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Introduction

Abstract
Background: Although it is assumed that calcium has beneficial
effects on weight loss, the interaction of calcium and iron would
be a major concern. We did this study to investigate the effects
of calcium and low-fat milk on serum ferritin in overweight or
obese premenopausal women.
Methods: Sixty-four healthy overweight or obese premenopausal
women recruited in Shahid Beheshti University of Medical
Sciences clinics participated in this clinical trial. Participants
were randomly allocated to one of the following dietary regimens
for 8 weeks: 1) a control diet providing a 500 kcal/day deficit, with
500-600mg/day dietary calcium; 2) a calcium- supplemented diet
identical to the control diet with 800mg/day calcium carbonate 3)
a milk diet providing a 500kcal/day deficit and containing three
servings of low fat milk. Serum ferritin and anthropometric
indices were measured at baseline and after 8 weeks. Primary
outcome measure was serum ferritin level.
Results: Mean+SD of baseline values for age, body mass index
(BMI), waist circumference (WC), and serum ferritin were
37.4449.46 (year), 30.79+3.63 (kg/m?), 88.04+£8.90 (cm), and
59.20+47.8 (ng/l), respectively. There were no significant differences
in baseline age, BMI, WC, and serum ferritin among 3 groups. Mean
values of serum ferritin reductions were 0.26+20.36, 14.59+17.07
and6.57425.93 (ug/l) in control, calcium, and milk groups,
respectively. Reduction in serum ferritin was only significant in
the calcium group (P=0.003). Serum ferritin reductions were not
significantly different among the 3 groups (P=0.260).
Conclusion: An energy-restricted diet in combination with
calcium supplement or low-fat milk does not induce any
additional adverse effect on iron status, compared to an energy-
restricted diet alone.
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is a widespread condition worldwide,? with an estimated
prevalence of about 10.3% in the developed and 42.3% in

Calcium and iron status are two major public health developing countries.® It can lead to adverse outcomes,
concerns specifically in women.! Iron deficiency anemia such as fatigue, depression, and reduced work capacity.*
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Iron status is affected by a variety of factors such
as certain physiologic states, the degree of gastric
acidity, and consumption of iron absorption enhancers
and inhibitors including phytate, oxalate, and tannins.’
It is suggested that consumption of an adequate
amount of calcium enhances iron absorption via
removing phosphate, oxalate, and phytate.’ However,
some professionals believe that calcium intake may
have an adverse effect on iron absorption.®® Halburg
et al. found a negative dose response correlation
between iron absorption and calcium intake from
40mg to 300mg.’ In contrast, Cook et al. showed that
consumption of 300mg or 600mg calcium has no
effect on iron absorption.'” Also, Gait et al. reported
that taking less than 1000mg calcium causes no
reduction in iron absorption."

On the other hand, calcium is essential for bone
health and its inadequate intake may lead to abnormal
bone mass and osteoporosis.? Also, it is suggested that
calcium and dairy products may have an effect on
weight regulation.*"> Moreover, several studies have
shown an independent association between higher
dairy consumption and a more favorable lipid profile,'¢
lower risks of hypertension,” insulin resistance, and
type 2 diabetes.'®?!

Objectives

Given the concern about the interaction between calcium
and iron, which are both of great nutritional importance
in women, and regarding the fact that low-calorie diets
are also deficient in some micronutrients specifically
iron, we aimed to assess the effects of an energy-
restricted diet in combination with calcium supplement
or low-fat milk on iron status of overweight or obese
premenopausal women.

Material and Methods

Study Sample

The sample size was computed on the basis of
having an effect size equal to 0.55. A minimum of 20
participants per group was calculated with a power
of 80% and a type I error of 5%. Estimating 20%
drop-out rate, we recruited 25 persons in each group.

Seventy five eligible healthy overweight or obese,
and otherwise healthy premenopausal women from
Shahid Beheshti University of Medical Sciences
clinics volunteered to participate in this randomized
controlled trial, and 64 women completed the study.
Eleven (14.6%) subjects dropped out for various
reasons, including not consuming calcium supplement
and unwillingness to continue participation (Figure 1).
Eligible participants required to have the following
conditions: a body mass index (BMI) of >25 kg/m?
ages between 20-50 years, and ability to understand

the study protocol and provide written informed
consent. Exclusion criteria included: taking any
medication or supplement which might affect weight
loss or metabolism of iron, calcium, and vitamin
D; a body weight change of >3kg during the last 2
months; pregnancy, lactation, or menopause; lactose
intolerance or allergy to milk; diagnosis of diabetes
mellitus, hypertension, or thyroid, kidney, and
coronary artery diseases; participating in any other
studies within the last 6 months before screening; and
lack of adherence to the research protocol.

Each potential participant was informed of the
possible risks and benefits associated with this study
and provided written signed consent. The study
was approved by the ethics committee of National
Nutrition and Food Technology Research Institute,
and the research protocol was registered in IRCT with
the ID of IRCT201304213080N1.

Study Interventions

This study was carried out from October 2009 to
March 2010. The subjects were studied for a 2-week
run-in period for baseline dietary and physical
activity assessment, and then using balance block
method in a 1:1:1 ratio were randomly allocated the
subjects to one of the following dietary regimens
for 8 weeks: 1) a control diet providing a 500 kcal/
day deficit, with 500-600 mg/day dietary calcium;
2) a calcium-supplemented diet identical to the
control diet with 800 mg/day of calcium (as calcium
carbonate); 3) a milk diet providing a 500 kcal/
day deficit and containing three servings (220ml)
of low fat milk (1.5%). The total calcium content of
the milk diet was between 1200-1300 mg/day. Daily
energy requirements were calculated using Harris-
Benedict equation.?> After multiplying the activity
factor, a meal plan based on a 500 kcal/day deficit
from estimated energy requirements was given to
each individual.?> Macronutrient distribution of diets
for 3 groups was as follows: 55% carbohydrate, 18%
protein, and 27% fat. The participants were provided
with milk and calcium supplements every 2 weeks.
Calcium supplements were manufactured by Iran Daru
Company. Each caplet contained 400 mg of calcium as
calcium carbonate. Sterilized milk containing 1.5% fat
was bought from Pegah Company in Tetra-pack form.
Compliance to calcium supplement was assessed by
counting the remainder of caplets.

Before starting the study, the participants were
asked about their age, marital status, health status, and
medications. At baseline and at two-week intervals, the
participants’ weight, height, and waist circumference
were measured. Physical activity and 24h-dietary
records (2 week days and 1 weekend day) were also
taken. Weight was measured in light clothing using a
digital scale to the nearest 100 gram. We measured the
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Figure 1: Participant’s flow diagram throughout the study

height bare foot by using a stadiometer to the nearest
0.1 cm. BMI was then calculated as weight (kg)/height
(m?). Waist circumference was measured using a non-
stretch tape measure on the narrowest part of the waist
to the nearest 0.1 cm. Physical activity was estimated
as MET.h/day. Also, at baseline and after 8 weeks,
Scc blood sample was obtained after 10h fasting in
the morning. Blood samples were centrifuged (500
rpm, 15 min) and the sera were frozen at -80°C for
later analysis. Primary outcome measure was serum
ferritin level, which was measured by ELISA method
(Diagnostic Biochem, Ontario, Canada) at baseline
and after 8 weeks.

Statistical Analysis

Dietary records were analyzed using Nutritionist
IV software (First Data bank, Hearst Corp, SanBruno,
CA, USA). Statistical analyses were performed by
using SPSS software, version 16 (IBM, Armonk,
NY, USA). One way ANOVA was used to compare

the continuous characteristics of the subjects in the
3 groups at baseline, and also to compare the mean
changes of serum ferritin among 3 groups. ANCOVA
was used to remove the effects of baseline serum
ferritin values and changes of anthropometric indices
on serum ferritin changes after the intervention. The
effect of intervention on each group was assessed using
paired t-test. A P<0.05 was considered significant.

Results

Of'the 75 women meeting the general eligibility criteria,
11 dropped out before completing the weight-loss period
(5,3, and 3 persons in control, calcium, and milk groups,
respectively) (Figure 1). However, no adverse effect
of taking the supplements or milk consumption was
reported by the participants.

Baseline characteristics of the participants are
presented in Table 1. Mean+SDof baseline values
for the participant’s age, BMI, WC, and serum
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Table 1: Comparison of baseline characteristics of participants in the three groups

Variables Control Calcium Milk P*
(n=20) (n=22) (n=22)

Age (year) 38.25+9.49 35.77+£8.70 38.27+10.43 0.61
Weight (kg) 76.78+9.6 78.16+11.43 76.24+10.57 0.78
WC (cm) 90.5+2.02 90.77+1.93 86.84+1.93 0.09
BMI (kg/m?) 30.78+3.13 31.54+4.12 30.01+3.55 0.39
Energy (kcal/day) 1839.35+169.54 1870.77+201.79 1937.26+177.79 0.25
Calcium (mg/day) 512.85+172.71 532.29+149.77 484.58+131.07 0.64
Physical activity (MET.h/day) 35.48+4.37 33.90+3.46 33.17+3.04 0.12
Serum ferritin (ng/1) 60.90+46.75 59.14+47.28 57.66+43.52 0.69

All values are mean+standard deviation. BMI, body mass index; MET, metabolic equivalent; WC, waist circumference, *One way ANOVA

ferritin were 37.44+9.46 (year), 30.79+3.63 (kg/m?),
88.04+8.90 (cm), and 59.20+47.8 (ug/1), respectively.
There were no significant differences in the subject’s
age, anthropometric indices, dietary intakes (energy,
iron, and calcium), physical activity, and serum
ferritin among the 3 groups at baseline.

As shown in Table 2, there were no significant
differences in energy, protein, fiber, and iron intakes
among the 3 groups during the study.

Table 3 shows that under energy-restricted diet,
the participants in all groups had a significant weight,
BMI, and WC reduction (P<0.001 for all). However,
these reductions were not significantly different
among the 3 groups for weight and BMI. Differences
of serum ferritin changes among the 3 groups were not
statistically significant (P=0.260), and also remained
non-significant after adjusting for baseline values
of serum ferritin and changes in anthropometric
indices including weight, WC, and BMI, using
ANCOVA (P=0.330). Serum ferritin was only reduced
significantly in the calcium group (P=0.003).

Discussion

Results of our study indicated that after 8 weeks of
intervention, serum ferritin was reduced significantly
in the calcium supplemented group. Although serum
ferritin reduction was observed in the controls and
the milk group, the difference was not statistically
significant. Also, there were no significant differences
among the serum ferritin reductions of the three groups.
It seems that consumption of 3 serving of milk or 800mg
of calcium supplement did not cause any extra reduction
in serum ferritin compared to energy limited diet alone.

In agreement with our results, Grinder-Pedersen
and colleagues reported that non-heme iron absorption
did not differ significantly among four different 3-day
diets including a basic diet (BD) with a low content
of calcium (224 mg Ca/day), a BD with a glass of
milk served at each meal (826 mg Ca/day), a BD with
calcium lactate (802 mg Ca/day), and a BD with a milk
mineral isolate containing calcium (801 mg Ca/day).®
Also, Abrams and colleagues found that consumption
of calcium fortified cereals (containing 159 mg of

Table 2: Participants’ Intake of energy, protein, fiber, iron, and calcium during the study period

Variables Control Calcium Milk pP*
(n=20) (n=22) (n=22)

Energy (kcal/day) 1221.21+153.73 1239.60+180.09 1297.89+137.83 0.25

Protein (% of calorie intake) 17.63+1.34 17.40+2.78 17.59+2.21 0.90

Fiber (g/day) 14.34+3.76 14.37+4.11 13.77+2.35 0.80

Iron (mg/day) 7.64+1.81 7.62+1.99 7.40+1.14 0.95

Calcium (mg/day) 495.46+163.87® 1320.53+219.36* 1302.00+107.56° <0.001

All values are meantstandard deviation. *One way ANOVA, Same letters shows significant differences by Tukey post hoc test (a and b
P<0.001)

Table 3: Changes in anthropometric indices and serum ferritin of participants after the intervention

Variables Control P* Calcium P* Milk P* P
(n=20) (n=22) (n=22)
Before After Before After Before After
Weight (kg) 76.78+9.60  73.92+9.76 <0.001 78.16£11.43 7427991 <0.001 76.24+10.57 71.83+9.76 <0.001 0.053

BMI (kg/m?)  30.78+3.13  29.64+3.12 <0.001 31.54+4.12  29.99+£3.52  <0.001 30.01£3.55
WC (cm) 90.5+2.02 86.55+7.78 <0.001 90.77+1.93  85.61£8.03  <0.001 86.84+1.93

Serum ferritin - 60.90+46.75 60.70+38.64  0.980
(ug/h)

All values are meantstandard deviation. BMI, body mass index; WC, waist circumference, *Paired T-testf, **One way ANOVA, fAfter adjusting for
baseline value of serum ferritin and changes of weight, WC, and BMI using ANCOVA, the p-value remained non-significant (P=0.260)

28.29+3.51 <0.001 0.063
80.56+7.88 <0.001 0.028
59.14+47.28 58.59+71.37 0.003  57.66+43.52  48.90+38.20  (0.270 0.264F
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calcium per serving) in 4 to 6 year old children for 14
days did not interfere with iron absorption.?* Damms-
Machado et al. carried out a pilot multidisciplinary
weight loss program, in which 32 subjects were
followed up for micronutrient status before and after
a three-month formula diet. The average intake of
iron during the study period was 12.9+£0.36 mg/
day in women and 14.7+0.79mg/day in men. In spite
of receiving as much as RDA, they observed more
subjects with iron, vitamin C, selenium, and zinc
deficiency after a three-month period of formula
diet intervention, and concluded that DRI-covering
low-calorie formula diet cannot meet the nutritional
needs of obese individuals.”® With regard to Damms-
Machado and coworkers results, iron intake of less
than DRI is a possible explanation for worsening of
iron status after the intervention. Also, it is suggested
that the level of ferritin as a positive acute-phase
protein is elevated in obese people and decreased
following weight loss.**¢

On the other hand, Benkhedda and co-workers
reported that intake of 500mg/day calcium carbonate
in women with marginal iron status results in 4.8%
to 10.2% reduction in iron absorption from a single
meal.! Using radioactive tracer, Gait et al. investigated
the effect of 200-800mg/day calcium chloride on the
absorption of Smg heme iron, and also the effects of
calcium doses between 200 and 1500 mg/day on the
absorption of 5mg non-heme iron. They observed
reductions in the absorption of heme and non-heme
iron with calcium doses of 800mg/day and >1000mg/
day, respectively; however, they did not find any
adverse effect with taking smaller doses."" Putting it
all together, it seems that taking less than 800mg/day
of supplemental calcium does not endanger iron status.

Although the mechanism by which calcium
reduces iron absorption is not well understood, it is
assumed that calcium inhibits the serosal transfer
of iron.”” However, it is suggested that because
of adaptation to a high calcium diet, the effect of
increased calcium intake on iron absorption may not
persist in the long-term.?*

Despite similar calcium intake, we found a greater
but non-significant reduction in serum ferritin in the
calcium group, compared to the milk group. This
finding might be explained by the fact that casein
and its derived peptides in the dairy products have
potent mineral binding properties which could lead
to increased iron absorption.*®

To the best of our knowledge, this is the first study
which assessed the effects of milk consumption or
Ca supplementation on iron status for as long as 2
months. But as the main limitation of our study, we
can refer to the fact that the present study was the
result of a supplementary analysis of our original data
on the assessment of the effect of milk or calcium

consumption on weight loss.

In conclusion, it seems that consumption of calcium
supplement as much as 800mg/day or 3 servings of
milk in combination with energy-restricted diet does
not induce any additional adverse effect on iron status,
compared to an energy-restricted diet alone. However,
our findings suggest that calcium supplementation
must be done with caution, and to avoid iron depletion
in individuals on weight reducing diets, paying more
attention to iron intake is necessary.

Acknowledgments

We thank Iran Daru Company for providing us with
calcium carbonate caplets. This study was funded by
National Nutrition and Food Technology Research
Institute, Shahid Beheshti University of Medical
Sciences, Tehran, Iran.

Conflict of Interest: None declared.
References

1  Benkhedda K, I’Abbe M R, Cockell KA. Effect of
calcium on iron absorption in women with marginal
iron status. The British journal of nutrition 2010
Mar;103(5):742-8. PubMed PMID: 19860985. Epub
2009/10/29. eng.

2 el-SahnF, Sallam S, Mandil A, Galal O. Anaemia among
Egyptian adolescents: prevalence and determinants.
Eastern Mediterranean health journal = La revue
de sante de la Mediterranee orientale = al-Majallah
al-sihhiyah li-sharq al-mutawassit 2000; 6(5-6):1017-
25. PubMed PMID: 12197323. Epub 2002/08/29. eng.

3 Organization WH. Iron Deficiency Anemia-
Assessment, Prevention and control- a guide for
program mangers. 2001:15.

4 Cheng HL, Bryant C, Cook R, O’Connor H, Rooney
K, Steinbeck K. The relationship between obesity
and hypoferraemia in adults: a systematic review.
Obesity reviews : an official journal of the International
Association for the Study of Obesity 2012 Feb;13(2):150-
61. PubMed PMID: 21981048. Epub 2011/10/11. eng.

5 ML G. Intake: the nutrients and their metabolism In:
L KM, S E-s, editors. Krause¢ s food and the nutrition
care process. 13 ed. USA Saunders,; 2012. p. 108.

6  Grinder-Pedersen L, Bukhave K, Jensen M, Hojgaard
L, Hansen M. Calcium from milk or calcium-fortified
foods does not inhibit nonheme-iron absorption from a
whole diet consumed over a 4-d period. The American
journal of clinical nutrition 2004 Aug; 80(2): 404-9.
PubMed PMID: 15277162. Epub 2004/07/28. eng.

7  Lynch SR. The effect of calcium on iron absorption.
Nutrition research reviews 2000 Dec;13(2):141-58.
PubMed PMID: 19087437. Epub 2000/12/01. eng.

8 RJIW,AGR.Iron.In: MES, M S, ACR,BC,RJC,
editors. Modern nutrition in health and disease. 10 ed.
USA: Williams and wilkins; 2006. p. 264.

54

J Health Sci Surveillance Sys April 2015; Vol 3; No 2



Calcium or milk consumption and Iron status

10

11

12

13

15

16

17

18

19

Hallberg L, Brune M, Erlandsson M, Sandberg AS,
Rossander-Hulten L. Calcium: effect of different
amounts on nonheme- and heme-iron absorption in
humans. The American journal of clinical nutrition
1991 Jan; 53(1): 112-9. PubMed PMID: 1984335. Epub
1991/01/01. eng.

Cook JD, Dassenko SA, Whittaker P. Calcium
supplementation: effect on iron absorption. The
American journal of clinical nutrition 1991 Jan; 53(1):
106-11. PubMed PMID: 1984334. Epub 1991/01/01. eng.

Gaitan D, Flores S, Saavedra P, Miranda C, Olivares
M, Arredondo M, et al. Calcium does not inhibit the
absorption of 5 milligrams of nonheme or heme iron at
doses less than 800 milligrams in nonpregnant women.
The Journal of nutrition 2011 Sep; 141(9): 1652-6.
PubMed PMID: 21795430. Epub 2011/07/29. eng.

Ueno K, Nakamura K, Nishiwaki T, Saito T, Okuda Y,
Yamamoto M. Intakes of calcium and other nutrients
related to bone health in Japanese female college
students: a study using the duplicate portion sampling
method. The Tohoku journal of experimental medicine
2005 Aug; 206(4): 319-26. PubMed PMID: 15997203.
Epub 2005/07/06. eng.

Parikh SJ, Yanovski JA. Calcium intake and adiposity.
The American journal of clinical nutrition 2003
Feb; 77(2): 281-7. PubMed PMID: 12540383. Epub
2003/01/24. eng.

Schrager S. Dietary calcium intake and obesity. The
Journal of the American Board of Family Practice
/ American Board of Family Practice 2005 May-
Jun; 18(3): 205-10. PubMed PMID: 15879568. Epub
2005/05/10. eng.

Zemel MB. The role of dairy foods in weight
management. Journal of the American College of
Nutrition 2005 Dec; 24(6 Suppl): 537S-46S. PubMed
PMID: 16373953. Epub 2005/12/24. eng.

Jacqgmain M, Doucet E, Despres JP, Bouchard C,
Tremblay A. Calcium intake, body composition, and
lipoprotein-lipid concentrations in adults. The American
journal of clinical nutrition 2003 Jun; 77(6): 1448-52.
PubMed PMID: 12791622. Epub 2003/06/07. eng.

Wang L, Manson JE, Buring JE, Lee IM, Sesso HD.
Dietary intake of dairy products, calcium, and vitamin
D and the risk of hypertension in middle-aged and
older women. Hypertension 2008 Apr; 51(4): 1073-
9. PubMed PMID: 18259007. Epub 2008/02/09. eng.

Pereira MA, Jacobs DR, Jr., Van Horn L, Slattery ML,
Kartashov Al, Ludwig DS. Dairy consumption, obesity,
and the insulin resistance syndrome in young adults: the
CARDIA Study. JAMA : the journal of the American
Medical Association 2002 Apr 24; 287(16): 2081-9.
PubMed PMID: 11966382. Epub 2002/04/23. eng.

Choi HK, Willett WC, Stampfer MJ, Rimm E, Hu FB.

20

21

22

23

24

25

26

27

28

Dairy consumption and risk of type 2 diabetes mellitus
in men: a prospective study. Archives of internal
medicine 2005 May 9; 165(9): 997-1003. PubMed
PMID: 15883237. Epub 2005/05/11. eng.

Drouillet P, Balkau B, Charles MA, Vol S, Bedouet
M, Ducimetiere P. Calcium consumption and insulin
resistance syndrome parameters. Data from the
Epidemiological Study on the Insulin Resistance
Syndrome (DESIR). Nutrition, metabolism, and
cardiovascular diseases : NMCD 2007 Sep; 17(7): 486-
92. PubMed PMID: 17618096. Epub 2007/07/10. eng.

21. LiuS8, Choi HK, Ford E, Song Y, Klevak A, Buring
JE, et al. A prospective study of dairy intake and the
risk of type 2 diabetes in women. Diabetes care 2006
Jul; 29(7): 1579-84. PubMed PMID: 16801582. Epub
2006/06/28. eng.

McLaughlin T, Carter S, Lamendola C, Abbasi F, Yee
G, Schaaf P, et al. Effects of moderate variations in
macronutrient composition on weight loss and reduction
in cardiovascular disease risk in obese, insulin-resistant
adults. The American journal of clinical nutrition 2006
Oct; 84(4): 813-21. PubMed PMID: 17023708. Epub
2006/10/07. eng.

Zemel MB, Thompson W, Milstead A, Morris K,
Campbell P. Calcium and dairy acceleration of weight
and fat loss during energy restriction in obese adults.
Obesity research 2004 Apr; 12(4): 582-90. PubMed
PMID: 15090625. Epub 2004/04/20. eng.

Abrams SA, Griffin 1J, Davila P, Liang L. Calcium
fortification of breakfast cereal enhances calcium
absorption in children without affecting iron absorption.
The Journal of pediatrics 2001 Oct; 139(4): 522-6.
PubMed PMID: 11598598. Epub 2001/10/13. eng.

Damms-Machado A, Weser G, Bischoff SC.
Micronutrient deficiency in obese subjects undergoing
low calorie diet. Nutrition journal 2012; 11: 34.
PubMed PMID: 22657586. Pubmed Central PMCID:
PMC3404899. Epub 2012/06/05. eng.

Luciani N, Brasse-Lagnel C, Poli M, Anty R, Lesueur
C, Cormont M, et al. Hemojuvelin: a new link between
obesity and iron homeostasis. Obesity 2011 Aug; 19(8):
1545-51. PubMed PMID: 21311510. Epub 2011/02/12. eng.

Roughead ZK, Zito CA, Hunt JR. Initial uptake and
absorption of nonheme iron and absorption of heme
iron in humans are unaffected by the addition of calcium
as cheese to a meal with high iron bioavailability. The
American journal of clinical nutrition 2002 Aug; 76(2):
419-25. PubMed PMID: 12145016. Epub 2002/07/30. eng.

Nagpal R, Behare P, Rana R, Kumar A, Kumar M,
Arora S, et al. Bioactive peptides derived from milk
proteins and their health beneficial potentials: an
update. Food & function 2011 Jan; 2(1): 18-27. PubMed
PMID: 21773582. Epub 2011/07/21. eng.

J Health Sci Surveillance Sys April 2015; Vol 3; No 2

55



