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Food matrix and cooking process affect mineral
bioaccessibility of enteral nutrition formulas
Marı́a Gimena Galána,b∗ and Silvina Rosa Dragoa,b

Abstract

BACKGROUND: When enteral formulas (EF) are administered orally as a supplement to the normal diet, they are often mixed
with conventional foods or included in recipes in order to seek new flavors and textures and avoid monotony. The aims of this
work were to study the bioaccessibility of Fe, Zn and Ca from commercial EF and the impact upon their incorporation into sweet
preparations. Twenty commercial EF, before and after inclusion in sweet food (rice pudding, RP; banana smoothie, BS; tea, T;
chocolate dessert, CD) were evaluated regarding Fe, Zn and Ca dialyzability (%DFe, %DZn, %DCa) as an estimator of mineral
bioaccessibility.

RESULTS: Fe, Zn and Ca dialyzability from EF was variable and generally low. Heating during EF–sweet food preparation (T and
CD) lowered values to 44.1 %DFe, possibly due to degradation of vitamin C, and 52.7 %DZn and 25.3 %DCa, due to the interaction
with food components.

CONCLUSION: EF and EF–sweet foods did not represent a good supply of Fe, Zn and Ca as recommended. This study
demonstrated how the bioaccessibility of these minerals is affected by the food matrix in which EF is included as well as heating
during food preparation.
c© 2013 Society of Chemical Industry
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INTRODUCTION
Enteral nutrition is a widely used technique for patients at
nutritional risk and is a good alternative to parenteral nutrition for
patients with functional digestive tract.1 Nowadays, there is much
evidence of the benefits of this practice.2

Enteral formulas (EF) are complex food systems which have
all the necessary nutrients in their matrix for complete human
nourishment. However, there are components in EF which can
interact with minerals, reducing their absorption and therefore EF
nutritional quality.3

Minerals are essential nutrients involved in more than 100
enzymatic reactions, which perform functions in macronutrient
synthesis and physiological processes in the human organism.
Mineral absorption depends not only on mineral content and
the chemical form in a particular food, but also on other food
components, individual physiological factors and interactions
among elements.4 Consequently, to estimate the supply of a trace
element from the diet it is not sufficient to determine only its total
content, but also to know how much is absorbed and used, i.e.
what is known as bioavailability.5

Factors that influence the bioavailability of trace elements can
be classified into two major groups: intrinsic or physiological, and
extrinsic or dietary factors.6 The physiological factors are complex.
Among them can be mentioned the species, age, potential
characteristics and genetic abnormalities, physiological and
nutritional status (pregnancy and lactation), possible pathological
conditions, intestinal flora, the pH of gastric and intestinal juices
and, especially, the adaptability of the individual to variations in
the nutrient supply, which affect the bioavailability of minerals

for absorption and metabolism. Dietary factors include: amounts
of the trace element in the diet or food, the chemical form and
properties, physical properties (solubility, adsorption capacity
on inert components of the food), capacity to react with other
components of the food matrix or drug, biochemical properties
and the ability to compete with other elements for organism active
sites.4 In this regard, the food matrix may contain substances
which act as promoters or inhibitors of absorption. Phytates and
polyphenols are potent inhibitors of Fe, Zn and Ca absorption.7

Dialyzability is an in vitro technique that can be used as an
estimator of potential availability or bioaccessibility of a particular
mineral. It is the ratio of an element that diffuses through a
semipermeable membrane during simulated gastrointestinal
digestion, after a period to allow equilibrium.8 Although no in vitro
method can reproduce the physiological conditions prevailing
in in vivo studies, Fe dialyzability showed similar results to those
obtained in human studies.9 Even though it was only validated
for iron, it was also used to measure the availability of other
minerals such as Zn, Ca, Mg and Cu. Kennefick and Cashman10

found that dialyzability can be a useful screening method for
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assessing the effect of dietary factors such as phytate, oxalate,
fiber and caseino-phospholipid lactose on calcium absorption,
since it shows good correlation with the results of in vivo studies.

EF are sometimes used in prolonged treatment, which can take
several months or even years. When they are administered orally
as a supplement to the normal diet, they are often mixed with
conventional foods or included in recipes in order to seek new
flavors and textures and avoid monotony. However, there are no
studies that analyze mineral bioaccessibility of EF when they are
included in food matrices or undergo cooking processes. For the
above mentioned, this paper aims to study the bioaccessibility
of Fe, Zn and Ca from commercial EF and the impact upon their
incorporation into sweet preparations.

MATERIALS AND METHODS
Reagents and materials
Raw materials
Distilled water was purified using an Easy Pure II RF System
(Barnstead International, IA, USA), and this purified water was used
for preparing all the solutions. AAS Titrisol standards containing
1000 mg Fe, Zn and Ca were used to prepare single-element stock
standard solutions. PIPES (piperazine-N,N′-bis[2-ethanesulfonic
acid] disodium salt) buffer, digestive enzymes and bile salts
were purchased from Sigma Chemical Co. (St Louis, MO, USA).
These reagents were used to prepare simulated gastric and
intestinal juices. Spectra/Pore dialysis tubing (cut-off 6000–8000)
was purchased from Fischer Scientific (Fairlawn, NJ, USA). All
other chemicals were reagent grade. All glass materials and
polyethylene bottles were washed with distilled and deionized
water, kept for 24 h in 5 mol L−1 nitric acid, and again washed with
distilled–deionized water before use.

Reagents
EF were purchased from the market. Brands correspond entirely
to international companies, both European and American.

A total of 20 EF were analyzed. EF included 12 powder form (EFP,
numbered from 1 to 12) and eight fluid form (EFL, numbered from
13 to 20). EFP were reconstituted according to label instructions.
All EF were isocaloric and isoproteic.

The samples of EF declared ferrous sulfate and zinc sulfate as
iron and zinc fortification sources. One exception was EFP3, where
the iron source was ferric pyrophosphate. Calcium sources varied
according to the different formulations, and a mixture of different
calcium salts was used in some formulas.

Procedures
EF–sweet food preparation
EF were included in desserts (rice pudding, chocolate dessert) or
drinks (tea and banana smoothie), commonly consumed in our
region, using the following recipes:

• Rice pudding (RP): 40 g white rice was cooked for 20 min, drained
and allowed to cool. Then, 100 mL EFL or reconstituted EFP,
40 g white sugar, 5 drops of vanilla extract and 3 g powdered
cinnamon were added.

• Chocolate dessert (CD): 250 mL reconstituted powder milk and
50 g chocolate dessert powder were mixed and heated. When
this mixture boiled, it was removed from the heat and 55 g EFP
were added slowly. It was then allowed to cool at 4 ◦C for 2 h. In
the case of fluid formulas, 250 mL EFL was added to 32.5 g milk

powder and 50 g chocolate dessert powder. The mixture was
cooked until boiling and cooled in the same way.

• Tea (T): 200 mL water was boiled and 50 g of EFP was added. A
black tea bag (3 g) and 40 g white sugar were added, mixed and
allowed to stand for 30 min. The tea bag was then removed.
In the case of EFL, 200 mL boiled formula was used and the
preparation proceeded in the same way as described for EFP.

• Banana smoothie (BS): 200 mL reconstituted EFP or EFL, 70 g ripe
banana and 20 g sugar were blended for 3 min using a blender.

These EF–sweet foods were divided into two categories: those
which were heated by cooking (H), i.e. CD and T, and those which
were not heated (NH), i.e. RP and BS.

Total concentration of minerals
To determine the concentration of minerals a an appropriate
amount of weighed sample was carbonized and heated at 550 ◦C
for 4 h. The ashes were lifted with 10 mL of 1.2 mol L−1 HCl. The
content of Fe, Ca and Zn was then measured using a single-
beam flame atomic absorption spectrophotometer (Analyst 300,
PerkinElmer, Norwalk, CT, USA).

Sample solutions were analyzed versus standard solutions with
concentrations of 1.0–8.0 mg L−1 (Ca and Fe) and 0.4–1.4 mg L−1

(Zn) and suitable procedural reagent blanks. Precision, expressed
as relative standard deviation (RSD) for repeated measurements
of standard used for the calibration, was better than 5% (Ca, Zn)
and 10% (Fe).

Determination of bioaccessibility and potential supply of Fe, Zn and
Ca
A modification of the widespread in vitro Miller et al.11 method,
according to Drago et al.,12 was followed. Aliquots (25 g) of
homogenized samples were adjusted to pH 2.0 with 6 mol L−1

HCl and, after addition of 0.8 mL pepsin digestion mixture (16 g
100 mL−1 pepsin, solution in 0.1 mol L−1 HCl), were incubated at
37 ◦C for 2 h in a shaking water bath. At the end of pepsin digestion,
dialysis bags containing 20 mL of 0.19 mol L−1 PIPES buffer were
placed in each flask and were incubated for 50 min in a shaking
water bath at 37 ◦C. Pancreatin–bile mixture (6.25 mL of 2.5 g
100 mL−1 bile, 0.4 g 100 mL−1 pancreatin, solution in 0.1 mol L−1

NaHCO3) was then added to each flask and the incubation
continued for another 2 h. Bag contents were then weighed
and analyzed for mineral content by flame atomic absorption
spectrophotometry. Mineral dialyzability was calculated from the
amount of each dialyzed mineral expressed as a percentage (%D)
of the total amount present in each sample:

%D = [
D/ (W × M)

] × 100

where D is the total amount of dialyzed mineral (µg), W is the
weight of sample (g) and M is the concentration of each mineral in
the sample (µg g−1).

Potential mineral supply (PS) was calculated considering a 200 g
serving, using the following formula:

PS = M×%D × g serving

Statistical analysis
All analyses were performed in triplicate. Analysis of variance
(ANOVA) was carried out using the software Statgraphics Plus 5.1,
and the statistical differences among samples were determined
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Table 1. Dialyzability of Fe (%DFe), Zn (%DZn) and Ca (%DCa) from enteral formulas and EF–sweet foods

Sample %DFe %DZn %DCa Sample %DFe %DZn %DCa

EF1 4.67 ± 0.22c 6.68 ± 0.23d 5.22 ± 0.29a EF11 4.58 ± 2.66c 1.67 ± 2.93b 13.17 ± 7.46d

EF1 + T 2.48 ± 0.13b 4.65 ± 0.17c 8.21 ± 0.20b EF11 + T 1.24 ± 0.03b 0.18 ± 0.00a 9.22 ± 0.28c

EF1 + CD 2.67 ± 0.01b 1.20 ± 0.01a 10.00 ± 0.55c EF11 + CD 0.55 ± 0.03a 2.70 ± 0.11c 6.48 ± 0.24a

EF1 + RP 0.93 ± 0.05a 1.55 ± 0.01b 5.83 ± 0.23a EF11 + RP 5.94 ± 0.03d 1.61 ± 0.07b 7.78 ± 0.37b

EF1 + BS 4.58 ± 0.11c 4.68 ± 0.23c 20.37 ± 0.90d EF11 + BS 6.74 ± 0.36e 7.83 ± 0.44d 18.10 ± 0.73e

EF2 2.06 ± 0.31b 6.22 ± 0.27c 4.21 ± 0.23a EF12 3.28 ± 0.18b,c 7.29 ± 0.29c 16.50 ± 0.59c

EF2 + T 1.18 ± 0.02a 1.56 ± 0.08a 8.68 ± 0.35c EF12 + T 0.63 ± 0.04a 0.15 ± 0.01a 8.39 ± 0.33b

EF2 + CD 1.98 ± 0.01b 1.36 ± 0.07a 4.44 ± 0.17a EF12 + CD 0.46 ± 0.02a 1.58 ± 0.03b 4.67 ± 0.11a

EF2 + RP 0.75 ± 0.04a 2.29 ± 0.08b 7.12 ± 0.02b EF12 + RP 3.06 ± 0.16b 0.90 ± 0.04a,b 7.69 ± 0.34b

EF2 + BS 3.41 ± 0.01c 10.84 ± 0.01d 10.02 ± 0.29d EF12 + BS 3.52 ± 0.17c 16.13 ± 0.59d 17.03 ± 0.84c

EF3 1.70 ± 0.08b 3.50 ± 0.21d 5.13 ± 0.19b EF13 1.42 ± 0.09b 0.52 ± 0.02a 11.89 ± 0.59b

EF3 + T 1.80 ± 0.02b 2.10 ± 0.10c 9.87 ± 0.19d EF13 + T 0.86 ± 0.01a 5.15 ± 0.30e 12.39 ± 0.05b

EF3 + CD 0.75 ± 0.01a 0.67 ± 0.01a 3.73 ± 0.17a EF13 + CD 1.44 ± 0.07b 1.43 ± 0.07c 5.92 ± 0.20a

EF3 + RP 2.50 ± 0.02c 2.09 ± 0.11c 7.48 ± 0.29c EF13 + RP 8.93 ± 0.27d 2.19 ± 0.11d 27.06 ± 0.72d

EF3 + BS 3.10 ± 0.03d 1.36 ± 0.03b 12.08 ± 0.66e EF13 + BS 5.40 ± 0.26c 0.95 ± 0.03b 14.62 ± 0.46c

EF4 2.41 ± 0.09d 12.00 ± 0.77d 4.81 ± 0.04b EF14 2.28 ± 0.16b 7.10 ± 0.31d 10.49 ± 0.25b

EF4 + T 0.63 ± 0.02a 0.83 ± 0.03a 7.93 ± 0.41c EF14 + T 2.28 ± 0.06b 2.69 ± 0.09b 9.23 ± 0.13b

EF4 + CD 0.66 ± 0.04a 0.52 ± 0.02a 2.57 ± 0.11a EF14 + CD 0.97 ± 0.05a 1.08 ± 0.03a 4.44 ± 0.08a

EF4 + RP 1.16 ± 0.00b 2.31 ± 0.11b 5.32 ± 0.04b EF14 + RP 8.90 ± 0.39d 3.87 ± 0.15c 23.82 ± 0.97d

EF4 + BS 2.19 ± 0.01c 7.94 ± 0.40c 8.59 ± 0.20d EF14 + BS 3.82 ± 0.05c 2.64 ± 0.05b 18.40 ± 0.89c

EF5 1.65 ± 0.11b 5.93 ± 0.29d 14.45 ± 0.60d EF15 1.22 ± 0.05a 5.13 ± 0.02e 3.82 ± 0.17a

EF5 + T 1,44 ± 0.01a,b 1.95 ± 0.05b 12.42 ± 0.30c EF15 + T 1.41 ± 0.07a 1.79 ± 0.08b 8.78 ± 0.15c

EF5 + CD 1.27 ± 0.03a 0.80 ± 0.02a 5.59 ± 0.19a EF15 + CD 1.37 ± 0.06a 1.93 ± 0.05c 6.03 ± 0.21b

EF5 + RP 4.82 ± 0.21d 2.36 ± 0.10c 10.83 ± 0.45b EF15 + RP 6.04 ± 0.19c 2.91 ± 0.10d 28.44 ± 0.92e

EF5 + BS 3.89 ± 0.19c 14.35 ± 0.23e 15.01 ± 0.88d EF15 + BS 2.92 ± 0.10b 0.39 ± 0.00a 16.28 ± 0.32d

EF6 1.07 ± 0.06a 2.18 ± 0.11b 11.30 ± 0.04d EF16 1.28 ± 0.07a 3.02 ± 0.17b 9.36 ± 0.28b

EF6 + T 1.31 ± 0.02a 1.34 ± 0.07b 6.88 ± 0.27c EF16 + T 3.25 ± 0.15b 3.19 ± 0.12b 9.81 ± 0.19b

EF6 + CD 1.18 ± 0.07a 0.47 ± 0.02a 6.18 ± 0.16b EF16 + CD 1.06 ± 0.05a 0.83 ± 0.01a 4.29 ± 0.06a

EF6 + RP 5.34 ± 0.31b 1.64 ± 0.08a,b 5.44 ± 0.19a EF16 + RP 4.53 ± 0.14c 5.98 ± 0.26c 29.85 ± 0.76d

EF6 + BS 5.77 ± 0.19c 14.85 ± 0.68c 11.00 ± 0.59d EF16 + BS 4.44 ± 0.21c 0.81 ± 0.00a 15.48 ± 0.68c

EF7 2.89 ± 0.09c 10.31 ± 0.60d 15.12 ± 0.44c EF17 1.58 ± 0.10a 5.01 ± 0.02d 18.09 ± 0.43d

EF7 + T 1.88 ± 0.11b 7.29 ± 0.26c 15.84 ± 0.15c EF17 + T 1.35 ± 0.03a 4.13 ± 0.16c 11.15 ± 0.49b

EF7 + CD 1.43 ± 0.03a 0.77 ± 0.03a 5.60 ± 0.32a EF17 + CD 1.54 ± 0.02a 1.61 ± 0.02a 6.28 ± 0.28a

EF7 + RP 6.04 ± 0.09e 1.71 ± 0.05b 9.60 ± 0.33b EF17 + RP 10.24 ± 0.26c 7.29 ± 0.33e 19.46 ± 0.87e

EF7 + BS 4.60 ± 0.14d 10.37 ± 0.26d 16.86 ± 0.44d EF17 + BS 4.03 ± 0.23b 3.39 ± 0.12b 15.60 ± 0.77c

EF8 0.36 ± 0.02a 0.22 ± 0.01b 5.76 ± 0.29c EF18 2.44 ± 0.09c 6.19 ± 0.32c 14.07 ± 0.39d

EF8 + T 0.24 ± 0.01a 0.15 ± 0.01a 3.38 ± 0.18b EF18 + T 1.96 ± 0.02b 6.88 ± 0.32d 11.36 ± 0.21c

EF8 + CD 0.89 ± 0.02b 0.35 ± 0.02c 2.58 ± 0.12a EF18 + CD 1.09 ± 0.03a 1.08 ± 0.05a 4.97 ± 0.09a

EF8 + RP 1.54 ± 0.05c 0.64 ± 0.03d 6.24 ± 0.31c EF18 + RP 10.27 ± 0.44d 6.09 ± 0.37c 20.15 ± 0.93e

EF8 + BS 6.77 ± 0.09d 1.35 ± 0.07e 7.69 ± 0.32d EF18 + BS 5.24 ± 0.21e 5.17 ± 0.16b 9.51 ± 0.42b

EF9 5.48 ± 0.28b 4.38 ± 0.21d 8.67 ± 0.33d EF19 1.19 ± 2.50a 1.07 ± 2.83a 6.17 ± 7.20a

EF9 + T 1.06 ± 0.04a 3.52 ± 0.18c 7.80 ± 0.03c EF19 + T 1.10 ± 0.042a 1.53 ± 0.06b 6.25 ± 0.29a

EF9 + CD 0.97 ± 0.03a 2.47 ± 0.04b 4.64 ± 0.28b EF19 + CD 1.50 ± 0.04b 1.57 ± 0.06b 6.20 ± 0.30a

EF9 + RP 6.82 ± 0.10c 1.49 ± 0.06a 3.21 ± 0.14a EF19 + RP 5.35 ± 0.13c 7.94 ± 0.35d 26.43 ± 0.28c

EF9 + BS 6.33 ± 0.36c 4.43 ± 0.20d 11.73 ± 0.46e EF19 + BS 9.58 ± 0.22d 5.62 ± 0.21c 13.83 ± 0.66b

EF10 3.84 ± 0.26d 2.51 ± 0.12 b 4.77 ± 0.23b EF20 2.18 ± 0.12c 5.75 ± 0.30b 7.22 ± 0.27b

EF10 + T 1.25 ± 0.07b 3.23 ± 0.18 c 10.06 ± 0.02c EF20 + T 1.83 ± 0.02b 9.26 ± 0.22d 8.71 ± 0.19c

EF10 + CD 0.65 ± 0.01a 3.14 ± 0.12 c 3.71 ± 0.18a EF20 + CD 1.09 ± 0.02a 1.77 ± 0.02a 4.25 ± 0.23a

EF10 + RP 3.32 ± 0.10c 0.89 ± 0.05 a 4.09 ± 0.08a EF20 + RP 8.54 ± 0.27e 8.36 ± 0.39c 19.69 ± 0.65d

EF10 + BS 4.44 ± 0.13e 11.54 ± 0.54d 10.58 ± 0.35d EF20 + BS 7.80 ± 0.14d 1.51 ± 0.06a 33.20 ± 0.59e

Means ± SD. Different letters in each column indicate significant differences (P < 0.05). EF, enteral formula; EF + T, enteral formula included in tea;
EF + CD, enteral formula included in chocolate dessert; EF + RP, enteral formula included in rice pudding; EF + BS, enteral formula included in banana
smoothie.
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Table 2. Multifactor ANOVA for the effect of food matrix on mineral
dialyzability from enteral formulas and EF–sweet foods

Factor

Food matrix %DFe %DZn %DCa

EF 2.38 ± 1.36b 4.80 ± 3.10c 9.50 ± 4.60b

EF + T 1.49 ± 0.71a 3.10 ± 2.49b 9.11 ± 2.53b

EF + CD 1.19 ± 0.46a 1.36 ± 0.73a 5.16 ± 1.66a

EF + RP 5.05 ± 3.04c 3,29 ± 2.43b 14.41 ± 9.36c

EF + BS 4.98 ± 1.81c 6.14 ± 4.91d 14.88 ± 5.54c

Means ± SD. Different letters in each column indicate significant
differences (P < 0.05). EF, enteral formula; EF + T, enteral formula
included in tea; EF + CD, enteral formula included in chocolate dessert;
EF + RP, enteral formula included in rice pudding; EF + BS, enteral
formula included in banana smoothie.

using the least significant difference (LSD) test. Multifactor ANOVA
was used to analyze the effects of heating and food matrix factors
on mineral dialyzability and PS.

RESULTS
Mineral dialyzability from enteral formulas and EF–sweet
foods
Table 1 shows the percentages of mineral dialyzability from EF
and EF included in sweet foods. It can be seen that mineral
bioaccessibility was low and different among the evaluated EF.
The mean value and range of mineral dialyzability for EF were:
%DFe, 2.38 ± 1.36% (0.36–5.48%); %DZn, 4.8 ± 3.1% (0.2–12.0%);
and %DCa, 9.5 ± 4.6% (3.8–18.1%). EFL showed higher %DFe than
EFP, and no significant differences were observed in the cases of
%DZn and %DCa.

Effect of food matrix on mineral dialyzability from enteral
formulas
To evaluate the effect of the food matrix on mineral dialyzability,
multifactor ANOVA was performed, taking into account the type
of food.

Table 2 shows the multifactor ANOVA for the effect of food
matrix on mineral dialyzability from EF. For the three minerals
analyzed, there was a decrease of mineral dialyzability when EF
were incorporated into CD. Chocolate has polyphenols which can
interact with minerals, decreasing its solubility and bioaccessibility.

In the cases of %DFe and %DZn, the same effect was observed by
incorporating the EF in T, probably due to tannins, which reduce
mineral bioaccessibility. However, no statistically significant
difference was observed for %DCa.

An increase of mineral dialyzability for the three minerals
analyzed was observed when EF were included in BS. Also, %DFe

and %DCa increased when EF were incorporate into RP, while %DZn

decreased, with respect to the EF.

Effect of heating on mineral dialyzability from enteral
formulas
Table 3 shows the multifactor ANOVA for the effect of heating on
EF mineral dialyzability. For the three minerals analyzed, a decrease
in mineral dialyzability was observed when the EF were included
in foods subjected to heating during the preparation (T and CD).
However, an increase was observed for %DFe and %DCa when EF

Table 3. Multifactor ANOVA for the effect of cooking heating on
mineral dialyzability from enteral formulas and EF–sweet foods

Factor

Cooking heating %DFe %DZn %DCa

EF 2.38 ± 1.36b 4.80 ± 3.10b 9.50 ± 4.60b

H 1.33 ± 0.61a 2.27 ± 2.05a 7.01 ± 2.87a

NH 5.02 ± 2.43c 4.68 ± 4.68b 14.66 ± 7.48c

Means ± SD. Different letters in each column indicate significant
differences (P < 0.05). EF, enteral formula; H, cooking heating; NH,
no cooking heating.

were included in preparations where no heating was necessary
(RP and BS).

Mineral potential contribution of enteral formulas and sweet
preparations
Table 4 shows the PS of Fe, Zn and Ca of sweet
foods. The serving corresponds to 200 g, equivalent to a
cup. The mean and range of PSFe for EF and EF–sweet
foods were: EF, 50.41 ± 20.50 µg (13.05–106.35 µg); EF + T,
28.25 ± 19.25 µg (7.14–91.95 µg); EF + CD, 44.19 ± 15.40 µg
(19.92–75.94 µg); EF + RP, 59.09 ± 33.92 µg (10.14–144.61 µg);
EF + BS, 89.10 ± 43.98 µg (42.63–215.40 µg).

Regarding PSZn: EF, 101.05 ± 66.63 µg (6.92–225.54 µg); EF + T,
62.50 ± 64.37 µg (5.57–297.47 µg); EF + CD, 25.27 ± 13.26 µg
(9.25–54.45 µg); EF + RP, 35.44 ± 26.23 µg (13.22–125.80 µg);
EF + BS, 82.00 ± 56.93 µg (11.45–210.77 µg).

Finally, PSCa: EF, 13.57 ± 7.10 mg (4.60–28.40 mg); EF + T,
11.92 ± 3.60 mg (4.94–16.96 mg); EF + CD, 12.92 ± 3.81 mg
(6.16–21.65 mg); EF + RP, 8.29 ± 4.09 mg (2.89–15.78 mg);
EF + BS, 15.53 ± 7.24 mg (5.719–29.93 mg).

Table 5 shows the multifactor ANOVA for the effects of food
matrix and cooking heating on the PS of Fe, Zn and Ca from EF
and EF included in sweet foods. It is observed that PSFe increased
when EF were included in the BS and decreased when they were
included in T; PSZn decreased in all cases except when EF were
included in BS and PSCa decreased when EF were included in
the RP.

DISCUSSION
Dialyzability of Fe, Zn and Ca from commercial EF was low and
variable among EF. Higher values of mineral dialyzability were
found by Drago et al.12 for infant formulas made from milk
proteins. However, EF not only contain milk protein (casein and
whey proteins) but may also contain soy proteins, which has an
inhibitory effect on Fe absorption.13

EFL (EF13–20) had better %DFe than EFP (EF 1–12). Similar results
were observed by Drago et al.12 for commercial infant formulas.
This may be related to drying processes carried out during
the elaboration of EF. Mineral–nutrient interactions could be
produced during food processing, rendering minerals unavailable
for absorption, and decreasing their bioavailability.14

The main objective of enteral nutrition is to provide all the
necessary nutrients to contribute to the improvement of the
patient. However, some minerals of the EF may interact with
different components of the matrix and modify its bioavailability,
in some cases impairing the nutritional quality of the enteral diet.15
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Table 4. Mineral potential supply from enteral formulas and EF–sweet foods corresponding to 200 g serving

Sample PSFe (µg) PSZn (µg) PSCa (mg) Sample PSFe (µg) PSZn (µg) PSCa (mg)

EF1 106.35 193.38 7.87 EF11 53.53 33.35 28.40

EF1 + T 91.95 87.64 13.80 EF11 + T 14.92 4.08 16.84

EF1 + CD 75.94 29.22 21.18 EF11 + CD 19.92 54.45 21.65

EF1 + RP 10.14 14.46 2.89 EF11 + RP 78.02 30.65 15.44

EF1 + BS 88.10 70.19 15.45 EF11 + BS 65.65 105.24 25.19

EF2 59.42 101.46 6.98 EF12 88.27 91.54 26.40

EF2 + T 32.38 29.95 14.60 EF12 + T 15.30 3.57 14.01

EF2 + CD 68.13 20.20 12.17 EF12 + CD 21.97 35.54 15.91

EF2 + RP 12.01 18.42 5.26 EF12 + RP 72.45 16.44 10.66

EF2 + BS 62.23 77.74 8.91 EF12 + BS 71.38 210.77 18.66

EF3 40.76 44.37 6.96 EF13 39.10 21.54 21.05

EF3 + T 50.62 34.06 15.54 EF13 + T 11.84 130.49 10.43

EF3 + CD 23.65 9.25 9.30 EF13 + CD 52.47 25.60 14.01

EF3 + RP 44.52 22.06 5.68 EF13 + RP 62.08 27.28 7.72

EF3 + BS 54.21 16.33 10.42 EF13 + BS 88.70 20.46 13.13

EF4 54.57 135.38 7.27 EF14 64.90 220.10 16.04

EF4 + T 17.92 17.54 14.45 EF14 + T 36.82 71.60 12.67

EF4 + CD 26.43 10.07 6.16 EF14 + CD 43.93 22.26 10.95

EF4 + RP 20.92 28.67 4.43 EF14 + RP 69.26 54.70 9.27

EF4 + BS 42.63 89.97 8.88 EF14 + BS 59.85 64.44 29.93

EF5 35.75 80.41 23.41 EF15 45.23 225.54 7.10

EF5 + T 27.01 33.66 16.17 EF15 + T 26.62 51.31 12.96

EF5 + CD 48.12 14.40 13.05 EF15 + CD 51.15 29.43 13.54

EF5 + RP 97.30 39.58 9.62 EF15 + RP 51.39 35.52 15.78

EF5 + BS 77.16 204.67 15.50 EF15 + BS 66.73 11.45 25.33

EF6 26.78 43.08 17.65 EF16 39.29 105.13 14.89

EF6 + T 26.93 27.51 10.44 EF16 + T 55.10 73.29 13.29

EF6 + CD 49.20 9.85 14.88 EF16 + CD 50.58 24.35 12.24

EF6 + RP 144.61 37.74 7.58 EF16 + RP 28.52 76.12 12.21

EF6 + BS 109.26 151.32 11.71 EF16 + BS 83.98 27.53 18.23

EF7 38.03 150.49 16.44 EF17 49.16 105.72 10.02

EF7 + T 20.41 69.59 16.96 EF17 + T 22.28 68.56 5.81

EF7 + CD 49.53 12.14 12.10 EF17 + CD 55.56 28.37 14.81

EF7 + RP 120.31 21.43 10.39 EF17 + RP 56.42 34.89 6.37

EF7 + BS 60.50 93.61 13.99 EF17 + BS 82.94 64.03 6.36

EF8 13.05 6.92 12.30 EF18 64.73 132.99 14.62

EF8 + T 7.14 4.94 7.11 EF18 + T 27.07 94.60 8.52

EF8 + CD 39.07 9.88 6.84 EF18 + CD 50.54 21.81 12.39

EF8 + RP 49.69 15.59 10.48 EF18 + RP 37.27 38.95 4.36

EF8 + BS 187.19 29.66 11.67 EF18 + BS 117.89 108.62 16.52

EF9 43.01 60.79 5.57 EF19 46.87 53.73 14.60

EF9 + T 12.42 46.82 4.94 EF19 + T 21.69 61.29 10.86

EF9 + CD 29.06 44.02 10.39 EF19 + CD 52.97 25.43 13.96

EF9 + RP 79.32 17.08 3.03 EF19 + RP 41.94 40.18 14.97

EF9 + BS 65.72 52.62 5.71 EF19 + BS 215.40 88.64 27.48

EF10 41.53 34.54 4.60 EF20 57.89 180.61 8.30

EF10 + T 18.08 41.99 8.15 EF20 + T 28.52 297.47 10.89

EF10 + CD 25.63 51.40 10.88 EF20 + CD 50.03 27.69 12.01

EF10 + RP 58.58 13.22 3.59 EF20 + RP 47.02 125.80 6.17

EF10 + BS 59.22 116.09 6.64 EF20 + BS 123.22 36.63 20.85

PSFe, potential supply of Fe; PSZn, potential supply of Zn; PSCa, potential supply of Ca. EF, enteral formula; EF + T, enteral formula included in tea;
EF + CD, enteral formula included in chocolate dessert; EF + RP, enteral formula included in rice pudding; EF + BS, enteral formula included in banana
smoothie.
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Table 5. Multifactor ANOVA for the effect of food matrix and cooking heating on mineral potential supply from enteral formulas and EF–sweet
foods

PSFe (µg) PSZn (µg) PSCa (mg)

Food matrix

EF 50.41 ± 20.50 b 101.05 ± 66.63d 13.52 ± 7.10b,c

EF + T 28.25 ± 19.25a 62.50 ± 64.37b,c 11.92 ± 3.60b

EF + CD 44.19 ± 15.40a,b 25.27 ± 13.26a 12.92 ± 3.81b,c

EF + RP 59.09 ± 33.92b 35.44 ± 26.23a,b 8.29 ± 4.09a

EF + BS 89.10 ± 43.98c 82.00 ± 56.93c,d 15.53 ± 7.24c

Cooking heating

H 36.22 ± 19.01a 43.88 ± 49.59a 12.42 ± 3.69a

NH 74.09 ± 41.64b 59.72 ± 49.70a 11.91 ± 6.87a

Means ± SD. Different letters in each column indicate significant differences (P <0.05). PSFe, potential supply of Fe; PSZn, potential supply of Zn; PSCa,
potential supply of Ca; EF, enteral formula; EF + T, enteral formula included in tea; EF + CD, enteral formula included in chocolate dessert; EF + RP,
enteral formula included in rice pudding; EF + BS, enteral formula included in banana smoothie. H, cooking heating; NH: no cooking heating.

Regarding the low bioavailability of some minerals, like Fe and Zn,
the mineral level used in formulas is sufficient to supply the mineral
requirement. However, mineral bioaccessibility of EF when they
are included in food matrices or undergo cooking processes is not
taken into account.

Food matrix affected mineral dialyzability differently from EF.
Both food matrix and EF have mineral absorption enhancers, such
as ascorbic acid, and inhibitors: mainly phytic acid, tannins and
polyphenols.4

Hexaphosphate and pentaphosphate derivatives from phytic
acid form insoluble complexes at pH near neutrality, thereby
preventing Fe absorption16 and dialyzability.

The action of ascorbic acid involves the reduction of ferric ion
to ferrous form, which is better absorbed; the formation of soluble
and stable chelates with Fe occurs in the stomach, maintaining
their solubility when food enters the neutral–alkaline environment
of the duodenum.17 This latter effect can be explained by the fact
that ascorbic acid forms soluble complexes with food Fe at pH
values lower than inhibitory ligands, i.e. at stomach level where
the pH conditions are unfavorable for the formation of complexes
with other ligands.4 This would counteract the inhibitory effects
of phytates.

CD was the food matrix that most affected mineral dialyzability,
followed by T. The inhibitory effect of chocolate, milk and tea on
mineral dialyzability was also described by Binaghi et al.,18 who
analyzed the effects of these foods on complementary infant foods.

In the case of CD, the inhibitory effect could be due to the
presence of chocolate polyphenols, milk proteins and milk
Ca, which are inhibitors of Fe absorption.19 The presence of
phosphoserine groups in casein subunits may explain the binding
of Fe to insoluble casein peptides. thus decreasing %DFe and
bioavailability. Ca salts impair Fe absorption when they are present
in the same foods. The inhibitory effect of Ca occurs as a result of
physicochemical interactions in the gastrointestinal tract, which
also influence Fe dialyzability, as well as at the site of absorption.20

Furthermore, cocoa polyphenols also act as inhibitors, forming
insoluble complexes which prevent absorption.

In the case of T, the inhibitory effect on mineral dialyzability
would be caused by tannins depressing absorption ligands,
inhibitors of non-heme Fe and Zn absorption. Studies in rats have
shown that the polyphenols form insoluble complexes with Fe
and Zn, which precipitate and therefore cannot be absorbed21 or
dialyzed.

Another very important factor to consider is that CD and T
involve heating of EF during preparation. Heating can degrade
ascorbic acid, which is an enhancer of Fe absorption, and would
also generate mineral–nutrient interaction.

On the other hand, mineral dialyzability was increased when
EF were included in BS, for the three analyzed minerals, while RP
increased %DFe and %DCa. Both banana and polished white rice
contain low levels of phytic acid22 and these food preparations
do not involve EF heating. Both banana and white rice should
have no major effect on Zn and Ca bioaccessibility. However, the
ascorbic acid in banana could contribute to the increased %DFe.
According to Wall,23 banana has an ascorbic acid content of about
9.7 mg 100 g−1 of fresh fruit.

Mineral PS was highly variable between different EF and
EF–sweet foods and was also low. The different food matrices
had variable effects on mineral PS, which were related to the
mineral concentrations as well as the dialyzability of each mineral,
other than the size of serving. Regarding the effect of heating on
mineral PS, only PSFe was affected.

Recommended daily intake (RDA) of a nutrient is always above
the actual need, as the nutritional recommendation is calculated
using factors related to environmental factors, individual variability
and bioavailability of nutrients in the diet.24 As the PS value takes
into account the bioaccessibility/availability, the daily requirement
of a particular mineral and not its RDA was considered in calculating
the mineral contribution from a particular EF or EF–sweet food.

In this regard, it is estimated that it is necessary to absorb 1.8 mg
Fe daily to meet the needs of 80–90% of adult women and ado-
lescents of both sexes.25 EF and EF–sweet food servings (200 g)
would cover the following percentages of the daily requirement:
EF, 2.8%; EF + T, 1.6%; EF + CD, 2.5%; EF + RP, 3.3%; BS, 4.9%.

The inevitable losses of Ca in the adult are about 300 mg per
day.26 Those losses could be covered by the following percentages:
EF, 4.5%, EF + T, 3.9%; EF + CD, 4.3%; EF + RP, 2.8%; BS, 5.2%.

Finally, Zn requirements are 2.2 mg per day.26 EF and EF–sweet
food servings would cover the following percentages of this
requirement: EF, 4.6%; EF + T, 2.8%; EF + CD, 1.1%; EF + RP, 2.6%;
BS, 3.7%.

CONCLUSIONS
Fe, Zn and Ca bioaccessibility from commercial EF was variable
and generally low. This could be due to EF, which are complex

wileyonlinelibrary.com/jsfa c© 2013 Society of Chemical Industry J Sci Food Agric 2014; 94: 515–521



5
2

1

Mineral bioaccessibility of enteral nutrition formulas www.soci.org

mixtures of nutrients that may interact with each other, reducing
mineral dialyzability and absorption. Using enhancers of mineral
absorption could be a way to increase mineral bioaccessibility.

The different food matrices where EF were included affected
differently their mineral dialyzability, because they have promoters
(vitamin C) and inhibitors (phytic acid, tannins and polyphenols)
of mineral absorption. However, the clearest effect on mineral
dialyzability was given by heating during EF–sweet food
preparation (T and CD), lowering D Fe%, possibly due to
degradation of vitamin C, and %DZn and %DCa, due to interaction
with food components. Furthermore, the preparations that
did not involve EF heating (RP and BS) showed increased
mineral bioaccessibility. For this reason it could be important
to recommend no heating when an EF is included in a food.

When mineral potential supply of 200 g serving was analyzed,
EF and EF–sweet foods did not show a good supply of Fe, Zn and
Ca, as recommended.

This study demonstrated the low Fe, Zn and Ca availability in
commercial EF and analyzed how the bioaccessibility of these
minerals is affected by the food matrix in which EF is included, as
well as the effect of heating during food preparation.
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