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Abstract

Background: Osteopenia or osteoporosis translates as “porous bones” or when the holes between bone become bigger, making it fragile
and liable to break easily. Practically, osteoporosis is translated to Bone Mineral Density (BMD). Aged women are in higher risk due to
amenorrhea, higher calcium loss in urine, immobilization, low mineral supplementation and absorption. Some antinutritive factors such
as phytate accumulates in the seeds (wheat, maize, rice, soya bean, etc) during the ripening period. The unique structure of phytic acid
offers it the ability to strongly chelate with cations such as calcium, magnesium, zinc, copper, iron and potassium to forminsoluble salts.
It therefore adversely affects the absorption and digestion of these minerals and consequently affects bone formation in monogastric
animals and human because they lack the intestinal digestive enzyme phytase. Foods supplementation of some enzyme such as phytase
andacid phosphatasein diets resultsinincrease in mineral absorption. Phytase and acid phosphatase are two enzymes produced by some
Lactobacillus bacteria, L. reuteri. Objective: The current study was to investigate the valuable effect of dairy product (yoghurt) enriched
with phytase producing bacteriainimproving mineralization of bone in postmenopausal women. Methodology: Two enzymes (phytase
and acid phosphatase) have been collected from Lactobacillus reuteri Both enzymes activity were evaluated in stored yoghurt for
11 days to estimate the duration of enzyme activity. Twelve patients proved to have either osteopenia or osteoporosis were enrolled in
the study. Patients accepted to eat our dairy product for 2 months, with diet rich in grains. They gave full data about their nutritional
habits. They provided blood samples and carried out DEXA for estimation of BMD at the start and end of the study period. Results: The
study showed that both enzymes, phytase and acid phosphatase were active for long time and wide range of acidity suggesting high
activity in both stomach and intestine. The DEXA showed improved BMD in patients under investigation, elevation in serum mineral
concentration and elevation of serum antioxidants markers also were demonstrated. Conclusion: The study concluded that consumption
of our dairy product may be promising treatment for patients having bone fragility.
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INTRODUCTION

Osteoporosisisareductionin bone mass per unitvolume,
it is clinically known as reduction in Bone Mineral Density
(BMD). Any degree of skeletal fragility sufficient to increase
the risk of fracture is considered osteoporosis. After the forty,
cortical boneis lost at a rate 0.3-0.5% year~' with acceleration
to5-7%year" in postmenopausal women and the cumulative
bone loss can be 40-50% in some women'.

Osteoporosis that
20 million postmenopausal white women have either
osteoporosis or low bone density at the hip and the patients
having hip fracture having mortality rate? 10-20% year™".
Proper nutrition is associated with the prevention of
osteoporosis.

Recent study concluded that dairy dietary pattern
(consisting of high intake of milk, dairy products and green
tea) decreased the risk for osteoporosis while the traditional
meals were associated with greater risk for osteoporosis in
postmenopausal women3,

Plant-based food products, despite of being important
source of carbohydrates, protein, dietary fiber, vitamins
and minerals, they have antinutrients®. Among all the
antinutritional components, phytic acid is of prime concern for
human nutrition and health management. It has the ability to
strongly chelate cations such as calcium, magnesium, zinc,
copper, iron and potassium, which are essential for bone
formation and rigidity to form insoluble salts. It therefore
adversely affects the bioavailability of these minerals by
monogastric animalsand human being® because they lack the
intestinal digestive enzyme phytase and acid phosphatase®.
Lactobacillus reuteri is frequently found in fermented and
probiotic food’. Consumption of 10°-10' living L. reuteri
cells per day is considered safe and well tolerated, even in
immune deficient individuals®. The L. reuteri has been added
as adjuvant to the starter culture of dairy products and was
able to survive in cheese and yoghurt and produce reuter in
(antimicrobial compound) which improves the digestion and
absorption of nutrients®. Also, the bacteria showed high
production of phytase and acid phosphatase which have been
reported toimprove mineral bioavailability necessary for bone
formation™.

The current study was to investigate the effect of
L. reuteri (probiotic bacterial) suspended in yoghurt as dairy
product contains species Streptococcus thermophilus and
Lactobacillus bulgaricus for treatment of postmenopausal
women having osteoporosis or oseopenia.

foundation  estimates over
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MATERIALS AND METHODS

Preparation of the dairy product: Fresh raw milk, obtained
from Faculty of Agriculture, Cairo University, Egypt was used
in manufacturing of yoghurt and fortified with 2% skim
milk powder. Milk is heated at 90°C for 10 min then cooled
to 42°C. The samples were inoculated with pure lyophilized
yoghurt culture of Streptococcus thermophilus and
Lactobacillus delbrueckii subsp., Bulgaricus (at rates of 2%)
and Lactobacillus reuteri (obtained from Chr. Hansen Lab.,
Copenhagen, Denmark) was added at rates of 2% and
dispensed into plastic cups 100 mL. Batches were incubated
at 42°C for 3-4 h to complete solidation. Then they were
immediately transferred to a cold store (4+1°Q)".

Measurements of the pH value: Both initial and final pH of
the fermentation broth and the buffer pH were measured
using a radiometer pH meter (Copenhagen).

Enzymeassay: Two enzymes (phytase and acid phosphatase)
have been collected from Lactobacillus reuteri. The enzymes
activity was evaluated in the stored yoghurt for eleven days to
estimate the duration of the optimal enzyme activity in our
product. The enzymes were produced in modified tomato
skimmed milk broth where 200 mL of tomato juice, 5 g
skimmed milk and 1 g of sodium phytate were mixed in one
litter of distilled water and the pH was adjusted to 6.5. The
inoculated flasks were incubated in 37°C for 72 h under
anaerobic condition.

The phytase enzyme assay was done by preparation of
mixture of 0.9 mL of acetate buffer (0.2 M, pH 5.5), containing
1 mm sodium phytate and 0.1 mL of the enzyme solution and
incubation of the mixture for 30 min at 37°C. The reaction was
stopped by addition of 1 mL of 10% trichloroacetic acid.
Phytase activity was determined by measuring the amount of
liberated inorganic phosphate'®. This carried out by addition
of 1.5 mL of colour reagent (consists of 1:4 v/v of 2.75% ferrous
sulphate: 2.5% ammonium molibdate dissolved in 5.5%
sulphuric acid). One unit of the phytase activity was expressed
as the amount of enzyme required to liberate 1 pmol of
phosphate min~' from sodium phytate. The enzyme activity
and its stability were estimated every day for consecutive
eleven days of dairy product storage.

Acid phosphatase assay was done using 2 mM of
P-nitrophenylphosphate as substrate. Acid phosphatase
activity was estimated using the release of P-nitrophenol as
colour density measured at 400 nm',
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Patients: Thirty patients visited complementary medicine
clinic Center of excellence in National Research Center, Egypt
between 2015 and 2016. They were seeking advice for their
back pain and arthritis. Medical history, 24 h dietary recall "to
calculate their dairy and calcium intake" and complete clinical
examination was done after their consent. All patients were
sent for radiology center to estimate Bone Mineral Density
(BMD) by dual energy x-ray absorptiometry scan (DEXA) and
provided blood samples for analysis for some parameters
(level of serum minerals and oxidative status using commercial
Biodiagnostic kits). They have done Dexa for three parts (the
vertebral spine, right and left femur) which is the most
predictive of fracture risk'. Before and after treatment. Every
patient is considered as control to himself before treatment.
Twenty postmenopausal women proved to have osteopenia
(T-score from -1 to -2.5) or osteoporosis (score less than -2.5)
were enrolled in the study. They received our dairy product
(yoghurt enriched with L reuter) but only 12 patients
completed the treatment course for 2 months and
provided complete data while the other 8 patients did not
complete the treatment course and their data were excluded.
The remaining 10 patients were either with normal DEXA
(7 patients) and considered as control group or excluded
(3 patients) due to health problem. All volunteers were
52£8 years old and 80%14 kg b.wt. All of them have
sedentary life and with minimal activity. Our patients showed
T score of spine from 1-3.5 below normal. They were kept on
normal balanced diet (bread, rice, meat and vegetables)
beside the enriched yoghurt with 10° CFU mL~" L. reuteri®.

RESULTS

Data presented in Fig. 1 showed that the optimal activity
of both enzymes was at the pH 6.5 (the fresh yogurt pH), that

400

3504

Enzyme activities (U mL™)

means the enzymes have the ability to elicit activity in
duodenum (pH 6.5-7.5). Phytase enzyme showed decrease in
activity with elevated acidity while acidphospatase
enzymeshowed more stability. This is a notable characteristic
for application as animal feed additive.

Analysis of patient's dietary recall revealed that all
patients did not consume the recommended amount of
calcium intake where they consume in average 2%0.8
servings of dairy product per day which contain about
504+£208 mg calcium, vitamin D 186.4£77 IU and that is
considered much less than recommended daily allowance in
such age (Ca: 1200 mg day~', vitamin D: 600 IU day~")'>'s.
Treated patients showed improved BMD (Fig. 2) especially in
those having osteopenia more than patients having
osteoporosis. This coincide the results of Geer and Krebs'”
T-scores after treatment were significantly elevated in spine,
right femur and left femur (p<0.01). Also, there were
significant elevation in serum calcium, phosphorus (p<0.01)
and serumzinc levels (p<0.001) if compared to normal healthy
participants. Also, values of magnesium elevated towards
normal (Table 1).

Estimation of oxidative status of patients (Table 1)
showed that the level of lipid peroxide is significantly (p<0.01)
lowered and the level of total antioxidant markedly elevated
at the end of the treatment.

Table 1: Level of serum minerals and oxidative markers in patients having low
BMD before and after treatment

Fig. 1: Enzyems activity under different pH values
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Treatments
Serum parameters Before After Normal healthy
Calcium (mg dL™") 9.17%0.17 12.61£0.16 12.66£0.20
Phosphorus (mg dL™") 6.691+0.10 8.48+0.09 7.67%0.08
Zinc (umol L) 7271£358  115.63+3.56 141.00%£3.50
Magnesium (mg dL™") 1.55+0.07 1.88+0.043 2.10+0.05
Malondialdhyde (umol mL=") 19.361+0.46 11.07%0.26 10.60%0.30
Total antioxidant (umol L™")  1.5%0.02 2.221+0.032 2.10+0.03
—{ Phytase 7.0
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Fig. 2(a-c): BMD of patients before and after treatment,
(a) T-score of right femur, (b) T-score of spine and
(c) T-score of left femur

Theimproved mineral density in patients towards normal
control levels suggesting that our dairy product can be used
to alleviate the mineral scarcity and elevate its absorption or
bioavailability that elevate the BMD in postmenopausal
women having bone fragility.

DISCUSSION

Bone mass density is affected when imbalance in bone
remodeling takes places'. Nutritional factors, is one of several
factors (gender, race, genetics, calcium intake, exercise,
oxidative status and overall health) that may affect the peak
bone mass and ultimately osteoporosis'®. People consuming
cereals (wheat, rice, barely) in great amount showed greater
liability to lower BMD' because cereals beside having the
principal food constituents have also a significant amount of
anti-nutritional factor (phytic acid)?® which chelates and
compromise the minerals (Ca, P, Mg and Zn) required for bone
formation?' and protein bioavailability?2. Phytase and acid
phosphatase which occur widely throughout nature are the
requisite enzymes to degrade and release these nutrients to
increase its bioavailability?.
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The present dairy product (Yoghurt) contained culture of
Streptococcus thermophilus, Lactobacillus bulgaricus and
Lactobacillus reuteri. They act as probiotic bacteria and the
latest had high phytase and acid phosphatase production
ability.

Data presented in Fig. 1 showed that the enzymes have
broad pH stability from 6.8-4.8. The enzymes activity
decreased gradually by time where the pH value decrease by
storage. In this respect, Gargova and Sariyska* found that the
optimal pH value for phytase and acid phosphatase obtained
from Aspergillus niger was 6.5 and with increased acidity,
the enzymes stability or activity decreased. Also the enzyme
derived from L. reuteri proved higher activity than that was
derived from Aspergillus niger reflected as higher serum
and bone mineralization and less bone porosity in
experimental chicks?,

Results of serum analysis (Table 1) revealed marked
elevation in serum calcium, phosphorus and zinc levels that
was reflected as improved BMD (Fig. 2) in treated patients.

Previous studies showed that probiotic bacteria have
positive effect on bone through several mechanisms such as,
production of short chain fatty acids which decrease
parathyroid hormone (PTH) followed by anincrease in mineral
absorption?, production of bioactive peptides or enzymes
which may support release of minerals from insoluble
ion and thus enhance mineral absorption?” and increase
bone density®. Another possible mechanism of these
peptides is through preventing the formation of
angiotensin Il from angiotensin 1?2 which stimulate bone
resorption® and may act as a vasoconstrictor in bone
vasculature®. Also probiotic bacteria syntheses vitamins
necessary for calcium metabolism and bone formation3'3,
The casein-o-phosphopeptides (CPP) produced during
digestion of milkin the intestine, increase the bioavailability of
calcium and controlled osteoporosis in ovariectomized rats>*%,

Menopause is associated with an unequivocal and
sustained rise in calcium excretion. The increase in calcium
intake is required to meet this obligatory loss3. Results showed
significant elevation in serum calcium after treatment
accompanied by elevated bone density. This may be due to
elevated calcium bioavailability or absorption due to phytase
and acid phosphatase production?,

Zinc is an essential trace element for bone formation
where it is a component of 200 enzymes necessary for normal
mineralization and collagen synthesis in bone. It has a
stimulatory effect on osteoblastic bone formation and an
inhibitory effect on osteoclastic bone resorption3-’. The
decline in the estradiol levels after menopause might
upregulate the production of several cytokines and activation
of osteoclast and cause bone resorption3®3°,
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Previous studies recorded that zinc supplementation
to the ovariectomized animals elevated estrogen levels
suggesting the role of zinc in the secretion of estrogen from
glands other than ovary like suprarenal glands and adipose
tissues*. Zinc directly improves the antioxidant defense
system of bone and indirectly decreases oxidative stress by
recovering estrogen levels*!.

Oxidative stress stimulates osteoclast differentiation*?
Lactobacillus reuteri reduces proinflammatory cytokine levels
systemically, which leads to increased bone volume fraction,
similarly, it reduces the expression of proinflammatory
cytokine in Jejunum and ileum and reduces intestinal
inflammation and increases calcium uptake and bone mass
density®.

CONCLUSION

The study concluded that microbiota present in dairy
product and phytase producing Lactobacillus has possible
curative effect on bone disorders. Further study are needed to
throw light on the mechanism of bacteria on bone health,
larger scale of patients is needed.

ACKNOWLEDGMENT

For these promising study, we thank all staff members of
the research team and the cooperative patients. Also we
appreciate the complementary Medicine Clinic Center of
excellence in National Research Center, Egypt.

REFERENCES

1. NIH Consensus, 2001. Development panel on osteoporosis:
Prevention, diagnosis and therapy. J. Am. Med. Assoc.,
285:785-795.

2. National Osteoporosis Foundation, 1999.Physician's Guide to
Prevention and Treatment of Osteoporosis. Experta Medica
Inc., Belle Meade, NJ., USA.

3. Park,S.J. S.E.Joo, H. Min, J.K. Park, Y.Kim, S.S.Kim and Y. Ahn,

2012. Dietary patterns and osteoporosis risk in

postmenopausal Korean women. Osong Public Health Res.

Perspect., 3: 199-205.

Katina, K., E. Arendt, K.H. Liukkonen, K. Autio, L. Flander and

K.Poutanen, 2005. Potential of sourdough for healthier cereal

products. Trends Food Sci. Technol., 16: 104-112.

5. Raboy, V., 2001. Seeds for a better future: Low phytate grains
help to overcome malnutrition and reduce pollution.
Trends Plant Sci., 6: 458-462.

147

6.

20.

Holm, P.B, KN. Kristiansen and H.B. Pedersen, 2002.
Transgenic approaches in commonly consumed cereals to
improve iron and zinc content and bioavailability. J. Nutr.,
132:514S-516S.

Oh, P.L,, AK.Benson, D.A. Peterson, P.B. Patil, E.N. Moriyama,
S. Roos and J. Walter, 2010. Diversification of the gut
symbiont Lactobacillus reuteri as a result of host-driven
evolution. ISME J., 4: 377-387.

Vollenweider, S. and C Lacroix,  2004.
3-hydroxypropionaldehyde: Applications and perspectives of
biotechnological production. Applied Microbiol. Biotechnol.,
64:16-27.

Jones, M.L., C.J.Martoni, E.diPietro, R.R. Simon and S. Prakash,
2012. Evaluation of clinical safety and tolerance of a
Lactobacillus reuteri NCIMB 30242 supplement capsule:
A randomized control trial. Regul. Toxicol. Pharmacol.,
63:313-320.

El-Sonbaty, A.H., KM.K. Kebary, R.M. Badawy and A.E. Hweda,
2008. Effect of stabilizers on the quality of stirred yoghurt.
Egypt. J. Dairy Sci., 36: 185-195.

. Angel, R, W.W. Saylor, AS. Dhandu, W. Powers and

T.J. Applegate, 2005. Effects of dietary phosphorus, phytase
and 25-hydroxycholecalciferol on performance of broiler
chickens grown in floor pens. Poult. Sci., 84: 1031-1044.
Singh, B. and T. Satyanarayana, 2008. Improved phytase
production by a thermophilic mould Sporotrichum
thermophile in submerged fermentation due to statistical
optimization. Bioresour. Technol., 99: 824-830.

Kim, Y.0., HK. Kim, KS. Bae, JH. Yu and T.K. Oh, 1998.
Purification and properties of a thermostable phytase from
Bacillus sp. DS11. Enzyme Microb. Technol., 22: 2-7.

Altkorn, D., 2002. Diagnosis and treatment of
postmenopausal osteoporosis. Perioperative Med. Pain,
21:8-15.

National Osteoporosis Foundation, 2003. Boning Up on
Osteoporosis: AGuide to Prevention and Treatment. National
Osteoporosis Foundation, Washington, DC., USA.

Stransky, M. and L. Rysava, 2009. Nutrition as prevention and
treatment of osteoporosis. Physiol. Res., 58: S7-S11.

Geer, F.R. and N.F. Krebs, 2006. Optimizing bone health
and calcium intakes of infants, children adolescents.
Pediatrics, 117: 578-585.

National Dairy Council, 1989. Calcium: A Summary of Current
Research for the Health Professional. 2nd Edn., National Dairy
Council,Rosemont, IL., USA., ISBN: 9781556471476, Pages: 33.
FAO., 2012. FAO statistics database. Food and Agriculture
Organization, Rome, Italy.

Dionisio, G., P.B. Holm and H. Brinch-Pedersen, 2007. Wheat
(7riticum aestivum L.) and barley (Hordeum vulgare L)
Multiple Inositol Polyphosphate Phosphatases (MINPPs) are
phytases expressed during grain filling and germination.
Plant Biotechnol. J., 5: 325-338.



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Int. J. Dairy 5ci, 12 (2): 143-148, 2017

Itkonen, S.T., P.J. Ekholm, V.E. Kemi and C.J. Lamberg-Allardt,
2012. Analysis of /n vitro digestible phosphorus content in
selected processed rye, wheat and barley products. J. Food
Compos. Anal., 25: 185-189.

Hurrell, R.F., 2004. Phytic acid degradation as a means of
improving iron absorption. Int. J. Vitamin Nutr. Res.,
74:445-452,

Ravindran, V., W.L. Bryden and E.T. Kornegay, 1995. Phytates:
Occurrence, bioavailability and implications in poultry
nutrition. Poult. Avian Biol. Rev., 6: 125-143.

Gargova, S.and M. Sariyska, 2003. Effect of culture conditions
on the biosynthesis of Aspergillus niger phytase and acid
phosphatase. Enzyme Microb. Technol., 32: 231-235.
Kassem, S.S., M.M. Abdel Kader, G.E.A. Awad, E.N. Danial,
M.M. Alshafei, A.M. Kholif and E.M. Hanafi, 2014. Dietary role
of phytase to improve minerals bioavailability for bone
conformation. World J. Med. Sci., 11: 504-509.

Campbell, J.M., G.C. Fahey Jr. and B.W. Wolf, 1997. Selected
indigestible oligosaccharides affect large bowel mass, cecal
and fecal short-chain fatty acids, pH and microflora in rats.
J.Nutr,, 127: 130-136.

Lopez, HW.,C.Coudray, M.A. Levrat-Verny, C. Feillet-Coudray,
C. Demigne and C. Remesy, 2000. Fructooligosaccharides
enhance mineral apparent absorption and counteract the
deleterious effects of phytic acid on mineral homeostasis in
rats. J. Nutr. Biochem., 11: 500-508.

Narva, M., R.Nevala, T.Poussa and R. Korpela, 2004. The effect
of Lactobacillus helveticus fermented milk on acute
changes in calcium metabolism in postmenopausal women.
Eur. J. Nutr., 43: 61-68.

Hagiwara, H., Y.Hiruma, A.Inoue, A. Yamaguchiand S. Hirose,
1998. Deceleration by angiotensin Il of the differentiation
and bone formation of rat calvarial osteoblastic cells.
J. Endocrinol., 156: 543-550.

Ma, Y.F., M. Stimpel, H. Liang, S. Pun and W.S. Jee, 1997.
Impact of antihypertensive therapy on the skeleton:
effects of moexipril and hydrochlorothiazide on osteopenia
in spontaneously hypertensive ovariectomized rats.
J.Endocrinol., 154: 467-474.

Hancock, R.D. and R. Viola, 2001. The use of micro-organisms
for L-ascorbic acid production: Current status and future
perspectives. Applied Microbiol. Biotechnol., 56: 567-576.
Villa, M.L, R. Marcus, RR. Delay and J.L. Kelsey, 1995.
Factors contributing to skeletal health of postmenopausal
Mexican-American women. J. Bone Mineral Res.,
10:1233-1242.

148

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Weber, P., 1999. The role of vitamins in the prevention
of osteoporosis-a brief status report. Int. J. Vitamin Nutr. Res.,
69: 194-197.

Kim, J.G,, E. Lee, S.H. Kim, K.Y. Whang, S. Oh and J.Y. Imm,
20009. Effects of a Lactobacillus casei 393 fermented milk
product on bone metabolism in ovariectomised rats.
Int. Dairy J., 19: 690-695.

Bennett, T., A. Desmond, M. Harrington, D. McDonagh,
R. FitzGerald, A. Flynn and K.D. Cashman, 2000. The effect of
highintakes of casein and casein phosphopeptide on calcium
absorption in the rat. Br. J. Nutr., 83: 673-680.

Parvaneh, K., R. Jamaluddin, G. Karimi and R. Erfani, 2014.
Effect of probiotics supplementation on bone mineral
content and bone mass density. Scient. World
J.10.1155/2014/595962

Yamaguchi, M., S. Kishi and M. Hashizume, 1994. Effect
of zinc-chelating dipeptides on osteoblastic MC3T3-E1
cells: Activation of  aminoacyl-tRNA  synthetase.
Peptides, 15: 1367-1371.

Yamaguchi, M. and S. Uchiyama, 2004. B-Criptoxanthin
stimulates bone formation and inhibits bone resorption in
tissue culture /n vitro. Mol. Cell Biochem., 258: 137-144.
Bord, S., S. Beavan, D. Ireland, A. Horner and J.E. Compston,
2001. Mechanisms by which high-dose estrogen therapy
produces anabolic skeletal effects in postmenopausal
women: Role of locally produced growth factors.
Bone, 29: 216-222.

Narducci, P., R. Bareggi and V. Nicolin, 2011. Receptor
Activator for Nuclear Factor kappa B Ligand (RANKL) as an
osteoimmune key regulator in bone physiology and
pathology. Acta Histochemica, 113: 73-81.

Bhardwaj, P, D.V. Rai and M.L. Garg, 2016. Zinc inhibits
ovariectomy induced microarchitectural changesinthe bone
tissue. J. Nutr. Intermediary Metab., 3: 33-40.

Bhardwaj, P.,D.V.Raiand M.L. Garg, 2013. Zincas a nutritional
approach to bone loss prevention in an ovariectomized rat
model. Menopause, 20: 1184-1193.

Langa, S., JM. Landete, I. Martin-Cabrejas, E. Rodriguez,
J.L. Arques and M. Medina, 2013. /n situ reuterin production
by Lactobacillus reuteri in dairy products. Food Control,
33:200-206.



	IJDS.pdf
	Page 1


