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Inadequate diets with insufficient content of nut-
rients may cause severe disorders (anemia, rickets,
osteoporosis, and diseases of the immune system).
Maintaining the mineral balance requires not only the
intake of foods rich in minerals, but achieving the
mineral bioavailability. The amount of mineral that is
available to be absorbed can be affected by num-
erous factors such as the presence of antinutrients,
polyphenoils, fibres, competition with other nutrients
[1], presence of proteins and fermentable carbohyd-
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EFFECT OF PROCESSING AND COOKING ON
MINERAL AND PHYTIC ACID CONTENT OF
BUCKWHEAT-ENRICHED TAGLIATELLE

Article Highlights

e Tagliatelle was enriched with autoclaved and common whole buckwheat flour
The mineral bioavailability was slightly improved by buckwheat flour addition
The autoclaving significantly reduced phytic acid content of cooked tagliatelle
Autoclaving represents a promising strategy for modifying phytic acid content
Zinc bioavailability is not inhibited by phytate content

Abstract

Two types of buckwheat flour - non-treated (NBF) and autoclaved (TBF) - were
used for the enrichment of whole wheat tagliatelle (control sample) at the level
of 10-30%, and the produced tagliatelle samples (dry and cooked) were exam-
ined in terms of mineral and phytic acid (PA) content. Both NBF and TBF pos-
sessed significantly higher (p < 0.05) content of all investigated minerals com-
pared to whole wheat flour (WWF), but significantly lower (p < 0.05) PA con-
tent. Cooked NBF-containing tagliatelle possessed significantly higher (p < 0.05)
content of Mg, Zn, Mn and Fe compared to the cooked control sample, while
mineral content of cooked TBF-containing tagliatelle samples was not signific-
antly different from the control. Autoclaving significantly reduced (p < 0.05) PA
content of cooked TBF-containing tagliatelle samples compared to cooked
NBF-containing tagliatelle samples and the control sample. The mineral bio-
availability defined through molar ratio of mineral to phytate was slightly imp-
roved in buckwheat-containing tagliatelle samples, but it stilf remains at low
level. Regarding all results, the enrichment of whole wheat tagliatelle with NBF
at higher levels of substitution (20-30%) resulted in significant increase in
mineral content and bioavailability.

Keywords: mineral content, phytic acid, buckwheat, tagliatelle, mineral
bioavailability, autoclaving.

rates, enzyme activity, intestinal pH, source of min-
erals and meal composition [2].

Phytic acid (PA) can be found in many cereals,
legumes, oilseeds and other plants [3]. It is con-
sidered as an antinutrient due to its potential to red-
uce mineral absorption by binding of mineral divalent
and trivalent ions such as calcium, magnesium, zinc,
copper, iron and potassium into phytic acid-mineral
complexes called phytates [4,5]. These complexes
are insoluble at physiological pH and, consequently,
they exhibit low bioavailability [2].

PA level of cereal seeds is low at early growth
stages but it rapidly increases with starch synthesis
during maturation and finally reaches the level of
approximately 1-6% [5]. Depending on the diet habits,
the daily intake of phytate can be 2000-2600 mg for
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vegetarian and diets of inhabitants of rural areas in
developing countries and 150-1400 mg for mixed
diets [6]. These high phytate intakes are correlated
with poor iron and zinc status in preschool children
[7]. There have been a number of studies which deal
with the determination of phytate content in different
foods [1,5,8,9] as well as the methods of phytate con-
tent reduction. For that purpose, germination, soak-
ing, cooking, and fermentation have been inves-
tigated [10,11].

Pasta has traditionally been produced from
durum wheat and consumed worldwide. In the reg-
ions where durum wheat is not grown, bread wheat is
used for pasta production, because of availability and
lower prices. Durum wheat pasta is low in proteins,
essential amino acids, vitamins and minerals [12]
and, therefore, functional ingredients have been used
to improve its nutritional and functional quality [13,14].
However, incorporation of functional ingredients inc-
reases the cost of the final product and detailed
analysis of the market is necessary in order to make
production profitable. For example, Vukoje et a/. [15]
showed that the difference in production costs
between spelt and wheat pasta results mostly from
the higher cost of spelt flour. On the Serbian market,
wheat pasta costs from € 1.5 to 4.0 per kg depending
on quality and manufacturers. On the other hand,
whole grain wheat pasta costs from € 2.0 to 4.7 per
kg, spelt pasta costs about € 5.5 per kg, buckwheat
pasta from € 2.6 to 4.7 per kg, and rice pasta from €
10.5 to 21.0 per kg.

The strategy of functional ingredients incorpor-
ation into pasta formulation is also recognized as a
good choice for overcoming nutrient deficiency
caused disorders [16] since pasta is frequently con-
sumed. Buckwheat flour has been proven as a func-
tional ingredient for added-value pasta [17]. Although
buckwheat flour represents a rich source of proteins,
minerals, antioxidants and dietary fibres [18], its PA
content may be high, especially when whole buck-
wheat flour is used for product enrichment since PA is
highly concentrated in the bran [19]. However, whole
buckwheat flour also provides four- to five-fold more
minerals than refined flour [2] and, therefore, bioavail-
ability data of buckwheat minerals are of interest [20].

Autoclaving is one of hydrothermal processes
usually used to facilitate flaking of the groats or to
prevent their rancidity during storage [21]. In addition
to these, Jambrec et al [22] and Yoo et al [23]
employed autoclaving in order to prevent the rutin
loss and quercetin increase in a final product. More-
over, Avanza et al. [24] used autoclaving to reduce
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content of antinutritional components (tannins and
phytic acid) in cowpeas.

The objective of the present paper was to study
the effect of autoclaving on the phytate reduction and
its influence on mineral bioavailability of whole buck-
wheat flour and buckwheat-enriched tagliatelle.

MATERIALS AND METHODS

Raw materials

Common whole wheat flour (WWF) (moisture
12.02%, protein (Nx5.7) 13.60%, fat 1.63, ash 1.20%,
reducing sugars 1.55% and starch 72.00%) was pur-
chased from the local market (Zitko, Backa Topola,
Serbia) and common buckwheat grains were pur-
chased from Hemija Commerce, Novi Sad, Serbia.
Non-treated whole buckwheat flour (NBF) (moisture
11.81%, protein (Nx5.7) 15.24%, fat 3.24, ash 2.65%,
reducing sugars 2.30% and starch 71.60%) was
obtained by grinding the whole buckwheat grains
(with hull) on a stone mill (mill stone diameter 1000
mm; Rajica Topalovi¢ and son, Trstenik, Serbia). After
grinding, the material was sieved (100-mesh screen)
to obtain the flour with a very small portion of hull.

Autoclaving of buckwheat grains

Buckwheat grains were placed directly into an
autoclave container and autoclaved at 120 °C and 0.2
MPa for 10 min (Autoclav STERICLAV - S AES-75,
Raypa trade, Barcelona, Spain). After the treatment
grains were spread out on trays and left overnight at
25 °C. The autoclaved whole buckwheat flour (TBF)
(moisture 13.10%, protein (Nx5.7) 12.99%, fat 3.43,
ash 2.38%, reducing sugars 1.89% and starch 69.92%)
was obtained by grinding the autoclaved whole grains
with hull on a stone mill (mill stone diameter 1000
mm; Rajica Topalovi¢ and son, Trstenik, Serbia) and
sieved (100-mesh screen). The obtained buckwheat
flour represented a mixture of ground aleuron seed
layer, germ, and a very small portion of hull.

Tagliatelle production

Seven different types of tagliatelle (Figure 1)
were produced on an industrial scale (capacity 80
kg/h) using single screw extruder (Ital past Mac 60
Pasta Maker Extruder, Parma, Italy) by substituting
whole wheat flour with different amounts (10, 20 and
30 g/100 g) of NBF or TBF in tagliatelle formulation.
Whole wheat tagliatelle was produced as a control.

Different types of flour were first mixed and
hydrated with tap water in order to achieve proper
dough consistency. The obtained dough was ext-
ruded and the tagliatelle was dried in a dryer (ltal past
D200, Parma, ltaly) using a low temperature drying
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procedure at approximately 50 °C for 13.5 h until the
final relative humidity was between 75 and 77%.

Cont\.rgwfg\

Figure 1. Dry whole wheat flour tagliatelle enriched with non-
-treated (NBF) and autoclaved (TBF) whole buckwheat flour.
Control-whole wheat flour tagliatelle; 10NBF, 20NBF, 30NBF -
10, 20, and 30 g/100 g NBF supplemented whole wheat flour
tagliatelle; 10TBF, 20TBF, 30TBF - 10, 20, and 30 g/100 g TBF
supplemented whole wheat tagliatelle.

Tagliatelle cooking

Tagliatelle was cooked according to modified
AACC [25] which implies cooking in distilled water
without salt addition. Tagliatelle were cooked until the
optimum cooking time was reached, after which it was
drained and dried at 45 °C for 1 day. Drained cooked
and uncooked tagliatelle were ground using 1095
Knifetec laboratory mill.

Mineral composition

Mineral composition (Ca, Mg, K, Zn, Fe, Cu, Mn
and Na) of WWF, NBF, TBF and all pasta samples
(uncooked and cooked) was determined using a
Varian Spectra AA 10 (Varian Techtron Pty Ltd., Mul-
grave Victoria, Australia) atomic absorption spectro-
photometer equipped with a background correction
(D2-lamp). The sample preparation consisted of a dry
ashing procedure at 450 °C as described by Pavlovi¢
et al. [26].

Phytic acid

Phytic acid was determined by the method des-
cribed by Haug and Lantzsch [27]. Phytic acid was
extracted from 0.5 g of sample with 0.2 M HCI for 3 h
followed by centrifugation at 3000 rpm (1006.2 g) for
30 min. The extract (0.5 mL) was mixed with 1 mL of
ferric ammonium sulphate solution (0.2 g of
NH;Fe(S0O4),-12H,0 in 100 mL 2 M HCI and made up
to 1000 mL), incubated in a boiling water bath for 30
min and then cooled in an ice water bath until reached
room temperature. After the cooling, 2 mL of 2,2"-
-bipyridine solution (1 vol.%) was added. The absorb-
ance was measured immediately at 519 nm (6405
UV/Vis, Jenway, Stone, Staffordshire, UK) and phytic

acid content was calculated using the calibration
curve. Calibration was set up with the reference sol-
utions prepared by diluting the stock solution (1.3
mg/mL phytic acid) with 0.2 M HCI in the range of 0.1
to 1.0 mg/mL.

Determination of mole ratio of phytate/mineral

The content of phytic acid and selected minerals
was divided by its molar mass (PA: 660.04 g mol™;
Fe: 55.85 g mol™'; Zn: 65.01 g mol™"; Ca: 40.08 g mol’
") in order to convert it into amount of substance
(mole). The mole ratios (PA/Fe, PA/Zn, PA/Ca,
PAxCa/Zn) were calculated by dividing moles of PA
and appropriate mineral.

Statistical analysis

All analyses were performed in triplicate and
presented as mean * SD. Analysis of variance
(ANOVA) and Tukey honestly significant difference
test were performed to establish the significance of
differences among samples. All measurements were
performed with confidence of p < 0.05, and by using
statistical software Statistica 12, (StatSoft, Inc., 1984-
-2013).

RESULTS AND DISCUSSION

Mineral composition

Both whole buckwheat flour samples (NBF and
TBF) had significantly (p < 0.05) higher mineral con-
tent compared to the whole wheat flour (WWF, Table
1). Compared to the WWEF flour, buckwheat flour
samples contained more minerals, as follows: 120-
-140% for Mg, 20-44% for Ca, 30-38% for Zn, 61-71%
for Cu, 58-112% for Mn, 69-74% for Fe and 42-46%
for K. Similar results were reported by Bilgicli [28] and
Steadman et al. [19]. Comparing the mineral content
of TBF and NBF, it can be concluded that NTF is
superior in Ca, Cu, Mn and K content. The reduction
of minerals during autoclaving of chickpea was also
observed by Alajaji and ElI-Adawy [29].

Tagliatelle production had no significant effect
on pasta mineral content in comparison to the flour
samples. The negligible increase in minerals during
pasta production can be addressed to minerals from
tap water used for tagliatelle production (Table 1).
Cubadda et al. [30] emphasized that the increase in
minerals during pasta making resulted from minerals
present in water used for dough preparation and
equipment used in the pasta making process.

Although both whole buckwheat flour (NBF and
TBF) had higher mineral content in comparison to
WWEF, the enrichment of tagliatelle formulation using
NBF and TBF led to the significant increase (p < 0.05)
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Table 1. Phytic acid (PA) and mineral (mg/100 g dw) content of flour, uncooked and cooked tagliatelle; means + SD (n = 3) within a
column followed by the same letter are not significantly different (p < 0.05); dw - dry weight: PA - phytic acid, WWF - whole wheat flour,
NBF - non-treated whole buckwheat flour, TBF - autoclaved whole buckwheat flour; Control - whole wheat flour tagliatelle; 10NBF,
Z20NBF, 30NBF - 10, 20, and 30 g/100 g NBF supplemented whole wheat flour tagliatelle; 10TBF, 20TBF, 30TBF - 10, 20, and 30 g/100 g
TBF supplemented whole wheat tagliatelle

Sample PA Ca Mg Zn Cu Mn Fe K Na
Flour
WWF  415.9°+13.0 26.68°+1.73 96.46°+4.70 1.88°+0.10 0.38°+0.00 2.24™0.17 4.76°+0.02 257.7°+1.43 11.97°+1.88
NBF 310.5+16.9 38.43°+0.61 233.0°+6.32 2.60°+0.00 0.65°+0.00 4.76°+0.06 8.30°+0.12 401.1°¢3.12 7.09°+0.24
TBF 300.6°£10.7 31.90°+0.39 214.8°+11.25 2.44°+0.13 0.61°+0.00 3.53°+0.24 8.04°+0.05 365.7°+5.23 11.89°+1.75
Uncooked tagliatelle
Control  349.8°#20.1 31.21°°+0.92 109.7°°+0.84 2.07°#0.03 0.44°*0.03 2.54°°+0.11 6.04%°+0.16 274.4°°+ 4.74 11.10°+1.24
10NBF  457.7°+8.40 29.41°+1.12 112.2°°+3.63 2.37°°°+0.05 0.44°"*0.03 2.52%°+0.15 6.41%+0.02 259.8°+10.43 3.68°+0.69
20NBF  378.3°+10.5 33.55"+2.10 127.4'+1.82 2.41°°+0.03 0.470.02 3.14°+0.06 2.83%+0.17 273.7°°+ 0.39 5.57°°+0.44
30NBF  361.4°10.1 37.01%0.15 122.1%+1.74 2.36°+0.07 0.48™+0.03 2.84™+0.13 10.42°+0.10 276.9°°+ 5.15 8.26°+0.24
10TBF  331.5°49.10 31.8°°+0.21 109.8°°+0.85 1.99°+0.10 0.42°°°*0.00 2.41°+0.10 5.63%+0.13 282.9°+3.26 6.03°°+0.12
20TBF  331.8°+26.8 30.84%°+0.17 117.4°°+0.32 2.06°+0.02 0.44™%*0.00 2.60°°+0.04 5.87%°+0.39 275.7°+ 0.64 11.05°+0.19
30TBF  340.6°+13.0 30.72°°:0.25 126.4'+3.37 2.04°#0.02 0.470.01 2.52°+0.12 5.75°+0.11 283.0°+6.17 7.36°+0.54
Cooked tagliatelle

Control  430.3%+15.5 35.09°+1.00 103.9°+1.79 2.23%°+0.09 0.34°+0.11 2.63°°+0.14 6.15°+0.05 144.0°+0.23 6.47°+0.36
10NBF  472.8+26.8 36.18°+0.09 118.2%+1.89 2.64°+1.00 0.44*°+0.02 2.82°°+0.09 6.90°+0.07 135.8°+2.34 3.60°+0.13
20NBF  464.7°+9.20 36.46°+0.38 126.8'+0.08 2.51°°+0.00 0.56°+0.06 3.08%+0.06 8.80°+0.16 134.870.54 4.46°°+0.20
30NBF  431.2°°4255 36.20°+0.39 135.8+1.14 2.78°%0.06 0.48™°+0.03 3.27°+0.02 11.69°+0.37 130.0°+2.42 8.86%+0.39
10TBF  398.37+8.40 31.887+0.12 104.0°%1.75 2.68°+0.00 0.43™+0.03 2.46°+0.12 5.887+0.02 133.4°+1.13 4.83°+0.17
20TBF  393.2°#4.40 31.72°+0.03 116.5°%+0.53 2.06°+0.08 0.40*°+0.00 2.56*+0.04 6.15°+0.10 150.4°*1.74 3.79°+0.09
30TBF  411.4%®+31.5 31.89°+0.74 127.2°42.89 2.13°+0.15 0.45°+0.00 2.75°°+0.03 6.21*°+0.21 162.0°+2.34 8.44%+0.28

in some minerals (Ca, Mg, Zn and Fe) only at the ing in tap water with or without salt addition. However,

higher level of substitution (20 and 30%) with NBF
(Table 1).

Since the nutritional benefit of some nutrient can
be achieved if it is available at the time of consump-
tion, a decline of mineral content occurring during
pasta cooking should be as small as possible. There
are studies examining influence of different cooking
approaches and effects of specific medium on mineral
content [31]. In the present study, tagliatelle was
cooked in distilled water without salt addition in order
to identify mineral content influenced only by buck-
wheat flour enrichment.

Although Manthey and Hall [32] and Nedeljkovi¢
et al. [33] reported detrimental effect of cooking on the
content of K, Cu and Zn, in our study only the distinct
reduction of K content was noticed in all cooked
tagliatelle samples by about 50%, while the contents
of Zn, Fe and Ca were higher by about 11, 10 and
16% in cooked NBF-containing tagliatelle,
respectively, and by about 19, 6 and 4% in cooked
TBF-containing tagliatelle, respectively. The loss of K
might be related to the loss of water soluble albumin
during cooking [32]. Calcium increase reported in
some studies [30] was a consequence of pasta cook-
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considering that tagliatelle in this study was cooked in
distilled water without salt addition, the increased
content of Ca can be explained as a result of leaching
of starch and soluble proteins, which resulted in
changed proximate composition of cooked tagliatelle
[19].

According to the obtained results, it seems that
the enrichment of tagliatelle formulation with NBF and
TBF was only useful in the case of NBF-containing
tagliatelle, which possessed significantly higher (p <
< 0.05) content of Mg, Zn, Mn and Fe after cooking
compared to the cooked control sample. Mineral con-
tent of all cooked TBF-containing tagliatelle samples
was at the level of the control sample indicating that
autoclaving did not improve the mineral content of the
final products.

Phytic acid content

Phytic acid content of flour and tagliatelle
samples is presented in Table 1. Both whole buck-
wheat flour samples (NBF and TBF) had significantly
lower (p < 0.05) PA content compared to whole wheat
flour (WWF). Bilgigli [24] reported opposite results but
comparing wholegrain buckwheat flour (without hulls)
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and white wheat flour. Contrary to Bilgicli [28], we
used whole wheat flour for tagliatelle production,
which is known to possess higher content of phytic
acid than white wheat flour because of the bran pre-
sence [5,34,35].

In general, all examined flour samples can be
considered as flour types with low phytic acid content.
PA content of whole wheat flour is comparable with
data published by Febles ef a/. [8] who analysed PA
content of 100 different types of whole wheat flour
and determined that 9% of the samples were with low
phytic acid content (400-600 mg/100 g) and 33%
were with moderate phytic acid content (600-800
mg/100 g). However, there are many results of PA
content of whole wheat flour which are superior to
ours (960-2200 mg/100 g by Garcia-Estepa et a/. [35];
4491 mg/100 g by Frontela et al. [36]). PA content of
both examined whole buckwheat flour types was
lower than that reported by other researchers (920-
-1620 mg/100 g by Greiner and Konietzny [37]; 1565
mg/100 g by Bilgigli [28]). In addition to application of
different analytical methods, the differences in PA
content may result from using different milling frac-
tions and even different milling procedures [19]. For
instance, Steadman et al [19] reported that flour
obtained by milling whole grains with intact achene
contains higher content of phytic acid (694 mg/100 g)
than flour obtained from dehulled and milled whole
grains (194 to 380 mg/100 g). On the contrary, bran
from first dehulled whole grain possesses higher PA
content (from 3487 to 3833 mg/100 g) than bran from
grain milled with hulls (2687 to 3807 mg/100 g). Gen-
etics, soil type, year, fertiliser application, environ-
mental fluctuation, and even particle size may con-
tribute to the differences in PA content [19,35].

Tagliatelle production, that implies extrusion of
dough and drying, did not influence PA content of all
investigated tagliatelle samples, with the exception of
the control sample, which possessed significantly
lower (p < 0.05) amount of PA (Table 1). TBF-con-
taining tagliatelle samples had slightly lower PA con-
tent (6-28%) than their NBF-containing counterparts,
indicating that autoclaving is able to hydrolyse phyt-
ates. Namely, phytase is inactive in dry seeds, but
during autoclaving seeds are steamed and moistened
and, therefore, phytase can be activated [38]. Phytic
acid content reduction caused by autoclaving was
also reported by Avanza et al. [24], Demir et al. [39],
Ertas [40] and Shimelis et a/ [41]. Moreover, red-
uction of phytate content may be a consequence of
protein reduction during autoclaving since phytate
forms strong complexes with some proteins [4].
Although some authors reported about phytase inact-

ivation at temperature above 80 °C, our results cor-
respond with the finding of Ma and Shan [38], who
discovered that the loss of phytase activity was no
more than 13.6% when wheat was heated at 100 °C
for 1 h.

Relatively low increase in PA content of max-
imum 23% (19.3-23% in NBF- and 18.5-21% in TBF-
-containing tagliatelle samples) was observed during
pasta cooking. Comparing cooked NBF-containing
tagliatelle samples with those made with TBF, it can
be concluded that autoclaving of buckwheat achenes
prior to tagliatelle production resulted in pasta with
lower PA content (5-16%, Table 1). The registered
increase in PA content of cooked pasta samples com-
pared to dry ones may be addressed to leaching of
some pasta components, first of all starch and pro-
teins [17], that result in obtaining new material bal-
ance of the food components.

Mole ratios

Although buckwheat bran is a good source of
minerals, the presence of phytic acid could reduce
their absorption [19]. The amount of each mineral pro-
vided by a standard serving size of produced taglia-
telle (80 g of the uncooked product) was calculated
and compared with the population reference intake
(PR established by European Scientific Committee
for Food (1993) and with recommended dietary allow-
ance (RDA) established by U.S. Food and Nutrition
Board (http://www.nutri-facts.org/eng/minerals, Table
2). All examined tagliatelle types can be considered
as a valuable source of Mg, Fe and Zn, wherein
buckwheat-containing tagliatelle, especially those
with NBF, was generally assessed as a better source
of minerals compared to the control sample. How-
ever, the obtained amounts of minerals should be
considered as approximate indicators of mineral
intake due to the presence of phytates, which greatly
affect bioavailability of the present minerals.

The inhibitory effects of phytic acid on mineral
bioavailability have been extensively investigated
[36]. The negative effects of phytic acid should be dis-
cussed not only over the content of phytic acid, but
also through the mole ratios of phytic acid and min-
eral. The mole ratios, which indicate the adequate Zn,
Fe and Ca bioavailability, are given in Table 3. Ratios
above the proposed critical values indicate that the
bioavailability of the mineral is low and highly affected
by the phytate content.

Regarding the PA/Zn ratio, the produced taglia-
telle samples showed moderate to low Zn bioavail-
ability, since molar ratio for all examined samples was
in the range from 15 to 20. According to the WHO
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Table 2. Nutritional information per serving size of cooked tagliatelle; Control- whole wheat flour tagliatelle; NBF - non-treated buck-
wheat supplemented whole wheat flour tagliatelle; TBF - autoclaved buckwheat supplemented whole wheat flour tagliatelle

Mineral ) . R Daily requirements, %
Daily requirements®, mg
Control NBF tagliatelle (range) = TBF tagliatelle (range)
Ca Europe 700 4.0 4.1-4.2 3.6
uU.sS. 1000 2.8 29 25
Mg Europe (lower limit) 150 55.4 63.0-72.4 55.5-67.8
Europe (upper limit) 500 16.6 18.9-21.7 16.6-20.4
U.S. (male) 400 20.8 23.6-27.2 20.8-254
U.S. (female) 310 26.8 30.5-35.0 26.8-32.8
K Europe 3100 3.7 3.4-35 3.4-4.2
u.s. 4700 24 2123 2.3-28
Na Europe 575 0.9 0.5-1.2 0.5-1.2
u.s. 1200 0.4 0.2-0.6 0.3-0.6
Fe Europe (male) 9 54.7 61.3-103.9 52.3-55.2
Europe (female) 15 32.8 36.8-62.4 31.4-33.1
Europe (pregnant) 30 16.4 18.4-31.2 15.7-16.6
U.S. (male) 8 61.5 69.0-116.9 58.8-62.1
U.S. (female) 18 27.3 30.7-52.0 26.1-27.6
U.S. (pregnant) 27 18.2 20.4-34.6 17.4-18.4
Zn Europe (male) 9.5 18.8 21.1-23.4 17.4-22.6
Europe (female) 7 25.5 28.7-31.8 23.5-30.6
U.S. (male) 11 16.2 18.3-20.2 15.0-19.5
U.S. (female) 8 22.3 25.1-27.8 20.6-26.8

*These are mainly reference values for informational purposes. Most of these values are based on a 2000 cal intake for people of 4 or more years of age

Table 3. Moleratios of phytate to mineral in uncooked and cooked tagliatelle samples together with recommended critical values

Sample PA/Fe PA/Zn PA/Ca PAxCa/Zn
Critical values
<11[44] 5-15 [42] <0.17 [45], <0.24 [44] <200 [45]
Uncooked tagliatelle

Control 4.90°+0.13 16.61°+0.26 0.68%+0.02 129.3%°+5.88

10NBF 6.04+0.02 19.03°+0.43 0.94°+0.04 139.6°+2.16

20NBF 3.56"+0.07 15.45°+0.18 0.68°+0.04 129.3%°+6.63

30NBF 2.94°+0.03 15.08°+0.43 0.59°+0.00 139.3°+3.41

10TBF 4.98°+0.12 16.40°+0.86 0.63%+0.00 130.2°°+5.97

20TBF 4.78°40.32 15.85%+0.17 0.65*+0.00 122.0°+0.64

30TBF 5.01°40.10 16.43°+0.14 0.67°°+0.01 126.0%°+0.08

Cooked tagliatelle

Control 5.92°+0.04 19.03°+0.79 0.74%+0.02 166.6°+2.22

10NBF 5.80°"+0.06 17.62°°+0.64 0.79°0.00 159.0°+6.18

20NBF 4.47°+0.08 18.26°+0.05 0.77°°+0.01 166.1°42.12

30NBF 3.13°+0.10 15.29%°+0.31 0.72°+0.01 138.0°+4.31

10TBF 5.73%+0.02 14.65"+0.02 0.76*°+0.00 116.57+0.62

20TBF 5.41°0.09 17.95°+0.71 0.75%°40.00 149.0°°45.47

30TBF 5.62°+0.19 18.23°+1.33 0.78°°+0.02 151.9°°47.05

[42], 55% of Zn content of foods is expected to be and less than 15% would be absorbed if the ratio is
absorbed if PA/Zn ratio of foods is less than 5, but higher than 15. However, for foods relatively high in
only 35% of Zn would be absorbed if the ratio is 5-15 phytic acid and calcium, some authors [9] suggested
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the PAxCa/Zn mole ratio is more useful for assessing
zinc bioavailability. In this context, these two cations
act synergistically to increase the amount of phytate
precipitation [4] and Zn availability. At high PA/Zn
mole ratio Ca displaces Zn from phytate-binding sites
thereby increasing the amount of free Zn [43]. Accord-
ing to Wise [43], the amount of free Zn is directly
proportional to the Ca concentration. According to the
calculated PAxCa/Zn mole ratio (Table 3), it seems
that zinc absorption from all analyzed cooked taglia-
telle samples could not be inhibited by the presence
of phytic acid since molar ratio was below critical
value (< 200).

None of the analyzed tagliatelle samples
showed mole ratio of PA/Fe and PA/Ca below appro-
priate critical values (PA/Fe < 1; PA/Ca < 0.24) indi-
cating that phytate level is likely to decrease the iron
and calcium absorption. Within cooked tagliatelle
samples, the control sample showed the highest
PA/Fe mole ratio (5.92), while NBF-containing taglia-
telle had lower mole ratio compared to their TBF-con-
taining counterparts (Table 3). These findings indicate
that autoclaving is likely to deteriorate iron bioavail-
ability, which is in agreement with Alajaji and ElI-Adawy
[29].

CONCLUSION

Both whole buckwheat flour (NBF and TBF)
possess significantly higher (p < 0.05) content of Ca,
Mg, Zn, Cu, Mn, Fe and K compared to whole wheat
flour (WWF). The supplementation of tagliatelle for-
mulation is effective only in the NBF-containing taglia-
telle, which possesses significantly higher (p < 0.05)
content of Mg, Zn, Mn and Fe after cooking compared
to the cooked control sample. Autoclaving of buck-
wheat achenes prior to tagliatelle production does not
improve mineral content of cooked pasta. On the
other hand, autoclaving significantly reduces (p <
0.05) PA content of cooked TBF-containing tagliatelle
samples compared to cooked NBF-containing taglia-
telle samples and the control sample. Therefore, this
type of pre-treatment represents a promising strategy
for modifying PA content in pasta production. Further-
more, the mineral bioavailability defined through mole
ratio of mineral to phytate content is slightly improved
in buckwheat-containing tagliatelle samples, but it still
remains at low level. However, based on the results,
zinc absorption is not inhibited by phytate content
since molar ratio PAxCa/Zn is below critical value
(< 200) for all cooked tagliatelle samples.
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UTICAJ PROCESA PROIZVODNJE | KUVANJA NA
SADRZAJ MINERALNIH MATERIJA | FITINSKE
KISELINE U TALJATELAMA OBOGACENIM
HELJDINIM BRASNOM

Obogacivanje integralne psenicne testenine (kontrolni uzorak), sprovedeno je supstitui-
sanjem dela pSenicnog brasna (od 10 do 30%) sa dve vrste infegrainog heljdinog bras-
na - netretiranim (NBF) ili autokiaviranim (TBF) integralnim hejjdinim brasnom. U proiz-
vedenim ialjatelama ispitani su sadrZaj mineralnih materija i fitinske kiseline (PA). Oba
uzorka integralnog heljdinog brasna (NBF i TBF) imala su znacajno (p < 0,05) visi sadr-
Zaj svih analiziranih minerala u poredenju sa uzorkom integralnog psenicnog brasna
(WWF), ali znacajno (p < 0,05) nizi sadrZaj fitinske kiseline. Uzorci taljatela koji su sadr-
Zali NBF, nakon kuvanja su imali znacajno (p < 0,05) visi sadrZzaj Mg, Zn i Fe u pore-
denju sa kontrolnim uzorkom, za razliku od uzoraka taljatela sa TBF, kod kojih se sadr-
Zaj mineralnih materija nije znacajno (p < 0,05) razlikovao od kontrolnog uzorka. Proces
autoklaviranja znacajno (p <0 ,05) je smanjio sadrzaj fitinske kiseline u uzorcima tajja-
tela sa TBF u poredenju sa svim ostalim uzorcima tajjatela. BioraspoloZivost minerala,
izraZena kao odnos sadrZaja minerala i fitinske kiseline, donekle je poboljsana dodat-
kom helfdinog brasna u formulacjjama taljatela, ali je i dalje veoma mala. Uzimajuci u
obzir sve rezultate, moZe se zakjjuciti da se obogacivanjem formulacije laljatela sa
20-30% NBF-a, postize znacajno (p < 0,05) povecanje sadrZaja minerala i povecava se
njihova bioraspoloZivost.

Kljucne reci: sadrZaj mineralnih materija, fitinska kiselina, hejjaa, taljjatele, bioras-
poloZivost minerala, autoklaviranje.



