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SUMMARY
• Celiac disease and gluten-free bakery products
• Dietary fiber and its contributions to gluten-free diet
• Hazelnut skin and its composition
• Gluten-free cakes based on rice flour and hazelnut skin
• Rheological properties of cake batter containing hazelnut
skin in different amounts (0, 5, 10, 15%)

• Technological quality characteristics of gluten-free cakes
containing hazelnut skin

Celiac Disease and Gluten-Free Label
Celiac disease is a chronic inflammatory disease in the gastrointestinal tract
triggered by dietary gluten in susceptible individuals (Sugai et al., 2010).

Complete and lifelong adherence to a gluten-free diet is the only accepted
treatment that allows patients to lead an otherwise normal life, therefore
patients suffering of this disease have to exclude gluten-containing cereals
from their diet (Sugai et al., 2010; Olexová et al., 2006).

What is “Gluten-free” Label?
• The FDA is proposing to define “gluten-free” to mean
that a food bearing this claim does not contain 20 µg
or more gluten per gram of food.
• The Canadian Food Inspection Agency uses a testing
method that has an analytical limitation of 20 parts per
million (ppm) gluten, leading to a “gluten-free” label
in this country as indicating tested to less than 20 ppm.
• On the other hand, the original
1983 Codex standard, used in
much of Europe, defines “glutenfree” foods as consisting of
ingredients from wheat, barley,
oats, spelt or their crossbred
varieties which have been rendered
“gluten-free”, with a gluten level
not exceeding 200ppm (Cureton
and Fasano, 2009).

Technological Problems:
However, gluten removal results in major problems in bakery
products, and currently, many gluten-free products available on the
market are low quality, exhibiting poor mouth feel and flavour
(Gallagher et al., 2004; Demirkesen et al., 2010).
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In order to minimize the problems occurring due to the lack of
gluten in gluten-free bakery products, the addition of
• hydrocolloids/ gums,
• emulsifiers,
• starches/ flours without gluten,
• maltodextrin,
• dairy ingredients,
• dietary fiber
into the formulations have gained currency.

Dietary Fiber and its Contributions to Gluten-Free
Diet
Breakfast cereals and bakery products are the most preferred vehicles for
fiber enrichment (Gularte et al., 2012).
Functional properties of dietary fiber:
• Increase of water and oil holding capacities,
• modification of textural properties,
• reduction of syneresis (separation of liquid from a gel caused by
contraction),
• prevention of lipid oxidation,
• emulsification and/or gel formation,
• stabilization of high fat food and emulsions,
• slowing down the retrogradation of starch,
• and improving shelf-life are some functional properties of dietary
fibers, when incorporated into food products like bakery ones (Rahaie
et al., 2012).

Hazelnut Skin
Hazelnut skin, which is thin brown perisperm
enveloping hazelnut kernels and usually removed
after roasting process, is reported to be a putative
source of functional fiber (Montella et al., 2013)
and natural antioxidants (Contini et al., 2008;
Locatelli et al., 2010; Del Rio et al., 2011).
Such waste products constitute a source of
environmental problem due to the lack of proper
utilization.
Composition:
Protein: 1.1%,
Fat: 11.8%
Ash: 2.1%
Dietary fiber: 68%

MATERIALS AND METHODS
Materials
Rice flour having 8.78% protein in dry basis (Kenton, Ankara, Turkey), sugar,
eggs, milk, sunflower oil, and baking powder were bought from a local market.
Hazelnut skin was obtained from Fiskobirlik, Hazelnut Agriculture- Sales
Cooperatives, Turkey.
Hazelnut skin (8.29% moisture) was sieved through a 2 mm sieve before adding
into the gluten-free cake formulations.

Batter and Cake Preparation:
Cake samples containing different amounts of hazelnut skin was prepared
according to the flow scheme in Fig.1.
Cake batter samples of 300 g were baked in duplicate in a conventional oven
(Vestel, Turkey) using disposable aluminum cake pans with the diameter of 14
cm at the base. For baking the cake samples, the baking mood of heating above
and below was chosen and the temperature was set to 170 °C for 35 min. After
baking, the cakes were removed from the pans and set aside at room
temperature for 1 h to cool down. Then, they were covered with a plastic
material to prevent drying.
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Figure 1. Production flow scheme of the cake
samples containing hazelnut skin

Flow tests were carried out at
25°C with Brookfield RVDV III
ultra rheometer provided with a
small size sample adaptor, using
the spindle SC4-28. Results were
fitted to the Power Law model:
τ = k.γ́ n
where K is the consistency index
(Pa.sn), n is the flow behaviour
index, τ is the shear stress (Pa) and
γ́ is the shear rate (1/s).

Viscoelastic behaviour
•

•
•

•

Dynamic tests were carried out at 25 °C with the use of a parallel-plate rheometer
(Thermo Haake, Germany). Batter samples were prepared just before the
experiments.
A constant gap height of 1 mm was used.
Frequency sweeps were carried out from 10 to 0.1 Hz and always were conducted
in the linear viscoelastic zone previously established for each batter by means of
stress sweeps from 0.1 to 100 Pa.
The measurements were carried out at a constant value of 1 Pa. Frequency sweep
data were fitted to the Power Law model (Ronda et al., 2011):

Gʹ (ω) = Gʹω1 . ωa
tanδ(ω) =

Gʺ (ω)
Gʹ (ω)

Gʺ (ω) = Gʺω1 . ωb
=

Gʺ
Gʹ

. ωc = (tanδ)ω1 . ωc

where Gʹ is the storage modulus- elastic modulus (Pa), Gʺ is the loss modulus- viscous
modulus (Pa), ω is the angular frequency (rad/s). (tanδ)ω1 represents the loss tangent at
a frequency of 1 Hz. The a, b and c exponents quantify the dependence degree of these
modulus and the loss tangent with the oscillation frequency.

Specific gravity
In measurement of specific gravities, which was carried out in duplicate, the weight of a
certain volume of cake batter was divided by the weight of distilled water having the
same volume.
Cake quality evaluation
Cake volume was determined according to the rape seed replacement method (AACC,
1988). After the cake samples were baked and cooled down for 1 h, their weights were
determined. In order evaluate the porosity in the cake samples, density values of the cake
samples were determined by dividing the weight to the volume value. Volume index of
the cake samples were measured according to the AACC template method 10-91
(AACC, 1983). In this method, cake is cut vertically through the center and the heights
of the cake sample were measured at three different points (B, H, and D) along the crosssectioned cakes using the template. Volume index was calculated according to the
following formula:
Volume index = B + H + D
where H is the height at center, B and D are the heights at three-fifths of distance from
center to edge (Clorke et al., 1984; Turabi et al., 2008).
The surface and the crumb colour of the cake samples were determined using Minolta
Colour Reader (CR-10 Japan). L*, a*, b* colour values were measured in quadruplicate
for each sample in order to indicate the difference occurring in the cake samples with the
addition of hazelnut skin.

RESULTS AND DISCUSSION
Batter Properties:
Table 1. Properties of Cake Batters with Hazelnut Skin. The index and moduli presented correspond to the fitting of
experimental measurements to Power Law Model (τ = k.γn; G’ = G’ω1.ωa; G’’ = G’ω1.ωb; tanδ= (tanδ)ω1.ωc).(tanδ)ω1

Sample

Flow behaviour

Control

K (Pa sn) η
r2
G’ω1(Pa)
40.1
0.62 0.9967 100.10

Hazelnut skin
5% 49.6
10% 56.1
15% 58.3

0.52 0.9967
0.49 0.9953
0.48 0.9951

Viscoelastic behaviour

98.85
90.31
81.43

a
r2
0.61 0.9976

G’’ω1(Pa)
112.55

b
r2
0.62 0.9997

(tanδ)ω1 c
1.14
-0.01

0.65 0.9928
0.64 0.9925
0.62 0.9958

114.22
100.81
96.78

0.63 0.9963
0.66 0.9951
0.64 0.9981

1.25
1.20
1.15

-0.07
-0.03
-0.02

Rheological studies demonstrated that Power Law Model was suitable to define the
rheological characteristics of the cake batters containing hazelnut skin (r2 = 0.99510.9967). The flow behaviour index values belonging to the batter samples with
hazelnut skin were found comparatively low (0.62, 0.52, 0.49, and 0.48 for control,
5%, 10%, and 15% hazelnut skin containing cakes, respectively).
A decrease was observed in the G’ (elasticity modulus) and G’’ (viscous modulus)
values as the amount of the hazelnut skin increased in the gluten-free cake
formulations.

What is the purpose of carrying out rheological analyses?

• Understanding the rheological characteristics of food
materials is necessary in designing new products.

• It is important to determine the rheological properties of
cake batters due to their effect on cake processing and
on cake final characteristics (Ronda et al., 2011).

Specific gravity values of batters demonstrated an increase (0.890, 0.850,
0.880, 0.895 for control, 5%, 10%, and 15% hazelnut skin containing batters,
respectively; p < 0.05), meaning less air inclusion, with the increasing amounts
of hazelnut skin addition. Accordingly, low volume values were observed as
the amount of hazelnut skin increased.

On the other hand, specific gravity values of the cake batters containing
hazelnut skin were lower when compared to the control batter. For this reason,
relatively higher volume results were obtained with the addition of hazelnut
skin.
12.00

11

10.65

10.25

10.3

10.00

8.00

vol.ind

6.00

spe.gra (batter)
4.00

2.00
0.89

0.85

0.88

0.895

0.00
control

5HS

10HS

15HS

Properties of Cakes with Hazelnut Skin:
Fiber enriched gluten-free cake samples containing hazelnut skin (especially in the
amount of 5% and 10%) resulted in improved volume index (10.2±0.07, 11±0.28,
10.6±0.21, 10.3±0.00 for control, 5%, 10%, 15% hazelnut skin containing cakes,
respectively) and volume values (475±7.07, 515±7.07, 485±7.07, 470±0.00cm3 for
control, 5%, 10%, 15% hazelnut skin containing cakes, respectively) when compared to
the control sample.

Figure 2. Cake Samples Containing Hazelnut Skin

Table 2. Quality Parameters of Cake Samples with Hazelnut Skin
Table. Quality Parameters of Cake Samples with Hazelnut Skin and Hazelnut Flour
Sample
Moisture
aw
Density
Volume
3
(%)
(%)
(g/cm )
index
Control
16.95±0.26a
80.0±0.28a,b 0.56±0.009d,e 10.25±0.07b
Hazelnut skin
5% 16.46±0.41a
10% 17.37±0.04a,b
15% 17.66±0.11a,b

Colour (crust)
L
a
b
47.02±1.95d,e 12.58±0.37d 18.93±0.62g

79.7±0.49a
0.51±0.008a
11±0.28f
42.10±0.17b
80.6±0.14a,b,c 0.54±0.006b,c 10.65±0.21d,e 41.09±1.21b
80.4±0.56a,b,c 0.56±0.001c,d,e 10.3±0.00b,c 37.46±2.02a

10.74±0.22c 15.99±0.27e
9.58±0.30b 15.25±0.42e
8.60±0.08a 13.42±0.42d

Colour (crumb)
L
a
69.65±0.61h -2.52±0.39a

b
19.91±0.48g

46.26±0.44e
36.72±0.98b
33.96±0.14a

11.17±0.41e
8.08±0.43d
7.34±0.34c

3.83±0.34d
5.10±0.15e
6.06±0.15g

*Coloumns with different letters are significantly different (p<0.05).

Moisture and water activity values of the cake samples were not affected by the
addition of hazelnut skin (Table 2).
The decrease in density expresses that more air was incorporated into the batter
and as a result of that higher volume values was observed (inverse correlation
between density and volume index).
Colour. A significant decrease was observed in the L*, a*, b* values belonging to
the crust and in the L*, b* values belonging to the crumb of the cakes with
hazelnut skin as the amount of the addition increases (p < 0.05).

CONCLUSION
• The addition of hazelnut skin into gluten-free cake formulations as a fiber
source resulted in improved physical, rheological and functional properties.
• The Power-Law Model was found suitable to define the flow characteristics
of rice cake formulations with hazelnut skin.

• The volume value, which is a critical quality parameter for most of the
leavened bakery products, was higher for the formulations containing
hazelnut skin (especially, 5% and 10%) when compared to the volume of
the control sample.
• The importance of modelling the rheological characteristics of gluten-free
cake batters in terms of creating products with better quality was
emphasized.
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