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Abstract

Food is the main source of mineral elements but some are also provided with drin-
king water and supplements. Juices, for example, are an important source of mineral ele-
ments. In infants’ diet minerals are provided mainly by fruit and vegetable purée juices.
Infants and young children should be given juices labelled as “special purpose food”. Pa-
steurised juices are recommended for infants, as they are free of bacteria and toxins, a con-
dition that cannot be completely fulfilled while making juices at home.

The aim of the present work was to determine the content of some minerals in fruit
and vegetable juices for infants and children under three years of age. The research ma-
terial consisted of juices, all before their use-by date, purchased in grocer shops in Lublin
in January 2006. In total 20 juices were examined, 8 of which were labelled as ‘special
purpose food’, 2 were recommended by the National Food and Nutrition Institute and ten
juices were labelled as ‘food for young children’. Juices make an important source of mi-
nerals in the diet of infants and young children. The most valuable ones are the fruit and
vegetable purée juices, as they provide significant amounts of dry mass which includes
fibre, minerals and vitamins. Differences in the content of particular mineral elements in
juices result primarily from their composition. Although juices for infants and young chil-
dren should not contain any additives, products without certificates must be treated with
caution as it cannot be excluded that some may contain prohibited compounds, e.g. cal-
cium ascorbate or calcium chloride.
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ZAWARTOŒÆ WYBRANYCH SK£ADNIKÓW MINERALNYCH W SOKACH
WARZYWNO-OWOCOWYCH PRZEZNACZONYCH DLA NIEMOWL¥T

I MA£YCH DZIECI

Abstrakt

•ród³em poszczególnych pierwiastków jest g³ównie po¿ywienie, niektórych dostarczaj¹
woda pitna i suplementy. Wa¿nym Ÿród³em sk³adników mineralnych w diecie dziecka s¹
soki. Niemowlêta i ma³e dzieci powinny otrzymywaæ soki oznaczone jako „¿ywnoœæ specjal-
nego przeznaczenia ¿ywieniowego”. Dla ma³ych dzieci rekomendowane s¹ soki pasteryzo-
wane, poniewa¿ s¹ one wolne od bakterii i toksyn, a tych warunków mog¹ nie spe³niaæ
soki wytwarzane w domu.

Celem pracy by³o okreœlenie zawartoœci wybranych sk³adników mineralnych w sokach
warzywno-owocowych przeznaczonych dla niemowl¹t i dzieci do lat 3. Materia³ do badañ
stanowi³y soki zakupione w sklepach spo¿ywczych na terenie Lublina w styczniu 2006 r.,
w okresie ich przydatnoœci do spo¿ycia. Osiem zakupionych soków mia³o adnotacjê, ¿e jest
to „œrodek specjalnego przeznaczenia ¿ywieniowego”, 2 by³y rekomendowane przez Instytut
¯ywnoœci i ¯ywienia, natomiast 10 soków nie mia³o ¿adnych adnotacji o przeznaczeniu do
¿ywienia niemowl¹t i ma³ych dzieci. Soki s¹ wa¿nym Ÿród³em sk³adników mineralnych
w diecie niemowl¹t i ma³ych dzieci. Najcenniejsze s¹ soki przecierowe owocowo-warzywne,
poniewa¿ dostarczaj¹ znacznych iloœci suchej masy, w sk³ad której wchodz¹ m.in. b³onnik,
sk³adniki mineralne i witaminy. Ró¿nice w zawartoœci poszczególnych sk³adników mineral-
nych w sokach wynikaj¹ przede wszystkim z ich sk³adu komponentowego. Soki dla nie-
mowl¹t i ma³ych dzieci nie powinny zawieraæ ¿adnych substancji dodatkowych, nale¿y jed-
nak traktowaæ z rezerw¹ produkty bez atestów, nie mo¿na bowiem w nich wykluczyæ
obecnoœci dodatków niedozwolonych, np. askorbianianu wapnia czy chlorku wapnia.

S³owa kluczowe: sk³adniki mineralne, soki owocowo-warzywne, dzieci, niemowlêta.

INTRODUCTION

In the first year of life, the main type of nutrition for a baby is milk.
A baby’s body requires many nutrients in order to grow into a healthy child.

Determining the demand for mineral elements in infants is based on
the knowledge of the composition of human breast milk, which is regarded
as the best food in the first period of an infant’s life. The concentration of
minerals in woman’s milk is low and the total content of ash amounts to
0.2 g⋅dl-1. The content of sodium, potassium and chlorine is threefold lower
than in cow’s milk (these are elements responsible for the osmotic pressure
in the kidneys). Iron present in mother’s milk is characterised by very high
bioavailability, ca 50% (LYNCH, STOLTZFUS 2003). By comparison, bioavailability
of iron from milk mixtures reaches about ca. 5%.

Food is the main source of particular chemical elements, but some are
provided with drinking water and supplements. An infant immediately after
birth lacks properly functioning regulatory mechanisms, while the absorp-
tion of minerals, including toxic elements, is more intensive than in older
children and adults. Mineral elements are usually absorbed more effectively
in the periods of intensive growth and pregnancy (DROBNIK, LATOUR 2006).
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Juices are an important source of mineral elements. In infants’ diet
these elements are provided mainly by fruit and vegetable purée juices.
Infants and young children should be given juices labelled as ‘special pur-
pose foods’. Making juices for infants at home is not recommended as it is
impossible to pasteurize juice under such conditions and this means that
some bacteria or toxins may contaminate juice. Pasteurization of fruit juic-
es helps to eliminate bacteria occurring at levels which  may cause food
poisoning (GILLIAND et al. 2003). Juices that are 100% fruit juice will contain
vitamin C, foliate, vitamin B6, iron, potassium and magnesium nutrients,
which are essential in a baby’s diet.

The aim of this study was to determine crude ash and mineral compo-
nents (Ca, Mg, Na, K, Fe, Zn, Cu, Mn) in the fruit and vegetable juices for
infants and children under three years of age.

MATERIAL AND METHODS

The experimental material included samples of fruit and vegetable juice
for babies, all before their use-by date, purchased in Lublin shops in Janu-
ary 2006 (Table 1). In total 20 juices were examined, 8 recommended as
‘special purpose food’ (A-1, A-2, A-3, A-4, B-1, B-2, B-3, B-4), 2 recommended
by the National Food and Nutrition Institute (F-1, F-2) and ten labelled as
‘food for young children’. All the products were available in small bottles
(175-330 ml) with brightly coloured labels. Most consumers are convinced
that these juices are for infants and young children, although not all of
them are classified as ‘special purpose food’.

The content of dry mass and raw ash in the samples was determined
with the AOAC methods (1990). The content of minerals (Ca, Mg, Na, K,
Mn, Cu, Fe and Zn) was assayed  by means of the AAS flame technique,
using a Unicam 939 apparatus (AA Spectrometer Unicam). The determina-
tions were carried out as follows: 10ml of 6N HCl was added to mineralised
samples; next the solution was filtered into measuring flasks and filled up
to 50 ml with distilled water.

All the analyses were made in three replications.
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RESULTS AND DISCUSSION

Table 2 presents the content of dry mass, crude ash and minerals in the
juices.

The content of dry mass was 7.35% to 14.40%. The highest content of
dry matter was found in F-2, A-4 and F-1 juices. The lowest amount of dry
mass was observed in the juice labelled as J. This value was significantly

1elbaT

seciujybabdesylananisdneidergnidnakramedarT

kramedarT stneidergnI
noitatonnA

1-A torrac,elppa *

2-A hcaep,torrac,elppa *

3-A torrac,egnaro,elppa *

4-A nikpmup,tocirpa,elppa *

1-B torrac,ananab,elppa *

2-B esorgod,raep,elppa *

3-B torrac,tocirpa,elppa *

4-B eparg,nikpmup,elppa,torrac *

C yrrebwarts,elppa,torrac ***

1-D ananab,elppa,torrac ***

2-D yrrebpsar,elppa,torrac ***

E nomel,torrac,elppa ***

1-F elppa,raep,torrac **

2-F nimativitlum **

1-G yrrebwarts,elppa,torrac ***

2-G ananab,elppa,torrac ***

H egnaro,elppa,torrac ***

I yrrebwarts,torrac,elppa ***

J ananab,torrac ***

K nimativitlum
**

sesopruplaicepsrofsdoof*
etutitsnInoitirtuNdnadooFlanoitaNhsiloPehtybdednemmocer**

noitatonnaon***
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different from the remaining results. The juice contained carrots and ba-
nanas, which are characterised by a low content of water (KUNACHOWICZ et al.
1998). This, together with the low content of dry matter we determined
proves that the juice was highly diluted, which is very bad because dry
mass includes fibre, minerals and vitamins. In infants’ diet these elements
are provided mainly by fruit and vegetable purée juices. Juice J contained
very little ash and few minerals in comparison with the other juices. It
should be noticed that no information concerning any certificates could be
found on the label of this juice.

The level of calcium in juices ranged from 0.025 mg⋅g-1 to 0.084 mg⋅g-1.
The highest content of calcium was in juice J; its lowest amount occurred
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in juice C. The labels did not offer any information concerning the percent-
age of these two ingredients. The content of mineral elements in plants
depends to a high degree on the soil’s abundance, including the intensity
of fertilisation (KRUCZEK 2005). Increased presence of calcium in juices may
occur as a result of using acidity regulators during the production process,
e.g. calcium ascorbate or calcium chloride. These substances are used to
prevent enzymatic browning or to enrich the products in vitamin C, to pre-
vent changes in the smell of juices and as antioxidants and acidity regula-
tors (GUZ et al. 2007, MAO et al. 2007, ZHU et al. 2007). Although juices for
infants and young children are not supposed to contain any such substanc-
es, products without any certificates should be treated with caution. Since
the label on juice J does not give a detailed description of its composition,
the presence of prohibited additives cannot be excluded. Some concern can
arise because this juice is extremely popular among consumers, which was
observed by the authors, and its chemical composition may suggest some
harmful effect on very young organisms. Most probably its popularity re-
sults from its price. The lowest amount of calcium in juice C was probably
caused by its composition. Carrots and apples contain relatively little calci-
um and, apart from these ingredients, only wild strawberry aroma was used
for the production.

Calcium makes the major element of bones and teeth. It also partici-
pates in muscle contractions, conduction of nerve impulses and cell mem-
brane permeability, blood coagulation. Moreover, calcium is a co-factor of
numerous enzymes, e.g. those active in glycogenesis. Because of rapidly in-
creasing mass of the body, including bones, a particularly high demand for
calcium and phosphorus occurs between the ages of 1-3 and 10-15 years.
The recommended calcium/phosphorus ratio in the diet of a child between
1 and 3 years of age should be 1 : 1 (2:1 would be ideal) (SZOTOWA et al.
1996). Calcium bioavailability with food is 25-50% and is depressed by ani-
nutrient substances (oxalic acid, phytic acid) but raised by some amino ac-
ids, lactose and vitamin D (WAINE 2001, LYNCH, STOLTZFUS 2003). Protein has
positive and negative effects on calcium balance. Dietary protein stimulates
the production of insulin-like growth factor-1, a factor that promotes osteob-
last-mediated bone formation. On the other hand, protein increases urinary
calcium losses (KERSTETTER 2003). In children, pregnant women and during
lactation the level of absorption rises (WAINE 2001). Shortage of calcium in
children is manifested by rickets and inadequate growth.

The content of magnesium in juices ranged from 0.035 mg⋅g-1 to
0.145 mg⋅g-1. The highest level of magnesium was observed in juice A-4,
which could result from its high content of pumpkin (20%) and low volume
of water in the product. Pumpkin contains 14 mg of magnesium per 100 g
of the raw product (KUNACHOWICZ et al. 1998). The lowest amount of magnesi-
um was in juice C. Its main components were carrots and apples, which are
poor in magnesium. The authors’ own studies revealed that juice C had the
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lowest amounts of calcium and magnesium among all the juices. Little mag-
nesium was also noted in juice H (0.036 mg⋅g-1). The composition of this
juice revealed that it was made of large amounts of apple juice and apple
Cremogen, and apples contain small amounts of magnesium. The content of
Mg in apples is 3 mg per 100 g of the raw product (KUNACHOWICZ et al. 1998).
According to MARZEC et al. (2007) fruit juices for infants contained 12.1-76 mg
of magnesium per 1 g.

The highest level of sodium was determined in juices D-1 (0.168 mg⋅g-1),
D-2 (0.162 mg⋅g-1) and I (0.164 mg⋅g-1), whereas its lowest presence was
noted in juice K (0.013 mg⋅g-1). High content of sodium probably meant
a high share of carrots in the juices, yet the labels did not give any informa-
tion concerning the percentage composition of the product. Carrots contain
82 mg of sodium per 100 g of the raw product (KUNACHOWICZ et al. 1998).

The highest amount of potassium was detected in juice B-3 (1.380 mg⋅g-1),
and its lowest level was observed in juice H (0.398 mg⋅g-1). Little potassium
was also found in juice G-2 (0.408 mg⋅g-1). High content of potassium in
juice B-3 results from a high content of this element in carrots and other
fruit used to produce this juice. According to KUNACHOWICZ et al. (1998) the
content of potassium is 282 mg 100⋅g-1 in carrots and from 118 mg 100⋅g-1

(pears) to 395 mg 100⋅g-1 (bananas) in other fruit. The lowest content of
potassium was noted in juice G-2 made from carrots, apples and bananas.

The highest content of iron was revealed in juice B-1 (4.57 µg⋅g-1), slightly
lower values were determined in juices B-4 (4.50 µg⋅g-1) and D-2 (4.200 µg⋅g-1).
The lowest amount of iron occurred in juices F-2 (0.36 µg⋅g-1) and G-1
(0.82 µg⋅g-1). The content of iron in juices depends on the percentage com-
position of raw materials. Studies by MARZEC et al. (2007) revealed that fruit
juices for infants contained from 0.76 to 2.92 µg of Fe in 1 g. About 10% of
iron is absorbed from an average food ration. The presence of calcium re-
duces the absorption of iron, whereas the presence of copper increases its
absorption (HALLBERG et al. 1993, SZOTOWA et al. 1996, BEARD, TOBIN 2000).
Iron absorption is also stimulated by ascorbate acid (CARPENTER, MAHONEY 1992,
DAVIS et al. 1992). Fruit juice is marketed as a healthy, natural source of
vitamin C. However, vitamin C in fresh fruits has greater bioavailability
than vitamin C added to fortified juices.

Zinc was present most abundantly in juice D-1 (3.85 µg⋅g-1), which re-
sulted from the ingredients: carrots, apples and bananas, which are all rich
in  zinc. The least zinc was found in juice A-4 (1.10 µg⋅g-1), despite the fact
that pumpkin, an ingredient of this juice, contains the largest amount of
zinc, and juice B-3 (1.21 µg⋅g-1). The content of zinc in the authors’ own
studies was higher than that reported by MARZEC et al. (2005), where its
average content in fruit juices was 0.51 µg⋅g-1.
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Following the Polish norm PN-A-75048:1994, the content of zinc as an
element harmful for human health in fruit and vegetable juices for babies
must not exceed 15.0 µg⋅g-1 of the product. Zinc plays an important role in
human growth as it is active in more than 300 enzymes by participating in
their structure and catalytic and regulatory reactions. It is closely related to
bone metabolism and therefore plays a positive role in the growth and de-
velopment (FESTA et al. 1985, BRANDAO-NETO et al. 1995). Zinc insufficiency
may lead to inhibiting the growth in children and to changes in their appe-
tite, taste, smell and body weight loss (BRANDAO-NETO et al. 1995, BLACK et al.
2004).

The largest content of copper was observed in juice I (0.915 µg⋅g-1).
This most probably resulted from a large share of copper in raspberries.
The lowest content of this element was found in juice F-2 (0.090 µg⋅g-1). In
the studies performed by MARZEC et al. (2005) the determined value of cop-
per in fruit juices was on average 0.31 µg⋅g-1. This value was slightly lower
than the results obtained in the authors’ own studies. Little information
could be found in the available references concerning the toxicity of copper
in infants’ organisms, which suggests copper homeostasis in young organ-
isms. Similarly, copper insufficiency is rare and the information in the liter-
ature usually concerns infants fed with cow’s milk for a long time (LONNER-
DAL 2005). According to the Polish norm PN-A-75048:1994, the content of
copper in vegetable and fruit juices for children must not exceed 4.0 µg⋅g-1

of the product.
Most manganese was present in juice B-2 (2.59 µg⋅g-1) and this value

was significantly different from the other results. This was most probably
caused by the presence of wild rose fruit as an ingredient of the juice. The
lowest amounts of manganese were detected in juices K (0.339 µg⋅g-1) and
A-4 (0.370 µg⋅g-1). The studies by MARZEC et al. (2007) revealed the presence
of 0.21-1.80 mg of manganese in 1kg of fruit juice for infants. The symp-
toms of manganese insufficiency are rare as manganese is in large abun-
dance in food products. If it insufficiency occurs, it may lead to disorders of
the growth and development in children (LJUNG, VAHTER 2007).

No specific data could be found in the available bibliography which would
refer to the content of mineral elements in juices for children and their
maximum values of these minerals. It is known that the content of miner-
als should not be higher than the recommended daily nutritional norms.
Food products for infants and young children should be labelled as far as
the content of minerals is concerned. The packaging of the product is sup-
posed to include the information regarding the content of such ingredients
if they amount to no less than 5% of daily intake (SZPONAR, MOJSKA 1996). No
such information was found on any packaging.

The chemical composition of food products for infants and young chil-
dren must be continuously monitored. Many authors (MARZEC, ZARÊBA 2003,
WINIARSKA-MIECZAN, GIL 2007, WINIARSKA-MIECZAN, KWIECIEÑ 2007) have shown
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that foods for special purposes (baby juices and baby foodstuff) are not al-
ways safe in respect of lead level.

WINIARSKA-MIECZAN  and GIL (2007) demonstrated that, unlike juices, con-
venience foods for infants are not very popular in Poland. The authors’ own
survey studies have revealed that more than 90% of parents of young chil-
dren declared a wish to purchase fruit and vegetable juices (WINIARSKA-MIE-
CZAN, KWIECIEÑ 2007). The respondents stated that the most vital characteris-
tic of juices was their nutritional value, and as many as 86% of the
respondents were satisfied with the quality of juices.

CONCLUSION

Juices are an important source of mineral elements in the diet of in-
fants and young children. The most valuable juices are those produced from
fruit and vegetables in the form of purée, since they offer large amounts of
dry mass, which contains fibre, minerals and vitamins. The differences in
the content of particular minerals in juices result primarily from their in-
gredients.

Although juices for infants and young children should not contain any
additives, products with no certificates should be treated with caution as the
presence of prohibited additives, such as calcium ascorbate or calcium chlo-
ride in their composition, cannot be excluded.

REFERENCES

ADAMSKA I., ŒWI¥TEK K., CZERWIONKA-SZAFLARSKA M. 2006. Calcium intake in children with hy-
persensitivity to cows milk protein treated with elimination diet. Pediatr. Wspó³. Ga-
stroenterol. Hepatol. ¯ywienie Dziecka, 8(1): 7-11 (in Polish, English abstract).

AOAC. 1990. Official methods of analysis (15th ed.). Washington, DC, Association of Official
Analytical Chemists.

BEARD J., TOBIN B. 2000. Iron status and exercice. Am. J. Clin. Nutr., 72(suppl.): 594-597.

BLACK M.M., BAQUI A.H., ZAMAN K., PERSSON L.A., EL ARIFEEN S., LE K., MCNARY S.W., PARVEEN M.,
HAMADANI J.D., BLACK R.E. 2004. Iron and zinc supplementation promote motor develop-
ment and exploratory behavior among Bangladeshi infants. Am. J. Clin. Nutr., 80(4):
903-910.

BRANDAO-NETO J., STEFAN V., MENDOCA B.B., BLOISE W., CASTRO A.V. 1995. The essential role of
zinc in growth. Nutr. Res., 15: 335-358.

CARPENTER C.F., MAHONEY A.W. 1992. Contributions of heme and nonheme iron to human
nutrition. Crit. Rev. Food Sci. Nutr., 31: 333-367.

DAVIS C.D., MALECKI E.A., GREGER J.L. 1992. Interaction among dietary manganese, heme
iron, and nonheme iron in women. Am. J. Clin. Nutr., 56: 926-932.

DROBNIK M., LATOUR T. 2006. Physiological importance of mineral components in natural
mineral water according pharmacodynamic investigation of some therapeutic mineral
waters. J. Elementol., 11(3): 259-270 (in Polish, English abstract).



442

FESTA M.D., ANDERSON H.L., DOWDY R.P., ELLERSICK M.R. 1985. Effect of zinc on copper excretion
and retention in men. Am. J. Clin. Nutr., 41: 285-292.

GILLILAND F.D., BERHANE K.T., LI Y.F., GAUDERMAN W.J., MCCONNEL R., PETERS J. 2003. Children’s
lung function and antioxidant vitamin, fruit, juice, and vegetable intake. Am. J. Epide-
miol., 158(6): 576-584.

GILLOOLY M., TORRANCE J.D., BOTHWELL T.H., MACPHAIL A.P., DERMAN D., MILLS W., MAYET F. 1984.
The relative effect of ascorbic acid on iron absorption from soy-based and milk-based
infant formulas. Am. J. Clin. Nutr., 40(3): 522-527.

GUZ J., DZIAMAN T., SZPILA A. 2007. Do antioxidant vitamins influence carcinogenesis?. Post.
Hig. Med. Dosw. (online), 61: 185-198. www.phmd.pl

HALLBERG L., ROSSANDER T., HULTEN L., BRUNE M., GLEERUP A. 1993. Inhibition of hem-iron
absorption in man by calcium. Brit. J. Nutr., 69: 533-540.

KERSTETTER J.E., O’BRIEN K.O., INSOGNA K.L. 2003. Dietary protein, calcium metabolism, and
skeletal homeostasis revisited. Am. J. Clin. Nutr., 78(3 Suppl): 584-592.

KRUCZEK A. 2005. Effect of row fertilization with different kinds of fertilizers on the maize
yield. Acta Sci. Pol., Agric., 4(2): 37-46 (in Polish, English abstract).

KUNACHOWICZ H., NADOLNA I., PRZYGODA B., IWANOW K. 1998. Food composition tables. The Natio-
nal Food and Nutrition Institute’s Works 85, Warsaw (in Polish).

LJUNG K., VAHTER M. 2007. Time to re-evaluate the guideline value for manganese in drin-
king water? Environ. Health Perspect., 115(11): 1533-1538.

LONNERDAL B. 2005. Trace element nutrition of infants - molecular approaches. J. Trace
Elem. Med. Biol., 19: 3-6.

LYNCH S.R., STOLTZFUS J.R. 2003. Iron and ascorbic acid: proposed fortification levels and
recommended iron compounds. J. Nutr., 133: 2978-2984.

MAO L.CH., XU Y.Q., QUE F. 2007. Maintaining the quality of sugarcane juice with blanching
and ascorbic acid. Food Chem., 104(2): 740-745.

MARZEC A., MARZEC Z., ZARÊBA S. 2007. Magnesium, iron and manganese in some ford pro-
ducts designer for nutrition of infants. Pol. J. Environ. Stud., 16(3A): 198-201.

MARZEC A., ZARÊBA S. 2003. A study on heavy metals content in some food products for babies
and children. Bromat. Chem. Toksykol., 36(2): 137-142 (in Polish, English abstract).

MARZEC A., ZARÊBA S. 2005. Copper and zinc in food products for infant and children. Rocz.
PZH, 56(4): 355-360.

SZOTOWA W., WACHNIK Z., WEKER H. 1996. Nutrition of healthy children. PZWL Publishers,
Warsaw (in Polish).

SZPONAR L., MOJSKA H. 1996. Children nutrition and health condition of adult man. Borgis
Publishers, Warsaw (in Polish).

WAINE C. 2001. Vitamin and mineral supplements. Phar. J., 267: 352-354.

WINIARSKA-MIECZAN A., GIL G. 2007. Evaluation of the infant’s exposure to lead and cadmium
in the ready-cooked food. Bromat. Chem. Toksykol., 2: 137-144 (in Polish, English abs-
tract).

WINIARSKA-MIECZAN A., KWIECIEÑ M. 2007. Assessment of infant and preschool children expo-
sure to lead and cadmium content in fruit-vegetable baby juices. Pol. J. Environ. Stud.,
16(3A): 313-316.

ZHU Y., PAN Z., MCHUGH T.H. 2007. Effect of dipping treatments on color stabilization and
texture of apple cubes for infrared dry-blanching process. J. Food Process. Preserv.,
31(5): 632-648.


