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Abstract: Micronutrient deficiencies are of great public health and socioeconomic importance.
Food fortification has been widely used as a simple low-cost resource to increase mineral intake.
Considering that coffee is the most consumed food product worldwide, in this study, C. arabica and
C. canephora seeds were roasted, ground, and fortified with three salts of iron, zinc, and calcium as
part of the selection of appropriate mineral vehicles for fortification. After ranking the performance
through a test by a trained tasters’ panel, only two salts for each mineral remained. Mineral recoveries
were evaluated by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES) in filtered
(paper and nylon filters) and espresso brews. The best mean recoveries for each mineral in espresso
brew prepared from fortified coffees were: 80.8% of iron as ferrous bisglycinate chelate, 75.4% of
zinc as zinc lactate, and 72.1% of calcium as calcium lactate. These better ranked salts by the tasters’
panel. In filtered brews, mean recovery values of 51.1%, 47.6%, and 51.6% were obtained for the same
mineral salts, respectively. No difference or very small differences were observed between species
and types of filter. The results implications are discussed.
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1. Introduction

Micronutrient deficiencies are of great public health and socioeconomic importance, affecting
about 2 billion people worldwide [1,2]. These are problems that mostly affect developing countries,
causing great impact on health and well-being and contributing to the increased risk of morbidity and
mortality in populations [3]. Additionally, influenced by economic and income growth, urbanization,
and globalization, a significant shift in the quality and quantity of human diets and nutrition-related
epidemiology has occurred in the past few decades. Even at moderate levels, micronutrient deficiencies
can exert serious detrimental effects on the human body. In addition to health effects, they have
implications for economic and social development, especially with high costs of public health [4].

Iron deficiency is one of the main factors that lead to anemia, which affects 27% of the population
(1.97 billion people). It is estimated that roughly 38% of pregnant women, 29% of non-pregnant
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women, and 29% of all women of reproductive age (including all social classes) have anemia globally,
corresponding to 496 million non-pregnant women and 32 million pregnant women [5]. Iron plays
an integral role in a wide range of physiological functions; therefore, the health consequences
of iron deficiency and iron deficiency anemia in women are extensive and potentially serious if
left untreated [6]. Symptoms are often nonspecific but can include fatigue, irritability, hair loss,
poor concentration, palpitations, and dizziness. In severe cases of iron deficiency anemia, tachycardia,
ankle edema, and heart failure may arise [7].

Zinc is one of the most important trace elements in living organisms and has three major
biological functions: catalytic, structural, and regulatory. The human body mass contains 2–3 g of zinc,
and approximately 57% and 29% of total body zinc exist in skeletal muscle and bone, respectively;
heart and blood plasma are known to contain 0.4% and 0.1% of body zinc, respectively [8]. This is
a multifunctional metal compatible with satisfactory growth, health, and well-being. It is essential
for the structure and activity of various proteins and cellular components and plays an important
role in human physiology from involvement in the proper function of the immune system to its
importance in cellular growth, cell proliferation, and cell apoptosis, as well as in the activity of
numerous zinc-binding proteins [9]. Based on the estimated prevalence of zinc deficiency, the global
population at risk for inadequate zinc intake is up to 17%, while in South Asia, up to 30% of the
inhabitants may be deficient [10].

Calcium as a nutrient is most commonly associated with the formation and metabolism of bone.
Over 99% of total body calcium is found as calcium hydroxyapatite in bones and teeth, where it
provides hard tissue with its strength. Calcium in the circulatory system, extracellular fluid, muscle,
and other tissues is critical for mediating vascular contraction and vasodilatation, muscle function,
nerve transmission, intracellular signaling, and hormonal secretion [11]. In developing countries,
such as South Africa and Nigeria, for example, calcium deficiency is considered an important factor
in the etiology of rickets [12]. Additionally, all over the world, inadequate calcium intake has been
correlated with increased prevalence of diseases such as osteoporosis, systemic arterial hypertension
(SAH), and colon cancer, regardless of social class [13].

Food fortification has been widely used by the food industry in high-, middle-, and low-income
countries as a simple low-cost resource to increase mineral intake and prevent and/or correct
nutritional deficiencies [14,15]. The foods chosen as fortification vehicles should be regularly consumed
by the population and be easily accessible to them. Coffee meets these criteria. It is the most consumed
beverage and food product in the world after water. According to the International Coffee Organization,
the world consumption of coffee was about 9 million tons in 2016 (latest report). This volume represents
an average annual growth rate of 1.6% since 2012 [16]. In the last decade, science has offered a
whole new perspective on the use of coffee that is now considered by many as a functional food.
A number of caffeine-related benefits of coffee drinking, such as enhancement of mental performance,
including alertness [17], memory [18,19], mood [20,21], cognitive functions [22–24], and physical
performance [25], are well known. Furthermore, studies have demonstrated the ability of coffee
polyphenols, caffeine, and other coffee compounds to promote antioxidant and anti-inflammatory
effects protecting the body against degenerative and chronic diseases such as type 2 diabetes and
Alzheimer’s, cancer and liver diseases, in addition to other diseases [26,27].

Coffee’s beneficial health properties, together with its high consumption due to its relatively
low cost, high accessibility, and high acceptance by populations, make it an excellent candidate
for use as a micronutrient fortification vehicle. Additionally, in a previous study [28], we have
shown that coffee can be considered an appropriate iron and zinc fortification vehicle, since the salts,
ferrous fumarate, and zinc gluconate added to soluble coffee brews presented reasonable bioavailability,
58% and 78% for iron and zinc, respectively, when expressed relative to that of the mineral salts
ingested with water. These bioavailability values are comparable to those observed for other foods
fortified with such minerals [29,30]. However, in the referred study [28], the type of coffee used was
soluble, which is not consumed by all segments of the world populations. Ground roasted coffee is
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predominantly consumed worldwide, representing about 77.4% of total consumption compared to
22.6% for soluble coffee in importing countries [31]. In Brazil, which is the largest coffee producer and
exporter country in the world [16], only about 12% of the population consumes soluble coffee [32].
The same occurs worldwide, especially in those segments that most require fortification. Among the
preparation methods, filtered and espresso are the two most used worldwide by different segments of
populations [32].

There are a number of possible salts used as vehicles to increase mineral stability and
bioavailability and they present different degrees of solubility. In view of the fact that the various
existing coffee preparation methods have shown different efficiencies in extracting coffee solids,
in order to develop a fortified ground roasted coffee, the efficiency of mineral salts extraction during
the brew’s preparation must be considered. Therefore, in order to select the most suitable mineral for
this purpose, the present study aimed to evaluate the recovery of iron, zinc, and calcium elements in
filtered and espresso brews made from ground roasted coffees fortified with different mineral salts.

2. Methods

2.1. Preparation of Coffee Matrices

High quality raw Coffea arabica beans (Cooxupé, Minas Gerais, Brazil), classified as “soft beverage”
or specialty coffee by the Brazilian classification system (COB), and a high quality Coffea canephora
(Cooabriel, Espírito Santo, Brazil), were roasted separately in a laboratory-scale fluidized bed roaster
(I-Roast® Model No. 40009, Heartware Home Products, Gurnee, IL, USA) at a maximum temperature of
245 ◦C for 6 min to reach medium roast degree (#55—Roast Color Classification System Agtron—SCAA,
1995). Samples were ground in a disk mill (Gourmet M-50, LEOGAP, Curitiba, PR, Brazil) to pass a
20 mesh (0.85 mm) sieve (medium grid). For a preliminary ranking sensory test, a blend containing 80%
and 20% of the aforementioned C. arabica and C. canephora samples, respectively, was used. Ground
samples were packaged, vacuum sealed, and kept at −20 ◦C until fortification and brewing. For the
sensory test and evaluation of minerals recovery (item 2.4), fortification with each of the nine tested
salts was performed separately.

2.2. Mineral Salts

When choosing mineral salts to be used in food fortification, their solubility, bioavailability,
and sensory modifications in the food matrix must be considered [33]. Three types of salts of iron, zinc,
and calcium were initially selected based on bioavailability and sensory aspects reported in previous
fortification studies using various types of food matrixes [28–30,34–39]: ferrous bisglycinate chelate
(Infiniti, São Paulo, Brazil), ferrous sulfate (Quimibras, Rio de Janeiro, Brazil), ferrous fumarate
(Synth, São Paulo, Brazil), zinc lactate (Purac, Rio de Janeiro, Brazil), zinc bisglycinate chelate
(Infiniti, São Paulo, Brazil), zinc sulfate heptahydrate (Synth, São Paulo, Brazil), calcium lactate
(Purac, Rio de Janeiro, Brazil), tricalcium phosphate (Solutech, São Paulo, Brazil), and calcium citrate
(Synth, São Paulo, Brazil). Salts were analyzed by Inductively Coupled Plasma Optical Emission
Spectrometry (ICP-OES) (item 2.6) for verification of compliance with salts labels information and they
were all in conformity.

2.3. Fortification of Ground Roasted Coffee

Based on their the salts chemical structures and on the preliminary results from ICP-OES analyses,
iron, zinc and calcium salts were weighted to obtain the concentration of each mineral corresponding
to 30% of the National Agency for Sanitary Surveillance (ANVISA) Dietary Reference Intake (DRI)
for adults (4.2 mg of iron, 2.1 mg of zinc and 300.0 mg of calcium per 100 g of ground roasted coffee,
as the DRI for adults is 14 mg for iron, 7 mg for zinc, and 1000 mg for calcium) [40]. Considering
the The United States Department of Agriculture (USDA) Nutrient Database for Standard Reference,
the amount of salts added to 100 g of ground roasted coffee would correspond to 23.4% and 52.4%
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of iron RDI for women and men respectively, 26.2% and 19.0% of zinc, respectively, and 30% of
calcium RDI for men and women equally. Fortification of ground roasted coffees was performed in the
following way: after roasting and grinding coffee beans, 100 g were separately fortified with ferrous
bisglycinate chelate, ferrous sulfate, zinc lactate, zinc bisglycinate chelate, calcium lactate, or tricalcium
phosphate, in the amounts aforementioned, using geometric dilution, which is a technique used to
obtain an equal distribution of low quantity particles (salts) within the blend with a large portion of
powder (coffee) [41]. Six aliquots of each fortified coffee were collected randomly at different occasions
for spectrometric analysis. The final mean SD was <2% of results per 100 g indicated that fortification
was well performed.

2.4. Preliminary Sensory Test

A preliminary sensory test (ranking test) was carried out according to Meilgaard et al. [42] and
Choi [43] to select two salts of iron, zinc, and calcium, out of three, to be used in the recovery tests
considering their attributes of visual appearance and taste. Solubility was also considered when
preparing the brews. The salts were diluted separately in hot water and in brewed coffee prepared in
an electric coffee dripper, using the ground roasted blend described in item 2.1, in the proportion of
10 g of coffee per 100 mL of water at 95 ◦C. Coffee was served at about 60–65 ◦C, under white light.
Water with mineral salts was served at room temperature (25 ◦C). For mouth wash between samples,
water and crackers were served at room temperature. The brews, containing one mineral at a time,
were offered to 10 trained coffee tasters (students and teachers) from the Federal University of Rio de
Janeiro in randomly numbered plastic cups and they were asked to list attributes regarding appearance
and taste for each brew. Based on taste, they were also asked to rank the three samples containing the
different salts of the same mineral and the worse among them was excluded from the study.

2.5. Brews Preparation

The two most commonly used brewing methods worldwide, dripping (or filtered) and
espresso [32], were used for recovery evaluation. Brews were prepared in duplicate for each sample.
Unfortified (control) and fortified coffee brews were prepared at 10% (10 g of coffee per 100 mL of
ultra-pure water at 90–95 ◦C) [32] using an electric coffee dripper (Britânia CB30, São Paulo, Brazil),
with a paper filter (Mellita#103) or with a nylon filter (Britânia CB30). For filtered coffees, the average
extraction time was 110 s for both filters. New paper filters were used and discarded after each
extraction, while the nylon filter was thoroughly washed with boiling water. For espresso preparation,
an espresso coffee maker (Royal Cappuccino, Saeco, Italy), operating in no infusion mode, a pressure
of about 9 bar, and water temperature of 90 ◦C was used. Average extraction time for espresso was
40 s.

2.6. Minerals Analyses

For the determination of mineral contents in coffee powder, 250 mg of coffee powder were
digested with 2.5 mL of 65% nitric acid (VETEC, Rio de Janeiro, RJ, Brazil), in a 90 ◦C water bath
for 4 h. One milliliter of ultra-pure hydrogen peroxide 30–32% (VETEC) was added to stop the
reaction. For brews, 1 mL of brew was digested with 1 mL of nitric acid, with no addition of hydrogen
peroxide [44].

Analyses were performed in triplicate by an inductively coupled plasma optical emission
spectrometer (ICP-OES), model 4300 DV (Perkin Elmer-Sciex, Norwalk, CT, USA). The simultaneous
operation mode was applied and the optimized parameters for the quantification of Fe, Zn, and Ca
elements were: plasma generator power 1.5 kW, auxiliary air flow 0.2 L/min, cooling air flow
15.0 L/min, air mist flow 0.45 L/min, and pump speed 1.50 mL/min. The wavelengths (λ) applied for
readings were 259.94 nm for Fe, 206.20 nm for Zn, and 317.93 nm for Ca [44]. Quantitative calibration
mode was used. Analytical curves were built using suitable dilutions of a multi-element aqueous
standard solution of 1000 mg/L (Merck-IV; 23 elements, Merck, Darmstadt, Germany). Four calibration
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solutions with the following concentrations were used: 0.050, 0.100, 0.200, 0.500 mg/L (r = 0.99999
for Fe, 0.99999 for Zn, and 0.99998 for Ca). Samples were introduced through a conical concentric
nebulizator with a cyclonic chamber (Glass Expansion, Melbourne, Vic, Australia) without previous
filtration. Readings were performed in the automatic background correction mode. All reagents were
of analytical grade. Ultra-pure water (resistivity of 18.2 MΩ, Milli Q system, Millipore, Bedford, MA,
USA) was used for solutions preparation. The multi-element aqueous standard solution was also used
for spectral interference tests. Limits of detection (LOD) calculated as 3 times the sample SD of ten
blank readings of the calibration curve (ultra-pure water acidified with nitric acid) were 0.00014 mg/L
for Fe, 0.0009 mg/L for Zn, and 0.0048 mg/mL for Ca. The limits of quantification (LOQ), calculated
as 3.3 times the LOD value for the respective elements, were: 0.00046 mg/mL for Fe; 0.00297 mg/mL
for Zn, and 0.01584 mg/mL for Ca.

2.7. Statistical Analyses

For statistical analysis, the Statistica software, version 12.0 (StatSoft, Tulsa, OK, USA) was used.
Analysis of variance (ANOVA) followed by a Fisher test were used to compare mineral contents in
ground roasted coffees and mineral concentrations in the unfortified (control) and fortified brews.
Differences were considered when p ≤ 0.001.

3. Results and Discussion

3.1. Preliminary Sensory Test

Regarding the appearance of ground roasted coffees, after the addition of calcium lactate
and calcium citrate, small whitish spots were observed in the coffee mixture, despite adequate
homogenization. This fact was not observed when tricalcium phosphate was used for fortification.
However, this salt showed low solubility, as precipitation was observed in the brew. No iron or zinc
salts caused changes in the appearance of ground roasted coffees after fortification. Regarding the
brews’ appearance, however, the use of iron salts altered their coloration to a greenish tone in the
bottom of the cup. This fact may have occurred due to the iron oxidation, which can cause undesirable
alterations associated with taste and appearance, including product color changes [45]. Color is
reported to be one of the main parameters considered in iron fortification studies. Depending on the
iron salt and concentration used, the food may darken, affecting its appearance and acceptance by
consumers [46,47].

Attributes given by tasters to all salts were similar in water and coffee, but coffee seemed to
slightly improve the sensory responses to mineral salts. According to all ten trained tasters, among the
three evaluated salts for each mineral, the most well accepted ones (ranked first) when dissolved in
both water and coffee were ferrous bisglycinate chelate, zinc lactate, and calcium lactate, although
a slight metallic taste for ferrous bisclycinate, and slight astringency for zinc and calcium lactate
were perceived, both in water and coffee. Ferrous fumarate, zinc sulfate heptahydrate, and calcium
citrate salts were eliminated from the study due to their intense metallic (ferrous fumarate and zinc
sulfate heptahydrate) or astringent (calcium citrate) tastes (Table 1). Ferrous fumate also presented
low solubility. Despite the apparently lower solubility compared to ferrous bisglycinate and ferrous
sulfate, zinc bisglycine chelate and tricalcium phosphate proceeded in the study to be compared with
other salts in the recovery tests. Figure 1 illustrates the study design for the evaluation of minerals
recovery in coffee brews after the preliminary sensory test.

3.2. Mineral Contents in Unfortified and Fortified Ground Roasted Coffees

Table 2 presents the mean contents of iron, zinc, and calcium in the unfortified and fortified ground
roasted C. arabica and C. canephora samples used for the mineral recovery evaluation in the brews.
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Table 1. Ranking and taste attributes described in preliminary screening evaluating mineral salts
approval by trained tasters #.

SALT & Molecular Formula Ranking Attributes in Aqueous Solution Attributes in Coffee Brew Status

Ferrous 1 Slight metallic taste Metallic taste Passed
bisglycinate

chelate
C4H8FeN2O4

Ferrous sulfate 2 Intense metallic taste Intense metallic taste Passed
FeSO4

Ferrous fumarate 3 Intense metallic taste Intense metallic taste Eliminated
C4H2FeO4 Astringency

1 Slight astringency Slight astringency Passed
Zinc lactate Neutral
C6H10O6Zn

2 Very salty taste Slightly salty Passed
Zinc bisglycinate Slight residual Residual astringency

chelate astringency
C4H8N2O4Zn Neutral

Zinc sulfate 3 Unpleasant metallic Intense metallic taste Eliminated
Heptahydrate taste
ZnSO4·7H2O Bitter taste

Calcium lactate 1 Neutral taste Slight Passed
C6H10CaO6 Paper taste calcareous taste

Slight astringency

Tricalcium fosfate 2 Neutral taste Slight residual astringency Passed
Ca3(PO4)2 Slight residual astringency

Calcium citrate 3 Intense astringency Intense astringency Eliminated
Ca3(C6H5O7)2 Significant residual astringency Intense residual astringency

# Note: Number of tasters = 10; Ranking from 1 (best) to 3 (worse) was unanimous.
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Figure 1. Scheme for the evaluation of minerals recovery in coffee brews after preliminary sensory test.
Salts indicated with stars were the most well accepted among salts remaining in the study.

3.2.1. Unfortified (Control) Coffees

Despite the statistically significant differences between mineral contents of C. arabica and
C. canephora (Table 2), such differences were very small (equal to or lower than 2.6%). This similarity
between both species has been previously reported [48,49], although in a few studies, they have not
occurred, possibly due to differences in soil composition, plant age, climatic differences, use of fertilizer
during plant cultivation, and possibly, to different analytical methods [50,51].
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Table 2. Mean contents of iron, zinc, and calcium, measured using ICP-OES, in the unfortified (control) and fortified ground roasted coffees used for recovery
evaluation in brews §.

Mineral Content (mg/100 g)

Unfortified Ground Roasted
Coffees (Controls) Fe Zn Ca

C. arabica 5.60 ± 0.01 a 0.83 ± 0.02 a 132.82 ± 0.03 b

C. canephora 5.75 ± 0.02 b 0.82 ± 0.03 a 130.66 ± 0.02 a

Fortified ground roasted coffees Fe + ferrous Sulfate Fe + ferrous bisglycinate Zn + zinc bisglycinate Zn + zinc Lactate Ca +tricalcium phosphate Ca + calcium lactate

C. arabica 7.72 ± 0.03 a 7.73 ± 0.03 a 1.85 ± 0.02 a 1.84 ± 0.01 a 282.51 ± 0.0 5 a 283.27 ± 0.05 a

C. canephora 7.76 ± 0.02 a 7.77 ± 0.01 a 1.82 ± 0.09 a 1.83 ± 0.03 a 281.82 ± 0.05 b 282.15 ± 0.04 b

§ Results from triplicate extractions expressed as mean ± standard deviation; coefficient of variation lower than 2% for all mineral analyses; different superscript letters (a or b) for the same
mineral or salt (same column) indicate that values differ statistically (p ≤ 0.01) by using Fisher’s test. Limits of detection (LOD): 0.00014 mg/L for Fe, 0.0009 mg/L for Zn, and 0.0048 for
Ca. Limits of quantification (LOQ): 0.00046 mg/mL for Fe, 0.00297 mg/mL for Zn, and 0.01584 mg/mL for Ca.
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Iron contents in C. arabica and C. canephora control samples (Table 2, mean of 5.68 ± 0.02 mg/100 g)
were below those described in the Brazilian Food Composition Table (TACO) (8.10 mg/100 g) [52],
also obtained using ICP-OES. On the other hand, Gogoasa et al. [49] analyzed five blends of C. arabica
and C. canephora species and obtained a mean iron content of 3.63 ± 0.05 mg/100 g.

Zinc values found in the present study for C. arabica and C. canephora species (Table 2, mean of
0.83 ± 0.03 mg/100 g) were in the same magnitude than those reported in TACO (0.50 mg/100 g) [52]
by Gogoasa et al. [49] (mean of 0.62 ± 0.02 mg/100 g for C. arabica and C. canephora species) and by
Malik et al. [53] (mean of 0.70 ± 0.16 mg/100 g for C. arabica and C. canephora species).

With regard to calcium, the mean content obtained in the present study for C. arabica and
C. canephora species (Table 2, mean of 131.74 ± 0.03 mg/100 g) was also in the same magnitude
of those reported by TACO [52] for C. arabica species (107.00 mg/100 g), and of mean values reported
by Malik et al. [53] (144.30 ± 24.9 mg/100 g) and Gogoasa et al. [49] (149.60 ± 0.03 mg/100 g) for
C. arabica and C. canephora.

3.2.2. Fortified Coffees

The mean concentrations of iron, zinc, and calcium obtained in ground roasted coffees after
fortification (Table 3) were consistent with the amount of minerals present in the salts used
for fortification.

3.3. Mineral Concentrations in Unfortified and Fortified Coffee Brews

The mean concentrations of iron, zinc, and calcium in filtered and espresso coffee brews prepared
from the unfortified and fortified ground roasted coffees are shown in Table 3 and Figure 2.
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Table 3. Mean concentrations of iron, zinc and calcium in brews from ground roasted, unfortified (control), and fortified C. arabica and C. canephora coffee species
(mg/100 mL) §.

Mineral Concentrations in Brews (Unfortified Coffees) Mineral Concentrations in Brews from Fortified Coffees

(C. arabica) (C. arabica)

Brewing method Fe Zn Ca Fe + ferrous
bisglycinate

Fe + ferrous
sulfate

Zn + zinc
bisglycinate

Zn + zinc
Lactate

Ca + tricalcium
Phosphate

Ca + calcium
lactate

Electric dripper
(paper filter) 0.032 ± 0.001 a 0.026 ± 0.001 a 3.719 ± 0.002 a 0.492 ± 0.001 a 0.463 ± 0.001 a 0.095 ± 0.001 a 0.145 ± 0.002 a 13.159 ± 0.001 a 22.200 ± 0.002 a

Electric dripper
(nylon filter) 0.027 ± 0.001 b 0.028 ± 0.000 a 3.513 ± 0.000 b 0.484 ± 0.000 b 0.452 ± 0.000 b 0.097 ± 0.000 a 0.136 ± 0.000 b 11.970 ± 0.000 b 22.100 ± 0.000 b

Espresso 0.101 ± 0.002 c 0.038 ± 0.000 b 7.407 ± 0.001 c 0.765 ± 0.001 c 0.679 ± 0.001 c 0.190 ± 0.001 b 0.225 ± 0.001 b 20.790 ± 0.000 c 31.200 ± 0.001 c

(C. canephora) (C. canephora)

Brewing method Fe Zn Ca Fe + ferrous
bisglycinate

Fe + ferrous
sulfate

Zn + zinc
bisglycinate

Zn + zinc
lactate

Ca + tricalcium
phosphate

Ca + calcium
lactate

Electric dripper
(paper filter) 0.035 ± 0.003 a 0.029 ± 0.001 a 3.849 ± 0.002 a 0.535 ± 0.001 a 0.504 ± 0.001 a 0.100 ± 0.001 a 0.145 ± 0.000 a 12.419 ± 0.000 a 22.549 ± 0.001 a

Electric dripper
(nylon filter) 0.035 ± 0.000 a 0.028 ± 0.001 b 3.506 ± 0.002 b 0.507 ± 0.000 b 0.459 ± 0.000 b 0.098 ± 0.000 a 0.131 ± 0.000 b 13.260 ± 0.000 b 22.300 ± 0.000 b

Espresso 0.125 ± 0.002 b 0.038 ± 0.002 c 6.990 ± 0.000 c 0.831 ± 0.000 c 0.753 ± 0.001 c 0.183 ± 0.002 b 0.216 ± 0.000 c 20.780 ± 0.000 c 31.050 ± 0.000 c

§ Results from triplicate extractions and duplicate beverage preparation, expressed as mean ± standard deviation; coefficient of variation (CV) lower than 2% for all mineral analyses
(higher CV can be attributed to methods of preparation); different small superscript letters (a, b or c) for the same mineral indicate statistical difference (p ≤ 0.001) by using Fisher’s test.
Note: Brews from fortified coffees include the original amount of mineral contained in the coffee powder.
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3.3.1. Brews from Unfortified Coffee Grounds

Results reported in Table 3 are in agreement with our previous results obtained by Costa [38] who
reported a mean iron content of 0.109 mg/100 mL and zinc content of 0.033 mg/100 mL for coffees
prepared using the espresso method. The calcium content was not evaluated in the referred study.

Regarding filtered brews, Malik et al. [53] reported mean values of 0.009, 0.002,
and 0.914 mg/100 mL for iron, zinc, and calcium, respectively, in filtered brews from ground roasted
coffees, lower than those found in the present study. Gillies and Birkbeck [54], on the other hand,
reported mean concentrations of 0.033, 0.018, and 2.78 mg/100 mL, respectively, in paper-filtered coffee
brews. Such differences among studies are common and can be attributed to the different ways of
brewing coffees, including parameters applied in the extraction process, such as the proportion of coffee
and water, temperature, water characteristics, and extraction time, as well as different characteristics
of ground coffees and analytical methods [51,55].

In general, among the unfortified coffees, no difference was observed between mineral extraction
from C. arabica and C. canephora species. Also, there was no difference or a very small difference in
iron and zinc extractions using paper and nylon filters. On the other hand, the difference between
filtered and espresso methods was remarkable, especially in the fortified coffees. Considering both
species and filters, espresso method extracted 19.9%, 46.1%, and 54.6% of iron, zinc, and calcium,
respectively, while dripping extracted 5.68%, 36.7%, and 27.7%, respectively. The differences in the
extractability among the minerals existing in the coffee matrix, according to Donangelo [48], may be
related to the nature and strength of the complexes that their ions form with the constituents of the
matrix, such as polyphenols, caffeine, and other compounds, while higher extraction by espresso
method can be attributed to the higher pressure (9 bar) applied to the brewing process compared to all
other extraction methods, including the filtered coffee (little more than 1 bar) [51].

3.3.2. Brews from Fortified Ground Coffees

In order to calculate the mineral percent recovery in fortified coffees, both the coffee matrix
mineral composition and the mineral amount used for fortification were considered. In fortified
coffees, all variables contributed to differences in the results, including species, type of mineral salt,
and extraction method, although only small differences were observed between results for C. arabica
and C. canephora species and for paper and nylon filters (Table 3, Figure 2). In general, there was a
tendency for higher values for paper filters, but in practical life, this difference would probably have no
significance. Also, the difference in espresso method compared to filtered methods was considerably
higher in fortified coffees (Figure 2).

The mean percentages of iron recovery in the espresso and filtered brews obtained from fortified
coffees were 76.6% and 49.3%, respectively (Figure 3A). For zinc, the mean percentages recovered were
69.6% and 40.4%, respectively (Figure 3B), while for calcium, they were 60.1% and 40.5%, respectively
(Figure 3C).

The mineral salts with higher recoveries in both tested brewing methods were: ferrous bisglycinate
chelate, zinc lactate, and calcium lactate, with mean recovery percentages of 80.8%, 75.4%, and 72.1%,
respectively, in espresso brews, and of 51.1%, 47.6%, and 51.6%, respectively, in filtered brews
(Figure 3A–C). These were the same salts that presented better attributes and ranking positions
in the preliminary sensory test. Although ferrous sulfate presented mean recoveries (72.5% in the
espresso coffees and 47.5% in filtered coffees) similar to ferrous bisglycinate chelate, it presented a
more intense metallic flavor in the preliminary sensory test when compared to ferrous bisglycinate
chelate, therefore it is not recommended.

Several studies on food fortification have shown that ferrous bisglycinate chelate is a
recommended source of iron for food fortification as it is a soluble salt with high bioavailability,
safety and stability in foods like milk, yogurt, and wheat flour [56–59].
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Figure 3. Mean percent recovery of iron (A), zinc (B), and calcium (C) in brews prepared
from fortified ground roasted C. arabica and C. canephora using an electric dripper (paper and
nylon filters) and espresso machine. § Note: Recovery was calculated based on the sum of the
amount of mineral existing in the matrix and the added amount of salt. A Fe bis—C. arabica,
ferrous bisglycinate chelate; A. Fe sulf.—C. arabica, ferrous sulfate; C. Fe bis—C. canephora, ferrous
bisglycinate chelate; C. Fe sulf.—C. canephora, ferrous sulfate.; A Zn bis—C. arabica, zinc bisglycinate
chelate; A. Zn lact.—C. arabica, zinc lactate; C. Zn bis—C. canephora, zinc bisglycinate chelate;
C. Zn lact.—C. canephora, zinc lactate; A Ca phos—C. arabica, calcium phosfate; C Ca phos—C. canephora,
calcium phosfate; A Ca lact—C. arabica, calcium lactate; C Ca lact—C. canephora, calcium lactate.

Considering that Brazilians consume, on average, about 220 mL of coffee per day [60], it can be
estimated that the consumption of 220 mL of the iron-fortified filtered brew would provide 1.336 mg,
or about 9.5% of iron recommended daily intake (RDI), which is 14 mg according to ANVISA [40].
This is equivalent to 16.7% of men and 7.4% of women USDA Nutrient Database for Standard Reference
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(NDSR) [61] RDI for iron. Comparing iron content in iron-fortified coffee brews with those of other
plant food sources, 247 mL of the fortified brew from this study is equivalent to 100 g of cooked
black beans, containing about 1.5 mg of this mineral [52]. According to the Family Budget Survey
(POF) published by the Brazilian Institute of Geography and Statistics and the Ministry of Health in
2008/2009, the mean habitual per capita consumption of wheat flour by Brazilian families is 75 g/day,
where such flour theoretically contains about 3.1 mg/iron (about 2.5 times the amount contained
in 220 mL filtered fortified coffee). Comparing coffee and fortified wheat flour, despite a higher
amount of iron, unlike the fortified coffee brew, wheat flour presents in its composition phytates,
which may considerably inhibit the absorption of iron in the intestinal lumen [62]. On the other hand,
coffee polyphenols are also able to chelate iron, although to a lesser extent [63].

It has been previously reported that zinc lactate has higher solubility, stability, bioavailability, and a
more neutral taste when compared to other zinc salts used in food fortification [64,65]. Zinc lactate
added to strawberry jam in an amount equivalent to 50% of the RDI for Brazilian adults (3.5 mg
Zn) tasted similar to conventional strawberry jam and presented good stability six months after jelly
production [66]. Two hundred milliliters of filtered brew prepared with the present coffee fortified
with zinc would provide, on average, 0.368 mg, or about 5.3% of zinc RDI [40]. Taking into account
the USDA-NDSR [60] RDI for zinc, the provided amount of zinc would represent 3.3% RDI for
men and 4.6% RDI for women. According to Araujo et al. [67] the inadequate consumption of this
mineral can reach up to 30.0% of the Brazilian population. Zinc deficiency is also highly prevalent in
other low- and middle-income countries. Thus, affected populations are at increased risk of growth
retardation, diarrheal diseases, and respiratory tract infections. Micronutrient supplements, such as
zinc, are therefore potentially important interventions in the context of reaching the United Nations
Millennium Development Goals [68].

Calcium lactate has better solubility when compared to tricalcium phosphate. Calcium lactate is
known to have good solubility, bioavailability, low cost, and neutral taste when compared to other
calcium salts being widely used in food fortification [69,70]. In addition, Haro et al. [71] fortified juices
with different calcium salts and observed that calcium lactate showed good stability in beverages over
a period of 12 months. The calcium-enriched mango yogurt prepared after fortification of pasteurized
yogurt mix with calcium lactate corresponding to 50 mg Ca/100 mL did not show significant differences
in flavor, color, body, and texture scores when compared to the control [72]. Taking into account the
consumption of 220 mL of filtered and espresso coffees, the calcium fortified coffee brews in the present
study would provide, on average, 56.0 mg, corresponding to 5.6% of the Brazilian and American
RDI of 1000 mg for adults (considering both ANVISA and USDA-NDSR) [40,61]. This content is
equivalent to other plant food sources of calcium, such as kale, with a mean content of 65.5 mg of
calcium per 50 g [52]. According to Araujo et al. [67], the inadequate consumption of this mineral
can reach percentages up to 90.0% for both Brazilian men and women. Regarding the prevalence of
calcium inadequacy in Europe, in most nutritional surveys reviewed by Viñas et al. [73], more than
20% of individuals presented intake below the estimated average requirement (EAR) defined by the
Institute of Medicine of the United States. According to World Health Organization (WHO)/Food and
Agriculture Organization (FAO), [2], the best indication of calcium adequacy especially for developing
countries is probably provided by comparing dietary intakes with recommended nutrient intakes
(RNI), despite the variability; and uncertainty in the recommended intakes for calcium. On the basis of
the fact that intakes of dairy products are low, it is highly likely that low or very low calcium intakes
are very common in developing countries and therefore they would benefit from coffee fortification.

Still regarding calcium, it has been reported in different studies that acute consumption of caffeine
can increase the urinary excretion of this mineral and reduce bone formation, especially in those who
do not consume coffee regularly. However, due to body mechanisms for adaptation, in regular coffee
consumers, this increase in calcium excretion is lowered. Nawrot et al., [74] concluded in a review that
caffeine intakes lower than 400 mg/day (3 to 4 100 mL coffee cups) does not have significant effects
on bone status or calcium balance in individuals ingesting at least 800 mg calcium/day (this are the
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latest recommendations on the subject) [75]. Therefore, calcium fortification would help increase daily
intake and help making up for eventual losses due to caffeine.

4. Conclusions and Final Considerations

Ferrous bisglycinate chelate, zinc lactate, and calcium lactate presented better recoveries in
both dripping and espresso extraction methods compared to the other tested minerals. As ferrous
sulphate, zinc bisglycinate chelate, and tricalcium phosphate presented very low recoveries during
brewing, probably due to low solubility, these salts would not be recommended for fortification of
ground roasted coffees. Among the salts with better recovery, zinc bisglycinate chelate and tricalcium
phosphate presented very promising sensorial results when offered to tasters in the amount of 30%
of Brazilian DRI, while ferrous bisglycinate chelate did not present satisfactory results. Therefore,
the effect of lowering the amount of this salt, as well as new iron salts, should be evaluated in sensory
tests. Also, the positive or negative effects of the salts’ association on the sensorial attributes and
acceptance of coffee brews should be evaluated.

As previously mentioned coffee largely meets the prerequisites for use as a food fortification
vehicle, being considered a popular food, widely consumed by the populations in general. Ground
roasted coffee was selected as an option for fortification due to the lower cost compared to soluble
coffee. Considering the loss of minerals observed in filtered coffee, which is most used by the mineral
deficient segments of populations, and aiming the preparation of large quantities of the beverage for
popular restaurants and governmental institutions, the fortification of soluble coffee could be an option
since it does not present a loss of salts. However, given the very low cost of these mineral salts and the
higher cost and lower acceptability of soluble coffee by this segment of the populations, fortification of
ground roasted coffee is still a promising option. The higher extraction observed in espresso coffees
indicates that fortification can be also performed in coffees targeting espresso coffee consumers of
different social classes and countries who are also in need for diet supplementation. For example,
women in their menopausal period could largely benefit from calcium fortification.

Regarding the possibility of toxicity, the tolerable upper intake level (UL) can be defined as the
highest average daily nutrient intake that is likely to pose no risk of adverse health effects to almost
all individuals in the general population [76]. For iron, zinc, and calcium, these limits would be
45 mg, 40 mg, and 2500 mg, respectively. Considering salts that obtained the best recovery results,
ferrous bisglycinate chelate, zinc lactate, and calcium lactate, heavy coffee consumers (for example,
500 mL/day) would consume, on average, 2.52 mg of iron, 0.70 mg of zinc, and 111.44 mg of calcium
through filtered brew from fortified coffee, or about 3.99 mg of iron, 1.10 mg of zinc, and 155.63 mg
of calcium in the espresso brew. Therefore, neither of both methods would reach the UL for these
minerals [77].

With the development of micro- and nano-encapsulation technologies, one may ask why
traditional salts were used for ground coffee fortification (especially iron) since they have the
disadvantage of possibly interacting with the food matrix and alter its sensory properties. However,
considering filtering coffee is the most used preparation method by those who are in need of
fortification, the authors hypothesized that in addition to being costlier, such particles, especially
microparticles, could present higher retention in the paper or nylon filter. However, new experiments
should be performed using such technologies for coffee fortification, especially nanoparticles,
which can be very fine and may pass through these filters.

Considering that product development must include consumer acceptance, stability during
storage, and microbiological safety analyses, these aspects will be approached in future studies.
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