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ABSTRACT 
 

This study was conducted to demonstrate the 

effect of feeding on defatted soy bean and flax-

seed flour as protein and phytoestrogen sources; 

broccoli and red cabbage as antioxidant sources; 

in addition to skimmed milk powder as a calcium 

source in prevention of bone loss and cell damage 

that usually accompanies aging process. Raw ma-

terials were subjected to proximate analysis and 

biologically evaluation on ninety six 4 month aged 

female albino rats. Eight rats were regarded as an 

initial group. Other eight rats were hold as a nor-

mal negative control group and fed on a basal diet. 

The remaining rats were ovariectomized and fed 

on low calcium diet for 8 weeks to produce osteo-

porosis model. Osteoporotic rats were divided into 

9 groups (each of 8 rats) fed on standard diet sup-

plemented with: I) soy bean flour, II) soy bean flour 

and broccoli, III) soy bean flour and red cabbage, 

IV) soy bean flour and mixture of broccoli and red 

cabbage, V) defatted flaxseed, VI) defatted flax-

seed and broccoli, VII) defatted flaxseed and red 

cabbage, VIII) defeated flaxseed and mixture of 

broccoli and red cabbage. Skimmed milk powder 

and vitamin D were added to the diet of each test-

ed group. One group was kept as a positive control 

and fed on a standard diet. The results showed a 

decreases in body weight, changes in relative 

weight of kidney and liver organs, physical proper-

ties of bone, also decreases in serum and bone 

minerals including; calcium, magnesium and phos-

phorus in osteoporotic model .A decreasing in es-

tradiol and increasing in parathyroid hormone as a 

bone marker were also found. Results observed in 

tested groups showed that  the highest recovery 

for the parameters were found in group IV which 

fed on standard diet supplemented with soy bean 

flour and mixture of broccoli and red cabbage fol-

lowed by group VIII which fed on standard diet 

supplemented with defatted flaxseed and a mixture 

of broccoli and red cabbage. Therefore, it could be 

concluded that the aforementioned mixtures may 

be a promising sources to produce a functional 

food for prevention of bone loss and cell damage. 
 

Keywords: Bones; Osteoporosis; Soy bean; Flax-

seed; Red cabbage; Broccoli 

 
INTRODUCTION 

 
Bone mass is the result of a lifelong balance 

between the processes of bone formation and 

bone resorption, and in fact, most metabolic bone 

diseases, including osteoporosis, are a conse-

quence of an unbalanced  bone turnover. Osteopo-

rosis is a type of bone disease that leads to an 

increased risk of fracture in the lumbar vertebrae 

and the hips, as well as other problems. Osteopo-

rosis is the most common skeletal disorder that 

affects both genders, but most importantly affects 

female who feels more rapid loss of their bone 

mass during the early years following menopause 

(Yoo and Park, 2018). 

Soy might be major functional food compo-

nents with the potential to maintain bone health, 

soy bean contains  a complex mixture of biological-

ly active chemical components ; one of the main 

constituents of the soy bean beneficial to health is 

the isoflavones, it is a rich source of phytoestro-

gens, which are non-steroidal estrogens of 
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the isoflavone class (Huang et al 2006), soy iso-

flavones, genistein, daidzein and its metabolite 

equol, have structural similarities to estradiol, ex-

hibiting weakly estrogenic action by binding to es-

trogen receptors (Wong et al 2009). The isofla-

vones exhibit greater affinities for the estrogen 

receptor-β than for the estrogen receptor-α.Thus, 

isoflavones prevent bone loss (Griel et al 2012). 

Flaxseed plant contains substances which 

promote good health; it is a rich source of lignans, 

polyunsaturated fatty acids, soluble and insoluble 

dietary fibers, B vitamins group, magnesium, and 

manganese (Figueiredo et al 2017). Flaxseed is 

high in phytochemicals, including many antioxi-

dants, it is perhaps our best source of lignans 

which may promote fertility, reduce pre-

menopausal symptoms. Therefore, it may reduce 

the risk of osteoporosis, systemic inflammation, 

cardiovascular disease and improve the adverse 

effects of the lack of estrogen, which starts during 

perimenopause (Ganorkar and Jain, 2013). 

Because the lignans, and estrogen therapy 

may modulate bone metabolism through similar 

mechanisms of action, the overall hypothesis is 

that flaxseed will protect against deterioration of 

bone tissue and will enhance the protective effect 

of lower doses of estrogen therapy by attenuating 

the rate of bone turnover while exerting no adverse 

effects on uterus (Figueiredo et al 2017). 

Cruciferous vegetables such as broccoli and 

red cabbage are rich sources of dietary antioxi-

dants, such as vitamin C, β-carotene, and other 

carotenoids, including the lutein, zeaxanthin, and 

lycopene and other antioxidant components 

(Samec et al 2017). These antioxidants in crucif-

erous vegetables have the highest singlet oxygen-

quenching properties which are thought to protect 

against oxidative stress and prevent osteoporosis. 

Sulforaphane and isothiocyanate compound of 

cruciferous vegetables protects from oxidative 

stress, inflammation and radiation injury (Tilg, 

2015). Also cruciferous vegetables are rich in fla-

vonoids which have been found to inhibit trabecu-

lar bone loss caused by estrogen deficiency in 

ovariectomized rats (Chiba et al 2003)  

The antioxidant properties of broccoli and red 

cabbage, which reduce the production of oxidation-

derived free radicals from the bone resorbing oste-

oclasts, and their high affinity for binding to estro-

gen receptors account for their beneficial action in 

preventing bone loss and suggest a promising role 

of these compounds for the treatment of bone loss 

(Forte et al 2016). 

A majority of people consider milk and its prod-

ucts to be dependable sources of calcium and 

complete proteins. Dried skimmed milk is made by 

removing fat and almost all moisture from milk fol-

lowed by pulverization skimmed milk. It is good 

quality mineral source, especially calcium 

(Fardellone et al 2017).  Skimmed milk consump-

tion can stimulate an increase in bone mineral 

deposition; also skimmed milk supplementation 

lowers the levels of bone turnover markers (Kru-

ger et al 2006). High calcium intakes did results in 

bone marker changes and the increased retention 

of calcium in their cohort was due to suppression 

of bone resorption also increased absorption of 

calcium. Importantly, biochemical markers of bone 

formation and resorption in young healthy females 

are predictive of bone turnover rates (Wastney et 

al 2000). 

The aim of this work is to study the possibility 

of using sources of protein and phytoestrogen, 

such as soy bean flour and defatted flaxseed and 

sources of antioxidants such as broccoli and red 

cabbage in addition to skimmed milk powder as a 

best source of calcium and vitamin D to evaluate 

the role of these functional food for bone health 

and prevention of bone loss and cell damage that 

accompanies aging process. 

 

MATERIALS AND METHODS 

 

Raw material 

 

Defatted soy bean flour and flaxseed were ob-

tained from Food Technology and Reaserch Insti-

tute, Agricultural Research Center, Giza. Egypt. 

Skimmed milk was purchased from Davisco Food 

International Company. Red cabbage; broccoli, 

starch and corn oil were obtained from local mar-

ket. 
 

Experiment design 
 

Ninety six, 4 month aged female albino rats 

weighting 190-200g were used in this study. The 

rats were adapted for two weeks through fed on 

basal diet. Eight rats were randomly chosen as an 

initial group, the rats were weighed and blood 

samples were taken from retro bulbar venous 

plexus (Shermer, 1967). Serum was separated 

and estimated for its biochemical analysis, then 

rats were sacrificed and organs were excised and 

weighed, also femoral bones for each rat were 

dissected, weighed and subjected to chemical and 

physical properties of bone. Other eight rats were 

also randomly chosen as a negative control group 

and fed on the standard diet till the end of the ex-

periment.  
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The remaining 80 rats were ovariectomized 

and fed on low calcium diet (0.01%) for 60 days to 

induce osteoporotic model. At the end of feeding 

period, 8 rats were randomly chosen and weighed, 

blood samples was separated and estimated for 

serum biochemical analysis, then rats were sacri-

ficed and subjected to all the studied parameters at 

the onset of experiment.  

The remaining 72 ovariectomized rats were 

randomly divided into 9 groups (each of eight) rats 

as follows:-  

Control positive: rats group fed on standard di-

et; Group I: fed on soy bean flour; Group II:  fed on 

soy bean flour and supplemented with 5% broccoli; 

Group III: fed on soy bean flour and supplemented 

with 5% red cabbage; Group IV: fed on soy bean 

flour and supplemented with 5% mixture of broccoli 

and bed cabbage; Group V: fed on defatted flax-

seed; Group VI: fed on defatted flaxseed and sup-

plemented with 5% broccoli; Group VII: fed on 

defatted flaxseed and supplemented with 5% red 

cabbage; Group VIII: fed on defatted flaxseed and 

supplemented with 5% of mixture of broccoli and 

red cabbage   

All the tested diet groups were supplemented 

with skimmed milk powder as a source of calcium 

(25% of diet) and vitamin D (10000 IU/kg of diet). 

The feeding period was 60 days, at the end of ex-

periment, rats were weighed, blood samples were 

taken and serum were separated and estimated for 

their biochemical analysis, rats were then sacri-

ficed and organs were excised and weighed, femo-

ral bones were also separated, weighed and sub-

ject to chemical and physical analysis. 

 

Analytical methods  

 

Proximate analysis 
 

Protein, fat, fiber, ash, moisture and vitamins 

were determined in raw materials according to 

AOAC, (2016). Minerals in bone were determined 

by atomic absorption spectrophotometer (Perkin 

Elmer100) as mentioned by Deyhim et al (2003). 
 

Serum biochemical analysis 
 

Serum total calcium and magnesium were de-

termined by the method of Gindler and King, 

(1972). Phosphorus was determined according to 

the method of El-Merzabani et al (1977). Parathy-

roid hormone (PTH) was determined by the meth-

od of Bouillon et al (1990). Estradiol (E2) was 

determined according to the method of Ratcliffe et 

al (1988). 

 

Physical properties of bones 

 

Weight and length of femur were measured; 

hardness, thickness and diameter were carried out 

using Hardness Tester Schileuniger model 6.D. 

Bone density was calculated by Archimedes prin-

ciple according to Muhammad et al (2013). 

 

Statistical analyses 

 

The results were statistically analyzed accord-

ing to SAS, (1999). Duncan's at 5% level of signifi-

cance was used to compare between means ac-

cording to Snedecor and Cochran, (1980). 

 

RESULTS AND DISCUSSIONS 

 

Data in Table (1) show that, soy flour charac-

terized by the highest protein content followed by 

flaxseed, skimmed milk and broccoli being 56.0, 

37.0, 35.2 and 28.0% respectively, while red cab-

bage showed the lowest protein content 9.4%. The 

highest fat content was found in broccoli 5.8% fol-

lowed by soy bean 4.2%, while the lowest content 

was found in flaxseed 2.3%. 

The highest content of fiber was found in red 

cabbage (30.4%) then broccoli (19%), while a neg-

ligible quantity 2% was found in skimmed milk. On 

the other hand, the highest ash content was found 

in skimmed milk (9.2%) and the lowest quantity 

(5.9%) was found in flaxseed and red cabbage. 

Moreover, red cabbage and skimmed milk contain 

a high amount of carbohydrate (51.5% and 50.6%, 

respectively), followed by broccoli and flaxseed 

(38.7% and 37.6%, respectively), while the lowest 

quantity (19%) was found in soy flour. These re-

sults are on line with those obtained by Kahlon et 

al (2008) and Soltan, (2013).  

As shown in Table (2), skimmed milk contains 

the highest calcium concentration (1300mg) while, 

red cabbage and broccoli contain the lowest con-

tent being 40 and 37 mg, respectively. Magnesium 

concentration in flaxseed was 310 mg followed by 

soy flour (275 mg), while a negligible concentra-

tions (16 and 18 mg, respectively) were found in 

red cabbage and broccoli. Soy flour showed the 

highest phosphorus concentration (540mg), fol-

lowed by flaxseed, skimmed milk then broccoli 

(341,114 and 54mg, respectively), while the lowest 

concentration was found in red cabbage (33mg). 

These results are in agreedment with those ob-

tained by Soltan, (2013). 

The data in Table (2) showed that, broccoli and 

red cabbage are rich in vitamins. Broccoli had the 
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highest content in vitamins; C, E and K being 

133mg, 1.5mg and 71µg respectively, followed by 

red cabbage being  97mg, 0.2 mg and 38 µg, re-

spectively. Vitamin D was found only in skimmed 

milk (3.6µg). These results are in agreedment with 

those obtained by Kahlon et al (2008) and Dias, 

(2012). 

 

 

Table 1. Proximate analyses of raw materials (% dry basis) 

 

Components Moisture % Dry basis 

Materials      Protein Fat Fibers Ash *Carbohydrate 

Soy bean flour 3.9
 b
 56.0

 a
   4.2

  b
 13.0

 c
 7.8

  b
 19.0

 c
    

Defatted flaxseed 5.7
 a
 37.0 

b
  

 
 2.3

 d
 17.2

  b
 5.9

  c
 37.6

 b  
 

Skimmed milk  3.8
 b
 35.2

 b
   3.0

  c
 2.0

  d
 9.2

 a  
 50.6

 a  
 

Broccoli 4.0
 b
 28.0

  c
 5.8

 a  
 19.0

 b  
 8.5

  ab
 38.7

  b
 

Red cabbage 5.4
 a
 9.4

  d
 2.8

  c
 30.4

  a
 5.9

  c
 51.5

 a  
 

(n=3), *calculated by difference 

Means in the same column with different superscript litters are significantly different (p˂0.05). 

 

 

Table 2. Mineral and vitamins in raw materials /100g  

 

Components Minerals Vitamins 

Materials 
Ca 

(mg) 

Mg 

(mg) 

P 

(mg) 

D 

(µg) 

K    

(µg) 

E 

(mg) 

C 

(mg) 

Soy flour 280
 b
 275

  b
 540

 a
 - 3.1

 c
 0.7

  b
 90

  b
 

Flaxseed 190
  c

 310
 a
 341

 b
 - 2.5

  c
 0.8

  b
 70

  c
 

Skimmed milk  1300
 a
 110

  c
 114

 c
 3.6

  a
 - - 21

  d
 

Broccoli 37
  d

 16
  d

 54
  d

 - 71
  a

 1.5
  a

 133
 a
 

Red cabbage 40
  d

 18
 d
 33

  e
 - 38 

 b
 0.2

  c
 97

  b
 

Means in the same column with different superscript litters are significantly different (p˂0.05). 

 

 

The changes in biochemical parameters in se-

rum and bone of osteoporotic rats (Table 3) 

showed a significant decrease in body weight, 

while the relative weight of the internal organs; 

liver and kidney exhibited significant increases. 

These increases due to osteoporotic which caused               

an enlargement in size and weight of liver and kid-

ney cells through the increase infiltration of lipids.  

A significant decrease in serum and femoral 

bone minerals (Ca, Mg and P) were obtained, also 

significant decreases in E2 and increase in PTH as 

bone markers were found.  The decrease in serum 

and bone Ca may be attributed to the hyperthyroid-

ism results from deficiency of Ca caused from 

feeding with low Ca diet for 8 weeks. These  

decreases were caused also by reducing Ca  

absorption and promote renal Ca excretion that 

inhibit osteoblastic bone formation and impair in-

testinal Ca excretion which affected by osteoporo-

sis. These observations are in accordance with 

those of   Goodman et al (2007) and Soltan, 

(2013). 

Changes in physical properties of femoral bone 

were also observed at the end of feeding period on 

low Ca diet including significant decreases in 

weight, length, diameters, hardness, thickness and 

density in osteoporotic rats as seen in Table (3). 

These decreases were attributed to the loss of 

bone mass following ovariectomy which negatively 

affected the physicals and strength femur bone. 

Similar results were observed by Hinton et al 

(2018). 
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Table 3. Changes in some biochemical properties and physical properties in serum 

and femoral bone of female albino rats fed on law calcium diet for 8 weeks. 
 

% changes   Osteoporotic group Initial group Parameters  

         
 
  Body weight 

 Organs weight % 

52.3 6.40
  
 4.20

 
 Liver 

70 1.87
 
 1.10

 
 Kidney 

- 0. 59
 
 0. 59

 
 Heart 

Serum 

12.8  -  10.81
 
 12.40

 
 Ca (mg/dL) 

20.6  -  3.05
 
 3.84

 
 Mg (mg/dL) 

20.2  -  6.55
 
 8.20

 
 P (mg/dL)  

 - 45.3 17.28
 
 31.60

 
 E2  pg/ml 

71.4 64.79
 
 37.80

 
 PTH  pg/ml 

Femur bone  

 - 17.3 311
 
 376

 
 Weight (mg) 

 - 15.5 2.40
 
 2.84

 
 Length(cm) 

 - 21 32.5
 
 41.1

 
 Diameter(N) 

- 51.7 2.8
 
 5.8

 
 Hardness (kp) 

- 26.4 6.7
 
 9.1

 
 Thickness (mm) 

- 26.3 0.98
 
 1.33

 
 Density (g/cm

3
)  

 - 40 80.5
 
 134.3

 
 Ca  

 - 41 20.1  34.1
 
 Mg 

- 38.1 48.5
 
 78.4

 
 P  

 

(n=8) Mean in the same column with different superscript litters are significantly different 
(p˂0.05). 

 

 

 

It was clearly noticed from Table (4). That os-

teoporotic rats which showed a loss in their body 

weight caused by ovariectomy, when fed on diets 

containing the different sources of protein, phy-

toestrogen and antioxidant sources for 60 days led 

to significant increases in their body weight com-

pared to positive control rats group which fed on 

the standard diet. Non-significant changes in body 

weight were found among all the tasted animals 

groups; they practically gained an equal weight 

ranging between 55.0 gains 62.3 g compared to 

40.2 g in the positive control group         

The results in the same Table showed also av-

erage values of relative internal organs weight to 

body weight of the eight groups fed on different 

supplemented diet. Generally, feeding on the test-

ed diets for 60 days caused significant decreases 

in these organs weight compared to those of the 

positive control rats group, reaching values closed 

to those of the normal control rats; after increasing 

organs weight by reason of ovariectomy. The best 

results decreases in kidney weight were observed 

in groups (II) fed on soy flour with a mixture of 

broccoli cabbage, groups (VI) and (VIII) fed on 

flaxseed diet mixture with broccoli and red cab-

bage, respectively However, the best groups which 

observed significant decreases in liver weight were 

(VIII) followed by (IV) which fed on flaxseed and 

soy flour diets each were mixed with broccoli and 

red cabbage. Non-significant changes in heart 

weight among all tested and control groups were 

found. These results are agreed with those of Sol-

tan, (2013) and Alkhamees et al (2017). 
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Table 4. Finals body weight (BW/g) and relative internal organs weight (g/100g) of osteoporotic  

female  albino rats fed on different diets for 60 days 

 

Relative organs weight (g/100g) 
(BWG/g) 

(BW/g)  Animal 

group  Liver Kidney Heart   Final  Osteoporotic   

4.64
 e

  1.30
 d

  0.60
 a

  47.8
 b
 296.2

 a
  248.4

 a
 Control(-) 

6.03
 a

  1.73
 a

  0.62
 a

  40.2
 b
 192.8

 c  
 152.6

 b  
 Control(+) 

5.58
 b

  1.54
 b

  0.61
 a

  61.8
 a
 214.9

 b  
 153.1

 b
   1 

5.24
 c
  1.40

 c
  0.62

 a
  62.3

 a
 214.5

 b  
 152.2

 b  
 II 

5.09
 cd

  1.53
 b

  0.61
 a

  60.2
 a
 213.7

 b  
 153.5

 b  
 III 

4.90
 d

  1.51
 b

  0.60
 a

  61.4
 a
 216.7

 b  
 155.3

 b
   IV 

5.24
 c  

 1.53
 b

  0.62
 a

  55.0
bc

 210.1
 b  

 155.1
 b  

 V 

5.03
 cd

  1.40
 c
  0.59

 a
  56.6

bc
 211.5

 b  
 154.9

 b  
 VI 

5.05
 cd

  1.54
 b

  0.62
 a

  59.7
 a
 212.5

 b  
 152.8

 b  
 VII 

4.87
 d

  1.41
 c
  0.60

 a
  59.9

 a
 215.4

 b  
 155.5

 b  
 VIII 

 

(n=8). Mean ± SD. Mean in the same column with different superscript litters are significantly different (p˂0.05) 

Negative control: rats fed on standard diet Group IV: osteoporotic rats fed on soy flour and (5% Broccoli + 

red cabbage) 

Positive control: osteoporotic rats fed on standard diet Group V: osteoporotic rats fed on flaxseed 

Group I: osteoporotic rats fed on soy flour Group VI: osteoporotic rats fed on flaxseed and 5% Broccoli 

Group II: osteoporotic rats fed on soy flour and 5% Broccoli Group VII: osteoporotic rats fed on flaxseed and 5% red  

cabbage 

Group III: osteoporotic rats fed on soy flour and 5% red  

cabbage 

Group VIII: osteoporotic rats fed on flaxseed and (5% Broccoli + 

red cabbage) 

                                                                           

After decreasing of serum Ca, Mg and P in 

ovariectomized rats fed on low Ca diet, significant 

increases in these minerals in all the treated 

groups were found after feeding on the supple-

mented diets for 60 days (Table 5). The best re-

covery of Ca and P were found in groups (IV) and 

(VIII). Concerning Mg, all the treated groups statis-

tically showed the same values being more than its 

concentration in serum of the positive control 

group and lesser than in serum of normal rats 

group. These results were agreed with those of 

Napoli et al (2007)         

As shown in Table (5). All the treated group of 

osteoporotic rats which fed on supplemented diets 

for 60 days, showed significant increases in E2 and 

decreases in PTH levels in their serum compared 

to those of positive control rats; while the obtained 

values did not recover the levels of these hor-

mones in serum of normal rats in the negative con-

trol group. The higher increases in E2 were ob-

served in group (II), group (IV) and group (VIII). 

While, among PTH hormone, all the treated groups 

significantly showed the same values. 

The increasing of serum E2 in rats groups fed 

on soy flour diets was due to soy-derived isofla-

vones such as genistein and diadzein which their 

structure are similar to E2; they have positive ef-

fects on bone health and exert the greatest biolog-

ical impact on bone metabolism when endogenous 

levels of sex hormones are low. Also, increasing 

levels of bone markers were observed in rats fed 

on flaxseed diets by both serum E2 and PTH activi-

ty. However, the decreasing in PTH was due to 

phytoestrogen supplemented by soy flour and flax-

seed. These decrease in bone loss mass led to 

osteoporosis.  

Broccoli and red cabbage were also connected 

to hormonal balance by their effect on how the 

body breaks down estrogen. The antioxidant prop-

erties in these cruciferous vegetables which re-

duce the production of oxidation-derived free radi-

cal from the bone resorbing osteoclasts, and their 

high affinity for binding to estrogen receptors, ac-

count for their beneficial action in preventing bone 

loss and suggest a promising role of these com-

pounds for the treatment of osteoporosis. Theses 

observation are in agreed with those of Sharan et 

al (2009); Ward et al (2010) and Micheal et al 

(2011).  

Data in Table (6) showed a significant increas-

ing in Ca, Mg and P in femoral bone of osteoporot-

ic treated groups fed on the tested diets for 60 

days compared to the positive control rats groups. 

Bone rats groups IV and VIII showed the highest 

Ca content, statistically covered its concentration in 

the normal femoral bone of the negative control 
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group. However, P content in femoral bone in all 

the treated rats, except I, V and VII groups, signifi-

cantly covered its content in bone of negative con-

trol rats. On the other side, Mg concentration in 

bone of all treated groups was statistically the 

same and not covered its value in bone of normal 

rats; one exception, rats in V group fed on diet 

contained flaxseed flour only showed significantly 

lower value being statistically equal to that of the 

positive control group. 

The obtained results revealed that gensitein in 

soybean flour had high significant effect on miner-

als content of rats femoral bone. Also, flaxseed 

flour may reduce organic acids and metabolic as-

sociated with bone demineralization contributing to 

bone tissue stiffness and resistance. In addition 

higher vegetable had a positive effect on bone 

mineral. These finding are in line with those of 

Prynne et al (2006) and Abreu Maira et al (2018). 

 

 

Table 5. Serum Minerals (mg/dL) and hormones markers (pg/ml) of Osteoporotic female 

albino rats fed different diets for 60 days  

                           

Hormones Minerals 
Animal groups 

PTH E2 P    Mg Ca 

39.05
 c 

 29.30
 a
  8.61

 a
  4.16

 a
  12.83

 a
  Control (-) 

61.04
 a 

 16.70
 e
  6.66

 d
  3.13

 c
  10.98

 d
  Control (+) 

47.23
 b 

 20.23
 d
  8.31

 bc
  3.54

 b
 12.27

 c
  I 

48.11
 b 

 24.11
 b
  8.33

 bc
  3.55

 b
 12.36

 bc
 II 

47.21
 b 

 22.31
 c
  8.34

 bc
  3.55

 b
 12.33

 bc
  III 

47.05
 b 

 23.89
 b
  8.60

 a
  3.58

 b
 12.55

 b
  IV 

47.42
 b 

 20.13
 d
  7.96

 c
  3.56

 b
 11.26

 c
  V 

47.23
 b 

 20.23
 d
  8.08

 c
  3.57

 b
 12.25

 c
  VI 

48.20
 b 

 22.41
 c
  7.97

 c
  3.54

 b
 12.26

 c
  VII 

46.20
 b 

 24.30
 b
  8.40

 b
  3.56

 b
 12.52

 b
  VIII 

(n=8). Mean in the same column with different superscript litters are significantly different (p˂0.05). 

Groups abbreviations see in Table (4) 

 

Table 6. Physical properties and minerals in femoral bone of osteoporotic female albino rats fed on differ-

ent diets for 60 days 

 

Minerals mg/g Physical properties 
Animal  

group  P Mg Ca 
Density 

(g/cm
3
) 

Thickness 

(mm) 

Hardness 

(kp) 

Diameter 

(N) 

Length 

(cm) 

Weight 

(mg) 

88.9
 a

  39.9
 a

  147.6
 a
 1.41

 a
 9.4

 a
  6.2

 a
  43.8

 a
 
 
 2.88

 a
  378

 a
  Control (-) 

57.5
 c
  24.8

 c
  95.0

 d
 1.07

 d
 7.5

 c
 
 
 3.7

 c
  34.5

 b
  2.40

 c
  322

 d
  Control (+) 

81.4
 b

  32.8
 b

  133.9
 b
 1.21

 c
 8.2

 b
  5.1

 b
  41.8

 a
  2.83

 a
  351

 b
  1 

88.6
 a

  33.5
 b

  134.8
 b
 1.32

 b
 9.1

 a
  5.9

 a
 
 
 44.2

 a
  2. 50

 b 
 351

 b
  II 

88.0
 a

  33.5
 b

  141.0
 ab

 1.23
 c
 9.2

 a
  5.9

 a
  43.3

 a
  2.55

 b
  349

 b
  III 

90.5
 a

  34.2
 b

  146.4
 a
 1.35

 b
 9.4

 a
  6.0

 a
  41.5

 a
  2.86

 a
  369

 ab
  IV 

79.4
 b

  26.1
c
  125.1

c
 1.27

 bc
 8.4

 b
  5.2

 b
  42.9

 a
 
 
 2.84

 a
  335

 c
  V 

89.5
 a

  34.3
 b

  135.1
b
 1.26

 bc
 8.5

 b
  5.1

 b
  42.5

 a
  2.84

 a
  352

 b
  VI 

80.3
 b

  33.1
 b

  133.9
 b
 1.22

 c
 9.2

 a
  5.2

 b
  43.3

 a
  2.85

 a
  350

 b
  VII 

89.3
 a

  34.3
 b

  146.5
 a
 1.34

 b
 9.3

 a
  6.0

 a
  44.3

 a
  2.86

 a
  370

 ab
  VIII 

(n=8)   Mean in the same column with different superscript litters are significantly different (p˂0.05).           

Groups abbreviations see in Table (4) 
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Physical properties of femoral bone of osteopo-

rotic rats are seen in Table (6). Results revealed 

that all tested groups showed significantly higher 

values in all the physical properties compared to 

positive control group values. The best recovery of 

all properties was observed in groups IV and VIII, 

especially weight and hardness which their values 

were significantly equal to those of the normal con-

trol groups. Also, rats fed on these two diets 

showed an improvement in femur thickness and 

density which beneficially affected by soy isofla-

vones diet and flaxseed flour rich in lignins which 

are structurally similar to tamoxifen that exert a 

positive effect on bone density, and may help to 

prevent osteoporosis induced by deficient estro-

gen. In addition supplementation with skimmed 

milk and cruciferous vegetables enhanced bone 

mass density and showed positive effects on its 

properties.  

However, the length and diameter of femoral 

bone of all treated rats groups showed higher val-

ues compared to positive ovariectomized group 

and significantly equal to those of the normal con-

trol group. These increasing in bone cortical area 

support the increase in rats bone weight. These 

observations are agreed with those of Deyhim et 

al (2003); Sacco et al (2008) and Muguruma et 

al (2012). 

From this study it could be concluded that the 

mixture of defatted soy bean or flaxseed flour as 

protein and phytoestrogen sources with broccoli 

and red cabbage rich in antioxidant sources; in 

addition to vitamin D and skimmed milk powder as 

Ca sources can be used as promising sources to 

produce a functional food to prevent bone loss an 

cell damage that accompanies aging process. 
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 زــــــــــــــــالموجـ

  
جريت هذه الدراسة لدراسة تأثير بعض أ  

األغذية الصحية مثل دقيق كال من فول الصويا وبذور 
ادر لمبروتين ـــــدهن كمصـــزوع الـــــان منــــالكت

واإلستروجينات النباتية وأغذية غنية بمضادات األكسدة 
البروكمي والكرنب األحمر باإلضافة إلى كال من  مثل

منزوع الدسم كمصدر لمكالسيوم  فيتامين د ولبن فرز
عظام لمفئران المصابة بهشاشة وذلك عمى صحة ال

من فئران  68استخدمت  هذا الغرض،ل .العظام
التجارب اإلناث في التجربة البيولوجية. تم أخذ مجموعة 

ة غذيت عمى غذاء من الفئران كمجموعة ضابطة سمبي
عممية نزع المبايض لباقى الفئران  ىقياسى ثم إجر 

 6قص الكالسيوم لمدة اوغذيت عمى غذاء قياسى ن
أسابيع لموصول إلى هشاشة العظام بعد ذلك تم  تقسيم  
الفئران المصابة بالهشاشة إلى تسع مجموعات، 
المجموعة األولى وهى المجموعة الضابطة االيجابية 

غذيت عمى غذاء والتى نزوعة المبايض من الفئران م
في حين أّن المجموعات من الثانية إلى  ،قياسى

الخامسة غّذيت عمى دقيق فول الصويا فقط أو دقيق 
مدعم بالبروكمي أو الكرنب األحمر أو الفول الصويا 

أما المجموعات  .الكرنب األحمرو خميط من البروكمي 
من السادسة إلى التاسعة فقد غّذيت عمى دقيق بذور 

مدعم بالبروكمي أو الدقيق بذور الكتان  الكتان فقط أو

الكرنب و الكرنب األحمــر أو خميط من البروكمــــي 
ستمرت التجربة لمدة شهرين.   األحمـــــر وا 

أشارت النتائج إلى أن عممية استئصال المبيض 
قص الكالسيوم لمدة اغذية عمى غذاء قياسى نلمفئران والت

أسابيع وذلك إلحداث نموذج هشاشة العظام فى  6
الفئران تسبب فى نقصان كال من وزن الجسم، هرمون 

 ـومــــــــــــــــــــــوم والماغنسيــــــــــــــــ(، الكالسيE2) ـولـــــــــــــــــــاإلسترادي
ـــام، الخصائص الفيزيائية والفوسفــــورفى الدم والعظــ

الكبد والكمـــــى كما حدث تضخم في وزن وكثافة العظام 
( مقارنة PTHوزيــــادة فى هرمون الغدة الدرقية )

بالمجموعة الضابطة اإليجابية. وقد لوحظت أفضل 
النتائج لمفئران التي غذيت غذاء يحتوي عمى دقيق فول 
الصويا مدعم بخميط من البروكمي والكرنب األحمـــــر مع 
تمك التي غذيت عمى دقيق بـــذور الكتان مدعم بخميط 
من البروكمـــي والكرنب األحمر مقارنة بالمجموعة 

بطة اإليجابيـــة وجميـــع المجموعات، تميها الضا
مجموعـــــــات الفئران التي تغذت عمى دقيق فول الصويا 

مدعمة بالبروكمي فقط، يمكن أن الأو دقيق بذور الكتان 
مدعمـــة النستنتج أن أغذية فول الصويا أو بذور الكتان 

بخميط مـــــن البروكمي والكرنب األحمر فى وجود لبن 
الدهن وفيتامين د  لها دور مفيد فى منع فقدان منزوع 

 العظام والحفاظ عمى تكوينها وزيادة كثافتها. 
 

العظام،  ترقق العظام، فول الصويا،  الكلمات الدالة:
 بذور الكتان، البروكمي، الكرنب األحمر
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