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Abstract: This study aimed to evaluate the effect of feeding on virgin olive oil (VOO) and extra virgin olive oil (EVOO) at 

50% and 100% with or without thyme leaves at 1% and 2.5% on pregnancy and lactation periods. Methods: One hundred and 

twenty adult female rats (120 ±5g) were randomly divided into 15 groups (n=8) for month before mating. On 19
th

 day of 

pregnancy, half of pregnant rats were weighted, killed and their fetuses take off with uterus. Another half of pregnant rats were 

left to evaluate the lactation period. Biochemical assays, bone measurements and fertility hormones were evaluated. Results: 

Generally, the VOO groups were improved the health status of pregnant and lactating rats more than EVOO groups. The 

pregnant rats in VOO and thyme leaves powder groups were lower of body weight gain (BWG) without their fetuses than 

EVOO and thyme leaves powder groups. The mean weight of fetuses in VOO and thyme leaves powder groups were higher 

than EVOO combined with thyme leaves groups. Also, the feeding on olive oils with thyme leaves had an increase of number 

of fetuses and bone Ca and P contents. The results showed that, in an increasing of number of fetuses caused decrease in bone 

mineral density (BMD). Pregnant and lactating rats fed on 100% olive oils had TC, TG, LDL-C, and VLDL-C lower than the 

rats fed on 50% olive oils. Also, the rats fed on olive oils and thyme leaves powder had increase in both E2 and progesterone 

levels before mating and at the end of lactation period compared to control group. Meanwhile, the prolactin hormone levels for 

rats at the end of lactation period were lower than on 19
th

 day of pregnancy period. Conclusion: Diet which containing with 

olive oil improved the health status, especially during pregnancy and lactation periods. Consumption of olive oil and olive oil 

and thyme leaves could be reduce the risk of infertility in females. 

Keywords: Virgin Olive Oil, Extra Virgin Olive Oil, Thyme Leaves, Pregnant and Lactating Rats, Lipid Profile,  

Fertility Hormones 

 

1. Introduction 

Nutrition and reproduction have always been linked in that 

the reproductive success of an animal depends on its 

nutritional status. One of the most significant dietary changes 

that can be made to influence the reproductive system is the 

addition of fat to the diet. Several studies on reproductive 

activity of fat-supplemented rats demonstrated an increase in 

diameter and number of follicles present on the ovary, as well 

as a shorter period to the first postpartum ovulation [1]. 
Olive oil is the principal source of lipid within the 

traditional Mediterranean diet [2]. Olive oil is considered a 

healthy product because of its constituents, which include 

oleic acid, palmitic acid and other fatty acids; in addition to 

traces of squalence and sterols. There is a considerable data 

demonstrating that the consumption of olive oil is beneficial 

to cardiovascular health; specifically it has a favorable effect 

on cholesterol regulation and LDL cholesterol oxidation. It 

has also been shown to have anti-inflammatory, 

antithrombotic, antihypertensive and vasodilator effects in 

both animals and humans [3].Olive oil is an important 

preventive factor in the pathogenesis of numerous 

degenerative disease and conditions. Extra virgin olive oil is 

the best nutritional supplement for pregnant women, due to 

its ideally balanced nutritionally valuable fats important for 

intrauterine fetal development as well as optional fatty tissue 

development during early infancy [4]. Fertility hormones 

regulate the reproductive cycle and are used to test for 

various associated conditions including infertility and 

impotence in men and women, early or delayed puberty as 

well as non-reproductive disorder. The most common causes 
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of female infertility are hormones. These are commonly 

associated with ovulation, ovarian syndrome and premature 

ovarian failure, damage to the Fallopian tube or uterus, or 

problem with cervix [5]. The female reproductive cycles 

function primarily by the interplay between the luteinizing 

hormone (LH), follicle stimulating hormone (FSH), 

progesterone, estradiol, prolactin and testosterone. Hormonal 

replacement therapy (HRT) is not only possibility to manage 

certain aspects of adult women's health. Huge women's 

health initiative study assessing the impact of HRT mainly on 

cardiovascular health and malignant disease have constructed 

not only users, but prescribers too. Increase cancer, stroke 

and coronary heart disease risks associated with long term 

use of postmenopausal hormone therapy (HT) have rapidly 

declined the number of women treated with HT either 

estrogen alone or estrogen plus progesterone [6]. An 

experimental model showed that bone remodeling was more 

pronounced in laboratory animals which had been treated 

with a polyphenols-rich diet [7]. According, [8] reported that 

the high quality of olive oil reduces low density lipoprotein 

cholesterol (LDL), peroxidation to significant higher extent 

than sunflower oil in hypercholesterolemia postmenopausal 

women. Also, [9] reported that olive oil consumption during 

adult life was not associated with the risk of breast cancer. 

While, [10] found that diet supplemented with olive oil 

modifies iron concentration in serum and liver tissues.  

Concerning thyme effect on health status, a little/no 

information about its effect but [11] reported that thyme 

causes flood blowing and invokes sexual activities and 

promotes consciousness and intelligences as well.  

The present study designed to study the effect of olive oil 

and thyme leaves pregnant and lactating rats which evaluated 

the lipid profile, liver and kidney functions, steroid hormones 

such as estradiol (E2) and progesterone, and prolactin.  

2. Materials and Methods 

2.1. Materials 

Virgin olive oil (Olea europaea L.) VOO was purchased 

from the privet sector (peroxide value = 0.05 and acidity < 

0.01) at Sadat City, Egypt. The extra virgin olive oil (EVOO) 

was obtained from Food Technology Research Institute, 

Agriculture Research Center, Egypt (peroxide value and 

acidity were 0.36 and < 0.01). Thyme leaves (Thymus 

vulgaris) was obtained from Horticulture Research Institute, 

A.R.C. Egypt; which ground to powder. Casein, vitamins, 

minerals, cellulose, and choline were purchased from El-

Gomhoria Company, Cairo, Egypt. Starch and corn oil were 

purchased from local market, Giza, Egypt. Kits used to 

determine serum total cholesterol TC, total triglycerides TG, 

high density lipoprotein cholesterol (HDL), urea, creatinine, 

ALT, AST, ALP and minerals were punched from Gamma-

Tread Company, Cairo Egypt. 

2.2. Biological Experiment 

One hundred and twenty adult Sprague-Dawely female 

rats (113-123g) were purchased from the lab of Animal 

Department of House in Ophthalmology Research Institute 

Giza, Egypt. The animals were housed in well aerated cages 

under hygienic condition (22 ± 2°C and 40-60 Relative 

humidity) and fed basal diet [12], for one week as adaptation 

period. After that the rats were randomly divided into 15 

group (n=8) according to the following experimental diets 

(Table 1), feeding a month before mating and carried out 

using one male to 2 females. On 19
th

 day of pregnancy, half 

of pregnant rats were fasted overnight before weighting and 

sacrificing. The fetuses were removing with uterus and put it 

in formalin (10% v/v) to analysis. Another half of pregnant 

rats were left to birth and lactating their fetuses. At the end of 

each stage, rats were fasted overnight before sacrificing.  

Blood sample were collected from eye plexuses of each rat. 

It cold in refrigerator for 15 min and centrifuged at 3000 rpm 

for 15 min to separate the serum. Serum was carefully 

separated and transferred into dry clean Eppendorf tubes and 

kept frozen at -18°C till analysis. Liver, kidney, heat and also 

femur were removed by careful dissection and blotted free of 

adhering blood immediately after sacrificing the rats. The 

organs and fetuses were washed in saline and dried using 

filter paper, then weighted and kept in formalin (10% v/v) 

according to [13]. 

Table (1). The experimental diets for rats (g/100g)  

Groups  Basal diet without oil Corn oil  Virgin olive oil Extra virgin olive oil Thyme 
1 90 10 -- -- -- 

2 90 5 5 -- -- 

3 90 -- 10 -- -- 

4 90 5 -- 5 -- 

5 90 -- -- 10 -- 

6 89 10 -- -- 1 

7 87.5 10 -- -- 2.5 

8 89 5 5 -- 1 

9 87.5 5 5 -- 2.5 

10 89 -- 10 -- 1 

11 87.5 -- 10 -- 2.5 

12 89 5 -- 5 1 

13 87.5 5 -- 5 2.5 

14 89 -- -- 10 1 

15 87.5 -- -- 10 2.5 
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2.3. Methods 

Biochemical assays: Serum total triglycerides (TG), total 

cholesterol (TC) and high density lipoprotein cholesterol 

(HDL) were determined according to [14], [15] and [16], 

respectively. Meanwhile, low and very low density 

lipoprotein cholesterol (LDL and VLDL) were calculated 

using the equation reported by [17]. The risk factor 

(TC/HDL-C ratio) was calculated using the equation reported 

by [18]. Serum urea and creatinine as kidney function were 

determined by the methods of [19] and [20], respectively. 

Serum AST and ALT were assayed according to [21]. Serum 

alkaline phosphatase (ALP) was determined according to 

[22]. 

Bone analysis: Bone Ca and P were determined according 

to the methods outlined in [23]. Bon length of each femur 

was measured using a varnein caliper according to the 

method of [24]. Bone mineral density (BMD) was 

determined using Dual energy x-ray absorptiometry (Norland 

XR -46) as described by [25]. Estradiol (E2), progesterone 

and prolactin hormones were determined according to [26], 

[27] and [28], respectively.  

Minerals determination of fetuses: Fetuses body minerals 

were determined using the following procedure: immediately 

after removal and placed in beakers then, desiccated to the 

body weight at 100 ͦ C in a convection oven. Fetus Ca, Fe, Zn 

and P of dry weight (DW) determined according to [29]. 

Statistical analysis: Statistical analyses were carried out by 

SPSS19 program. Data were expressed as means ± SEM and 

the Statistical analysis was performed using one-way analysis 

of variance followed by Duncan’s tests as according to [30].  

3. Results 

3.1. Effect of Feeding Olive Oil and Thyme Leaves Powder 

on BWG, Number and Weight of Fetuses  

Weight gain of pregnant and lactating rats, number and 

weight of fetuses were recorded in Table (2). A month later of 

feeding the female rats weight ranged from 163.3 – 183.3g 

and mating to induce pregnancy. The results reported, the 

pregnant rats fed on 50% VOO had higher BWG1 than that 

fed on 100% VOO. While, the results showed high 

significant increases in 100% VOO group compared to 50% 

VOO group in weight of fetuses. Concerning, EVOO groups 

(both 50 and 100%) resulted in non-significant differences 

for mother’s BWG1 and weight of fetuses. The pregnant rats 

fed on 2.5% thyme leaves powder only with basal diet had 

higher weight of fetuses and lower mother’s BWG1 than that 

group fed on 1% of thyme leaves powder. The VOO groups 

and thyme leaves were higher than EVOO groups for number 

and weight of fetuses. The pregnant rats were left to delivery 

and lactating their babies for 4 weeks, and weighted before 

sacrificing. The data collected in this stage showed the BWG 

of female rats from initial weight to end of lactation period. 

Generally, all groups had lower than control groups of BWG 

except the group fed on 100% of VOO only. Also, the groups 

fed on olive oil (50 and 100%) and thyme leaves powder 

(2.5%) had lower than groups fed on olive oil (50 and 100%) 

and thyme leaves powder (1%). It is worth mentioning that 

the presence of olive oil with/without thyme resulted in an 

increase in the number of fetuses by about 1.33 to 2.00 fold 

as that of control. 

3.2. Effect of Feeding Olive Oil and Thyme Leaves Powder 

on Organs Weight 

Table (3) showed the effect of feeding olive oil combined 

with thyme on the organs of the pregnant and lactating 

female rats. Generally, the organs weight (liver, heart and 

kidney) of lactating rats were higher than pregnant rats, but 

the spleen weight was a low weight of lactating rats 

compared to pregnant rats. The rats in control group were the 

lowest value of heart weight (0.39g), and the highest values 

of liver and spleen weight (9.17 and 1.50g, respectively) for 

pregnant rats. The additional of 2.5% of thyme leaves 

increased in heart, kidney and spleen weight for pregnant and 

lactating rats compared to additional 1% of thyme leaves. 

The same table (3) resulted in VOO groups had lower than 

EVOO groups for liver, heart and spleen weight on 19
th

 day 

of pregnancy. While, VOO groups had higher than EVOO 

groups at the end of lactation period. The feeding on VOO 

combined with thyme leaves showed decrease when 

compared to feeding on EVOO combined with thyme leaves 

for liver weight. There were a high significantly differences 

between groups for liver, kidney and spleen weight. 

3.3. Effect of Feeding Olive Oil and Thyme Leaves Powder 

on Some Minerals Contents of Fetuses 

The results in table (4) showed the Ca, P, Fe and Zn of 

fetuses as resulted in feeding pregnant rats on olive oils 

with/without thyme leaves powder. Generally, fetuses in 

control group were lowest levels of Ca and P, but the highest 

levels of Fe and Zn. The rats in 100% groups (both VOO and 

EVOO) were higher than 50% for Ca and P contents. Also, 

the additional (2.5%) of thyme leaves powder caused a slight 

increase in both Ca and P compared to (1%) level. The rats 

fed on VOO and thyme leaves groups were higher Fe and Zn 

contents than rats in EVOO combined with thyme leaves 

groups.  

3.4. Effect of Feeding Olive Oil and Thyme Leaves Powder 

on Bone Ash, Ca and P Contents 

The results in table (5) showed that, the effect of feeding 

on olive oils combined with/without thyme leaves on bone 

analysis. The rats in control group had the lowest levels of 

bone ash, Ca and P contents (47.94 vs 39.84%), (18.65 vs 

15.54 mg/100g) and (9.14 vs 8.20 mg/100g) for pregnant vs 

lactating rats, respectively. Generally, the lactating rats were 

lower than pregnant rats for bone ash, Ca and P contents. The 

VOO groups were higher bone Ca and P contents than 

EVOO groups. Also, 100% olive oils groups were higher 
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than 50% for Ca and P contents. The decrease in ash, Ca and 

P in lactating rats’ bone may be due to the transportation of 

these mineral to the fetus during pregnancy and to milk 

during lactation period, too. 

3.5. Effect of Feeding Olive Oil and Thyme Leaves Powder 

on Bone Measurements 

Bone mineral density (BMD), bone minerals concentration 

(BMC), bone length (L) and bone weight (W) were measured 

for the pregnant and lactating rats fed olive oils and thyme 

leaves powder as shown as in (Table 6). Generally, BMD 

values for lactating rats were lower than pregnant rats. The 

results showed that, a slight differences between VOO groups 

and EVOO groups for bone mineral density of femurs 

(BMD). Data in Table (2) and Table (6) showed a negative 

relationship between no. of fetuses and BMD. The pregnant 

and lactating rats showed low values of BMD with a high no. 

of fetuses. The VOO groups had higher levels of BMD than 

EVOO groups. Almost there were not differences between 

groups in bone length. The VOO groups had higher bone 

weight than EVOO groups. Also, 100% of olive oils groups 

had higher bone weight than 50% groups. From the above 

data, it could be concluded the olive oil with/without thyme 

leaves powder affected on bone BMD, BMC, length and 

weight of both pregnant and lactating rats.  

3.6. Effect of Feeding Olive Oil and Thyme Leaves Powder 

on Lipid Profile 

The results in table (7) showed that, the effect of VOO and 

EVOO combined with thyme leaves on lipid profile in serum 

pregnant and lactating rats. The results indicated that, lipid 

profile was lower in pregnant rats fed on VOO than the other 

rats fed on EVOO. The 2.5% thyme leaves powder caused 

decrease in lipid profile compared to 1%. Moreover, feeding 

rats EVOO and thyme leaves powder had lower levels of 

lipid profile than feeding on VOO with thyme leaves for 

pregnant rats. 

Concerning the lactating rats, which feeding 11 weeks 

(before mating, pregnancy period and lactating period) on 

VOO groups had decrease of TC more than lactating rats fed 

on EVOO groups, and increase in TG. The addition of (100%) 

olive oil diets caused decrease in lipid profile more than 50% 

groups. 

The same table (7) indicated that, the pregnant rats which 

feeding on olive oil diets for 7 weeks (before mating, 

pregnancy period) had high levels of TC/HDL-C ratio 

compared to control group. While, lactating rats which 

feeding (11 weeks) were low levels of TC/HDL-C ratio 

compared to control group, expect group fed on EVOO (50%) 

had the highest level (4.77) of TC/HDL-C ratio. 

3.7. Effect of Feeding Olive Oil and Thyme Leaves Powder 

on Liver and Kidney Function 

Table (8) showed the effect of feeding olive oil and thyme 

leaves powder in different levels on the kidney and liver 

function of both pregnant and lactating female rats. Generally, 

the liver and kidney functions of lactating rats were higher 

than pregnant rats. The results indicated that, 100% of olive 

oil diets caused decrease in liver and kidney function 

compared to 50% of olive oil diets. Moreover, in additional 

2.5% of thyme leaves powder caused decrease in kidney 

functions and ALP, and increase in AST and ALT for 

pregnant and lactating rats. Also, feeding on olive oil and 

thyme leaves diets (2.5%) had lower liver and kidney 

functions than rats fed on olive oil and thyme leaves diets 

(1%).   

3.8. Effect of Feeding Olive Oil and Thyme Leaves Powder 

on Fertility Hormones 

The Fertility hormones for female rats during experimental 

stages are shown in Table (9). Generally, the rats fed on 100% 

of olive oil diets groups were higher in E2 and progesterone 

levels than rats fed on 50% of olive oil diets before mating 

and at the end of lactation period. Also, the rats fed on olive 

oils combined with thyme leaves had increase in E2 and 

progesterone levels before mating and at the end of lactation 

period compared to control group. Meanwhile, the prolactin 

hormone levels for rats at the end of lactation period were 

lower than on 19
th

 day of pregnancy period. The rats feeding 

VOO and thyme leaves powder diets were lower that feeding 

EVOO and thyme leaves powder diets for prolactin level. 

4. Discussion 

In this study, the author attempted to clarify the potential 

of the olive oil and thyme on pregnant and lactating health. 

The results indicated that, the BWG was decrease compared 

to control at the end of experimental period. These results of 

body weight gain are in the line with [31] who found the 

BWG after second month was lower than BWG in the first 

month. 

These results are in the line with [10] who found that, the 

olive oil diet reduced the serum Fe compared to control 

group (corn oil diet).  

An experimental model showed that bone remodeling was 

more pronounced in laboratory animals which had been 

treated with a paly phenol diet [7]. A possible influence of 

olive oil on bone mass inteance and osteoporosis prevention, 

its results showed that women on a Mediterranean diet rich in 

olive oil had better bone density levels than those on a 

standard diet [32]. 

Concerning monounsaturated fatty acids, a positive 

association between BMD and monounsaturated fat, 

derived mostly from olive oil, has been reported in a 

sample of Greek men and women [33]. The investigators 

discussed the influence that vitamin E, abundant in olive 

oil, exerts on prostaglandin levels and therefore on bone 

formation and resorption. Furthermore, a dose–response 

protective effect of oleuropain, an olive oil polyphenol, 

has been found on bone mass in an experimental in vivo 

model of bone loss in rats [34]. Accordingly, [35] 

concluded that olive polyphenols, particularly 

hydroxytyrosol, prevented bone loss in ovariectomized 
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mice, and suggested olive polyphenols may provide 

insights into the development of tools useful in preventing 

and treating osteoporosis. 

The results of lipid profile are in the line with [36] who 

found that organic olive oil was most efficacious in 

addressing levels of TC, HDL, LDL, and AI. For all the 

parameters (except TG and VLDL), organic olive oil not only 

ameliorated but also prevented changes. In this respect, [37] 

reported that the intake of phenol rich virgin olive oil 

decrease total cholesterol TC, LDL and TG levels and 

substantially increased HDL concentrations. Controlled 

studies carried out with phenol-rich olive oils also have 

shown reductions of blood lipids and also of aortic lesions in 

hypercholesterolemic rabbits when fed with diets devoid of 

cholesterol [38].  

The results of liver functions are in the line with [36] who 

reported maximum reduction of these measures as compared 

to the control (+) group was found in the thyme oil and 

organic olive oil and in fact, the AST, ALT and ALP. Also, 

the olive oil and thyme leaves had a high significantly 

differences compared to negative control. 

Our results are not in the line with [39] who found the 

estradiol (E2) for group which administered olive oil showed 

a non-significant difference when compared to the control 

group. The groups administered soybean oil and olive oil 

showed a non-significant decrease in progesterone levels 

relative to the control group. 

Progesterone and estradiol are among the most important 

sex hormones for implantation of the blastocyst and 

pregnancy maintenance [40]. In pregnant females, with a 

normal menstrual cycle, the progesterone level remains 

relatively constant throughout the follicular phase of the 

menstrual cycle and then increases rapidly following 

ovulation, while the estradiol secretion follows a cyclic 

biphasic pattern, with highest concentration found 

immediately prior to ovulation [41]. Based on the results 

obtained in this study, it shows that the two kind of olive oil 

(virgin olive oil and extra virgin olive oil) which contained 

omega-3 and omega-6 PUFAs and MUFAs have strong 

capability of enhancing hormonal functions by stimulating 

hypothalamus-pituitary ovarian axis and subsequently the 

fertility in females. 

Estradiol is mainly synthesized by the granulose and theca 

cells of the ovaries. Serum estradiol level is principally used 

to monitor the induction of ovulation and differential 

diagnosis of amenorrhea. From the results of this study serum 

progesterone level was non-significantly decrease in soy oil 

and olive oil treated groups when comparison with the 

control group. Furthermore, serum estradiol level showed 

that, olive oil group showed an insignificant difference 

relative to the control group, indicating that the 

hypothalamus-pituitary gonadal axis was not affected [40]. 

Prolactin is a hormone that plays a role in fertility by 

inhibiting follicle stimulating hormone and gonadotropin 

releasing hormone (GnRH), the hormones that trigger 

ovulation and allow eggs to develop and mature. In the present 

study, prolactin level in the olive oil treated group was 

significantly increased relative to the control group. High 

prolactin levels tend to suppress the ovulatory cycle by 

inhibiting the secretion of both follicle stimulating hormone 

and gonadotropin-releasing hormones (Gn RH) [42] which are 

necessary for ovulation. Based on the results obtained in this 

study, it shows that the two kind of olive oil (virgin olive oil 

and extra virgin olive oil) which contained omega-3 and 

omega-6 PUFAs and MUFAs have strong capability of 

enhancing hormonal functions by stimulating hypothalamus-

pituitary ovarian axis and subsequently the fertility in females. 

5. Conclusion 

From the obtained data it could be concluded that, diets 

containing olive oil with/without thyme leaves powder 

improved lipid profile, liver and kidney functions especially 

for the pregnant and lactating, provided that doses do not 

greatly exceed the amounts used in food. Olive oils and 

thyme leaves have strong capability of enhancing hormonal 

functions by subsequently the fertility of females. Hence, 

consumption of these oils could be reduce risk of infertility in 

females. Traditionally, thyme is reported to the effect the 

menstrual cycle and, therefore, large amounts could not be 

ingested.  

Table (2). Effect of feeding olive oil and thyme Powder diets on BWG*, Number of fetus and weight lactating rats (g) 

Groups Initial 
Before 

mating 

Mother on 19th day of pregnancy 
Fetuses on 19th day of 

pregnancy 

End the lactation 

period 

Mother 

body 

weight 

BWG1 

BWG1 without 

weight of 

fetuses 

No. 

of 

fetus 

Weight 

of 

fetuses 

Means 

weight 

of fetus 

Body 

weight 
BWG2 

1  control 118.33
a 

175.00
a 

251.60
ef 

76.67
abc 

59.10 6
d 

17.50
j 

2.92 214.00
b 

95.67
b 

2  50% Virgin Olive Oil (VOO) 116.67
a 

177.00
a 

275.67
ab 

98.67
a
 67.30 9

c 
31.37

h 
3.49 163.30

cd 
48.33

cde 

3  100% Virgin Olive Oil (VOO) 121.00
a
 172.00

a 
267.00

cd 
95.00

a
 47.87 8

c
 47.13

c
 5.89 259.67

a 
138.67

a 

4  50% Extra Virgin Olive Oil 

(EVOO) 
123.33

a
 169.33

a 
250.67

f 
81.33

abc
 40.23 8

c
 41.1

e 
5.14 205.00

b 
81.67

bcd 

5  100% Extra Virgin Olive Oil 

(EVOO) 
122.67

a
 166.00

a 
249.00

fg 
83.00

abc 
41.80 9

c
 41.2

e
 4.58 191.67

bc 
69.00

bcde 

6  1%Thyme 122.33
a
 174.33

a 
254.33

ef 
80.00

abc
 36.43 10

b 
43.57

de
 4.36 165.00

cd 
42.67

de 

7  2.5%Thyme 119.00
a
 171.70

a 
242.00

gh 
70.33

bc 
25.83 9

c
 44.5

d
 4.94 146.67

d 
27.67

e 

8  50% VOO+1%Thyme 121.66
a
 179.00

a 
270.00

bc 
91.00

ab 
34.07 12

a
 56.93

ab
 4.74 188.67

bc 
67.00

bcd 

9  50% VOO+2.5%Thyme 120.00
a
 174.30

a 
239.00

h 
64.67

c
 43.47 9

c
 21.2

i 
2.36 161.00

cd 
41.00

de 

10 100% VOO+1%Thyme 119.00
a
 177.70

a 
259.00

de 
82.00

abc
 24.43 12

a 
57.57

a
 4.80 179.33

bcd 
62.00

bcd 
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Groups Initial 
Before 

mating 

Mother on 19th day of pregnancy 
Fetuses on 19th day of 

pregnancy 

End the lactation 

period 

Mother 

body 

weight 

BWG1 

BWG1 without 

weight of 

fetuses 

No. 

of 

fetus 

Weight 

of 

fetuses 

Means 

weight 

of fetus 

Body 

weight 
BWG2 

11 100% VOO+2.5%Thyme 120.00
a
 183.33

a 
265.33

cd 
82.00

abc
 27.03 11

ab 
54.97

b 
5.00 178.33

bcd 
58.33

bcd 

12 50% (EVOO) + 1%Thyme 119.33
a
 175.00

a 
251.67

ef 
76.67

abc
 40.07 8

c
 36.60

gf
 4.58 152.67

cd 
33.33

e 

13 50% (EVOO) + 2.5%Thyme 120.00
a
 163.33

a 
260.00

de 
96.67

a
 61.40 8

c
 35.27

g
 4.41 180.00

bcd 
63.33

bcde 

14 100% (EVOO) + 1%Thyme 118.33
a
 173.70

a 
240.00

h
 66.33

c 
28.20 9

c
 38.13

f
 4.24 209.67

b 
91.33

bc 

15 100% (EVOO) + 2.5%Thyme 120.00
a
 181.00

a 
279.00

a
 98.00

a 
63.47 11

ab
 34.53

g 
3.14 155.33

cd 
35.30

de 

* BWG1= (body weight gain on 19th days of pregnancy – weight rats before mating).     BWG; without weight of fetuses= (BWG1 – mean weight of fetuses).                                                        

BWG2= (body weight gain in the end experimental – initial).    ** Each value in a column followed by the same letter are not significantly different   at p≤0.05. 

Table (3). Effect of feeding on olive oil and thyme diets on organs weight of pregnant and lactating rats (g) 

Groups 
Heart Liver Kidney Spleen 

Pregnant Lactating Pregnant Lactating Pregnant  Lactating Pregnant Lactating 

1     control 0.39e 0.96a 9.17a 7.53ef 1.27ab 1.34de 1.50a 0.76ab 

2    50%  Virgin Olive Oil 0.53cd 0.80bc 7.23f 6.17gh 1.03b 1.83a 0.84bc 0.30f 

3    100% Virgin Olive Oil 0.73a 0.70cde 7.96cde 6.33g 1.20b 1.66bc 0.90b 0.53e 

4    50% Extra Virgin Olive Oil 0.50d 0.86ab 6.2h 8.6a 1.07ab 1.97a 0.61def 0.80a 

5    100% Extra Virgin Olive Oil 0.49d 0.63def 7.9de 8.17bc 1.13ab 1.36de 0.80bc 0.75abc 

6    1%Thyme 0.61bc 0.56ef 8.63b 7.50ef 1.03b 1.33de 0.60defg 0.65cd 

7     2.5%Thyme 0.63b 0.77bcd 6.63g 7.77de 1.27ab 1.36de 0.79c 0.75abc 

8    50%  VOO+1%Thyme 0.62b 0.60ef 8.61b 7.23f 1.30ab 1.23e 0.70d 0.58de 

9    50% VOO+2.5%Thyme 0.61bc 0.53fg 8.60b 8.17bc 1.30ab 1.16e 0.81bc 0.63d 

10  100%  VOO+1%Thyme 0.61bc 0.67def 7.33f 8.43ab 1.17ab 1.53cd 0.62de 0.79a 

11  100%  VOO+2.5%Thyme 0.51d 0.80bc 7.40f 8.70a 1.02c 1.76ab 0.59efg 0.78a 

12   50% EVOO + 1%Thyme 0.61bc 0.86ab 8.33bc 7.43ef 1.05b 1.37de 0.87b 0.85a 

13   50% EVOO + 2.5%Thyme 0.51d 0.53fg 8.34bc 6.00h 1.13ab 1.40de 0.60defg 0.83a 

14   100% EVOO + 1%Thyme 0.51d 0.53fg 8.06cd 8.06cd 1.35a 1.36de 0.51fg 0.85a 

15   100% EVOO + 2.5%Thyme 0.71a 0.43g 7.57ef 7.53ef 1.20ab 1.71ab 0.50g 0.67bcd 

*Each value in a column followed by the same letter are not significantly different   at p≤0.05. 

Table (4). Effect of feeding on olive oil and thyme diets on some minerals (mg/100g) of fetuses 

Groups Ca P Fe Zn 

1       control 13.60h 6.40h 8.64a 3.18a 

2      50%  Virgin Olive Oil 13.70g 6.25ij 6.82bc 2.69bc 

3      100% Virgin Olive Oil 13.90f 6.70f 5.79defg 2.39cdef 

4      50% Extra Virgin Olive Oil 13.4i 6.00k 6.85bc 2.64bcd 

5      100% Extra Virgin Olive Oil 13.98e 6.88e 6.29cde 2.14f 

6      1%Thyme 13.94ef 6.49g 5.38g 2.29def 

7       2.5%Thyme 13.98e 7.01d 7.5b 2.68bc 

8      50%  VOO+1%Thyme 13.55h 6.21j 5.71efg 2.45bcdef 

9      50% VOO+2.5%Thyme 13.73h 6.35h 6.24cdef 2.51bcdef 

10    100%  VOO+1%Thyme 13.60h 6.32hi 5.70efg 2.25ef 

11    100%  VOO+2.5%Thyme 14.12c 7.11c 5.45fg 2.31def 

12    50% EVOO + 1%Thyme 13.90f 6.49g 6.68c 2.55bcde 

13    50% EVOO + 2.5%Thyme 14.05d 7.00d 8.48a 3.24a 

14    100% EVOO + 1%Thyme 14.33b 7.21b 6.58cd 2.82b 

15    100% EVOO + 2.5%Thyme 14.56a 7.35a 6.44cde 2.55bcde 

*Each value in a column followed by the same letter are not significantly different at (p≤0.05). 

Table (5). Effect of feeding on olive oil and thyme diets on bone ash, Ca and P contents for pregnant and lactating rats  

Groups 
Ash (%) Ca (mg/100g) P (mg/100g) 

Pregnant rats Lactating rats Pregnant rats Lactating rats Pregnant rats Lactating rats 

1       control 47.49g 39.84k 18.65f 15.54j 9.90h 8.20j 

2      50%  Virgin Olive Oil 55.63b 45.18i 20.77c 19.96b 9.06i 9.33e 

3      100% Virgin Olive Oil 52.03de 46.52h 18.71f 16.23i 10.20fg 9.53d 

4      50% Extra Virgin Olive Oil 50.11f 47.57g 19.59e 19.27d 10.85d 8.22i 

5      100% Extra Virgin Olive Oil 50.39f 49.65e 20.59cd 18.57e 11.67b 9.05fg 

6      1%Thyme 53.40c 52.52a 19.55e 16.39i 10.63e 8.54i 

7       2.5%Thyme 53.49c 46.56h 20.29d 17.44h 11.67b 8.55i 

8      50%  VOO+1%Thyme 53.64c 50.62c 21.59ab 20.68a 11.58b 10.30b 

9      50% VOO+2.5%Thyme 51.50e 48.39f 20.84c 18.25f 10.92d 9.82c 
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Groups 
Ash (%) Ca (mg/100g) P (mg/100g) 

Pregnant rats Lactating rats Pregnant rats Lactating rats Pregnant rats Lactating rats 

10    100%  VOO+1%Thyme 52.18d 50.48cd 21.86a 18.34f 11.28c 9.05fg 

11    100%  VOO+2.5%Thyme 53.69c 50.82c 21.49b 19.64c 10.07gh 10.83a 

12    50% EVOO + 1%Thyme 56.30a 48.88f 18.84f 16.31i 9.14i 8.94g 

13    50% EVOO + 2.5%Thyme 55.48b 50.04de 20.64c 17.82g 10.34f 9.60d 

14    100% EVOO + 1%Thyme 49.78f 43.46i 19.27e 17.87g 10.54e 9.10f 

15    100% EVOO + 2.5%Thyme 55.43b 51.86b 18.25g 16.26i 12.07a 8.72h 

*Each value in a column followed by the same letter are not significantly different at (p≤0.05). 

Table (6). Effect of feeding on olive oil and thyme diets on bone measurements (X-ray and length and weight) for pregnant and lactating female rats 

Groups 
Pregnant rats Lactating rats 

BMD1 BMC2 L W BMD1 BMC2 L W 

1       control  0.0962 0.0936 3.143c 0.241d 0.1116 0.1636 3.263abc 0.241c 

2      50%  Virgin Olive Oil 0.1118 0.1477 3.100cd 0.469a 0.1018 0.1762 2.897d 0.252c 

3      100% Virgin Olive Oil 0.1213 0.1815 3.493a 0.350c 0.1039 0.1854 3.153bcd 0.529a 

4      50% Extra Virgin Olive Oil 0.1190 0.1760 2.963efg 0.251d 0.1126 0.1049 3.067bcd 0.463ab 

5      100% Extra Virgin Olive Oil 0.1089 0.1047 3.067cde 0.470a 0.1148 0.1790 3.280ab 0.529ab 

6      1%Thyme 0.1013 0.1358 3.110cd 0.249d 0.1058 0.1954 3.323ab 0.459ab 

7       2.5%Thyme 0.1211 0.0763 3.010defg 0.237d 0.1138 0.2574 3.133bcd 0.544a 

8      50%  VOO+1%Thyme 0.1047 0.1205 3.367b 0.457a 0.1075 0.1819 3.153bcd 0.529a 

9      50% VOO+2.5%Thyme 0.1296 0.2107 2.917g 0.249d 0.1115 0.1785 3.460a 0.334bc 

10    100%  VOO+1%Thyme 0.1097 0.1038 3.163c 0.254d 0.1054 0.1161 3.220abc 0.462ab 

11    100%  VOO+2.5%Thyme 0.1132 0.1327 3.011defg 0.238d 0.0958 0.1882 3.237abc 0.450a 

12    50% EVOO + 1%Thyme 0.1063 0.0790 3.153c 0.245d 0.1055 0.1357 2.920d 0.247c 

13    50% EVOO + 2.5%Thyme 0.1085 0.1397 3.160c 0.259a 0.1122 0.2003 3.090bcd 0.334ab 

14    100% EVOO + 1%Thyme 0.1143 0.1418 2.953fg 0.236d 0.1174 0.2025 2.997cd 0.461ab 

15    100% EVOO + 2.5%Thyme 0.1012 0.1728 3.057def 0.439b 0.0985 0.2113 2.933d 0.460ab 

* Each value in a column followed by the same letter are not significantly different   at p≤0.05. 

BMD: bone mineral density of the femurs (g/cm3 bone vol.)    BMC: bone mineral concentrate (g)    L: bone length (cm)    W: bone weight (g) 

Table (7). Effect of feeding on olive oil and thyme diets on lipid profile (mg/dl) of pregnant and lactating rats 

Groups 

Pregnant rats Lactating rats 

T. C. T.G. HDL-C LDL-C 
VLDL-

C 

Risk 

factor 
T. C. T.G. HDL-C LDL-C 

VLDL-

C 

Risk 

factor 

1 control 145.00
b
 127.33

h
 53.66

a 
65.87

a 
25.47

h 
2.70

g 
173.33

g 
120.47

 
38.60

cd 
110.64

hi 
24.09

bc 
4.49

b 

2 50% Virgin Olive Oil 

(VOO) 
161.00

h
 108.00

de
 36.67

e 
102.73

j 
21.60

de 
4.39

a 
157.57

c 
141.20

c 
44.33

b 
84.99

a 
28.24

c 
3.55

h 

3 100% Virgin Olive Oil 

(VOO) 
154.33

fg
 108.23

de 
37.33

e 
95.40

fghi 
21.60

de 
4.13

bc 
147.33

a 
85.23

ab 
41.00

c 
89.29

ab 
17.05

ab 
3.59

h 

4 50% Extra Virgin Olive 

Oil (EVOO) 
158.33

gh
 131.33

i 
42.32

cd 
89.73

bcde 
26.27

i 
3.74

d 
187.67

i 
132.00

c 
39.33

cd 
121.93

j 
26.40

c 
4.77

a 

5 100% Extra Virgin Olive 

Oil (EVOO) 
148.67

bcd
 97.33

b 
43.33

cd 
85.87

bcd 
19.47

b 
3.43

e 
179.67

h 
124.67

c 
50.63

a 
104.10

fgh 
24.93

c 
3.55

h 

6 1%Thyme 166.67
i
 110.00

e 
45.00

c 
99.67

ij 
22.00

e 
3.70

d 
156.68

bc 
126.53

c 
38.93

cd 
92.43

abcd 
25.31

c 
4.02

d 

7 2.5%Thyme 155.00
fg

 103.33
c 

36.67
e 

97.68
ghij 

20.67
c 

4.23
ab 

164.66
e 

113.00
bc 

41.00
c 

101.07
efg 

22.60
bc 

4.02
d 

8 50% VOO+1%Thyme 168.00
i
 92.67

a 
51.33

ab 
98.13

hij 
18.53

a 
3.27

e 
154.32

b 
72.50

a 
39.67

cd 
100.17

def 
14.50

a 
3.89

f 

9 50% VOO+2.5%Thyme 159.67
h
 134.67

i 
42.66

cd 
90.07

cdef 
26.93

i 
3.74

d 
156.33

bc 
113.27

bc 
39.57

cd 
94.11

bcde 
22.65

bc 
3.95

e 

10 100% VOO+1%Thyme 149.67
cde

 96.66
b
 37.33

e 
93.00

efgh 
19.33

b 
4.01

c 
174.00

g 
117.60

bc 
48.58

a 
101.91

efg 
23.52

bc 
3.58

h 

11 100% 162.33
h
 104.67

cd 
50.30

ab 
91.07

def 
20.93

cd 
3.23

e 
187.00

i 
129.33

c 
44.66

b 
116.47

ij 
25.87

c 
4.19

c 
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Groups 

Pregnant rats Lactating rats 

T. C. T.G. HDL-C LDL-C 
VLDL-

C 

Risk 

factor 
T. C. T.G. HDL-C LDL-C 

VLDL-

C 

Risk 

factor 

VOO+2.5%Thyme 

12 50% (EVOO) + 

1%Thyme 
138.67

a
 110.33

e 
48.65

b 
67.93

a 
22.07

e 
2.85

f 
168.01

f 
107.93

abc 
44.67

b 
101.75

efg 
21.59

abc 
3.76

g 

13 50% (EVOO) + 

2.5%Thyme 
152.67

def
 116.66

fg 
37.00

e 
92.33

efg 
23.33

fg 
4.13

bc 
170.00

f 
115.20

bc 
38.00

d 
108.96

ghi 
23.04

bc 
4.47

b 

14 100% (EVOO) + 

1%Thyme 
147.67

bc 
115.00

f 
40.33

de 
84.33

b 
23.00

f 
3.66

d 
161.33

d 
110.80

bc 
40.10

c 
99.07

cdef 
22.16

bc 
4.02

d 

15 100% (EVOO) + 

2.5%Thyme 
153.33

ef
 119.67

g 
44.68

c 
84.73

bc 
23.93

g 
3.43

e 
167.33

ef 
128.57

c 
50.00

a 
91.62

abc 
25.71

c 
3.35

c` 

* Each value in a column followed by the same letter are not significantly different   at (p≤0.05). 

Table (8). Effect of feeding on olive oil and thyme diets on liver and kidney functions of pregnant and lactating rats 

Groups 

Pregnant rats Lactating rats 

Urea 

(mg/dl)  

Creat. 

(mg/dl)   

AST 

(U/L)(U/L)(U/L)(U/L) 

ALT 

(U/L)(U/L)(U/L)(U/L) 

ALP 

(U/L)(U/L)(U/L)(U/L) 

Urea 

(mg/dl) 

Creat. 

(mg/dl) 

AST 

(U/L)(U/L)(U/L)(U/L) 

ALT 

(U/L)(U/L)(U/L)(U/L) 

ALP 

(U/L)(U/L)(U/L)(U/L) 

1 control 20.50
cd 

0.74
c 

16.00
g 

15.73
gh 

96.00
j 

25.57
ef 

0.83
c 

16.60
f 

14.87
g 

146.67
bcd 

2 50% Virgin Olive Oil (VOO) 22.57
ef 

0.82
de 

19.57
bc 

21.57
a 

110.00
g 

25.00
e 

0.84
cd 

27.50
a 

25.60
a 

154.66
bcd 

3 100% Virgin Olive Oil (VOO) 17.00
a 

0.53
a 

18.33
cde 

18.67
cd 

111.67
ef 

19.90
b 

0.71
b 

21.63
cd 

22.53
c 

160.00
abc 

4 50% Extra Virgin Olive Oil (EVOO) 18.93
b 

0.64
b 

20.77
ab 

19.00
bc 

114.63
d 

30.37
j 

0.90
de 

24.97
b 

24.33
b 

132.77
cdef 

5 100% Extra Virgin Olive Oil 

(EVOO) 
25.57

g 
0.89

f 
20.50

ab 
21.57

a 
98.00

i 
21.63

c 
0.72

b 
18.53

e 
16.63

f 
159.00

abc 

6 1%Thyme 22.43
ef 

0.71
c 

13.00
h 

13.58
i 

129.63
a 

28.36
hi 

0.91
e 

14.57
g 

13.50
h 

185.33
a 

7 2.5%Thyme 19.40
bc 

0.65
b 

18.00
de 

16.73
fg 

115.83
d 

23.27
d 

0.83
c 

18.60
e 

17.23
ef 

116.00
f 

8 50% VOO+1%Thyme 17.53
a 

0.62
b 

19.07
cd 

17.63
def 

105.00
h 

27.27
gh 

0.80
c 

17.53
ef 

18.00
e 

129.50
cdef 

9 50% VOO+2.5%Thyme 27.00
h 

0.86
ef 

15.60
g 

17.00
ef 

103.77
h 

26.77
fg 

0.85
cde 

14.67
g 

14.60
g 

139.00
bcdef 

10 100% VOO+1%Thyme 23.47
f 

0.82
de 

11.63
i 

10.50
j 

112.53
e 

21.53
c 

0.70
b 

21.00
cd 

20.00
d 

133.00
cdef 

11 100% VOO+2.5%Thyme 24.87
g 

0.84
def 

16.73
fg 

15.63
gh 

110.57
fg 

18.70
ab 

0.61
a 

22.00
c 

19.53
d 

144.67
bcdef 

12 50% (EVOO) + 1%Thyme 23.47
f 

0.80
d 

19.60
bc 

18.00
cde 

121.00
c 

30.87
j 

0.99
f 

24.60
b 

23.52
bc 

122.00
ef 

13 50% (EVOO) + 2.5%Thyme 20.00
bc 

0.63
b 

21.53
a 

19.93
b 

120.63
c 

30.10
j 

0.90
de 

17.57
ef 

16.60
f 

167.33
ab 

14 100% (EVOO) + 1%Thyme 18.90
b 

0.75
c 

15.77
g 

14.60
hi 

104.37
h 

29.30
ij 

1.02
f 

16.60
f 

17.57
ef 

131.67
cdef 

15 100% (EVOO) + 2.5%Thyme 21.63
de 

0.72
c 

17.60
ef 

15.66
gh 

122.77
b 

17.80
a 

0.63
a 

20.70
d 

20.63
d 

124.67
def 

* Each value in a column followed by the same letter are not significantly different   at (p≤0.05). 

** ALT: Alanine aminotransferase AST: Aspartate aminotransferase        ALP: Alkaline phosphatase            Creat: Creatinine  

Table (9). Effect of feeding on olive oil and thyme diet on hormones of female rats during experimental stages 

Groups 

Female before mating Pregnant rats Lactating rats 

E2 (pg/ml) 
Progesterone 

(ng/ml) 
E2 (pg/ml) 

Progesterone 

(ng/ml) 

Prolactin 

(ng/ml) 
E2 (pg/ml) 

Progesterone 

(ng/ml) 

Prolactin 

(ng/ml) 

1  control 40.00fg 62.33a 37.80fg 39.60h 39.00e 38.87jk 50.47b 27.13e 

2  50% Virgin Olive Oil (VOO) 65.00c 56.67b 36.50g 39.53h 29.57l 70.37b 55.63a 30.97bc 

3  100% Virgin Olive Oil (VOO) 73.00b 61.00a 38.80def 41.03g 30.60k 55.33fg 49.03c 26.27fgh 

4  50% Extra Virgin Olive Oil (EVOO) 56.00d 47.66de 36.83g 42.40e 40.50d 50.50h 42.80f 29.03d 

5  100% Extra Virgin Olive Oil (EVOO) 81.33a 39.33g 39.60cde 48.27b 36.57f 59.33cd 37.03i 26.50ef 

6  1%Thyme 63.33c 49.32d 43.00b 48.57b 44.60b 64.67c 42.40f 28.60d 

7  2.5%Thyme 65.00c 45.00ef 37.50fg 40.00h 28.00m 62.00cd 41.23g 25.53h 

8  50% VOO+1%Thyme 44.00ef 40.33g 37.57fg 45.60c 35.15g 40.83ij 36.40i 24.57i 

9  50% VOO+2.5%Thyme 55.32d 52.34c 43.33b 50.00a 50.00a 53.33gh 47.50d 33.36a 

10 100% VOO+1%Thyme 40.10ef 48.00de 46.00a 41.50fg 42.37c 43.30i 36.50i 26.50ef 

11 100% VOO+2.5%Thyme 47.33e 39.00g 38.53ef 42.23ef 38.60e 43.60i 45.50e 28.47d 

12 50% (EVOO) + 1%Thyme 72.66b 57.66b 40.63c 37.57i 28.97l 57.33ef 38.50h 30.26c 

13 50% (EVOO) + 2.5%Thyme 65.00c 43.67f 39.87cd 43.43d 32.30i 63.33c 50.0b 25.70gh 

14 100% (EVOO) + 1%Thyme 55.33d 49.00d 36.57g 40.10h 31.30j 55.67efg 44.97e 26.43efg 

15 100% (EVOO) + 2.5%Thyme 76.66b 52.67c 36.61g 45.03c 34.00h 75.32a 48.93c 31.33b 

* Each value in a column followed by the same letter is not significantly different   at p≤0.05. 
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