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ABSTRACT

Background. Cereal products constitute the basis of the diet pyramid. While the consumption of such prod-
ucts as bread decreases, the group of food which popularity increase is cereal snacks. Unfortunately, the
dietary value of this group of foodstuffs is limited. Thus, different types of cereal bran may be added to the
produced snacks to enhance their nutritive value. However, an addition of bran may have an adverse effect
on quality attributes of products.

Material and methods. Corn grits enriched with 20 and 40% oat, wheat and rye bran was extruded. Basic
parameters determining the nutritive value, physical characteristics and sensory attributes of the six produced
types of extrudates were measured and compared. Moreover, the effect of additives applied on viscosity of
aqueous suspensions of the raw materials and extrudates under controlled conditions was measured using
RVA.

Results. The dietary value of snacks containing bran depends on the type and quantitative shares of the
additives. The content of dietary fibre in produced extrudates ranged from 6.5 to 15.8%, including soluble
dietary fibre at 2.1 to 3.7%. With an increase of bran content in extrudates, their expansion decreased, density
increased and the colour of extrudates changed (reduced brightness, increased a*, decreased b*). In sensory
evaluation the highest acceptability was given to extrudates with a 20% addition of oat bran, while the lowest
was given for those with 40% wheat bran. Based on PCA results positive correlations were found between
overall desirability and crispiness, porosity, taste, colour and expansion. Negative correlations between desir-
ability and hardness and density of extrudates were observed. The additives and their level also had an effect
on changes in viscosity of aqueous suspensions measured using RVA. However, no correlation was found
between quality features of extrudates and values of attributes measured in the analysis of viscosity.
Conclusion. In the production of corn extruded snacks an addition of oat, wheat and rye bran may be applied
up to 20%. Such products have adequate sensory and dietary quality. The Critical Paste Test (Whalen et al.,
1996) is not applicable in the evaluation of suitability of the corn raw material with an addition of oat, wheat
and rye bran to produce extrudates.
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INTRODUCTION

In view of changes in lifestyle, the growing preva-
lence of civilisation-related diseases and increased
consumer awareness it is necessary to focus on food
as a source of not only basic nutrients, but also other
components having a beneficial effect on our health
and well-being. Plant-origin products, including cere-
als, are primary sources of dietary fibre in our diet.
However, it should be taken into account that not
only the amount of consumed total dietary fibre but
its fractional composition is important (Gorecka et
al., 2011). From the physiological point of view the
soluble fractions of fibre have a highly advantageous
effect in the prevention of civilisation-related diseases
such as e.g. obesity, hypercholesterolemia, heart dis-
ease or diabetes. The soluble fractions of fibre exhibit
a higher antioxidant activity than the insoluble ones
(Esposito et al., 2005). It also has a greater gelation ca-
pacity and shows emulsifying properties (Sozer et al.,
2014; Feng et al., 2013). The amount and fractional
composition of dietary fibre found in cereals depend
on the species. Wheat contains approx. 11-15% of di-
etary fibre (Boros, 2011), of which insoluble dietary
fibre accounts for approx. 9-11%. Markedly greater
amounts of dietary fibre, mainly arabinoxylans, are
found in rye. Including fructans, rye contains as much
as 22% of dietary fibre (1/5 as the soluble fraction)
(Rakha et al., 2010). Oat is also a rich source of dietary
fibre (Piatkowska et al., 2010). It may contain from 14
to 17% of dietary fibre. In this case the main fraction
is composed of B-glucans. The content of B-glucans
ranges from 4 to 7% in hulled oat and from 6 to 9%
in bran (Gibinski, 2008). Dietary fibre, as well as nu-
merous bioactive compounds, is distributed mainly in
the outer fragments of kernels. They are removed in
the form of bran during milling to produce white flour,
most commonly used in baking.

Unfortunately, the level of consumption of whole-
meal cereal products in Poland is relatively low. While
in Germany as much as 20% of consumed bread is
wholemeal bread, in Poland it accounts for only 4%
(Gorynska-Goldman, 2010). Moreover, in Poland
the level of bread consumption has been decreasing
systematically (Rocznik..., 2013). Within the last 20
years this drop is estimated at over 20% (Gorynska-
-Goldman, 2010). Snacks constitute one of the few
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groups of cereal products, which consumption is in-
creasing (Wesotowska, 2013). The basic materials for
their production are corn or rice milling products (Ry-
tel et al., 2012). Their dietary value is relatively low.
These products supply high amount of saccharides,
a slight amount of low-quality protein and little amount
of dietary fibre. In order to increase the content of di-
etary fibre and accompanying bioactive substances in
snacks, the traditional raw materials may be enriched
with cereal bran, which not only improves the dietary
value of the product, but also influences physical char-
acteristics and sensory attributes of extrudates.

The aim of this study was to determine the effect
of commercially available oat, wheat and rye bran on
the nutritive value, physical properties and sensory at-
tributes of corn snacks produced with their addition.
Moreover, this study also determined the effect of
applied additives on changes in dynamic viscosity of
aqueous suspensions of materials and extrudates, re-
corded under controlled conditions.

MATERIAL AND METHODS

Material for analyses comprised corn grits, obtained
from The Stanistaw Grygier Mill (Wonies$¢, Poland)
with granulation of 850-1250 um, and commercially
available bran: oat (OB), wheat (WB) and rye (RB),
purchased in Kupiec Company (Paprotnia, Poland).
Bran prior to its addition to corn grits was comminuted
in a WZ-1 laboratory mill (Sadkiewicz Instruments,
Bydgoszcz, Poland) and sieved at mesh size of 650 pm.

Mixtures of corn grits and bran were extruded.
On the basis of our earlier experiments the share of
bran in the mixtures was 20 and 40%. Extrusion was
performed in an S-45 single-screw extruder (Metal-
chem, Gliwice, Poland) of L:D = 12:1 and compres-
sion rate of 3:1. The following process conditions
were applied: temperature: section I/section II/head
135°C/175°C/135°C; nozzle diameter 3.0; screw rota-
tions 90 rpm. Mixtures of materials were supplement-
ed with water to 15% at 24 h before extrusion.

Chemical composition of extrudates

The basic chemical composition of extrudates was
determined. The content of protein was determined
according to Kjeldahl (AACC, Method 46-06), fat
content was assayed according to Soxhlet (AACC,
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Method 30-10); the ash content (AACC Method 08-
-01) as well as the content of dietary fibre (total - TDF;
soluble — SDF and insoluble — IDF) were determined
according to Asp et al. (1983). The content of starch
was calculated from the following formula:

Starch content (% d.m.) = 100 — (protein (% d.m.) +
ash (% d.m.) + TDF (% d.m.) + fat (% d.m.))

Physical properties of extrudates
The expansion ratio (ER) was defined as a ratio of ex-
trudate diameter to the diameter of the nozzle (Thymi
et al., 2005). Bulk density of extrudates was expressed
as a ratio of extrudate weight to its volume (Ali et al.,
1996). Water Absorption Index (WAI) as well as Water
Solubility Index (WSI) were determined following the
method proposed by Anderson et al. (1969).

The colour of extrudates was measured using
a Chroma Meter CR-410 reflectance colorimeter (Kon-
ica Minolta, Japan Sensing Inc.) in the CIE L*a*b*
colour system, where L (0—100) defines brightness; a —
redness (a positive value) or the greenness (a negative
value), b — yellowness (a positive value) or blueness
(a negative value) (Anton et al., 2009). The following
measurement conditions were applied: Illumination —
wide-area illumination/0°, illuminant condition — C
and observer condition 2° standard observer.

Sensory analysis

Snacks were subjected to sensory evaluation. A trained
10-member panel (in three sessions) evaluated poros-
ity, crispiness, colour, taste as well as overall desirabil-
ity of products. A 9-point hedonic scale was applied
(1 — disliked extremely, 5 — neither liked nor disliked,
9 — liked extremely) (Meilgaard et al., 1999). The
products were considered acceptable when 50% of the
panellists gave them a score greater than or equal to 5
(liked slightly) (Conti-Silva et al., 2011).

Analysis of the viscosity profile of materials
used in the experiment

Viscosity profile of aqueous suspensions of raw materi-
als blends (10% d.m.) was assessed in a RVA Tec Master
apparatus (Perten Instruments, Hagersten, Sweden), in
accordance with the standard AACC Method 76-21. Ge-
latinization temperature, peak viscosity, trough, break-
down, final viscosity and setback were determined.
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The critical paste test (the viscosity profile meas-
ured at the gelatinization temperature of starch con-
tained in the materials) of raw material blends was
carried out according to Whalen (1998). Pasting
temperature was determined in the standard AACC
Method 76-21.

Analysis of the viscosity profile of extrudates
Viscosity profiles of extrudate solutions (10% d.m.)
were determined according to Whalen (1996). Cold
viscosity, hot viscosity and final viscosity were
determined.

Statistical analysis
The experiment was conducted in three replications.
Results were analysed statistically using the Statistica
10 software. One-way analysis of variance was ap-
plied. Significance of differences was verified based
on Tukey’s test at the significance a = 0.05. The ex-
pansion ratio and density of extrudates were measured
in 20 replications, WSI and WAL in six replications,
while the other analyses were performed in triplicate.
The Principal Component Analysis (PCA) was con-
ducted using the obtained data. All the data recorded
in the tests was used to form the axes. The result is pre-
sented in a two-dimensional system (biplot) obtained
by plotting the observations and variables on the plane
formed by the calculated principal components. Ad-
ditionally, the correlation matrix was constructed for
the variables used in PCA.

RESULTS AND DISCUSSION

Produced extrudates differed in their chemical compo-
sition (Table 1). An increase in bran content in prod-
ucts from 20 to 40% resulted in an increased content
of protein, fat, ash as well as dietary fibre. Also the
type of added bran influenced the results.

Snacks with an addition of oat bran were character-
ized by the highest content of protein and fat, while the
content of minerals was lowest. Significantly lower
contents of TDF in snacks enriched with oat bran were
recorded in comparison to snacks with an addition of
wheat and rye bran. However, it should be stressed
here that the snacks with oat bran addition contained
relatively high amount of the SDF. According to Jen-
kins et al. (2000) the share of SDF in TDF should be
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Table 1. Comparison of chemical composition of extrudates with an addition of oat, wheat and rye bran

Bran Protein Starch Fat Ash TDF IDF SDF
Bran content
% % d.m.
Oat 20 9.70° 79.09 1.94° 2.80° 6.47 4.39° 2.08°
40 11.48¢ 73.60 3.06¢ 2.87 9.00 6.15° 2.85¢
Wheat 20 9.49° 75.90 1.64 3.13° 9.84 7.78° 2.06*
40 11.08¢ 67.21 2.46¢ 3.52¢ 15.72 12.92¢ 2.81¢
Rye 20 9.17* 77.18 1.53¢ 3.07° 9.04 6.54° 2.50
40 10.43¢ 69.77 2.25¢ 3.41° 14.14 10.44¢ 3.70¢

Different letters in the superscript in the same column indicate significant differences between values at the significance level of

o=0.05.

approx. 30%. In the snacks with an addition of 20 and
40% of oat bran SDF accounted for approx. 32% of
TDF. In extrudates with an addition of rye bran the
content of this fraction was 26-28%, while in snacks
with an addition of wheat bran the share of SDF in
relation to the TDF was the least advantageous and
amounted to 18-21%. Observed differences result
from the different chemical composition of added
bran. From the point of view of SDF to IDF ratio the
most advantageous dietary value was found for snacks
with an addition of oat bran, followed by rye, while
the lowest was that of snacks with an addition of
wheat bran. However, all these products still contain

minimum of 6 g dietary fibre in 100 g product, so in
accordance with the binding regulations they may be
classified as foodstuffs with a high content of dietary
fibre (EFSA, 2007).

The used additives affected also physical charac-
teristics of extrudates. With an increase in the addition
of bran the expansion rate decreased and density of
extrudates increased (Table 2).

Expansion of extrudates substantially determines
quality of extrudates. The highest expansion ratio (ER)
was found for snacks with 20% addition of oat bran,
while it was lowest at 40% addition of wheat bran.
An increase in the content of oat and wheat bran from

Table 2. Effect of bran addition on physical characteristics of extrudates

Bran

Bran content ER Densi_t}y WA¥ VZSI

% g-em gg %o

Oat 20 4.61° 0.009* 600° 26.91¢
40 3.22¢ 0.017° 555° 24.81"

Wheat 20 3.58¢ 0.020¢ 607° 23.63°
40 2.55° 0.026¢ 582° 16.41*

Rye 20 3.13% 0.018° 589° 29.06¢
40 3.01° 0.021¢ 563® 25.11¢

Different letters in the superscript in the same column indicate significant differ-
ences between values at the significance level of o= 0.05.
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20 to 40% resulted in a reduction of expansion by ap-
prox. 30%. A lesser decrease was recorded in prod-
ucts with an addition of rye bran. Density of extruded
products was inversely correlated with the ER value.
An increased addition of bran resulted in an increased
density of the product. When comparing bulk density
of extrudates it was shown that an addition of wheat
bran had the greatest negative effect on the value of
this parameter. The lowest value was recorded when
oat bran was added. The differences in ER and density
values of extrudates produced with addition of bran
were dependent on the type of bran and amounted to
89%, 30% and 16%, for oat, wheat and rye bran, re-
spectively (Table 2).

The expansion and density of extruded products
depend to a considerable degree on the chemical com-
position of raw materials. A high content of dietary
fibre, particularly its insoluble fraction, and a rela-
tively low content of starch cause a lower expansion
of extrudates at their simultaneous density (Robin et
al., 2011).

Produced extrudates differed also in terms of WAI
and WSI values. Higher values of WAI (by approx.
5-9%) were obtained at the 20% rather than 40% addi-
tion of bran. When comparing the effect of addition of
different bran types, the highest WAI value was found
for products containing wheat bran. Oat and rye bran
contain more of the SDF, which is dissolved during
analysis and increases amount of soluble substances
(WSD).

With an increase in bran content from 20 to 40%
WSI values decreased (Table 2). The decrease was
about 8% in the case of the increasing share of oat
bran, and 13% for rye bran. It reached up to 30%, when
the wheat bran content in extrudates increased. Simi-
lar trends were recorded by Rzedzicki et al. (2004) as
well as Sobota and Rzedzicki (2004) when investigat-
ing WSI of extrudates in the variable function for the
content of other high-fibre materials. The lowest WSI
values were found for extrudates with the wheat bran
addition. On the basis of chemical composition of ex-
trudates it can be stated that wheat bran contained the
highest amount of dietary fibre (mainly IDF), as well
as the lowest amount of starch, from which soluble
substances are formed as a result of dextrinization
(Smith, 1992). Another factor determining WSI values
is the intensity of shear forces. The fat reduces shear
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forces acting in the extruder chamber. Probably that
is why in the extrudates with the addition of oat bran
(which contained higher amount of fat) in compari-
son to extrudates with the rye bran addition had lower
WSI values, although they contained higher amount
of starch.

The type of added bran and its amount also influ-
enced the colour of extrudates (Table 3). The highest
brightness value was recorded for extrudates with
a 20% addition of oat bran, while the lowest was ob-
tained for a 40% addition of wheat bran. Snacks with
an addition of 40% of wheat bran were characterized
by the highest redness (a* value) and the lowest yel-
lowness (b* value). The increasing amount of added
oat and wheat bran caused considerable changes in the
colour of snacks, while these differences were signifi-
cantly smaller in snacks with an addition of rye bran.

Table 3. Effect of bran addition on colour determinant of
extrudates

Bran
Bran content L* a* b*

%

Oat 20 84.80¢ -0.9? 37.84¢
40 74.75¢ 1.87¢ 29.68°

Wheat 20 76.20¢ 1.03° 34.28¢
40 65.42° 4.83f 25.26°

Rye 20 73.29 2.32¢ 29.32¢
40 74.31°¢ 2.52¢ 27.27°

Different letters in the superscript in the same column indicate
significant differences between values at the significance level
of o =0.05.

In the next stage of this experiment snacks were
subjected to sensory examination (Table 4). The high-
est desirability for all the investigated attributes were
recorded for snacks with a 20% addition of oat bran.
Lower acceptability were given to products with
a 40% addition of oat bran as well as 20% rye and
wheat bran. In turn, a 40% addition of wheat and rye
bran caused a considerable deterioration of sensory
quality of snacks. These extrudates were no acceptable
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Table 4. Effect of bran addition on sensory evaluation of extrudates

Bran

Bran cor;/tﬂent Taste Colour Crispiness  Porosity decs)i\;er)ailgty
Oat 20 7.3¢ 7.9¢ 7.8° 8.2¢ 7.3¢
40 6.1° 7.1° 5.5 5.3 5.0°
Wheat 20 5.7° 4.6° 5.5% 5.5° 4.6
40 3.0° 2.8 2.6 2.6 2.8
Rye 20 5.5 3.7% 3.3 3.3 5.5
40 2.9 2.8 2.5% 2.8 3.0

Different letters in the superscript in the same column indicate significant differences between

values at the significance level of a = 0.05.

by panellist (scores of sensory evaluation of the snacks
were below 5 points).

Physical characteristics and quality properties of
extrudates are determined by the chemical composi-
tion and physical properties of raw materials. In order
to show how each type and the amount of added bran
may modify rheological properties of raw material
pasting characteristic was analysed. This facilitates
inference on viscosity raw material and its changes
during extrusion, influencing the expansion of extru-
dates (Cauvain et al., 2005). Results of the analysis are
given in Table 5.

Gelatinization temperature of raw materials suspen-
sions ranged from 71.8 to 75.0°C. At a higher addition

of bran a lower gelatinization temperature was record-
ed. It was also shown that viscosity of raw material sus-
pension with an addition of different bran types varied.
The highest value was recorded when oat bran was add-
ed. This pertains both to peak viscosity, trough and final
viscosity. Lower values (by approx. 50%) were record-
ed in the case of mixtures containing wheat bran. When
analysing samples with an addition of rye bran viscos-
ity was several times lower. This is probably caused by
the high activity of amylolytic enzymes, which break
down amylose and amylopectin chains, thus reducing
viscosity of suspensions (Poutanen, 1997).

The standard test of wviscosity measurement
does not provide an unambiguously assessment of

Table 5. Effect of bran addition on pasting characteristic of raw material blends (standard test AACC Method 76-21)

Bran Bran content Tp Peak viscosity Trough Break-down  Final viscosity Setback
% °C cP cP cP cP cP
Oat 20 75.0¢ 1173¢ 1017¢ 156° 3254¢ 2237
40 72.4% 1 525° 1132¢ 393¢ 3 286¢ 2 154¢
Wheat 20 75.0¢ 8734 750¢ 123¢ 20314 1281¢
40 74.1% 571¢ 504¢ 67° 1 308¢ 804¢
Rye 20 73.3° 2320 192° 40 635° 443°
40 71.8° 113¢ 97° 16 306 209*

Different letters in the superscript in the same column indicate significant differences between values at the significance level of

a=0.05.
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suitability of the raw material for the production of
good quality extrudates. Whalen (1998) proposed the
application of critical paste test. In the case of corn
as the material which viscosity grows intensively at
the gelatinization temperature should be more suitable
for the production of extruded snacks. In this study
it was stated that the viscosity of the paste increased
most rapidly with the addition of oat bran to corn grits.
Lower viscosity values were reported when wheat
bran was added. In turn, the lowest viscosity values
were found for blends of corn grits and rye bran (the
viscosity increased only slightly at the beginning of
analyses and decreased afterwards; Fig. 1). Based on
the results it may be concluded that the viscosity is
influenced not only by the presence of starch, but also
other components differing in their affinity to water,
such as B-glucans (oat bran), arabinoxylanes (rye bran)
as well as IDF (wheat bran) (Zhu et al., 2016; Kale et
al.,2015; Fabek et al., 2014). Viscosity of the samples,
particularly that containing rye bran, may also be in-
fluenced by the activity of amylolytic enzymes break-
ing down amylose and amylopectin chains. According

to the theory proposed by Whalen (1998), corn grits
with an addition of oat bran should be the most suit-
able raw material for snacks production, while corn
grits with an addition of rye bran is an inferior ma-
terial. In contrast to the raw material blends with an
addition of oat bran, low viscosity values recorded for
mixtures with a share of rye bran were not reflected
in the results of quality assessment of snacks. Despite
the considerably lower values of viscosity of the sus-
pension, quality attributes of snacks with an addition
of rye bran did not significantly diverge from those of
the product containing wheat bran. Our results indi-
cate that the criteria proposed by Whalen (1998) for
the assessment of material suitability, satisfactory for
corn, are not applicable in the prediction of quality of
extruded products with a share of bran.

In Table 6 results of viscosity test of extrudates
are presented. According to the theory cold viscos-
ity value is an indicator of starch gelatinization dur-
ing extrusion. Gelatinized starch swells and at low
temperatures it is dispersed, so cold viscosity suspen-
sion is high. Residue of non-gelatinized starch swells
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Fig. 1. Comparison of paste profiles of raw material blends according to Critical Paste Test: OB — oat bran,

WB — wheat bran, RB —rye bran
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Table 6. Effect of bran addition on pasting properties of extrudates

Bran Bran content Cold viscosity Hot viscosity Final viscosity
% cP cP cP
Oat 20 4484 463¢ 520¢
40 333k 309° 278
Wheat 20 297 2542 3420
40 364¢ 297® 280°
Rye 20 248¢ 288® 316™
40 291® 302° 324%®

Different letters in the superscript in the same rows indicate significant differences between

values at the significance level of o = 0.05.

during heating, increasing gel viscosity and thus the
peak of hot viscosity is plotted on the graph. How-
ever, it should be remembered that the value of cold
viscosity depends also on the intensity of shear forces
and a lower viscosity may sometimes result from the
progressing dextrinization rather than a lower gelati-
nization rate (Whalen et al., 1996). Table 6 presents
changes in viscosity of extrudates suspensions.

The highest value of cold viscosity was recorded
for the suspension of extrudates containing 20% of oat
bran, while it was the lowest for that containing rye
bran. Analyses of extrudate with an addition of 20%
of oat bran as well as 20 and 40% of rye bran showed
a slight increase in viscosity at the initial stage of heat-
ing; however, no definite peak indicating the presence
of non-gelatinized starch in extrudate was recorded for
any sample. It was also shown that with an increase in
the share of wheat and rye bran in samples the value of
viscosity increased. An opposite trend was observed
in the case of oat bran application. Viscosity (cold, hot
and final values) of samples with a 40% addition of
oat bran was lower than at a 20% addition. This may
result from the presence of fat in oat bran, which may
form complexes with starch, thus reducing its solubil-
ity. When comparing results of final viscosity higher
values of this index were found for samples with 40%
rather than 20% of bran contents when oat and wheat
bran was added; in contrast, in the case of rye bran
the results did not differ statistically irrespective of the
amount added. In this experiment extrusion conditions
were constant, thus the observed differences probably
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result from a different chemical composition and sus-
ceptibility to physical transformations of extruded
blends.

In order to facilitate the interpretation of the influ-
ence of bran additives on extrudate features, PCA was
performed. Two principal components were obtained,
based on calculations, which allowed explaining
83.86% of the total variance of the variables analysed.
The first and the second principal component carry
65.85% and 20.00% of information about the tested
products represented by the variables, respectively.
The relation between the data input and the principal
components is plotted on the Figure 2.

Based on PCA a positive correlation was found
between overall desirability, and crispiness, porosity,
taste, colour as well as the expansion rate ER (vec-
tors are found in the same part of the graph and an-
gles between them are small). Hardness and density
of extrudates were negatively correlated with overall
desirability. Hardness and density were also nega-
tively correlated with ER (the vectors are found at
opposite parts of the graph). It was also shown that
colour in sensory examination is positively correlated
with brightness and yellowness of the sample, while
it is inversely correlated with redness. In turn, there
is no correlation between characteristics of extrudates
and viscosity of suspension of the materials measured
both under standard conditions and in the critical paste
test. This confirms that the method proposed by Wha-
len (1998) for the selection of adequate quality of corn
material for the production of extruded snacks does
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Fig. 2. Two-dimensional plot representing the PCA of loadings plot for samples of raw
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S WB 20% . . .
S 0 ° shown that samples with an addition of rye bran, irre-
& - Wa 40% spective of the added amounts, exhibited similar char-
s 2 acteristics. Similar properties were also observed for
% 3 the sample with a 20% addition of wheat bran. In turn,
2 ) 0B 40% samples with an addition of oat bran were character-

:5 ized by other properties. These properties changed

greatly with an increase in the share of oat bran.

-10 -8 -6 -4 -2 0 2 4 6 8
Score plot 1: 63.86% CONCLUSIONS
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The application of a 20% of bran addition, irrespective
of its type, makes it possible to classify these snacks as
high-fibre products.

Among the tested samples extrudates with the addi-
tion of oat bran characterise by the highest expansion
and the lowest density. An increase in bran content
from 20 to 40% in extrudates reduces the expansion
rate and increases product density, leading to a de-
terioration of product quality in sensory evaluation,
confirmed by PCA. The type and amount of bran ad-
dition influences also the colour of extrudates. Snacks
with an addition of oat bran characterise by the highest
brightness and the most intensive yellow colour.

In terms of sensory attributes the best properties
were found for snacks with a 20% addition of oat bran.
The addition of rye and wheat bran at 20% and oat
bran at 40% provides sufficient quality product, while
the properties of snacks with an addition of 40% wheat
and rye bran are not acceptable by panellists.

The type and amount of bran addition modify also
physical properties of the extrudates. Based on the
Critical Paste Test (performed with RVA) it was stated
that aqueous suspensions of the raw material with an
addition of oat bran exhibit greater viscosity that in the
case of wheat and rye. Unfortunately, large differences
in recorded viscosities show that the test may not be
the basis for indication of a raw material for obtain-
ing the best quality product. The Principal Component
Analysis (PCA) shows a lack of correlation between
quality of snacks and viscosity parameters of raw ma-
terial suspensions.
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WYKORZYSTANIE OTRAB OWSIANYCH, PSZENNYCH | ZYTNICH DO KSZTAETOWANIA
WEASCIWOSCI DIETETYCZNYCH, CECH FIZYCZNYCH | SENSORYCZNYCH
EKSTRUDOWANYCH PRZEKASEK KUKURYDZIANYCH

STRESZCZENIE

Wstep. Produkty zbozowe sa podstawa piramidy zywieniowej. Przekaski sa grupa produktow zbozowych,
ktorych popularnos¢ weigz wzrasta. Niestety, niewielka jest wartos¢ dietetyczna tego typu zywnosci. W celu
jej zwigkszenia do produkeji przekgsek mozna zastosowa¢ dodatek roznego rodzaju otrab zbozowych. Do-
mieszka otrab moze jednak oddziatywac niekorzystnie na cechy jako$ciowe produktow.

Materiat i metody. Kaszke kukurydziang z dodatkiem 20 i 40% otrab owsianych, pszennych i zytnich pod-
dawano ekstruzji. Por6wnano podstawowe parametry okreslajagce warto$¢ odzywcza oraz cechy fizyczne
i sensoryczne uzyskanych szes$ciu rodzajow ekstrudatow. Okreslono takze wptyw zastosowanych dodatkoéw
na lepkos¢ wodnych zawiesin surowcow 1 ekstrudatow mierzona w kontrolowanych warunkach z zastoso-

waniem RVA.
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Wyniki. Warto$¢ dietetyczna suplementowanych chrupek zalezy od rodzaju i ilosciowego udziatu otrab. Za-
warto$¢ btonnika pokarmowego w wytworzonych probkach wahata si¢ od 6,47 do 15,72%, w tym btonnika
rozpuszczalnego od 2,06 do 3,70%. Wraz ze wzrostem zawartosci otrab malata ekspansja, zwigkszata si¢
gestos¢ 1 zmieniata si¢ barwa ekstrudatow (zmniejszenie jasno$ci, zwigkszenie wartosci a*, zmniejszenie
b*). W ocenie sensorycznej najwicksza pozadalno$é uzyskaty chrupki z 20-procentowym dodatkiem otrgb
owsianych, a najmniejszg — z otrgbami pszennymi w ilosci 40%. Na podstawie analizy PCA stwierdzono do-
datnig korelacj¢ pomigdzy ogdlng pozadalnoscig a chrupkos$cia, porowato$cia, smakiem, barwg i wielko$cig
ekspansji oraz ujemng pomiedzy pozadalnoscig a twardo$cig i gegstoscig ekstrudatow. Zastosowane dodatki
i ich wielko$¢ wplywaly takze na zmiang¢ lepkosci wodnych zawiesin mierzonych w RVA. Nie stwierdzo-
no jednak korelacji pomigedzy cechami jako$ciowymi ekstrudatow a wartoSciami wyrdznikdw mierzonych
w analizie lepkosci.

Whioski. Do produkcji kukurydzianych przekasek ekstrudowanych, w zaproponowanych w pracy warun-
kach obrobki ci$nieniowo-termicznej, moze by¢ zalecany dodatek otrgb owsianych, pszennych i zytnich
na poziomie 20%. Produkty takie charakteryzowaty si¢ odpowiednig jakos$cig sensoryczng i dietetyczng. Test
lepkos$ci w temperaturze kleikowania nie znalazt zastosowania w ocenie przydatnosci surowca kukurydzia-
nego z dodatkiem otrab owsianych, pszennych i zytnich do produkcji ekstrudatow.

Stowa kluczowe: ekstruzja, otreby, btonnik pokarmowy, test lepko$ci w temperaturze kleikowania, jako$¢
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