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Abstract: Whole wheat flour possesses many nutritional properties because of its abundant bioactive
components which are affected by cultivar, but little attention is paid to its relationship with storage
conditions. In this study, phenolic extracts of whole wheat flour from four cultivars stored under
different conditions (aerated and under vacuum) and different times (0, 2, 4, 8 weeks) were obtained.
The total polyphenol (TPC) and flavonoid (TFC) contents, composition of phenolic acids, and
antioxidant activities (AA) of phenolic extracts were evaluated. The results showed that Verna
exhibited the highest levels of TPC, TFC, and AA for both storage conditions among the four
cultivars. Moisture content, TFC, and AA fluctuated during storage. After 8 weeks, the TPC, TFC,
and AA decreased with respect to Week 0 in all the cultivars. The TPC losses ranged between 16.39%
and 20.88% and TFC losses from 14.08% to 31.18%. The AA losses were approximately 30% from the
DPPH assay, but no significant losses were shown in the FRAP assay. However, these parameters
were not distinctive between the two storage conditions. The wheat phenolic acid profiles were
influenced more by storage time than storage conditions in all cultivars. Overall, the results validate
the effect of the storage time on wheat polyphenol.
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1. Introduction

Wheat is one of the most important food materials in people’s daily diet worldwide,
providing calories from carbohydrates and proteins. There is increasing interest in the
health benefits associated with the consumption of whole grain food, related to the presence
of fiber and bioactive phytochemicals, such as phenolic acids, tocopherols, carotenoids, and
so on. Most of these bioactive compounds are found in the outer layer of the wheat kernel
(aleurone, bran, and germ), thereby forming the ingredients of whole wheat flour and, in
so doing, providing more antioxidant benefits than refined flour [1]. Increasingly more
evidence has shown that whole grain flour may help to reduce the risk of cardiovascular
disease, chronic diseases, and cancer [2,3].

Phenolic compounds are cited as the most important contributors to antioxidant
activity in wheat. These components, which contain hydroxyl groups connected to aromatic
rings, can efficiently react and stabilize free radicals [4]. Phenolic compounds are secondary
plant metabolites containing one or more aromatic rings attached to one or more hydroxyl
groups [5]. Phenolic acids in wheat are mainly present in three forms: soluble free acids,
soluble conjugated forms with sugars or other low molecular weight compounds, and
insoluble bound forms which are connected to the fiber fraction [6]. Hydroxycinnamic
acids are the dominant phenolic compound in whole wheat, among which ferulic acid is
the most abundant type, accounting for 70−90%, followed by caffeic acid, p-coumaric acid,
and sinapic acid. There are also benzoic acid derivatives which include protocatechuic
acid, p-hydroxybenzoic acid, salicylic acid, vanillic acid, and syringic acid [6].
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The content of these bioactive components is affected by genotype, cultivar, and
the part of the grain sampled. There are many studies on the effects of genotype and
environment on phenolic acid content and profiles in wheat and wheat products [7]. Many
different factors influence the content of these compounds, such as stress conditions, both
biotic and abiotic [8]. A few stresses can significantly increase their content [9]. In addition,
a dwarf or semi-dwarf gene was introduced to modern wheat which led to high yields
and improvement of disease and pest resistance [5] rather than of nutritional properties.
Nowadays more attention has been given to health benefits from introducing bioactive
components in the daily diet, leading to a renewed interest in the selection of varieties,
including ancient cultivars, regarding their nutritional potentials. According to the report
of Loreto et al. [5], significant differences in the content of phenolic acids were observed
between ancient and modern durum wheat. Gotti et al. [7] found that ancient varieties
of common wheat showed higher amount of the main represented phenolic acids than
modern ones.

Phenolic compounds are not totally stable and are easily degraded during storage after
harvest. Subsequently, their biological activity may be altered [10]. Oliveira et al. [11] found
that there was a reduction in all phenolic compounds in both sorghum grain and flour
within the first 60 days of storage, and that the retention of phenols ranged from 89.4% to
100% after 180 days of storage. Lang et al. [12] evaluated the influence of storage conditions
on black rice phenolic compounds, showing an increase in total flavonoid content in the
free form and a decrease in the bound part in grains stored under conventional and vacuum
conditions, as well as illustrating a decrease in the total phenolics content regardless of
the storage conditions. Whole wheat flour is more likely to be subject to rapid oxidization
because lipids, lipase, and lipoxygenase are also contained in the germ and bran [10]. Few
studies have focused on the phytochemical and biological activity losses in wheat flour
during storage. This aspect necessitates further study.

The longevity of seeds depends on storage conditions such as seed moisture, oxygen,
and temperature. The effects of oxygen are variable, depending on crop species and storage
conditions. According to the study of Chiu et al. [13], partial vacuum storage could reduce
ROS-mediated peroxidative damage during storage and improve the longevity of primed
sweet corn (Zea mays L.) seeds. A paper bag is a normal mode to store wheat flour. Often,
wheat flour must be stored for a few weeks in the kitchen. Little attention is paid to the
longevity of the flour of seeds, especially the effect of oxygen in the storage atmosphere. In
addition, due to the differences in wheat polyphenol content in different genotypes, it was
important to select a cultivar with a high nutritional potential. The objectives of the present
work were to study the effect of storage in air and under vacuum conditions at different
storage times on phenolic compounds and the antioxidant capacities of extracts from
different wheat cultivars. Verna and Timilia were representative ancient wheat cultivars
used in the present study, whereas Sagittario and Claudio were the representatives of
modern varieties.

2. Materials and Methods
2.1. Chemicals and Reagents

Vanillic acid, p-hydroxybenzoic acid, ferulic acid, p-coumaric acid, sinapic acid, and sy-
ringic acid (used as standard) were purchased from Sigma-Aldrich (Milan, Italy). Methanol,
acetic acid, and water (HPLC-grade, Lichrosolv®) were acquired from Merck (Darmstadt,
Germany). All other chemicals and solvents were analytical grade.

2.2. Wheat Samples

Wheat samples consisted of two ancient (Verna and Timilia) and two modern (Sagit-
tario and Claudio) Italian wheat cultivars, in which Verna and Sagittario were the represen-
tative common wheat (Triticum aestivum L.) genotypes and Timilia and Claudio were the
representative durum wheat (Triticum turgidum ssp. Durum) genotypes, respectively. Grains
were harvested from the same location in Italy (Argelato, latitude 44◦39’57” N, longitude
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11◦19’43” E, 25 m a.s.l.) in the growing season 2018–2019 in organic agriculture. Whole
wheat flour of each variety was obtained from a stone mill. The flour was stored in paper
milling bags, commonly used for the storage of flour in aerated conditions, and plastic
bags for vacuum conditions at an ambient temperature ranging from 25 to 30 ◦C. After
milling, the flour was measured immediately at week 0. The analyses were repeated after
different storage intervals (2, 4, and 8 weeks) to simulate a time range of home practice and
to evaluate the effects of storage time and storage conditions on the phenolic content and
antioxidant activity.

2.3. Extraction of Free and Bound Polyphenol

The extraction of free and bound phenolic compounds was performed as previously
described by Dinelli et al. [14]. Whole wheat flours (1 g) were added to 10 mL of cold
80% ethanol (4 ◦C) to obtain the free soluble compounds, followed by further hydrolysis
extraction steps using sodium hydroxide and hydrochloric acid to release the bound
fractions. The free and bound extracts were pooled together, evaporated to dryness, and
reconstituted to a final volume of 4 mL in 70% ethanol. The extracts were filtered through a
0.45 µm PTFE membrane filter and stored at −20 ◦C until analysis.

2.4. Determination of Total Polyphenol Content

The TPC of extracts was determined according to the Folin–Ciocalteu method [15].
Briefly, 40 µL of diluted phenolic extract was mixed with 1.6 mL of distilled water and
100 µL of Folin–Ciocalteu reagent. After incubation for 5 min, 300 µL of aqueous sodium
carbonate solution (0.2 g/mL) was added. The absorbance was measured at 765 nm after
2 h incubation in the dark. The TPC was expressed as mg of gallic acid equivalents (GAE)
per 100 g of whole wheat flour.

2.5. Determination of Total Flavonoids Content

TFC was estimated using a colorimetric method described previously by Adom
et al. [16]. Briefly, 250 µL of diluted phenolic extract was added to 1.25 mL of distilled
water and 75 µL of sodium nitrite (5%) and then incubated for 6 min. There was a reaction
with aluminum chloride (10%) to form a flavonoid-aluminum complex within 5 min of
incubation. Thereafter, 0.5 mL of 1 M sodium hydroxide was added to stop the reaction.
The absorbance was immediately measured at 510 nm. The TFC was expressed as mg
catechin equivalents (CE) per 100 g of whole wheat flour.

2.6. HPLC-MS/MS Analysis

A Waters e2695 Alliance HPLC System combined with a Waters ACQUITY QDa Mass
Detector were used for the phenolic profile analysis, as described by Truzzi [17]. A Luna
Omega C-18 (250 × 4.6 mm, 5 µm) (Phenomenex, CA, USA) column was used with a
temperature at 40 ◦C. The mobile phase was solvent A: water + 0.1% acetic acid and solvent
B: methanol. A gradient experiment was conducted as follows: at 0 min, 20% solvent B; at
2 min, 30% solvent B; at 10 min, 38% solvent B; at 17 min, 20% solvent B. The flow rate and
the injection volume were 1.2 mL/min and 10 µL, respectively. Single-ion recording (SIR)
was used in the Electrospray Ionization ESI negative mode, with cone voltage (8 V), Probe
(600 ◦C), sampling rate (10 points/sec), capillary (Pos: 0.8, Neg: 0.8). The monitored (M–
H)-ions were m/z 136.88, 162.93, 167.00, 192.93, 196.94, and 223.09 for p-hydroxybenzoic
acid, p-coumaric acid, vanillic acid, ferulic acid, syringic acid, and sinapic acid, respectively.
Data acquisition and instrument control were performed using the Empower 3 software.

2.7. Assay of Antioxidant Activity in Vitro
2.7.1. Assay of DPPH Radical Scavenging Activity

The DPPH assay was performed following a modified procedure reported by Floegel
et al. [18]. Briefly, 1 mm of DPPH solution in 80% (v/v) methanol was prepared, for
which of the absorbance was adjusted to 0.650 ± 0.020 at 517 nm. Diluted phenolic extract
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(50 µL) was added to 2.95 mL of DPPH solution. After incubation for 30 min in the dark,
the absorbance was measured at 517 nm. The results were expressed as µmol of Trolox
equivalents (TE) per g of whole wheat flour.

2.7.2. Assay of Ferric Reducing Antioxidant Potential (FRAP)

The FRAP assay was conducted according to Benzie and Strain [19], with some
modifications. The freshly prepared FRAP working solution (WS) consisted of 300 mm
of acetate buffer pH 3.6, 10 mm of TPTZ, and 20 mm of ferric chloride (10:1:1, v:v:v). A
volume of 80 µL of diluted (1:1, v/v) phenolic extracts was added to 2.4 mL of WS and
incubated for 1 h in the dark. The absorbance was measured at 593 nm. The results were
expressed as mmol Fe2+ per 100 g of whole wheat flour.

2.8. Statistical Analysis

Statistical analyses were performed using a one-way analysis of variance (ANOVA)
test with the software SPSS, version 23.0 (SPSS Inc., Chicago, IL, USA). Statistical signifi-
cance was considered at p < 0.05. Results were expressed as the mean ± SD.

3. Results
3.1. Moisture Content

Water is an important composition of food, influencing the physical, chemical, and
biological characteristics of food. The stability and shelf life of food is also affected by
the water content. Water can enhance or weaken chemical reactions due to its effect on
molecular mobility [20]. Since moisture content indicates the residual water in flours, this
parameter is a crucial property of flour products. In the present study, the moisture content
of the wheat flours was at a satisfactory level (ranging from 11.99% to 12.49%) at Week 0,
as shown in Table 1. The flours of the four cultivars under vacuum storage had a stable
moisture content over 8 weeks of storage. Regarding the flour maintained in the air, the
moisture content decreased at Week 2 compared with freshly prepared flour. However,
there was an increase in moisture content from Week 4 to 8.

Table 1. The moisture content of four wheat genotypes stored under different conditions and for different lengths of time.

Cultivar Storage
Condition

Storage Time

Week 0 Week 2 Week 4 Week 8

Verna
Air 12.49 ± 0.29% aA 11.04 ± 0.11% cB 10.61 ± 0.35% cdB 12.90 ± 0.13% aA

Vacuum 12.49 ± 0.29% aA 12.35 ± 0.08% aAB 11.96 ± 0.33% aB 12.07 ± 0.10% bAB

Timilia
Air 11.99 ± 0.20% bB 10.84 ± 0.00% cC 10.71 ± 0.17% cC 12.69 ± 0.19% aA

Vacuum 11.99 ± 0.20% bA 11.76 ± 0.15% bAB 11.57 ± 0.16% abAB 11.53 ± 0.32% cB

Sagittario Air 12.06 ± 0.16% bB 10.97 ± 0.27% cC 10.53 ± 0.40% cdC 12.78 ± 0.21% aA
Vacuum 12.06 ± 0.16% bA 11.61 ± 0.44% bA 11.45 ± 0.16% bA 11.98 ± 0.39% bA

Claudio
Air 11.99 ± 0.20% bB 10.89 ± 0.18% cC 10.18 ± 0.17%dC 12.51 ± 0.04% aA

Vacuum 11.99 ± 0.20% bA 11.65 ± 0.28% bAB 11.31 ± 0.29% bB 11.57 ± 0.22% cAB
Data are expressed as mean ± SD (n = 3). Different lowercase letters indicate significant differences in values at p < 0.05. Values in the rows
with different capital letters are significantly different at p < 0.05.

3.2. Total Polyphenol Content

The TPC of freshly prepared whole wheat flour from the four cultivars ranged from
241.32 to 283.72 GAE mg/100 g (represented as Week 0 in Table 2). Verna exhibited a
significantly higher phenolic content than the remaining three cultivars.
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Table 2. Total polyphenol contents expressed as gallic acid equivalents of four wheat cultivars (mg/100 g) stored under
different conditions and lengths of time.

Cultivar Storage
Condition

Storage Time

Week 0 Week 2 Week 4 Week 8

Verna
Air 283.72 ± 5.18 aA 282.72 ± 8.31 aA 258.01 ± 4.74 aB 236.06 ± 6.13 bC

Vacuum 283.72 ± 5.18 aA 282.82 ± 4.94 aA 260.41 ± 7.74 aB 247.15 ± 4.13 aC

Timilia
Air 273.41 ± 4.29 aA 271.21 ± 17.51 aA 233.83 ± 3.38 bB 228.61 ± 1.03 cB

Vacuum 273.41 ± 4.29 aA 272.43 ± 6.90 aA 239.08 ± 3.70 bB 219.89 ± 6.64 dB

Sagittario Air 244.52 ± 7.38 bA 211.33 ± 6.86 bBC 216.50 ± 7.24 cB 199.74 ± 3.22 dC
Vacuum 244.52 ± 7.38 bA 217.32 ± 3.19 bB 215.88 ± 2.17 cB 200.75 ± 2.13 dC

Claudio
Air 241.32 ± 4.85 bA 216.20 ± 4.19 bB 210.63 ± 5.70 cdB 191.53 ± 1.20 eC

Vacuum 241.32 ± 4.85 bA 209.37 ± 4.11 bB 204.23 ± 4.29 dB 190.93 ± 3.08 eC
Data are expressed as mean ± SD (n = 3). Different lowercase letters indicate significant differences in values at p < 0.05. Values in the rows
with different capital letters are significantly different at p < 0.05.

The results illustrated that the TPC of the four cultivars was affected by the storage
time. Overall, the TPC decreased significantly over the 8 weeks in all cultivars. Verna still
showed the highest level of TPC. The rankings of the cultivars in order of increasing losses
of TPC between Week 0 and Week 8 of storage were Timilia < Verna < Sagittario < Claudio
for aerated storage and Verna < Sagittario < Timilia < Claudio for vacuum storage (with
the corresponding percentages losses at 16.39, 16.80, 18.31, 20.63, and 12.89, 17.90, 19.57,
20.88, respectively). There were no significant differences in TPC (p < 0.05) for the four
cultivars between the air and vacuum storage conditions within the first 4 weeks. However,
there was a significant difference in TPC between the air and vacuum storage conditions
for Verna and Timilia at Week 8.

3.3. Total Flavonoid Content

In freshly prepared flour (represented as Week 0 in Table 3), the TFC of the four
cultivars varied from 62.82 to 79.13 CE mg/100 g. Verna had the highest flavonoid content
among the four cultivars.

Table 3. Total flavonoid contents expressed as catechin equivalents of four wheat cultivars (mg/100 g) stored under different
conditions and for different lengths of time.

Cultivar
Storage

Condition
Storage Time

Week 0 Week 2 Week 4 Week 8

Verna
Air 79.13 ± 3.63 aA 58.72 ± 2.17 aC 52.23 ± 0.74 aD 67.36 ± 1.37 aB

Vacuum 79.13 ± 3.63 aA 58.49 ± 3.91 aC 52.98 ± 1.01 aC 67.87 ± 2.33 aB

Timilia
Air 69.09 ± 1.31 bA 51.20 ± 5.82 abcBC 45.74 ± 1.09 cC 54.71 ± 1.53 cB

Vacuum 69.09 ± 1.31 bA 48.94 ± 4.87 bcBC 44.89 ± 1.74 cC 52.68 ± 0.93 cB

Sagittario Air 71.24 ± 1.68 bA 53.34 ± 5.72 abC 48.36 ± 0.83 bC 61.21 ± 1.76 bB
Vacuum 71.24 ± 1.68 bA 51.20 ± 4.22 abcB 48.23 ± 0.23 bB 52.32 ± 3.36 cB

Claudio
Air 62.82 ± 1.57 cA 45.47 ± 0.97 cB 42.98 ± 1.08 dC 47.24 ± 0.32 dB

Vacuum 62.82 ± 1.57 cA 43.78 ± 0.08 cB 40.76 ± 0.46 eC 43.23 ± 2.51 eBC
Data are expressed as mean ± SD (n = 3). Different lowercase letters indicate significant differences in values at p < 0.05. Values in the rows
with different capital letters are significantly different at p < 0.05.

After 8 weeks, the TFC of all the cultivars decreased significantly when compared to
the freshly prepared flour. Verna also showed the highest level of TFC. The TFC in Claudio
decreased up to 31.18%. However, there was a sharp increase from Week 4 to Week 8 for all
cultivars. There were no significant differences in TFC between the air and vacuum storage
conditions, with the exception of Claudio at Week 4 and Week 8 and Sagittario at Week 8.
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3.4. Analysis of the Phenolic acid Profiles

Six phenolic acids, including p-hydroxybenzoic acid, vanillic acid, syringic acid,
p-coumaric acid, ferulic acid, and sinapic acid, were all found in the wheat flour of the four
cultivars under the different storage conditions and lengths of time. Table 4 showed that
the most abundant phenolic acid in the four cultivars was ferulic acid, which showed the
highest mean value of 355.55 µg/g. This was followed by p-coumaric acid, with a mean
content of 56.35 µg/g at Week 0 for the four cultivars.

Table 4. Phenolic acid profiles of four wheat varieties cultivars (µg/g) stored under different conditions and for different
lengths of time.

Cultivar Storage
Time

Storage
Condition

Phenolic Compounds

p-Hydroxybenzoic
Acid Vanillic Acid Syringic Acid p-Coumaric Acid Ferulic Acid Sinapic Acid

Verna

Week 0 18.76 ± 0.05 a 23.50 ± 0.21 c 13.13 ± 0.96 h 92.79 ± 4.08 a 421.25 ± 9.39 a 19.95 ± 1.48 a

Week2 Air 18.57 ± 0.13 b 16.80 ± 0.09 h 7.32 ± 0.36 mno 65.75 ± 4.14 c 356.28 ± 13.22 cd 12.93 ± 1.28 ef
Vacuum 17.29 ± 0.07 d 17.27 ± 0.15 h 7.94 ± 0.64 m 57.46 ± 4.12 e 373.77 ± 9.55 bc 17.61 ± 1.64 b

Week 4 Air 18.29 ± 0.15 c 28.73 ± 0.09 a 19.32 ± 0.41 c 70.45 ± 4.42 b 423.44 ± 13.09 a 17.03 ± 1.02 b
Vacuum 17.1 ± 0.05 e 23.73 ± 0.72 c 14.04 ± 0.39 fg 66.73 ± 2.86 bc 354.28 ± 14.51 cd 13.87 ± 0.56 de

Week 8 Air 17.13 ± 0.03 de 24.72 ± 0.17 b 13.98 ± 0.22 fg 63.29 ± 2.59 cd 386.04 ± 8.90 b 15.53 ± 1.19 c
Vacuum 16.54 ± 0.06 f 23.70 ± 0.46 c 14.39 ± 0.40 ef 61.12 ± 1.77 de 393.23 ± 18.92 b 15.26 ± 1.58 c

Timilia

Week 0 13.52 ± 0.08 g 21.94 ± 0.40 d 11.81 ± 0.24 ij 47.94 ± 2.66 g 343.60 ± 17.88 d 14.53 ± 0.50 cd

Week 2 Air 11.95 ± 0.07 j 20.70 ± 0.72 f 10.73 ± 0.48 k 39.12 ± 1.93 i 313.79 ± 8.15 e 8.57 ± 0.44 kl
Vacuum 10.13 ± 0.06 m 12.83 ± 0.23 j 5.76 ± 0.27 q 37.05 ± 1.79 ij 307.89 ± 3.41 ef 8.10 ± 0.16 l

Week 4 Air 11.94 ± 0.15 j 25.55 ± 0.34 b 16.95 ± 0.36 d 44.83 ± 3.24 gh 374.18 ± 8.85 bc 9.62 ± 0.47 jk
Vacuum 10.78 ± 0.14 l 21.81 ± 0.21 de 13.52 ± 0.46 gh 38.35 ± 1.86 i 293.08 ± 13.81 efg 7.29 ± 0.25 l

Week 8 Air 11.77 ± 0.13 jk 22.31 ± 0.41 d 12.37 ± 0.40 i 37.23 ± 2.80 ij 311.91 ± 11.73 e 9.93 ± 0.25 hijk
Vacuum 11.73 ± 0.22 k 23.80 ± 0.49 c 14.95 ± 0.42 e 40.54 ± 2.57 hi 353.50 ± 17.37 cd 11.28 ± 0.63 gh

Sagittario

Week 0 12.63 ± 0.09 h 11.95 ± 0.37 j 7.39 ± 0.55 mn 46.32 ± 1.27 g 350.32 ± 13.05 d 15.50 ± 0.50 c

Week 2 Air 12.21 ± 0.05 i 14.93 ± 0.13 i 11.24 ± 0.37 jk 40.84 ± 1.65 hi 340.77 ± 15.67 d 10.02 ± 0.46 hijk
Vacuum 4.54 ± 0.05 s 4.55 ± 0.07 m 6.56 ± 0.66 op 33.75 ± 2.03 jk 314.41 ± 5.91 e 0.77 ± 0.03 m

Week 4 Air 11.94 ± 0.12 j 12.64 ± 0.56 j 7.15 ± 0.27 mno 44.95 ± 1.52 gh 311.66 ± 10.87 e 10.22 ± 0.84 hij
Vacuum 11.82 ± 0.11 jk 21.85 ± 0.19 de 21.42 ± 0.57 ab 40.30 ± 2.31 i 351.91 ± 14.21 cd 9.75 ± 0.16 jkl

Week 8 Air 12.64 ± 0.06 h 21.80 ± 0.27 de 20.98 ± 0.41 b 44.99 ± 1.42 gh 389.95 ± 13.53 b 13.34 ± 0.79 def
Vacuum 12.54 ± 0.06 h 21.84 ± 1.32 de 21.96 ± 0.24 a 52.06 ± 0.81 f 373.59 ± 13.80 bc 12.43 ± 0.64 fg

Claudio

Week 0 10.21 ± 0.04 m 18.20 ± 0.99 g 5.98 ± 0.24 pq 38.33 ± 1.67 i 307.04 ± 4.13 ef 9.85 ± 0.28 hijk

Week 2 Air 7.14 ± 0.05 q 10.93 ± 0.35 k 3.80 ± 0.12 r 33.22 ± 1.40 jkl 290.56 ± 17.61 efg 8.23 ± 0.39 l
Vacuum 6.56 ± 0.09 r 9.09 ± 0.79 l 3.32 ± 0.13 s 24.75 ± 1.58 n 287.65 ± 7.19 fg 11.34 ± 0.94 gh

Week 4 Air 8.58 ± 0.10 n 20.89 ± 0.98 ef 9.65 ± 0.39 l 37.60 ± 2.95 ij 336.73 ± 12.61 d 9.74 ± 0.44 jkl
Vacuum 7.36 ± 0.09 p 18.48 ± 0.70 g 7.85 ± 0.42 m 28.33 ± 0.75 mn 304.35 ± 5.71 ef 9.76 ± 0.28 jkl

Week 8 Air 8.42 ± 0.06 n 16.65 ± 0.39 h 6.69 ± 0.37 nop 29.32 ± 1.24 lm 299.11 ± 14.14 ef 11.15 ± 0.67 ghi
Vacuum 7.86 ± 0.14 o 17.20 ± 0.77 h 7.34 ± 0.48 mno 31.71 ± 1.84 klm 273.04 ± 12.24 g 9.97 ± 0.54 hijk

Data are expressed as mean ± SD (n = 3). Values in the column with different letters are significantly different at p < 0.05.

The amount of phenolic acid, p-hydroxybenzoic acid, decreased significantly after
8 weeks of storage in all cultivars, except in Sagittario. The least reduction in p-hydroxybenzoic
acid was shown in Verna stored in air, which decreased to 8.67%. p-coumaric acid also
decreased over storage for 8 weeks, except in Sagittario, which was stored under vacuum.
In Verna, p-coumaric acid was very unstable and was shown to decrease up to 34.13% over
8 weeks. Decreases in ferulic acid were shown in Verna, Timilia, and Claudio, but more
than 88.93% remained after 8 weeks. Meanwhile, there was an increase in Sagittario after
storage for 8 weeks with respect to ferulic acid. The losses of sinapic acid were significantly
found in all cultivars from freshly prepared flour to the 8th week, except Claudio. The
biggest loss of sinapic acid was shown in Timilia stored in air, which was up to 31.61% over
the 8-week period. On the contrary, an increase was shown in vanillic acid and syringic
acid from Week 0 to Week 8 in all the other three cultivars, with the exception of Claudio.
In particular, an increase in the syringic acid up to 297.03% was detected in Sagittatio under
vacuum storage for 8 weeks. The concentration of individual phenolic acids was shown to
decline or increase at different rates, possibly due to their chemical structure, biochemical
pathway relationship, and storage conditions.

3.5. Antioxidant Activity
3.5.1. DPPH Assay

The initial antioxidant activity values of the four cultivars determined by the DPPH
assay ranged from 6.78 to 7.87 µmol trolox/g. Verna showed the best antioxidant activity
compared to the remaining cultivars (Figure 1).
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Figure 1. Antioxidant activity shown by DPPH assay of four wheat cultivars storage in different
conditions and for different lengths of time. Different letters show significant differences at p < 0.05.

The antioxidant activity shown by the DPPH assay of the four cultivars decreased
significantly after 8 weeks of storage. However, there was no significant difference between
the air and vacuum storage conditions regarding the DPPH values. In air, the decreases
were 28.72, 31.25, 28.16, and 29.20% in Verna, Timilia, Sagittario, and Claudio, respectively,
over the 8-week period. Regarding the vacuum condition, the decrease was 27.06, 31.94,
28.16, and 29.79% in the four cultivars, respectively. The DPPH antioxidant activity in
Verna storage under vacuum decreased the least among the four cultivars. Approximately
72.94% of the antioxidant activity was maintained in Verna after the 8-week storage period.

3.5.2. FRAP Assay

The initial antioxidant activity values of the four cultivars determined by the FRAP
assay ranged from 2.18 to 2.57 mmol Fe2+/100 g. Verna showed a higher antioxidant
activity than the other three cultivars, as represented by the FRAP assay (Figure 2).
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The ability of wheat polyphenol to reduce Fe3+ to Fe2+ was not significantly affected
by either storage conditions or time over the 8-week storage period for all the four cultivars.
There was a reduction in antioxidant activity after Week 2 but a recovery at the end of the
storage period.

4. Discussion

In the present study, we investigated the moisture content, phenolic acids profile, TPC,
TFC, and AA of the whole wheat flour extracts of four cultivars, Verna, Timilia, Sagittario,
and Claudio, from same harvest year and same farm in Italy. Different cultivars of wheat
showed different levels of TPC, TFC, and AA as well as phenolic acids profile during the
entire storage period as well as under the two storage conditions. The wheat polyphenol
was influenced more by storage time (0, 2, 4, 8 weeks) than storage conditions (aerated and
under vacuum).

4.1. Moisture Content

The flours of the four cultivars under vacuum storage had a stable moisture content
without contact with water and oxygen. However, the moisture content decreased from
week 0 to week 4 for the four cultivars stored in the air, and then there was an increase
from the 4th week to the 8th week. There was also an increase observed in the TFC and
AA, as determined by the DPPH assay in the same period. This indicated that moisture
content is a key factor affecting the stability of some phenolic compounds during storage.

4.2. Total Polyphenol and Antioxidant Activity

As reported by Silvestro [4], wheat cultivar affected the TPC of bound forms and
the AA determined by FRAP. Differences in TPC and AA among the four cultivars of
wheat were also observed in our study. Verna exhibited a higher amount of TPC, TFC,
and AA than Timilia, Sagittario, and Claudio in freshly prepared flour under the two
storage conditions. Timilia was characterized by the second highest total amount of TPC.
Regarding TFC, Timilia and Sagittario were significantly higher than Claudio. With respect
to AA, there was no significant difference among Timilia, Sagittario, and Claudio in freshly
prepared flour.

The results of our study showed that storage time significantly influenced the phenolic
contents in whole wheat flour. After 8 weeks of storage, the TPC, TFC, and AA of all the
cultivars decreased when compared to the freshly prepared flour. This may be attributed to
the oxidation of polyphenols [10]. Similar results were reported by Oliveira et al. [11], who
showed a reduction in sorghum flour after 60 days of storage. Verna was characterized
by smaller losses of TPC and TFC than the other three cultivars over 8 weeks. In addition,
Verna showed the highest retention of AA represented in DPPH among four cultivars of
about 73%. With respect to the TPC and TFC, the biggest reduction was found in Claudio
compared to the freshly prepared flour. Regarding the AA represented in DPPH, Timilia
showed a lower retention than other three cultivars over 8 weeks. In fact, a sharp increase
in TFC from the 4th to the 8th week was reported in this study. It is feasible that unstable
glycosides may have been transformed, resulting in an increase in TFC. Similarly, AA
represented by the DPPH assay resulted in a significant increase during the same period. It
seems that the decrease in AA did not follow the reduction in the polyphenol content of
whole wheat flour. In similar findings in the research of Patthamakanokporn et al. [21], a
continuous decrease in TPC was found in homogenized guava, but the FRAP antioxidant
activity did not decrease during the 3-month storage. A possible reason for this was that
the antioxidant activity was not related to an individual phenolic or classes of phenolics
but to a synergistic effect between different classes of polyphenol.

However, the AA determined by the FRAP assay was different with the DPPH assay.
Different antioxidants have different mechanisms against free radicals [22], and probably
different polyphenol molecules in wheat were responsible for the differences in FRAP and
DPPH. Liu et al. [23] found that the total phenolic contents showed a higher correlation
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with antioxidant capacity when using FRAP assays than when using the DPPH assay
among the fruits and vegetables analyzed. A reduction was shown at the 2nd week but a
recovery was shown at the 8th week in the FRAP assay in our study. In fact, the decreases
in the total polyphenol contents were not always influenced by AA [20]; the oxidation
of polyphenol was expected to result in a lower antioxidant capacity, but the formation
of new antioxidant polymers or degradation products of phenolics also had AA [24]. In
addition, the phenolic profile may be changed during storage, as some phenolics could
be degraded while other new phenolics could be formed [25]. This could also increase
the TPC and compensate for the loss of AA from the degraded compounds. According
to Flores et al. [26], an improvement in TPC and a slight increase in AA in spray-dried
blueberry pomace extract were observed after a 40-day storage. It is possible to explain
this by some phenolic compounds being newly produced during the storage time. Some
reports have shown that anthocyanins could decompose to benzoic acid derivatives such
as syringic acid or 4-hydroxybenzoic acid [27,28].

Vacuum conditions were supposed to be stable without contact with water and oxygen.
However, the results were different from the hypothesis, as most of the mean values for
the assessed parameters except for the moisture content of the four cultivars were not able
to significantly discriminate between storage in air and under vacuum in our research,
which was similar to the results reported by Ghirardello et al. [25]. The latter were not
able to detect significant difference among storage conditions (ambient air, vacuum, or
modified atmosphere) regarding the loss of TPC and AA in hazelnuts (Corylus avellana L.)
after 12 months of storage.

4.3. Phenolic Acids Profile

Ferulic acid and p-coumaric acid were the principle phenolic acid components of the
four cultivars, as reported previously by Loreto et al. [5]. The highest ferulic acid content
was reported for Verna, which is lower than that in the study of Gottia et al. [7]. The
ferulic acid content from Claudio was higher than that reported by Loreto et al. [5].These
differences may be due to the difference in harvest year, storage conditions, and other
environmental factors.

To the best of our knowledge, no data are available regarding the effect of different
storage times and conditions on changes in the phenolic acid profiles of whole wheat
flour. The storage time influenced the concentration of each phenolic acid, but it was
difficult to compare within different storage conditions in our study. Sinapic acid and
p-coumaric acid were significantly decreased in most of the wheat flours over the 8-week
storage period. However, there was an increase in vanillic acid and syringic acid during
this period. Differences could possibly be explained by the different rates of degradation
and/or synthesis of each phenolic acid [25]. Different phenolic acids have different chemical
structures and also present different structures in different fractions, such as free and bound
phenolic fractions. Structural difference plays an important role in individual reducing
capacity [29]. The storage process changes the content of phenolic acids in the plant
material, and decreases or increases in their content were both observed [30]. Zhou et al. [29]
found a reduction in the concentration of ferulic acids from brown rice after storage for
6 months. According to Bolling et al. [31], there were dynamic metabolic processes affecting
phenolic acid content during storage, including an increase in polyphenol extractability; the
degradation of polymeric polyphenols; and, consequently, an increase in soluble phenolics
during storage. In addition, this was possibly attributable to a biosynthesis pathway of
these six phenolic acids in plants [5,7]. For example, p-coumaric acid could be converted to
ferulic acid and p-hydroxybenzoic acid, which could continue converting to vanillic acid.
Similarly, ferulic acid could convert to sinapic acid and then syringic acid.

5. Conclusions

Most of the analyzed parameters illustrated differences in cultivars. Verna showed
higher levels of TPC, TFC, and AA than Timilia, Sagittario, and Claudio during the entire
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storage period as well as under the two storage conditions. The phenolic content of whole
wheat flour was not affected by the storage conditions—in fact, no significant differences
between air and vacuum conditions were detected. Some reductions in total polyphenol
were observed after storage for 8 weeks. The moisture content, flavonoid content, and
antioxidant potential were decreased after 8 weeks of storage compared to freshly prepared
flour, but a small increase between 4th and 8th week was also detected. Some changes,
either decrease or increase in the concentration regarding the phenolic acids, were shown,
and no compound was completely degraded during storage. Overall, our results firstly
illustrated that the storage time significantly influenced the polyphenol content and profile,
but we were not able to significantly discriminate between storage in air and under vacuum.
Further knowledge in this area will be useful in determining the proper length and method
of storage as well as the selection of cultivar in order for whole wheat flour to retain its
bioactive compounds for benefits when consumed in daily life.
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