep and goats reared in 
Saudi Arabia. As dystocia is usually considered a major cause of newborns and 
dams deaths with consequence severe economic losses, thus, the aims of this study 
were to describe the common causes of dystocia in the local breeds of small 
ruminants in Saudi Arabia. Moreover, the aim was to investigate the efficiency of 
PGF2α in treating the ringwomb syndrome in ewes and does carrying dead fetuses. 

 
Materials and methods 

The study was conducted on 180 ewes (n= 161 Awassi breed, n=19 Najdi breed) and 
284 goats (n=265 Aradi breed, n=19 Damascus breed) breeds suffering from 
dystocia. The investigated animals were referred to the Veterinary Teaching 
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Hospital, Qassim University for management during the period from September 
2007 to September 2010. Animals’ age ranged from 13 months to 8 years and parity 
was from 1 to 6. The majority of animals were housed under free condition in the 
desert area of Qassim region and fed mainly on alfalfa hay and concentrate (barely 
seeds). 

Dystocia was considered when the mothers have more than one hr of active 
labour without producing a newborn (Bowen, 1978). Dystocia cases were diagnosed 
after careful vaginal examination. Each case was attributed to a single primary 
cause; any secondary or subsequent factors were ignored (Thomas, 1992). 

Ringwomb was defined as failure of the cervix to dilate at parturition (Ghosh et al., 
1992). Post-cervical uterine torsion was diagnosed during vaginal examination by 
fell twisting in the vaginal wall and encountering difficulty in reaching the cervix. 
However, pre-cervical uterine torsion was diagnosed only after labarotomy during 
cesarean section. 

Trans-cutaneous ultrasound examination (Aloka 500 SSD machine attached 
with 5 MHz linear-array probe, Tokyo-Japan) was performed in cases with 
ringwomb to investigate the fetal viability. Cases with viable fetus(es) were 
promptly surgically operated (Cesarean section, Majeed et al., 1992) to safe the fetal 
live. When the fetus(es) was found dead, PGF2α (15 mg dinoprost tromethamine, 
lutalyse®, Pfizer Inc, NY, USA) was administrated intramuscularly and the treated 
animals were observed for the following 72 hrs for cervical dilatation. These 
animals were infused with 2 liters 5% dextrose-saline/day during the observation 
period. When the cervix was not dilated within this time, caesarian section was 
immediately performed. 

Data were expressed in percentages as well as in means±SD. Differences in 
percentages were evaluated by the X

2-test. Differences between sheep and goats in 
time needed for cervical dilatation after PGF2α-treatment were analyzed by Tukey’s 
t-test. SPSS program for Windows (version 18, 2008) was used for data analysis. 
The level of significance was set at P< 0.05.     

 
Results 

Forms of dystocia in sheep are shown in (Table 1). Ringwomb, narrow pelvis, fetal 
mal-disposition, and fetal oversize were the most important causes of dystocia. 
Other less important causes were uterine torsion, monsters and simultaneous 
presentation of twins. Monsters included Persomus elumbis (four cases), bulldog 
lambs (three cases), and deformity of vertebral column and extremities 
(Arthrogryposis, one case), (Fig. 1). Maternal dystocia occurred more frequently 
than fetal dystocia, both in Awassi and Najdi breeds as well as in primiparous 
(Tables 2 and 3) (P< 0.05). In multiparous, fetal dystocia was more frequent than 
maternal dystocia (P< 0.05).  
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Table (1). Frequencies of different forms of dystocia in sheep (n=180) 

General 
causes 

Specific causes Number of 
animals 

Frequency from the 
general causes 

Frequency from 
the total causes 

Ringwomb 57 57/104 (54.8%) 57/180 (31.7%) 
Narrow pelvis 39 39/104 (37.5%) 39/180 (21.7%) 

Maternal 
(n=104) 
 Uterine torsion 8 8/104 (7.7%) 8/180 (4.4%) 

Oversize 27 27/76 (35.6%) 27/180 (15%) 
Head deviation 21 21/76 (27/6%) 21/180 (11.7%) 
Monsters 8 8/76 (10.5%) 8/180 (4.4%) 
Hock flexion 8 8/76 (10.5%) 8/180 (4.4%) 
Knee flexion 5 5/76 (6.6%) 5/180 (2.8%) 
Shoulder flexion 4 4/76 (5.3%) 4/180 (2.2%) 

Fetal 
(n=76) 

Twins 3 3/76 (4%) 3/180 (1.7%) 

Table (2). Effect of breed on the cause of dystocia in sheep (n=180) 

 Awassi Najdi Total 
Maternal 90 (55.9%)a 14 (73.7%)a 104 
Fetal 71 (44.1%)b 5 (26.3%)b 76 
Total 161 19 180 

Values with different superscript letter in the same column differ significantly, P< 0.05. 

Table (3). Effect of parity on the cause of dystocia in sheep (n=180) 

 Primiparous Multiparious Total 
Maternal 56/69 (81.1%)a 48 (43.2%)a 104 
Fetal 13/69 (18.9%)b 63 (56.8%)a 76 
total 69 111 180 

Values with different superscript letter in the same column differ significantly, P< 0.05. 

 

 
 
 
 
 
Fig(1) Monsters in sheep: 
 
A) Persomus elumbis (Awassi breed). 
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(B) Bulldog lamb associated with 
anasarca (Najdi breed). 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
(C) Bulldog lamb associated with 

ascites (Najdi breed). 
 
 
 
 
 
 
 
 
 
 
 
 
 
(D) Arthrogryposis (Najdi breed). 

 
Forms of dystocia in goats are shown in (Table 4). Ringwomb, fetal mal-

disposition, narrow pelvis, and simultaneous presentation of twins were the major 
causes of dystocia. Other minor causes were uterine inertia, fetal oversize, uterine 
torsion, and monsters. Monsters constituted schistosomus reflexus (one case) and 
dicephalus twin (Omphalopagus, one case), general ankylosis and muscle 
contractures (Arthrogryposis and Lordosis, one case), and failure of closure of 
abdominal wall (one case) (Fig. 2). Maternal dystocia occurred more commonly 
than fetal dystocia, both in Aradi and Damascus breeds and in primiparous (Tables 5 
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and 6), (P< 0.05). In multiparous, the difference between the frequencies of maternal 
and fetal dystocia was not significant. 

Table (4). Frequencies of different cause of dystocia in goats (n=284) 

General 
causes 

Specific  
causes 

Number of 
animals 

Percentages from 
the general causes 

Percentages from 
the total causes 

Ringwomb 93 93/168 (55.4%) 93/284 (32.8%) 
Narrow pelvis 51 51/168 (30.4%) 51/284 (18%) 
Uterine inertia 19 19/168 (11.3%) 19/284 (6.7%) 

Maternal 
(n=168) 
 

Uterine torsion 5 5/168 (3%) 5/284 (1.8%) 
Twins 39 39/116 (33.6%) 39/284 (13.7%) 
Head deviation 37 37/116 (31.9%) 37/284 (13%) 
Oversize 9 10/116 (7.8%) 10/284 (3.2%) 
Hock flexion 11 11/116 (9.5%) 11/284 (3.9%) 
Knee flexion 7 7/116(6%) 7/284 (2.5%) 
Shoulder flexion 5 5/116 (4.3%) 5/284 (1.8%) 

Fetal 
(n=116) 

Dog-sitting 4 4/116 (3.5%) 4/284 (1.4%) 
 Monsters 4 4/116 (3.5%) 4/284 (1.4%) 

Table (5). Effect of breed on the cause of dystocia in goat (n=284) 

 Aradi Damascus Total 
Maternal 153 (57.8%)a 15 (79%)a 168 
Fetal 112 (42.2%)b 4 (21%)b 116 
Total 265 19 284 

Values with different superscript letter in the same column differ significantly, P< 0.05. 

Table (6). Effect of parity on the cause of dystocia in goat (n=284) 

 Primiparous Multiparous Total 
Maternal 44 (89.8%)a 124 (52.8%)a 168 
Fetal 5 (10.2%)b 111 (47.2%)a 116 
Total 49 235 284 

Values with different superscript letter in the same column differ significantly, P< 0.05 

 

 
 
 
 
Fig (2). Monsters in goats:  
 
 
(A) schistosomus reflexus  (Damascus breed).  
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(B) Dicephalus twin (Aradi breed) 
 
 
 
 
 
 
 
 
 
 
 
(C) Arthrogryposis and Lordosis (Aradi breed).  

 
 
 
 
(D) Failure of closure of abdominal wall and 
exposure of abdominal organs (Aradi breed).  

 
In cases of ringwomb, cesarean section was performed promptly in 25/57 

ewes and in 42/93 does to save the fetal live. The rests with dead fetus(es) were 
treated with PGF2α. After administration of PGF2α, 7/32 (21.9%) ewes and 
35/51(68.6%) does had fully dilated cervix within 63.0±11.6 hr and 41.5±13.1 hr of 
treatment, respectively. The differences between ewes and does in response to the 
PGF2α-treatment and for the time needed for cervical dilatation were significant (P< 
0.01). Cases, which failed to response to PGF2α-treated, were immediately cesarean 
sectioned.  

During cesarean section for cases with ringwomb, pre-cervical uterine torsion 
(twisting anterior to the cervix) was found in three ewes and two does. These cases 
could not be diagnosed as having uterine torsion until they were surgically operated. 
Three cases of them showed completely ischemic uteri that underwent obligatory 
uterine amputation.                           
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Discussion 
Ringwomb was the common form of dystocia in sheep and goat included in this 
study. Cases of ringwomb have been also reported in Clun Forest, Dorset Horn, 
Suffolk, Border Leicester, South Devon, Kerry Hill, and halfbred ewes (Hindson 
and Turner, 1962; Ghosh et al., 1992; Sobiraj, 1994; Noakes et al., 2009). Failure of 
the cervix to dilate may be attributed to failure of secretion of the hormones that 
control labor or of the tissue response to hormonal secretions (Breeveld-Dwarkasing 
et al., 2003; Wu et al., 2004; Palliser et al., 2006). In the absence of a high 
concentration of progesterone, prostaglandin F2α and oxytocin allow calcium ions in 
the cell membrane to stimulate energy release from adenosine triphosphate, resulting 
in the contraction of the actin myosin filament (Liggins et al., 1973; Stys et al., 
1978).  Furthermore, there was an indication that the collagen fibers in the cervix 
may not have fully undergone their normal changes (Hindson and Turner, 1962; 
Winkler et al., 1999).  

Narrowing of the pelvis was the second important cause of dystocia. This is a 
warning for an improper management, especially with reference to the mating age 
and the selection for easy parturition. Additionally, some females may be 
themselves not fully grown and their pelvic may be quite small (Jackson, 1995). 
This type of dystocia may be further predisposed by the increasing use of heavy 
breeds of rams (Jackson, 1995; Noakes et al., 2009).  

During the present study, mal-presentation, -position, and –posture were 
frequently observed in sheep and goat. According to Jackson (1995), fetal mal-
disposition is the most common cause of ovine and caprine dystocia. It has been 
assumed that mild or severe fetal ill and fetal death might predispose to fetal mal-
disposition, as may maternal illness or abnormal hormone level (Jackson, 1995; 

Noakes et al., 2009).     
The results showed that fetal oversize was a common cause of dystocia in 

sheep, especially in multiparous. This problem is usually seen when litter size is 
small but the size of the individual lamb is large (Rahim and Arthur, 1982; Jackson, 

1995; Noakes et al., 2009). While, in goats, the relatively increased frequency of 
twins and triplets would lower the incidence of oversized fetuses. 

Simultaneous presentation of twins in birth canal was a common cause of 
dystocia in goats in this study. The high incidence of twins and triplets may 
predispose for this condition in goats (Franklin, 1986; Jackson, 1995).  

Uterine inertia was observed in some does during this study. Inertia has been 
occasionally seen in young inexperienced ewes. Hypocalcaemia may occasionally 
occur in severe cases of pregnancy toxaemia (Jackson, 1995).  

Uterine torsion was observed in both sheep and goats in this study. It is 
usually occurs in the early stage of labor and can be detected when a vaginal 
examination is carried out to determine why an expected birth has not progressed at 
the expected rate (Rahim and Arthur, 1982; Jackson, 1995; Ijaz and Talafha, 1999; 

Noakes et al., 2009). In addition, it was difficult to diagnose pre-cervical torsion 
(twisting anterior to the cervix) until the animal was surgically operated.  . 
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Fetal monsters were seen as a cause of dystocia in sheep and goats in this 
study. Based on studies in Australia, New Zealand and the United States, the 
incidence of congenital defects ranges from 0.2 to 2.0% of all lambs born (Dennis 
and Leipold, 1979). During a study period of 11 years, abnormalities were found in 
19 of 995 (1.9%) newborn Awassi fat-tailed lambs (Elias and Bennett, 1992). 
Moreover, fetal anasarca has been reported in Awassi sheep newborns (Hailat et al., 
1997). The causes of congenital anomalies are usually unknown. The important 
incriminated factors are prenatal viral infection, intrauterine exposure to poisons 
ingested by the dam, vitamin deficiency like vitamin A and folic acid, hyperthermia, 
and gene mutation (Jones et al., 1997).   

PGF2α was successfully used for treatment of 68.6% of does with ringwomb 
in this study. Prostaglandins have been shown to be key cellular mediators in several 
critical processes involved in parturition in all mammalian species studied to date 
(Liggins et al., 1973; Wu et al., 2004; Palliser et al., 2006). These Prostaglandins 
have been also implicated in the changes that occur in the connective tissue of the 
amnion and cervix at labor onset (Palliser et al., 2006). In earlier studies, injection of 
20 mg PGF2α at Day 144 or 145 gestation resulted in delivery of live kids about 30 
to 40 hr later (Romano et al, 2001; Batista et al., 2009). Additionally, administration 
of 7.5 mg PGF2α analogue has been used to treated does with ringwomb (Majeed, 
1994). In PGF2α-induced calvings, a well-defined sequence of events takes place 
with respect to changes in the maternal plasma concentrations of estrogen, 
progesterone, and prostaglandin metabolites, and myometrial activation and 
dilatation of the caudal cervix (Breeveld-Dwarkasing et al., 2003).  

The situation obviously differed in sheep, where only 21.9% of cases were 
respond to respond efficiently to the PGF2α-treatment. The difference between 
sheep and goats in the response to PGF2α-treatment might be related to the 
mechanism of maintenance of pregnancy. In goats, from day 119 to 126 day of  

pregnancy, progesterone was produced mainly by the ovaries (up to 10 mg/day, 
placenta 0 mg/day); whereas

 in sheep the placenta made the largest contribution (up 
to 14 mg/day, ovaries about 2 mg/day) (Linzell and Heap, 1968; Stupnicki, et al., 
1969; Flint et al., 1983, Weems et al., 2007).  

In conclusion, ringwomb was the major cause of dystocia in Awassi and 
Najdi breeds of sheep and Aradi and Damascus breeds of goats in Saudi Arabia. 
Other important causes of dystocia were narrow pelvis, fetal oversize, fetal mal-
disposition and simultaneous presentation of twins. While, the minor causes were 
uterine torsion, uterine inertia, and fetal monsters. Generally, maternal dystocia was 
more common than fetal dystocia. . PGF2α effectively treated the cases of ringwomb 
syndrome in does.            
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Abstract. The present study was designed to monitor tetracycline residues in table eggs collected from 
different regions located in Al-Qassim region from January 2006 to October 2006 using HPLC with UV 
detection and compare them with internationally acceptable maximum residue limits (MRLs) and 
assessing proper implementation of the proper withdrawal times. HPLC analysis showed that 
geographical and seasonal differences in OTC levels. The number of positive samples found in all regions 
during October 2006 were higher (n= 27) than that collected during January (n= 21), July (n= 19) and 
April (n= 17). Moreover, the percentages of total occurrence of the positive samples collected from Eion 
Al-Gawa (57.5) was higher than that in Al-Moznab (55), Buraidah (47.5), Al-Shamasia (27.5) and Oneiza 
(22.5) with 14, 12, 8, 5 and 5  samples exceeding MRLs, respectively. The results of present investigation 
indicate that there is widespread misuse of tetracycline by egg layer chicken farms in Al-Qassim region 
reflecting a general lack of compliance with the recommended practices regarding the use of 
antimicrobial agents. 

These findings pointed to the following recommendations: the need for a monitoring program for 
tetracycline residues in table eggs in Al-Qassim region at the national level to protect consumers’ health. 
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Introduction 
Antibiotics are substances produced by living organisms that are able to kill or 
inhibit the growth of microorganisms. Antimicrobial drugs have generally been 
classified into two categories, one includes the synthetic drugs, such as the 
sulfonamides and the quinolones, and the second, antibiotics, synthesized by 
microorganisms. In recent years, increasing numbers of semi-synthetic drugs have 
been developed which are chemical derivatives of antibiotics, thereby blurring the 
distinction between synthetic and natural antibiotics.  

Antimicrobials are administered to animals either by injections 
(intravenously, intramuscularly, or subcutaneously), orally in feed or water, 
topically on the skin, intramammary or intrauterine infusions (Mitchell et al., 1998) 
to control, prevent and treat infection, and  to enhance animal growth and feed 
efficiency (Tollefson and Miller, 2000). Theoretically, all of these routes may lead 
to residues appearing in foods of animal origin such as milk, meat and eggs 
(Johnston, 1998). Large numbers of antimicrobial agents are used for the treatment 
and prevention of poultry infections (Smith, 1974). The most commonly used 
antimicrobials in food-producing animals are the β-lactams, tetracyclines, 
aminoglycosides, lincosamides, macrolides, pleuromutilins and sulfonamides. In 
addition, quinolones have been available for more than 25 years. Chemically, it is 
(4S,4aR,5S,5aR,6S,12aS)-4-(dimethylamino)-3,5,6,10,12,12a-hexahydroxy-6-
methyl-1,11-dioxo-1, 4, 4a, 5,5a,6,11,12a-octahydrotetracene-2-carboxamide. Other 
antibiotics in this family are tetracycline, chlortetracycline, demeclocycline, 
methacycline, doxycycline, rolitetracycline and minocycline. 

Oxytetracycline (OTC) is widely used as veterinary drugs or as feed additives 
to promote growth (Katz et al., 1973; Roudaut et al., 1987; Yoshimura et al., 1991; 

Omija et al., 1994).  OTC is a member of the family of the tetracyclines, a group of 
clinically important natural products and semi-synthetic derivatives characterized by 
a broad spectrum of activity against pathogenic microorganisms, including gram-
positive and gram-negative bacteria and protozoa. These compounds are 
bacteriostatic antibiotics that act by inhibiting the formation of proteins within the 
bacterial cell. OTC is produced industrially through fermentation by Streptomyces 
rimosus (Hernández et al, 2003; Mitscher, 1978). Antimicrobial residues in foods of 

animal origin may cause problems for several reasons. In addition to toxic effects, 
effects on intestinal microbiota and the immune system are important (Gorbach, 
1993; Waltner-Toews and McEwen, 1994). Also, tetracyclines are excreted in milk; 

their concentrations in breast milk of lactating mothers are approximately 70% of 
maternal serum concentrations (Gideon and Martin, 1997). The same scenario 
happens in veterinaries and substantial levels of OTC have been detected in milk 
obtained from cattle on OTC therapy (Boatto et al, 1999; Long et al, 1990). 
Consumption of milk with such OTC levels by humans predisposes them to serious 
health effects. Examples of such health risks include: induction of allergic reactions 
to some individuals (Rudzki and Rebandel, 1997); development of bacterial 

resistance (Rudzki and Rebandel, 1997), risk of teratogenicity when OTC is 
administered in the first trimester of pregnancy (Stauffer, 1967); discoloration of 
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primary and permanent teeth (Stauffer, 1967. An allergic reaction may be triggered 
by antimicrobial residues in a previously sensitized individual. (Dewdney et al., 
1991; Sundlof et al., 2000). Of 46 composite eggs tested from farms, 3 (6.5%) were 
contaminated with residues compared with 5 (16.1%) of 31 and 16 (15.0%) of 107 
mall and supermarket eggs, respectively, but the difference was not statistically 
significant (P > 0.05). The antimicrobial residues detected were as follows: 
sulfonamides, 12 (6.5%) of 184; macrolides, 7 (3.8%) of 184; tetracycline, 5 (2.7%) 

of 184; and beta-lactam, 0 (0.0%) of 184 (Adesiyun, et al., 2005). The most widely 
used antimicrobial drugs in farms and possible association between the management 
practices and the occurrence of antimicrobial residues in eggs from these farms in 
Nigeria. All the 25 farms surveyed use oxytetracycline. Eggs from nine of the 
surveyed farms tested positive for antimicrobial residue and three of the ten 
surveyed farms also tested positive for antimicrobial residue. No association was 
observed (p 0.05; Fisher's exact test) between the occurrence of antibiotic residues in 

eggs and farm size, feed source and housing systems (Ezenduka, et al. 2011). 
Protection of public health against possible harmful effects of veterinary drug 

residues is a relatively recent preoccupation. The initial intention for adequate 
consumer protection led to the desire to achieve complete elimination of all traces of 
drug residues in food commodities. Therefore, animal drugs were initially approved 
based on a “no residue” tolerance policy, but actually the “zero” tolerance 
represented the sensitivity of the analytical method used to monitor for drug 
residues. As analytical methods improved, the “no residue” tolerance was 
continually being lowered. Ultimately, a policy of negligible tolerance, based on 
toxicology data, was developed (Boisseau, 1993). As a result, there is concern that 
residues of these drugs may be retained in eggs from treated hens (Furusawa, 1999). 
Hence, it would be necessary to survey table eggs for presence of antibacterial 
agents which might reach the consumers causing undesirable adverse effects. The 
present study aims to determine the concentrations of tetracycline  residues in table 
eggs in Al-Gassim region and compare them with internationally acceptable 
maximum residue limits (MRLs) and assess proper implementation of the proper  
withdrawal times. Also, the present study was also undertaken to develop and 
validate an analytical method for the determination of OTC in table eggs by using 
High performance Liquid chromatography (HPLC) with UV detection.  

A high-performance liquid chromatographic (HPLC) procedure is described 
for the identification and quantification of residues of tetracycline antibiotics (TCA) 
(oxytetracycline, tetracycline, chlortetracycline, and doxycycline), in eggs. Spiked 
and blank samples were prepared by homogenization with 1∶1 (v/v) acetonitrile-
mixed Mcllvaine buffer and EDTA solution (pH 4.0) then centrifugal ultrafiltration. 
HPLC was performed on a reversed-phase column with acetonitrile-5% (v/v) 
aqueous acetic acid, 35∶65 (v/v), as mobile phase and photo-diode array detection 
(Thaker, et al, 2010). 
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Materials and Methods 
Chemicals and standard 
Technical tetracycline as hydrochloride salt was provided by Sigma Compant (UK) 
with purity of  98%.  Certified HPLC-grade of methanol and anhydrous disodium 
hydrogen phosphate, ethelyene diamine tetraacetic acid (EDTA), citric acid 
monohydrate and oxalic acid dehydrate were purchased from BDH Company, while 
the Baker spe-12G Column Processor designed vacuum manifold capable of 
processing up to 12 solid phase extraction columns and solid phase extraction 
column (BAKERBOND speTM, C18, 500 mg  per column) was purchased from J.T. 
Baker, Mallibnnckrodt Baker, Inc., Phillipsburg, NJ, USA.  Ultra-pure deionized 
water of 15 MΩ.cm resistivity was obtained from a water purification system 
(PURELAB Option-R, ELGA, UK) and used throughout this study. All other 
chemicals were of analytical grades. 
Sampling 

Table eggs (10 samples) were collected from different provinces namely 
Oneizah, Al-Shmasia,  Buraydah, Al-Moznab and Eion Al-Gawa  located in Al-
Qassim region, KSA during January, April, July and October  2006 and immediately 
transferred to laboratory. Egg contents were evacuated, thoroughly mixed in a clean 
Petri plate and kept at -20°C until needed.  
Detection of tetracycline residues in eggs using  high pressure liquid 
chromatography  

Tetracycline residues in eggs were determined using HPLC according to the 
method of AOAC, 2002 with slight modification.  
Preparation of standard solutions 

The HPLC system was standardized on the same day as the samples were 
analyzed by injecting 20µl of standard eight solutions of freshly prepared tetracycline 
in methanol with concentrations ranging from 0.0 to 0.1µg/ml. Stock standard solution 
of tetracycline (1000 µg/ml) was prepared by transferring  108 mg of tetracycline into 
100 ml volumetric flask by using methanol and diluted to the volume with methanol at 
room temperature and mixed well until dissolved. Stock standard solution was every 
three month and stored at -20°C. From stock standard solution, a concentration of 100 
µg/ml was prepared by pipetting 10 ml of this stock into 100 ml volumetric flask, 
diluted to the volume with methanol at room temperature and mixed well until 
dissolved. From the concentration of  100 µg/ml,  2.5 ml was transferred to 10 ml 
volumetric flask, diluted to the volume with methanol at room temperature and mixed 
well until dissolved. Chromatgraphic working standard solution ranging from 0.0 to 
0.1 µg/ml was prepared weekly by pipetting different volumes into separate 10 ml 
volumetric flasks. Six ml of daily prepared methanolic oxalic acid  (1.26 g of oxalic 
acid dehydrate in one liter of methanol) was added to each flask and completed to the 
volume with  ultra-pure deionized water of 15 MΩ.cm resistivity at room temperature 
and mixed well until dissolved.    



Monitoring of Tetracycline Residues… 113 

Areas under the peak (uV.sec) versus concentrations (µg) were plotted and fit by 
simple linear regression to obtain an equation for the standard curve. The amount of 
tetracyline in each sample was thus calculated based on the slope of the standard curve. 
Sample preparation   

Three 5 g of whole egg samples were used. Sample was transferred into 
polypropylene centrifuge tube, 20 ml of McIlvaine buffer-EDTA solution was added 
and then blended for 30 second with homogenizer. The homogenizer was rinsed 
twice with 2 ml of McIlvaine buffer-EDTA solution into centrifuge tube. Centrifuge 
tubes were capped, shaken for 10 min on flat-bed shaker at high speed and then 
centrifuged at 5000 rpm for 10 min. The clear supernatant was collected into second 
centrifuge tube. Twenty ml of McIlvaine buffer-EDTA solution (1.625 liter of 
McIlvaine buffer (28.4 g of anhydrous disodium hydrogen phosphate/L of  ultra-
pure deionized water + 21.0 g of citric acid monohydrate and adjusted to pH 4.0) 
+60.5 g of EDTA) was added to the first  centrifuge tube, capped, and resuspended 
tissue plug using vortex mixer. The suspension was shaken as above, centrifuged for 
10 min at 5000 rpm, and then supernatant was added to the second tube. Tissue plug 
in the first tube was resuspended in 10 ml McIlvaine buffer-EDTA solution and 
supernatant was separated as mentioned above. Supernatant from the three 
extractions were centrifuged for 20 min at 5000 rpm. Supernatants were filtered into 
side arm flask under vacuum through Whatman No. 2 filter paper prewetted with 
McIlvaine buffer-EDTA solution  in Büchner funnel.  
Extraction of  tetracycline residues by solid phase extraction (SPE) 

Filtrates were subjected to SPE (BAKERBOND speTM, C18, 500 mg  per 
column, J.T. Baker, Mallinckrodt Baker, Inc., Phillipsburg, NJ, USA)  fitted on 
Baker spe-12G Column Processor designed vacuum manifold capable of processing 
up to 12 solid phase extraction columns. Each cartridge was conditioned with 20 ml 
of methanol followed by 20  ml of ultra-pure deionized water of 15 MΩ.cm 
resistivity and slowly aspirated. Test extract were loaded to SPE cartridge and 
vacuumed at rate of 5 ml/min. Subsequently, the elution took place with 6 ml of 
methanolic acid into 10 ml volumetric flasks, then vacuumed was increased to the 
maximum at the end of elution step to remove residual solvents from cartridge 
followed by diluting the elute to 10 ml with ultra-pure deionized water and after 
agitation by vortex were analyzed by HPLC. The final eluate was filtered through a 
0.45 µm membrane filters Millipore and stirred in vortex before injecting into the 
chromatograph. An aliquot of 20 µl was injected. 
High Performance Liquid Chromatography (HPLC) Analysis 

Extracts were chromatographed on a  Perkin Elmer HPLC system model 200 
equipped with a degasser, quaternary LC pump model 2000Q/410, 20µl loop, Spheri-5 
RP-18 column (15 cm x 4.6 mm i.d., 5 µm, Perkin Elmer), oven column, a LC200 UV 
detector. The Turbochrom Workstation Software package was used for instrument 
control, data acquisition, and data analysis.  The column temperature was kept at 25 °C. 
tetracycline was eluted using an isocratic gradient of 60:40 v/v MeOH: H2O. 
Tetracycline was detected at wavelength (λ) of 355 nm  with flow rate of 1.0 ml/min.  
Statistical Analysis   

The data were calculated as mean ± S.D and analyzed using analysis of 
variance technique (ANOVA). Probability of 0.05 or less was considered 
significant. All statistical analysis was done with SAS program (1996) on a personal 
computer. 
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Results and Discussion 
Calibration Linearity 
The HPLC response was linear (r2 = 0.978) for tetracycline in the range of 0.0 to 0.1 
µg/ml with correlation coefficient (r) equals to 0.989. The retention time for tetracycline 
was found to be 1.34 min under the described method (Table 1 and Figure 1).  

Table (1). Optimum conditions, Calibration curve and Relative standard deviation corresponding 
to tetracycline analyzed 

MeOH: H 2O 
ratio (V/V) 

Flow rate 
(ml/min) 

Wavelength 
(λλλλ) 

Correlation coefficient (r) Response 
(r 2) 

60: 40 1.0 355 nm 0.989 0.978 

 

 
Figure (1). Tetracycline Chromatogram. Chrmoatgraphic conditions: mobile phase, MeOH: H2O 

(60:40);  flow rate, 1.0 ml/min; column, Spheri-5 RP-18 column (15 cm x 4.6 mm i.d., 5 
µµµµm, Perkin Elmer); UV detector, 355 nm wavelength. 

Monitoring of OTC residues in egg. 
Data in Table (2), illustrate the levels of tetracycline in egg samples collected 

from different areas of Al-Qassim region during January 2006. It was found that, 
samples collected from Buraydah had levels ranged from 0.02 to 0.3 µg/g with mean 
of 0.145 µg/g. Seven of 10 were found to contain tetracycline with 3 samples 
violated the MRL. On the other hand, egg samples collected from Oneizah and Al-
Shimasia were found to contain non-detected levels of oxytetracycline. Also 
samples collected from Al-Muznab contained levels of tetracycline with 5 samples 
violated the MRLs. In case of samples collected from Eion Al-Gawa, 8/10 of 
samples contained levels of tetracycline ranged from 0.16 to  0.35 µg/g and 
contained tetracycline with 7 samples exceeded the MRL.  
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Table (2). Levels of oxytetracycline (ppm) in egg samples collected from different region of Al-
Qassim during January 2006 using HPLC 

Buraydah Oneizah Al-Moznab Al-Shimasia Eion Al-Gawa 

m
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n 

-V
E

 

%
-V

E
 

M
ea
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-V
E

 

%
-V

E
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-V
E

 

%
-V

E
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n 

-V
E

 

%
-V

E
 

m
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n 

-V
E

 

%
-V

E
 

0.21 
0.30 
0.09 
0.02 
0.1 
0.1 
0.2 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 
3 

 
 
 
 
 
 
 
 
 

30% 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 

10 

 
 
 
 
 
 
 
 
 

100% 

019 
0.32 
0.26 
0.05 
0.40 
0.23 
0.22 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 
3 

 
 
 
 
 
 
 
 
 

30% 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 
1
0 

 
 
 
 
 
 
 
 
 

100% 

0.31 
0.28 
0.29 
0.33 
0.21 
0.16 
0.33 
0.35 
ND 
ND 

 
 
 
 
 
 
 
 
 
2 

 
 
 
 
 
 
 
 
 

20% 

0.145 
±0.035a 

   0.238 
±0.412b 

   0.282 
±0.023c 

 

Maximum residue limit (MRL) is 0.20 µg/g, Values have the same litter are not significantly different 
from each other at p<0.005.   

The levels of oxytetracycline in egg samples collected in April 2006 from 
different locations of Al-Qassim region are illustrated in Table (3). The results 
illustrate that 5/10 of the tested samples collected from Buraydah contained 
tetracycline with one sample violated the MRL. Also, the levels ranged from 0.07 to 
0.28 µg/g with mean value of 0.162 µg/g. In case of samples collected from Oneizah 
only two samples contained tetracycline with one of them violated the MRL. The 
mean value was 0.16µg/g, while the levels ranged from 0.09 to 0.23. Also data 
illustrate that only two of the samples collected from Al-Muznab of which one 
sample violated the MRL. The levels ranged from 0.1 to 0.22 µg/g with mean value 
of  0.16µg/g.  In case of samples collected from Al-Shimasia the levels ranged from 
0.05 to 0.25 µg/g with mean value of 0.18 µg/g. Also 5/10 of the tested samples 
contained tetracycline with 2 samples exceeded the MRL In case of samples 
collected from Eion Al-Gawa the levels ranged from 0.09 to 0.35 µg/g with mean 
value of 0.188 µg/g. Also one samples exceeded the MRL.  
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Table (3). Levels of tetracycline(ppm) in egg samples collected from different region of Al-Qassim 
during April 2006 using HPLC 

Buraydah Oneizah Al-Moznab Al-Shimasia Eion Al-Gawa 
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0.17 
0.07 
0.20 
0.28 
ND 
ND 
ND 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 
6 

 
 
 
 
 
 
 
 
 

60% 
 

0.09 
0.23 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

 

 
 
 
 
 
 
 
 
 
8 

 
 
 
 
 
 
 
 
 

80% 

0.1 
0.22 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

 

 
 
 
 
 
 
 
 
 
8 
 

 
 
 
 
 
 
 
 
 

80% 
 

0.25 
0.25 
0.17 
0.05 
ND 
ND 
ND 
ND 
ND 
ND 

 

 
 
 
 
 
 
 
 
 
6 
 

 
 
 
 
 
 
 
 
 

60% 
 

0.19 
0.11 
0.35 
0.20 
0.09 
ND 
ND 
ND 
ND 
ND 

 

 
 
 
 
 
 
 
 
 
5 
 

 
 
 
 
 
 
 
 
 

50% 
 

0.162 
±0.048 a 

 0.160 
±0.07 a 

 0.160 
±0.06 a 

 0.180 
±0.047 a 

 0.188 
±0.045 a 

 

Maximum residue limit (MRL) is 0.20 µg/g, Values have the same litter are not significantly different 
from each other at p<0.005.   

Data in Table (4) show that 5 out of 10 of the samples collected from Buraydah 
contained detected amount of tetracycline with 3 samples violated the MRL, while the 
levels ranged from 0.07 to 0.28 µg/g with mean value of 0.166 µg/g. Three of the 
samples collected from Oneizah were found to contain tetracycline and the levels 
ranged from 0.13 to 0.21 µg/g with mean value of 0.183 µg/g and 2 samples exceeded 
the MRL. In case of samples collected from Oneizah seven samples contained 
tetracycline with four of them violated the MRL. The mean value was 0.238µg/g, 
while the levels ranged from 0.05 to 0.32 µg/g. In case of Al-Shimasia, 2 samples 
were positive for the presence of tetracycline. The levels of oxytetracycline ranged 
from 0.05 to 0.12 µg/g with non-violated samples. In case of samples collected from 
Eion Al-Gawa levels of oxytetracycline ranged from 0.13to 0.21 µg/g with mean value 
of 0.63 µg/g. The numbers of positive samples were three, one of each exceeded the 
MRL. The percent of negative in Buraydah, Oneizah, Al-Moznab.Al-Shmasia  and 
Eion Al-Gawa are 50%, 70%, 30%, 80% and 30%.  
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Table (4). Levels of tetracycline(ppm) in egg samples collected from different region of Al-Qassim 
during July 2006 using HPLC 

Buraydah Oneizah Al-Moznab Al-Shimasia Eion Al-Gawa 
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0.28 
0.26 
0.10 
0.07 
0.12 
ND 
ND 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 
5 

 
 
 
 
 
 
 
 
 

50% 

0.21 
0.13 
0.21 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 
7 

 
 
 
 
 
 
 
 
 

70% 

0.19 
0.32 
0.26 
0.05 
0.40 
0.23 
0.22 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 
7 

 
 
 
 
 
 
 
 
 

70% 

0.05 
0.12 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

 

 
 
 
 
 
 
 
 
 
8 

 
 
 
 
 
 
 
 
 

80% 

0.21 
0.13 
0.15 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 
7 

 
 
 
 
 
 
 
 
 

70% 

0.166 
±0.043 

 0.183 
±0.026 

 0.238 
±0.041 

 0.085 
±0.035 

 0.63 
±0.024 

 

Maximum residue limit (MRL) is 0.20 µg/g, Values have the same litter are not significantly different 
from each other at p<0.005.   

The results of samples collected during October 2006 from different areas of 
Al-Qassim region and analyzed for monitoring oxytetracycline are found in Table (5). 
Samples collected from buraydah contained levels of tetracycline ranged from 0.07 to 
0.2 µg/g with mean value of 0.19 µg/g. six samples were free of tetracycline while 
only tow  sample exceeded the MRL. In case of samples collected from Oneizah, the 
levels ranged from 0.11 to 0.31 µg/g with meam value of 0.215 µg/g. The numbers of 
detected samples were four, with two violated samples. Out of 10 samples collected 
from Al-Muznab, seven samples contained tetracycline in the range of 0.05 to 0.4 µg/g 
with mean value of 0.238 µg/g and five  samples exceeded the MRL.  In case of 
samples collected from Al-Shimasia, the levels ranged from 0.08 to 0.35 µg/g with 
meam value of 0.206 µg/g. The numbers of positive samples were five, with three 
violated samples. Also, the data show that 7/10 of the tested samples collected from 
Eion Al-Gawa contained tetracycline with meam value of 0.195 µg/g and  ranged from 
0.09 to 0.33 µg/g (Table 6). The number of samples that exceeded the MRL were four. 
The percent of negative in Buraydah, Oneizah, Al-Moznab.Al-Shmasia and Eion Al-
Gawa are 60%-60%-30%-50% and 30% respectively  . 
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Table (5). Levels of tetracycline(ppm) in egg samples collected from different region of Al-Qassim 
during October 2006 using HPLC 

Buraydah Oneizah Al-Moznab Al-Shimasia Eion Al-Gawa 
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0.20 
0.20 
0.17 
0.19 
ND 
ND 
ND 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 
6 

 
 
 
 
 
 
 
 
 

60% 
 

0.15 
0.11 
0.29 
0.31 
ND 
ND 
ND 
ND 
ND 
ND 

 
 
 
 
 
 
 
 
 
6 

 
 
 
 
 
 
 
 
 

60% 

0.19 
0.32 
0.26 
0.05 
0.40 
0.23 
0.22 
ND 
ND 
ND 
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30% 
 

0.35 
0.08 
0.26 
0.23 
0.11 
ND 
ND 
ND 
ND 
ND 

 

 
 
 
 
 
 
 
 
 
5 
 

 
 
 
 
 
 
 
 
 

50% 
 

0.24 
0.26 
0.15 
0.09 
0.33 
0.20 
0.1 
ND 
ND 
ND 

 

 
 
 
 
 
 
 
 
 
3 
 

 
 
 
 
 
 
 
 
 

30% 
 

0.19 
±0.007 

 

 0.215 
±0.049 

 0.238 
±0.044 

 

 0.206 
±0.049 

 

 0.195 
±0.033 

 

 

Maximum residue limit (MRL) is 0.20 µg/g, Values have the same litter are not significantly different 
from each other at p<0.005 

The most likely cause of violative drug residues is the failure to observe 
withdrawal times (Paige and Kent, 1987). Improper maintenance of treatment 
records or failure to identify treated animals adequately may lead to their omission 
(Sundlof, 1989). Fecal recycling, where the drug excreted in feces of treated animals 
contaminates the feed of untreated animals, can be the cause of residues of certain 
antimicrobial groups (Bevill, 1984). Violative drug residues can also occur as a 
result of improper use of a licensed product or through the illegal use of an 
unlicensed substance. Extra-label dosages and use of drugs which have not been 
approved for the species in question may lead to violative residues (Higgins et al., 
1999). The disease status of an animal and the way in which drugs are administered 
influence the potential for residues. Disease may affect the pharmacokinetics of the 
drugs, metabolism, or the presence of infection and/or inflammation may cause the 
drug to accumulate in affected tissues (Kaneene and Miller, 1997). Subcutaneous 
and intramuscular administrations increase the potential for residues at the injection 
sites (Kaneene and Miller, 1997). Contamination of animal feeding stuffs with a 
variety of compounds also occurs. The significance of this contamination depends 
on the pharmacodynamics of the compound and the species affected (McEvoy, 
2002). Indeed, contamination of feeding stuffs seems to be an important source of 
unintended application of antimicrobials.  Therefore, maximum residue limits 
(MRLs) must be established for all pharmacologically active substances for the 
concerned animal species and relevant tissues or products. These MRLs are the basis 
for the determination of limits of detection (LODs) of various analytical methods 
used in residue surveillance (EC, 2001). The Joint FAO/WHO Expert Committee of 
Food Additives and Contaminants (JECFA), at its 50th Meeting, 1998, established 
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an acceptable daily intake (ADI) of 0–0.03 mg/kg body weight for the tetracyclines 
(oxytetracycline, tetracycline and chlortetracycline) alone or in combination (WHO, 
1998). 

Antibiotics are used by poultry industry and poultry veterinarians to enhance 
growth and feed efficiency and reduce diseases by enhancing  the health and well-
being of poultry and allow consumers to purchase at a reasonable cost, high quality 
meat and eggs.  Although these uses benefits, unfortunately, consumers perceptions 
are that edible poultry tissues are contaminated with harmful concentrations of drug 
residues. 

Because table eggs are consumed worldwide in various dishes and are 
considered very nutritious and a cheap source of protein, therefore, the presence of 
enteric pathogens table eggs and their contents can cause spoilage and enter the food 
chain through table eggs causing infection in consumers. 

Tetracyclines are approved for treating hens with a maximum limit of 200 
µg/kg for OTC, tetracycline and chlorotetracycline. Because of common use, 
residual CTC may occur in egg tables if the adequate withdrawal time has not been 
observed. Therefore, egg table may be a potential hazard for consumers. To protect 
consumers' health, legislation on veterinary drug should be settled.  Unfortunately, 
some OCT is extensively used in Al-Qassim region to treat hen against bacteria 
infection. They are ultimately transported into human body by consumption and 
induce allergic reactions, teratognicity, hypoplasia, and etc.  

In the present investigation, HPLC analysis showed that geographical and 
seasonal differences in OTC levels. The number of positive samples found in all 
regions during October 2006 were higher (n= 27) than that collected during January 
(n= 21), July (n= 19) and April (n= 17). Moreover, the percentages of total 
occurrence of the positive samples collected from Eion Al-Gawa (57.5) was higher 
than that in Al-Moznab (55), Burayda (47.5), Al-Shamasia (27.5) and Oneiza (22.5). 
The corresponding total violated samples were 3.25, 4.25, 0.28, 2.75 and 1.25, 
respectively.  

The results of present investigation indicate that there is widespread misuse 
of tetracycline by egg layer chicken farms in Al-Qassim region reflecting a general 
lack of compliance with the recommended practices regarding the use of 
antimicrobial agents. These malpractice may include overuse of the drugs, multiple 
use of drugs belong to the same pharmacological group and lack of implementation 
of recommended withdrawal times. This may be contributing to the high resistance 
rates to tetracyclines in both chicken and human microbial isolates observed in the 
region. Because of the danger of developing hypersensitivity or alteration of normal 
flora resulting from eating antibiotic-fed poultry, it would seem advisable to make 
sure that eggs should receive proper and adequate heat treatment. It has therefore 
been suggested that laid eggs should be removed from the nests as soon as. Also, 
there is a need to educate the population on good sanitary practices in handling eggs 
and consumption of only properly cooked eggs or egg products. 
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This study, therefore, stresses the need for strict regulations for the use of 
antimicrobial drugs in the poultry industry as well as the inspection of egg table for 
drug residues prior to marketing. 
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Abstract. The objective of the present study was to investigate the apoptotic process in the 
polymorphonuclear neutrophils leukocytes (PMN) in cows with acute mastitis. Sixteen cows affected 
with Staph. aureus and E. coli acute mastitis were used for this purpose and results were compared with 
six healthy controls. Animals were referred because of anorexia, swelling and gangrene of the mammary 
gland, abnormal milk secretion and recumbency. Apoptosis of PMN was assessed using the Comet assay. 
Compared to control cows, PMN in diseased animals showed an accelerated rate of DNA damage. 
Undamaged DNA remained within the core; however broken DNA migrated from the core towards the 
anode, forming a tail of a comet. In undamaged cells, the DNA was tightly compressed and maintained 
the circular disposition of the normal nucleus. To the best of the author knowledge, this is the first study 
to document accelerated apoptosis of blood PMN in cows infected with acute Staph. aureus and E. coli 
mastitis using the Comet assay. 
 
Keywords: apoptosis, cattle, comet assay, mastitis, neutrophils 
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Introduction 
Acute bovine mastitis involves an initial phase, which includes an inflammatory 
reaction, and a resolution phase. Initiation of the inflammatory reaction is caused by 
the production and release of chemoattractants by macrophages and epithelial cells 
for the rapid recruitment of neutrophils in order to eliminate invading bacteria. 
Polymorphonuclear neutrophil leukocytes (PMN) form the first line of 
immunological defence of the bovine mammary gland against Gram-positive and 
Gram-negative pathogens (Paape et al., 2003). Neutrophils rapidly accumulate on 
the site of infection, and there is a concomitant potential to cause severe tissue 
destruction should they undergo necrotic lysis and release cytotoxic granule contents 
into mammary gland tissues (Capuco et al., 1986). Therefore, it follows that timely 
and vigilant execution of a controlled programmed cell death in neutrophils is 
important in order to prevent damage to healthy tissues, and is necessary for 
resolution of infection (Kobayashi et al., 2003). Previous elimination of bacterial 
pathogens, extravasated inflammatory cells (neutrophils) and their contents from 
tissue are necessary for resolution of acute infection. Therefore, mammary gland 
neutrophils undergo apoptosis and they are phagocytosed by macrophages (Sladek 
and Rysanek 2000 and 2001).  

The life span of PMN migrating in tissues is only 1 to 2 days; thereafter, they 
undergo either apoptosis (Raff 1992), or necrosis as an alternative form of cell death 
(Hurley 1983). Apoptosis of PMN is a non-pathologic mode of cell death 
characterized by unique morphological and biochemical features. Apoptosis is 
marked by cellular shrinking, condensation and margination of the chromatin, 
roughing of the plasma membrane, and translocation of phosphatidylserine on the 
cell membrane (Van Cruchten and Van Den Broeck 2002). Apoptosis of PMN is 
accompanied by the loss of a number of fundamental functions: a reduced capability 
to respond to stimulation, a reduced intensity of phagocytosis (ranging to a total 
inability to phagocytise), and a lowered degree of degranulation and respiratory 
burst (Whyte et al., 1993). Therefore, these fundamental functions are critical for the 
maintenance of host defenses and in reaction to an insult by infectious agents.  
Under these circumstances, the immune system of the mammary gland may be 
weakened in its fight against infection and a transition into chronicity may occur. 

Single-cell gel electrophoresis (Comet assay) is a sensitive method for 
measuring DNA strand breaks (Endoh et al., 2002). The clear advantage of comet 
assay over other techniques that measure DNA strand breaks is its ability to measure 
heterogeneity within complex populations. In the comet assay a damaged cell takes 
on the appearance of a comet, with head and tail regions. A variety of geometric and 
densitometric parameters are provided by the image analysis software, which allows 
an estimation of the amount of DNA in the head and tail regions and the extent of 
migration into the tail region. Because the tail length and density reflect the number 
of single-strand breaks in the DNA, the percentage of DNA in the tail provides a 
quantitative measure of the damaged DNA. A variety of modified comet assays 
using several parameters have been developed to evaluate the extent of DNA strand 
breaks. The alkaline version of comet assay (Tice et al., 2000) primarily detects 
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single-strand breaks of DNA. The effect of mastitis on PMN apoptosis has only been 
studied in models of acute reversible bovine mammary gland injury caused by 
phosphate buffered saline and in experimentally induced mastitis. Therefore, the 
present study was aimed to evaluate apoptosis of PMN in cows during naturally 
occurring Staph. aureus and E. coli acute mastitis using the Comet assay. 

 
Materials and Methods 

Animals, history and physical examination 
Sixteen Holstein cows (6 - 8 years old), weighed 500-680 kg were used in the present 
study. Animals were referred because of anorexia, swelling and gangrene of the 
mammary gland, abnormal milk secretion and recumbency. According to the owners, 
duration of illness ranged from 6 to 24 hr after parturition. Animals were treated with 
parenteral and intrammary antibacterial therapy, corticosteroids, and systemic fluid 
therapy. All animals underwent a thorough physical examination (Radostits et al., 
2000), which included general behavior and condition, auscultation of the heart, lungs, 
rumen and intestine, measurement of heart rate, respiratory rate and rectal temperature, 
swinging auscultation, percussion auscultation of both sides of the abdomen and rectal 
examination. After milk culture Staph. aureus was identified in 10 and E. coli in 6 
cows. Sex healthy cows were enrolled in this study as controls. 
Isolation and preparation of polymorphonuclear neutrophils leukocytes  

Polymorphonuclear neutrophils leukocytes were isolated from heparinized 
blood by Ficoll-Conray solution (specific gravity 1.078), followed by hypotonic red 
blood cell lysis, as previously described (Nagahata et al., 1994; Higuchi and Nagahata 
2000, Mohamed and Oikawa 2010). Neutrophils were represented in Hanks' balanced 
salt solution (HBSS, containing ca2+ and Mg2+; Nissui pharmaceutical company, 
Japan) to a concentration of 5×106 cells/ml. The resulting cell population comprised > 
95% neutrophils, as determined by Wright-Giemsa staining, and > 99% of the cells 
were viable when assessed by tryptan blue dye exclusion. 
Evaluation of Apoptosis 

Apoptosis of PBMC and PMN in the blood of BLV infected cows was 
evaluated based on the determination of single cell gel electrophoresis (Comet 
assay). Under alkaline conditions, the Comet assay of isolated PBMC and PMN was 
performed (Endoh et al., 2002; Mohamed and Oikawa 2010). Briefly, the isolated 
PBMC and PMN were embedded in 1% low-melting point agarose (Life 
Technologies Co., Ltd., Japan) and deposited on top of a 1% agarose base layer 
(Nakarai Techs Co., Ltd., Osaka, Japan) on fully frosted slides (Matsunami Glass 
Indust. Ltd., Tokyo, Japan). Two slides per animal were made, one for PBMC and 
the other for PMN. After solidification of the top layer of agarose, the slides were 
placed in lysis buffer (2.5 M NaCl, 100 mM EDTA, 10mM Tris-HCl, 1% Na-
sarcosinate, 10% dimethyl sulphoxide and 1% Triton X-100, PH 10.0) for one hour 
at 4ºC in a dark room. After lysis, cell membrane and cytosol were lysed and 
isolated nuclei were remained in the agarose. The slides were incubated in an 
electrophoretic buffer (0.3 M NaOH, 1 mM EDTA) for 30 min. Electrophoresis was 
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carried out at 25 V and approximately 400 mA for 25 min at room temperature. The 
slides were neutralized in 0.4 M Tris-HCl solution (pH 7.5) for 20 min, stained with 
propidium iodide (PI), and then photographed under a fluorescent microscope 
(Olympus Optical Co., Ltd., Tokyo, Japan). Images were captured with a Sony CCD 
camera and saved using Image Pro Plus software. Image analyzer software (Rio 
Grand Software) was used to quantify the different parameters of the images. 
Generally, 100 images were analyzed per slide. Migration length of nuclei and total 
length inclusive of nucleus and tail were determined, and then tail length was 
determined for each cell. DNA strand breaks measured by this assay are expressed 
as the "tail momentum" which is the product of the fraction of DNA that has exited 
the nucleus multiplied by the distance migrated. 
Statistical analysis 

Data were analyzed, using one-way analysis of variance (ANOVA). Values 
are expressed as mean ± SD. 

 
Results 

In comet assay, undamaged DNA remains within the core, however the broken DNA 
migrates from the core toward the anode, forming a tail of a comet. In undamaged 
cells, the DNA was tightly compressed and maintained the circular disposition of the 
normal nucleus (Figure 1). The increase in DNA damage was mostly evidenced by 
an increase of comet moment. When cells processed for the comet assay were 
examined by fluorescence microscopy, fluorescent structures corresponding to the 
PI–stained nuclear DNA of the PMN cells (Figure 2). Figure 3 shows DNA damage 
in PMN measured by the Comet assay, compared to control neutrophils (0.52±0.27 
vs 0.32±0.21). 
  

 
Figure (1). Undamaged DNA of neutrophils in a clinically healthy cows measured by the Comet 

assay where DNA remains within the core. The DNA is tightly compressed and 
maintained the circular disposition of the normal nucleus. 
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Figure (2). DNA damage in neutrophils in a cow with acute clinical mastitis measured by the Comet 
assay. Increase in DNA damage is mostly evidenced by an increase of comet moment. 
When processed cells were examined by fluorescence microscopy, fluorescent structures 
corresponding to the PI–stained nuclear DNA of the PMN cells.  

 

Figure (3). DNA damage in neutrophils of cows affected with acute clinical mastitis (n=16) 
measured by the Comet assay compared to healthy cows (n=6).  

 

Discussion 
Apoptosis is an active process involving gene transcription and protein synthesis, 
which trigger a sequence of events resulting in typical morphological and 
biochemical changes including nuclear chromatin condensation, cell shrinking, 
blebbing of the cytoplasmic membrane, break-up of DNA into 180- to 200-base 
fragments, and the final cell fragmentation into apoptotic bodies (Wyllie et al., 
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1984). Apoptosis of PMN differs from necrosis. Necrosis of PMN is induced if the 
cells are affected by apoptosis-blocking signals. It results in a release of the 
histotoxic content of granules and subsequent damage to the surrounding tissue 
(Weiss 1989). Necrotic PMN are not quickly removed by macrophages. The role of 
apoptosis in the fate of PMN in vivo has been described in human (Savill 1992) and 
in laboratory animals (Yamamoto et al., 1993). During PMN apoptosis, the 
organelles and the cytoplasmic membrane remain intact and the histotoxic content of 
granules is not released into the extracellular compartment. Moreover, apoptotic 
PMN are promptly removed by the macrophages before they can support the 
development of cellular damage (Savill et al., 1989). 

There is compelling evidence that PMN apoptosis plays a key role in 
resolution of the inflammatory response in both humans (Savill et al., 1989) and 
cows (Sladek Z., Rysanek 2001). The end result of apoptosis is fragmentation of 
PMN into small membrane bound bodies that are quickly cleared by phagocytotic 
cells (Reed 2000; Sladek and Rysanek 2000). The main functions of PMN are to 

engulf pathogens and destroy them. At the same time, PMN can potentially harm the 
mammary gland. Neutrophils may promote tissue injury and disturb mammary 
function, via reactive oxygen metabolite generation and granular enzyme release 
(Paape et al., 2002). There is increasing evidence that pathogens use various 
mechanisms to impinge upon cell death pathways. These virulence factors induce 
cell death by a variety of mechanisms, which include 1) pore-forming toxins, which 
interact with the host cell membrane and permit the leakage of cellular components; 
2) toxins that express their enzymatic activity in the host cytosol; 3) effector proteins 

delivered directly into host cells by a highly specialized type-III secretory system; 4) 
superantigens that target immune cells, and 5) other modulators of host cell death 
(Weinrauch and Zychlinsky, 1999).  

Escherichia coli and Staph. aureus are the most important pathogens causing 
mastitis in dairy cows (Bradley, 2002; Radostitis et al., 2007), resulting in 
inflammation that ranges from chronic, subacute to peracute. Necrosis of the 
mammary epithelium occurs during severe, naturally occurring clinical E. coli 
mastitis, as well as during severe experimental E. coli mastitis (Burvenich et al., 
1994). During experimentally induced Staph. aureus and E. coli mastitis, migration 
of PMN through the secretory epithelium was correlated with extensive 
morphological damage (Harmon and Heald, 1982; Sladek et al., 2005). Direct 
evidence that PMN damage in mammary tissue was shown by Capuco et al. (1986). 
Neutrophils isolated from mammary glands of nulliparous heifers given an injection 
of E. coli endotoxin were incubated with mammary tissues from noninfected 
quarters. Microscopic examination indicated that epithelial cell damage resulted 
from treatment with intact, lysed, or phagocytosing PMN. The greatest 
morphological damage resulted from treatment with phagocytosing PMN. Activated 
blood PMN were cytotoxic for mammary epithelial cells (Ledbetter et al., 2001), 
possibly via the release of extracellular reactive oxygen species, such as hydroxyl 
radicals (Boulanger et al., 2002). Oxidative stress can damage all types of 
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biomolecules (e.g., DNA, proteins, lipids, and carbohydrates) and therefore induce 
tissue injury (Haddadi et al., 2005). 

Apoptosis of blood leukocytes has been used previously using the flow 
cytometric technique (Van Oostveldt et al., 2001; Van Oostveldt et al., 2002a; Van 
Oostveldt et al., 2002b; Sladek et al., 2005). In this study, apoptosis PMN isolated 
from cows with acute mastitis was investigated and assessed by the Comet assay. 
The results obtained show a statistically significant difference of DNA damage 
between PMN isolated from cows with acute mastitis and that isolated from healthy 
cows (P < 0.05). To the best of the author knowledge, this is the first study to 
document accelerated apoptosis of blood PMN in cattle infected with acute Staph. 
aureus and E. coli mastitis using the Comet assay.  
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  المصابه خلايا الدم المتعادلة في الأبقار سارع الموت المُبرمج بت
 بالتهاب حاد بالضرع

  

  محمد ثروت عبد العال
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Abstract. The effect of immunization against inhibin on follicle stimulating hormone (FSH), luteinizing 
hormone (LH) and testicular histology was studied on 66 male rabbits and 33 male mice. Immunization 
was achieved by injection of two inhibin antigens: ovine testicular lymph protein fraction-IV (OTLP4) 
and steroid-free ovine follicular fluid (OFF). The inhibin antigens were given using 3 different adjuvants: 
Freund's complete adjuvant (FCA), Freund's incomplete adjuvant (FIA) and TiterMax adjuvant, to boost 
the magnitude of the immune response in the experimental animals. The histological changes in the testes 
were examined after inhinbin immunization. Results showed that immunization with inhibin resulted in 
increased FSH secretion in both rabbits and mice. LH was not increased in immunized rabbits. However, 
LH showed significant increase in mice immunized with OFF using FCA or TiterMax adjuvants. There 
were also significant increases in the titre of antibody against OTLP4 and OFF in serum of rabbits when 
Titer-Max and FCA were used. In mice, there was significant increase in the titre of antibodies against 
OTLP4 when FIA was conjugated as compared to TiterMax and FCA conjugation. Inhibin immunization 
resulted in activation of spermatogenesis. This is reflected histologically by the presence of large numbers 
of spermatozoa in both the seminepherous tubules and epididymis. TiterMax and FIA produced better 
antibody responses that FCA in inhibin-immunized rabbits and mice. 
 
Keywords: Inhibin, mice, rabbits, adjuvants, gonadotrophins, testis. 
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Introduction  
Decades of research have led to the discovery and characterization of a large family 
of proteins, the inhibin family. The development of specific immunoassays for 
biologically active, dimeric forms of inhibin provided new insights into our 
understanding of the physiological relevance of inhibin in male reproduction 
(Meachem et al., 2001).  FSH is one of the main hormones stimulating 
spermatogenesis. It was documented that pituitary gonadotrophs were regulated by 
both steroid testosterone and non steroid inhibin (Fafoiffe et al., 2004). Inhibits A 
and B are gonadal factors that negatively regulate both FSH synthesis by the anterior 
pituitary and also testicular function in rats (Okuma et al., 2006). In human males, 
inhibin B is the primary testicular factor regulating FSH with limited effects by 
gonadal steroids (Makanji et al. 2011). An inverse correlation exists between inhibin 
and FSH and LH levels (Ruiz Plazas et al. 2010). Rat Sertoli cells secrete inhibin 
bidirectionally, basally into testicular interstitial fluid and apically into seminiferous 
tubule fluid (Maddocks and Sharpe, 1990). Development of alternative methods for 
Superovulation in domestic animals utilize passive (Medan et al. 2003a) and active 
(Medan et al. 2003b) immunizations against inhibins were used. 

Adjuvants are used to enhance the ability of a vaccine to elicit strong and 
sustainable immune response (Spickler and Roth, 2003). With the usage of such 
substances or molecules, less antigen and fewer injections are needed. Compared to 
injection of antigen alone, injection of antigen plus an adjuvant generally permits 
use of a much smaller quantity of the antigen and greatly enhances the antibody titer 
(Guy, 2007).  

Trials for immunization against inhibin have been done to improve 
reproduction in laboratory and farm animals. The objectives of this study were to 
evaluate the effect of active immunization against inhibin by checking the titer 
response and comparing the endogenous levels of FSH and LH in treatment mice 
and rabbits. The study also evaluates the effect of immunization on the histological 
components of testes.   

 
Material and Methods 

Antigen preparations: 
Ovine testicular lymph protein fraction -IV (OTLP4) : 
Collection of ovine testicular lymph was carried out according to the method of 
Cowre et al., (1964). Steroid free ovine follicular fluid (OFF): Ovine ovaries 
containing follicles ranging from 0.3 - 0.8 mm in diameter were collected from 
Buraydah slaughter house. The follicular fluids were aspirated using sterile syringe 
and pooled together, cleared from tissue debris by centrifugation at 3000 rpm for 15 
minutes. The supernatant was aspirated and considered as crude OFF. To remove 
steroids a previously described method (Welschen et al., 1977) was followed.  
Follicular fluid samples were stirred with activated charcoal at a concentration of 
50mg /1.0 ml sample. They were then incubated in refrigerator with continuous 
mixing using magnetic stirrer for two hours. After that the mixture were centrifuged 
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at 3500 r.p.m for 30 minutes. The supernatant was aspirated, labeled as steroid free 
and kept at - 02 ْ◌C until use.  
Animals and study design: 

Sixty six male albino mice, weighing between 25 to 30 gm and thirty three 
male rabbits each weighing between 2-2.5 Kg were used. The animals both mice and 
rabbits were randomly assigned to eleven test groups. The group consisted of six 
animals in case of mice and three animals each in case of rabbits. Two groups 
received the antigen dissolved in saline, and three groups received adjuvant and each 
of the remaining six groups received the antigen mixed with one of the three 
adjuvants.  

Three different adjuvants were analyzed for effectiveness of production of 
immune response: CFA and IFA (Sigma-Aldrich) and TiterMax (CytRx Corp., 
Norcross, Ga). They were mixed per manufacturer’s instructions to an initial 
concentration of 200 mg/ml. Immunization procedure was done according to the 
method of Tadeuz, (1974). Each rabbit was injected intradermally at several sites by 
1.0 ml of the mixture. This procedure was repeated three times at 10 days interval 
followed by another three injections at 2 weeks interval. Seven days later, a final 
booster dose devoid of the adjuvant was injected. Rabbits were sacrificed seven days 
after the booster dose. blood collected, allowed to colt and sera separated carefully 
by centrifugation at 3000 r.p.m for 15 minutes and stored at -20 ْ◌C till used for 
titration of their potency. The same method for mice was adopted except that each 
mouse was injected subcutaneously at several sites by 0.1 ml of the mixture. 
Hormonal assay: 

 FSH and LH in the sesum samples were analyzed by immunoenzymetric 
assay using commercially available kits (EIAgen, Adaltis Italy).In this method, 
hormone calibrators, serum samples and/or controls (containing antigens) were first 
added to streptavidin coated wells. Biotinylated monoclonal and enzyme labeled 
antibodies were added and the reactants were mixed: these antibodies have high 
affinity and specificity and were directed against distinct and different epitopes of 
hormone. The color reaction was measured at wavelength 450 nm using microplate 
ELISA reader. 
Histological studies: 

 Small pieces of the testis and epididymis, 5 µm thick, were taken from fixed 
portion of the left testis, fixed in Bouin's solution, processed for paraffin embedding, 
and sections 6 /um thick cut and stained with haematoxylin and eosin (H&E). 
Potency of prepared OTLP4 and  OFF antrisera: 

 ELISA methodology was used to detect the potency of antisera to OTLP4 
and steroid free Off protein prepared in rabbits and mice and control sera according 
to the method of Voller et al., (1979). 

Measurements of the titer of antisera for each antigen and for each adjuvant 
were done by ELISA. 
Statistics analysis: 
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The slope of regression "b" of the log dose response titer curves were 
obtained from respective standard preparation calculated according to the method of 
Spiegel (1981). Multiple regression analysis and Pearson chi-squared analysis were 
performed. Mean differences between groups were determined using two ways 
ANOVA to test the interaction followed by T- test.  

 
Results 

The immunization of rabbits and mice with inhibin using CFA resulted in a severe 
inflammatory reaction at the injection site. The examination of histological sections 
of the epididymis of rabbits and mice revealed a large sperm content occupying 
almost the entire lumen following active immunization with both inhibin products 
(Fig. 1). A moderate sperm number in the epididymis of rabbit after injection of 
OFF or OTLP4 alone was seen. The testis of immunized rabbit and mice showed 
normal organization of the seminiferous tubules containing all the stages of 
spermatogenesis (Fig. 2). After injection of OTLP4 alone, the testis showed some 
inhibition of normal organization. 

 

 

Fig. (1). Large sperm content in the epididymis of a rabbit after injection of OTLP4+ CFA. (H & E x 10). 
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Fig.(2). A histological section in the testis of mice after injection of OTLP4+ IFA  showing normal 
organization of the testis with active spermatogenesis. (H & E X10).  

FSH and LH levels in serum of male rabbit and mice after active 
immunization with inhibins using different adjuvants are shown in Table (1 and 2). 
There is significant increase in FSH in the serum of rabbit immunized with OTLP4 
and OFF conjugated with CFA than with IFA or saline. The conjugation of OTLP4 
with TiterMax also increased the level of FSH compared to IFA or saline groups. 
Concerning LH, The obtained results showed no significant variation between the 
use of the different adjuvants or inhibin source. 

Table (1). Serum Follicle stimulating hormone (FSH) and Luteinizing hormone (LH) levels of male 
rabbits after immunization with OLTP4 and OFF using different adjuvants 

Animal Antigen Adjuvant FSH (mIU/ml) LH (mIU/ml) 
+ CFA 4.68±0.71ac 2.34±0.09 
+ IFA 2.45±0.33ab 2.76±0.33 
+ TiterMax 5.09±1.01 bd 1.96±0.71 

OTLP4 

+ Saline 2.17±0.22 cd 2.08±0.21 
+ CFA 5.23±1.17 ab 2.61±0.44 
+ IFA 2.55±0.34 a 2.43±0.61 
+ TiterMax 3.97± 0.53 1.97±0.11 

OFF 

+ Saline 2.87±0.30 b 2.07±0.09 
+ CFA 1.89±0.07 1.87±0.08 
+ IFA 1.13±0.30 1.75±0.28 

Rabbit 

Saline 

+ TiterMax 1.84 ±0.26 2.74±0.43 

In the column, within the antigen and hormone, values having the same letter are significantly different at 
P<0.05 and P<0.01 respectively.  
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Table (2). Serum Follicle stimulating hormone (FSH) and Luteinizing hormone (LH) levels of male 
mice after immunization with OLTP4 and OFF using different adjuvants 

Animal Antigen Adjuvant FSH (mIU/ml) LH (mIU/ml) 
+ CFA 5.34±1.06 * 2.54±o.23 
+ IFA 5.12 ±1.27a 1.88±0.17 
+ TiterMax 4.92 ±0.94b 2.62±0.22 

OTLP4 

+ Saline 1.39 ±0.22*a b 1.94±0.29 
+ CFA 5.64 ±1.26a 4.64±0.53 a *  
+ IFA 5.72 ±1.47b 2.05 ±0.31 ab 
+ TiterMax 5.64 ±1.20c 5.13±1.11 cb 

OFF 

+ Saline 1.70±0.45 a b c 2.22±0.71 *c 
+ CFA 2.22 ±0.62 1.01±0.09 
+ IFA 3.01 ±0.91 2.23±0.25 

Mice 

Saline 

+ TiterMax 2.12 ±0.57 2.41±0.42 

In the column, within the antigen and hormone, values having the same letter are significantly different at 
P<0.05 and P<0.01 respectively.  

Data presented in Table 2 show that all levels of FSH in the mice sera were 
significantly increased after active immunization with either OTLP4 or OFF 
conjugated with any of the three adjuvants used. For LH, a significantly higher 
increase in its release occurred after active immunization with OFF conjugated with 
either CFA or TiterMax   as compared with IFA or saline. 

The potency of prepared antisera in rabbits and mice were done and the 
optimum dilutions and the titer after antisera checkerboard titration were obtained 
(Table 3). There is significant increase in the antibody titer against OTLP4 and OFF 
in serum of rabbit using TiterMax and CFA than IFA.  A significant increase in titer 
against OTLP4 was observed in serum of mice using IFA than TiterMax and CFA 
and no significant difference in the titer   against OFF by any of the three adjuvants 
used. 

Table (3). The antibody titer and the optimum dilutions of rabbit and mice antisera against OTLP4 
and OFF using different adjuvants 

Antigen Adjuvant Antibody titre 
X 1000 rabbit 

Antibody titre 
X 1000 mice 

Dilution of rabbit 
antisera 

Dilution of mice 
antisera 

+ CFA 11.54±1.12a* 17.34±2.12* 1:640 1:320 
+ IFA 5.18±0.98* 32.19±3.43*# 1:80 1:1360 

+ TiterMax 7.29 ±1.03 a 16.44±1.87# 1:160 1:320 

OTLP4 

+ Saline - - 1:1 1: 5 
+ CFA 14.21±1.87* 19.32±2.12 1:320 1:640 
+ IFA 7.19±1.09* a 16.16±1.11 1:80 1:320 

+ TiterMax 12.65±1.12 a 14.09±1.07 1:320 1:160 

OFF 

+ Saline - - 1:5 1:5 

In the column, within the antigen, values having the same letter and mark are significantly different at 
P<0.05 and P<0.01 respectively.  
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Discussion 
Inhibin B is a hormone produced by Sertoli's cells that exercises a negative feedback 
on FSH secretion and an inverse correlation exists between inhibin and FSH and LH 
levels Ruiz Plazas et al.(2010). 

Studies attempting to improve reproduction in laboratory and farm animals 
through the immunization against inhibin have yielded equivocal results. In some 
studies immunization against inhibin antigens increased sperm production, whereas 
in others it had little effect (Voge and Wheaton, 2007). Phillips (2005) concluded 
that it was not clear whether inhibin immunization would ever be routinely used to 
increase fertility of valuable males. The gonadal hormone inhibin regulates daily 
sperm production (DSP) indirectly through negative feedback control of FSH 
secretion and may also affect DSP via direct actions within the testis (Voge and 
Wheaton, 2007). McKeown et al. (1997) immunized 16 rams against bovine inhibin 
α-subunit without consistently increased sperm concentration or semen volume. 
Voglmayr et al. (1990) immunized 4 rams resulted in increased epididymal sperm 
reserves by 26%.Drummond et al. (2004) summarized 38 studies in which sheep and 
cattle had been immunized against α-inhibin antigens. Rams and bulls had been 
immunized in 6 of the studies. Findings were inconsistent. In some studies 
immunization against inhibin antigens increased sperm production, whereas in 
others it had little effect. The authors concluded that the eventual commercial 
success of inhibin-based fertility vaccines will depend on the design of new more 
potent immunogens that consistently enhance reproductive performance. In ram 
lambs Wheaton and Godfrey (2003) showed that active immunization against an 
inhibin alpha-peptide delayed rather than advanced puberty in ram lambs.  

Histologically, the epididymis of rabbits and mice revealed a large sperm 
content of spermatozoa occupied almost the entire lumen following active 
immunization of both inhibin products than injection of Off or OTLP4 alone. 
Sections in the testis of rabbit and mice showed normal organization of the 
seminiferous tubules and all the stages of spermatogenesis following active 
immunization were present than the inhibition obtained by injection of OTLP4 
alone. Voge et al.,(2009) reported that the percentage of testicular area occupied by 
seminiferous tubules differed by treatment and was greatest (82%) in alpha-inhibin-
immunized lambs and lowest (74%) in control animals. Immunization of rabbits 
(Mehta et al., 2003) and of rat (Vanage et al., 2000) with C-terminal region of 
human seminal plasma inhibin and of rat with steroid-free bovine follicular fluid 
caused agglutination of spermatozoa resulting in a decrease in their fecundity. Bame 
et al., (1999) concluded that inhibin suppressed spermatogenesis.  

The data obtained showed a significant increased FSH in the serum of rabbit 
immunized with OTLP4 and OFF conjugated with CFA than with IFA or saline. The 
conjugation of OTLP4 with TiterMax also increased the level than with IFA or 
saline groups. All levels of FSH in the mice sera were significantly increased after 
active immunization with either OTLP4 or OFF conjugated with the any of the three 
adjuvants used than antigen with saline. In the present study, we found conclusively 
that immunization against inhibin clearly increased FSH secretions and it may be  
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due to immunoneutralization of endogenous inhibin that diminished negative 
feedback on the anterior pituitary gland resulting in increased FSH secretion. There 
was a discrepancy in the previous studies about the effect of active immunization 
against inhibin on FSH secretions. Some reports (Medan et al. 2003b Medan et al. 
2006a and Gordon el al., 2010) demonstrated that active immunization against 
inhibin increased FSH secretions, meanwhile others (Hennies et al. 2001) found an 
increase in ovulation rate without an increase in FSH levels in the cows. 

In contrast to the observed increase in FSH concentrations following 
immunization against inhibin, concentrations of LH in rabbit did not show a 
significant difference between inhibin source or adjuvant use. These data agree with 
the previous work of McKeown et al. (1997). Medan et al. (2006b) and 
Schuenemann et al.(2007) reported that active immunization against inhibin α-
subunit increased FSH secretions and enhanced sperm production in bucks, whereas 
LH and testosterone concentrations, semen volume and sperm motility parameters 
were unaffected.  

  In mice, a significant increase in the release after active immunization of 
OFF conjugated with either CFA or TiterMax   than with IFA or saline without a 
significant effect of OTLP4 or different adjuvants alone. The present study 
reasonably concludes that TiterMax may be used as alternative to CFA as immune 
adjuvant. Powers et al., (2007) mentioned that though Freund's complete adjuvant 
effectively increases immune response to vaccines in various species, its potentially 
severe inflammatory effects have led many animal researchers to seek alternative 
immunological adjuvants. In a study of New Zealand white rabbits, the authors 
compared the immune and adverse effects of Freund's complete adjuvant with the 
effects of two formulations of AdjuVac, an immunological adjuvant previously 
developed by their group. All three adjuvants improved humoral immune response 
but also caused inflammation. Inflammatory reactions caused by AdjuVac, however, 
tended to be less severe than those caused by Freund's complete adjuvant. 

The present data showed a significant increase in the antibody titer against 
OTLP4 and OFF in serum of rabbit using TiterMax and CFA than IFA.  A 
significant increase in titer against OTLP4 was observed in serum of mice using IFA 
than TiterMax and CFA and no significant difference in the titer    against OFF by 
any of the three adjuvants used. 

Estimates of anti-α-inhibin titers reported by other investigators were made 
and showed extensive variation among studies (Voge and Wheaton 2007). 
Differences in estimated titers among studies were not obviously ranked with 
antigen dose, route of administration, or the number, interval, or duration of booster 
immunizations. They reported that Greater titers may decrease LH concentrations.  
In studies with estimated midlevel titers, FSH was increased (Voglmayr et al., 1990; 
Bame et al., 1999) and positively associated with Ab titer (McKeown et al., 1997). 
Effects on LH were inconsistent, being increased (Voglmayr et al., 1990), increased 
in peak amplitude (McKeown et al., 1997), or decreased (Bame et al., 1999). In 
studies with higher titers, LH was decreased (Wheaton and Godfrey, 2003). Taken 
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together, these findings imply that TiterMax may be used as alternative to CFA in 
rabbit and IFA in mice as immune adjuvant.  
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تأثير التحصين ضد الانهبين على استجابة الهرمون المحفز للجريبات والهرمون 

   الخصية في الأرانب والجرذان وذلك باستعمال وأنسجةاللوتيني 

   من محفزات المناعةأنواعثلاثة 
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Abstract. Garlic extract with different concentrations (0.5, 1.0, 3.0 and 5.0 %) were tested for inhibitory 
activity against E. coli O157:H7 in MacConkey sorbitol agar (MSA). The reduction rates were 58, 100, 100 
and 100%, respectively. Aqueous extract of garlic were tested for their inhibitory activity against E. coli 
O157:H7. The Minimal Inhibitory Concentration (MIC) of garlic extract against E. coli O157:H7 was 1.56% 
(w/v), while the Minimal Lethal Concentration (MLC) was 3.12% (w/v). Garlic extract concentrations 
which had the best inhibitory effects against E. coli O157:H7 in the laboratory medium and in-vitro study, 
should be chosen and tested for the food model study. The obtained results showed that garlic extract 3% 
has the highest inhibitory effect against E. coli O157:H7 at the 3rd day of storage with reduction rate of 
100%. 
Keywords: Garlic, E. coli, inhibitory concentration, lethal concentration. 
 



Mohammad S. Alorainy 150 

Introduction 
Man has been using natural products of animals, plants and microbial sources for 
thousands of years either in the pure forms or crude extracts (Parekh and Chanda, 
2007). Bioactive compounds from these diverse sources have been isolated and 
characterized worldwide. Systematic screening of plant materials represent an all 
important effort to find some new bioactive compounds with the needed therapeutic 
potential to fight against pathogenic microorganisms, particularly with respect to 
those that are hospital based. The elucidation of the chemical structures of some of 
these compounds had led to the synthesis and production of more potent and safer 
drugs. However, within the last few decades, microbial resistance has emerged for 
most of the available agents, thus necessitating the search for newer drugs 
(Bhattacharjee et al., 2005). The increasing reliance on drugs from natural sources 
has led to the extraction and development of several drugs and chemotherapeutic 
agents from traditional herbs which are present in abundance in the tropics (Falodun 
et al., 2006).  

Garlic (Allium sativum Linn.) is one of those plants that was seriously 
investigated over the years. It has been used for centuries to fight infections 
(Onyeagba et al., 2006). The early Egyptians used it to treat diarrhoea, the ancient 
Greeks used it to treat intestinal and extraintestinal diseases, while the ancient 
Japanese and Chinese used it to treat headache, flu, sore throat and fever. In Africa, 
particularly in Nigeria, it is used to treat abdominal discomfort, diarrhoea, otitis 
media and respiratory tract infections (Ankri and Mirelman, 1999; Jaber and Al-
Mossawi, 2007). The phytochemical constituents of garlic have been established in 
previous studies (Farbman, et al., 1993; Cavallito and Bailey, 1994; Ankri and 
Mirelman, 1999; Prados-Rosales et al., 2003). The antimicrobial properties of garlic 
were first described by Pasteur in 1958, and since then, research had demonstrated 
its effectiveness against bacteria, protozoa, fungi and some viruses (Jaber and Al-
Mossawi, 2007). Previous studies have also indicated that garlic has anti-neoplastic, 
cardiovascular, immuno-stimulatory and hypoglycemic properties (Sato and Miyata, 
1999). 

Garlic is a potent inhibitor of food pathogens. Foods contaminated with 
pathogens pose a potential danger to consumer health. Use of garlic would increase 
the shelf-life and decrease the possibilities of food poisoning and spoilage in 
processed foods. The Minimum inhibitory concentration (MIC) of garlic for E. coli, 
Sal. typhi, Staph. aureus and L. monocytogenes was 3·95, 7·0, 5·0 and 8·8%, 
respectively. The maximum inhibitory effect of garlic was observed against E. coli 
and the minimum against L. monocytogenes. In the case of E. coli and Staph. 
aureus, inhibition occurred rapidly. Up to the 5% level of garlic, there was an almost 
80% inhibition and after that, very gradual inhibition was observed. (Kumar and 
Berwal, 1998). 

It has consistently demonstrated the effectiveness of garlic against the 
nosocomial S. aureus, E. coli, S. pneumonieae and P. aeruginosa that frequently 
display above average resistance to many antimicrobial agents. If well processed, 
garlic preparations can be used to treat nosocomial infections caused by susceptible 
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bacteria. The ability of garlic to inhibit the growth of both gram-positive and gram-
negative bacteria shows that it has a broad spectrum of activity and can be used for 
formulation of newer broad spectrum antibacterial substances (Abubakar, 2009). 

The antimicrobial and synergistic effects of the plants, Allium sativum and 
Gongronema latifolium on Escherichia coli and Staphylococcus aureus were 
investigated. It is concluded that synergism associated with the combination of 
medicinal plants is doubtful. However, the synergistic or additive effect between 
garlic and conventional drugs to some strains of bacteria which are resistant to some 
conventional drugs, gives hope of fighting drug resistance (Eja, et al. 2011). 

The aim of the present study is to Evaluation of antimicrobial activity of 
garlic (Allium sativum) against E. coli O157:H7 

 
Materials and Methods: 

Preparation of garlic extract: Garlic extract was prepared according to the 
methods described by Zahira and Al-Delaimy(1982) and Kumar and Berwal, (1998. 
Briefly, the garlic bulbs were cleaned with tape water and detergent (0.2 % mercuric 
chloride) for 2 min to remove any adhering soil on their surfaces followed by five to 
six washings with dist. water. 100 g of garlic were taken after removal of their outer 
skin surfaces and cut into small pieces by sterile scalpel. The small pieces were 
blended with 100 ml sterile dist. water using sterile warring blender for 5 min at 
medium speed. The macerates were filtered using sterile funnel and Whatman filter 
paper. The filtered extract was used for studies within 8 h of extract preparation. 
Two-fold serial dilutions were prepared from the extract previously prepared, i.e. 
50.0, 25.0, 12.5, 6.25, 3.12, 1.56, 0.78, and 0.39 % (w/v). 
Bacterial strain: E. coli O157:H7 strain was isolated from beef burger sample and 
identified by PCR assay. A fresh culture was prepared by inoculating 10 ml of 
Tryptic Soy Broth (TSB) with a loopful of the stock culture and incubating the 
inoculated tube at 37ºC for 18-20h. 
In vitro methods: 
Agar diffusion method (Parish and Davidson, 1993): 

Petri dishes were prepared to contain a non-selective medium, Tryptic Soy 
Agar (TSA) at a depth of approximately 4mm. The medium was surface inoculated 
with a suspension containing approximately 1x107 cfu/ml of E. coli O157:H7, which 
were prepared in TSB culture after overnight incubation and adjusted to such 
previous initial inoculum.  Known concentrations (100 µl) of each tested garlic 
extract were added by using sterile automatic micropipette to wells cut in the agar 
plate with a sterile glass tube (6 mm diameter). Negative control was prepared by 
placing sterile water in a well. Plates were incubated at 37ºC for 24h. Following 
incubation; plates were examined for zones of inhibition that measured by using a 
vernier caliper. The evaluation of inhibitory properties was carried out in duplicate 
and the results were expressed as average values of inhibition halo. Minimum 
Inhibitory Concentration MIC for the tested extracts was predicted from the linear 
regression analysis of the relationship between the squared radii of the zone of 
inhibited growth versus logarithmic values of the concentrations.   
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Broth dilution method (Cosentino et al., 1999 and Elgayyar et al., 2001): 
All tested extracts were performed in Brain Heart Infusion Broth (BHIB) 

supplemented with Tween 80 detergent at a final concentration of 0.5% for 
emulsification of essential oils in aqueous media. Serial doubling dilutions of each 
extracts were performed as previously mentioned. Overnight broth culture of E. coli 
O157:H7 were prepared in TSB and adjusted so that the final concentration of each 
tube following incubation was approximately 6x105 CFU/ml. The concentration of 
initial inoculums was confirmed using viable counts on TSA plates. A control tube 
should be prepared. The tubes were incubated at 37ºC for 24h and minimum 
inhibitory concentration (MIC) and minimum lethal concentration (MLC) were 
determined. MIC was determined presumptively as the first tube that did not 
produce turbidity. MIC was defined as the lowest concentration of an antimicrobial 
that prevents growth of a microorganism after a specified incubation period [i.e., the 
lowest concentration at which no growth occurs (absence of turbidity) in a nutrient 
medium following incubation]. To confirm MIC and establish MLC, 0.1 of broth 
was removed from each tube and surface plated onto TSA.  After aerobic incubation 
at 37 ºC overnight, the number surviving E. coli O157:H7 was determined. The MIC 
was the lowest concentration which resulted in a significant decrease in inoculums 
viability (> 90 %) while, the MLC was defined as the lowest concentration that 
killed > 99.9 % of E. coli O157:H7 within 72h (MLC culture was incubated at 37ºC 
for 24, 48, and 72h). Survival was determined by plating an aliquot from each tube 
into TSA plates incubated for 48 h at 37ºC and recorded as (+) for growth or (-) for 
no growth. 
In vivo method (Food model): 

Spices and spice extracts which had the best inhibitory effects against E. coli 
O157:H7 in the laboratory medium and in vitro study, should be chosen and tested for 
the food model study. 
Evaluation of garlic extracts in minced beef  (Ceylan et al., 1998): 

500 g of fresh meat was purchased from a local butcher. The samples were 
minced and divided into five equal portions each of 100 g in sterile beakers. The 1st 
and 2nd beakers were received 1 & 3% (w/w) garlic, while the 3rd and 4th beakers 
received 1.56 and 3.12% (v/v) aqueous garlic extract. Whereas, the five portion was 
considered as control sample which had no garlic. E. coli O157:H7 was added to these 
mixtures to obtain 3Χ105 CFU/g initial inoculum level. Both the bacterial inoculums 
and garlic extracts were distributed in the minced meat by stomacher for 2 min. All 
beakers were covered with aluminum foil and refrigerated at 3ºC and examined at 
the 1st, 2nd, 3rd and 7th days to evaluate the viable cell counts of E. coli O157:H7. 
Evaluation of E. coli O157:H7 in the inoculated samples: 

25g of the inoculated ground beef sample were transferred into sterile 250-
stomacher bag together with 225 ml of sterile 0.1-peptone water. The sample was 
thoroughly homogenized by using a stomacher for 2 min. Serial dilutions of the 
homogenate were prepared by using 0.1-peptone water as diluents. 0.1 ml portions 
of three consecutive dilutions were spread-plated on MacConkey sorbitol agar 
(MSA) medium. The plates were incubated at 37ºC for 24h. 
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Results 
The obtained results were recorded in Tables (1), (2) and (3). 

Table (1). Reduction rates of E. coli O157:H7 on manitol salt agar containing different concentrations 
of garlic  

R. R. 
(%) 

5 % R. R. 
(%) 

3 % R. R. 
(%) 

1 % *R. R. 
(%) 

0.5 % Garlic 
concentration 

0.0 50x105 0.0 50x105 0.0 50x105 0.0 50x105 Control 
100 NG 100 NG 100 ** NG 58 21x105 E. coli counts 

* Reduction rate 
** No growth 

Table (2): Minimal inhibitory and lethal concentrations of garlic extract on E. coli O157:H7  

E. coli O157:H7 Antimicrobial activity of garlic extract 

*MIC **MLC 

Manitol Salt Agar 1.56 % (w/v) 3.12 % (w/v) 
Agar diffusion 2.51 % (w/v) - 

* Minimal Inhibitory Concentration 
** Minimal Lethal Concentration 

Table (3). Reduction rates of different concentration of garlic extract on E. coli O157:H7  inoculated  

into minced meat 

After 7 days After 3 
days 

After 2 
days 

After 1 
day 

  

1x105 2x105 2x105 3X105 mean  

0.0 0.0 0.0 0.0 R. R. (%) 

Control 

10.0 10.0 7x102 3X103 mean 

99.9 99.9 99.5 99.0 R. R. (%) 

Garlic 1 % 

0.0 0.0 1X102 1X103 mean 

100.0 100.0 99.9 99.6 R. R. (%) 

Garlic 3 % 

10.00 10.00 8X102 2X104 mean 
99.9 99.9 99.6 99.3 R. R. (%) 

Garlic 1.56 %   (w/v) 

0.0 10 3X102 8X103 mean 
100 99.9 99.8 97.3 R. R. (%) 

Garlic 3.12 % (w/v) 

 
Discussion 

Garlic (Allium sativum) in the family Liliaceae is a perennial bulb-forming plant. It 
is known world-wide, and for several centuries, it has been used for dietary and 
medicinal purposes. Antimicrobial activity of garlic and its extract has been 
recognized for many years in all parts of the world. Scientific studies made on garlic 
in 20th century revealed that it was effective against a wide variety of microbial 
pathogens (Ross et al., 2001). Garlic contains 0·3–0·5% allicin, an antimicrobial 
component (Shelef 1983). According to Zaika et al. (1983), the Gram- positive 
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bacteria are generally more sensitive to allicin than Gram-negative bacteria. Further 
studies have confirmed also that garlic and its extract  has antimicrobial properties 
(Reuter et al., 1996; Kumar and Berwal, 1998; Ross et al., 2001; Martin and Ernst, 

2003; Eja et al., 2007; Eja et al., 2011). 
Effect of garlic on E. coli O157:H7 on MSA showed high antagonistic effect 

(strong inhibition), inhibiting the growth of E. coli O157:H7 totally at 1 %, while the 
control sample had 50 x 105 cfu/ml (Table 1). These findings were in harmony with 
those reported by Ceylan et al., (1998). As well as, Abdou et al. (1972) concluded 
that 5–10% fresh garlic was sufficient to inhibit the growth of E. coli, Shigella 
dysenteriae, Sal. typhosa and Staph. aureus completely. 

Current methods used to evaluate the efficacy of food antimicrobial may be 
divided into in vitro and in vivo. In vitro methods provide only preliminary 
information to determine the potential usefulness of the test compound in the food, 
whereas, application methods, in which an antimicrobial was applied directly to a 
food product to determine its effect on an inoculated microorganism (Parish and 
Davidson, 1993). 

The obtained results given in Table (2) indicated that calculated MIC for 
aqueous garlic extract was 2.51. 

In vivo method (Food model), the antimicrobial effect of garlic extract on the 
growth of E. coli O157:H7  in minced meat was carried out. The garlic extract  proved 
to have a good inhibitory effect against E. coli O157:H7 in previous preliminary in 
 vitro study which include: 1 and 3 % of garlic, 1.56 (MIC) and 3.12 (MLC) % (w/v) 
of  aqueous garlic extract . Higher MIC (3·95 %) of garlic for E. coli rather than the 
obtained findings was recorded by Kumar and Berwal, (1998). 

From the results outlined in Tables (3) it could be observed that garlic (3%) 
had the highest inhibitory effect on the growth of E. coli O157:H7 in minced meat 
stored at 3ºC for 7 days with reduction rate of 100 % at the 3rd day of storage. 
Greater reductions were observed after 7 days of refrigerated storage, rather than 
immediately after application. Other researchers have noted that lower temperature 
and prolonged storage may enhance the inhibitory activity of plant extracts (Beuchat 
et al., 1994 and Hao et al., 1998). 

The overall observation of the results of the food system showed that there is 
a partial decrease in the antimicrobial activity of garlic in contrast to their 
antimicrobial inhibitory effect in culture medium. Many factors in foods could be 
responsible for the reduction of antimicrobial activity of garlic extract while applied 
on different types of food. This observation was recorded by many investigators 
such as Ismaiel and Pierson, (1990) and Stechini et al. (1993) who reported that 
antimicrobial activity of spices and oils diminished in food as a result of solubility of 
the antimicrobial agents into the food’s lipid fraction. 
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 دورية تنشرھا إدارة النشر العلمي والترجمة بجامعة القصيم، وھي تھѧدف إلѧى إتاحѧة الفرصѧة للبѧاحثين لنѧشر إنتѧاجھم العلمѧي مجلة
  :الآتيةوتقوم المجلة بنشر المواد 

  .يشمل على عمل المؤلف في مجال تخصصه، ويجب أن يحتوي على إضافة للمعرفة في مجاله: بحث-١
.تتضمن عرضاً نقدياً لبحوث سبق إجراؤھا في مجال معين أو أجريت في  خلال فترة زمنية محددة: تعراضيةمقالة اس-٢
.بحث مختصر-٣
.نقد الكتب-٤
.خطابات إلى المحرر، وملاحظات وردود، ونتائج أولية-٥

ث الأصѧلية، التѧي لѧم يѧسبق تقѧوم ھيئѧة المحѧررين  بѧالنظر فѧي نѧشر المѧواد المعرفيѧة ذات الѧصلة بѧذلك الفѧرع، وتقѧدم البحѧو  
نشرھا، بالإنجليزية أو بالعربية، وفي حال قبول البحث للنشر، لا يجوز نشره في أي منفذ نѧشر آخѧر ورقيѧاً أو إليكترونيѧاً، دون إذن 

  .كتابي من رئيس ھيئة التحرير
  تعليمات عامة

ة إلѧى أمѧاكن الجѧداول والأشѧكال داخѧل المѧتن يقدم أصل البحث مخرجاً في صورته النھائية متضمناً الإشѧار: تقديم المواد-١
 Ms Wordومطبوعاً على ھيئة صفحات مرقمة ترقيماً متسلسلاً، مع ضرورة إرفاق قرص ممغنط مطبوع عليه البحث علѧى برنѧامج 

  .، وسيعتذر عن قبول أي بحث لا يلتزم مؤلفه بھذه التعليماتIBMباستخدام النظام المتوافق مع 
علѧى ألا يزيѧد . صان بالعربية والإنجليزية للبحوث والمقالات الاستعراضѧية والبحѧوث المختѧصرةيرفق ملخ: الملخصات-٢

. سم١٣ كلمة، وعلى عمود واحد بعرض كتابة ٢٠٠عدد كلمات كل منھما على 
 توضع أعلى  الملخصين العربي والإنجليزي على ألا تزيѧد) Key Words(لا بد من احتواء كل بحث على كلمات مفتاحية -٣

.عن عشر كلمات
يجب أن تكون الجداول والرسومات واللوحات مناسѧبة لمѧساحة الѧصف فѧي صѧفحة المجلѧة : الجداول والمواد التوضيحية-٤

، ويتم إعداد الأشكال الخطية على برامج الحاسب الآلي أو بѧالحبر الѧصيني الأسѧود علѧى ورق كلѧك، ولا  )سم بالحواشي ١٩ × ١٢(
ا يجب أن تكون الخطѧوط واضѧحة ومحѧددة ومنتظمѧة مѧن حيѧث كثافѧة الحبѧر وتناسѧب سѧمكھا مѧع حجѧم كم. تقبل إلا أصول الأشكال

مطبوعة على ورق لمّاع، أو محملة على برنامج ] الملونة وغير الملونة) [الضوئية(الرسم، ويراعى أن تكون الصور الفوتوغرافية 
)Adobe Photoshop .( وصورة، والإشارة إلى مصدر المادة إن كانت مقتبسةمع كتابة عنوان لكل جدول، وتعليق لكل شكل.

 The World List of Scientificيجѧѧب اسѧѧتخدام اختѧѧصارات عنѧѧاوين الѧѧدوريات العلميѧѧة كمѧѧا ھѧѧو وارد فѧѧي : الاختѧѧصارات -٥
Periodicalsإلخ...مل، مجم، كجم٢سم، مم، م، كم، سم، :  وتستخدم الاختصارات المقننة دولياً مثل.
يشار إلى المراجع داخل المتن بنظام الاسم والتاريخ، وتوضع المراجع جميعھا في قائمة المراجع بنھاية المѧادة : المراجع-٦

:مرتبة ھجائياً ومتبعة نظام ترتيب البيانات الببليوجرافية التالي
ا فѧي قائمѧة المراجѧع أمѧ.  يشار إلى الدوريات في المتن بنظام الاسم والتاريخ بين قوسين علѧى مѧستوى الѧسطر) أ 

، ثѧم الاسѧم الأول، ثѧم الأسѧماء الأخѧرى أو اختѧصاراتھا )اسѧم العائلѧة(فيبدأ المرجع بذكر الاسم الأخير للمؤلѧف 
فاسم الدورية مختصراً بنط مائѧل، فѧرقم المجلѧد، ثѧم رقѧم " ". فعنوان البحث كاملاً بين شولتين . بالخط الأسود 

.وسين، ثم أرقام الصفحاتالعدد بين قوسين، ثم سنة النشربين ق
  : مثال

، العѧدد ١٥مجلѧد ال. )العلѧوم الھندسѧية(مجلة جامعة الملك سعود ." نمذجة تقطير خليط ذو نسبة تطاير عالية. "فقيھا، أنيس بن حمزة
  .٢٧-١٣، )م٢٠٠٣(، )١(

  .يشار إلى الكتب في المتن داخل قوسين بالاسم والتاريخ) ب 
، ثم الاسم الأول، ثѧم الأسѧماء الأخѧرى أو اختѧصاراتھا )اسم العائلة(لاسم الأخير للمؤلف أما في قائمة المراجع، فيكتب ا

ثѧم الناشѧر، ثѧم سѧنة النѧشرة، ثѧم عѧدد صѧفحات : فمدينة النشر. فعنوان الكتاب بنط مائل ثم بيان الطبعة.  الأسود طبالخ
  .الكتاب، إن وجدت

  :مثال
  .ص٥٠٠ھـ، ١٤٢٥جامعة الملك سعود، : الرياض. لحيويةمقدمة في ھندسة العمليات ا. المصري، وحيد عطية

  .إلخ...المرجع السابق. المرجع نفسه: ويجب عدم استخدام الاختصارات المرجعية مثل
وتѧرقيم التعليقѧات . تستخدم لتزويد القارئ بمعلومات توضѧيحية، ويѧشار إليھѧا فѧي المѧتن بأرقѧام مرتفعѧة عѧن الѧسطر:  الحواشي– ٧

وفي حال الضرورة؛ يمكن الإشارة إلى مرجع داخل الحاشية عѧن طريѧق اسѧتخدام كتابѧة الاسѧم والتѧاريخ . متسلسلة داخل المتن
بين قوسين وبنفس طريقة استخدامھا في المتن، وتوضع الحواشي أسفل الصفحة التي تخصھا والتي ذكرت بھѧا و تفѧصل بخѧط 

  .عمودين وتكون الحواشي على سطر أو عمود واحد وليس ) المتن(عن العمودين 
  .القصيم المواد المنشورة في المجلة لا تعبر؛ بالضرورة، عن رأي جامعة -٨
  .عشرون نسخة مجانية من بحثه) ٢٠(يعطى المؤلف :  المستلات-٩
عناوين المراسلة-١٠

   :ترسل جميع مواد النشر والمكاتبات إلى 
  رئيس التحرير

  ب البيطريكلية الزراعة والط/ مجلة العلوم الزراعية والبيطرية 
 E-mail: jvmagsc@yahoo.com /  ٥١٤٥٢   بريدة ٦٦٢٢ب .ص

  المملكة العربية السعودية
  .تصدر المجلة مرتين في العام-١١
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  ١٤٢٩  ٢٠٢٢: رقم الإيداع 
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  صفحة

  

  القسم العربي: أولا

  اقتصاد زراعي

   ة العربية السعوديةالبعد الاقتصادي لتنمية القطاع الزراعي في المملك
 ٣٥.......عادل محمد خليفة غانمو عثمان بن سعد النشوان، محمد بن حمد القنيبط، 

  ارشاد زراعي

 منطقة -  محافظة الغزالة - مدى التزام الزراع ببعض إجراءات السلامة والتطبيق الأمن للمبيدات 
   المملكة العربية السعودية- حائل

  ٥٧..............................................................محمد شايع الشايع

  

  نجليزيالقسم الإ: ثانيا 

  الانتاج الحيواني

تأثير طرق الطهي على متبقيات الهرمونات الجنسية الأستيرودية الطبيعية في اللحوم المستوردة و المحلية 
   القصيمو منتجاا بمنطقة

  ٩٢.......................................مصطفى محمد زيتون و سمير محمد أحمد

  الطب البيطري

  علاج ضيق عنق الرحمعسر الولادة في اترات الصغيرة بالمملكة العربية السعودية و 
  ١٠٧.....................................................أحمد مصطفي حسين علي

  رصد مخلفات التتراسيكلين في بيض المائدة التي جمعت من منطقة القصيم ، السعودية 
  ١٢٣.................................................................الوابل. ناصر أ
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 )هـ١٤٣٢ محرم/ م٢٠١١ يناير( بالإنجليزية ١٥٧ -  ٨٣ العربية ، ٨٤- ٣٥ص  ،  ص)٢(، العدد )٤(الد  جامعة القصيم، 



 
و�

برمج بخلايا الدم المتعادلة في الأبقار المصابه بالتهاب حاد بالضرع
ُ
 تسارع الموت الم

 ١٣٤........................................................محمد ثروت عبد العال

ين ضد الابين على استجابة الهرمون المحفز للجريبات والهرمون اللوتيني وأنسجة الخصية تأثير التحص

  في الأرانب والجرذان وذلك باستعمال ثلاثة أنواع من محفزات المناعة
  ١٤٦................................................................خالد الخريجي

  الميكروبيولوجيا

   E. coli O157:H7تقييم نشاط الثوم كمضاد للميكروبات ضد 
  ١٥٧..........................................................العريني .  محمد  س
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  مجلة العلوم الزراعية والبيطرية

  )هـ١٤٣٢ رجب/ م ٢٠١١ يوليو( ، ٥٤-٣٥ص  ، ص)٢(، العدد )٤(الد  جامعة القصيم، 

٣٥ 

  
  

  لتنمية القطاع الزراعي في المملكة العربية السعوديةالبعد الاقتصادي 
  

  عادل محمد خليفة غانم. د.محمد بن حمد القنيبط، أ. د.عثمان بن سعد النشوان، أ. د
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The Economic Aspects for Development of the Agricultural 
Sector in Saudi Arabia 

 
Dr. Othman S. Nushwan, Dr. Mohamed H. Qunaibet, and Dr. Adel M. Ghanem 

College of Food and Agricultural Sciences, King Saud University 
 
Abstract. The Study aimed to identify the economic Aspects for Development of the Agricultural sector 
and the determinants of the relative share of GDP during the period 1990-2009. This study is based on the 
achievement of objectives of the econometric analysis, especially co- integration equations and estimate 
model Johansen, after the unit root test (ADF).  

The result of this study on a set of results, including: 
1– the Economic size decreased of the agricultural sector from 5.7%  to 4.8%, which decreased 

at a rate of 1.75% per year, and therefore amounted to of the degree of growth -0.8 in the agricultural 
sector during the period 2000 - 2009. 

2- The Agricultural sector has achieved self-sufficiency of each of potatoes, dates, eggs and fresh 
milk, while the percentage of self-sufficiency for wheat from 100% in 2000, to 45% in 2009. 

3 - The relative share of the agricultural sector of Employment and the total investment of the 
most important determinants of economic size of the Agricultural Sector, as it was found that a change of 
10% for each of the relative share of the Agricultural Sector of Employment and gross investment, lead to 
a change in the same direction of the economic size of the agricultural sector 5.2 %, 0.6% respectively. 
As it turns out that a change of 10% for each of the cropped area and agricultural employment and water 
used for agricultural purposes, lead to a change in the same direction of the value of agricultural output 
rate of 28.9%, 15.9%, 3.5%, respectively. 

4- This study recommends the need to improving the efficiency of economic resources, 
especially water resources are scarce relative and then increase the value of agricultural output and its 
importance relative to GDP. 
 
Keywords: The Agricultural Sector, the degree of development, Economic size. 
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  .إجراءات السلامة الواجب إتباعها عند التعامل مع المبيد: ثانياً 
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Some of Pesticides Application by the Farmers and Their Safety in Alqazalh, 
Hail Area in the Kingdom of Saudi Arabia. 
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Abstract. Kingdom of Saudi Arabia imports large quantities of pesticides every year.  The kingdom 
imported 2.15 million liters, 0.590 tons of powder form pesticides, as well as 360 thousand liters, and 613 
tons of powder fungicides, and 1.8 million liters, and 145 tons of powder herbicide for all purposes in the 
year 1429/1430 (Ministry of Agriculture, 1431). It is important to know whether these quantities were 
used properly according to the conditions and safety procedures required for the safe application of 
pesticides. It is a very serious issue and needs investigation. Based on the importance of the subject, it is 
imperative to ensure the safety of agricultural workers of the hail region and examine the safety 
procedures and safe application of pesticides used in the field of insect pest control. Primarily, this study 
aims at determining the extent of the knowledge of the farmers on the safety procedures and safe 
application of pesticides in the Hail region. The main objectives of study include: to determine the extent 
of knowledge of the subjects safety procedures to be followed when dealing with the pesticide; to 
determine the extent of knowledge of the farmers on the methods of proper disposal of the remaining 
pesticides and their containers; to identify the health symptoms experienced by the farmers, sources of 
information relied upon by the respondents in their dealings with the pesticides . 

The study sample consisted of 213 farms representing about 25% of the farmers of the Ghazala 
province, Hail region .It was found that about 61.5% of respondents were under the age of 40 years, and 
the number of Saudis account for 87.9%.It was also found that they do not use proper disposal methods 
for the remaining pesticides. Whereas safety procedures were found to be generally low except that 
farmers do not apply pesticides near the gathering of individuals and animals, and vacuum-spray are used, 
and pesticides storage is away from the houses of the farmers. The respondents get their information on 
the use of pesticides from the labels of the containers while their relatives and friends are the secondary 
information sources. 
 
 Key words: Farmers knowledge; Safety procedures; pesticides application; Information sources, Health 
symptoms 
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