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Abstract

The contents of copper, iron, zinc, manganese, calcium, magnesium, sodium and potassium were investigated in fruit-added
yoghurts of seven di�erent ¯avours, belonging to three commercial brands widely distributed on the international market. The
analytical determinations were made by ¯ame atomic absorption spectroscopy. The analyses of variance between ¯avours estab-

lished statistically signi®cant di�erences (P<0.05) for all the minerals analyzed. Di�erences in the mineral content were observed
with the presence of di�erent fruit, and there were notably high concentrations of iron and manganese in the wild berry fruit and
pineapple ¯avours. Conversely, the peach-¯avoured yoghurt had the lowest concentrations of iron, manganese, magnesium, sodium

and potassium. In general, it was seen that the presence of fruit pieces in yoghurt caused an increase in the contents of copper, iron
and manganese. Finally, their contribution to the daily intake was calculated from the mean concentrations of each of the ele-
ments investigated so that one yoghurt (125 g) gave a mean 28.1 mg of copper, 178 mg of iron, 390 mg of zinc, 8.5 mg of manga-

nese, 123 mg of calcium, 11.7 mg of magnesium, 45.7 of sodium and 147 mg of potassium. # 2000 Elsevier Science Ltd. All
rights reserved.

1. Introduction

There are numerous bibliographic references on the
mineral content of milk but few studies on other dairy
products and, to be more speci®c, yoghurt (there is an
increasing number of ¯avours and of yoghurts enriched
with fruit pieces, cereals, jams) which is now widely
consumed both by infant and adult populations.
Yoghurt is a highly important food because of its source
of calcium for those individuals who, for di�erent rea-
sons, do not consume a quantity of milk su�cient to
cover the RDA (NRC, 1989) of calcium. Yoghurt,
especially, shows a high bioavailability of this mineral
(Moreno-Rojas, 1995), which is a su�cient reason for
proposing the analysis of di�erent types of this product.
The aim of this work was to determine the mineral

composition (Cu, Fe, Zn, Mn, Ca, Mg, Na and K) of
the di�erent fruit-added yoghurts from three commer-
cial brands with a wide international distribution and to

verify whether the presence of fruit pieces modi®es the
®nal mineral composition.

2. Material and method

2.1. Samples

Yoghurt samples were taken from four production
batches at three-month intervals including, in each one,
seven di�erent ¯avours with added fruit, from three
internationally known brands (Danone, NestleÂ and
Yoplait), with a total of 44 samples analyzed. The ¯a-
vours were: strawberry (three brands), pineapple (one
brand), peach (one brand), yellow peach (one brand),
red peach (one brand), mixed fruit (one brand) and wild
berry fruit (two brands).

2.2. Treatment of samples

For the analysis of the mineral composition of
yoghurt the dry mineralization method described by
Moreno Rojas, Amaro LoÂ pez and Zurera Cosano (1994)
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was used. Fifty g of yoghurt was weighed into porcelain
crucibles, previously damaged, and dried in a furnace at
100�C to a constant weight, from which (and the initial
fresh weight) the moisture content was calculated. Once
dried, the samples were incinerated in a mu�e furnace
at 460�C for 15 h. The ash was bleached after cooling by
adding 2 ml of 2 N nitric acid, drying on thermostatic
hotplates and maintaining in a mu�e microwave oven
at 460�C for 1 h. Ash recovery was performed with 5 ml
of 2 N (suprapur) nitric acid, gauging to 25 ml with 0.1
N nitric acid.
The determinations were carried out by ¯ame atomic

absorption spectroscopy, except for sodium and potas-
sium which were analyzed by ¯ame atomic emission.
For the determination of sodium and potassium, it
was necessary to dilute the samples 1/100, and, in the
case of calcium and magnesium, lanthanum chloride
(LaCl3.7H2O) was added to make up a ®nal concentra-
tion of 0.27% of the sample, in order to prevent anionic
interferences, which might modify the result of the
determinations.

2.3. Optimization of the analysis procedure

The optimization of the analysis procedure was per-
formed with four parameters: sensitivity, concentration
limits, precision and accuracy. The sensitivity, de®ned
as the concentration required of an element (in mg/l) to
produce a 1% absorption signal, comparable to a read-
ing of 0.0044 absorption units, is expressed in Table 1.
This table also shows the concentration limit calculated,
based on criteria established by Long and Winefordner
(1983) and the Analytical Methods Committee (1987),
who de®ne it as the smallest absorption signal, expres-
sed as zero concentration, which can be distinguished,
with a known probability, from a blank sample ana-
lyzed under the same conditions.
Precision was de®ned as the degree of variability given

by the expression of results, not taking into account the
in¯uence of the sample (sample variability). Baucells,
Lacort, Roura, BarberaÂ and FarreÂ (1988) use the varia-
tion coe�cient of a homogeneous group of samples as

an indicator of the precision. To calculate the precision
by this method, Baldini, Bocca and Mosca (1988) indi-
cate, as being optimal, the analysis of 10 samples. In our
case, homogeneous samples of powdered milk were used
and the variation coe�cients obtained are shown in
Table 1.
In order to check the accuracy of the method in the

determination of Cu, Fe, Zn, Mn,Ca, Mg, Na, K and P,
®ve samples of non-fat milk powder, supplied by the
National Institute of Standards and Technology (NIST-
1549), were analyzed. The recovery percentages are
shown in Table 1 and, from the results obtained, it can be
seen that the recovery value means of all the mineral ele-
ments considered are found to be within the interval of
con®dence (P<0.05) calculated for the value certi®ed.

2.4. Statistical analysis

Data obtained from the chemical analysis of the
samples were evaluated statistically using a variance
analysis with a Tukey honest test (SAS, 1989).

3. Results and discussion

Table 2 shows the mean concentrations (mg/kg in
fresh weight) and standard deviation of copper, iron,
zinc, manganese, calcium, magnesium, sodium and
potassium. Analyses of variance were carried out
between ¯avours, establishing statistically signi®cant
di�erences (P<0.001) for zinc, manganese, iron, cal-
cium and magnesium with the lowest signi®cance level
(P<0.01) for sodium and potassium and (P<0.05) for
copper. When it was veri®ed that there were statistically
signi®cant di�erences (P<0.05), the Tukey HSD means
homogeneity a posteriori test (P<0.05) was applied for
the formation of homogeneous groups between ¯a-
vours.
The Tukey HSD test (P<0.05) for the copper con-

tent, per ¯avour, showed statistically signi®cant di�er-
ences between the extreme values, i.e. between the
strawberry and the pineapple yoghurt. According to the

Table 1

Quanti®cation limits, precision, method sensitivity and accuracy values, taken from certi®ed reference materials

C.L. Precision Sensitivity Certi®ed reference material (mg kg-1)1

Element (mg kgÿ1) (%) (mg lÿ1 ) NIST 1549 Found % Rec. I.C. (95%)

Cu 0.008 2.6 0.133 0.70�0.10 0.68�0.04 97 0.60±0.76

Fe 0.058 3.2 0.177 1.80�0.10 1.80�0.07 101 1.66±1.94

Zn 0.083 1.0 0.354 46.1�2.20 46.2�0.80 100 44.7±47.8

Mn 0.007 4.3 0.031 0.26�0.06 0.26�0.02 98 0.21±0.30

Ca 10.5 2.0 0.721 13,000�500 13,260�290 102 12,700±13,800

Mg 0.577 1.2 0.041 1200�30 1217�39 101 1140±1300

Na 0.355 1.1 1.90 4970�100 5174�145 104 4900±5460

K 0.148 2.0 2.55 16,900�300 16,275�414 96 15,460±17,100
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literature consulted, copper content in natural yoghurt
may be 0.12 mg/kg (Wong, LaCroix & Alford, 1978),
0.11 mg/kg (Comas Font, FarreÂ Rovira, Miguel CarboÂ
& De la Torre Boronat, 1980), 0.095 mg/kg (Varo,
Nuurtamo, Saari & Koivistoinen, 1980), 0.18 mg/kg
(Moreno-Rojas, CanÄ al Ruiz, Amaro LoÂ pez & Zurera
Cosano, 1993), 0.04 mg/kg (Buttriss, 1997) and 0.17 mg/
kg (GarcõÂ a MartõÂ nez, SaÂ nchez Segarra, Gordillo Otero,
Amaro LoÂ pez & Moreno-Rojas, 1998). In this study the
copper concentrations in the fruit-added yoghurt were,
in all ¯avours, higher than those found in the literature.
This was logical if it is taken into account that the cop-
per content in fruit is higher than that of milk (Souci,
Fachmann & Kraut,1994) so that the addition of fruit in
the making of the yoghurt would indicate an increase in
the ®nal content of copper.
In the case of iron, the Tukey test established the

formation of two homogeneous groups, one formed by
the wild berry fruit ¯avour with the highest content of
iron, and another comprising the rest of the ¯avours.
The high concentrations in the wild berry fruit ¯avour
were due to the addition of pieces of raspberry and
blackberry, these being the fruit with the highest iron
content among all the fruit used in the making of these
yoghurts (McCance & Widdowson, 1993; Souci et al.,
1994). In the literature consulted, it was found that iron
levels in natural yoghurt are 0.4 mg/kg (Pennington &
Young, 1990), 0.47 mg/kg (Moreno-Rojas et al., 1993)
and 0.5 mg/kg (GarcõÂ a Martinez et al., 1998) and
yoghurt is considered as falling short, as a food, because
of its low contribution of iron to the diet (Schneider,
1994). The addition of fruit pieces, especially raspberry,
blackberry and strawberry (McCance & Widdowson;
Souci et al.), causes an increase in the concentrations of
the above mineral. In all the ¯avours, a positive in¯u-
ence of the presence of fruit pieces in the ®nal iron con-
tent in the yoghurt was proven.
The HSD Tukey test (P<0.05) for zinc revealed sta-

tistically signi®cant di�erences between the yoghurt
with pieces of peach (normal, yellow and red) with
respect to those containing pieces of pineapple and
mixed fruit . This might be because the peach has low
concentrations of this mineral (Mataix VerduÂ , 1993). It

should be pointed out that the zinc levels in natural
yoghurt are 3.85±5.24 mg/kg (Comas Font et al., 1980),
5.5 mg/kg (Varo et al., 1980) 4.6 mg/kg (Moreno-Rojas
et al., 1993), 7 mg/kg (Buttriss, 1997) and 3.5 mg/kg
(GarcõÂ a-Martinez et al., 1998). These values are slightly
higher than those found in our study and this could be
explained by the diluting e�ect of the addition of fruit
pieces on the ®nal mineral composition of the yoghurt.
With regard to manganese, a similarity can be noted

between the three types of yoghurt with peach (normal,
red and yellow), which is the group with the lowest
concentrations, while the yoghurts with wild berry fruit,
mixed fruit and strawberry form a second group, with
intermediate concentrations, and ®nally the pineapple
yoghurts comprise another group with higher manga-
nese concentrations. In the references consulted, the
manganese concentration in natural yoghurt is reported
as 0.041 mg/kg (Wong et al., 1978), 0.030 mg/kg (Pen-
nington & Young, 1990), 0.061 mg/kg (Moreno-Rojas
et al., 1993) and 0.039 mg/kg (GarcõÂ a-Martinez et al.,
1998) and it is considered as a food with a poor man-
ganese content. The addition of pieces of strawberry,
mixed fruit or wild berry fruit increases the manganese
content between 10- and 20-fold and the addition of
pineapple pieces between 40- and 80-fold in the ®nal
composition of the yoghurt. Thus, the addition of fruit
pieces to yoghurt increases the manganese content
although the great variability between ¯avours should
be noted. The data on fruit collected in the literature
con®rm these results, indicating a high content of man-
ganese in fruit such as the blackberry±raspberry (wild
berry fruit) and pineapple (McCance & Widdowson,
1993; Souci et al., 1994; Tingii, Reilly & Patterson,
1997).
The HSD Tukey test (P<0.05) result for calcium was

highly complex since the concentrations in all the ¯a-
vours were fairly similar, excepting the three types of
yoghurt with peach pieces which showed the lowest
concentrations of the above element. The calcium con-
centrations in natural yoghurt are 1525 mg/kg (Wong et
al., 1978), 1355 mg/kg (Moreno-Rojas et al., 1993), 2000
mg/kg (Buttriss, 1997) and 1112 mg/kg (GarcõÂ a-Martinez
et al., 1998). These data are slightly higher than those

Table 2

Concentrations (mean�S.S.) of metal elements (mg/kg fresh weight) in fruit-added yoghurts

Flavours Cu Fe Zn Mn Ca Mg Na K

Strawberry 0.18�0.049 1.18�0.28 3.2�0.19 0.632�0.064 990�62 94�4 385�29 1191�178
Wild berry fruit 0.27�0.054 3.46�1.87 3.2�0.30 0.887�0.309 1009�72 101�5 356�25 1209�91
Mixed fruit 0.22�0.004 1.06�0.06 3.5�0.10 0.793�0.141 1047�15 105�3 392�21 1337�29
Peach 0.21�0.090 0.45�0.01 2.8�0.09 0.082�0.006 917�19 82�4 303�4 921�19
Yellow peach 0.22�0.073 0.86�0.20 2.8�0.18 0.071�0.007 881�24 84�2 385�17 1119�69
Red peach 0.20�0.055 0.62�0.11 2.9�0.08 0.044�0.005 964�25 86�3 354�17 1135�57
Pineapple 0.32�0.024 0.78�0.08 3.4�0.10 2.209�0.187 1056�31 97�1 357�28 1285�12
Total 0.23�0.072 1.42�1.35 3.1�0.29 0.687�0.619 985�71 94�8 366�35 1179�152
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found in this study. The addition of any other ingre-
dient to yoghurt therefore causes a diminution of the
concentration of this mineral.
With regard to magnesium, the Tukey HSD (P<0.05)

again showed that the peach-added yoghurts formed an
independent group with lower concentrations (Souci et
al., 1994) than the rest of the yoghurts. Magnesium
concentrations in natural yoghurt are 131 mg/kg (Mor-
eno-Rojas et al., 1993), 80 mg/kg (Buttriss, 1997) and
103 mg/kg (GarcõÂ a-Martinez et al., 1998). These data
are similar to those found in our study.
The Tukey HSD test (P<0.05) for sodium indicated

that all ¯avours formed a single group, except for peach
which stood out as being the ¯avour with the lowest
content of this mineral, as well as showing the lowest
concentrations of iron, magnesium and potassium.
Sodium concentrations in natural yoghurt are 311 mg/
kg (Wong et al., 1978), 480 mg/kg (Souci et al., 1981)
and 374 mg/kg (GarcõÂ a Martinez et al., 1998). These
data are similar to those found in our study.
In the case of potassium, the Tukey HSD test

(P<0.05) showed that all the yoghurts, except for nor-
mal peach, formed a single group, although the
yoghurts containing red and yellow peach, also included
in the single group, belonged to the normal peach group
as well. The potassium concentrations in natural
yoghurt are 2174 mg/kg (Wong et al., 1978), 1843 mg/
kg (Moreno-Rojas et al., 1993) and 1297 mg/kg (Gar-
cõÂ a-Martinez et al., 1998), these data being slightly
higher than those found in our investigation. On
reviewing the potassium content in fruit (McCance &
Widdowson, 1993; Souci et al., 1994) and comparing it
with the results obtained, it can be concluded that the
addition of fruit pieces confers a dilution phenomenon
of this element in the yoghurt as has already been
observed in the case of zinc and calcium.

3.1. Nutritional assessment

In order to determine the nutritional value of fruit-
added yoghurt in terms of its mineral composition, two
types of studies were made; on the one hand, the per-
centage of the recommended daily amount that the
consumption of one yoghurt covered for each of the

mineral elements (RDA) (NRC, 1989) was calculated,
and on the other, the nutrient density was calculated
(Renner, Schaafsma & Scott, 1989). Prior to this nutri-
tional valuation, the mineral contributions to the daily
intake of the consumption of this type of yoghurt in the
Spanish diet were found.
The daily contribution to dietary intake was calcu-

lated from the mean concentration of each of the ele-
ments investigated and, based on the consumer data on
yoghurt in Spain, which were 15.6 g/day (INE, 1985)
and 22.6 g/day (MAPA, 1992). Since the daily con-
sumption data of the di�erent fruit-added yoghurts
were not found in the references consulted and, taking
into account that yoghurt is a food that is usually con-
sumed in units packed individually (�125 g), it was
decided to indicate the nutritional contribution in terms
of the consumption of one yoghurt (Table 3).
The RDA percentages were calculated on the basis of

the ``Recommended Dietary Allowances'' established by
the National Research Council for an adult male whose
calorie consumption is 2.900 kcal/day. The nutrient
density values (Renner et al., 1989) were calculated fol-
lowing the same formula:

D:N: %� � � Np=Ep

Nr=Er
�100 �1�

where Np is the nutrient concentration (mineral
element) studied in the food, Ep, the energy supplied by
the food (yoghurt), Nr the recommended amount of the
nutrient to be ingested daily and Er the daily energy
recommended (NRC, 1989), in the terms previously
indicated. These are expressed as percentages and values
of close to 100% are considered to be adequate.
From the values in Table 3, it is veri®ed, both by the

RDA percentage and by the nutrient density values,
that yoghurt constitutes a good source of calcium and,
to a lesser extent, of sodium and potassium, whilst for
the rest of the minerals it is a relatively poor source. If
the modi®cations proposed for nutritional labelling
regulation (Porter, Earl & Erdman, 1991) are taken into
account, whole yoghurt with fruit pieces can be
considered as being ``a good source of calcium'' and as a
food ``containing sodium, potassium, magnesium, zinc

Table 3

Mean daily intake (mg/day), percentage of contribution to the recommended daily allowance (RDA) and nutrient density for the minerals investi-

gated

Cu Fe Mn Zn Ca Mg Na K

Mean daily intakea 3±5 22±32 0.68±1.5 45±70 15.1±21.2 1343±2117 5535±8266 17 725±26 637

Mean daily intakeb 28.1 178.1 8.5 390 123 11.714 45.720 147.331

% RDAb 1.4 1.78 2.01 2.6 12.8 3.34 9.14 7.4

% D.N. 36.7 46.9 84.3 68 401.2 87.2 237 191

a Calculated from data of the INE (1985) and MAPA (1992).
b Calculated on the basis of the ingestion of one yoghurt (�125 g).
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and magnesium''. Conversely, it should be considered as
a mediocre food on the basis of its contribution of iron
and copper, although the concentrations of these
minerals considerably increased with the addition of
fruit pieces. This way of rating a food is done on the
basis of the RDA percentage ful®lled so that a foodstu�
is rated as being ``a very good source of''.. when the
nutrient is over 20% of the corresponding RDA, the
rating of ``a good source of ...'' is when it is 11 to 20%
of the RDA, and ``contains...'' refers to when the nutri-
ent is between 2 and 10% of the RDA.
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