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ABSTRACT: Nowadays there is considerable interest in the consumption of alternative crops as potential recipes for gluten-free
products production. Therefore, the use of buckwheat for the production of gluten-free pasta has been investigated in the present
study. RP-HPLC-ESI-TOF-MS has been applied for the separation and characterization of free and bound phenolic compounds in
buckwheat flour and buckwheat spaghetti. Thus, 32 free and 24 bound phenolic compounds in buckwheat flour and spaghetti have
been characterized and quantified. To the authors' knowledge, protochatechuic-4-O-glucoside acid and procyanidin A have been
detected in buckwheat for the first time. The results have demonstrated a decrease of total free phenolic compounds from farm to
fork (from flour to cooked spaghetti) of about 74.5%, with a range between 55.3 and 100%, for individual compounds. The decrease
in bound phenols was 80.9%, with a range between 46.2 and 100%. The spaghetti-making process and the cooking caused losses of
46.1 and 49.4% of total phenolic compounds, respectively. Of the total phenolic compounds present in dried spaghetti, 11.6% were
dissolved in water after cooking.
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’ INTRODUCTION

Numerous foods are already associated with health promotion
and disease prevention. Inappropriate nutrition is a primary factor
in unattained genetic potential, reduced physical and cognitive
performance, and increased risk of some diseases. 1 Celiac disease
is one of the most common lifelong disorders worldwide with an
estimatedmean prevalence of 1% of the general population. 2 It is
an autoimmune enteropathy triggered by the ingestion of gluten-
containing grains (wheat, barley, rye, and possibly oats) in
genetically susceptible individuals. The only treatment for celiac
disease is lifelong adherence to a gluten-free diet. 3,4 For instance,
in many areas of the world staple foods such as bread, bakery
products, and pasta contain gluten and, therefore, should be avoided
in the diet. At present there is considerable interest in the consump-
tion of alternative crops as potential recipes for gluten-free products
production.5 Several of them are considered minor cereals, that is,
underutilized cereals (for example, sorghum, rye, andmillet); others
are pseudocereals, crops evolutionarily distant from cereals, which
produce grains (for example, quinoa, amaranth, and buckwheat).
Gluten-free cereal foods are frequently made using refined gluten-
free flour or starch and are generally not enriched or fortified.
Sorghum is often recommended as a safe food for celiac patients,
because it is only distantly related to theTriticeae tribe cereals wheat,
rye, and barley,6 being a member of the Panicoideae subfamily,

which also includes maize and most millets.7 Traditional flatbreads
from sorghum and millets were produced in India and Ethiopia.
Many alternatives to common gluten-containing grains exist, such as
the pseudocereals amaranth, quinoa, and buckwheat. 8�10

Buckwheat has been used in different bread formulations11�15

and in the production of other gluten-free bakery products.8,16,17

The results have suggested that processing conditions, including
tempering moisture, heating temperature, and heating time, sig-
nificantly influence the physical and chemical qualities of buck-
wheat products such as specific volume, hardness, integrity, color,
internal structure, and rutin content. In addition, Boj�nansk�a and
co-workers18 have demonstrated an increase of the total antiox-
idant status in vivo when buckwheat-enriched bread is consumed.

Traditional foodsmade from buckwheat flour are consumed in
China, Japan, Korea and Bhutan, with Japanese buckwheat con-
sumption primarily in the form of noodles. Buckwheat, or soba,
noodles are normally made from a blend of common wheat flour
and buckwheat flour. The Japanese Food Agency stipulates that a
minimum of 35% buckwheat must be present in noodles to be
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called soba. Most of the soba noodles contain at least 60% buck-
wheat. Some handmade soba noodles, available only in selected
restaurants, are made with 100% buckwheat flour.19

In recent years, different researchers have studied the effect of
hydration level on processing properties and the effects of hydration
level, concentration of buckwheat bran flour, and drying tempera-
ture on the physical and cooking qualities of spaghetti.20�23

To our knowledge, the single free and bound phenolic
compounds have not been previously identified in buckwheat
spaghetti or in cooking water. For this reason, the aim of this
study was to analyze the content of phenolic compounds in flour,
dried spaghetti, cooked dried spaghetti, and cooking water. This
matrix is particularly interesting because buckwheat is considered
to be very promising for the development of gluten-free and
functional products. Thus, the free and bound phenolic com-
pounds were characterized by HPLC-ESI-TOF-MS and were
determined in the raw material and end product to establish the
stability of these phytochemicals during pasta processing and
after cooking.

’MATERIALS AND METHODS

Reagents and Chemicals.HPLC grade acetonitrile, ethanol, and
methanol were purchased from Labscan (Dublin, Ireland). Acetic acid
analytical grade (assay >99.5%) was purchased from Fluka (Buchs,
Switzerland). Water was purified by using a Milli-Q system (Millipore,
Bedford, MA). Other reagents not listed were of an analytical grade.
Syringic acid, (+)-catechin, rutin, and myricetin (Sigma-Aldrich, St.
Louis, MO) were used for the calibration curves.
Samples. Organic whole buckwheat flour (Fagopyrum esculentum

Moench) was used.
Pasta was manufactured in a pilot pasta-making plant (Namad, Rome,

Italy). Whole buckwheat flour was mixed with tap water (30 �C) for 15
min to obtain a dough suitable for extrusion (dough moisture ≈ 30%).
The press (capacity = 5 kg) was equipped with a vacuum mixing and
extruding system as well as with a water-cooling jacket of the barrel and
extrusion head to reduce heat and to maintain a constant extrusion
temperature of <50 �C. The dough was processed into spaghetti (1.8
mm diameter). Spaghetti was dried using a high-temperature program as
described by Cubadda et al.24 with a maximum of temperature of 85 �C
in a static dryer (Pavan, Padova, Italy). The sampling was the result of
four different production batches of spaghetti.
Extraction of Free Phenolic Compounds from Flour and

Dried Spaghetti. To isolate the free phenolic fraction from flour and
dried spaghetti, the protocol of Van Hung and Morita25 with some
modifications was applied. Dried spaghetti samples were milled using a
refrigerated laboratorymill (model IKAA10, IKAWERKEGmbH&Co.
KG, Staufen, Germany).

Briefly, 2 g of buckwheat flour (4 g of dried spaghetti) was extracted
twice in an ultrasonic bath at 40 �C with 40 mL of ethanol/water (4:1
v/v) for 10min. The supernatants were collected, evaporated at 40 �C in
a rotary evaporator, and finally reconstituted with 2 mL of methanol/
water (1:1 v/v). The extracts were stored at �18 �C until use.
Extraction of Free Phenolic Compounds from Cooked

Dried Spaghetti. To isolate the free phenolic fraction from cooked
dried spaghetti, 10 g of dried spaghetti was cooked in 400mL of water for
13 min. Optimum cooking time for each sample was determined using
AACC method 66-50.26 Cooked spaghetti were freeze-dried before
milling. Afterward, the cooked pasta was extracted twice in an ultrasonic
bath with a solution of ethanol/water (4:1 v/v). The supernatants were
collected, evaporated at 40 �C in a rotary evaporator, and reconstituted
in 3 mL of methanol/water (1:1 v/v). The extracts were stored at �18 �C
until use.

Extraction of Bound Phenolic Compounds from Flour and
Uncooked and Cooked Spaghetti. Residues of free phenolic
extraction were digested with 300 mL of 2MNaOH at room temperature
for 4 h by shaking under nitrogen gas as reported by Van Hung and
Morita.25 The mixture was acidified (pH 2�3) with hydrochloric acid in a
cooling ice bath, to remove the lipids, and extractedwith 500mLof hexane.
The final solution was extracted five times with 100 mL of 1:1 diethyl
ether/ethyl acetate (v/v). The organic fractions were pooled and evapo-
rated to dryness at 40 �C in a rotary evaporator. The phenolic compounds
were finally reconstituted in 2 mL of methanol/water (1:1 v/v).
Extraction of Phenolic Compounds from Cooking Water.

Water residue after cooking was acidified to pH 2�3 by adding 10 M
hydrochloric acid in a cooling ice bath and extracted three times with
100 mL of 1:1 diethyl ether/ethyl acetate (v/v). The organic fractions
were pooled and evaporated to dryness at 40 �C in a rotary evaporator.
The phenolic compounds were reconstituted in 2 mL of methanol/
water (1:1 v/v).
RP-HPLC-ESI-TOF-MS Analysis. RP-HPLC analysis was per-

formed by an Agilent 1200 series rapid resolution LC system (Agilent
Technologies, Palo Alto, CA) consisting of a vacuum degasser, an
autosampler, and a binary pump equipped with a reversed-phase C18

analytical column (4.6� 250 mm, 1.8 μm particle size, Agilent ZORBAX
Eclipse plus). The mobile phase and gradient program were used as
previously described by Verardo et al.27 All solvents were filtered with a
0.45 μm filter disk. A gradient elution was carried out using the following
solvent system: mobile phase A, water/acetic acid (99:1, v/v); mobile
phase B, mobile phase A/acetonitrile (60:40, v/v). The gradient
program was as follows: from 2 to 6% B in 16 min, from 6 to 10% B
in 4min, from 10 to 17%B in 4min, from 17 to 36%B in 14min, from 36
to 38.5% B in 2 min, from 38.5 to 60% B in 13 min, from 60 to 100% B in
5min, and from 100 to 2%B in 2min. A 10min re-equilibration time was
used after each analysis. The flow rate used was set at 0.50 mL/min
throughout the gradient. The effluent from the RP-HPLC column was
split using a T-type phase separator before being introduced into the mass
spectrometer (split ratio = 1:3). Thus, the flow that arrived in the ESI-
TOF-MS detector was 0.2 mL/min. The column temperature was
maintained at 25 �C, and the injection volume was 10 μL. The RP-
HPLC system was coupled to a microTOF (Bruker Daltonics, Bremen,
Germany), an orthogonal�accelerated time-of-flight mass spectrometer
(oaTOF-MS) equipped with an ESI interface. Parameters for analysis
were set using negative ion mode with spectra acquired over a mass
range from m/z 50 to 1300. The optimum values of the ESI-MS
parameters were capillary voltage, + 4.5 kV; drying gas temperature,
190 �C; drying gas flow, 7.0 L/min; and nebulizing gas pressure, 21.7 psi.

The accurate mass data of the molecular ions were processed through
the newest software Data Analysis 4.0 (Bruker Daltonics), which provided
a list of possible elemental formulas by using the Smart Formula Editor.
The Editor uses a CHNO algorithm, which provides standard function-
alities such as minimum/maximum elemental range, electron config-
uration, and ring-plus double bond equivalents, as well as a sophisticated
comparison of the theoretical with the measured isotope pattern (sigma
value) for increased confidence in the suggested molecular formula. The
widely accepted accuracy threshold for confirmation of elemental
compositions has been established at 5 ppm. During the development
of the HPLC method, external instrument calibration was performed
using a Cole Palmer syringe pump (VernonHills, IL) directly connected
to the interface, passing a solution of sodium formate cluster containing
5 mM sodium hydroxide in the sheath liquid of 0.2% formic acid in
water/isopropanol 1:1 (v/v). Using thismethod, an exact calibration curve
based on numerous cluster masses each differing by 68 Da (NaCOOH)
was obtained. Due to the compensation of temperature drift in the
microTOF, this external calibration provided accurate mass values
(better than 5 ppm) for a complete run without the need for a dual
sprayer setup for internal mass calibration.
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Statistical Analysis. Unless otherwise stated, the results reported
in this study are the averages of three repetitions (n = 3). Tukey’s
honest significant difference multiple comparisons (one-way ANOVA),
p < 0.05 level, were evaluated using Statistica 6.0 software (2001, StatSoft,
Tulsa, OK).

’RESULTS AND DISCUSSION

Identification of Bound Phenolic Compounds in Flour
Hydrolyzed Extract. The identification of free phenolic com-
pounds has already been performed in our previous work;27

therefore, the first step of this work was the identification of bound
phenolic compounds.
The analysis of the hydrolyzed extracts by RP-HPLC-ESI-

TOF-MS revealed that flavonoids were the major class of bound
phenolic compounds in buckwheat flours. Twenty-four phenolic
compounds, 17 flavonoids and 7 derivative phenolic acids, were
characterized.
The base peak chromatogram (BPC) of a hydrolyzed extract is

illustrated in Figure 1. Under the used RP-HPLC-ESI-TOF-
MS method, a large number of phenolic compounds present in
buckwheat flours were detected. These are summarized in Table 1,
with their formula, selected ion, experimental and calculated
m/z, MS fragments, error (ppm), sigma (σ) value, tolerance,
and retention time.
All detected compounds observed in Table 1 exhibited good σ

values smaller than 0.05 andmass accuracy (ppm) as indicated by
the error values even when a low tolerance was chosen (5 ppm).
To identify compounds for which no commercial standards

were available, the generated molecular formula, obtained by the
Smart Formula Editor, and the obtained fragments of each
were used.
All of the compounds, except compounds 2, 10, 12, 14, and

16, have been previously identified,27 and their presence in free
and bound form has been confirmed. 28

The ion at m/z 315.0695 (peak 2) at 27.9 min reported a
molecular formula C13H15O9 [M � H]� and a fragment ion at
m/z 153.0126 (molecular formula C7H5O4). The molecular
formula of the fragment suggested the presence of protocate-
chuic acid, and the loss of 162 u showed the presence of glucose;
for this reason, compound 2 was identified as protocatechuic-
4-O-glucoside acid. As far as we know, this is the first time that
this compound has been determined in buckwheat, although the

presence of protocatechuic acid in buckwheat has been already
reported by Watanabe and co-workers.29

The ion in negative mode at m/z 317.0291 (compound 10)
was identified as myricetin according to the generated molecular
formula (C15H9O8) and its retention time at 44.2min. The identity
of this compound was sustained by coelution with the respective
standard. The presence of myricetin in buckwheat in its free form
was reported by Kalinova and Vrchotova,30 but, as far as we
know, this is the first time that it has been identified as a bound
phenolic compound in buckwheat flour.
At a retention time of 45.7 min, a signal with m/z 197.0451

(molecular formula C9H9O5) was detected. In this case, the
coelution with standard confirmed the presence of syringic acid.
The p-coumaric acid at m/z 163.0398 (molecular formula

C9H7O3) was detected at a retention time of 46.8 min (peak 14).
The presence of this phenolic acid in buckwheat has been
reported by other authors28 and was confirmed by coelution
with a commercial standard.
Another signal atm/z575.1157was revealed at 49.6min (peak16),

which showed two fragments at m/z 289.0625 and 285.1020. The
same fragmentation pattern was reported for procyanidin A dimer
((epi)catechin�(epi)catechin) by Monagas et al.31

The limit of quantitation (LOQ) of the method was assessed
for syringic acid, (+)-catechin, rutin, and myricetin. Solutions at
0.87, 0.29, 0.93, and 1.04 μg/mL gave signal-to-noise ratios of
approximately 9 (S/N ≈ 9) corresponding to the LOQs of
syringic acid, (+)-catechin, rutin, and myricetin, respectively.
Impact of Spaghetti Making and Cooking Process on

Phenolic Content. The free phenolic contents of the raw ingre-
dient and end products investigated in this study are shown in
Table 2. Rutin and swertiamacroside resulted in the first and
second component of buckwheat flour (331.38( 1.13 mg rutin/
kg and 235.93( 0.80 mg syringic acid/kg, respectively). Besides
rutin and swertiamacroside, 2-hydroxy-3-O-β-D-glucopyranosyl-
benzoic acid, protocatechuic-4-O-glucoside acid, and caffeic acid
hexose were also found in significant quantities (54.81, 65.61,
and 41.93 mg/kg, respectively) in buckwheat free fraction as
phenolic acid derivatives. Also, some flavan-3-ol derivatives were
quantified in buckwheat flour; (epi)afzelchin�(epi)catechin,
(epi)afzelchin�(epi)catechin-O-dimethyl gallate, and (�)-epi-
catechin were the most representative compounds of this class.
Important quantities of catechin-glucoside, (epi)afzelchin�

Figure 1. Base peak chromatogram of a bound phenolic extract of buckwheat flour. The numbers of the peaks in this figure coincide with the compound
numbers in Table 1.
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(epi)catechin-O-methyl gallate, (epi)catechin-O-3,4-dimethyl-
gallate, (+)-catechin, procyanidin B2, and their derivatives were
also detected. Moreover, the typical buckwheat glycosylflavone
isomer compounds, such as orientin/isoorientin, quercitrin/iso-
quercitrin, hyperin, and vitexin were quantified. As reported in
our recent work,32 dihydroxytrimethoxyisoflavan was character-
ized. Small quantities of quercetin were detected in whole buck-
wheat flours. The flavonoids constituted 60% of the free phenolic
fraction.
The pasta-making process (mixing, extrusion, and drying)

caused a loss of 45.9% of the total phenolic compounds. This can
be explained by the temperature rise during the extrusion and the
high temperature (about 95 �C) reached during the drying. The

single phenolic compounds showed a different rate of degrada-
tion; swertiamacroside, procyanidin B2-3-O-gallate, orientin, iso-
rientin, epiafzelchin�epiafzelchin�epicatechin, (epi)afzelchin�
(epi)catechin, epiafzelchin�epicatechin-O-methyl gallate,
quercitrin, procyanidin B2 dimethyl gallate, epicatechin-O-3,4-
dimethylgallate, and quercetin were reduced by 50.6�82.0%.
The degradation of the other phenolic compounds was in the
range of 17.1�49.8%.
Further degradation of phenolic compounds was obtained after

cooking of spaghetti. The boiling process induced a degradation of
52.9% of total phenolic compounds.
For all of the compounds, except epicatechin, rutin, and

epicatechin-O-3,4-dimethylgallate, were reported losses of >50%.

Table 2. Free Phenolic Compounds Determined by RP-HPLC-ESI-TOF-MS in Whole Buckwheat Flour and Uncooked and
Cooked Spaghettia

compound whole buckwheat flour uncooked spaghetti cooked spaghetti

2-hydroxy-3-O-β-D

glucopyranosylbenzoic acidb
54.81( 0.03 (a) 34.28( 0.12 (b) 12.30( 1.17 (c)

caffeic acid hexoseb 65.61( 0.22 (a) 36.98( 1.41 (b) 10.63( 1.86 (c)

protocatechuic-4-O-glucoside acidb 41.93( 0.87 (a) 21.81( 0.07 (b) 8.07( 1.14 (c)

catechin-glucosidec 4.52( 0.15 (a) 3.37( 0.01 (b) 1.70( 0.04 (c)

catechin-glucosidec 22.10( 0.08 (a) 10.11( 0.15 (b) 1.30( 0.02 (c)

(+)-catechinc 10.81( 0.04 (a) 8.96( 0.08 (b) 3.75( 0.18 (c)

catechin-glucosidec 12.67( 0.04 (a) 4.35( 0.16 (b) 2.43( 0.07 (c)

swertiamacrosideb 235.93( 0.80 (a) 75.14( 1.12 (b) 23.58( 1.15 (c)

procyanidin B2
c 7.39( 0.03 (a) 3.90( 0.10 (b) 1.40( 0.08 (c)

(�)-epicatechinc 31.17( 0.11 (a) 19.19( 0.36 (b) 10.25( 0.40 (c)

(epi)afzelchin-(epi)catechinc 11.34( 1.96 (a) 5.70( 0.37 (b) 1.12( 0.04 (c)

procyanidin B2-3-O-gallate
c 3.93( 0.01 (a) 1.04( 0.02 (b) 0.38( 0.02 (c)

orientind 1.38 ( 0.10 (a) 0.47( 0.00 (b) ndf

isorientind 1.80( 0.10 (a) 0.48( 0.01 (b) 0.19( 0.00 (c)

rutind 331.38 ( 1.13 (a) 243.20( 0.02 (b) 148.18( 0.70 (c)

vitexind 3.22( 0.01 (a) 1.25( 0.17 (b) 0.73( 0.02 (c)

(epi)afzelchin�(epi)

afzelchin�(epi)catechinc
9.46( 0.03 (a) 3.79( 0.26 (b) 1.35( 0.30 (c)

hyperind 1.26 ( 0.01 (a) 0.91( 0.00 (b) 0.33 ( 0.03 (c)

(epi)catechin-gallatec 4.82( 0.02 (a) 2.81( 0.02 (b) 0.71( 0.14 (c)

isoquercitrind 2.66( 0.01 (a) 1.31( 0.10 (b) 0.33( 0.03 (c)

(epi)afzelchin�(epi)catechinc 27.83( 0.09 (a) 11.59( 0.00 (b) 4.60( 0.49 (c)

(epi)afzelchin�(epi)

catechin-O-methyl gallatec
14.48( 0.05 (a) 6.41( 0.05 (b) 2.86( 0.12 (c)

luteolin-glycosided <LOQ nd nd

(epi)afzelchin�(epi)catechinc <LOQ nd nd

(epi)afzelchin�(epi)catechinc 7.23( 0.02 (a) 1.30( 0.03 (b) 0.65( 0.01 (c)

quercitrind 1.18( 0.00 (a) 0.47( 0.07 (b) nd

(�)-epicatechin-3-(300-O-methyl) gallatec 5.70( 0.02 (a) 3.45( 0.24 (b) 1.08( 0.10 (c)

procyanidin B2 dimethyl gallatec 11.42( 0.04 (a) 3.54( 0.07 (b) 1.54( 0.07 (c)

(epi)afzelchin�(epi)

catechin-O-dimethyl gallatec
46.90( 0.16 (a) 23.11( 1.65 (b) 10.02( 1.21 (c)

(epi)catechin-O-3,4-dimethyl gallatec 23.04 ( 0.08 (a) 7.54( 0.56 (b) 4.11 ( 0.00 (c)

quercetine 1.50( 0.04 (a) 0.37( 0.01 (b) nd

dihydroxytrimethoxyisoflavanc 11.44( 0.04 (a) 8.06( 0.67 (b) 3.59( 0.48 (c)

sum 1008.91( 2.50 (a) 545.50 ( 4.97 (b) 275.15( 1.65 (c)
aDifferent letters in the same row indicate significantly different values (p < 0.05). bmg syringic acid/kg dw. cmg (+)-catechin/kg dw. dmg rutin/kg dw.
emg myricetin/kg dw. f nd = not detected.
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The phenolic degradation after boiling was significantly different
(p < 0.05) with respect to the degradation obtained after the
technological process. This effect can be laid to the solubility of
phenolic compounds in cooking water.
Table 3 reports the bound phenolic content in buckwheat

flour and spaghetti. The phenolic composition was similar to the
free phenolic fraction; additionally, some phenolic acids such as
syringic and p-coumaric acid, procyanidin A, and myricetin were
determined.
Bound phenols content in buckwheat flour was 612.33 mg/kg

and, according to Inglett et al.,28 represents 36% of the total
phenolic content. The principal components were represented
from (+)-catechin and (�)-epicatechin for which were reported
contents of 125.39 and 80.75 mg/kg, respectively. Syringic acid
was the third bound phenolic compound at 76.08 mg/kg. Interest-
ing quantities of swertiamacroside, (epi)afzelchin�(epi)catechin,
rutin, epicatechin-gallate, and (�)-epicatechin-3-(300-O-methyl)
gallate were also quantified. Seventy-two percent of the bound
phenolic fraction was represented by flavonoids.
Likewise for the free phenolic fraction, the technological

process affected the bound phenolic fraction; indeed, the total
bound phenolic content of buckwheat spaghetti was 248.74 mg/
kg. That represented a decrease of 59.4% of phenolic com-
pounds. This value was higher than the value obtained for the free
fraction. These data confirmed the results of Dietrych-Szostak
and Oleszek,33 who demonstrated that the buckwheat flavonoids

experienced a drastic reduction when buckwheat seeds were
thermally treated.
The cooking process determined a decrease of total bound

phenolic content of 53%; indeed, the total phenolic content was
116.93 mg/kg. The loss of the single phenolic compound ranged
from 26.4 to 100%.
Table 4 shows the content of total phenolic compounds (free +

bound) in uncooked and cooked spaghetti and in cooking water.
The results showed that only 46% of total phenolic com-

pounds tolerated the cooking process; 11.6% of the total phenolic
fraction was dissolved in cooking water and 42.4% was degraded.
Rutin, procyanidin A, and syringic acid demonstrated the highest
tolerance to the cooking process with cooking losses of <40%.
Cooking water showed interesting quantities of catechin and
epicatechin and (epi)afzelchin�(epi)catechin.Nevertheless, quer-
cetin and myricetin showed a total degradation during the
cooking process. This confirmed the data of Buchner and co-
workers,34 who reported the degradation of quercetin in an
aqueous model system.
In this work, a powerful RP-HPLC-ESI-TOF-MS analytical

method has been used to characterize bound phenolic com-
pounds present in buckwheat. This method was used to deter-
mine free and bound phenolic fractions in raw material and
uncooked and cooked buckwheat spaghetti. The results showed
that technological processing and cooking negatively affected the
phenolic content detected in whole meal, and this result was in

Table 3. Bound Phenolic Compounds Determined by RP-HPLC-ESI-TOF-MS in Whole Buckwheat Flour and Uncooked and
Cooked Spaghettia

compound whole buckwheat flour uncooked spaghetti cooked spaghetti

2-hydroxy-3-O-β-D-glucopyranosylbenzoic acidb 15.45( 0.64 (a) 2.29( 0.02 (b) 0.16( 0.00 (c)

protocatechuic-4-O-glucoside acidb 8.45( 0.42 (a) 1.19( 0.05 (b) 0.20( 0.00 (c)

caffeic acid hexoseb 1.42( 0.03 (a) 1.04( 0.06 (b) 0.35( 0.03 (c)

catechin-glucosidec 0.16( 0.02 ndf nd

caffeic acid hexoseb 22.04( 1.65 (a) 11.38( 1.66 (b) 3.94( 0.02 (c)

(+)-catechinc 125.39( 2.66 (a) 44.85( 0.11 (b) 19.47( 2.13 (c)

swertiamacrosideb 42.27( 0.44 (a) 18.15( 0.17 (b) 7.65( 0.72 (c)

(epi)afzelchin�(epi)catechinc 64.09( 1.36 (a) 27.13( 3.87 (b) 12.47( 0.04 (c)

(�)-epicatechinc 80.75( 1.72 (a) 18.68( 0.29 (b) 7.94( 0.38 (c)

myricetine 3.72( 0.01 (a) 1.56( 0.10 (b) nd

(epi)afzelchin�(epi)catechinc 34.71( 0.74 (a) 11.88( 0.53 (b) 3.69( 0.01 (c)

syringic acidb 76.08( 0.26 (a) 43.26( 1.37 (b) 30.57( 0.86 (c)

orientind 0.56( 0.01 (a) 0.30( 0.01 (b) 0.10( 0.01 (c)

p-coumaric acid
b

6.00( 0.13 (a) 2.59 ( 0.07 (b) 1.45( 0.00 (c)

isorientind 1.95( 0.04 (a) 1.09( 0.00 (b) 0.69( 0.05 (c)

procyanidin Ac 7.25( 0.02 (a) 5.30( 0.13 (b) 3.90( 0.00 (c)

rutind 43.00( 0.15 (a) 20.01( 0.72 (b) 10.01( 0.70 (c)

vitexind 9.28( 0.20 (a) 5.43( 0.02 (b) 1.87( 0.46 (c)

hyperind 4.91( 0.10 (a) 2.83( 0.01 (b) 1.78( 0.17 (c)

epicatechin-gallatec 21.82( 0.46 (a) 10.62( 0.32 (b) 2.53( 0.00 (c)

isoquercitrind 7.52( 0.16 (a) 3.62( 0.01 (b) 1.51( 0.12 (c)

epiafzelchin�epicatechin-O-methyl gallatec 4.35( 0.08 (a) 3.34( 0.07 (b) 1.54( 0.00 (c)

quercitrind 4.08( 0.09 (a) 1.67( 0.01 (b) 0.81( 0.15 (c)

(�)-epicatechin-3-(300-O-methyl) gallatec 27.08( 0.58 (a) 10.53( 1.18 (b) 4.83( 0.00 (c)

sum 612.33( 8.93 (a) 248.74( 10.03 (b) 116.93( 3.48 (c)
aDifferent letters in the same line indicate significantly different values (p < 0.05). bmg syringic acid/kg dw. cmg (+)-catechin/kg dw. dmg rutin/kg dw.
emg myricetin/kg dw. f nd = not detected.
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agreement with the data present in the literature.35,36 The results
emphasize that the high drying temperature affected the phenolic
components, but this temperature was necessary to obtain spa-
ghetti with good structural and textural properties during the
making and cooking processes.37 Indeed, a high drying tempera-
ture was applied when nonconventional raw materials were used
as ingredients.38,39 For this, further studies will be carried out to
investigate the possibilities of producing gluten-free buckwheat
spaghetti with a mixture of other raw materials and using a lower
drying temperature.

’AUTHOR INFORMATION

Corresponding Author
*Phone: +39-(0)547-338117. Fax: +39-(0)547-382348. E-mail:
vito.verardo@unibo.it.

Funding Sources
The research was supported by the Spanish Ministry of Education
and Science (Acciones Integradas Espa~na-Italia IT2009-0061

and Project AGL2008-05108-C03-03/ALI), MIUR (Italian Min-
istry of Instruction, University and Scientific Research) (Azioni
Integrate Italia-Spagna prot. IT10GL2437), and the Andalusian
Regional Government Council of Innovation and Science
(Excellence Projects P07-AGR-02619, P09-CTS-4564, and P10-
FQM-6563).

’REFERENCES

(1) Milner, J. A. Functional foods and health: a US perspective. Br.
J. Nutr. 2002, 88, S151–S158.

(2) Catassi, C.; Fasano, A. Celiac disease. In Gluten-free Cereal
Products and Beverages; Arendt, E. K., Dal Bello, F., Eds.; Academic
Press: London, U.K., 2008.

(3) Alvarez-Jubete, L.; Arendt, E. K.; Gallagher, E. Nutritive value of
pseudocereals and their increasing use as functional glutenfree ingre-
dients. Trends Food Sci. Technol. 2010, 21, 106–113.

(4) Lee, A. R.; Ng, D. L.; Dave, E.; Ciaccio, E. J.; Green, P. H. R. The
effect of substituting alternative grains in the diet on the nutritional
profile of the gluten-free diet. J. Hum. Nutr. Diet. 2009, 22, 359–363.

Table 4. Total (Free + Bound) Phenolic Compounds Determined by RP-HPLC-ESI-TOF-MS in Uncooked and Cooked
Spaghetti and in Cooking Watera

compound uncooked spaghetti cooked spaghetti % of loss cooking water

2-hydroxy-3-O-β-D-glucopyranosylbenzoic acidb 36.57( 0.85 12.45( 0.23 65.9 0.09( 0.00

protocatechuic-4-O-glucoside acidb 22.99( 0.19 8.27( 0.31 64.0 0.01( 0.00

caffeic acid hexoseb 49.40( 0.33 14.92( 0.19 69.8 0.45( 0.01

catechin-glucosidec 17.83( 0.10 5.43( 0.09 69.5 0.48( 0.01

(+)-catechinc 53.81( 0.24 23.23( 0.37 56.8 25.98( 0.45

swertiamacrosideb 93.30( 0.47 31.22( 1.02 66.5 1.66( 0.03

procyanidin B2
c 3.90( 0.13 1.40( 0.02 64.2 2.22( 0.04

(�)-epicatechin 37.87( 0.29 18.19( 0.26 52.0 15.93( 0.28

(epi)afzelchin�(epi)catechinc 57.60( 0.36 17.28( 0.51 70.0 17.94( 0.13

procyanidin B2-3-O-gallate
c 1.04( 0.06 0.38( 0.00 63.6 0.17( 0.00

orientind 0.77( 0.02 0.10( 0.00 87.6 0.22( 0.00

isorientind 1.57( 0.04 0.88( 0.06 44.2 0.48( 0.02

rutind 263.21( 2.01 158.19( 1.87 39.9 3.54( 0.06

vitexind 7.28( 0.16 2.60( 0.10 64.3 4.60( 0.08

(epi)afzelchin�(epi)afzelchin�(epi)catechinc 3.79( 0.08 1.35( 0.05 64.5 0.14( 0.00

hyperind 3.75( 0.04 2.11( 0.09 43.7 1.10( 0.04

epicatechin-gallatec 13.43( 0.25 3.24( 0.47 75.9 1.91( 0.03

isoquercitrind 4.93( 0.32 1.84( 0.02 62.6 2.96( 0.05

epiafzelchin�epicatechin-O-methyl gallatec 9.74( 0.61 4.41( 0.08 54.8 3.52( 0.06

quercitrind 2.14( 0.09 0.81( 0.03 62.3 1.24( 0.02

(�)-epicatechin-3-(300-O-methyl) gallatec 13.98( 0.13 5.91( 0.10 57.7 2.77( 0.05

procyanidin B2 dimethyl gallatec 3.54( 0.05 1.54( 0.07 56.6 0.17( 0.00

(epi)afzelchin�(epi)catechin-O-dimethyl gallatec 23.11( 0.35 10.02( 0.18 56.7 ndf

(epi)catechin-O-3,4-dimethylgallatec 7.54( 0.99 4.11( 0.33 45.6 2.85( 0.05

quercetine 0.37( 0.01 nd 100 nd

dihydroxytrimethoxyisoflavanc 8.06( 0.60 3.59( 0.14 55.5 nd

myricetine 1.56( 0.03 nd 100 nd

syringic acidb 43.26( 2.22 30.57( 1.01 29.3 1.76( 0.03

p-coumaric acidb 2.59( 0.38 1.45( 0.24 44.1 nd

procyanidin Ac 5.30( 0.98 3.90( 0.47 26.4 nd

sum 794.25( 7.89 369.36( 3.61 53.5 92.17( 0.63
a Phenolics in the cooking water expressed asmg/kg dw of the uncooked spaghetti. bmg syringic acid/kg dw. cmg (+)-catechin/kg dw. dmg rutin/kg dw.
emg myricetin/kg dw. f nd = not detected.



7707 dx.doi.org/10.1021/jf201069k |J. Agric. Food Chem. 2011, 59, 7700–7707

Journal of Agricultural and Food Chemistry ARTICLE

(5) Berti, C.; Riso, P.; Brusamolino, A.; Porrini, M. Effect on appetite
control of minor cereal and pseudocereal products. Br. J. Nutr. 2005,
94, 850–858.
(6) Kasarda, D. D. Grains in relation to celiac disease. Cereal Foods

World 2001, 46, 209–210.
(7) Shewry, P. R. The major seed storage proteins of spelt wheat,

sorghum, millets and pseudocereals. In Pseudocereals and Less Common
Cereals; Belton, P. S., Taylor, J. R. N., Eds.; Springer: Berlin, Germany,
2002; pp 1�24.
(8) Gambus, H.; Gambus, F.; Pastuszka, D.; Wrona, P.; Ziobro, R.;

Sabat, R.; Mickowska, B.; Nowotna, A.; Sikora, M. Quality of gluten-free
supplemented cakes and biscuits. Int. J. Food Sci. Nutr. 2009, 60, 31–50.
(9) Schoenlechner, R.; Mandala, I.; Kiskini, A.; Kostaropoulos, A.;

Berghofer, E. Effect of water, albumen and fat on the quality of gluten-
free bread containing amaranth. Int. J. Food Sci. Technol. 2010, 45,
661–669.

(10) Renzetti, S.; Dal Bello, F.; Arendt, E. K. Microstructure,
fundamental rheology and baking characteristics of batters and breads
from different gluten-free flours treated with a microbial transglutami-
nase. J. Cereal Sci. 2008, 48, 33–45.
(11) Wronkowska, M.; Zielinska, D.; Szawara-Nowak, D.; Troszynska,

A.; Soral-Smietana,M. Antioxidative and reducing capacity, macroelements
content and sensorial properties of buckwheat-enhanced gluten-free bread.
Int. J. Food Sci. Technol. 2010, 45, 1993–2000.
(12) Vogrincic, M.; Timoracka, M.; Melichacova, S.; Vollmannova,

A.; Kreft, I. Degradation of rutin and polyphenols during the prepara-
tion of tartary buckwheat bread. J. Agric. Food Chem. 2010, 58,
4883–4887.
(13) Mezaize, S.; Chevallier, S.; Le Bail, A.; De Lamballerie, M.

Optimization of gluten-free formulations for French-style breads. J. Food
Sci. 2009, 74, E140–E146.

(14) Torbica, A.; Hadnad9ev, M.; Dap�cevi�c, T. Rheological, textural
and sensory properties of gluten-free bread formulations based on rice
and buckwheat flour. Food Hydrocolloids 2010, 24, 626–632.
(15) Peressini, D.; Pin, M.; Sensidoni, A. Rheology and breadmaking

performance of rice-buckwheat batters supplemented with hydrocol-
loids. Food Hydrocolloids 2011, 25, 340–349.
(16) Im, J. S.; Huff, H. E.; Hsieh, F. H. Effects of processing

conditions on the physical and chemical properties of buckwheat grit
cakes. J. Agric. Food Chem. 2003, 51, 659–666.
(17) Filip�cev, B.; �Simurina, O.; Saka�c, M.; Sedej, I.; Jovanov, P.;

Pestori�c, M.; Solarov, M. B. Feasibility of use of buckwheat flour as an
ingredient in ginger nut biscuit formulation. Food Chem. 2011, 125,
164–170.

(18) Boj�nansk�a, T.; Fran�c�akov�a, H.; Chlebo, P.; Vollmannov�a, A.
Rutin content in buckwheat enriched bread and influence of its
consumption on plasma total antioxidant status. Czech J. Food Sci.
2009, 27, S236–S240.

(19) Hatcher, D.W.; You, S.; Dexter, J. E.; Campbell, C.; Izydorczyk,
M. S. Evaluation of the performance of flours from crossand self-pollinating
Canadian commonbuckwheat (Fagopyrum esculentumMoench) cultivars in
soba noodles. Food Chem. 2008, 107, 722–731.
(20) Rayas-Duarte, P.; Mock, C. M.; Satterlee, L. D. Quality of

spaghetti containing buckwheat, amaranth, and lupin flours. Cereal Chem.
1996, 73, 381–387.
(21) Schoenlechner, R.; Wendner, M.; Siebenhandl-Ehn, S.; Berghofer,

E. Pseudocereals as alternative sources for high folate content in staple
foods. J. Cereal Sci. 2010, 52, 475–479.
(22) Yalla, S. R.; Manthey, F. A. Effect of semolina and absorption

level on extrusion of spaghetti containing non-traditional ingredients.
J. Sci. Food Agric. 2006, 86, 841–848.

(23) Schoenlechner, R.; Drausinger, J.; Ottenschlaeger, V.; Jurackova,
K.; Berghofer, E. Functional properties of gluten-free pasta produced from
amaranth, quinoa and buckwheat. Plant Foods Hum. Nutr. 2010, 65,
339–349.
(24) Cubadda, R. E.; Carcea, M.; Marconi, E.; Trivisonno, M. C.

Influence of gluten proteins and drying temperature on the cooking
quality of durum wheat pasta. Cereal Chem. 2007, 84, 48–55.

(25) Van Hung, P.; Morita, N. Distribution of phenolic compounds
in the graded flours milled from whole buckwheat grains and their
antioxidant capacities. Food Chem. 2008, 109, 325–331.

(26) AACC. Approved Methods of the American Association of Cereal
Chemists, 10th ed.; American Association of Cereal Chemists: St. Paul,
MN, 2000.

(27) Verardo, V.; Arr�aez-Rom�an, D.; Segura-Carretero, A.; Marconi,
E.; Fern�andez-Guti�errez, A.; Caboni, M. F. Identification of buckwheat
phenolic compounds by reverse phase high performance liquid chro-
matography-electrospray ionization-time of flight-mass spectrometry
(RP-HPLC-ESI-TOF-MS). J. Cereal Sci. 2010, 52, 170–176.

(28) Inglett, G. E.; Chen, D.; Berhow, M.; Lee, S. Antioxidant
activity of commercial buckwheat flours and their free and bound
phenolic compositions. Food Chem. 2011, 125, 923–929.

(29) Watanabe, M.; Ohshita, Y.; Tsushida, T. Antioxidant com-
pounds from buckwheat (Fagopyrum esculentumMoench) hulls. J. Agric.
Food Chem. 1997, 45, 1039–1044.

(30) Kalinova, J.; Vrchotova, N. Level of catechin, myricetin, quer-
cetin and isoquercitrin in buckwheat (Fagopyrum esculentum Moench),
changes of their levels during vegetation and their effect on the growth of
selected weeds. J. Agric. Food Chem. 2009, 57, 2719–2725.

(31) Monagas, M.; Garrido, I.; Lebr�on-Aguilar, R.; Bartolome, B.;
G�omez-Cordov�es, C. Almond (Prunus dulcis (Mill.) D.A.Webb) skins as
a potential source of bioactive polyphenols. J. Agric. Food Chem. 2007,
55, 8498–8507.

(32) Verardo, V.; Gomez-Caravaca, A. M.; Segura-Carretero, A.;
Caboni, M. F.; Fern�andez-Guti�errez, A. Development of a CE-ESI-
microTOF-MSmethod for a rapid identification of phenolic compounds
in buckwheat. Electrophoresis 2011, 32, 669–673.

(33) Dietrych-Szostak, D.; Oleszek, W. Effect of processing on the
flavonoid content in buckwheat (Fagopyrum esculentumMoench) grain.
J. Agric. Food Chem. 1999, 47, 4384–4387.

(34) Buchner, N.; Krumbein, A.; Rohn, S.; Kroh, L. W. Effect of
thermal processing on the flavonols rutin and quercetin. Rapid Commun.
Mass Spectrom. 2006, 20, 3229–3235.

(35) Hirawan, R.; Ser, W. Y.; Arntfield, S. D.; Beta, T. Antioxidant
properties of commercial, regular- and whole-wheat spaghetti. Food
Chem. 2010, 119, 258–264.

(36) Baiano, A.; Terracone, C.; Gambacorta, G.; La Notte, E.
Evaluation of isoflavone content and antioxidant activity of soy�wheat
pasta. Int. J. Food Sci. Technol. 2009, 44, 1304–1313.

(37) Dexter, J. E.; Matsuo, R. R.; Morgan, B. C. High temperature
drying: effect on spaghetti properties. J. Food Sci. 1981, 46, 1741–1746.

(38) Marconi, E.; Carcea, M. Pasta from nontraditional raw materi-
als. Cereal Foods World 2001, 46, 522–530.

(39) Manthey, F. A.; Yalla, S. R.; Dick, T. J.; Badaruddin, M.
Extrusion properties and cooking quality of spaghetti containing buck-
wheat bran flour. Cereal Chem. 2004, 81, 232–236.


