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ABSTRACT 

The present study aims to study the protective effects of some vegetable mixtures as functional 
foods such as: broccoli (Brassica oleracea var. italica), Mushrooms (Agaricus bisporus) and red cabbag 
(Brassica oleraceaL.var capitata L), to combat osteoporosis in experimental menopause rats. Twenty 
four female rats weighing (210± 10 g) aged (18-20 month old) plus 6 young adult female rats (3 month 
old) weighing (150 ± 10 g)   were fed a standard diet for 7 days as an adaptation period, then rats were 
divided into two main groups as follows: The first main group was young rats fed on basal diet (BD) as 
a negative control group (-ve) and the second main group were menopausal rats, one of them was 
positive control without treatment (group2), the remained groups as follows: Groups 3: Rats fed on BD 
and vitamin D (0.1µg/kg dissolved in ethanol daily). Groups 4: Rats fed on BD and 10% of broccoli, 
mushrooms and red cabbage. Groups 5: Rats fed on BD and 20% of broccoli, mushrooms and red 
cabbage. Some clinical parameters were determined such as:  total cholesterol (TC), Triglyceride (TG), 
high density lipoprotein cholesterol (HDL-c), low density lipoprotein cholesterol (LDL-c), parathyroid 
hormone, calcitonin, alkaline phosphatase, estradiol, total antioxidant capacity (TAC), superoxide 
dismutase (SOD) and malondialdehyde (MDA) at the end of experimental period.  Finally, the results 
showed that mixed vegetables (broccoli, mushrooms and red cabbage) at different concentrations  (10% 
and 20%) were more effective in reduces or protects against the risk of osteoporosis   in experimental 
rats. Therefore, it can be concluded that the consumption of vegetables (broccoli, mushrooms and red 
cabbage) as food supplement may be considered a functional food for delay or protect risk of 
osteoporosis. As well as a clear improvement in blood analyzes.  
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Introduction 

Menopause is a normal stage of life, there are several symptoms, may cause by drop in hormone 
levels in postmenopausal begin for those between the ages of 40 and 58 years spending at least one third 
of their lives after menopause (Batsis et al., 2015 and Puneeth  et al., 2016). 

Menopause symptoms included weight gain, loss of muscle mass, anxiety, memory problems, 
hot flashes, night sweats, and reduced libido. These symptoms result from changes in estrogen and 
testosterone. Many symptoms such as osteoporosis, arteriosclerosis, dyslipidemia, depressed mood 
headache. Osteoporosis affects over 40 million women especially after menopause, when it is called 
postmenopausal osteoporosis (Bharathi and Baby, 2017; Biskobing, 2002 and Puneeth et al., 2016).  

Nutrition is one of several important modifiable factors for optimal bone health and prevention 
of osteoporosis. Indeed, the role of calcium and vitamin D in improving bone mineral density (BMD) 
and reducing fracture risk has been well established (Sahni et al., 2016). The main effect of the active 
vitamin D metabolite (25-hydroxy vitamin D) is to stimulate the absorption of calcium from the gut. 
The consequences of vitamin D deficiency are secondary hyperparathyroidism and bone loss, leading 
to osteoporosis and fractures, mineralization defects, which may lead to osteomalacia, and muscle 
weakness, causing falls and fractures. 

Broccoli (Brassica oleracea var. italica) belongs to the Cruciferous family. It is a biennial 
vegetable originated from Italy some 2000 years ago (Buck, 2009 and Stephens, 2009). The edible 
portion of broccoli has high water content (89.30%), and is low in fat (0.37%). Other constituents are 
proteins (2.82%), total dietary fiber (2.60%) and carbohydrates (6.64%). It is a rich source of minerals 
and vitamins such as potassium, phosphorus, calcium, sodium, vitamin C, vitamin A, beta-carotene, 
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lutein, carotenoids and folic acid (Jeffery et al., 2003; Finley et al., 2001 and US Department of 
Agriculture, 2008). Broccoli  contains appreciable  amount  of  glucoraphanin  which  is  a  precursor  
of  known  anti- cancer  molecule sulforaphane. This  plant  also  contains  diindolylmethane  and  
selenium,  both  having  established  anti-cancer  properties ( Mukherjee and Mishra,  2012).   

Mushroom (Agaricus bisporus)  are  a  large  group  of  organisms  playing  a  significant  role  
in  the  environment. Mushrooms in daily life are mostly seen as a food product (Wasser, 2002 and 
Kalaĉ, 2009), it is commonly found worldwide in fields and grassy areas following rain from late spring 
through to autumn. (Chang, 1999). There are at least12.000 species of fungi that can be considered to 
be mushrooms. Mushroom is contain of protein average 27% to 48%, carbohydrates less than 60% and 
lipids 2-8% (Morais et al., 2000). Mushrooms is a good source of vitamins based on the high levels of 
riboflavin (vitamin B2), niacin and folates and traces of vitamin C, vitamin B1, vitamin D، β-carotene 
(precursor of vitamin A), vitamin E and vitamin B12 (Mattilda et al., 2001  and  Mattila et al., 2002). 
Mushrooms contain some  bioactive  compounds that have biologically active substances are: 
glycolipids, compounds derived from shikimic acid, aromatic phenols, fatty acid derivatives, 
polyacetylamine, polyketides, nucleosides, sesterterpenes, and many other substances of different 
origins (Wasser and Weis, 1999).  

Red cabbage (Brassica oleraceaL.var capitata L) are cruciferous vegetables one of the 
dominant  food  crops  worldwide . Cruciferous vegetables also called as cruciferae (Jane et al., 2007). 
Red cabbage known also as purple cabbage is very low in saturated fat, cholesterol and a source of 
thiamin, riboflavin, folate, K, Ca, Fe, Mg  and  Mn,  dietary  fiber,  vitamins  A,  C,  K,  B,  providing  
big  amounts  of anthocyanins and presenting high antioxidant properties which may decrease the risk 
of cardiovascular diseases, brain disorders and cancer (Draghici et al., 2018). A major phenolic 
characteristic for red cabbage are flavonoids, particularly anther  cyanins a number of anti-cancer 
compounds, like lupeol, sinigrin, and sulforaphane,  which  are  known  to  stimulate enzyme  activity  
and  inhibit  the  growth  of  tumors, which can lead to cancer((Walkowiak and  Czapski,   2007 ;  Lin  
et  al.,  2008 and Draghici et  al., 2018). In the high of the above, the study aims to clarify the potential 
effect of some vegetables mixture as functional food to improve the nutritional status and resistance to 
osteoporosis in menopausele rats. 
 
Material and Methods 
 
Materials: 
 
Vegetables:  

Broccoli (Brassica oleracea var. italica), Mushrooms (Agaricus bisporus) and red cabbag 
(Brassica oleraceaL.var capitata L) were obtained from Local market, Cairo, Egypt. 
 
Vitamin D:  

Vitamin D3 (25-hydroxycholecalciferol) was obtained from El-Gomhoria Co., Cairo, Egypt. 
 

Experimental rats:   
Thirty female rats (Sprague Dawley strain) were obtained from the Agricultural Research Center 

of Giza, Egypt. 
 
Methods: 
 
Preparation of vegetables: 

The investigated vegetables were cleaned with clean water, then vegetables were cut into small 
pieces and then dried in a room temperature for 15 days and then grinded. 
 
Chemical analysis:  

Moisture content, total protein, fat, crude fiber and ash were determined in broccoli, mushrooms and red cabbage 
according to AOAC, (2000). Minerals were determined Include Potassium, Phosphorus, Calcium, Sodium and 
Magnesium according to Chapman and Pratt, (1978). 
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Biological experiment:  
Twenty four menopausal female rats weighing (210± 10 g) plus 6 young adult female rats weighing (150 ± 

10 g) were fed a standard diet for 7 days as an adaptation period. The standard diet was formulated according to Reeves 
et al., (1993). After adaptation for one week. The rats were divided into two main groups as follows: The 
first main group was young rats fed on basal diet (BD) as a negative control group (-ve) and the second 
main group were menopausal rats, one of them was positive control without treatment (group 2), the 
remained groups as follows: 
Groups 3: Rats fed on BD and vitamin D (0.1µg/kg dissolved in ethanol daily) according to  Ismail et 
al., (1988). 
Groups 4: Rats fed on BD and 10% of mixture vegetables (broccoli, mushrooms and red cabbage). 
Groups 5: Rats fed on BD and 20% of  mixture vegetables (broccoli, mushrooms and red cabbage). 
The experiment lasted 8 weeks and end of the experiment, the feeding was stopped for 6 hours in 
preparation for collected the blood sample and removing some organs (Kidney, Liver, Heart, north thigh 
and ovaries)  after the dissection of rats. 
 
Biochemical analysis: 

Total cholesterol (T.C), Triglycerides (T.G) and high density lipoprotein (HDL.c) were determined in 
serum according to the methods described by Allain, (1974); Fassati and Prencipe, (1982) and Schmidt, (1981) 
respectively. Low density lipoprotein (LDL.c) and very low density lipoprotein (VLDL.c) were calculated 
according to the method was discribed by Lee and Nieman, (1996). Serum level of parathyroid hormone 
(PTH ) , alkaline phosphatase (ALP), calcitonin and  estradiol(E2) (Doppman et al., 1983;   Moss,  1982 
and Doppman, 1991). 

Total antioxidant capacity (TAC), malondialdehyde (MDA) and superoxide dismutase (SOD) were 
determined in according to the methods described by Hu, (1994) ; Aebi, (1974) and Jentzsch et al., (1996), 
respectively. 

 
Histopathology examinations: 

North thigh and Ovaries tissues were taken immediately after sacrificing animals and fixed in 
10% buffered neutral formalin solution Histopathology examinations were described according to 
Sheehan and Hrapchak, (1980). 

 
Statistical analysis: 

The obtained results of biological evaluations were statistically analyzed according to SAS, 
(1999). LSD at 5% level of significance was used to compare between means according to Snedecor 
and Cochran, (1967). 
 
Results and Discussion 

 The chemical composition of broccoli, mushroom and red cabbage are illustrated in Table (1). 
The results showed that, The content of Moisture in broccoli was 12.47 ± 0.29 g / 100 g Then, It 
increased followed by  Mushroom (18.50±0.43) and red cabbage(21.17±0.50).  As for, Fiber was 25.49 
g / 100 g For broccoli, while red cabbage was  14.43±1.08 g/100g  and Mushroom  recorded 11.32±0.85 
g/100g. In connection with, fat and ash recorded  the highest value (3.73±0.17 and 13.35±0.09 g/100g, 
respectively) ,but red cabbage had the lowest fat and ash content (1.87±0.09 and 7.00±0.05, 
respectively). At the same table, mushrooms recorded the highest protein content (40.42g / 100g). 
Results similarly with reports of Morais et al., (2000) and Czapski, (2007). 

Major element concentrations (mg/100 g on dry weight basis) in broccoli,  mushrooms and red 
cabbage are presented in Table (2). The results showed that broccoli contains a high amount of 
potassium 3460.6 ± 21.4 mg / 100 g and  Phosphorus was 1342.3 ± 76.12 mg / 100 g. In contrast  red 
cabbage contain low amount of potassium (1128.4± 52mg / 100 g) and Phosphorus was 264.6± 14 mg 
/ 100 g.  In the same table, revealed  high variation of calcium level for broccoli which, recorded the 
highest value (1430.2 ± 86.3 mg / 100 g). This result shows that, the importance of broccoli to improve 
the bone. As For, the sodium content of the mushroom recorded  the highest value content (320.6 mg / 
100 g) and then the values decreased followed by red cabbage and broccoli (82.6 ± 2. 8 and 62.40 ± 
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14.2 mg / 100 g)  respectively . Also the content of broccoli, mushrooms and red cabbage of magnesium 
were 658.8± 14.5, 38.6 ± 1.6 and 35.8±1.05, Respectively. These results are in agreement with the data 
obtained by, Jahan et al., (2010),who found that potassium, phosphorus, calcium, sodium and 
magnesium in broccoli were 4514.72, 1366.29, 1449.46, 60.99 and 649.87 mg / 100g respectively. 
Domagala-Swiatkiewicz and Gastol, (2012), stated that potassium, phosphorus, calcium, sodium and 
magnesium in carrots were 2306, 378.0, 64.8, 363.9 and 135.6 mg / 100g respectively. Also, 
Mallikarjuna et al., (2012), who found that potassium, phosphorus, calcium, sodium and magnesium in 
mushroom ranged from 1302, 769.9, 174, 327.4 and 40.7 mg / 100g respectively. Khatta and Rahman, 
(2017), showed that potassium, phosphorus, calcium, sodium and magnesium in red cabbage were 1763 
, 277 , 159, 79 and 267 mg / 100g respectively . 
 
Table 1: Chemical composition of same vegetables in (g/100 g wet matter) 

Samples 
Parameters 

Broccoli Mushrooms Red cabbage 

Moisture 12.47±0.29 18.50±0.43 21.17±0.05 
Total fiber 25.49±1.91 11.32±0.85 14.43±1.08 
Fat 3.73±0.17 2.22±0.10 1.87±0.09 
Ash 13.35±0.09 10.01±0.07 7.00±0.05 
Total protein 20.37±0.78 40.42±1.55 19.40±0.09 

 Values are the means of 3 independent determinations 

Table 2: Mineral composition of same vegetables (mg/100g fresh weight basais) 
Samples 

Parameters 
Broccoli Mushroom Red cabbage 

Potassium 3460.6± 214 1705 ± 112 1128.4± 52 
Phosphorus 1342.3± 76.12 782.6 ± 54.14 264.6± 14 

Calcium 1430.2± 86.3 162.4 ± 36.2 168.2± 8 
Sodium 62.40± 14.2 320.6 ± 54.3 82.6±2. 8 
Magnesium 658.8± 14.5 38.6 ± 1.6 35.8±1.05 

   Values are the means of 3 independent determinations 

      Data in table (3) showed effect of mixture vegetables (broccoli, mushrooms and red cabbage) 
and vitamin D on the body weight gain (BWG), food intake (FI) and feed efficiency ratio (FER). It 
observed that BWG, FI and FER for positive control (+ve) group recorded the highest value (14.17± 
2.99 g, 9.07± 1.51 g and 0.015±0.20 respectively, compared to the negative control group (-ve) which 
were (16.83±2.79, 15.11±1.01g and 0.0111±0.23, respectively). All experimental groups increased 
significantly compared with the positive (+ve) group. The best results were observed in 20 % mixture 
(mushrooms, red cabbage and broccoli) group with increase in body weight gain, food intake and FER 
were (17.80±1.64, 14.99±1.49g and 0. 12±0.10, respectively). The present result was confirmed by 
Barros and Ferreira (2007) who detected that mushroom share low in calories, sodium, fats and 
cholesterol. Maria et al., (2004) and Lee et al., (2009) indicated that, there was significant reduction in 
body weight when compared to postmenopausal group and premenopausal group and increased body 
weight gain when treated with red cabbage and broccoli. Hye-JinHwang et al. (2005) suggested that, 
the weights gain of the animals increased significantly when treated with red cabbage. 

Table (4) showed the mean values of total cholesterol (TC), Triglycerides (TG), high density 
lipoprotein cholesterol (HDL-c), low density lipoprotein cholesterol (LDL-c) , and ratio (LDL-c / HDL-
c). The positive control (+ve) group of postmenopausal female rats, showed the mean values of serum 
TC, TG and LDL-c levels which were 52.01± 3.10mg/dl, 54.88±3.97mg/dl and 22.39±2.26 mg/dl 
respectively, the previous levels significantly increased compared to values of the negative control (-
ve) group which were 51.92 ± 3.36mg/dl, 55.71±3.59mg/dl and 22.39±2.26mg/dl respectively. While 
the positive control (+ve) group recorded the lowest mean value of HDL-c (13.65±1.54 mg/dl) 
compared to all experiment groups. Animals treated with vitamin D , 10% and 20 % mixture (broccoli, 
mushrooms and red cabbage)  groups recorded the lowest value of TC , TG , LDL-c and showed highest  
significantly in HDL-c in comparing with positive control (+ve) group. Regarding LDL-c / HDL-c 
(ratio)  , it can noticed that, the vegetables mixture (broccoli, mushrooms and red cabbage) showed an 
improvement of ratio, the highest value of LDL-c / HDL-c for  positive control ( 1.64), then decreased 
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followed by 10% mixture, vitamin D and 20% mixture (1.42, 1.34 and 1.29 respectively).The results 
are in agreement with Moreau et al., (2002) proved that, the presence of sterols in plants inhibits the 
body’s absorption of cholesterol.  Anagnostis et al., (2010) suggested that vitamin D plays an important 
role in decreasing the risk of obesity, chronic diseases, diabetes, metabolic syndrome and cardiovascular 
disease.  The intake of mushrooms, red cabbage and broccoli clearly has a cholesterol-lowering effect 
or hypo cholesterolemic effect by different mechanisms such as decreasing VLDL-c, improving lipid 
metabolism, inhibiting of activity of 3-hydroxy-3-methyl –glutaryl-coenzyme A reductase, (HMG-CoA 
reductase), and consequently preventing the development of atherosclerosis. The antioxidant and anti-
inflammatory compounds occurring in mushrooms also may contribute to reduce the atherosclerosis 
risk (Neelufar et al., 2012; Muszynska et al., 2013 and Margeret, 2015). 
 
Table 3: Effect of vitamin D and mixture vegetables (broccoli, mushrooms and red cabbage) on initial 

weight, body weight gain(BWG), food intake (FI) and feed efficiency ratio (FER) of control 
and aged menopausal female rats groups 

                      Variables 
Group 

Initial weight 
(g) 

BWG 
(g) 

FI 
(g\ day) 

FER 
(%) 

Young  rat (-ve) Control b 
118.00±2.68 

a 
17.83±2.79 

a 
15.11±1.01 

a 
0. 12±0.23 

M
en

op
au

sa
l 

fe
m

al
e 

ra
ts

 
gr

o
u

p
s 

(+ve) Control a 
205.17±4.49 

b 
14.17±2.99 

b 
9.07±1.51 

b 
0.05±0.20 

Vitamin D a 
205.00±2.53 

a 
16.50±2.66 

a 
15.07±0.74 

a 
0. 15±0.29 

10% mixture 
(broccoli,mushrooms 
and red cabbage) 

a 
204.17±2.40 

a 
17.50±1.64 

a 
14.37±0.80 

a 
0. 12±0.25 

20% mixture 

(broccoli,mushrooms 

and red cabbage) 

a 

208.83±9.39 

a 

17.80±1.64 

a 

14.99±1.49 

a 

0. 12±0.10 

Mean values ± SD in each row having different superscript (a, b, c, d ) are significantly different 

Table 4: Effect of vitamin D and mixture vegetables (broccoli, mushrooms and red cabbage) on the 
serum lipid profile of control and aged menopausal female rats groups 

Variables 
Groups 

TC 
(mg/dl) 

TG 
(mg/dl) 

HDL 
mg/dl) 

LDL 
(mg/dl) 

LDL/HDL 
ratio 

Young  rat (-ve) Control b 
51.92 ± 3.36 

a 
55.71±3.59 

a 
20.71±1.80 

b 
26.08±4.09 

c 
1.26 

M
en

o
p

au
sa

l 
fe

m
a

le
 r

a
ts

 g
ro

u
p

s (+ve) Control a 
52.01± 3.10 

b 
54.88±3.97 

d 
13.65±1.54 

c 
22.39±2.26 

a 
1.64 

Vitamin D bc 
50.97±7.37 

c 
51.94±5.20 

b 
19.37±1.68 

b 
25.94±5.44 

b 
1.34 

10% mixture 
(broccoli, 
mushrooms and 
red cabbage) 

b 
51.39± 3.21 

bc 
52.88±3.85 

c 
17.51±0.79 

a 
29.63±3.89 

b 
1.42 

20% mixture 
(broccoli, 
mushrooms and 
red cabbage) 

b 
51.59 ± 4.87 

b 
54.47±2.84 

c 
17.21±1.42 

a 
29.26±2.84 

b 
1.29 

Mean values ± SD in each row having different superscript (a, b, c, d ) are significantly different TC: total cholesterol, TG: 
Triglyceride, HDL-c: high density lipoprotein cholesterol, LDL-c: low density lipoprotein cholesterol 

 
 Table (5) presents the effect of mixture vegetables (broccoli, mushrooms and red cabbage) and 

vitamin D on parathyroid hormone, calcitonin, alkaline phosphatase and estradiol in experimental rats.   
In case of the negative control (-ve) group, the results showed significant increase in parathyroid 
hormone, calcitonin, alkaline phosphatase and estradiol. On the contrary, the positive control (+ve) 
group recorded the lowest means values of the same parameters when addition of vitamin D and 
vegetables mixture to diet for experimental rats, a significant increase in the above analyzes compared 
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with positive control.  These results are in the same line with those obtained by Nordin et al., (2004) 
who studied that, calcium absorption was decreased in postmenopausal women. Qureshi et al., (2010) 
concluded that, serum calcitonin levels were non-significantly decreased in postmenopausal women as 
calcitonin is the only hormone which binds to the osteoclast membrane and has direct anti- restorative 
effect in bones. These results were agreed with Sahni et al., (2016) who suggests that, vegetable reduces 
the severity of osteoporosis. Sroga et al., (2012) studied that, have found conclusive evidence that 
phytoestrogens help to improve bone mass in postmenopausal. Vitamin D may be especially important 
for women with osteoporosis to ensure adequate calcium absorption and optimize effects of 
pharmaceutical agents to treat osteoporosis (Faulkner et al., 2000). Miller, (2015) suggested that, red 
cabbage may help to prevent osteoporosis induced by deficient estrogen. Kozarski, (2015) suggested 
that, mushrooms can significantly increase of calcium; in addition to that broccoli is system to examine 
the mechanism of action of botanical agents in the body (Mukherjee and Mishra, 2012). 

 
Table 5: Effect of vitamin D and mixture vegetables (broccoli, mushrooms and red cabbage) on the 

serum of parathyroid hormone, calcitonin, alkaline phosphatase and estradiol of control and 
aged menopausal female rats groups 

                                            Groups 
Variables  

Parathyroid 
hormone 
(ng/ml) 

Calcitonin 
(ng/mI) 

Alkaline 
phosphatase(u/L) 

Estradiol 
(Pg/L) 

Young  rat (-ve) Control a 
20.18±1.60 

a 
6.33±1.11 

a 
185.34±2.81 

a 
19.91±1.84 

M
en

op
au

sa
l 

fe
m

al
e 

ra
ts

 
gr

o
u

p
s 

(+ve) Control c 
15.00±1.34 

d 
3.34±0.22 

c 
152.54±7.60 

c 
11.67±1.58 

Vitamin D a 
19.24±1.43 

c 
4.80±0.75 

b 
178.87±8.77 

b 
18.99±2.31 

10% mixture 
(broccoli,mushrooms and 
red cabbage) 

b 
18.39±0.73 

b 
5.54±0.24 

b 
178.12±4.57 

b 
18.33±1.05 

20% mixture (broccoli, 
mushrooms and red 
cabbage) 

b 
18.70±0.36 

b 
6.20±0.13 

a 
182.85±4.51 

b 
18.48±0.32 

Mean values ± SD in each row having different superscript (a, b, c, d ) are significantly different 

The data in table (6) shows the effect of vitamin D and mixture of vegetables (broccoli, 
mushrooms and red cabbage ) on TAC, SOD and increase in MDA levels in menopausal rats.     
 
Table 6: Effect of vitamin D and mixture vegetables (broccoli, mushrooms and red cabbage) on serum 

total antioxidant capacity (TAC) superoxide dismutase (SOD) activity and malondialdehyde 
(MDA) of control and aged menopausal female rats groups 

                                     Groups    
Variables  
 

TAC 
(U/mg) 

SOD 
(μ /ml) 

MDA 
(µmol/mg) 

Young  rat (-ve) Control a 
7.55±1.28 

a 
30.63±2.25 

c 
2.23±0.68 

M
en

op
a
u

sa
l 

fe
m

a
le

 r
a

ts
 

g
ro

u
p

s 

(+ve) Control c 
2.91±0.29 

c 
12.53±1.05 

a 
7.86±0.55 

Vitamin D b 
6.95±0.42 

b 
26.23±0.39 

c 
2.94±0.50 

10% mixture (broccoli, 
mushrooms and red 
cabbage) 

 b 
5.74±0.60 

b 
27.50±0.33 

b 
3.56±0.43 

20% mixture (broccoli, 
mushrooms and red 
cabbage) 

b 
6.94±0.93 

b 
28.15±0.64 

B 
3.13±0.52 

Mean values ± SD in each row having different superscript (a, b, c, d ) are significantly different 
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The  positive control (+ve) group showed significant decrease in total TAC, SOD and increase 
in MDA level, compared to negative control (-ve) group. Menopausal rats treated with vitamin D and 
10% and 20 % mixture (mushrooms, red cabbage and broccoli) groups, enhanced the active of TAC, 
SOD and decreased MDA as compared to positive control group. The best amelioration was observed 
in the group which received the level 20% mixture (mushrooms, red cabbage and broccoli) group. 
Phytoestrogen is a polyphenolic compound particularity with (1–3 hydroxyl groups) which similar to 
natural hydroxyl in phenol ring of estrogen (Kozarski, 2015), performs to balance antioxidant. 
Phytoestrogens acting an antioxidant role by scavenging reactive oxygen species, and catalyzing of 
antioxidant enzymes activity (Guillamón et al., 2010 and Suabjakyong, 2015). Melamed et al., (2008) 
reported vitamin D plays an important role in regulating the inflammatory response. 
 
Histological study: 

This section is one of the most important parts of the study and must be as convincing as 
possible. Relative importance is evident in confirming the blood analysis of the study. In light of this, 
the histology results of bone and ovaries can be displayed as follows: 

 
Histopathology examination of the bone: 

Bones from all groups were examined by light microscopy and showed; normal thickening of 
cortical bone with focal softening areas for Normal young rats (photo 1 ). While, bone of positive control 
rats (photo 2) revealed of the inflammatory reaction. Whereas The rats treated with vitamin D showed 
a histological change, ie the presence of natural bone with the proliferation of bone cells (photo 3). 
Also, When adding, 10% and 20% mixture of vegetables revealed normal thickening of cortical bone 
(photo 4&5). These results showed that, increase in bone metabolism compared to blood analyzes.  

  
Histopathology examination of the ovary  

Ovaries in all groups were examined by light microscopy, negative young rats (photo 6) showed 
normal histopathology for ovary. While, ovary of positive control rats (photo 7) revealed ovary of the 
inflammatory reaction. Microscopic examination of ovary of rats treated with vitamin D showed diffuse 
medullary fibrosis with atrophy and degeneration of ovarian follicles (photo 8).  Ovary of rats fed on 
10% mixture of vegetables showed normal ovarian maturation with no histological alterations (photo 
9). Moreover, ovary of rats fed on 20% mixture of vegetables showed fibrosis and congested blood 
vessel in the medulla (photo 10).  
 
 

 
Photo (1): Bone of Normal young rats showing 
normal thickening of cortical bone with focal 
softening areas (arrows), (H&E X 400). 

 
Photo (6): Ovary of Normal young rats showing 
normal maturation of ovarian follicles with no 
histological alterations (HE X 400). 

http://www.sciencedirect.com/science/article/pii/S2090989615000326
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Photo (2): Bone of positive control rats showing 
inflammatory reaction; note the congested blood vessels 
together with mononuclear cells infiltrations (H&E X 
200). 

 
Photo (7): ovary of positive control rats showing 
inflammatory reaction; note the congested blood vessel, 
and mononuclear cells infiltrations (H&E X 100). 

 
Photo (3): Bone of rats treated with vitamin D  showing 
normal thickening coritical bone. Notice osteocytes 
proliferation (arrow), (H & E X 400). 

 
Photo (8): Ovary of rats treated with vitamin D  showing 
diffuse medullary fibrosis (arrow head) with atrophy and 
degeneration of ovarian follicles (arrow), (HE X 100) 

 
Photo (4): Bone of rats fed on 10% mixture of vegetables 
showing normal thickening of cortical bone with presence 
of cracks (arrows), (H&E X 400). 

 
Photo (9): Ovary  of rats fed on 10% mixture of vegetables 
showing normal ovarian maturation with no histological 
alterations (arrow), (HE X 200). 

 
Photo (5):  Bone of rats fed on 20% mixture of vegetables 
showing normal thickening of cortical bone. Notice dilated 
and congested blood capillaries (arrow), (H & E X 400). 

 
Photo (10): Ovary   of rats fed on 20% mixture of 
vegetables showing fibrosis (arrow head) and congested 
blood vessel (arrow) in the medulla, (HE X 200). 
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Conclusion 
It can be concluded that the consumption of vegetables (broccoli, mushrooms and red cabbage) 

as food supplement may be considered a functional food for delay or protect risk of osteoporosis. As 
well as a clear improvement in blood analyzes and histopathology of the bone and the ovary. The use 
of it as a natural antioxidant source appears to be an alternative to synthetic antioxidants. The knowledge 
gained from this study should be useful for further exploitation and application of vegetables (broccoli, 
mushrooms and red cabbage). 
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