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Food Technology/ Original Article

Deoxynivalenol content,
phenolic compounds, and
antioxidant activity of wheat
flour after debranning process

Abstract — The objective of this work was to evaluate the effect of the
debranning process on the deoxynivalenol (DON) content, phenolic
compounds, and antioxidant activity of wheat flours, in order to determine
which milling technology provides the safest and most nutritional wheat
products. Grain samples from the BRS Marcante, BRS Reponte, and BRS 374
wheat (Triticum aestivum) cultivars were used to obtain both whole-wheat
and white flours. For whole-wheat, grains were debranned at different
times (20 and 40 s). The debranning process significantly reduced the DON
content in the whole-wheat flours from all cultivars. The DON concentration
decreased 22 and 28% in the 20 and 40 s debranning treatments, respectively,
when compared with the treatment without debranning. In addition, phenolic
compound content and antioxidant capacity are significantly higher in the
whole-wheat flours. The debranning process contributes to the production of
safer and healthier foods, by reducing DON content and retaining phenolic
compounds and antioxidant activity in whole-wheat flours.

Index terms: Triticum aestivum, bioactive compounds, mycotoxins, whole-
-wheat flour.

Niveis de deoxinivalenol, compostos
fendlicos e atividade antioxidante de farinha
de trigo apo6s processo de polimento

Resumo — O objetivo deste trabalho foi avaliar o efeito do processo de
polimento nos niveis de deoxinivalenol (DON), nos compostos fenélicos e na
atividade antioxidante de farinhas de trigo, para determinar a tecnologia de
moagem que fornece os produtos de trigo mais seguros e nutritivos. Amostras
de graos das cultivares de trigo (Triticum aestivum) BRS Marcante, BRS
Reponte ¢ BRS 374 foram utilizadas para obter farinhas de trigo integral
¢ branca. Para a farinha integral, os graos foram submetidos a diferentes
periodos (20 e 40 s) de polimento. O processo de polimento reduziu
significativamente o teor de DON nas farinhas de trigo integral de todas
as cultivares. A concentragdo de DON diminuiu 22 e 28% nos tratamentos
polimento por 20 ¢ 40 s, respectivamente, quando comparada a do tratamento
sem polimento. Além disso, os niveis de compostos fendlicos e a capacidade
antioxidante sdo significativamente maiores nas farinhas de trigo integral.
O processo de polimento contribui para a producao de alimentos mais seguros
e saudaveis, ao reduzir o teor de DON e conservar os compostos fendlicos e a
atividade antioxidante na farinha de trigo integral.

Termos para indexacdo: Triticum aestivum, compostos bioativos,
micotoxinas, farinha de trigo integral.
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Introduction

Wheat (Triticum aestivum L.) is the basic staple crop
intemperate zones, being highly demanded in countries
under rapid urbanization and industrialization (Shewry
& Hey, 2015). According to these authors, an important
source of starch and energy, wheat may also provide
components vital or beneficial to health, including
proteins, vitamins, dietary fiber, and phytochemicals.

However, during cultivation, wheat can be adversely
affected by climatic and geographic conditions, as well
as by pathogens, which can lead to diseases, such as
Fusarium head blight (FHB), triggered by infection
caused by fungi of the genus Fusarium (Del Ponte et al.,
2012). Under stress conditions, these microorganisms
produce, via their secondary metabolism, mycotoxins
that can contaminate finished processed foods due to
their resistance to the processing and technological
processes to which the grains are subjected (Karlovsky
et al., 2016).

Among the mycotoxins occurring in wheat,
deoxynivalenol (DON), part of the type B class of
trichothecenes, is the most prevalent, being associated
with deleterious effects on human health, such
as anorexia, weight loss, malnutrition, endocrine
dysfunctions, and immunological changes (Stanciu
et al., 2015). According to Cheli et al. (2013), the
highest concentration of toxins is found in the outer
part of the kernel, but the content of DON in the bran
is the greatest concern, especially since these parts,
which are almost always used for animal feed, are
sometimes directly consumed by humans due to their
health benefits. The main advantages of consuming
whole-wheat products include: improving large bowel
function by slowing down digestion and increasing the
absorption of carbohydrates and fats; and reducing the
risk of developing certain diseases (Vidal et al., 2016).

Although the bran fraction layers are removed by
the milling process, they could be preserved to be used
as key ingredients (bioactive compounds) for cereal-
based foods because of their high nutritional potential
(Ciccoritti et al., 2017). These authors highlighted
that phenolic compounds have antioxidant capacities,
being associated, for example, with a reduction in the
risk of chronic diseases related to oxidative stress.

One of the strategies to preserve part of the wheat bran
is the debranning process, which gradually removes the
outer layers of the grain, allowing the aleurone tissue
to remain attached to the endosperm; in conventional
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milling, the aleurone layer is removed with the bran
(Melini et al., 2020). Therefore, the flours obtained by
debranning are richer in components commonly found
in the grain aleurone (Melini et al., 2020).

Progressive debranning allows discarding the
most external layers, reducing contamination risk,
but retaining selected fractions enriched in bioactive
compounds, such as phenolic compounds (Bordiga
et al., 2016). The most external fractions, associated
with a greater occurrence of natural and synthetic
contaminants, could then be discarded, while the
fractions with a low toxicity but a high nutritional
value could be added back to the flour or used as a
functional ingredient (Sovrani et al., 2012). According
to Martini et al. (2015), debranning appears to be a
valuable approach for detecting optimum abrasion
levels for grain processing, representing the best
compromise between nutritional, technological, and
hygienic-sanitary characteristics. Ciccoritti et al.
(2017), for example, found that the debranning of
durum wheat allowed producing pasta with a high
content of healthy compounds, minimally affecting
initial sensory properties.

Previous studies on common wheat varieties
have shown that bioactive compounds are mainly
concentrated in the outer layers of the grain and that their
distribution within the kernel depends on the classes of
nutrients (Sovrani et al., 2012). Therefore, it is important
to combine wheat varieties rich in natural bioactive
compounds with a grain-processing technology that
allows preserving these compounds and producing
functional ingredients (Giordano et al., 2017).

The objective of this work was to evaluate the effect
of the debranning process on the deoxynivalenol
content, phenolic compounds, and antioxidant activity
of wheat flours, in order to determine which milling
technology provides the safest and most nutritional
wheat products.

Materials and Methods

The used grain samples were obtained in the 2014
crop season from the BRS Marcante, BRS Reponte,
and BRS 374 wheat cultivars, naturally contaminated
by Fusarium, when grown at the breeding plots of
Embrapa Trigo, located in the municipality of Passo
Fundo, in the state of Rio Grande do Sul, in Southern
Brazil (28°13'30.2"S, 52°24'31.9"W, at an altitude of
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683 m). The climate of the region is classified as Cfa,
warm and temperate, by Koppen-Geiger (Beck et al.,
2018). According to the Brazilian soil classification
system, the soil is a Latossolo Vermelho distrofico
tipico (Santos et al., 2018), i.e., a Oxisol.

The three chosen cultivars represent Brazilian wheat
with different technological traits. The BRS Marcante
cultivar has a high gluten strength (W = >220x10*7J)
and is moderately resistant to fungal diseases, including
FHB. The BRS Reponte cultivar is characterized by
intermediate gluten strength (W = 160x10-*J), higher
yields, and moderate resistance to FHB. The BRS 374
cultivar presents low gluten strength (W = 123x10* J)
and is susceptible to FHB.

Grain samples of 10,000 g were selected from each
cultivar based on their initial DON concentrations,
which had to be above 200 pg kg'. The DON content
was analyzed with the AgraQuant enzyme-like
immunosorbent assay kit (Romer Labs Division Holding
GmbH, Getzersdorf, Austria). The wheat samples were
kept at 8°C, in a cold chamber, before the analyses.

To obtain the whole-wheat flours, grain samples of
approximately 50 g from each cultivar were fed one at
a time to the PAZ-1-DTA rice laboratory testing mill
(Zaccaria, Limeira, SP, Brazil), previously regulated
for each treatment, at two debranning times (20 and
40 s). The debranning process was monitored using
a timer, and the samples were weighed before and
after the procedure. After each pearling passage, the
equipment was thoroughly cleaned by dust aspiration
and compressed air to minimize the amount of
contamination between experiments. Then, intact
grains (not debranned) and the grains after each
debranning treatment (20 and 40 s) were milled in
the Lab Mill 3100 equipment (Perten Instruments,
Huddinge, Sweden). The flour fractions were ground
to pass through a 0.8-mm sieve. The resulting whole-
wheat flours were evaluated for DON content, phenolic
compounds, antioxidant activity, chemical composition
(moisture, protein, and ash), and flour color.

The white flours were obtained by traditional
milling. For this, another set of samples from the BRS
Marcante, BRS Reponte, and BRS 374 wheat cultivars,
of 4,000 g each, were prepared for milling according
to method 26-10.02 of American Association of Cereal
Chemists International (AACC International, 2010).
The samples were conditioned to 14% moisture content

and milled using the Quadrumat Senior pilot-scale mill
(Brabender GmbH & Co. KG, Duisburg, Germany).

The wheat grain hardness index (GHI) was
determined for whole-wheat flour using the XDS
near-infrared rapid content analyzer (FOSS Analytical
A/S, Hillered, Denmark). Method 55-31.01, consisting
of the single-kernel characterization system, was used
for hardness calibration (AACC International, 2010).

For both whole-wheat and white flours, wheat
tecnological parameters were assessed. Moisture
content was determined by method 44-15.02 (AACC
International, 2010). Ash content was obtained
according to standard method 104/1 (ICC, 1990)
using a muffle furnace at 900°C for 2.5 hours. Total
nitrogen was determined by method 46-13.01 (AACC
International, 2010), in which the crude protein value
was calculated by applying a multiplication factor of
5.7. Protein and ash results were expressed as grams
per 100 gram on a dry weight basis. The color of the
samples was evaluated using the CR-410 Chroma
Meter (Konica Minolta: Sensing Global Network,
Osaka, Japan) with Dgs illuminant and 10° viewing
angle. Color was expressed in the CIEL*a*b* system,
considering the L* (whiteness/darkness), a* (redness/
greenness), and b* (yellowness/blueness) parameters.

DON content was determined by ultra-high-
performance liquid chromatography-tandem with
triple quadrupole mass spectrometry using the Triple
Quad 6500 system (Sciex, Framingham, MA, USA).
The extraction, clarification, and derivatization
methodology was fully automatized, developed, and
validated in-house using the method described by
Varga et al. (2012). At the laboratory, the following
limits were obtained for the quantification and
recovery of DON: 200 pg kg' and 80%.

In each treatment, the free and bound phenolics
were extracted according to the methods presented
by Adom & Liu (2002) and Sosulski et al. (1982),
respectively, with slight modifications. The extracts
of the free and complex phenolic compounds were
used to measure total phenolic content and antioxidant
activity by the 2,2-diphenyl-1-picrylhydrazyl hydrate
(DPPH) and 2,2’-azino-bis (3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) radicals. Both of these assays
were previously described in Lopez-Perea et al. (2019).

The analytical determinations of the samples were
performed in triplicate, and standard deviations were
reported. Means were compared by Tukey’s test, at 5%
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probability, through the analysis of variance using the
Statistica, version 7.0, software (Hilbe, 2007).

Results and Discussion

Debranning did not affect significantly the GHI,
except for the BRS 374 cultivar, which showed a
significant reduction in hardness after the procedure
(Table 1).

In the 20 and 40 s treatments, the mean debranning
levels were 1 and 2%, respectively, representing the
grain mass losses for the BRS Marcante and BRS
Reponte cultivars. According to the Healthgrain
consortium, losses of less than 2% of the grain and
10% of the bran, that occur through processing, are
allowed in the production of whole-wheat products
(van der Kamp et al., 2014). For the BRS 374 cultivar,
the debranning level only differed statistically in the
40 s treatment. The debranning levels observed in
the present study were lower than those reported in
the literature (Tibola et al., 2019), due to the applied
debranning times and sample homogeneity (same
cultivar). These procedures guaranteed low starch
losses and, at the same time, noticeably reduced
contamination by DON (Figure 1). In a previous study,
the mean debranned levels reported for commercial
wheat samples, composed of a blend of different
cultivars, were 4, 8, and 14% after debranning for 15,
30, and 60 s, respectively (Tibola et al., 2019).

The moisture content in whole-wheat flours ranged
from 11.7 to 12.6% and was not significantly affected
by debranning (Table 1). The white flour presented
the highest moisture content probably because it was
tempered to 14% moisture for milling. As expected,
the white flour from all cultivars also had a lower ash
content. The ash content of the BRS Marcante and
BRS 374 cultivars significantly reduced due to the
progressive removal of the external layers of the wheat
grains by debranning, while that of the BRS Reponte
cultivar decreased after debranning, but only differed
significantly in the 40 s treatment. As reported in other
studies (De Brier et al., 2015; Ciccoritti et al., 2017),
the highest concentration of minerals was observed in
the outermost layers of the grains, namely the pericarp
and aleurone (Belitz & Grosch, 1997).

Protein content was significantly lower in the
white flours from all cultivars. However, it was not
significantly reduced after consecutive debranning
steps at 20 and 40 s (Table 1). Similarly, De Brier
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Table 1. Characterization of the BRS Marcante, BRS Reponte, and BRS 374 wheat (Triticum aestivum) cultivars before and after the debranning and milling

processes?.

Color parameter
a* b*
12.05+0.33b

L*
82.76+1.41d

Protein content
ona DWB® (%)

Moisture content  Ash content on
(%) a DWB® (%)

Debranning level
(%)

Grain hardness
index

Treatment

Cultivar

3.32+0.32a

18.32+0.23a
18.22+0.39a
18.09+0.15a

2.12+0.00a
1.970.01bc
1.75+0.09f
0.54+0.02¢g

12.240.2bcd
12.2+0.1bcd
12.3£0.1bc
14.34£0.0a

76+2ab
7243b
71+1b

Not debranned®

11.33+0.23¢cd

11.08+0.05d
9.49+0.09f

12.62+0.26a

3.00+0.21ab
2.99+0.19ab
0.62+0.07d

83.77+0.95d
83.53+0.85d
91.54+0.12b

99.3+0.1ab

Debranned for 20 s®

BRS Marcante

98.6+0.1ab

Debranned for 40 s®

White flour

16.45+0.25b
13.70+0.14¢

82.56+1.34d 3.43+0.38a

1.94+0.03bcd
1.85+0.04def

1.80+0.05¢f
0.51+0.02¢g
2.05+0.01ab

12.0+0.4cd

78+la

Not debranned®

11.83+0.17bc
11.85£0.22b
11.80+0.07bc
11.05£0.12d
10.09+0.11e

3.13+0.07ab
3.08+0.12ab
0.05+0.01¢

83.45+0.19d
83.68+0.31d
92.53+0.03b
84.03+0.23d
86.41+0.18¢c
87.33+0.13¢
94.57+0.05a

14.01+0.09de
14.01+0.06de
12.47+0.26f

99.2+0.0ab 12.1£0.1bcd
11.940.1cd
14.0£0.1a

76+1ab
78+la

Debranned for 20 s®

98.6+0.2ab

Debranned for 40 s®

White flour

BRS Reponte

2.69+0.05b
1.94+0.04¢
1.71+0.03¢
0.76+0.02d

14.60+0.09cd
15.10+0.34¢
14.80+0.30c

12.6£0.1b

39+1c

Not debranned®

1.89+0.04cde

1.82:40.03¢f
0.44+0.02¢g

12.2+0.2bcd
11.7+0.3d
14.1+0.1a

98.7+0.2ab

97.8+0.1b

32+0d
29+4d

Debranned for 20 s®

BRS 374

9.73+0.10ef
10.90+0.06d

Debranned for 40 s®

White flour

12.36+0.07f

(OMeans followed by equal letters do not differ by Tukey’s test, at 5% probability. ®Whole-wheat flours. ®DWB, dry weight basis.
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et al. (2015) did not find any significant differences in
protein content after the pearling process.

Regarding the CIEL*a*b* system, the L* parameter,
which measures lightness, was significantly higher
in the white flours from all cultivars (Table 1). This
result was expected since the highest percentage of
pigments that give wheat a darker color is located in
the outer layers of the grains. After the debranning
process, this parameter did not differ significantly for
the BRS Marcante and BRS Reponte wheat cultivars.
For the BRS 374 cultivar, it increased significantly
probably due to the
softer grain texture. The a* parameter was reduced
in all debranned samples, although it did not differ
significantly between the BRS Marcante and BRS
Reponte cultivars. As expected, the white flours from
all cultivars had a significantly lower a* value. The
b* parameter followed the same pattern, showing a
significant reduction in all debranned fractions. The
lowest value for the b* parameter was observed for the
white flour from the BRS Marcante cultivar. Singh
& Singh (2010) analyzed the effect of debranning at
the levels of 4 and 8% in common and durum wheat,
respectively, and found that debranning increased the
L* value and decreased the a* value at both percentages.

2 1,200
1,0001
8001
6004
4001
200

04

in the debranned fractions,

Deoxynivalnenol (ug kg")

No debranned Debranned 20 s Debranned 40 s White ﬂour
Whole-wheat flours
| B BRS Marcante B BRS Reponte BRS 374 |

Figure 1. Effect of the debranning process on deoxynivalenol
contents in whole-wheat and white flours obtained from the
BRS Marcante, BRS Reponte, and BRS 374 wheat (Triticum
aestivum) cultivars. Means followed by equal letters do not
differ by Tukey’s test, at 5% probability.

The DON content of the white and whole-wheat
flours from the BRS Marcante, BRS Reponte, and BRS
374 cultivars is shown in Figure 1. The debranning
processes for 20 and 40 s significantly reduced the
DON content in the whole-wheat flours from all wheat
cultivars, when compared with the treatment without
debranning. Likewise, Rios et al. (2009) observed that
the debranning process in two wheat samples naturally
contaminated with Fusarium was more efficient than
milling alone to reduce the DON content, regardless of
the initial levels of the mycotoxin.

As expected, the lowest DON content was found in
the white flour fractions from all cultivars, differing
significantly from that of whole-wheat flours
(Figure 1). A possible explanation is that, usually, the
outer layers (bran) of the wheat grain contain higher
levels of Fusarium mycotoxins (Cheli et al., 2013;
Tibola et al., 2015).

The BRS Marcante cultivar presented the lowest
DON contents. In this cultivar, the DON concentration
decreased by 20 and 40% after debranning for 20 and
40 s, respectively. For the BRS Reponte cultivar, the
DON content reduced 22 and 10% in the 20 and 40
s treatments, respectively. This unexpected behavior
can be attributed to the hardness of the grains (Table 1)
and the thickness of the branny layer (Katyal et al.,
2019). This result might be due to heterogeneity in
mycotoxins distribution in wheat grains and the
time of the Fusarium infection (Cheli et al., 2013).
The debranning before milling is more efficient
when Fusarium infections happen later in the crop
season, corresponding to grain filling stage, when the
mycotoxins are located more external in the wheat
grains layers.

In the BRS 374 cultivar, the debranning times
of 20 and 40 s significantly reduced DON content
by 23 and 35%, respectively. Similarly, Zhao et al.
(2019) reported that the DON concentration in wheat
decreased approximately 16% at the debranning ratio
of 1.2% during the on-line milling process, indicating
that light debranning prior to milling is an effective
method to alleviate DON content.

Although debranning reduced contamination
by DON, no significant differences were observed
between the treatments 20 and 40 s in the whole-wheat
flours obtained from the BRS Marcante, BRS Reponte,
and BRS 374 cultivars (Figure 1). This reduction
in DON content due to the debranning process was
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similar to that verified by Sovrani et al. (2012). These
authors found that DON content decreased from the
external to the internal layers, with 64% of the total
contamination of the kernel in the 0-5 and 5-10%
fractions, following a biphasic behavior, in which the
decrease was high in the first debranning steps and
lower in the subsequent ones. Furthermore, Tibola
et al. (2019) reported decreases in DON content of 25,
31, and 31% at the debranning times of 15, 30, and 60
s, respectively, when compared with non-debranned
samples. As for other post-harvest procedures, the
effect of debranning and the efficiency of DON
reduction are extremely variable, ranging from 15
to 78% (Cheli et al.,, 2017). Therefore, combining
management strategies is the key to minimize the risk
of mycotoxin contamination in wheat products.

In Brazil, the upper limits established for DON
contents in whole-wheat flour in 2020 are 1,000
ug kg' (Anvisa, 2017). Considering this level, the
wheat samples from the BRS Marcante and BRS 374
cultivars after debranning for 40 s would be within
the mycotoxin regulation levels. The DON contents
in the wheat samples from the BRS Reponte cultivar,
however, remained above the allowed limit, even after
the debranning time of 40 s.

Both free and bound phenolics were significantly
higher in the whole-wheat flour, compared with the

white flour obtained by traditional milling (Table 2),
confirming that these compounds are concentrated
in the outer layers of the grain (Luthria & Liu, 2013;
Martini et al., 2015). In all cultivars, the content of
phenolic compounds, in both the free and cell wall-
bound form, was significantly higher in the whole-
wheat flours after debranning for 20 s. In addition, the
bound phenolics were more abundant than those in the
free form in both the white and whole-wheat flours.
This is interesting since, unlike 5 to 10% of soluble
phenolics, bound phenolics cannot be absorbed by the
small intestine, passing into the large intestine, where
they are fermented by a number of microorganisms
and then partially released from the cell wall matrix
of the foods (Shahidi & Yeo, 2016). It should be
noted that bound phenolics, such as phenolic acids
and flavonoids, show strong bioactivities, including
anticancer, anti-inflammation, and cardiovascular
disease-ameliorating properties (Shahidi & Yeo,
2016). Similarly, Adom & Liu (2002) found that most
phenolic compounds in grains exist in bound form:
85% in corn (Zea mays L.), 75% in oat (Avena sativa
L.) and wheat, and 62% in rice (Oryza sativa L). Along
the same line, Liyana-Pathirana & Shahidi (2000)
stated that the contribution of bound phenolics to total
phenolic content was significantly higher than that of
the free or esterified fractions in wheat. Among the

Table 2. Total phenolic compounds and antioxidant activity of the free and bound phenolic extracts of wheat (Triticum
aestivum) grains subjected to different debranning and milling processes®.

Cultivar Treatment Total phenolic compounds Antioxidant activity®
DPPH ABTS
Free Bound Free Bound Free Bound
(mg GAE kg' DW) (mg GAE kg' DW) (umolTEg') (umolTEg')  (umolTEg')  (umol TE g")
Not debranned® 67.5+1.2a 71.4+0.0a 45.2+0.2d 39.9+0.1h 53.7+0.1g 46.0+0.2g
BRS Debranned for 20 s® 62.0+0.0b 65.0+0.4b 45.7+0.1bc 41.940.2¢ 54.2+0.1fg 47.7+0.1f
Marcante Debranned for 40 s® 57.940.4¢c 61.0+0.3¢c 46.0+0.2b 44.0+0.2¢ 55.5+0.2bc 49.4+0.4de
White flour 41.5+0.8f 44.7+0.1F 48.8+0.1a 47.0+0.1a 62.0+0.2a 60.24+0.1b
Not debranned® 42.1+£0.4f 46.3+0.4e 45.6+0.3bcd 40.5+0.2g 53.8+0.3¢g 47.9+0.2f
BRS Debranned for 20 s® 38.6+0.3g 42.0+0.4g 46.0+0.1b 42.8+0.0d 54.3+0.1efg 49.2+0.1e
Reponte Debranned for 40 s® 36.5+0.1h 38.5+0.2h 46.0+0.1b 44.4+0.0b 55.0+0.3cd 50.240.1¢c
White flour 30.2+0.1j 32.7+0.2j 48.9+0.1a 47.0+0.1a 62.4+0.0a 61.0+0.2a
Not debranned® 48.4+0.3d 52.4+0.2d 45.5+0.0cd 41.0+0.0f 54.7+0.3def 46.5+0.1g
e Debranned for 20 s 43.9+0.1e 44.7+£0.4f 45.9+0.1bc 42.4+0.1d 54.9+0.4cde 49.8+0.1cd
Debranned for 40 s 39.740.2¢g 41.2+0.5g 45.840.1bc 44.24+0.2bc 56.0+0.1b 50.0+0.3¢
White flour 32.3+0.11 34.0+0.11 49.0+0.1a 47.240.1a 62.2+0.2a 60.840.1a

(MMeans followed by equal letters do not differ by Tukey’s test, at 5% probability. ®Whole-wheat flours. ®Antioxidant activity was evaluated by two
assays: DPPH, 2,2-diphenyl-1-picrylhydrazyl hydrate; and ABTS, 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid). GAE, gallic acid equivalent;

and TE, Trolox equivalent.

Pesq. agropec. bras., Brasilia, v.55, e01851, 2020
DOI: 10.1590/S1678-3921.pab2020.v55.01851



Deoxynivalenol content, phenolic compounds, and antioxidant activity 7

non-debranned fractions, the one of BRS Marcante is
notable for containing higher free and bound phenolic
compounds, differing statistically from those of the
other two cultivars (Table 2).

When preparing spaghetti enriched with adebranning
fraction of 30:100 w/w durum wheat:semolina,
Ciccoritti et al. (2017) found higher values of conjugated
and bound phenolic acids — 59.4 and 650 mg per kg
dry matter in functional pasta, respectively, and 21.6
and 27.2 mg per kg dry matter in the control pasta.
A similar trend was observed for conjugated and bound
total phenolic contents in the present study.

According to the DPPH assay, the total antioxidant
capacity of the free phenolics of non-debranned and
debranned whole-wheat flours was 5.7, 4.9, and 5.4%
for the BRS Marcante, BRS Reponte, and BRS 374
cultivars, respectively (Table 2). On average, the
whole-wheat flours from all cultivars presented a total
antioxidant capacity six-fold greater than that of the
white flours. A similar pattern was observed in the
ABTS assay, where the total antioxidant capacity of
whole-wheat flours was 13-fold greater than that of the
white flours. The formation of bound phenolics was
also significantly higher in the whole-wheat flours
from all cultivars under both assays.

The obtained results are in alignment with those
presented in previous studies (Martini et al., 2015;
Giordano et al., 2017). Regardless of the variety
considered, the bran fraction resulted in a total
antioxidant activity 10 and 3-fold higher than that of the
refined and whole-grain flours, respectively (Giordano
et al, 2017). The total antioxidant capacity of the
debranned kernels was also significantly higher than
that of the semolina produced from the same durum
wheat by traditional milling (Martini et al., 2015).

Although the debranning process is related to the
loss of phenolic compounds and to the reduction
of antioxidant activity, the 40 s treatment retained
above 80% of free phenolics and above 75% of
bound phenolics, in comparison with no debranning.
Moreover, the DPPH assay showed an antioxidant
potential approximately five times greater for the
free phenolic extract and two to four times greater for
the bound extract in relation to the white flours from
all cultivars. This fact indicates that most of these
important bioactive compounds are still present for
further processing, with great potential for application
in functional food formulations, benefiting consumer

health. Debranning is a very promising process for
the optimal selection of wheat fractions, which can
subsequently be used as functional ingredients for the
production of healthier and less-refined food products.

Conclusions

1. The debranning process contributes to the pro-
duction of safer foods by reducing the deoxynivalenol
content of the outermost layers of grains from different
wheat (Triticum aestivum) cultivars.

2. Debranning has advantages in relation to
conventional milling, including the preservation
of beneficial phenolic compounds and antioxidant
activity in whole-wheat flours, when compared with
white flours.
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