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The effect of processing and cooking on phenolic acids profile and antioxidant properties of durum wheat
(Triticum turgidum L. var. durum) pasta samples enriched with debranning fractions of an Italian wheat
(Triticum aestivum L.) cultivar were studied.

Trolox equivalent antioxidant capacity (TEAC) by free radical scavenging activity against ABTS' cation
radical, phenolic acid profile, total phenolic content (TPC) and fibre were determined. In the first debran-
ning fractions of wheat, the highest concentration of phenolic acids, namely ferulic acid, and antioxidant
capacity was found, but a diminishing trend was observed as the debranning levels proceeded. When
semolina was processed into spaghetti, the main effect of processing was a reduction of the free phenolic
acids content, chiefly caused by p-hydroxybenzoic acid decrease. In contrast an increase in bound phen-
olics fraction was observed. The boiling water could have enhanced the extraction of bound phenolics
from the food matrix, primarily ferulic acid ester linked to cell walls. Cooking affected also the antioxi-
dant capacity of pasta samples by enhancing its antioxidant properties in vitro.

Debranning fractions

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Epidemiological studies indicate that whole grain consumption
is related to a reduction in the incidence of coronary heart disease,
diabetes and cancer (Slavin, Jacobs, & Marquart, 2001; Thompson,
1994). The potential health benefit of antioxidants is associated
with protection against oxidative stress, which can result in
chronic inflammation and possible insulin resistance (Willcox,
Ash, & Catignani, 2004). Whole wheat flour has significant levels
of antioxidants (Adom, Sorrells, & Liu, 2003; Hemery, Rouau, Lul-
lien-Pellerin, Barron, & Abecassis, 2007) but they are unevenly dis-
tributed along the kernel. Recent literature has underlined that
grain fractions (bran, flour and shorts) have different antioxidant
capacities, wheat bran having the highest (Liyana-Pathirana &
Shahidi, 2007). According to this study, in the outermost layers
of two Canadian wheat grain (amber durum and hard red spring),
total phenolic content and antioxidant capacity were found to be
the highest, with respect to flour. Zhou, Su, and Yu (2004) showed
that the antioxidant properties of the outermost layers of wheat
kernel are due to the presence of the aleurone layer. These antiox-
idant properties are attributed to the relative abundance of pheno-
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lic compounds, primarily ferulic acid, in the aleurone layer, with
respect to the other bran tissues (Esposito et al., 2005; Mateo An-
son, Van Der Berg, Havenaar, Bast, & Haenen, 2008; Rhodes, Sadek,
& Stone, 2002; Zhou et al., 2004). Aleurone also contains most of
the lignans (Buri, von Reding, & Gavin, 2004), which are polyphe-
nols whose metabolites act as antioxidants, exhibit antitumoral
activities and have been reported to modulate the effects of estro-
gens (Qu, Madl, Takemoto, Baybutt, & Wang, 2005). This is the rea-
son why industrial pretreatments and new debranning processes
have been developed, in order to obtain novel wheat fractions for
enriching cereal products (Hemery et al., 2007). In addition, it
may be also interesting to remove only the outer layers, preserving
the aleurone layer attached to starchy endosperm.

As phenolic acids and phytic acid were shown to be present in
greater amounts in particular tissues, these compounds have been
proposed as biochemical markers of the aleurone layer of soft
wheat (Antoine, Peyron, Lullien-Pellerin, Abecassis, & Rouau,
2004; Hemery et al, 2009) and durum wheat (Peyron et al.,
2002). Several authors have used these biochemical markers to
determine the amounts of aleurone and pericarp in flours and
other milling fractions (Greffeuille, Abecassis, Lapierre, & Lullien-
Pellerin, 2006; Hemery et al., 2009) and in samples obtained from
the wheat bran fractionation process (Antoine et al., 2004). Accord-
ingly, the presence of aleurone layer in wheat fractions was evi-
denced by its high phenolic acids content, primarily ferulic acid
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Fig. 1. Histological composition of wheat kernel.

(Mateo Anson et al., 2008). Antoine et al. (2004) have suggested
that p-coumaric acid, which is known to be covalently bound to
cell wall polysaccharides, could be considered a good indicator of
the presence of aleurone cell walls.

Successive studies were conducted to assess the chemical com-
position of various dissected tissues, including hyaline layer, scu-
tellum and testa (Barron, Surget, & Rouau, 2007) (Fig. 1). The
authors found that the aleurone layer differed from the outer peri-
carp due to its lower content in ferulic acid dimers and trimers and
the lower ratio arabinose/xylose. Moreover they found that about
the 67% of p-coumaric acid found in the grain tissues was concen-
trated in the aleurone layer, even if its presence not excluded the
presence of outer pericarp and intermediate layer as it was found
not tissue-specific.

As phenolic compounds are concentrated in the outermost lay-
ers, the fractions resulting from the debranning process could be
used as a natural source of antioxidants for the enrichment of food
(Liyana-Pathirana & Shahidi, 2006). Based on these remarks, this
study has (1) investigated the distribution of phenolic acids in
the debranning fractions of an Italian wheat cultivar with a great
antioxidant capacity; (2) identified the richest fraction in aleurone
cell walls based on the presence of individual phenolic acids and
antioxidant capacity; (3) evaluated the effect of processing and
cooking on phenolic acids profile and some antioxidant properties
of pasta samples enriched with the debranning fractions.

2. Materials and methods
2.1. Preparation of debranning fractions

An Italian wheat (Triticum aestivum L.) cultivar (Generale) was
grown in Foggia during 2007-2008 and used to obtain enriched
fractions in phenolic compounds and fibre. The cleaned grain
(2 kg) was debranned by a friction debranning machine (Satake
Toshiba Corp., Tokyo, Japan) for nine subsequent time intervals
of 20 s, named debranning fractions 1, 2, 3, 4, 5, 6, 7, 8 and 9. Com-
mercial semolina was obtained by Molino Tamma (Industrie Ali-
mentari di Capitanata S.r.l., Foggia, Italy) and was enriched with
the first, second and third fraction. With reference to Fig. 1, the first
debranning fraction is composed of outer layers, testa and greater
amounts of hyaline and aleurone layers. In the second and third
fractions there are minor portions of hyaline and aleurone layers
and slight amounts of endosperm. Wheat fractions were stored
at —20 °C in the dark until analysis.

2.2. Pasta production

Pasta was prepared by mixing semolina or enriched semolina
with 30% tap water to obtain a total dough water content of 44-
45%. The dough was processed into spaghetti (1.70 £ 0.03 mm
diameter) with a laboratory press (Serma) with a capacity of 1-
2 kg. Extrusion conditions applied were temperature 50 5 °C,
pressure 70 £ 10 atm, and vacuum 700 mm Hg. Extruded spaghetti
were dried in a laboratory pasta drier (NAMAD, Rome) using a low
temperature drying procedure for 18 h at about 50 °C. Five kinds of
spaghetti were produced, a control (C) made of 100% durum wheat
semolina, and four enriched pasta samples: EP1 made with 6% of
fraction 1, EP2 made with 10% of fraction 1, EP3 made with 6% of
fractions 2 and 3, EP4 made with 10% of fractions 2 and 3.

2.3. Proximate analysis

Determination of total dietary fibre based on AOAC Method
991.43 (AOAC, 1997) as proposed by Prosky, Asp, Schweizer, De
Vries, and Furda (1992), was carried out on debranning fractions
of wheat, semolina and pasta samples (uncooked and cooked).

2.4. Cooking characteristics of pasta

To assess pasta cooking quality, each type of spaghetti (100 g)
was cooked in 11 of boiling tap water, and the optimal cooking
time was taken when the white core in the strands disappeared
after squeezing them between two glass plates. The sensorial
judgement was performed on cooked pasta samples by three expe-
rienced panellists from the CRA-CER of Foggia. The following tex-
tural parameters were considered (D’Egidio, Mariani, Nardi, and
Novaro, 1993): stickiness, the material adhering to surface of
cooked pasta evaluated by visual inspection with the aid of stan-
dard reference samples and by handling; bulkiness, which is re-
lated to stickiness, the adhesion degree of spaghetti strands to
each other evaluated visually and manually; firmness, the resis-
tance of cooked pasta to chewing by the teeth. Each of these three
parameters was evaluated using a score ranging from 10 to 100.
The score of each sensory judgement component was the arithme-
tic mean of the values given by three experienced panellists; the
final value, referred in the table, was the average of the means of
stickiness, bulkiness and firmness. Total organic matter (TOM)
was determined by the standard method of D’Egidio et al. (1981),
and represents the amount of surface material released from
cooked pasta into the washing water after rinsing. TOM values
>2.1 g/100 g corresponded to low quality, between 2.1 and 1.4 g/
100 g corresponded to good quality and <1.4 g/100 g indicated very
good quality (D’Egidio and Nardi, 1996).

2.5. Extraction and determination of total extractable phenolic
compounds (TPC)

Extraction was made according to the method proposed by
Beta, Nam, Dexter, and Sapirstein (2005). Briefly, finely ground
samples (1 g) were extracted twice by shaking them at room tem-
perature in 4 ml of a methanol:water (80:20 v/v) solution acidified
with 1% HCI, for 2 h. The mixtures were centrifuged at 1000g for
15 min. After centrifugation the supernatants were pooled. The ex-
tracts (0.2 ml) were added to 1.5 ml of 10-fold diluted Folin-Ciocal-
teau reagent (Singleton & Rossi, 1965). The mixture was allowed to
equilibrate for 5 min and then neutralised with sodium carbonate.
After incubation at room temperature for 90 min, the absorbance
of the mixtures were measured at 725 nm. Acidified methanol
was used as blank. Ferulic acid was used as the standard, and re-
sults are expressed in ferulic acid equivalents (g of FAE/g sample
dry matter basis). Determinations were performed in triplicate for
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each extract and reported on dry matter basis (dm). The moisture
content was determined by drying at 130 °C for 3 h in an oven.

2.6. Extraction and analysis of phenolic acids

Free and bound phenolic acids were extracted according to the
method proposed by Mattila, Pihlava, and Hellstrom (2005).
Briefly, 1 g sample was homogenised in 7 ml of a mixture of meth-
anol containing 10% of a solution of acetic acid and water (85:15).
The sample extract was ultrasonicated for 30 min and made to a
volume of 10 ml with distilled water. After mixing, 1 ml was fil-
tered for HPLC analysis of free phenolic acids. Next, 12 ml of dis-
tilled water and 5ml of 10 M NaOH were added into the test
tube, sealed, and stirred overnight at 20 °C using a magnetic stirrer.
The solution was then adjusted to pH 2 and the liberated phenolic
acids were extracted three times with 15 ml of a mixture of cold
diethyl ether and ethyl acetate (1:1). The organic layers were com-
bined, evaporated to dryness, dissolved in 1.5 ml of methanol, fil-
tered and analysed by HPLC. In addition, after alkaline hydrolysis,
an acid hydrolysis was also performed by adding 2.5 ml of concen-
trated HCl into the test tube and incubating in a water bath at 85 °C
for 30 min. The sample was then cooled, and further sample han-
dling was performed in the same way as after alkaline hydrolysis.
The phenolic acids extracted with NaOH and HCI were labelled
bound phenolics. The samples were run on an Agilent 1100 HPLC
equipped with a diode array detector (DAD; Agilent, Waldbronn,
Germany) according to the method proposed by Kim, Tsao, Yang,
and Cui (2006). Phenolic acid separation was done with a
250 mm x 4.6 mm x 5 pm Zorbax SB-C18 column (Agilent). The
temperature of the column oven was set at 35 °C. A gradient elu-
tion was employed with a mobile phase consisting of acetonitrile
(solution A) and aqueous 2% acetic acid (solution B) as follows:
at O min B=100%; at 30 min B=85%; at 50 min B=>50%; at
55 min B=0%; at 60 min B =100%; isocratic elution of 100% B,
60-70 min. The flow rate of the mobile phase was 1 ml/min, and
the injection volume was 10 pl. The wavelengths used for the
quantification of phenolic acids were 280 and 320 nm. All quanti-
fications were based on the peak area of phenolic acid standards:
p-hydroxybenzoic, chlorogenic, vanillic, syringic, p-coumaric, feru-
lic and salicylic acids and vanillin (Sigma-Aldrich Milano, Italy).
The results of free, alkaline and acid hydrolysates were summed
to present the total phenolic acid content (TPAC).

2.7. Trolox equivalent antioxidant capacity (TEAC)

Trolox equivalent antioxidant capacity (TEAC) was determined
according to the procedure of Re et al. (1999) with some modifica-
tions. ABTS (2,2-azinobis-[3-ethylbenzothiazoline-6-sulphonic
acid]) was dissolved in water to a 7 mM concentration. ABTS radi-
cal cation (ABTS™") was produced, allowing the reaction of the ABTS
stock solution with potassium persulfate (2.45 mM, final concen-
tration) for 12-16 h in the dark and at room temperature before
use. ABTS™ solution was diluted with ethanol to an absorbance of
0.70 £ 0.02 at 734 nm. The absorbance was read two times exactly
1 and 6 min after the addition of 20 pl of the methanolic extracts to
2 ml of diluted ABTS™. All tests were conducted in triplicate. The
TEAC values of the extracts were calculated, using a Trolox stan-
dard curve, on the basis of the percentage inhibition of absorbance
at 734 nm and expressed in pmol Trolox/g sample dm. The range of
concentration of Trolox used for calibration curve was 0-15 pM.

2.8. Statistical analysis
Standard ANOVA procedure (one-factor randomised complete

block design with three replicates) was applied on the data set
with statistical package STATISTICA (StatSoft Italia Srl, Vers.7.1,

2005; Vigonza, Italy). Means were separated by LSD test at
p = 0.05 probability level.

3. Results and discussion
3.1. Distribution of phenolic acids in the debranning fractions

According to several reports, the widespread phenolic acids in
wheat are gallic, protocatechuic, p-hydroxybenzoic, gentisic, chlor-
ogenic, vanillic, caffeic, syringic, p-coumaric, ferulic, salicylic, and
trans-cinnamic acids (Wu, Haig, Pratley, Lemerle, & An, 1999).
However only p-hydroxybenzoic, chlorogenic, vanillic, syringic, p-
coumaric, ferulic and salicylic acids were detected in this study
(Table 1). Besides these phenolic acids, vanillin, an aromatic alde-
hyde, was detected in the samples.

Several authors have suggested that the debranning process can
be used to individually collect the peripheral layers of wheat grain,
in order to obtain new food ingredients rich in antioxidants, fibre
and micronutrients (Beta et al., 2005; Liyana-Pathirana, Dexter, &
Shahidi, 2006), even if the composition of these fractions is a blend
of different histological tissues (Findlay, 2006). In agreement with
the above-mentioned literature, the debranning fractions collected
from the Italian wheat cultivar Generale showed large amounts of
phenolic compounds and fibre (Table 1).

In general, a diminishing phenolic acids trend was observed as
the debranning levels proceeded, with the exception of p-hydroxy-
benzoic acid, which had the highest concentration in fractions 2
and 3. Ferulic acid was the most abundant in all fractions and it
was always in the bound form. In agreement with previous re-
search (Liyana-Pathirana et al., 2006), ferulic acid was predomi-
nant in the debranning fractions extracts. In the first fraction, the
highest concentration of p-coumaric, salicylic and ferulic acids
was also found. Except for p-hydroxybenzoic acid, which is mainly
in the free form in all fractions analysed, the other phenolic acids
are prevalent in the bound form. From the first fraction to the sec-
ond, the concentration of ferulic acid decreased by about 21%,
while p-coumaric acid decreased by two-thirds, and salicylic acid
halved. Differences in phenolic acids amounts were observed also
by Antoine et al. (2004) in hand dissected grain layers, and they
indicated that p-coumaric acid could be considered a characteristic
indicator of the presence of aleurone cell walls.

In contrast with other individual phenolic acids, p-hydroxyben-
zoic acid showed an increase of about 34% in fraction 2. Moreover
it showed a steady content from fractions 5 to 9 and a reduction
occurred only in debranned kernels, where the content decreased
by 45% compared to the last fraction. In the first fraction ferulic
acid accounted for 65% of the total phenolic acids content but it
diminished as the debranning levels proceeded, down to a mini-
mum level of 43% in debranned kernels. The same trend was ob-
served in TEAC, which was unevenly distributed over the various
fractions (Liyana-Pathirana & Shahidi, 2007). Accordingly, the
highest values in antioxidant capacity were found in the first frac-
tion, where ferulic acid had the highest concentration (from 4 to
10-fold higher in respect to the other phenolic acids). Therefore,
this study confirms that ferulic acid is responsible for potential
antioxidant properties of wheat grain fractions (Adom, Sorrells, &
Liu, 2005; Martinez-Tome et al., 2004; Mateo Anson et al., 2008;
Zhou et al., 2004). Interestingly, the assessment of TPC by Folin-
Ciocalteu method always showed values lower than the total con-
tent of phenolic acids up to fraction 2 (about 10% of debranning de-
gree); subsequently up to fraction 4 the differences become slight
and subsequently the values are increasingly high. It appears that
the extraction adopted for estimation of the TPC is not able to ex-
tract the bound phenolic esters linked to fibre that represent the
greatest amount of antioxidants in the first fractions (1, 2 and 3).



Table 1

Phenolic acids, degree of debranning, fibre content, total phenolic acids content (TPAC, sum), total phenolic content (TPC) and Trolox equivalent antioxidant capacity (TEAC) in debranning fractions of Italian wheat cultivar Generale.

Phenolic acids® (pg/g dm)

Debranning fractions

Debranned kernel

1 2 3 4 5 6 7 8 9 Whole wheat

p-Hydroxybenzoic acid Free 585+ 12.5 887 +50.2 671+37.7 577 £14.9 397 +29.3 397 +30.3 345 +33.5 326+ 15.8 357 +21.2 275+11.2 199 +44.1

Bound 17.2£0.54 9.70 £ 0.87 9.05+0.19 479 £0.58 3.83+0.20 3.05+0.25 3.02+0.28 3.11+0.16 2.90+0.09 5.59+0.12 3.23+0.05

Total 602 897 679 582 400 400 348 329 360 281 202
Chlorogenic acid Free 1.70£0.03 1.46 £ 0.09 1.27 £0.03 1.14+£0.09 0.89 + 0.05 0.9 £0.04 nd nd nd nd nd

Bound nd nd nd nd nd nd nd nd nd nd nd

Total 1.70 1.46 1.27 1.14 0.89 0.9 nd nd nd nd nd
Syringic acid Free 3.59+0.18 0.97 £ 0.02 0.62 +0.01 nd nd nd nd nd nd nd 1.13 £0.05

Bound 42.6+0.51 253+2.71 15.7 £ 0.67 11.4+0.83 8.93+0.72 7.30+0.57 7.08 £0.48 6.41+£0.15 4.83+0.63 8.69 £ 0.33 427 +0.10

Total 46.2 26.2 16.3 11.4 8.93 7.30 7.08 6.41 4.83 8.69 5.4
Vanillic acid Free 12.2+£0.35 6.97 +£0.31 3.73+0.53 2.86+0.53 2.21+0.01 1.66 + 0.04 1.79+0.24 1.44 +0.03 1.59+0.18 2.72 £0.09 1.13+0.05

Bound 41.1+2.76 445+12.2 28.3+1.89 133+0.13 14.4 £ 0.08 9.32+0.01 7.04 £0.89 7.97 £0.15 7.57 £0.52 10.9 £ 0.52 2.68+0.12

Total 53.2 51.4 32.0 16.2 16.6 11.0 8.83 9.41 9.16 13.6 3.81
Vanillin Free 10.8 +0.30 3.21+0.2 2.22+0.8 1.92£0.25 1.29+£0.15 1.32+£0.09 1.33+£0.19 1.45 £ 0.04 1.55 £ 0.01 1.78 £ 0.02 1.79+0.14

Bound 359+1.12 17.6 £1.55 7.11+£0.62 7.09+1.36 7.10+ 0.4 6.33+1.23 6.87 £ 0.19 4.67 +0.27 3.53+0.30 5.34+0.15 2.76 £0.01

Total 46.7 20.8 9.33 9.01 8.39 7.65 8.20 6.12 5.08 7.12 4.55
p-Coumaric acid Free nd nd nd nd nd nd nd nd nd nd nd

Bound 147 +17.2 32.9+1.55 46.9 +£2.99 42.6+2.78 34.7+£9.35 27.8 £6.03 23.9+1.02 20.2 £0.38 17.3+0.15 63.5+11.1 245+1.8

Total 147 32.9 46.9 42.6 34.7 27.8 239 20.2 173 63.5 245
Ferulic acid Free 7.47 £2.59 4.15+0.19 48+1.74 7.25+0.18 5.55+0.03 5.16+0.53 5.43+0.8 5.25+0.32 5.70+0.55 6.44+10.5 5.07 £ 1.05

Bound 2095 +56.8 1662 + 69.8 1009 £ 17.8 786 + 85.0 647 +23.2 539+25.0 503 £11.1 474+13.3 416+ 7.36 465+ 10.3 187 +3.85

Total 2102 1666 1014 794 653 544 509 479 421 471 192
Salicylic acid Free nd nd nd nd nd nd nd nd nd nd nd

Bound 239+7.42 114+7.78 77.0+13.6 83.4+12.6 413 +17.1 34.0+1.70 34.5+3.01 28.6+0.34 243+1.1 53.3+4.8 14.6 £1.05

Total 239 114 77.0 83.4 413 34.0 34.5 28.6 243 53.3 14.6
Degree of debranning (%) 5.1 10.5 15.5 20.9 258 29.8 335 36.5 40.0
Fibre content (% dm) 65.0£0.10 344+0.11 22.5+0.11 17.5+0.24 15.6£0.18 14.1£0.03 12.8 £0.08 11.6 £0.03 10.6 £ 0.20 13.3+£0.02 7.82+0.28
TPAC (pg/g sample dm) 3238 2810 1876 1539 1164 1032 933 878 842 899 447
TPC (g FAE/g sample dm) 2659 +0.15 2186 +3.09 1740 £ 6.20 1463 + 8.02 1282 +18.6 1144 +3.08 1014+124 952 +15.5 908 +9.28 934 +24.7 618 £9.27
TEAC (pumol Trolox/g sample dm) 5.8+0.30 5.0+0.32 3.9+0.04 3.8+0.14 3.4+0.10 29+0.20 2.5+0.14 2.0+0.26 1.9+ 0.06 2.1+0.12 1.1+0.04

nd: not detectable.

@ Values are means of three determinations + standard deviation.

9701
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Consequently the TPC of the first fractions showed values lower
than those of total phenolic acids, which were extracted by alkaline
and acid hydrolysis. As the debranning process proceeds and grow-
ing parts of endosperm are collected in the debranning fractions,
other compounds present in the kernel, such as tocopherols,
carotenoids, amino acids and saccharides, interfered with the esti-
mation (Liyana-Pathirana et al., 2006) and increased TPC with re-
spect to TPAC.

3.2. Effect of processing and cooking on phenolic acids profile and
antioxidant properties of pasta samples

To achieve the maximum benefits from diet it is critical to
understand the bioactive factors and their distributions in food
ingredients, as well as the effects of food formula, food processing

Table 2
Phenolic acids (pg/g sample dm) profile.

1027

and cooking on the availability of these beneficial components. So,
this research has investigated the effect of processing and cooking
on the antioxidant properties of pasta, a common Italian food, to
elucidate its nutritional value as a potential contributor of antiox-
idants in the diet.

As the greatest amount of p-coumaric, salicylic and ferulic acids
was found in the first fraction, this fraction could be that in which
the aleurone cell walls were chiefly concentrated, as suggested by
recent literature (Antoine et al., 2004; Hemery et al., 2009). Frac-
tions 2 and 3 were also selected as containing still substantial
amounts of ferulic, salicylic and p-hydroxybenzoic acids, although
the antioxidant capacity was much lower (especially in fraction 3).

In Table 2 are shown the amounts of phenolic acids in semolina
and corresponding pasta samples (cooked and uncooked). The
main effect of processing was a decrease of the free phenolic acids

Sample Semolina Uncooked pasta Cooked pasta
Free® Bound? Free® Bound? Free® Bound?

Control p-Hydroxybenzoic acid 90.0A 0.84a 61.1B 0.24c 55.5B 0.48b
Vanillic acid nd nd nd nd nd nd
Syringic acid nd 0.49a nd 0.19b nd 0.28b
Vanillin nd 1.42a nd 1.57a nd 0.12b
p-Coumaric nd 1.74b nd 1.23b nd 5.77a
Ferulic acid 1.08B 57.2b 1.90A 53.9b 2.01A 80.5a
Salicylic acid nd 2.27b nd 4.00a nd 2.28b
Partial total 91.1 64.0 63.0 61.1 57.6 89.4
TPAC 155 124 147

EP1 p-Hydroxybenzoic acid 117A 2.08b 65.7B 2.18ab 66.5B 2.49a
Vanillic acid nd 0.66b nd 1.97b nd 5.03a
Syringic acid nd 3.15b nd 3.55ab nd 4.02a
Vanillin 0.68 4.66a nd 4.59a nd 2.94b
p-Coumaric nd 6.76b 0.30 7.68b nd 9.80a
Ferulic acid 2.99B 154b 7.59A 160b 7.18A 215a
Salicylic acid nd 25.5a nd 14.2b nd 22.0a
Partial total 121 197 73.6 194 73.7 261
TPAC 318 268 335

EP2 p-Hydroxybenzoic acid 132A 2.56b 111AB 2.84ab 78.3B 3.21a
Vanillic acid nd 1.92c nd 4.41b nd 6.77a
Syringic acid nd 4.44b nd 5.08ab nd 6.05a
Vanillin 1.09 7.34a nd 5.80ab nd 4.59b
p-Coumaric nd 10.9b 1.77 10.82b nd 15.3a
Ferulic acid 3.27C 228b 11.0A 207b 8.69B 291a
Salicylic acid nd 24.5b nd 23.7b nd 44.4a
Partial total 137 279 124 259 87.0 371
TPAC 416 383 458

EP3 p-Hydroxybenzoic acid 135A 1.28b 103B 1.27b 83.7B 1.73a
Vanillic acid nd 0.44b nd 0.61b nd 1.33a
Syringic acid nd 1.52b nd 1.73b nd 2.46a
Vanillin 0.24 3.54a nd 2.95b nd 1.28c
p-Coumaric nd 4.82b 0.19 2.38c nd 6.24a
Ferulic acid 2.61A 105b 3.50A 115b 3.57A 156a
Salicylic acid nd 9.09b nd 7.69b nd 11.5a
Partial total 138 125 107 131 87.3 180
TPAC 263 238 267

EP4 p-Hydroxybenzoic acid 166A 1.59b 114B 1.48b 106B 2.07a
Vanillic acid nd 1.51b nd 1.28b nd 1.80a
Syringic acid nd 2.26¢ nd 2.93b nd 3.26a
Vanillin 0.36 6.41a nd 3.68ab nd 1.91b
p-Coumaric nd 5.60b 0.25 3.48¢c nd 6.41a
Ferulic acid 3.57B 157b 3.75B 164b 4.42A 199a
Salicylic acid nd 13.5a nd 10.5b nd 14.3a
Partial total 170 188 118 187 110 228
TPAC 357 305 339

Abbreviations: EP1: enriched pasta with 6% of fraction 1; EP2: enriched pasta with 10% of fraction 1; EP3: enriched pasta with 6% of debranning fractions 2 and 3; EP4:
enriched pasta with 10% of debranning fractions 2 and 3; TPAC (ng/g sample dm) is the result of the sum of each component. nd: not detectable.
@ Different lower case letters for free phenolic acids in the same row for each sample (semolina, uncooked and cooked pasta) correspond to significant differences by LSD

test (p = 5%). Values are means of three determinations.

b Different capital letters for bound phenolic acids in the same row for each sample (semolina, uncooked and cooked pasta) correspond to significant differences by LSD test

(p =5%). Values are means of three determinations.



1028 C. Fares et al./Food Chemistry 119 (2010) 1023-1029

fraction both in control and enriched samples (30.8%, 39%, 9.3%,
22.6% and 30.6% for control, EP1, EP2, EP3, and EP4, respectively).
Conversely, the bound fraction did not change. The observed vari-
ation in free phenolic acids content was mainly due to p-hydroxy-
benzoic acid decrease. Only the pasta samples enriched with
fraction 1 showed an increase in free ferulic acid, most evident in
pasta with the highest addition (EP2). As expected, in the EP2 sam-
ple all values of phenolic acids were the highest (both ferulic acid
in bound and free form, and total phenolic acids content) and this
result is consistent also with the TEAC values of uncooked pasta
(Fig. 2).

It is well documented that during pasta processing the presence
of oxygen, water and heat treatment induces the oxidative degra-
dation of antioxidants (carotenoids pigments, polyphenols) (Borr-
elli, Troccoli, Di Fonzo, & Fares, 1999; Fares et al., 2008). So the
observed reduction in the content of phenolic acids during pasta
processing may be due to the combined impact of the addition of
water and oxygen during kneading. Indeed, in our study the loss
was observed mainly in the free fraction of phenolic acids, which
is more reactive in counterbalancing the action of oxygen and heat.

Cooking, however, affected almost of all the bound fraction of
phenolic acids, which showed a consistent increase in all samples
(46%, 34%, 43%, 37% and 22% for control EP1, EP2, EP3, and EP4,
respectively; Table 2). The free phenolic acids did not vary, but in
EP2 and EP3 a decrease was observed. Zielinski, Kozlowska, and
Lewczuk (2001), on the other hand found that after a very strong
hydrothermal processing all phenolic acids increased (both free
and ester bound). The discrepancy between the two studies could
be explained by the extreme conditions applied by those authors in
comparison with our conditions. However in agreement with our
data, the same authors have found that ferulic acid was the pre-
dominant compound after cooking. Regarding the individual phe-
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! ! ! ! J

umol Trolox/g sample
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nolic acids content variation (Table 2), we found that for free
phenolic acids it depended on the decrease of p-hydroxybenzoic
acid, while for bound phenolic acids it was mainly ascribable to
the increase of ferulic acid.

After cooking, pasta showed an increase in antioxidant capacity
too, independently from the enrichment level. This variation
agrees with the observed increase in bound phenolic acids, with re-
spect to the uncooked samples. Such an increase is consistent with
the observed variation of bound ferulic acid, which represents a
confirmation that a part of the ferulic acid ester linked to cell walls
(that was not measurable before cooking) is released by the pasta
matrix during cooking and that, despite the heat, it preserved its
antioxidant properties measured in vitro. Therefore, boiling water
during cooking could enhance the extraction of bound phenolics
from the food matrix and thereby increase the amount of them
during the subsequent chemical extraction and determination.
The observed variation of the TEAC in all cooked pasta samples is
mainly ascribable to the increase in the extraction of bound ferulic
acid. However, other mechanisms must be involved. It is known
that during extrusion and drying the Maillard reaction takes place,
giving rise to the production of different compounds with antioxi-
dant activity (such as the Amadori compounds). In a recent paper
(Rufidn-Henares & Delgado Andrade, 2009) it has been demon-
strated that in vitro gastrointestinal digestion is able to release
Maillard reaction products from breakfast cereals, which lead to
an increase of the antioxidant activity of the digested samples
compared with the undigested ones. Then, it could be possible that
the cooking process assayed in the present paper could release, or
at least expose to the chemical environment, some Maillard reac-
tion products that contribute to the overall antioxidant activity.

The sensorial evaluation of cooked pasta samples (Table 3) re-
vealed the good performance of enriched samples, that above all

e

B uncooked
= cooked

s

e
e 7

e

Control EP1 EP2

EP3 EP4

Fig. 2. TEAC measured on uncooked and cooked pasta samples. Values are mean of three determinations. Different lower case letters correspond to significant differences by
LSD test (p = 5%). Trolox equivalent antioxidant capacity (TEAC); EP1 = enriched pasta with 6% of fraction 1; EP2 = enriched pasta with 10% of fraction 1; EP3 = enriched pasta
with 6% of debranning fractions 2 and 3; EP4 = enriched pasta with 10% of debranning fractions 2 and 3.

Table 3
Cooking behaviour and fibre content of pasta samples.

Sample Optimal cooking time (min) Weight after cooking (g) TOM (g) Organoleptic judgement Fibre (% dm)

Uncooked Cooked
Control 10 250b 1.06 66.70a 3.49e 4.48e
EP1 10 243b 1.20 58.30b 7.72b 8.53b
EP2 10 246b 1.00 66.70a 9.58a 11.31a
EP3 10 244b 1.00 63.30ab 5.25d 5.89d
EP4 10 262a 1.06 65.00ab 6.17c 6.99c

Abbreviations: EP1: enriched pasta with 6% of fraction 1; EP2: enriched pasta with 10% of fraction 1; EP3: enriched pasta with 6% of debranning fractions 2 and 3; EP4:

enriched pasta with 10% of debranning fractions 2 and 3; TOM: total organic matter.

@ Different lower case letters in the same column for each sample correspond to significant differences by LSD test (p = 5%). Values are means of three determinations.
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showed low stickiness as indicated by the low values of total or-
ganic matter (TOM). In accord with a previous study (Fares et al.,
2008), fibre content was positively affected by cooking, showing
increased values in all samples tested. The main phenomenon
responsible for the observed increase of fibre was the gelatinisa-
tion and retro-degradation of starch during cooking, which chan-
ged part of it into resistant starch and led to an increase of total
dietary fibre (Unlu & Faller, 1998; Vasanthan, Caosong, Yeung, &
Li, 2002).

4. Conclusions

This study confirmed the presence of a phenolic acids gradient
in wheat kernels, due to which the fraction richest in aleurone cell
walls has been observed. To our knowledge, this research has been
the first to document the relative changes in phenolic acids during
pasta processing and cooking, and to relate such changes to the
antioxidant capacity of products. During pasta processing, in which
water, oxygen and heat triggered the oxidising reactions, a reduc-
tion of the free phenolic acids, which are recognised as free radical
scavengers, occurred. Surprisingly, after cooking, pasta enhanced
its antioxidant properties measured in vitro, independently of the
enrichment level. It seemed that the antioxidant increase de-
pended on the increased amount of ferulic acid released during
cooking. But further studies are needed to elucidate the antioxi-
dant activity of pasta under in vivo conditions. In addition the
hypothesis that Maillard reactions products could be released after
cooking should be checked.
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