Effect of incorporating potato dietary fibre
to wheat dough on the quality of baked rolls

Michaela Laukova, Zlatica Kohajdova, Jolana Karovicova

Institute of Food Science and Nutrition, Faculty of Chemical and Food Technology,
Slovak University of Technology, Radlinskeho 9, 812 37 Bratislava, Slovak Republic
michaela.lavukova@stuba. sk

Abstract: The effect of incorporation of commercial potato dietary fibre at different levels (1, 3, 5 and 10 %)
on wheat flour dough rheology, qualitative and sensory properties of baked rolls was evaluated. Potato dietary
fibre exhibits good hydration properties (water holding, water retention and swelling capacity). Its addition
into wheat dough increased water absorption, prolonged dough stability and dough development time. Also,
it was found that the potato fibre incorporation to wheat rolls negatively affects both volume and specific
volume, and cambering of baked rolls. Sensory evaluation showed that rolls with the addition of potato dietary

fibre at levels 1 and 3 % had high overall acceptability.
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Introduction

The health benefits now known to be associated
with dietary fibre include better control of blood
glucose and cholesterol levels, protection against
cardiovascular diseases, regulation of intestinal
function, promotion of gut health and protection
against colon cancer. The true intake of dietary
fibre in most European countries is lower than the
average daily intake of 30 g recommended in the
2009 European nutrition and health report (Mar-
tinez et al., 2014).

Dietary fibres are not only desirable for their nutri-
tional properties, but also for their functional and
technological properties, and because of those they
can also be used to upgrade agricultural products
and by-products for the use as food ingredients
(Figuerola et al., 2005). Most commonly, dietary
fibres are incorporated into bakery products to
prolong freshness, thanks to their capacity to retain
water, thereby reducing economic losses. Fibres
can modify bread loaf volume, its springiness,
the softness of the bread crumb and the firmness
of the loaf. As a rule, the incorporation of fibres
in bread reduces loaf volume and increases firm-
ness, but the extent of the modification depends
on the fibre source (Elleuch ez al., 2011). Plant
fibres show some functional properties, such as
water-holding capacity, swelling capacity, viscosity
or gel formation, bile acid binding capacity, and
cation-exchange capacity, which have been more
useful for understanding the physiological effect of
dietary fibre than the chemical composition alone.
These properties are related to the porous matrix
structure formed by polysaccharide chains which
can hold large amounts of water through hydrogen
bonds (Figuerola et al., 2005).

Potatoes are one of the most commonly consumed
vegetables throughout the world. Potatoes mainly
contain carbohydrates, especially starch, vitamins,
minerals and phytochemicals, such as carotenoids
and natural phenols (Mirabela et al., 2014). The
huge amounts of potato pulp and potato peel
that arise from industrial processing of flour and
several other potato products may serve as an in-
gredient in wheat bread. A major reason for this is
that bread dough rich in fibre with a high extent
of hydration may result in increased lubrication
between fibre and other ingredients. The high
hydration is due to a high content of cellulose,
hemicellulose and lignin in these materials (Kaack
etal., 2006).

The purpose of this study was to evaluate the
chemical composition and some hydration pro-
perties of commercial potato dietary fibre (PDF),
and to use it as a flour substituent in baked rolls.
The sensory evaluation of final products was also
performed.

Material and methods

Materials

Potato dietary fibre (PDF) Fibra was obtained from
Paleta, s.r.o., Lipnice, Czech Republic, fine wheat
flour (WF) T 650 was the product of Penam, Nitra,
Slovakia, and other ingredients were purchased in
local market.

Chemical analysis

Moisture, fat, protein and ash contents were deter-
mined by modified methods of Fernandez-Ginés
et al. (2004). Total dietary fibre (TDF) content
was measured according to the method of Sun-
Waterhouse et al. (2010).
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Hydration properties

Water holding capacity (WHC), water retention
capacity (WRC) and swelling capacity (SC) were
measured according to the method of Raghavendra
etal. (2004).

Blended flours preparation

Blends of 0 % (control), 1 %, 3 %, 5 % and 10 %
were prepared by replacement of fine wheat flour
with commercial PDF.

Rheological properties

The effect of PDF on dough rheology was deter-
mined using Farinograph (Brabender, Duisburg,
Germany) according to the method ISO 5530-1:2013.
The parameters measured were water absorption
(WA), dough stability (DS) and dough development
time (DDT).

Rolls preparation

The wheat rolls and wheat rolls supplemented with
PDF were prepared using a recipe according to
Kohajdova and Karovicova (2007).

Physical parameters of baked rolls

The loaf quality was evaluated after cooling for 2 h.
Loaf volume (cm®) was measured by the millet seeds
displacement method (Kohajdova and Karovicova,
2007). Specific volume (cm?® per 100 g of loaf)
was calculated by dividing the values of volume
by weight (Sowbhagya et al., 2015). Cambering of
baked rolls was calculated as a ratio of loaf height
and width (Kohajdova et al., 2013).

Sensory evaluation

Sensory evaluation of baked rolls was assessed in
descriptors of quality by five-point hedonic scale
according to method described by Kohajdova et
al. (2013). The evaluated descriptors were: the
shape of product, crust colour, crust thickness/
hardness, crust/crumb odour and taste, crumb:
elasticity, porosity, colour, resistance to bite, and
adhesiveness to palate upon longer chewing.
The overall acceptability of rolls was determined
using 100 mm graphical non-structured line with
the description of extreme points (minimal or
maximal intensity, from 0 to 100 %) (Kohajdova
etal., 2013).

Statistical analysis

All analyses were carried out in triplicate and the
average values were calculated. The results were
expressed as mean * standard deviation. One way
analysis of variance and Fisher’s least significant
differences procedure were applied to the data to
establish the significance of the differences between

the samples at the level of p=0.05. Statgraphic Plus,
Version 3.1 (Statistical Graphic Corporation, Prin-
ceton, NY, USA) was used as the statistical analysis
software.

Results and discussion

The chemical composition of fine WF and PDF
is shown in Table 1. It was observed that the TDF
content in PDF was 71.05 % which is higher than
that reported by Kaack and Pedersen (2005), Ajila
et al. (2010), Chau et al. (2004) and Prokopov et al.
(2015) in potato pulp (58.9 %), mango peel powder
(51.2 %), carrot pomace (63.5) and cabbage leaf
powder (61.43 %). Other PDF traits were both low
fat content (0.16 %) and high ash level (1.48 %).

Tab. 1. Chemical composition of WF and PDF.

WF PDF
TDF (%) 1.54 £ 0.05 71.05 £ 0.02
Moisture (%) 10.72 £0.25 10.26 £ 0.09
Ash (%) 0.40 £ 0.02 1.48 £0.03
Proteins (%) 10.72 £ 0.22 6.33£0.20
Fat (%) 1.35£0.03 0.16 £0.01

The technological interest and physiological
effects of dietary fibre are related to their func-
tional properties. The hydration properties of
dietary fibres determine their optimal usage
levels in foods because a desirable texture should
be retained (Yaich et al., 2015). The hydration
properties of PDF are presented in Table 2. The
WHC determined by centrifugation method re-
presents all three types of waters (water bound to
the hydrophilic polysaccharides, held within the
fibre matrix, trapped within the cell-wall lumen)
associated with the fibres (Lopez-Marcos et al.,
2015). It was observed that PDF showed higher
WHC (7.59 g.g™') than that reported in sugar beet
fibre, pea hull fibre and pea cell wall fibre (Collar
et al., 2007). It was also observed that PDF exhi-
bited higher WRC (5.67 g.g™") than that described
for wheat bran (1.5—3.2 g.g”") (Yan et al., 2015)
and gingke (hull-less barley) (4.73 g.g™!) (Du et al.,
2014) but lower than was reported for carrot peels
(12.40—19.63 g.g™') (Chantaro et al., 2008) and
cherry fibre (7.9-9.5 g.g”') (Basanta et al., 2014).
These parameters are interesting because they can
be associated with the amount of water retained by
the fibre, for example, during kneading the dough
(de Escalada Pla et al., 2007). The PDF was also
characterised with high SC (10.77 cm®.g™"). Similar
values for SC were described by Kohajdova et al.
(2012) in carrot pomace powder (10.48 cm®.g™").

Laukova M et al., Effect of incorporating potato dietary fibre to wheat dough... 15



Tab. 2. Hydration properties of PDF and WF.

WF PDF
SC (cm®.g™) 2.10 +0.01 10.77 +0.02
WHC (g.g™) 1.20 +£0.06 7.5940.01
WRC(g.g™) 1.45 +0.04 5.67%0.08

WF — wheat flour, PDF — potato dietary fibre, SC — swell-
ing capacity, WHC — water holding capacity, WRC — water

retention capacity.

Tab. 3. Effect of addition different levels of PDF
on dough rheological parameters.

WA (%) DDT (min) DS (min)
control 61.07 £0.32 6.31+0.19 6.39+0.29
1% PDF 63.73+1.44 8.33+£0.29 7.83+0.29
3% PDF 70.30£1.04" 10.50%0.50" 8.17£0.29"
5% PDF 72.87+0.31" 10.83+0.29" 8.96 £0.15"
10 % PDF 79.35+2.51° 11.734£0.32° 12.00+0.00"

“denotes a statistically significant difference at p = 0.05 level,
PDF — potato dietary fibre, WA — water absorption,
DDT — dough development time, DS — dough stability.

Rheological properties of dough have an impor-
tant effect on baking characteristics. To predict
the final products quality, it is necessary to have
a good knowledge about these properties and
their related parameters (Mirsaeedghazi et al.,
2008). The effect of PDF addition on dough rhe-
ology properties is presented in Table 3. WA is the
amount of water required to develop dough to the
point of greatest torque when, for wheat flour, the
gluten would have been fully developed (Bakare et
al., 2015). It was observed that the addition of high
levels of PDF (3—10 %) significantly increased WA.
This effect is likely caused by the great number of
hydroxyl groups existing in the fibre structure,
which allow more water interactions through
hydrogen bonding (Wang et al., 2002). Similar
effects on WA were reported by Bojnanska et al.
(2014) and Rodriguez-Sandoval et al. (2012) after
addition of potato fibre and potato flour to wheat
dough.

It can be also noticed that DDT was markedly pro-
longed with increasing levels of PDF from 6.31 min
(control) to 11.73 min (dough with 10 % PDF).
This effect could be attributed to a fibre gluten
interaction, which prevents protein hydration.
However, this effect could be also related to some
sort of competition for water between fibre and the
other flour components, which leads to a progres-
sive dehydration of dough creating the impression
of dough strengthening (Gémez et al., 2011). The
same effect on DD'T was observed by Kucerova et al.
(2013), Borchani et al. (2011) and Mohammed et al.
(2012), who substituted wheat flour by potato fibre,
date flesh and chickpea flour, respectively.

Dough stability (DS) indicates how much tolerance
the flour has to over- or under-mixing (Bakare et
al., 2015). It was found that the incorporation of
PDF significantly prolonged DS from 6.39 min
(control) to 12.00 min (10 % PDF). These observa-
tions were consistent with those of Kohajdova et al.
(2012) after addition of carrot pomace powder to
wheat flour dough.

The physical parameters of baked wheat rolls
with addition of PDF at different levels are shown
in Table 4. Loaf volume is used as a criterion to
measure the quality of fresh bread in the industrial
quality control, and by consumers. Specific volume
of loaves of bread provides a uniform basis for com-
paring results of various studies. It is an indication
of the gluten content of the bread but other con-
stituents such as starch and fibre also contribute to
the specific volume of bread (Bakare et al., 2015). It
was found that the incorporation of PDF at levels of
3—10 % decreased both volume and specific volume
of baked rolls. These results were in agreement with
those obtained by Kohajdova et al. (2012), Sangnark
et al. (2004) and Mohammed et al., (2012) after
addition of carrot pomace powder, bagasse and
chickpea to baked rolls or bread, respectively.

The decrease in the loaf volume could be caused by
the dilution of gluten, and also could result from
the interaction between gluten and fibre material.
The specific volume decreased due to fibre addition,
which have already been reported (Anil et al., 2007).

Tab. 4. Effect of PDF addition on physical parameters and overall acceptance of wheat rolls.

Volume Specific volume Cambering Overall acceptability (%)
(cm?®) (cm®.g™")
control 285.33 £4.16 3.3099 £ 0.68 0.59+0.01 99.31 £0.05
1 % PDF 283.00 £ 6.93 3.2060 £ 0.32 0.58 +0.01 97.57+0.12
3 % PDF 244.67 £6.43" 2.8230+0.517 0.47 £0.02" 96.85 1+ 0.08
5 % PDF 186.00 + 6.93" 2,1754+0.37" 0.46+£0.01" 91.46 £ 0.15"
10 % PDF 170.36 + 4.28" 2.0281 +0.43" 0.43+0.01" 89.52 £ 0.06"

“denotes a statistically significant difference at p = 0.05 level.
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Fig. 1. Sensory parameters of PDF-enriched wheat rolls.

It was observed that the incorporation of PDF to
wheat rolls negatively affected the cambering of
baked products. It was stated that cambering values
under 0.50 are not satisfactory (Kohajdova et al.,
2012). This criterion was not fulfilled in products
with the addition of PDF at level 3—10 %.

The effect of PDF on sensory parameters of baked
rolls is presented in Figure 1. Products with addi-
tion of PDF at level 3, 5 and 10 % had significantly
darker crust colour. The similar effect was reported
by Kohajdova et al. (2012) after addition of carrot
pomace powder. The PDF enrichment of wheat
rolls also affected the shape, adhesiveness to palate
and resistance to bite of final products. It was also
shown (Table 4) that no significant differences in
overall acceptance were found between control rolls
and rolls incorporated with 1 and 3 % of PDF.

Conclusion

Bread contains a plethora of important nutritional
components which exert a positive influence on
the human health. In spite of this, the addition
of fibre into bread and wheat products is still very
important (Kucerova et al., 2013). Peels are the ma-
jor by-product of potato processing industries and
contain the same amount of valuable compounds
as edible vegetable (Mirabela et al., 2014). During
this study, it was found that PDF can be considered
as good source of dietary fibre for bakery products
due to high content of TDF (71.05 %). Moreover, it
was found that PDF was characteristic by suitable
hydration properties (WHC, WRC and SC), which
indicates the potential of PDF to be used as a func-
tional ingredient to avoid syneresis and to modify
the viscosity and texture of formulated products
(Kohajdova et al., 2013). Results show that PDF
modified rheological properties of wheat dough
(increased WA and prolonged DDT and DS). Fur-

thermore, it was also observed that the addition of
PDF significantly decreased physical parameters
(volume, specific volume and cambering) and over-
all acceptability of wheat rolls.
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