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Abstract: The aim of this work was the evaluation of quality properties of corn extrudates with the addition of
0, 5, 10 and 15% (w/w) of oat flakes. In the products the following features were analyzed: antioxidant activity
(AA), compounds derivatives formed by non-enzymatic browning (NEB) reactions (measure of absorbance at
320 and 420nm) and colour using L*a*b* colour system. AA and NEB were analyzed in methanol extracts of the
extrudates. The results shown that, AA values of all extrudates were similar (ANOVA, p>0.05). This indicator
was not a significant variable in the classification quality of the products (PCA – principal component analysis).
The addition of 5 and 10% of oat to maize caused a significant increase in the absorbance value, and the samples
were significantly darker (lower L*). The sample with the addition of 15% of oat to maize was characterized
by absorbance values lower than two previous samples and was brighter. The reason for this dependence was
probably the increasing share of soluble fiber in the samples, which restricted NEB reactions. On the basis of
PCA it was shown that all parameters, except for the AA value, were significant for classification of quality
properties of the maize extrudates.
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Introduction

An oat is a grain containing many nutrients valuable for
the human system. Peterson [1] indicates that oat is a so-
urce of active phytochemicals, which have important func-
tions in the body. As a result, oats may be added to many
products and may be a source of functional ingredients,
which can be extracted, purified and marketed as food sup-
plements. Moreover, it is a source of native antioxidant com-
pounds. It also contains many valuable proteins characte-
rized by relatively good amino acid balance. Oats contain
the β-glucan, which belongs to indigestible water soluble
gums and are able to reduce the level of plasma chole-
sterol [2, 3]. Welch et al. [3] studied 35 genotypes of oats.
The tested samples contained from about 19 to more than
40% of protein in the groats, from about 4 to more than
10% fat, containing oleic acid (C18:1) from 33% to more
than 48%, linoleic acid (C18:2) from about 28 to over 44%
and linolenic acid (C18:3) from 0.6 to 1.8%. According to
Butt et al. [4] oat groats contain β-glucan (from 2.3 to
8.5 g/100g), 13% of protein, 7.5% of lipids, 10.3% of fi-
ber and of 3.1% ash. Despite the advantages, the applica-
tion of oats in food processing is limited, and new possi-
bilities of its application should be analyzed. One of the

methods is to use grain in the extrusion process, which
may improve the nutritional value of raw products, such
as maize. Extrusion is the HTST process, which results
in favorable as well as less favorable changes in raw ma-
terials [5–7]. Sometimes the connection between the bene-
fits and the negative effects is debatable. For example, the
negative impact of high temperature on different chemical
reactions is known. Extrusion results in forming Maillard
compounds, which could be regarded as a marker of ac-
curacy of the undertaken process and quality features of
the final products [8–10]. In the case of mixtures of maize
and oat, Maillard reaction could be a significant problem
because both materials are rich source of protein and car-
bohydrates. In addition, nowadays there is a tendency to
limit the hazard of the Maillard compounds such as acry-
lamide, furan, glyoxal and methylglyoxal in extruded and
other food products [?,12–14]. However, detailed analysis of
these compounds is time- and cost-consuming. That is why
many authors examine the intensity of the non-enzymatic
browning (NEB) reaction, generally analyzing the absor-
bance of products from extracts [8, 15–17]. During the in-
itial phase of Maillard reaction Amadori compounds are
being formed. These products of reaction are unstable and
undergo a series of changes, resulting in formation of: UV-
absorbing compounds, carbonyl-containing compounds and
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coloured pigments [18]. The ability to absorb electromagne-
tic radiation of different compounds enables, in a simple
way, to define extracts derived from food products as an
appropriate wavelengths [9, 15]. For the purpose of extrac-
tion different solvents are applied [15, 19, 20], but most re-
searchers analyze NEB compounds soluble in water.
Currently alcohol soluble NEB compounds are not used as
an extrudate quality indicator, although it is proved that
the NEB derivative are not only water-soluble [15, 19–21].
Another feature of derivatives is their antioxidant activity
potential (AA) [21–23].

The antioxidant activity potential of derivatives can com-
pensate for the loss of native antioxidants, which may be
lost during application of high temperature such as in an
extrusion process. The aim of the work was the evaluation
of quality properties of maize extrudates with addition of
oat flakes. The addition of oat flakes is used to enrich nu-
tritional value of maize products. In the final products the
following features were analyzed: antioxidant activity (AA),
compounds derivatives formed by non-enzymatic browning
(NEB) reactions as well as colour using L*a*b* colour space.
The relationship between antioxidant activity of extruda-
tes with the addition of oat flakes, and the degree of non-
enzymatic browning measured spectrophotometrically, has
been investigated. The analysis of the AA and the NEB
was performed for methanol solutions because of the in-
sufficient knowledge on the substances soluble in organic
solvents, which are the object of this work.

Materials and Methods

Material for extrusion was made of whole grain maize,
which had been ground and a crushed oat flakes. The maize
was bought directly from the producer and oat flakes were
bought at a local market. Flour mixtures were prepared
with: 0%, 5%, 10% and 15% (w/w) of oat flakes added. It
was mixed, and water was added to obtain 16% of final mo-
isture content. After 24 hours of conditioning, the material
was extruded in a single screw extrusion model Instra-Pro
800 (Instra-Pro International, USA), at a temperature of
120oC, under the pressure of 6MPa. The residence time of
material in the device was 25s.

The Preparation of Samples of Extrudate

The extrudates were ground. The powder was used to
produce samples weighting about 0.1250g. To each of them
7cm3 methanol (HPLC grade, Poch SA) was added. Each
sample with the solvent was carefully closed, shaken for an
hour, and then placed in the dark and cool place (4oC) for
24 hours in order to extract the soluble compounds. After
this time, the samples were shaken again, centrifuged at the

number of rotations of 5,000 rpm. (Centrifuge type MPW-
310 Precision Mechanics, Poland), for 10 minutes and then
solute again. A clear filtrate was used for further analysis.

Determination of Dry Matter of Compounds
Dissolved in Methanol

In the filtrates the weight of the dissolved compounds
was measured. The filtrates of known volume were dried
(drier Binder FP, type 115, Germany) to a constant weight.

The Indication of Antioxidant Activities (AA)

The indication of antioxidant properties was performed
using the DPPH· free radical (2,2-diphenyl-1-picryl-hydrazil,
Sigma-Aldrich Chemie GmbH, Germany) test, according to
the method of Cämmerer and Kroh [22], Zhang and Ha-
mauzu [24] and Molyneux [25] with further modifications.

From the obtained filtrate, 0.7, 1, 1.5 and 2cm3 of solution
was collected successively, and each sample was comple-
mented with methanol to a volume of 4 (first series of sam-

ples) and 3cm3 (second series of samples). The first series
of samples had been prepared previously, were measured
spectrophotometrically at a wavelength of 517nm (control
samples). All series were prepared three times.

To the solutions of second series, obtained with different
dilution, 1cm3 of methanolic 0.1mM solution of DPPH· was
added. The reaction was being carried out at the room tem-
perature, in a dark place, for 30 minutes. After that time,
the solutions were marked spectrophotometrically (LABO-
MED, Inc. Spectro UV-VIS SM) and the absorbance at
wavelength equal to 517nm, compared to the solvent (me-

thanol) was measured. A blind test was made with 3cm3

of methanol and 1cm3 solution DPPH•. The results were
calculated using the formula of Zhang and Hamauzu [24],
with modification (1):

DPPH•decrease[%] =

= 1− sample absorbance− control absorbance
blank absorbance

× 100

(1)

The standard curves were elaborated on the basis of as-
sociations between neutralized DPPH• [%] and the weight
of all the compounds dissolved in a sample [mg]. On the ba-
sis of equations, compounds dissolved in the extracts were
calculated.

Determination of the Calibration Curve DPPH• Versus
Ascorbic Acid

At the same time, calibration curve of reduction 0.1mM
DPPH• methanols solution by 0.05mM ascorbic acid (stan-
dard of the vitamin C, Supelco, USA) was elaborated, by
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examining the absorbance at 517nm for different concentra-
tions of reactants. Finally, AA of the samples was expressed
as an adequate amount of ascorbic acid [µm] corresponding
to 10mg of all compounds dissolved in the analysed sam-
ples.

The Designation of the Degree of Browning

Extrudate browning was carried out in accordance to
the methodology used by Fogliano et al [15]. Samples were
prepared in the same manner as described above (the first
series of the samples), triplicate. A clear set of solutions
of settled concentrations was analysed spectrophotometri-
cally at a wavelength of 320 and 420nm. Standard curves
were determined depending on total number of compounds
dissolved [mg] the absorbance measured at two waveleng-
ths (Abs λ320 and Abs λ420). On the basis of equations of
curves were calculated the values of the absorbance that
characterize 10mg of all compounds dissolved in extruda-
tes.

Analysis of Colour of Extrudate

The colour of extrudate samples was measured using
instrumental colour system L*a*b*. Colorimeter CR-310
(Minolta, Japan) was used and the measurement was con-
ducted against the standard of white and light type D65.
Extrudate samples were gound before measurement and the
powder was passed through a sieve before designation. Frag-
mented material was placed in granular attachment type
CR-A50, and then the measurements was done. The action
was repeated 10 times. The mean and standard deviation
was calculated from 10 measurements. Similarly, there was
marked the colour of all samples.

Statistical Analysis

Statistical analysis was conducted using program STA-
TISTICA 10.0 (StatSoft). For the calculations: means and
standard deviations, T-test, correlation coefficients, analy-
sis of variance ANOVA and principal component analysis
(PCA) were used.

Results: Antioxidant Activity
of Methanol Extrudate Extracts

Adding oat flakes to maize generally increased the AA
of methanol solutions (Fig. 1), but based on an ANOVA
analysis, no statistically significant differences were found
between the AA of the samples (p=0.86). No significant
differences could occur for two reasons: both types of ma-
terials have been a source of natural antioxidants [1,26–28]
or/and mass contribution of oat flakes in relation to the
weight of the maize was not high enough(maximum 15%).

Fig. 1: The antioxidant properties of maize extrudates with various addi-
tion of oat flakes; these properties were expressed as the adequate amount
of ascorbic acid standard [µg] (y axis), characterized by 10mg dry mat-
ter of methanol extracts; in figure mean values and standard deviations is
given

Contribution of Derivatives of NEB Reaction in
Methanol Extrudate Extracts

Basing on the t-test it can be stated that there were si-
gnificant differences between the values of absorbance me-
asured at wavelengths of 320nm (Abs λ320) and 420nm
(Abs λ420) (p≈0.0). The intensity of absorption at 320nm
was significantly higher than at 420nm (Fig. 2 and Fig. 3).

Fig. 2: Absorbance value measured at a wavelength of 320nm (mean va-
lues and standard deviations), characterized by equal volume methanol
extracts, calculated on dry matter of 10 mg of the extract

The absorbance value at a wavelength of 320nm corre-
sponds to intermediate products of the NEB reactions [15].
It is stated in the literature that these are the reactive de-
rivatives of Amadori compounds’ decay which are hetero-
cyclic substances of low molecular weight [18]. Brown pig-
ments (final products of NEB reactions), soluble in metha-
nol, which absorb electromagnetic radiation at wavelength
of 420nm [16, 17] were insignificant (maximum absorbance
was 0.038).

The trend of changes of intermediate and final products
of Maillard reactions in the analysed extrudates was similar,
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Fig. 3: Absorbance value measured at a wavelength of 420nm (mean va-
lues and standard deviations), characterized by equal volume methanol
extracts, calculated on dry matter of 10mg of the extract

correlation coefficient R2=0.92. In the case of samples con-
taining 5 and 10% of oat flakes, increasing the participation
of oat in relation to maize, resulted in a significant incre-
ase of trade-absorbance both at 320 and at 420nm (p<0.05
in both cases). In contrast, 15% share of oats changed the
properties of the product – absorbencies were less intensive.

Post-hoc test shown that the values of Abs λ320 of sam-
ple 0% of oat and 15% of oat were similar (p=0.30). All
values of Abs λ420 were significantly different from each
other, but in case of addition of 15% of oat results were
significantly lower than for samples 5 and 10% with oat
additions (p<0.05 in all cases).

Analysis of Extrudate Colour

The colour of extrudates was analysed in the L*a*b*
system. The average results of measurements and value of
the standard deviation are presented in the Table 1.

Table 1: Values of the indicators of extrudates colour

Oat content L*[%] a*[-] b*[-]
0% 80.79a±0.32b -0.07±0.04 23.96±0.21
5% 79.53±0.45 0.41±0.04 23.15±0.33
10% 80.17±0.44 -0.26±0.06 23.62±0.58
15% 80.90±0.39 -0.37±0.07 23.38±0.21

a – mean value
b – standard deviation

The statistical analysis of the obtained results revealed
that the lightness L* depended in most cases on the oat fla-
kes addition to maize (p=0). No difference in lightness be-
tween 0% and 15% samples was observed. This was compa-
tible with results obtained from absorbance measurements
– sample derived from extrudate with 15% of oat absorb ra-
diation to a lesser extent than respectively the samples with
5 and 10% of oats (results of the ANOVA and post-hoc test

NIR). Similar results were obtained during the a* analysis.
ANOVA demonstrated significant differences (p=0) of a*
depending on the oat flakes addition. All samples were diffe-
rent from each other. The samples with 15% of oat have the
smallest value of the a* colour parameter. On the basis of
ANOVA it was calculated that oat flake addition to maize,
changed significantly the b* parameter of colour (p<0.05).
The NIR test proved, that there were no significant diffe-
rences in b* values between: control extrudate of maize (0%
oats) and samples containing 10% oats (p=0.62), samples
containing 5% and 15% oats (p=0.19) and the extrudate
with addition of 10 and 15% oats (p=0.17). However, there
was no clear trend for changes of parameter b*.

The Relation Between Oat Flakes Content in the
Samples, and the Antioxidant Properties of the

Extrudates, as well as Extrudate Colour

All results were obtained as an appropriate value of prin-
cipal component analysis (PCA). On the basis of PCA re-
sults, the variables and their mutual dependence may be
classified into categories. The results of PCA analysis are
given on Fig. 4, Fig. 5 and Fig. 4.

Fig. 4: The classification of variables determining the quality characteri-
stics of extrudates (results of PCA analysis), 4). correlation of all variables
with factor 1 and 2, 5). correlation of variables with factors 1 and 2 after
the elimination of AA variable

Three variables were associated with factor 1: Abs λ320,
Abs λ420 and L*. The variables Abs λ320 and Abs λ420

were highly negatively correlated and L* highly positively
correlated with factor 1. The variables listed above had
the largest impact in the explanation of total variance. All
three variances can be described as factor „colour change”:
Abs λ320 and Abs λ420 – reflecting the intensity of the NEB
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Fig. 5: Classification of variables determining the quality characteristics of
extrudates (results of PCA analysis), 4). correlation of all variables with
factor 1 and 2, 5). correlation of variables with factors 1 and 2 after the
elimination of AA variable

reaction and value L* – the amount of white light reflected
from the surface of the samples. A highly positive correlated
factor 2 with amount of oats in the extrudate was observed
as well as this factor negatively correlated with parameter
a*. Factor 2 explained 26.21% of total variance.

Factor 3 was associated only with parameter b*, whe-
reas factor 4 with the AA (data not shown). Factor 3 expla-
ined about 15% of variance and factor 4 – 9.34%. Conside-
ring the eigenvalues of individual factors, it was found that
the first three were characterized by a value >1 and there
explained 83.31% of the total variance.

In this analysis the AA factor can be rejected as a low
important element (Fig. 5). The AA values were not pre-
dictive as variable to characterize the extrudates; however,
this factor is important for nutrition. For the purposes of
this analysis the AA variable has been removed and the
classification of all extrudates display math individual (Fig.
6).

Samples 5 and 10% oats had negative coordinate values
for the horizontal axis. An extrudate with 10% oat addition
was characterized by the highest values of Abs λ320 and
Abs λ420 and were placed in the same quadrant as variables
Abs λ320 and Abs λ420 (Fig. 5 and Fig. 6).

Extrudate 5% had significantly highest values of the pa-
rameter a*, whereas samples with maize – highest mean b*
value. The extrudate samples with a 15% addition of oats
were the brightest (maximum L*) and had the highest share
oat. The distribution of cases shows the location of relevant
variables.

Fig. 6: Grouping cases of extrudates; the ellipses reflect the normal distri-
bution and correlation coefficients R2=0.95

Discussion

The addition of oat flakes to maize amounting 15% w/w,
did not significantly affect the changes of value AA of the
methanol extracts of different kinds of extrudates. Metha-
nol is a solvent of many antioxidative substances contained
in grain cereals and other plant products which have been
proven by many authors. For instance, Stevenson et al. [29]
had isolated phenolic compounds and other antioxidative
oats substances by methanol, Peterson et al. [1] studied the
content of tocopherols and tocotrienols in different varie-
ties of oat insulating them using methanol. Bryngelsson et
al. [30] identified in oat avenanthramides, being characteri-
zed by strong antioxidant properties. The mentioned com-
pounds were also isolated using methanol.

Antioxidant substances in methanol solutions samples
could be derived from both the oat flakes and the maize.
Oats are characterized by a content of natural antioxidants,
such as tocols, fenolic acids, avenanthramides, flavonoids,
sterols and phytic acid. The main tocol is α-tocotrienol,
while α-tocopherol is less common. Moreover, in oats there
is also a small quantity of β-homologues of vitamine E.
Tocols are also detected in maize, containing mainly γ-
tocopherol. Individual tocols homologues demonstrate dif-
ferent functional properties, in addition to the antioxidant
capacity [27][28]. Phenolic acids in oats are caffeic acid and
ferulic acid (soluble mostly in organic solvents). Phytic acid
also has the antioxidant properties, but it is nutritionally
undesirable. Carotenoids, incorporated in maize, also have
antioxidant properties (composition of carotenoids in ma-
ize after various processes was presented by Scott and El-
dridge [28], similarly as polyphenols and ferulic acid [26].
The study confirmed that maize extrudates with oat flakes
addition have antioxidant properties.

There was no correlation between AA value and the ab-
sorbance values measured in metanol extracts. Before this
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study authors expected that AA value would be closely as-
sociated with variables reflecting the NEB reaction. This
conviction resulted from similar studies published in the
literature [22, 31, 32] and from previous experiments con-
ducted by the authors [21,33]. The experiments mentioned
above demonstrated that the AA compounds are type of
NEB products. However, studies with the oat addition to
maize extrudates have shown that the antioxidant proper-
ties were not associated with the intensity of NEB reactions.
Negligible impact of non-enzymatic browning compounds
on antioxidant properties of analysed extrudate samples
was associated with the fact that for the antioxidant ca-
pacity were responsible mainly substances other than Ma-
illard reaction products. Basied on the obtained results, it
was concluded that the chemical processes of formation of
methanol soluble NEB reactions products in the analysed
extrudates should be considered regardless of their antioxi-
dant properties.

Absorbance results indicated that in analysed solutions,
were present particularly intermediate products of the NEB
reactions. Final products of the reactions were much less
common. This is a result of only a short time influence of
high temperature on the material during the process.

Generally, it was found that there were few compounds
soluble in methanol, absorbing electromagnetic radiation
at both wavelengths. This result confirmed information pu-
blished by other authors [15, 19, 20], who studied the de-
rivatives of NEB reactions soluble in solvents other than
water. However, examining the broiled pork and pork-beef
steak showed that derivatives of Maillard reaction soluble
in methanol compared to water-soluble, was from 20 to 77%
in the surface layers. In the layers below the surface these
proportions were different – in some cases there were more
soluble compounds in methanol than in water [21]. The re-
sults confirm that the analysis of the intensity of the NEB
reaction including studying methanol extracts, may be an
important indicator to differentiating quality properties of
products. NEB reaction depends on many factors, espe-
cially on the heat dose, pH and basic composition of raw
materials. Different oat additions to maize extrudate cau-
sed changes in this reaction.

The reacting substances may have been protein, carbo-
hydrates and fats derived from maize and oat flakes. Cha-
racteristic protein of maize is zein. The zein includes ma-
inly: glutamic acid (21-26%), leucine (20%), proline (10%)
and alanine (10%), while there is no lysine and trypto-
phan [34]. Pedro et al. [35] reported that in the oat the
limiting amino acids are lysine and threonine, while there
is a lot of the sulfur-containing amino acids and trypto-
phan. The most reactive amino acid in Maillard reaction is
lysine, but the substrates for the reaction are also arginine,
tryptophan, cysteine and histidine [36].

In a mixture of oat and maize characterized by a high
amount and diversity of protein, fat and carbohydrates,
many different products of NEB reactions could be genera-
ted. Due to the lack of tryptophan and lysine in zein, oat
flakes addition, as the source of mentioned reagents, expla-
ins the increase of absorbance in case of extrudate samples
containing 5 and 10% of oat flakes addition. The higher ad-
dition of oat flakes generated an absorbance reduction at
both wavelengths. Oat flakes are a source of amino acids
and dietary fiber, especially β-glucans - its soluable frac-
tion [2]. Extrudates before the process were moistened. Fi-
ber can link and retain water in its structure reagents so
NEB reactions occurred slowly. At the same time the sam-
ples with addition of 15% of oat flakes were significantly
brighter than the other two samples containing oat flakes,
which seems to confirm this thesis. Lightness (L*) and a*
parameter were also useful indicators of the quality charac-
teristics of extrudates. The trends of their changes were si-
milar to changes Abs λ320 and Abs λ420. The samples with
addition of 15% oat flakes were characterized by a similar
lightness to the control samples of maize extrudate, but has
significantly lower value of a* – was the least żedóf all extru-
dates. Changes of samples colour are often analyzed as an
indicator of the quality of extrudates. Colour parameters
reflect changes in composition of raw material, moisture
and process conditions [2,37–41]. Brnčić et al. [38] found a
significant correlation between L* value and the addition of
whey protein to maize and the content of moisture in the
extrudates.

Depending on the whey protein content parameter b*
also changed, whereas a* did not. Rodŕıgez-Miranda et al.
[40] studied the extrudates produced from blends of taro
flour with nixtamalized and non-nixtamalized maize flour
and shown changes in all colour parameters. Stojceska et
al. [41] and Head et al. [2] also showed statistically signifi-
cant variations in all colour parameters such as value L*,
a* and b* extrudates, depending on the process conditions.
All these results confirm that colour could be a preliminary
and fast indicator of the properties of extrudates. In addi-
tion, the authors proved that colour of extrudates measured
instrumentally was correlated to absorbance values.

Conclusions

Maize extrudates with the addition of oat flakes can
enhance the product range of ready-to-eat products conta-
ining fiber. Such products are a good source of compounds
which have antioxidant properties. The addition of a maxi-
mum of 15% of oat flakes to maize extrudates did not cause
significant changes of antioxidative activity of the product,
while other indicators changed. Depending on the oat par-
ticipation in extrudates, a different amount of compounds
that absorb electromagnetic radiation at wavelengths of 320
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and 420nm was created. These were derived from NEB re-
action. The addition of 5 and 10% of oat flakes to maize
extrudate caused an increase of derived NEB reaction in
the methanol extracts, whereas in the extrude containing
15% of oat values of Abs λ320 and Abs λ420 decreased com-
paring to the previous two. Probably oats were the source
of fiber, which could link reactants of NEB so this reaction
occurred more slowly. It was shown that the intensity of
spectrophotometric determination of NEB reaction in me-
thanol extracts of extrudates can be a useful measurement
of assessing the differences among these products. Values of
Abs λ320 and Abs λ420 were related to the results of instru-
mental colour measurement (L*a*b*) and were not related
to the AA value.

Finally it was stated that by analyzing Abs λ320 and
Abs λ420 value and colour the differences between products
can be estimated, while the AA values survey has enabled
an overall assessment of their nutritional properties.
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