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ABSTRACT

Bioavailability of calcium from milk and other calcium sources has been an
important issue of studies over recent years. The present study compared the
bioavailability of calcium from basal diet containing cow milk (CM), yoghurt from cow
milk (YCM), yoghurt from cow milk plus either Bifidobacterium lactis Bb-12 (YCMBb-
12) or Bifidobacterium longum Bb-46 (YCMBDb-46), non- fermented soymilk (NFSM),
soy-yoghurt resulted from fermentation with either B.lactis Bb-12 (YSMBb-12) or
B.longum Bb-46 (YSMBb-46) and basal diet alone (control). The obtained results
indicated that there were no significant differences in food intake, body weight gain
and food efficiency among the different groups of rats fed experimental diets in
comparison to control. During the experimental period, feeding diets containing
probiotics significantly increased serum calcium concentration and significantly
reduced the faecal calcium (mg / day) compared to the control diet. The apparent
absorption % of calcium was significantly increased too. The caecum acidity (pH),
cecal carboxylic acids and bifidobacterial count were also increased in the groups of
rats fed probiotic. These cecal parameters have a positive correlation with calcium
bioavailability. The levels of femoral and tibial strength were also significantly
increased by the probiotic diet. It is worthy to note that diet containing YCMBb-12 was
the most effective and in general probiotic cow milk yoghurts were much better than
those of soymilk yoghurt in enhancing the bioavailability of calcium. Thus the results in
the present study proved the beneficial effects of cow milk yoghurts and soymilk
yoghurts containing probiotics in enhancing calcium bioavailability and subsequently
lowering loss of body calcium.

Keywords: Yoghurt, soy-yoghurt, calcium bioavailability, femur and tibia bone.

INTRODUCTION

Calcium is the most abundant mineral in the human body. About 99
% of total body calcium is stored in bones and teeth, while the remaining 1 %
is found throughout the body in blood, muscle, and the fluid between cells. It
is needed for muscle contraction, blood vessel contraction and expansion,
the secretion of hormones and enzymes, and nerve conduction (Shills, 1999).

There is a growing awareness of the importance of maintaining a
high calcium intake throughout life, not just for bone health (Food and
Nutrition Board, Institute of Medicine, 1997), but also for the health of other
body systems (Thys-Jacobs et al., 1998; Baron et al., 1999; Appel et al.,
1997; Bucher et al., 1996).

The recommended calcium intake is 1000 mg / day, varying between
countries and age groups (Weavers, 2000). Milk and milk products account
for about 70 % of calcium sources in western countries (Osler et al., 1997).
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Milk and milk products are considered good sources of calcium due to their
high calcium content and bioavailability (Erba et al., 2001).

Popular nutrition literature suggests that calcium may be more readily
absorbed from products subjected to partial digestion by bacteria during
manufacture (Recker et al., 1988).

Recently, Scholz-Ahrens et al. (2007) reviewed the effect of
prebiotics, probiotics and synbiotics on mineral absorption, bone mineral
content and bone structure. Some researchers reported that probiotic could
have a potential effect on bone accretion independent of that of prebiotics
(Crittenden et al., 2003; Hill, 1997; Hancock, Viola, 2001 and Igarashi et al.,
1994). It was also reported that probiotic yoghurts containing strains of
Lactobacillus casei, Lactobacillus reuteri, and Lactobacillus gasseri increased
apparent calcium absorption and bone mineral content in growing rats
(Ghanem, Badawy, Abdel-Samam, 2004).

Another, popular source of calcium especially for vegans and for
those with milk aversions is soymilk (Heaney et al., 2000). Interest in
soybeans and soy-beans products has grown significantly in the last two
decades due to their reported nutritional and health promoting benefits
(Setchell and casidy, 1999).This is in part because the isoflavones in soymilk
can have many benefits such as bone-sparing effects over the long term
(Setchell and Lydeking-Olsen, 2003) not only by attenuating bone loss (Chen
et al., 2003; Atkinson et al., 2004) but also by enhancing calcium absorption
(Zafar et al., 2004). Another potential way to improve the nutritional content
and therapeutic effect of soymilk is through fermentation with probiotics (Abd
El-Gawad et al., 2004 and 2005; Stanton et al., 2005).

Previously, the anti-tumors and the hypocholestraemic effects of yoghurt
and soy-yoghurt containing Bifidobacterium lactis Bb-12 or Bifidobacterium
longum Bb-46 were investigated (Abd El-Gawad et al., 2004 and 2005). As a
further investigation, the objective of the present study was to examine the
effect of yoghurt and soy-yoghurt containing Bifidobacterium lactis Bb-12 or
Bifidobacterium longum Bb-46 on enhancing bioavailability of calcium and
bone mineralization in rats.

MATERIALS A[ND METHODS

Yoghurt was made according to the method of (Tamime and
Robinson, 1985). Cows' milk was inoculated with 3 % (v / v) of Lactobacillus
delbreuckii sub sp bulgaricus and Streptococcus salivarius sub sp
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 experimented yoghurt and was denoted as
YCMBDb-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 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 yoghurts were stored at 4+ 1°C.
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Fresh and non-beany flavoured soymilk was prepared from soybeans
according to the method of Kamaly (1997), 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 El-Sayed et al. (1998), using
0.07 % (w/ v) B.lactis Bb-12 or B.longum Bb-46. After inoculation at 37°C for
4-5 h, both yoghurts were stored at 4+ 1°C.

Forty -eight male albino rats of average weight ranged between (113-
148g) were housed in cages with screen bottom in a temperature and
humidity controlled room. All animals kept under normal healthy conditions
and fed a basal diet for one week. After this adaptation period, the rats were
divided randomly into 8 experimental groups, each of 6 animals. One group
received a basal diet throughout the experimental period of 45 days and
served as control group. The other seven groups were fed on a basal diet
plus the feeding diets treatments. The feeding diets used in the trial are: milk,
yoghurt, probiotic yoghurt Bb-12, probiotic yoghurt Bb-46, soymilk, probiotic
soy-yoghurt Bb-12, and probiotic soy-yoghurt Bb-46. The experimental
groups of rats and diets used in the trial are described in Table (1). The basal
diet and the other diets were supplemented with a constant amount of the
studying minerals (Ca, Mg, P, Fe, and Zn). The rats were allowed free access
to experimental diet and water. The daily food consumption of each rat and
weekly body weights was monitored throughout the test period. At the end of
45 days experimental period, Blood samples were collected from the eye vein
under diethyl ether anesthesia; the samples were taken into tubes and then
centrifuged at 3000rpm for 10min to obtain the serum, which stored at -20°C
until analysis. Feces were collected every three weeks and removed hair and
food attached were removed and feces were kept frozen until analysis. Each
rat was anesthetized and killed by drawing blood.

Table 1. Experimental groups of rats and diets used in the trial *¥:

Diet treatment Diet code Diet formulae

Basal diet Control diet  |100g basal diet + 50 ml water
Basal diet+ Cow milk CM 100 gm basal diet + 50 gm CM
Basal diet+ yoghurt from Cow milk (YCM) IYCM 100 gm basal diet + 50 gm YCM
Basal diet+YCM with added B.lactis Bb-12 IYCMBb-12  |100gm basal diet+ 50 gm YCMBb-12
Basal diet+YCM with added B.longum Bb-46 [YCMBb-46  |100 gm basal diet + 50 gm YCMBb-46
Basal diet+ non-fermented soy milk NFSM 100 gm basal diet + 50 gm NFSM
Basal diet + yoghurt from soy milk fermented| )

ith B.lactis Bb-12 IYSMBb-12  |100 gm basal diet + 50 gm YSMBb-12
Basal diet + yoghurt from soy milk fermented| . ) .

ith B.longum Bb-46 IYSMBb-46  |100 gm basal diet + 50 gm YSMBb-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.

Y The mineral mixture consisted of [mg(except as noted) / kg diet]:Ca HPOg, 15 g; K2HPQO4, 2.5 g;KCI, 5
g; NaCl, 5 g; MgClz, 2.5 g; Fe203, 2.5 g; MnSQg4, 125; CuSOa. 5 H20, 25; CoSO4. 7H20, 0.2; ZnS0a. H20,
100; and K, 0.4.

Then the organs (Liver, Kidney, Spleen and Heart) were excised
immediately and weighed, the whole caecum was taken and weighed and
kept frozen until analysis, after rats were killed, the femur and tibia from each
rat were removed, cleaned and weighed, then were kept until analysis.
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Protein and fat content were determined by microkjeldahl procedure
and rose-gottlieb method according to AOAC (1984), and AOAC (1990)
respectively.Wherease sugars were determined by HPLC according to the
method of Black and Bagley (1978). Mineral content (Ca, Mg, Fe, and Zn) in
the diet was determined by dry ashing by atomic absorption according to the
method of Ohta et al. (1997). Whereas mineral content (Ca, Mg, Fe, and Zn)
in the products was determined by wet ashing by atomic absorption
according to the method of Parker et al. (1967). Furthermore, Phosphorus in
the diet and products was determined by spectrophotometer according to the
method of Astm (1975). Table 2 shows the chemical composition (protein, fat,
sugar, and mineral content) of the different products used in this study.

The count of bifidobacteria in single culture (soy-yoghurt) was enumerated
by poured plate method on Lactobacilli MRS-Agar medium according to the
method described by Samona and Robison (1991). Whereas the count of
bifidobacteria in mixed cultures (probiotic yoghurt) was enumerated according
to Dinakar & Mistry (1994).

Yoghurt culture (Lactobacillus delbreuckii sub sp bulgaricus and
Streptococcus salivarius sub sp thermophilus) was enumerated according to
the method of Lee et al. (1973). Table 3 shows the viable count of yoghurt
culture and bifidobacteria in the experimental products.

Calcium in serum was determined using calorimetric O-cresolphtalein
complexone (CPC) method according to the method of Kaplan et al. (1996).

The minerals (Ca, Mg, P, Fe, and Zn) in feces were determined by
wet ashing method (Oxidation procedure) according to the method of parker
et al. (1967).

Table 2. Chemical composition of the products used in the study *.

Chemical composition
Product Protein Fat Sugar Minerals (mg/ kg)
(%) (%) (%) Ca Mg P Fe Zn
CM 3.07 3.10 4.45 1147.66 | 107.31 | 881.50 0.43 3.30
YCM 3.20 3.30 2.65 1196.63 | 110.25 | 895.11 | 0.64 | 4.01
YCMBb-12 3.38 3.32 2.10 1189.38 | 109.55 | 887.23 0.60 4.53
YCMBb-46 3.31 3.29 2.21 1190.34 | 110.85 | 898.57 0.57 3.90
NFSM 4.47 2.32 0.95 246.63 44.20 530.11 0.09 4.30
YSMBb-12 4.73 2.39 0.45 265.09 48.27 548.50 0.10 5.60
YSMBb-46 4.86 2.37 0.55 253.26 46.63 539.71 0.16 4.80

* see Table 1 and text for details of diet treatments.

For measuring the pH of cagecum, 0.5 gm of sample (caecum
content) was blended in 10 ml distilled water for 2 min. then filtered through
glass wool. The pH was determined by pH meter (Jenway) as following the
method of Kotula et al. (1976).

The count of Bifidobacteria in rat's caecum was determined by plate
method on Lactobacilli MRS-Agar medium according to the method described
by Chen et al. (1999).

Carboxylic acids (Acetic + Lactic + Propionic + Pyruvic) in caecum
were determined by HPLC according to the method of Wodecki et al. (1991).
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Table 3. The viable count of yoghurt culture and Bifidobacteria in
experimental products *¥: W

product Yoghurt culture count | Bifidobacterial count
(cfu x108 /ml)?
YCM 75.8 ND P
YCMBb-12 68.9 3.1
YCMBb-46 47.7 3.8
YSMBb-12 ND 4.6
YSMBb-46 ND 5.3

*values are means (n = 3).

Ysee Table 1 and text for details of diet treatments.

Z yoghurt culture: Lactobacillus delbreuckii sub sp bulgaricus and Streptococcus
salivarius sub sp thermophilus

“ Bifidobacteria : B.lactis Bb-12 or B.longum Bb-46.

a cfu: colony forming unit.

® ND: Not determined.

The length and thickness of bone (femur and tibia) was measured
with a vernier caliper according to the method of Arjmandi et al. (1998).

The femur and tibia bone was cut at the mid-diaphysis and the
marrow washed out. Bone volume and density were measured by
Archimedes principle according to the method of Kalu et al. (1991).

The breaking force of femur and tibia bones was determined with
digital force gauge model FGN-50 Chisel head NIDEC-SHIMPO Corporation,
Kyoto, Japan following the procedure described by Gomez-Aldapa et al.
(1999).

The dry weight of femur and tibia was determined according to the
method of Ohta et al. (2002). Bones were brought to constant weight by
placing them at 80°C for 18 h and weighing.

The ash weight of femur and tibia was determined according to the method of
Ohta et al. (2002). The dried bones were ashed at 550°C for 24 h.

The amount of calcium in the ashed samples of femur and tibia was
determined according to the method of Ohta et al. (2002), the ashed samples
of femur and tibia bones were dissolved in 4 mL of 2 mol/ HCI, and then
diluted appropriately with distilled water for atomization.

Data are presented as means and standard deviation. The
significance differences between groups / treatments were evaluated using
the general linear model procedure of Statistical Analysis System (SAS)
(1990) (SAS Institute, Inc, Cary, NC, USA) to analysis the biological
examination data by least significant difference (LSD) at P<0.05.

RESULTS AND DISCUSSION

Data presented in Table (4) indicated that there were no significant
differences in food intake, body weight, body weight gain and food efficiency
(Food efficiency (%) =Body weight gain / Food intake x100) among the eight
experimental rat groups throughout the study period (45 days). This is in
agreement with the results obtained by Kruger et al. (2009) who found similar
results when growing male and ovariectomised female rats were fed high
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calcium milk powder plus or minus probiotics (L. rhamnosus HNOO1) . A
similar trend was recorded by Tsuchita et al. (1992), Narva et al. (2007).

Table (4): Body weight gain and food intake of rats fed yoghurt or soy-
yoghurt containing bifidobacteria for 45 days * -

Final Body weight| Body weight Food intake |Food efficiency

Treatment (9) gain / day ? (g/d) (%)

Control 235.672+£21.83 | 2512+0.31 15.952+ 0.57 13.66 2+ 2.76
CM 235.002+18.68 | 2.392+0.60 15.942+1.12 14.892 + 3.27
YCM 231.002+15.10 | 2.2952+0.02 | 16.032+1.14 | 14.962+1.93
YCMBb-12 | 229.332+15.01 | 2.3223+0.17 16.662+ 1.52 14.032+1.10
YCMBb-46 235.332+26.50 | 2.412+£0.92 16.382+£0.23 14.662 £ 5.45
NFSM 235.332+£21.36 | 2.412+0.08 16.222 £ 0.69 14.842+£0.19
YSMBb-12 235.672+20.03 | 2.362+0.23 16.522+1.32 14.112+£0.10
YSMBb-46 234.332+6.03 2412+0.36 | 16.302+0.94 | 14.862+2.93

*values are means + Standard deviation (n = 3). Y See table 1 and text for details of diet

treatments.
period.

2 Body weight gain / day = (Final body weight — Initial Body weight) / study

Table (5):0rgan weights of rats fed on experimental diets for 45 days *7.

Organs weight (g)

Treatment Liver Kidney Spleen Heart
Control 6.40° +0.70 1.10° +0.10 | 0.932+0.25 | 0.633%+0.12
CM 6.50° +0.80 1.23% +0.06 | 1.032+0.12 | 0.63* +0.06
YCM 7.032 +0.90 14723 £+0.32 | 1.102+0.20 | 0.73* +0.06
YCMBb-12 6.50° +0.40 14323 £0.21 | 1.232+0.21 | 0.77*+0.31
YCMBb-46 7.532 +0.29 13727 +0.06 | 1.232+0.16 | 0.832+0.06
NFSM 6.632 +0.49 1.20%+0.10 | 1.002+0.17 0.57+0.06
YSMBb-12 6.77% +051 | 1.233% +0.06 | 0.972+0.16 | 0.63% +0.06
YSMBb-46 6.43° +0.50 1.17%+0.06 | 0.972+0.12 | 0.77 ®+0.12

*values are means * Standard deviation (n = 3).
Y See Table 1 and text for details of diet treatments.

Although the food intake was slightly lower in rats fed basal diet
(control), their body weight gain per day was slightly higher than that of rats
fed experimental diets (Table 4). This might be due to the reported data
which indicated firstly that more calcium was utilized when rats were fed milk
or soy milk products subjected to partial digestion by bacteria especially
probiotics during manufacture (Smith et al., 1985 and Tang et al., 2007) and
secondly that the high the calcium intake, the lower was the body weight and
weight gain (Zemel et al., 2001).

The results presented in Table (5) exhibited that there were no
significance in liver, kidney, spleen and heart weights between rats fed soy
milk, soy probiotic yoghurt and basal diet (control). Regarding the effect of
feeding cow milk (CM) and cow milk yoghurt (YCM), cow milk yoghurt
containing bifidobacteria B. lactis Bb-12 (YCM Bb-12) and cow milk yoghurt
containing B. longum Bb-46 (YCMBb-46) on the weight of the above
mentioned organs, it is clear that feeding YCMBb-12 led to a significant
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increase in weight of kidney, while feeding YCMBb-46 resulted in an
significant increase in liver weight as compared with that of the control
groups.

Serum calcium concentration (mg/dl ) in rats fed yoghurt or soy-
yoghurt containing bifidobacteria during 45 days is indicated in (Table 6) .It
was obvious that serum calcium concentration upon feeding the different
experimental diets as compared with that of control (Table. 6). Furthermore,
the calcium concentration in serum of all rats was increased throughout the
study period. At 22 days of study, the increment in serum calcium
concentration was significant in rats group fed YCMBb-12 when compared
with that of NFSM, YCM, CM and Control group. At the end of study (45
days) there were significant differences between values of serum calcium
concentration in rats of all groups and that of control. On the other hand, no
significant differences were existed between serum calcium concentrations in
rats of these groups. It is worthy to note that feeding diets containing probiotic
bacteria led to significant increase in serum calcium concentration as
compared with that of the control and cow milk probiotic yoghurt had greater
effect than that of its correspondence of soy probiotic yoghurt (Table 6). This
might be due to the partial digestion occurred during manufacturing of
probiotic cow milk or soy milk products which increase the soluble calcium
and consequently enhance its bioavailability and absorption.

Table (6): Serum calcium concentration (mg/dl) in rats fed on
experimental diets during 45 days *V.

Treatment Serum calcium concentration (mg/dl) *
22 day 45 day

Control 7.14%9 +£1.17 7.19 9+ 2.03
CM 9.31 ¢+ 0.40 11.98 abcd +1.79
YCM 9.39¢ £1.40 12.44 3c+].95
YCMBb-12 12.533c+]1.91 14.31 2+ 2.38
YCMBb-46 12.17 abcd 1,92 13.48 @+ 3.30
NFSM 9.73 %+ 0.93 12.19 abcd +71 .37
YSMBb-12 10.58 cde +1.81 13.72 @+ 2.31
YSMBb-46 11.40 bedet 2,02 13.19 3 +1.48

*values are means * Standard deviation (n = 3).
Y See Table 1 and text for details of diet treatments.
2 Serum Ca concentration in zero time = 6.48.

Calcium intake, excretion and apparent absorption (%) as affected by
feeding cow milk yoghurt and soy-yoghurt containing bifidobacteria during 45

Are presented in (Table 7). Figures in Table (7) illustrated that there
were no significant differences in calcium intake (mg / day) between rats fed
all experimental groups. The fecal calcium (mg / day) was significantly higher
in case of rats fed basal diet (control) than that of other experimental group.
The incorporation of YCMBb-12, YCMBb-46, YSMBb- 12 and YSMBb — 46 in
the diet significantly lowered the calcium excretion in rat feces (Table 7) and
subsequently in proved the apparent absorption percentage of calcium. The
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obtained results are in accordance with the results observed by Perez-
Conesa et al. (2006) and Ghanem et al. (2004).

Table (7). Apparent absorption of calcium in rats fed on experimental
diets during 45 days *V.

Treatment Caintake Fecal Ca excretion Ca apparent
(mg/d) (mg/d) absorption(%) *

Control 70.352 +2.54 23.872+2.25 66.17% 4.33
CM 70.452 +5.11 16.65 "+ 0.51 76.28°+1.90
YCM 70.682 +4.97 15.755¢ + 0.49 77.63P°+1.70
YCMBb-12 73.4823 +6.70 12.79%4+1.91 82.562+ 2.33
YCMBb-46 72.262+1.04 12.91%+0.77 82.13%+1.39
NFSM 71.572+3.04 19.26° + 3.09 73.19 © £3.26
YSMBb-12 72.862 +5.81 11.999+1.33 83.552+1.19
YSMBb-46 71.922+4.16 11.799+ 2.26 83.43%+3.92

*values are means * Standard deviation (n = 3).
Y See Table 1 and text for details of diet treatments.
Z Ca apparent absorption % = Ca intake — Ca excretion / Ca intake x100.

Caecum weight (g),pH and bifidobacterial count in rats fed yoghurt
and soy - yoghurt containing bifidobacteria for 45 days are indicated in (Table
8).

The oral application of the experimental diets clearly showed no
significant differences in the total weight of caecum of different groups rats
either fed probiotic containing or probiotic free diets (Table 8) as compared
with that of the control. On the other hand, results in the same table indicated
that feeding on each of the experimental diets led to significant decrease in
the rat's caecum pH as compared with control (basal diet). Moreover, the
incorporation of probiotics in rat's diet resulted in significant reduction in pH of
rat's caecum 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 or soy milk (Table. 8).The obtained results are in
general agreement with those of Campbell et al. (1977) and perez-Conesa et
al. (2007) who illustrated that the addition of bifidobacteria and / or prebiotic
to the diets changed the pH of the cecal content.

Regarding the bifidobacterial count, it was found that the addition of
B.longum Bb-46 significantly increased the count of bifidobacteria as
compared with that of B.lactis Bb-12, yoghurt culture and control treatment
respectively. This is in line with the data obtained by Ghanem et al. (2004)
and that reviewed by Scholz-Ahrens et al. (2007).

Carboxylic acids up to six carbon atoms in length are the major end
products of microbial fermentation in the ruminant digestive tract (Find-health
articles.com). They also formed in lower part of the intestinal tract of non-
ruminant animals and they may be called organic acids or short chain fatty
acids. It is obvious from Table (8) that presence of probiotic B.lactis Bb-
12, B.longum Bb-46 or yoghurt culture in the rate diet increased significantly
the amount of acetic acid as compared with control and microorganisms-free
cow milk or soymilk. In general similar trend was seen when other carboxylic
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acids were determined in the cecal content. From the results in Table (8) that
registered in Table (7) and the above mentioned Table (7) it is clear that
presence of probiotic bacteria in the diet led to decrease the pH, increase the
amount of carboxylic acids and apparent absorption % of calcium. These
findings are in accordance with the previously reported data by van den
Heuvel et al. (1999) who concluded that probiotic bacteria produce
fermentation by-products including short chain fatty acids (SCFA, essentially
acetate, propionate and butyrate) and other organic acids (e.g. lactate) which
by contributing to a reduced luminal pH and increased amount of soluble
calcium, may increase calcium absorption. In addition, Cashman et al. (2003)
illustrated that, it is also possible that bacterially produced SCFA directly
influence calcium absorption by other means. Unal et al. (2005)

Table (8). Caecum weight, pH and Bifidobacterial count in rats fed

experimental diets for 45 days *V.

Caecum
Treatment . Bifidobacterial count
Weight () pH (CFU/ 107)
control 1.802+ 0.09 7.042+0.14 3.38 ¢ £0.20
CM 1.802+ 0.24 6.69° +0.06 3.98b¢ +0.42
YCM 1.902 +0.24 6.48 ¢+ 0.18 4.20° +0.05
YCMBb-12 2.07 2+ 0.04 5.949 +0.04 4,445 +0.22
YCMBb-46 2.002+ 0.29 6.029 +0.11 5.182+0.77
NFSM 1.86 2+ 0.11 6.57°¢+0.34 3.90 "¢ + 0.09
YSMBb-12 2.012+ 0.25 5.959+0.06 428%+0.22
YSMBb-46 2.102 + 0.39 6.34¢ +0.15 4.18%+0.18

¥ values are means * Standard deviation (n = 3).
¥ See table 1 and text for details of diet treatments.

Concluded that rats fed yoghurt showed considerable increase in
calcium bioavailability. Tang et al. (2007) indicated that fermentation of
calcium fortified soymilk with selected probiotics potentially enhanced calcium
bioavailability due to increased calcium solubility and bioactive isoflavone
aglycone enrichment.

Femur calcium, bone density and breaking force in rats fed yoghurt
and soy-yoghurt containing bifidobacteria for 45 days are shown in Table (9).
Results presented in Table (9) showed increase in values of femur calcium,
bone density and breaking force for the groups of rats fed experimental diets
other than basal diets (control). Among the experimental diets, feeding the
YCMBb-12 containing diet significantly increased the values of the three
measured parameters. While bone density and breaking force values were
significantly increased than that of control when YSMBDb-12 was fed.

Regarding the breaking force, it was noticed from the same table
that incorporation of YCMBb-12 and YSMBB-12 significantly increased this
property in comparison to that of control treatment.

From the above mentioned results and the results excised in Table
(10) especially that of femur ash weight (higher calcium content in the femoral
bones of rats), it is clearly seen that inclusion of cow milk yoghurt containing
probiotics may be of help for those people with low calcium absorption as
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reported by Heaney et al. (1994) when examined diet containing
caseinphospgopeptide. These results are in line with those of Choi et al.
(2005), perez-Conesa et al. (2007). It is worthy to note that neither thickness
nor length of all experimented rat femur were significantly affected on feeding
probiotics diets. These findings are in agreement with the reported data in the
literature.

Table (9). Femur Calcium content, bone density and breaking force in
rats fed yoghurt and soy-yoghurt containing bifidobacteria
for 45 days * V-

Treatment Femur calcium Bone density Breakjng force
(g/kg) (g/lcm?) 2 (Neioten )

Control 450.22 5 + 80.90 1.27°+0.13 85.97°+2.24
CM 569.03 2 + 25.94 1.33c+0.12 92.97 @+ 4,23
YCM 570.002 + 75.91 1.38 ¢ +0.07 93.7320 +5.14
YCMBb-12 578.202 + 48.68 1.53 2+0.30 103.782 + 8.93
YCMBb-46 582.962+17.14 1.41 3 +0.18 97.473 + 223
NESM 527.68 2+ 19.87 1.31°£0.24 87.43 P +1.71
YSMBb-12 537.422 + 80.15 1.473 +0.19 100.082 + 4.79
YSMBb-46 533.733 + 56.87 1.39 2¢+0.02 94.95 2 +2.01

¥ values are means + Standard deviation (n = 3).
¥ See table 1 and text for details of diet treatments.
Z Bone density (g/cm?®) = was measured by Archimedes principle. ¥ Neioten =kg x 9.18.

Table (10). Femur ash weight, thickness and length in rats fed the

experimental diets for 45 days *V.

Treatment Ash weight Thickness Length
(@) (mm) (mm)
Control 0.11° +0.007 0.31°+ 0.005 26.322+ 0.61
CM 0.11°+0.01 0.3323c +0.01 27.41 2+ 0.57
YCM 0.13 % +0.01 0.35% +0.02 28.912+0.63
YCMBb-12 0.142+0.02 0.32%c¢ +0.01 28.712+ 1.54
YCMBb-46 0.13 2+ 0.02 0.31°°+0.03 28.872+1.09
NFSM 0.123 + 0.004 0.343%¢ +0.03 26.962+15
YSMBb-12 0.133 + 0.006 0.333¢+ 0.003 28.472+1.69
'YSMBb-46 0.13 @ + 0.005 0.333%¢ +0.01 28.472+1.52

¥ values are means + Standard deviation (n = 3).
¥ See table 1 and text for details of diet treatments.

Tibia calcium content, bone density and breaking force in rats fed
yoghurt and soy-yoghurt containing bifidobacteria for 45 days are presented
in Table (11) .The results in Table (11) show the effect of feeding cow and
soy milks, cow milk yoghurt, cow milk yoghurt containing B.lactis Bb-12 or
B.longum Bb-46 and soymilk fermented only with B.lactis Bb-12 or B.longum
Bb-46 to get soy-yoghurts on the tibia calcium, its bone density and breaking
force.
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Table (11). Tibia Ca content, bone density and breaking force in rats fed
yoghurt and soy-yoghurt containing bifidobacteria for 45 days.

Treatment Wet weight | Dry weight Ash weight No\r;ggl]r;fral Thickness Length

@ @ @ ©Q° (mm) (mm)
Control 0.33%+0.03 [ 0.24°+0.028| 0.12°+0.01 | 0.126 *+0.027 | 0.288°+0.016 | 34.34 2 +0.055
CM 0.332+0.01 | 0.242+0.01 | 0.14 2 +0.02 | 0.1000 2 +0.028 | 0.2882 +0.023 | 34.57 2 + 0.025
YCM 0.362+0.02 | 0.262+0.02 | 0.13"°+0.03 | 0.134 2+0.034 |0.3452+0.051| 36.49°3+0.044
'YCMBb-12| 0.34+0.05 | 0.25%+ 0.03 | 0.17 #+0.01 | 0.079 ®+0.018 |0.3182+0.010| 35.602 +0.111
YCMBb-46| 0.3320.01 | 0.243+0.01 | 0.16 2+ 0.01 | 0.081%*+0.009 |0.3192+0.035| 35962 +0.077
NFSM 0.3320.04 | 0.242+0.005 | 0.13°+0.003| 0.1112+0.003 | 0.3002+0.035 | 35.472+0.077
YSMBb-12| 0.342+0.06 | 0.242+0.04 | 0.14 2*+0.02| 0.106%+0.036 | 0.3232+0.031 | 35.352+0.241
'YSMBb-46| 0.322+0.03 | 0.242+0.02 | 0.13"°+0.014 | 0.1102+0.039 | 0.2982+0.021 | 35.132 +0.070

* values are means = Standard deviation (n = 3).
¥ See table 1 and text for details of diet treatments.
Z Bone density (g/cm?) = was measured by Archimedes principle.

Table (12). Tibia wet weight, ash weight, thickness and length in rats fed
on experimental diets for 45 days *'V.

Tibia calcium Bone densit Breaking force
Treatment (9/kg) (glcm?) 2 Y (Neiotgen w)

control 408.66" + 58.10 0.66 P+ 0.04 62.90 9+ 2.97
CM 471.46 2+ 52 34 0.68 P +0.05 65.03 9+ 8.82
YCM 478.582 + 36.60 0.83 P +0.07 71.23bcd+ 4 56
YCMBb-12 502.902 + 46.23 1.35 2+ 0.33 93.57 2+ 3.86
YCMBb-46 501.532 +14.31 1.31 2+ 0.026 91.57 2+ 5.39
NFSM 453.902 + 40.24 0.71 P+0.02 67.70°d + 16.97
YSMBb-12 502.44 2 + 23.07 0.92 b +0.05 79.90 2+ 8.64
YSMBb-46 493.972 + 7.66 0.89 P +0.10 79.66 ¢+ 5 33

¥ values are means * Standard deviation (n = 3).
Y See table 1 and text for details of diet treatments.
“ Non-mineral weight (g) = dry weight — ash weight

The obtained results clearly indicated that incorporation of YCMBb-
12 or YCMBb-46 significantly increased the tibia calcium content, its bone
density and breaking force.

Similar trend was observed when soy-yoghurts were incorporated but
the values of only bone density and breaking force were lower than that of its
correspondence from cow milk yoghurt, where the tibia calcium content was
almost similar to that of its cow based correspondence.

The results in Table (12) illustrated the tibia weight and dry wet
weight, ash weight, non- mineral weight, thickness and length. It could be
seen that ash weight of tibia excised from rats fed YCMBb-12 or YCMBb-46
was higher than that of its correspondence (i.e. those fed YSMBb-12 or
YSMBb-46).

Conclusions:

The reported results of the present work enabled us to conclude that
yoghurts containing probiotics either made from cow milk or soymilk have
significantly increased the calcium bioavailability and subsequently increased
the femoral and tibial calcium content as well as strengthen both of them,
ince the breaking force required to break each of them was increased.
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