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Abstract Low calcium consumption and high so-
dium intake among adolescents is a serious public
health problem. Thehigh content and bioavail-
ability of calcium in milk makes it the best choice
for meeting the Dietary Reference Intakes (DRIs)
for calcium. Since milk also contributes to sodium
intake, programs promoting milk consumption
should be preceded by initiatives to reduce its so-
dium content. Knowing the calcium and sodium
content of processed milk is essential for establish-
ing the adequate consumption of milk. The aim of
this study was to estimate the calcium and sodium
content of different brands of powdered and ultra
heat treated (UHT) milk sold in supermarkets in
Rio de Janeiro and calculate the amount of these
milks that should be consumed by adolescents to
meet daily calcium needs and the impact of this
consumption on sodium intake. Volumetric analy-
sis was used to measure calcium content and sodi-
um content was determined using flame photome-
try. The mean calcium and sodium concentrations
of powdered (mg/26g) and UHT milk (mg/200ml)
were 262.5 + 5.1 mgand 116.8 £ 3.1 mg and 246.0
+ 10.3 mg and 162.5 + 16.3 mg, respectively. Milk
intake sufficient to meet the DRI for calcium
among adolescents would result in a sodium in-
take of 584 mg (39% of the Al) from the consump-
tion of powdered milk and 812.5 mg (54% of the
Al) from the consumption of UHT milk.
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Introduction

Data from Pesquisa de Orgamentos Familiares
(POE 2008-2009)' showed that average daily in-
take of foods containing calcium was very low:
whole milk, 38.6 ml; sweetened milk drinks,
43.5ml; yogurt, 13.8ml; cheese, 3.8g, and kale,
2.2g. Average daily calcium intake among adoles-
cents living in urban areas ranged between 529
and 581mg, depending on age and sex, which is
below the recommended level'.

Given that calcium is an essential nutrient
required for multiple biological functions, ina-
dequate calcium intake during adolescence can
give rise to health problems such as obesity,
hypertension, and osteoporosis*. There was a
six-fold increase in the prevalence of overweight
among adolescent boys and an almost three-fold
increase in girls between 1974 and 2008(from
3.7% to 21.7% and 7.6% to 19.4%, respectively).
A similar trend, though less pronounced, was
also witnessed in relation to obesity®. Individuals
with low calcium intake may be more susceptible
to the accumulation of body fat in adipocytes—
probably due to a mechanism involving the ex-
pression of the agouti gene in these cells— and to
elevated serum parathyroid hormone(PTH) and
1,25-dihydroxyvitamin D,levels, promoting the
influx of calcium into the cells and stimulating
lipogenesis and thus reducing lipolysis.

Moreover, population-based studies have de-
monstrated that blood pressure in adolescents is
strongly influenced by overweight/obesity®® and
that calcium has a blood pressure lowering effect.
Studies have suggested that calcium contributes
to the stability of smooth muscle membranes',
natriures is, sodium homeostasis", phosphate
depletion, and increased prostacyclin synthesis'.

Osteoporosis is a serious public health con-
cern with a large economic impact andconstitu-
tes a significant financial burden on the health
system. Although there is no consensus about the
age at which peak bone mass occurs, various au-
thors regard adolescence as a critical period for
bone mass gain because bone formation occurs
at a greater rate than bone resorption in both
sexes due to increased bone mineralization ra-
tes'*'8. The consumption of foods containing
calcium during adolescence is therefore essential
to the primary prevention of osteoporosis®.

In addition to a low calcium intake, POF
identified a high sodium intake in the general
population (4,700 mg/day), equivalent to appro-
ximately 12g of salt. Daily sodium intake was
above the tolerable upper intake level (2,300mg/

day) in over 70% of adolescents, with girls and
boys with 10-13 years old consuming 3,158 and
2,930mgdaily, respectively. Sodium intake was
even higher among boys (3,744 mg) and similar
in girls (2,915 mg)in the 14 to 18 year age group'.

Low calcium consumption associated with
high sodium intake among adolescents leads to
increase drenal calcium excretion, which can
cause serious health problems. It is calculated
that 30 to 40mg of calcium is lost in the urine for
every 2g rise in dietary sodium intake*. Moreover,
high sodium consumption is associated with the
development of chronic noncommunicable dise-
ases (CNCDs)*.

The knowledge of the concentrations of
calcium and sodium present in industrialized
milks, whose additives are based on sodium, is
fundamental to establish adequate quantities of
this food for the population, aiming to meet the
Dietary Reference Intakes (DRI)"? of these nu-
trients.

Current food composition tables and indus-
trialized food labels do not always state nonman-
datory calcium content and it is not clear whe-
ther the sodium content has been analyzed or
calculated based on these tables?'. The aim of this
study was therefore to estimate the calcium and
sodium content of different brands of powdered
and Ultra High Temperature (UHT) pasteuri-
zed milk sold by leading supermarket chains in
Rio de Janeiro and calculate the amount of these
milks that should be consumed by adolescents to
meet calcium intake recommendations and the
impact of this consumption on sodium intake.

Methods

Three brands of powdered milk (A, B, and C)
and five brands of UHT milk (D, E, E, G, and H)
were selected from 10 stores belonging to three
leading supermarket chains located in the north
and south zones of Rio de Janeiro. These brands
were selected because they were available in all
ten stores. The sample of UHT milk brands was
larger because the supermarkets offered a greater
variety of UHT milk products.

A fully randomized statistical design was
adopted, and eight different lots of the selected
brands for both types of milk were randomly
collected in different neighborhoods of the two
zones of the municipality of Rio de Janeiro. For
each batch, the calcium and sodium concentra-
tions were obtained by the average of three deter-
minations performed in parallel.



First, the samples were homogenized. The
UHT milks were shaken in the carton pack, whi-
le the powdered milks were homogenized into a
piece of kraft paper and quartered. These proces-
ses were repeated until a 10g sample was obtai-
ned, which was stored in hermetically sealed glass
containers.

Calcium concentration was determined
using method 396/IV developed by the Adolfo
Lutz Institute?. To determine sodium concentra-
tion, adequate masses of the samples previously-
determined based on the content stated on the
food label were weighed in pre-weighed porce-
lain capsules using a Shimadzu® analytical balan-
ce AUY120 and then converted to ash, as recom-
mended by the Association of Official Analytical
Chemists*. Sodium content was determined by
flame photometry using AOAC Method 990.23%*
and a PG Instruments Limited digital flame pho-
tometer FP910. The solutions used to create the
calibration curve were prepared using a sodium
standard solution1000 mg L' (Sodium Standard
for AAS Fluka). The analyses were performed in
the Bromatology and Chemistry Laboratory at
the Federal University of State of Rio de Janeiro’s
School of Nutrition.

For the application of inferential statistics
(ANOVA? and Welch Test*) between the me-
ans of calcium and sodium contents obtained
through the analysis of different milk brands, the
Bartlett’s test” was first performed to verify if the
variances calculated from the mean calcium and
sodium contents obtained for the different lots
were homocedastic or heterocedastic, and thus
determine the t test to be applied in each case.
The statistical analyses were performed using
Microsoft Office Excel 2007 and ACTION Sys-
tem programs. The results obtained were always
compared with the critical parameters at a signi-
ficance level of 5%.

Based on the calcium and sodium contents
quantified in powdered milk and UHT milk, an
estimate was made of the volume of milk that
should be consumed in order to reach the level
of dietary calcium intake capable of satisfying the
daily needs of practically all healthy adolescents
(97.5%), i.e. 1300 mg. From this volume, the
contribution of sodium from industrialized milk
to AI (Adequate Intakes) of this nutrient was as-
sessed. The estimate was made based on Al, sin-
ce the studies so far developed did not allow the
establishment of RDA (Recommended Dietary
Allowances) and EAR (Estimated Average Re-
quirement) for sodium, being considered 1,500
mg the value of daily dietary intake that seems

to reduce the risk of chronic non-communicable

diseases'*%,

Results

The coefficients of variation for each brand
showed that there was no relevant variation in
calcium concentration between the different an-
alysed batches of both the powdered and UHT
milk brands (Table 1). The results were expressed
in mg for 26g of powdered milk and 200 ml of
UHT milk, as these are the quantities presented
in the nutrition labelling of these products. In
the case of milk powder, the portion indicated
on the labelling is that needed to prepare 200
mL of milk. The mean calcium concentration of
powdered and UHT milk was 262.5 + 5.1mg and
246.0 £ 10.3 mg, respectively.

With regard to sodium concentrations, the
mean value measured for UHT milk (162.5 +
16.3mg) was higher than for powdered milk
(116.8 £ 3.1mg) (Table 2).

The Bartlett’s test”” showed that the assump-
tion of homocedastic variances was valid for the
mean calcium values of the powdered and UHT
milk batches and for the mean sodium values of
the powdered milk batches. These means were
therefore compared using the ANOVA?. The as-
sumption of homocedastic variances was shown
to be invalid however for the mean sodium val-
ues of the UHT milk batches. These means were
therefore compared using Welch’s t-test*® which
indicated that the means were not statistically
identical.

The ANOVA results indicated that there was
no statistically significant difference between the
mean calcium and sodium concentrations de-
termined for the different batches of powdered
milks. However, in relation to the mean calcium
concentrations of UHT milks, the test indicated
that the difference between them was statistically
significant.

The mean calcium and sodium concentra-
tions determined by the analysis of the different
brands of powdered milk and UHT milk were
compared with the values declared on the labels,
in order to verify the difference (%) between
them (Table 3). It was found that the mean cal-
cium concentrations of milks F and H and mean
sodium concentrations of milks A, C, D, and F
were over 20% higher (the legally permitted
threshold) than the content stated on the labels®.

The calculation of estimated milk intake to
achieve calcium RDA (1,300mg)* for adolescents
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Table 1. Mean calcium concentration and standard deviation (SD) and coefficient of variation (CV) of the
different batches of powdered (mg/26g) and UHT (mg/200ml) milk.

Powdered Milk UHT Milk
Batches Brands Brands

A B C D E F G H
1 255.2 256.8 251.5 272.7 259.6 281.8 245.1 249.7
2 262.4 266.5 257.1 276.3 263.5 263.6 218.8 225.3
3 258.6 262.9 266.1 248.1 258.8 246.3 255.5 222.6
4 250.4 261.7 255.9 269.3 233.4 251.5 228.0 227.5
5 277.5 267.1 267.3 262.2 234.4 256.4 234.6 240.3
6 274.7 257.4 259.7 242.1 233.5 233.1 228.8 247.9
7 290.2 256.5 268.7 236.3 236.6 256.1 247.6 243.1
8 278.1 247.9 248.5 246.2 248.9 256.5 243.1 245.6
Meana (mg) 268.4 259.6 259.4 256.6 246.1 255.7 233.9 237.7
SD (mg) 13.7 6.3 7.5 15.3 13.1 13.9 10.4 10.9
CV (%) 5.1 2.4 2.9 5.9 5.3 5.5 4.4 4.6

*Mean calculated using the means for each batch.

Table 2. Mean sodium concentration andstandard deviation (SD) andcoefficient of variation (CV) of the
different batches of powdered (mg/26g) and UHT (mg/200ml) milk.

Powdered Milk UHT Milk
Batches Brands Brands
A B D E F G H

1 121.2 122.3 115.7 176.7 165.6 181.1 152.9 159.1
2 111.6 121.5 125.5 171.1 140.2 178.1 150.3 125.4
3 128.8 129.9 118.2 220.6 142.8 195.4 150.3 161.9
4 124.9 109.4 120.7 190.1 167.6 196.4 135.8 137.6
5 109.3 130.9 106.7 163.2 162.9 147.1 141.6 157.9
6 109.4 114.3 104.8 170.5 138.1 163.5 140.2 174.7
7 116.7 115.2 113.5 179.5 155.7 158.4 154.4 135.6
8 112.2 115.4 105.3 214.7 159.1 163.3 153.2 167.4
Meanb(mg) 116.8 119.9 113.8 185.8 154.0 172.9 147.3 152.4
SD (mg) 7.4 7.7 7.6 21.2 11.9 17.8 7.1 17.4
CV (%) 6.4 6.4 6.7 11.4 7.7 10.3 4.8 11.4

"Mean calculated using the means for each batch.

aged 10 to 18 years indicates a consumption of 5
glasses of milk per day (1,000 mL per day). This
would result in a sodium intake of 584 mg (39%
of AI) for milk powder consumption and 812.5
mg (54% of AI) for UHT milk consumption.

Discussion

Some population-based studies have shown a
downward trend in the consumption of calcium
and an increase in sodium intake among adoles-
cents, which can have harmful health impacts"*.
The Study of Cardiovascular Risk Factors in Ado-

lescents (ERICA, acronym in Portuguese) shows
that inadequate consumption of calcium and vi-
tamins A and E among adolescents has worsened
in the five years since the POF 2008-2009. The
inadequate consumption of these nutrients is as-
sociated with elevated consumption of sodium,
saturated fat, and sugar and may be related to in-
creased consumption of ultra-processed foods*.

Current pattern of calcium and sodium in-
take by adolescents may have serious conse-
quences and, if this situation is not changed, may
cause future damage to the health status of these
young people and also generate negative impacts
on the country’s economy (increase in health



Table 3. Percentage difference between the means of calcium and sodium concentrations determined by analysis
and those declared on the labels of powdered milk (mg/26g) and UHT milk (mg/200mL).

Calcium 1* Calcium 2** Difference Sodium 1* Sodium 2** Difference
Brands
(mg) (mg) (mg) (mg) (%)
Powdered milk
A? 268.4 246.0 116.8 95.0 22.9
B* 259.6 233.0 11.4 119.9 100.0 19.9
c 259.4 239.0 113.8 91.0 25.1
UHT milk
Db 256.6 240.0 185.8 143.0 29.9
E° 246.1 248.0 -0.5 154.0 130.0 18.5
P® 255.7 210.0 21.8 172.9 129.0 34.0
Gt 233.9 210.0 11.4 147.3 130.0 13.3
H® 237.7 183.0 26.5 152.4 168.0 -9.3

“Powdered milk (26g portion) ®UHT milk(200 ml portion) 1 — analyzed 2~ label

spending: higher number of hospitalizations
and increased expenditure on the purchase and
distribution of medicines and health aid). En-
couraging milk consumption may be a possible
solution to increase calcium intake and minimize
the situation. Milk contains significant amounts
of calcium as well as vitamin D, phosphorus,
protein, zinc, and magnesium, which make a
significant contribution to the formation of a
stable bone structure. Furthermore, the calcium
in milk has high bioavailability and is readily
digestible. Dark green leafy vegetables, sardines,
tuna, and certain seeds are also rich in calcium,
but have low acceptability among adolescents"*.
Health professionals should therefore encourage
the consumption of these foods since childhood.
Cheeses contain large amounts of sodium and
fat and are very expensive. Milk drinks increase
sugar intake, thus contributing to obesity, which
is already a serious concern among adolescent’s
health. In view of the above, milk is the best op-
tion for meeting the RDA for calcium, and its
consumption should therefore be encouraged.
Despite its numerous benefits, milk can con-
tribute to increased sodium intake. The findings
of this study show that it would be necessary to
drink five 200 ml portions of milk a day (1,000
ml/day) to meet the RDA for calcium and that
the sodium intake from this consumption corre-
sponds to 54% of the Al, depending on the type
of milk consumed(powdered or UHT)".

The daily milk intake for adolescents recom-
mended by the Brazilian Pediatric Society (500
ml)® would meet only 50% of the RDA for calci-
um, meaning that the remaining 50% of nutrient
needs would have to be satisfied by other sources,
making it very difficult to attain the RDA due to

the factors mentioned above. Even if these rec-
ommendations were followed, sodium intake
would be high due to the intake of sodium from
powdered and UHT milk, accounting for 18%
and 27% of the Al respectively®.

Our study showed that calcium intake through
the consumption of milk powder is slightly high-
er (7%) and that sodium intake is significantly
lower (28%) compared to UHT milk, suggesting
that both adolescents and the general population
should consume milk powder.

A study conducted in the United Kingdom™
investigating food categories known to be major
contributors to sodium intake in the UK diet
revealed that milk was one of the five food cat-
egories that accounted for one-third of sodium
purchased (37%). The study also showed that the
sodium contribution of milk was due to volume
rather than concentration.

Based on the findings of this study, the so-
dium intake from the breakfast recommended
by the government’s Dietary Guidelines for the
Brazilian Population*'—consisting of milk with
coffee, a buttered bread roll, and fruit (for exam-
ple, papaya)-would be between 568 and 650mg??,
depending on the type of milk used. This corre-
sponds to between 37 and 43% of the Al for so-
dium, with milk alone contributing 10% of the
recommended average daily intake, based on an
average consumption of between 200 and 300ml.
It is important to note that this meal is also asso-
ciated with the consumption of other high-sodi-
um processed or ultra-processed foods’!.

Substituting bread with tapioca with butter
would reduce sodium intake to between approx-
imately 288 and 370 mg*, accounting for be-
tween 19 and 24% of the AL However, although
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this would lead to a significant reduction in so-
dium content, the food category that contrib-
utes most to total sodium intake is milk (58%).
This demonstrates the importance of providing
food and nutrition education and guidance to
promote healthy eating. Substituting bread and
butter with tapioca or tubers is a possible alter-
native for reducing sodium intake. However, the
ERICA* reported high levels of bread consump-
tion among adolescents, even in the north and
northeast regions (64.8% and 54.5%, respective-
ly) where eating tubers for breakfast is more cul-
turally acceptable?®?!.

In view of the above, it is important to reflect
on how to meet the calcium intake recommen-
dations for adolescents without causing a major
impact on sodium intake. One alternative would
be to reduce the amount of sodium-based ad-
ditives in UHT milk, such as monosodium and
disodium phosphate and sodium citrate. It is
important to note that sodium content analysis
does not show the origin of the sodium in milk.
Since 2010, the Ministry of Health began to pro-
mote discussions with organizations working di-
rectly or indirectly to reduce sodium consump-
tion**%. These discussions have yet to include
milk, perhaps because it is classified as a mini-
mally processed food or because it is not widely
recognized that it can contribute to high sodium
intake. However, contrary to popular belief, this
study demonstrates that —largely due to the addi-
tives used in these products — the concentration
of sodium in powdered and UHT milk is by no
means low, considering the number of daily por-
tions that would have to be consumed to meet
the RDA for calcium. Another possibility would
be to encourage industry to fortify milk with cal-
cium so that smaller portions of milk would be
required to meet the adequate intake of calcium,
thus avoiding increased sodium intake. However,
this option would certainly result in higher prod-
uct prices.

Another option would be to encourage the
consumption of powdered milk. Although a fea-
sible alternative, people generally prefer ready-
to-drink milk. According to the Brazilian Long
Life Milk Industry Association, 87% of Brazil-
ian households drink UHT milk and this type
of milk accounts for 47% of the country’s milk
consumption®. Apart from being more practical
than powdered milk, which needs to be recon-
stituted, many people prefer the taste of UHT
milk’.

In conjunction with any of above strategies,
programs should be implemented to encourage
the consumption of calcium-rich foods (such as
milks and derivatives, dark green leafy vegeta-
bles, and fish), particularly among children and
adolescents. Brazil’s Healthy School Program
(PSE, acronym in Portuguese)”, created by De-
cree 6.286 of December 5, 2007to promote nutri-
tional guidance for students in the public school
system, could be used to raise awareness of the
importance of these foods to promote healthy
eating habits, which are protective factors against
CNCDs.

It is important to stress that milk should not
be excluded from the diet of children and adoles-
cents, since it is an important source of calcium,
which is essential for the adequate formation and
maintenance of bones't. Furthermore, it is es-
sential to promote education actions focusing
on Guia Alimentar para a Populagdo Brasileira®
on the consumption of high-sodium processed
foods (preserved foods, dried meat, bacon, bread,
cheese, etc) and ultra-processed food (biscuits,
ice-cream, sausages and hams, instant noodles,
packaged snacks, sodas, milk drinks, and ready-
made meals such as pizzas, nuggets, etc.).

Another worrying finding of this study is the
discrepancies between the sodium and calcium
concentrations of the samples and the content
stated on the food labels. Food labeling is regard-
ed as an important public health tool because it
provides health professionals and consumers
basic information about food items, such as ori-
gin, composition, nutritional value, shelf life, and
method of preservation. Industrialized food labels
must observe Resolution - RDC Ne 360, of De-
cember 23, 2003%, governing nutrition labeling of
pre-packed foods ready for offer to the consumer.
RDC Ne 360 allows for a margin of error of up
to 20% for the stated value versus actual value of
nutrients. With respect to calcium, only brands
F (21.8%) and H (26.5%) were outside the per-
mitted 20% variance. However, major differences
were found between the stated and actual values
of sodium, especially in powdered milks, where all
brands were outside the permitted variance.

In view of the above, it is vital to raise public
awareness and call on the government to regu-
late the dairy industry so that it provides milk of
better nutritional quality to the domestic market,
preferably without additives, thereby allowing
consumers to enjoy the recognized benefits of a
food that dates back thousands of years.



Conclusion

The analyses performed show that both pow-
dered and UHT milk are great sources of calci-
um, with average levels of this mineral of 262
mg and 246 mg, respectively, per 200 ml portion.
The sodium content of UHT milk(163mg) was
shown to be higher than that of powdered milk
(117mg). The comparison of stated calcium and
sodium values versus values found in this study
showed that some brands of UHT milk and all
powdered milk brands were outside the permit-
ted 20% variance, indicating the need for better
government monitoring and surveillance of the
food industry.

Collaborations

AO Camara was responsible for chemical anal-
ysis and helped draft this article. OMG Moraes
defined the methodology used in the study, su-
pervised implementation, and helped draft this
article. L Rodrigues defined the study topic, pro-
vided supervision, and helped draft this article.

Milk is an important food for meeting calci-
um recommendations and its consumption is a
protective factor against health problems in adult
life. Children and adolescents should be encour-
aged to consume milk as an essential component
of health eating habits in order to reduce the risk
of developing chronic diseases in adulthood. To
this end, the food industry should provide milk
of better nutritional quality, without additives
that change its original composition, and that
enhances the bioavailability of calcium, a miner-
al of utmost importance for overall health, espe-
cially in periods of intense growth.
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