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ABSTRACT

Bioavailability of calcium, phosphorus and Zinc from probiotic dairy foods and other food
sources has been an important issue of studies over recent years.
The aim of the present study was designed to asses and to compare therapeutic effect of
milk yoghurt and soy yoghurt containing bifidobacteria with regards to their effect on the
bioavailability of Ca, P and Zn and bone mineralization in rats.
Eight groups of rats were fed basal diet, cow milk, probiotic-free or probiotic-containing
milk yoghurts (Bifidobacterium lactis Bb-12 or Bifidobacterium longum Bb-46), soymilk and
soy-yoghurts containing only the above mentioned probiotics for 45 days.
Upon feeding probiotic-containing milk and soymilk yoghurts, rat's serum Ca and P
content were about two fold that of control and surprisingly the rat's serum Zn content was
about 19-21 fold that of control. The increment of apparent absorption % as compared with
control was ranged between 24.7–26.6, 24–38 and 51-70% for Ca, P and Zn, respectively.
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The above mentioned results clearly demonstrate the enhancement of Ca, P and Zn
bioavailability when probiotic diets were fed. A significant increase (n=6;p<0.05) was
observed in ash content and breaking force of femur of rats fed probiotic milk-and soy-
yoghurts.
Moreover probiotic milk yoghurts were much better than soy-yoghurts fermented by
Bifidobacteria in enhancing bioavailability of Ca, P and Zn as well as bone mineralization.
These results suggest that intake of probiotic milk-and soy- yoghurts may be useful in
enhancing mineral bioavailability and bone properties.
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1. INTRODUCTION

The nutritional and health benefits of milk and other dairy foods are well documented and
sound scientific evidence supports their importance in the diet. In fact these foods have a
long history of contributing to health and well-being [1]. Milk and milk products are
considered functional foods because of their calcium, magnesium, phosphorus, proteins
content and presence of viable microorganisms [2] which when administered in adequate
amounts confer a health benefits on the host and called probiotics [3]

Although most probiotic foods are derived from milk fermentation, the demand for using
other protein-rich substances such as soymilk to make such foods (soy-based yoghurts) is
growing due to problems with lactose intolerance and cholesterol content of fermented dairy
products and desire for vegetarian alternatives [4] and therefore interest in a soy-based
yoghurt type fermentation has developed [5] due to their reported nutritional and health
promoting benefits [6]. This is in part because the isoflavones in soymilk can have many
benefits such as bone-sparing effects over the long term [7].

Milk and milk products are considered good sources of Ca which has an anti-resorptive
effect and can help to prevent bone loss [8] and phosphorus that binds with calcium to form
the mineral hydroxyapatite which confers strength and rigidity to bones [9]. Moreover, the
role of zinc as an essential trace element required for the growth of all creatures is
indispensable in bone calcification and bone resorption and remodeling [10].

Further, several studies in the past 10 years were conducted to investigate the beneficial
effects of prebiotics on mineral absorption while there have been few studies published on
the effect of probiotics on mineral absorption [11].

On the basis of the above mentioned information and in the light of our previous studies on
the anti-tumors and the hypocholestraemic effect of yoghurt and soy-yoghurt containing
Bifidobacterium lactis Bb-12 or Bifidobacterium longum Bb-46 [12] as well as the scarce and
variable data regarding the effect of probiotic yoghurt and soy-yoghurt on mineral absorption
and bone mineralization, the present study was designed to assess and to compare the
therapeutic effect of the two forementioned yoghurts with regards to their effect on the
bioavailability of some minerals (Ca, P and Zn) and bone mineralization in rats.
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2. MATERIALS AND METHODS

2.1 Preparation of Yoghurt from Cow Milk

Yoghurt was made according to the method of the author [13]. Cows' milk was inoculated
with 3% (v/v) of Lactobacillus delbreuckii subsp bulgaricus and Streptococcus thermophilus
(Chr. Hansen Laboratories, Copenhagen, Denmark) and divided into three portions. One
portion (without added bifidobacteria) served as control yoghurt and was denoted as YCM; a
second portion was inoculated at a level of 0.07% (w/v) with a freeze-dried Bifidobacterium
lactis Bb-12 and served as an experimented yoghurt and was denoted as YCMBb-12. The
third portion was inoculated at a level of 0.07% (w/v) with a freeze-dried Bifidobacterium
longum Bb-46 and served as an experimented yoghurt and was denoted as YCMBb-46. The
two strains of bifidobacteria were obtained from Chr. Hansen Laboratories (Copenhagen,
Denmark). After the incubation period, the YCM, YCMBb-12 and YCMBb-46 yoghurts were
stored at 4±1ºC.

2.2 Preparation of Non-fermented Soymilk and Soy-yoghurts

Fresh and non-beany flavored soymilk was prepared from soybeans according to the
method of the author [14] and divided into three portions. One portion served as a non-
fermented soymilk and was denoted as NFSM; the other two portions were used for
preparation of soy-yoghurts Bb-12 and Bb-46 according to the method described by the
author [15], using 0.07% (w/v) B. lactis Bb-12 or B. longum Bb-46. After inoculation at 37ºC
for 4-5h, both yoghurts were stored at 4±1ºC.

2.3 Animal Feeding Experiments

Forty eight male albino rats of average weight between 110-140 g were separately housed
in a temperature (23±1ºC), light-(12 h day/night cycle), relative humidity (60±5%)-controlled
room and fed a basal diet for one week. After this adaptation period, the rats were divided
randomly by weight into 8 experimental groups, each of 6 animals. The experimental diets
given to the eight groups as described in Table 1.

Table 1. Experimental groups of rats and diets used in 45 days the trial x, y

Diet formulaDiet codeDiet treatment
100g basal diet + 50 ml waterControlBasal diet
100 g basal diet + 50 g  CMCMBasal diet + Cow milk
100 g basal diet + 50 g  YCMYCMBasal diet + yoghurt from Cow milk (YCM)
100g basal diet + 50 g  YCMBb-12YCMBb-12Basal diet + YCM with added B. lactis Bb-12
100 g basal diet + 50 g  YCMBb-46YCMBb-46Basal diet +YCM with added B.longum Bb-46
100 g basal diet + 50 g  NFSMNFSMBasal diet + non-fermented  soy milk
100 g basal diet + 50 g  YSMBb-12YSMBb-12Basal diet + yoghurt from  soy milk fermented

with B. lactis Bb-12
100 g basal diet + 50 g YSMBb-46YSMBb-46Basal diet + yoghurt from  soy milk fermented

with B.longum Bb-46
x The basal diet consisted of: 20% (w / w) casein, 53.2% (w / w) corn starch, 7% (w / w) corn oil, 3.5% (w / w)
mineral mixture, 1% (w / w) vitamin mixture, 5% (w / w) cellulose, 0.3 % (w / w) L. cysteine and 10% (w / w)

sucrose. [16]. y The mineral mixture consisted of [mg (except as noted) / kg diet]:Ca HPO4, 15 g; K2HPO4,  2.5 g;
KCl, 5 g; NaCl, 5 g; MgCl2, 2.5 g; Fe2O3, 2.5 g; MnSO4, 125; CuSO4. 5 H2O, 25; CoSO4. 7H2O, 0.2; ZnSO4. H2O,

100 and KI, 0.4
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The rats were allowed free access to experimental diets and water. The daily food
consumption of each rat and weekly body weights were monitored throughout the test
period. Feces were collected every week and were kept frozen (- 23±1ºC) until analysis.

Blood samples were collected at zero time and 45 days of study period from the rat's plexus
Venus by using fine capillary glass tubes, samples were taken into tubes and then
centrifuged at 3000rpm for 10min to obtain the serum, which stored at -23±1ºC until
analysis.

On the final day of the experiment, after rats were killed, the whole cecum was taken,
weighed and kept frozen until analysis and the right femur from each rat were removed,
cleaned and weighed, then were kept until analysis.

2.4 Analytical Methods

2.4.1 Chemical and microbial analysis of the used products

Protein, fat and sugar content in the used products were determined by micro kjeldahl
procedure, rose-gottlieb and HPLC methods according to [17-19], respectively. Whereas Ca
and Zn content were determined by wet ashing by atomic absorption according to the
method of the author [20] While P was determined by spectrophotometer according to the
method of the author [21]. Table 2 shows the chemical composition of the products used in
the investigation.

Table 2. Chemical composition of the products used in the study x,y

Product Protein (%) Fat (%) Sugar (%) Mineral (mg/kg)
Ca P Zn

CM 3.1±0.04 3.2±0.10 4.5±0.08 1142.9±4.14 107.1±1.65 0.4±0.02
YCM 3.1±0.08 3.4±0.05 2.6±0.09 1191.2±4.75 110.0±0.97 0. 5±0.03
YCMBb-12 3.4±0.06 3.4±0.05 2.3±0.13 1189.4±2.91 109.8±2.93 0.5±0.03
YCMBb-46 3.3±0.21 3.3±0.05 2.2±0.06 1190.9±1.37 110.3±1.76 0.5±0.02
NFSM 4.5±0.06 2.3±0.06 0.9±0.05 246.9±2.55 45.0±2.60 0.1±0.01
YSMBb-12 4.7±0.06 2.4±0.03 0.5±0.08 262.5±2.24 46.8±1.26 0.1±0.06
YSMBb-46 4.8±0.04 2.4±0.02 0.5±0.11 257.30±3.57 47.1±1.36 0.1±0.03

xsee Table 1 and text for details of diet treatments. yvalues are mean ± SD (n=6)

The count of bifidobacteria in both soy-yoghurts (YSMBb-12 and YSMBb-46), which did not
contain yoghurt culture and in cow milk yoghurts (YCMBb-12 and YCMBb-46), which contain
yoghurt culture as well as bifidobacteria, were determined according to the methods
described by authors [22-23], respectively. Whereas yoghurt culture was enumerated
according to the method of [24]. Table 3 shows the viable count of bifidobacteria and yoghurt
culture in the experimental products.

2.4.2 Serum assay

Ca, P and Zn in rat's serum were determined according to the method of authors [25-27],
respectively.

2.4.3 Feces assay

Ca, P and Zn in feces were determined according to the method of the author [20].
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Table 3. The viable count of yoghurt culture and Bifidobacteria in experimental
products x, y

Product Bifidobacterial countw Yoghurt culture countz

(cfu ×108 / ml)a

YCM NDb 75.8
YCMBb-12 3.1 68.9
YCMBb-46 3.8 47.7
YSMBb-12 4.6 ND
YSMBb-46 5.3 ND

xvalues are means (n = 6). ysee Tables 1,2 and text for details of diet treatments.
zyoghurt culture: Lactobacillus delbreuckii subsp bulgaricus and Streptococcus  thermophilus.

wBifidobacteria: B. lactis Bb-12 or B.longum Bb-46.
acfu: colony forming unit. bND: Not determined

2.4.4 Cecum assay

Cecum pH was measured by pH meter according to the method of the author [28]. While the
count of bifidobacteria in rat's cecum was determined according to the method described by
the author [23]. Whereas carboxylic acids concentration (acetic, lactic, propionic and pyruvic
acids) were determined by HPLC according to the method of the author [29]

2.4.5 Femur length, thickness, bone density and breaking force

The length and thickness of each right femur were measured with a vernier caliper. Femur
bone density was measured by Archimedes' principle [30], while breaking force was
determined according to the method of the author [31].

2.4.6 Mineral and non-mineral content of femur

The right femurs were scraped clean from remaining flesh and weighed (wet weight). They
were then dried at 80ºC for 18h and weighed again (dry weight). The dried bones were
ashed at 550ºC for 24h and reweighed again (ash weight). The amount of Ca, P and Zn in
the ashed samples of femur was determined according to [32]. The mineral bone weight was
calculated using the following formula:

Non-mineral weight = Dry weight – Ash weight.

2.4.7 Statistical analysis

Data are presented as means and standard deviation. The significance differences between
groups / treatments were analyzed by analysis of variance (ANOVA) using the general linear
model procedure of Statistical Analysis System [33] Multiple comparison between treatment
means was made by the LSD (Least Significant Difference ) at P<0.05.

3. RESULTS AND DISCUSSION

3.1 Body Weight Gain, Food Intake and Food Efficiency

Results in Table 4 showed that there were no significant differences (P<0.05) in body
weight, body weight gain, food intake and food efficiency among the eight experimental rat
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groups throughout the study period. This is in agreement with the results obtained by the
author [11] who found similar results when growing male and ovariectomised female rats
were fed high calcium milk powder plus or minus probiotics (L. rhamnosus HN001).

Table 4. Food intake, body weight gain and food efficiency of rats fed on experimental
diets during 45 days x, y

Food efficiency
(%) w

Food   intake
(g/day)

Body
weight gain
/ day z

Body weight (g)Treatment
Final body
weight

Initial body
weight

16a±2.416a±0.62.5a±0.3236a±22123a±11Control
15a±3.316a±1.12.4a±0.6235a±19124a±10CM
15a±1.916a±1.12.3a±0.0231a±15124a±10YCM
14a±217a±1.52.3a±0.2229a±15125a±10YCMBb-12
15a±5.516a±0.22.4a±0.9235a±27127a±16YCMBb-46
15a±0.216a±0.72.4a±0.1235a±21127a±18NFSM
14a±0.217a±1.32.4a±0.2236a±20129a±12YSMBb-12
15a±2.916a±0.92.4a±0.4234a±6126a±12YSMBb-46

xvalues are means ± Standard deviation (n = 6). Means not sharing common letters within column are
significantly different (P<0.05). ySee Tables 1,2 and text for details of diet treatments.

zBody weight gain / day = (final body weight – initial body weight) / study period.
wFood efficiency (%) =body weight gain / food intake ×100

3.2 Cecum pH and Bifidobacterial Count

Results in Fig. 1 indicated that feeding on each of the supplemented diets led to significant
decrease in the rat's cecum pH as compared with that of control group. Moreover, the
incorporation of probiotics in rat's diet resulted in significant (P<0.05) reduction in pH of rat's
cecum than probiotic-free diets. It is worthy to note that B. lactis Bb-12 was more effective on
pH reduction than B. longum Bb-46 either when present in yoghurt from cow milk or soy milk
when compared with that of control group. These results are in general agreement with
those of the authors [34-35] who illustrated that the addition of bifidobacteria and / or
prebiotic to the diets reduced the pH of the cecal content.

Regarding the bifidobacterial count in cecum (Fig. 2), it was found that the addition of B.
longum Bb-46 significantly increased the count of bifidobacteria as compared with that of
other all experimented diets and control groups, respectively. This was explained by the
author [36] who reported that bifidobacteria have been shown to decrease the number of
ammonia producing bacteria such as clostridia, resulting in a decreased production of
ammonia and possibly explaining the low pH.
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Fig. 1. Cecum pH in rats fed experimental diets at the end of study period

Fig. 2. Bifidobacterial count (cfu x 107/g) in cecum of rats fed experimental diets
at the end of study period

3.3. Carboxylic Acids in Rats' Cecum

It is obvious from Table 5 that presence of probiotic B. lactis Bb-12 and  B. longum Bb-46
(YSMBb-12 followed by YSMBb-46,YCMBb-12 followed by YCMBb-46) and yoghurt culture
(YCM) in the rat's diets increased significantly (P<0.05) the amount of acetic acid as
compared with that of cow milk, soymilk diets and basal diet. Also, the data showed that the
incorporation of probiotic products in rat's diets increased significantly the amount of lactic
acid and propionic acid as compared with that of control group. The data showed that there
were insignificant changes in the amount of pyruvic acid in the cecal content of rats fed
various diets except YSMBb-46 containing diet which led to significant increase in the
amount of pyruvic acid in the cecal content as compared with that of control group. Total
carboxylic acids content was in the following descending order 11.4, 11.1, 10.9, 10.4, 9.1,
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8.5, 7.3, 6.2 for the YSMBb-12, YSMBb-46, YCMBb-12, YCMBb-46, YCM, NFSM, CM,
control groups, respectively. These findings are in accordance with the previously reported
data by the author [37] who concluded that probiotic bacteria produce fermentation by-
products including short chain fatty acids (SCFAs)

Table 5. Carboxylic acids in cecum of rats fed experimental diets at the end of study
period x, y

Total zCarboxylic acids (g /100g cecum content)Treatment
PyruvicPropionicLacticAcetic

6.2e±1.10.10b± 0.00.11c±0.00.3c±0.05.7b±1.0Control
7.3de±.00.11b ± 0.00.12b±0.00.4c±0.06.8b±1.0CM
9.1bc±1.30.11b ± 0.00.14b±0.00.4c±0.08.5a±1.3YCM
10.9a±0.40.11b ± 0.00.16a±0.01b±0.09.6a±0.5YCMBb-12
10.4ab±0.80.16a ± 0.00.17a±0.01.b ±0.09.4b±0.5YCMBb-46
8.5cd±0.40.10b ± 0.00.11c±0.01.4a±0.26.9a±0.5NFSM
11.4a±0.20.11b ± 0.00.16a±0.01.2ab±0.39.9a±0.3YSMBb-12
11.1a±0.40.13b ± 0.00.16 a±0.01.b± 0.19.8a±0.3YSMBb-46

xvalues are means ± Standard deviation (n = 6). Means not sharing common letters within column are
significantly different (P<0.05). ySee Tables 1,2 and text for details of diet treatments.

zTotal = (acetic, lactic, propionic and pyruvic)

3.4 Concentration of Ca, P and Zn in rat's serum

Serum Ca, P and Zn concentration at the end of study period was presented in Fig. (3a+3b)
Significant (P<0.05) increase was observed between values of serum Ca concentration
(mg/dl) in rats of experimental groups YCMBb-12, YSMBb-12, YCMBb-46, YSMBb-46, YCM,
NFSM and CM (14.3±2.4, 13.7±2.3, 13.5±3.3, 13.2±1.5, 12.4±2.0, 12.2±1.4 and 12±1.8,
respectively) as compared with that of control group (7.2±2.0). On the other hand, no
significant differences were existed between the values of serum calcium concentrations in
rats test groups other than control group.

The serum Ca concentration of rats fed probiotic milk - or soy-yoghurt was about two fold
that of rats fed the control diet at the end of study period. It is worthy to note that feeding
diets containing probiotic milk yoghurt YCMBb-12 had greater effect than that of YCMBb-46,
soy-yoghurt YSMBb-12 and YSMBb-46 on serum Ca concentration (Fig. 3a). This might be
due to the partial digestion of existed calcium form occurred during manufacturing of
probiotic yoghurt or soy yoghurt which increase the soluble calcium and consequently
enhance its absorption and bioavailability by the author [38]. This observation was explained
by the author [39] who reported that milk fermentation by L. helveticus bacteria had a
positive effect on calcium metabolism by suppressing serum parathyroid hormone (PTH) and
increasing serum calcium concentrations. However the dietary lactose stimulates Ca
utilization and also increases Ca absorption [40]. Moreover another study indicated that
lactose enhanced significantly the absorption and tissue uptake of Ca and Zn in the
adolescent rats. Compared to control and other sugars [41].

It was also found that at the end of the study period (Fig. 3a), there was significant (P<0.05)
increase between values of serum P concentration in rats of groups fed any of the diets
containing YCMBb-12, YCMBb-46, YSMBb-12 or YSMBb-46 (11.7±0.2, 12.4±1.7, 12.1±2.1,
and 12.8±0.5, respectively) and that of control group rats (6.8±1.6). These data also showed
that values of serum P concentrations were not significantly different between CM, YCM and
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NFSM (9.4±2.1, 8.7±0.5 and 8.9±1.0, respectively) when compared with that of control
group. The serum P concentration of rats fed probiotic milk or soy-yoghurt as indicated in
Fig. 3a was ranged between 1.7 to 1.9 fold that of rats fed the control diet at the end of study
period. It was observed that feeding probiotic soy-yoghurt (YSMBb-46 and YSMBb-12) had
slightly greater effects than that of its correspondence of probiotic milk yoghurt. These
results are in a general agreement with those of the author [35] who studied the effect of
seven infant formulas on bioavailability of calcium, magnesium and phosphorus. They
reported that addition of probiotic and prebiotic to the infant formulas either singly or jointly
stimulated the bioavailability of minerals in rats during different periods of time.

Surprisingly, it was shown from the data in Fig. 3b that serum zinc concentration of rats fed
YCMBb-12, YCMBb-46, YSMBb-12 and YSMBb-46 was about 18.5–21 fold that of rats fed
the control diet at the end of study period (their values were 2.6±0.9, 2.3±0.4, 2.2±1.8,
2.5±0.5, respectively). On the other hand, a marginal and insignificant increase was seen in
serum Zn concentration in rats fed CM, YCM and NFSM (0.16±0.04, 0.17±0.02 and
0.15±0.01, respectively) as compared with that of the control group (0.12±0.02).

Fig. 3a. Ca and P concentration in rats' serum

Ca P
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Fig. 3b. Zn concentration in rats' serum

3.5 Apparent absorption of Ca, P and Zn

Our results also showed there were no significant differences in food intake (Table 4) or
intake of Ca, P and Zn (data not shown) between rats fed supplemented diets (71±5.1 to
74±6.7, 62±4.3 to 64±5.9 and 0.62±0.01 to 0.62±0.01 to 0.64±0.02, respectively) when
compared with control group (70±2.5, 61±1.3 and 0.64± 0.05, respectively).The data
reported in Fig. 4 Showed that the apparent absorption of Ca in all test groups was
significantly (p<0.05) higher than in the control group.

Fig. 4. Ca, P and Zn apparent absorption % in rats fed diets for 45 days.

Ca P Zn
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The highest value of Ca apparent absorption % was for rats fed diet containing YSMBb-12
(84±1.2) followed by rats fed diets containing YSMBb-46, YCMBb-12, YCMBb-46, YCM, CM,
NFSM (83.40±3.9, 83±2.3, 82±1.4, 78±1.7, 76±1.9 and 73±3.3, respectively) as compared
with that of control group (66±4.3).The increment percentage of Ca apparent absorption as a
result of feeding probiotic-containing yoghurts ranged between 24.7 to 26.6%. These results
are in accordance with the results obtained by the author [37] who found that probiotic
yoghurts containing strains of L. casei, L. reuteri and L. gasseri increased apparent calcium
absorption and bone mineral content in growing rats. Also this was confirmed by data of the
author [42] who indicated that fermenting of calcium fortified soymilk with selected probiotics
could potentially enhanced the calcium bioavailability due to increased calcium solubility and
bioactive isoflavone aglycone enrichment. In addition, degradation of the caseins by
digestive enzymes increases the likelihood of peptide liberation [43]. Which may promote
calcium uptake by intestinal cells by preventing precipitation of insoluble salts [44]? It was
also showed that Bifidobacterium bifidum and Bifidobacterium longum improve apparent
absorption and apparent retention of Ca in weanling rats [45].

The obtained results (Fig. 4.) also showed that apparent absorption of P was significantly
higher in rats fed all treatments when compared with that of control .The incorporation of
YCMBb-12, YCMBb-46, YSMBb-12 and YSMBb-46 into the diets led to increase the
apparent absorption of P with high degree (69±2.6, 69±2.8, 64±1.7 and 62±1.3%,
respectively) than that of CM, YCM, NFSM and control as well (56±2.4, 59±3.5, 55±1.4 and
50±2.8%, respectively). The apparent absorption increment % of P ranged from 24 – 38%
when probiotic-containing yoghurts were fed. These data are in line with the author [46],
who reported that urinary P excretion was significantly lowered when prebiotics or symbiotics
were given to rats as compared with ovariectomised control rats.

Regarding the apparent absorption % of Zn, it was significantly higher (P<0.05) in rats fed
YCMBb-12, YCMBb-46, YSMBb-12 and YSMBb-46 (68±2.3, 64±4.3, 60±6.0, 64±3.7%,
respectively) followed by that of rats fed CM and YCM (56±5.9 and 53±6.9%, respectively).
On the other hand, it was insignificantly increased in case of rats fed NFSM (44±7.6%) in
comparison with that of control group (40±2.3%). This means that milk- and soy-yoghurts
containing Bb-12 or Bb-46 were effective in the enhancement of apparent absorption % of
Zn in rats.

The promising effect of probiotic-containing yoghurts on serum Zn content (Fig. 3b) is
confirmed by the increase percentage in Zn apparent absorption which ranged between
51–76%. The obtained results are in accordance with that reported by the author [47] who
studied bioavailability of zinc from nonfat dry milk, low fat plain yoghurt and soy flour in pigs.
They found that apparent absorption was greater when nonfat dry milk and yoghurt
containing diets were fed.

3.6 Femur ash, bone density and breaking force

The results showed there were no significant changes (P<0.05) in the wet & dry weights of
femur in all rats fed the different experimental diets for 45 days (data not shown). While
consumption of diets containing YCM, YCMBb-12, YCMBb-46, YSMBb-12 and YSMBb-46
led to significant (P<0.05) changes in the ash weight of femur of the rats as compared with
that of other groups (non fermented diets). These data also illustrated that there were no
significant changes in the ash weight between rats fed any of the fermented diets, i.e., YCM,
YCMBb-12, YCMBb-46, YSMBb-12 and YSMBb-46 (data not shown). The incorporation of
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YCMBb-12 in the feeding diets led to the highest value of femur ash weight. Similar results
were obtained by the authors [48-49].

The bone density values of the femur were significantly (P<0.05) affected in rats fed
YCMBb-12, YCMBb-46 and YSMBb-12. In addition, there were no significant changes in
bone density of femur between CM, YCM, NFSM and YSMBb-46 (Fig. 5).

Fig. 5. Femur bone density (g/cm3) in rats fed experimental diets at the end of study
period

Bones from rats fed YCMBb-12 had the highest breaking force value (103.78±8.93 N)
among all experimental groups. The data in Fig. 6 exhibited that there were a significant
increase in femur breaking force of rats fed YCMBb-12 and rats fed YSMBb-12 and those
fed other experimental diets. Similar trend was obtained by the author [50-51] who indicated
that feeding whey protein increases the level of bone proteins such as collagen in rats,
thereby increasing bone breaking force.

3.7 Bone minerals composition of rat's femur

The results in Table 6 showed the contents of Ca, P and Zn in femur of rats fed the various
experimental diets for 45 days. These results revealed significant (P<0.05) increase in
calcium content in femur of rats fed CM, YCM, YCMBb-12, YCMBb-46, NFSM, YSMBb-12
and YSMBb-46. However, the increase in calcium content in femur was higher in probiotic
yoghurt treatments than in rats fed CM, YCM or NFSM. The increment in femoral calcium
content was highest in rats fed YCMBb-46. Our results agreed with results of the author [52],
who showed that supplementing probiotic yoghurt, substituting corn starch with a prebiotic or
by administering symbiotics in rat's diet could enhance the Ca deposition in their femur the
author [45] found that Bifidobacterium bifidum and Bifidobacterium longum significantly
increased femoral and tibial Ca content in weanling rats when they were fed for 30 days.
These authors showed that probiotics increase crypt deth in the colon, and lowered colon pH
compared to a control diet with no probiotics and Ca absorption was correlated with the pH
of the colonic contents.
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Fig. 6. Femur breaking force (N) in rats fed experimental diets at the end of study
period

Also, there was significant (P<0.05) increase in phosphorus content in femurs of rats fed
CM, YCM, YCMBb-12, YCMBb-46, YSMBb-12 and YSMBb-46. Rats fed diet containing
YCMBb-12 had the highest value of phosphorus content in femur followed by YCMBb-46,
YSMBb-12 and YSMBb-46, respectively. Thus, the incorporation of probiotic in the feeding
diets led to increase the accumulation of the minerals such as Ca and P in the femur.

The results in Table 6 revealed a significant increase in femur zinc content in rats fed diet
containing YCMBb-12 and YCMBb-46. While,  no significant (P<0.05) changes in femur zinc
content between rats fed CM, YCM, NFSM, YSMBb-12 and YSMBb-46 in comparison with
that of rats fed control diet. Thus, the probiotic dairy diets (YCMBb-12 and YCMBb-46) were
the most effective in the accumulation of zinc in femur than that of probiotic non-dairy diets
(YSMBb-12 and YSMBb-46).

Our results presented above indicate that feeding the probiotic diets (YCMBb-12 and
YCMBb-46 and YSMBb-12 and YSMBb-46) may affect positively Ca, P and Zn bioavailability
and bone properties. In addition, the suggested mechanisms of the positive effect of
probiotics on mineral bioavailability and bone properties may include increased solubility of
minerals due to increased bacterial production of short chain fatty acids, and enlargement of
the absorption surface due to promotion of proliferation of enterocytes mediated by bacterial
fermentation products [35]. It is also possible that short chain fatty acids can directly
stimulate calcium and possibly magnesium absorption in the rat colon and that calcium at
least could pass through the cell membrane more readily in the form of a less-charged
complex (calcium acetate), via a passive pathway [53].
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Table 6. Bone minerals composition of femur of rats fed yoghurt and soy-yoghurt
containing bifidobacteria at the end of study period x, y

Treatment Femoral bone mineral  composition (mg/bone dry weight)
Ca P Zn

Control 45b±4.6 17d± 0.7 0.42cd±0. 04
CM 57a±2.6 18bc±0.5 0.47abcd±0.01
YCM 57a±3.6 19abc±0.7 0.49abc±0.00
YCMBb-12 58a±4.9 20a±0.8 0.50ab±0.01
YCMBb-46 58a±3.1 19ab±0.6 0.5a±0.01
NFSM 53a±2.0 18cd± 0.4 0.44cd± 0.01
YSMBb-12 54a±3.3 19ab ±  0.7 0.45bcd±0.01
YSMBb-46 53a±2.4 19 abc ± 0.8 0.46abcd±0.03

xvalues are means ± Standard deviation (n = 6). Means not sharing common letters within column are
significantly different (P<0.05). ySee Tables 1,2 and text for details of diet treatments.

4. CONCLUSION

The present study indicated that consumption of milk- or soy-based probiotic yoghurts
significantly increased the bioavailability of Ca, P and Zn as measured by the apparent
absorption (%) as well as the bone mineralization as measured by minerals and ash
contents of rat's femur. It is worthy to note that diet containing YCMBb-12 was the most
efficient at increasing Ca, P and Zn bioavailability and in general probiotic milk yoghurts
were much better than those of soymilk yoghurt in enhancing the bioavailability of such
minerals. Thus, the present work directs the attention towards the beneficial role of milk
yoghurts and soymilk yoghurts containing probiotics in enhancing minerals bioavailability
and subsequently may be useful lowering loss of body calcium and prevent osteoporosis.
Further studies are needed to confirm these findings and to clarify the suggested
mechanisms of action of Bifidobacteria and other probiotics on mineral absorption and bone
properties.
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