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Abstract

The aim of this study was utilization of various seed flours on cake making and to investigate the effect on dough rheology.
Apricot seed flour, sour cherry seed flour, pomegranate seed flour, and pumpkin seed flour were used at 5%, 10% and 15%
substitution levels to wheat flour. Extensograph and Mixolab were used to determine the rheological and techno-functional
attributes of wheat flour substituted with seed flours. Cake quality was investigated in terms of volume, baking loss, hard-
ness, elasticity and sensorial properties. Apricot seed flour substitution highly affected the energy and maximum resistance.
Pumpkin seed flour showed a higher effect on extensibility and Mixolab parameters than other seed flours did. Sensorial
analysis showed that 5% substitution level was acceptable, however the substitution at 15% level caused a high negative
impact on sensorial properties. It was shown that some Mixolab parameters could be used as indicators for the cake quality.
The overall results indicated that rheological properties of wheat flour are affected based on the substitution level and it is
possible to produce cakes with improved quality attributes with an adjustment of substitution level. The results could have
important implications for the valorization of seed flours to produce functional baked products having high protein content.
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Introduction

Recently, the studies on the valorization of fruit seeds
have increased due to their high potential to be used as
functional ingredients for the enrichment of food products.
Fruit seeds are rich sources of protein and fibers [1-5] and
may contain numerous compounds such as carotenoids [6],
phenolic compounds [2, 3, 5], antioxidants [6-9], fatty
acids [4, 8, 10, 11], vitamins [10-12] and minerals [6, 10,
11, 13] which makes them excellent source for the produc-
tion of functional foods. As the cake and muffins are being
highly consumed around the world, there have been several
attempts to incorporate functional food ingredients into
these products [6, 14-22]. Accordingly, studies are avail-
able where fruit seeds were used as functional ingredients
in cake formulation [6, 13, 14, 22-33].

Fruit seed flour production is one of the method to
valorize them in the food industry to meet the growing
demand of consumers on functional foods and to decrease
the by-product release, as well. In this study, it was aimed
to evaluate the effects of various fruit seed flour substi-
tutions on the rheological properties of wheat flour and
on physical, textural and sensorial properties of cakes.
Apricot seed flour (ASF), sour cherry seed flour (SCSF),
pomegranate seed flour (POSF), and pumpkin seed flour
(PUSF) were chosen for comparison as the fruits are
widely consumed household and widely processed into
juice, jams, syrup, and sauce or used in oil production in
the food industry of Turkey. Extensograph and Mixolab
were used to determine the rheological properties of sub-
stituted wheat flour. Mixolab was not used before to meas-
ure the effect of any seed flour substitution on wheat flour.
The quality of cakes was measured in terms of volume,
baking loss, textural properties and sensorial characteris-
tics. To our knowledge, there is no comprehensive study in
the literature on the incorporation of fruit seed flours into
wheat flour and investigating the effect both in rheological
properties by Extensograph—Mixolab and cake-making.

Material and methods
Materials

The SCSF, POSF, PUSF and ASF was supplied from a
Turkish company—Hedef Herbal LLC Company. Wheat
flour (WF) was also provided by a Turkish company—
Intermil Flour. Modified starch, baking powder, egg and
oil were obtained from local groceries. Emulsifier and
potassium sorbate were obtained from a local company.
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Proximate composition

Proximate compositional analysis was conducted on wheat
flour and fruit seed flours (Table 1). Moisture content of
samples were determined by using AOAC Official Method
925.40 [34]. Total nitrogen was determined by Kjeldahl
method by AOAC Official Method 950.48 [35]. Nitrogen
to protein conversion factor of 5.70 was used to calcu-
late the total protein. AOAC Official Method 948.22 was
used for lipid analysis [36]. Ash analysis was conducted
according to AOAC Official Method 923.03 [37]. Total
carbohydrate was calculated by difference.

Extensograph analysis

Extensograph test was conducted to assess the stretching
behavior and extension of dough samples based on the
AACC method [38, 39] using an Extensograph E (Bra-
bender, Duisburg, Germany). Dough sample (150 g) which
was previously prepared in Farinograph’s bowl was placed
on the Extensograph to shape it into a cylinder. The cyl-
inder dough was placed into the Extensograph dough cra-
dle, secured with pins, and proved for 45 min at 30 °C. A
hook was then drawn through the dough under constant
displacement, stretching it downwards until it breaks. The
Extensograph recorded a force—time curve as the test was
run. The process was repeated on the same dough at every
45 min for 3 times to determine dough behavior at differ-
ent proofing times.

Mixolab

The mixing and pasting behaviors of dough samples
was studied on the Mixolab 6907 (Chopin Technolo-
gies, France) using 14% moisture basis. The method was
adopted from the study of Dubat [40] where the protocol
Chopin+ was followed. The dough weight was kept con-
stant at 80 g and optimum water for reaching a torque
of 1.11 Nm was used. After an initial mixing for 8§ min
at 30 °C, the dough was heated for 15 min at the rate of
4 °C/min till the temperature reached 90 °C. Dough was
held at 90 °C for 7 min and then cooled to 50 °C at the
rate of 4 °C/min and then mixed at 50 °C for 5 min. The
mixing speed was kept constant at 80 rpm. Mixolab pro-
filer consisted water absorption index, mixing index, glu-
ten+ index, viscosity index, amylase activity and retrogra-
dation index. The evaluated torque values from the curves
were: Cl—maximum torque during mixing, C2—protein
weakening based on mechanical work and temperature
increase, C3—maximum torque during the heating stage,
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expressing the rate of starch gelatinization, C4—minimum
torque during the heating period, indicating the stability of
the hot gel formed, C5—torque after cooling at 50 °C, rep-
resenting starch retrogradation during the cooling stage.

Cake making

A standard white layer cake batter recipe was used [41].
Cake batter was prepared with wheat flour, fruit flours at
the ratios of 5%, 10%, 15%, sugar, wheat starch, modified
starch, baking powder, emulsifier, potassium sorbate, salt,
milk, egg, water and oil and then blended with a mixer. The
used ratios of fruit flours were determined based on the pre-
liminary trials. The formulation of 100 g batter was dem-
onstrated on Table 2. The prepared batter was then baked
in a stone sole oven (Wiesheu, EBO 124-355, Germany) at
175 °C for 45 min. The samples were baked in sets and every
sets composed of one control sample and samples substi-
tuted with one of the seed flours at different levels. The cakes
cooled to room temperature and used for analyses.

Volume and baking loss

Volume of cake was determined by rapeseed displacement
method, as described by AACC 10.05 [42]. Baking loss was
measured by weighing the batter before and the cake after
baking and keeping at room temperature for 2 h.

Texture analysis

The texture profile analysis (TPA) of cylindrical cake sam-
ples with a 3.5 cm diameter and 2 cm height were performed
using a texture analyzer (TA-XT Plus, Stable Micro Sys-
tems Ltd., Surrey, UK) at a test speed of 1.0 mm s~! dur-
ing 60 s. The crust of cake samples was removed in cake
texture determination. A double cycle was programmed and
the texture profile was determined using Texture Expert 1.05
software (Stable Microsystems). The firmness and elasticity
of cake samples were recorded.

Table 1 Compositional analysis of wheat flour and seed flours

Sensory analysis

The method of sensory evaluation was adopted from Dursun
et al. [43]. Sensory evaluation was carried out on cake sam-
ples by a panel of 12 trained judges from Food Engineering
Department. Samples were placed on white plates and iden-
tified with random 3-digit numbers. Panelists were requested
to evaluate how much they liked or disliked each sample in
relation to crumb color, crust color, taste, aroma, texture and
overall acceptance on a 9-point hedonic scale (1 =extremely
disliked, 5 =neither liked nor disliked, 9 =extremely liked).
They were also asked to evaluate their intention to purchase
the tested products, using a 5-point structured scale (1 =cer-
tainly will not buy, 5 =certainly will buy). Each panelist
evaluated four cake samples in one session. At each ses-
sion the consumers received a control cake sample and three
cake samples having one of the fruit flours at three different
concentrations.

Statistical analysis

All samples were prepared in duplicate. The averages and
the standard deviations were calculated from three meas-
urements of the duplicate samples using the Excel software
(Microsoft Corporation, Redmond, WA, USA). A Tukey
test with a confidence interval of 95 was used to evaluate
the statistical differences (Minitab® 16 Statistical Software,
Minitab Inc. State College, Pennsylvania, USA). Correla-
tion analyses were performed using the Pearson’s correla-
tion coefficient (r) which conducted using the Excel 2016
program (Microsoft, Troy, NY) [44].

Results and discussion

Proximate composition and physicochemical
properties of flours

The compositional analysis of wheat flour and seed flours
were determined (Table 1). All of seed flours had a lower

Sample Moisture (%) Ash (%) Protein (%) Fat (%) Carbohydrate (%)
WEF 10.63+0.21° 0.65+0.01? 9.44 +0.64* 1.01+0.22? 88.90+0.68*
SCSF 9.07+0.12° 4.32+0.04° 45.24+0.31° 27.36+0.52° 23.08+0.61°
POSF 6.78 +0.00° 3.39+0.14¢ 22.37+0.27¢ 11.15+0.64¢ 63.09+0.71°
PUSF 8.10+0.11° 5.75+0.02¢ 44.67+0.23° 15.21+0.10° 34.37+0.25°
ASF 7.75 +0.05¢ 5.73+0.00¢ 50.69 +£0.14° 10.33+0.21¢ 33.25+0.25¢

Means followed by a different letter in each column are significantly different (p <0.05)
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Table 2 Cake formulation

Ingredient Control Fruit seed flour %5 Fruit seed flour %10 Fruit seed flour %15
Wheat flour (g) 26.5 25.175 23.85 22.525
Fruit seed Flour (g) - 1.325 2.65 3.975
Sugar (g) 22.8 22.8 22.8 22.8
Wheat starch (g) 4.19 4.19 4.19 4.19
Modified starch (g) 0.5 0.5 0.5 0.5
Baking powder (g) 1 1 1 1
Emulsifier (g) 0.4 0.4 0.4 0.4
Potassium sorbate (g) 0.01 0.01 0.01 0.01
Egg (2) 13.9 13.9 13.9 13.9
Water (g) 16.8 16.8 16.8 16.8
Oil (g) 13.9 13.9 13.9 13.9
moisture than wheat flour. Ash content of all fruit seed flours Extensograph

were higher than wheat flour which shows that fruit seeds
are rich in mineral content. PUSF and ASF have higher ash
content than other flours. It was observed that, SCSF had the
highest lipid content where the other seed flours studied had
approximate values for fat content. It was explained in the
meeting with the producer company that a lipid removal pro-
cess was applied in the production of PUSF and ASF [45].
Protein content was much higher in ASF, SCSF and PUSF
than POSF. However, high protein content of ASF and PUSF
could be due to the lipid removal process which applied only
in these two fruit seed flour production. In addition, it should
be noted that, SCSF had a high protein content although
there is no such process. Carbohydrate content was much
higher in POSF than the other seed flours tested. The rea-
son for that could be the cellulosic structure of POSF [45].
Wheat flour had much lower ash, protein and fat content
than all of the seed flours studied with a much higher carbo-
hydrate content. There were some differences in values of
proximate composition of seed flours with the results found
in the literature. Based on the literature, ASF was found to
have 2.31-2.76% ash content, 21.8-26.9% protein content,
40.2-52% lipid content, and 16.23-25.19% carbohydrate
content [2, 10, 46—48]. As for POSF, proximate composi-
tion was 1.70-3.21% ash, 5.5-18.80% protein, 2,8-19.20%
lipid, 73.1% carbohydrate [8, 22, 49, 50]. PUSF was found
to have 3.62-8.78% ash, 15.41-55.02% lipids, 25.56-55.02%
protein, 9.89-10.63% carbohydrate by various authors [5,
13, 51-53]. In case the proximate composition of SCSF, it
was determined to have 32.21-42.07% protein, 9.00-34.75%
lipid and 10.16-16.28% total carbohydrate by Celik et al.
[54]. There were some differences in values of proximate
composition of seed flours with the results found in the lit-
erature. It could be due to the presence of a lipid removal
process as mentioned earlier as well as the variety of fruits
used.
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Extensograph analysis gives information about the viscoe-
lastic behavior of dough measuring the extensibility and
resistance to extension. A combination of good resistance
and good extensibility results in desirable dough properties
[55]. The effects of fruit seed flour substitutions at differ-
ent levels on Extensograph characteristics of dough samples
throughout 135 min resting time was shown in Table 3.

It was determined that water absorption only decreased
(p<0.05) with 10% SCSF and 15% POSF substitution while
there was no difference with the ASF and PUSF substitu-
tions at all levels.

The addition of seed flour was effective in decreasing
energy, resistance to extension and extensibility at 45 min
resting time depending on the type and substitution level of
seed flour. Energy and resistance to extension at 45 min rest-
ing time increased with 5% SCSF and 5% POSF substitution.
PUSF substitution at increasing levels provided a decrease
in the energy. Although the addition of 5% PUSF shows
properties close to control flour in terms of energy and maxi-
mum resistance, it was found that PUSF substitution has
significantly decreased the extensibility at increasing substi-
tution levels. Extensibility also decreased with 10% and 15%
SCSF and POSF substitutions. 5% ASF substitution did not
cause any change in energy and extensibility, however, both
parameters have decreased with substitution at increasing
rates with a decrease in maximum resistance values.

No difference was observed between 5% SCSF substi-
tution and control flour at 90 min resting time. However,
with an increase in substitution level, the energy, maximum
resistance and extensibility decreased. The addition of POSF
induced an increase in energy at the substitution levels of 5%
and 10% while there was no statistically difference for the
15% POSF and control flour. When the maximum resistance
and extensibility compared with the control, an increase was



Valorization of fruit seed flours: rheological characteristics of composite dough and cake... 3121

Table 3 The effect of seed flour substitutions on Extensograph characteristics of wheat flour

ASF

WF

PUSF

WF

POSF

WF

WF SCSF

Substitution (%)

15

10

15

10

15

10

10

55.17+0.29" 54.83+£0.29" 56.53+0.46" 56+1.16% 55.174£0.29% 54.5+0.22° 56.53+0.46" 57.1+£0.46" 57.47+£0.4" 57.67+0.58" 56.53+£0.46" 56.67+1.16 57.17+1.16" 57.6+1.04"

56.17+0.29"

56.53+0.46"

g

£
n
<

+ 36.33+£0.58° 61.33+1.53% 62+7.21° 46.67+7.09" 43.67+3.21°

45+2.65"

76.33+5.13° 53.33+£4.51  47.33+£3.06* 61.33+1.53 71£0.29° 64.33+1.53" 58.67+2.08" 61.33+1.53" 57.67+1.16"

61.33+1.53"

45 min

34.33+3.06" 27.33+3.79

50+4.58"

45.33+1.53" 37.67+2.08° 56.33+0.58"

90 min 56.33+0.58* 59.67+£5.51°  55.33+6.66 4+3.61° 56.33+0.58  75.67+2.08" 70.33+2.52° 60.33+1.53* 56.33+0.58" 54.33+1.53"

Energy
(cm2)

50.33+5.03* 47.33+4.04* 36.67+£3.06" 57+3.61*  60.33+£3.06° 59.67+2.31° 48.33+2.52° 57+3.61* 50.33+2.52% 44.33+2.08" 34.33+1.53° 57+3.61° 41.33£0.58" 27.67+7.09° 22.33+6.03¢

57+3.61*

135 min

335+£6.56°

349.33+£6.66°

315.33+£8.08" 319+£6.56"  335.33+8.74" 367.67+8.5° 315.33+8.08" 372.67+6.43°

371£6.56°

392.33+5.86

315.33+£8.08" 377.33+6.35™

299.33+5.03*  297.33+7.02*

315.33+£8.08 344.67+10.02°

45 min

230+£19.7¢

238.67+12.06°

292.33+11.24°

340 +4°

360+6"

343+4.36"

361+3.61°

340+4°

422+8°

434.67+5.03%

449.33+8.62°

340+4°

3244529 303+5.29°

352.33+8.33%®

3404

90 min

Maximum

resistace

(BU)

213+£9.85¢

205.33+11.37°

343+8.89" 249 +4.58

353.67+7.09*

+ 408 +9.54° 343+£8.89°  371.33+9.02%  383.67+8.14°

424.67+6.43°

382:+4°

343+£8.89"

+ 271.67+6.66° 257.33+2.31¢

289.67 +4.73

343+8.89*

135 min

94.67 +3.06°

107+7.81%

122.33£9.5%®

+ 70.33+2.08¢  134.67£2.08°

92.33+1.53¢

134.67+£2.08°  117.33+£4.73°

110.67 +4.04"

117.33 +4.16"

133.67+5.69*

+ 117.33£9.29% 104+£6.56"  134.67+2.08"

136+8.89*

134.67+2.08*

45 min

87+2°

104.33£2.52°

1223

120.33+1.53*

75+2.65¢

91.33+0.58°

105.67 +1.53"

120.33+1.53*

103 £2¢

113.67£5.51°

124.33+5.03*

120.33+1.53*

101+5.57"

+ 129+10.54* 114.33+13.05%

120.33+1.53%

90 min

Extensibil-

ity

115.67 +1.53" 123+3.61*  12233+3.79"  102.33+6.66" 115.67+1.53* 112+5.29" 102.67 +2.52° 92.33+4.16°  115.67+1.53" 95.67+4.93" 89.33+4.04" 71.33+1.53°  115.67+1.53" 113.67+3.21% 102,33 +5.69° 83.67+7.37°

135 min

(mm)

Means followed by a different letter in each column are significantly different (p <0.05)

observed for maximum resistance while a decrease occurred
for extensibility. The PUSF substitution induced a decrease
in energy and extensibility. In terms of maximum resist-
ance, an increase was observed with the substitution levels
of 5% and 15%. In case of ASF substitution, a decrease in
energy, maximum resistance and extensibility was observed
at 90 min resting time.

Seed flours substitution had a large decreasing effect
on energy at 135 min resting time. Extensibility was also
decreased especially with PUSF substitution. Maximum
resistance values showed different trends with the substitu-
tion by different seed flours at increasing levels. While it
increased with PUSF and POSF substitution, the addition of
SCSF and ASF caused a decrease in maximum resistance.

In general, the reduction in energy values was at higher
level than that of wheat flour with increasing resting times.
SCSF and POSF at 10% and PUSF at all substitution lev-
els showed a similar variation over the resting period with
wheat flour.

Extensibility of dough made by wheat flour showed a
decrease as a result of extended resting times. Only a weak
trend towards reduced extensibility was noted over the rest-
ing period with PUSF substitution at 5% level. However,
larger doses did not cause any further change. POSF sub-
stitution induced a reduction at 135 min resting time at all
levels. In contrast, there was no any significant change in
extensibility with SCSF and ASF substitutions.

The effects of the substitutions over the resting period was
more pronounced in the differentiation of dough resistance
to extension. Wheat flour showed an increase at 90 min with-
out further change at 135 min resting time. The extension
of resting time from 45 to 90 min caused also a significant
increase with SCSF and POSF substitution, however, then
a decrease was observed at 135 min resting time. As for
that PUSF and ASF substitutions, a gradual decrease was
observed at extended resting times.

In summary, the highest change in energy and maximum
resistance for increasing resting times and at increasing sub-
stitution levels was observed with ASF which is the seed
flour having the highest protein and the lowest fat content
studied. PUSF did not show a large variation in energy and
extensibility during resting time and in maximum resistance
at increasing substitution levels compared to wheat flour.
POSF also did not cause a high level of change in energy
and extensibility at different substitution concentration prob-
ably due to having the lowest protein and the highest car-
bohydrate content among studied flours. This composition
enables it having a more similar composition to control flour
among the studied flours.

It was observed that, all of the seed flours used for the
substitution had an effect on dough rheology at a certain
extent. The PUSF and POSF substitution caused an increase
in maximum resistance while a decrease was observed with
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SCSF and ASF substitution. The substitution with all seed
flours used induced a reduction in extensibility. Bangur et al.
[56] indicated that Extensograph properties of dough are sig-
nificantly affected by polymeric protein structure. Accord-
ingly, the increase in maximum resistance with PUSF and
POSF substitution could be attributed to interaction between
proteins of seed flours and gluten of wheat flour.

There was limited study investigating the changes on
Extensograph parameters with the seed flours substitutions
used in this study. To our knowledge, the study of Shan-
shan [57] was the only study which determined the effect
of PUSF on Extensograph parameters. They found similar
results with this study at 5% and 10% levels of substitution
for Extensograph characteristics. Indrani et al. [S8] substi-
tuted wheat flour with fenugreek seed flour at the levels of
2.5,5.0 and 7.5%. They found that resistance to extension
showed an increasing trend up to 5% level while the exten-
sibility decreased with increasing substitution level. Tulya-
than et al. [59] found a poor extensibility and resistance to
extensibility for doughs supplemented with jackfruit seed
flour as compared to normal wheat dough. Ammar et al. [60]
substituted wheat flour with alhydwan seed flour and deter-
mined that extensibility and energy value of the dough were
highest in the absence of supplementation.

Mixolab

Mixing and pasting properties of wheat flour dough was
studied by Mixolab, which is comparably a new tool capable

of giving empirical rheological measurements of flour qual-
ity. The instrument allows analyzing the quality of the pro-
tein network and the starch behavior during heating and
cooling [61-63]. The effect of seed flour substitution on
Mixolab parameters was shown in Table 4. It was observed
that all seed flours used had a significant effect on water
absorption. There was a high correlation with water absorp-
tion values determined by Extensograph (r=0.82). SCSF,
ASF and POSF substitution caused a decrease at different
levels while PUSF had an increasing effect on water absorp-
tion at a slight level. The reduction in water absorption is
owing to lower content of starch and higher fat contents of
seed flours used as stated by Khalifa et al. [64]. The higher
water absorption observed with PUSF substitutions could be
due to presence of a fiber structure having a large number of
hydroxyl groups which enter into interactions with water via
hydrogen bonds [65]. The high reduction in water absorp-
tion was also apparent in Mixolab profile while there was no
change with PUSF substitution (Fig. 1).

Dough stability during mixing was positively affected by
seed flours substitution. In the course of mixing step, hydra-
tion takes place and dough stability is determined by the
interactions between polymeric compounds resulting from
disulfide-linked proteins, hydrogen bonding aggregates and
di-tyrosine bonds [55]. Murat Karaoglu [66] indicated that
use of oxidizing agents could increase the protein crosslink-
ing through SS bond formation leading a stronger dough,
whereas reducing agents cause a depolymerisation of gluten
by cleaving the SS bonds. The reason of stability increase
could be due to oxidizing agents in fat content of seed flours.

Table 4 The effect of seed flours substituted at different levels on Mixolab parameters

Sample  Amount of Water absorption (%)  Stability (min) C1 (Nm) C2 (Nm) C3 (Nm) C4 (Nm) C5 (Nm)
seed flour (%)
WE 58.07 +0.06* 2.78 +0.04 1.13+0.02* 0.37+0.02° 1.87+0.04* 1.77+0.06°® 2.68+0.05
SCSF 5 57.03+£0.06° 7.21£0.04° 1.14+0.01* 0.35+0.01* 1.78+0.03® 1.72+0.02*  2.94+0.04°
10 56.57+0.06° 8.47+0.06° 1.06£0.04> 035+0.02* 1.7120.02° 1.68+0.04* 3.03+0.06*
15 55+0.61° 8.1+0.02¢ 1.14+0.02* 0.39+0.01* 1.69+0.04° 1.61+0.04° 3.13+0.06°
WEF 58.07 +0.06* 2.78 +£0.04 1.13+£0.02* 0.37+0.02* 1.87+0.04 1.77+0.06° 2.68+0.05
POSF 5 56.97+0.06° 8.19+0.03° 1.11+£0.01* 0.48+0.01° 191+0.02° 1.85+0.04° 2.77+0.02°
10 55.77+0.25° 8.86 +0.05¢ 1.14+0.01* 0.54+0.02° 1.93+0.04° 1.88+0.08° 2.75+0.04
15 54.83+0.35¢ 8.77+0.05¢ 1.12+£0.02*  0.49+0.05° 1.68+0.05° 1.42+0.06®° 2.3+0.05°
WEF 58.07 +0.06* 2.78 +£0.04 1.13+0.02* 0.37+0.02° 1.87+0.04 1.77+0.06° 2.68+0.05
PUSF 5 58.43+0.12° 8.62+0.03° 1.1+£0.028  0.44+0.02° 277+0.03° 2.74+0.03> 3.69+0.12°
10 58.63+0.12 9.39+0.07° 1.13+0.05* 0.48+0.03 277+0.06° 2.65+0.03> 3.58+0.02°
15 58.93+0.21° 9.88+0.02¢ 1.1+£0.017  0.51+0.03° 272+0.04> 2.67+0.03> 3.54+0.03°
WE 58. 07 +0.06* 2.78 +£0.04% 1.13+£0.02* 0.37+0.02* 1.87+0.04* 1.77+0.06° 2.68+0.05
ASF 5 56.87+0.12° 5.32+0.08° 1.1+£0.02*  0.38+0.01* 1.83+0.03* 1.75+0.03* 2.84+0.03"
10 56.43+0.12° 4.22+0.03° 1.11+£0.02* 0.33+0.02° 1.78+0.03° 1.73+0.04° 2.82+0.08°
15 56.83+0.15¢ 4.16+0.05° 1.1+£0.03*  0.32+0.02° 1.60+0.07° 1.70+0.03* 2.56+0.06°

Means followed by a different letter in each column are significantly different (p <0.05)
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Fig. 1 The effect of seed flour A
substitutions on Mixolab Pro-

filer: A sour cherry seed flour,

B pomagranate seed flour, C

pumpkin seed flour, D apricot

seed flour

Amylase

Amylase

Seed flour substitutions did not affect the C1 (behav-
ior during mixing) which was expected due the variation
in the amount of water added to obtain a consistency of
1.1 £0.05 Nm. The increase in dough strength was also
clearly obtained at Mixolab Profiler (Fig. 1). Mixing index
highly increased with SCSF, POSF and PUSF and slightly
with ASF substitution. At the second stage, heating was
applied in Mixolab reaching 52-57 °C where starch started
to gelatinize, and the proteins underwent changes on their
quaternary, tertiary, and secondary structures due to protein
denaturation [67].

C2 was higher with POSF and PUSF substitutions indi-
cating an increasing effect of the seed flours on protein
network strength under increasing heating applied during
second stage. However, ASF caused a slight decrease while
no statistical change (p <0.05) was observed with SCSF
substitution. There was a high correlation between C2 and
maximum resistance values obtained at 90 min and 135 min
resting time with Extensograph (r=0.78, r=0.82). This
was a predictable result as resistance of dough to the exten-
sion could increase with higher protein network strength.
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However, gluten+ index decreased with SCSF, POSF and
PUSF while an increase observed with ASF substitution.
It is an indication of stability to heating in Mixolab profile
which is calculated using the drop between C1 and C2.

In the third step, heating is applied until reaching 70 °C
while dough remained under constant mixing, stopping
protein denaturation and starch gelatinization [67]. A slight
reduction in C3 level has only observed at 10% and 15%
SCSF, 15% ASF and 15% POSF while an increase was found
with 5% PUSF without further change for increasing lev-
els. It can be inferred that, SCSF, POSF and ASF substitu-
tion caused a retarding effect on gelatinization while PUSF
accelerated it. During the step between C2 and C3, starch
gelatinization tends to increase the dough viscosity, whereas
amylase degradation shows the opposite effect. The viscosity
index which summarizes the behavior between C2 and C3
showed a reduction with SCSF and POSF, a slight increase
with PUSF substitution and remained same with ASF sub-
stitution. It was inferred that SCSF and POSF caused amyl-
ase degradation which was supported by the result of fourth
stage. The fourth stage evaluated the enzymatic activity and
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Fig.2 The effect of seed flour A B
substitutions on cake volume 700 11.0 700 11.0
' 675 10.5 675 10.5
and baking loss: A sour cherry 650 : 650 :
seed flour, B pomagranate seed 5 233 10.0 = 23(5) 100
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heat stability of the starch gel, at temperatures above 80 °C
[67].

Based on the C4 values, heat stability and amylase activ-
ity decreased only with SCSF and POSF substitutions at
15% substitution level while there was no significant change
with ASF. A decrease in amylase activity was predictable
due to the dilution of wheat flour by the addition of seed
flours, leading to lower starch hydrolysis. In contrast, PUSF
caused an increase in C4 indicating an increase in amylase
activity and heat stability. According to Mixolab profile, a
high reduction was only observed with POSF addition at
15% level indicating a lower resistance to shear thinning. In
the last stage, dough was cooled to 58—60 °C.

CS5 value demonstrates the impact of cooling on dough
properties and is associated with starch retrogradation. It
was found that, POSF could have a retarding effect on retro-
gradation at 15% substitution level as it causes a decrease in
C5 value. ASF did not cause a large effect even at 15% sub-
stitution level. However, PUSF and SCSF caused an increase
in C5 value which can be linked to the acceleration of retro-
gradation. It is also visible in Mixolab Profile (Fig. 1).

In summary, the largest variation in Mixolab parameters
(stability, C1, C2, C3, C4 and C5) was observed with PUSF
substitution. ASF which is the seed flour having the highest
protein and the lowest fat content caused the lowest level of
change in stability, C4 and CS5. C1, C2 and C3 was affected

@ Springer

less by SCSF having the highest fat and the lowest carbo-
hydrate content among seed flours. Gluten+ index highly
changed with ASF, whereas PUSF did not cause a large dif-
ference compared to other seed flours. Viscosity was not
affected much by ASF compared to other seed flours while
POSF and SCSF played an important role in viscosity. PUSF
have the least and POSF gave the highest differentiation to
amylase index which is the seed flour having the highest
content of carbohydrate and the lowest protein.

The effect of seed flour on cake quality
Cake volume and baking loss

The volume of cakes is dependent on the capacity of the
batter to retain the air (incorporated during mixing) during
baking and on starch gelatinization temperature [68]. The
effect of seed flour substitution on cake volume and baking
loss was demonstrated in Fig. 2. There were no significant
changes on volume with SCSF, POSF and ASF substitutions
at all levels while PUSF caused a gradual decrease in cake
volume at increasing substitution level. It was also found
that, viscosity in Mixolab profiler only increased with PUSF
substitution. PUSF caused the largest variation in volume
and baking loss, it was also the seed flour having the highest
effect on Mixolab parameters. The decrease in cake volume
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Fig.3 The effect of seed flour A B
S}lbstltutlons on textural roper- 700 55 700 5
ties: A sour cherry seed flour, 675 675
B pomagranate seed flour, C 23(5) B 50 22(5’ 50
pumpkin seed flour, D apricot 600 Sl - 45 600 45
seed flour 575 | SEE 1-----3 575
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C D
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Hardness

by PUSF substitution could be explained by increase in vis-
cosity that obstructs air incorporation during mixing and not
expand sufficiently during baking [68, 69]. This reduction
could also be explained by the dilution of the wheat protein
interfering with optimal gluten network formation during
mixing [70, 71].

Cake volumes showed high negative correlation with
some Mixolab parameters. Water absorption negatively
affected cake volume with a high correlation (r=— 0.83).
It was observed previously that cake volume decreased due
to strong water binding properties [72, 73]. A high negative
correlation was found between C3 which indicates starch
gelatinization rate and cake volume (r=— 0.97). The high
starch gelatinization rate probably does not allow the air
bubbles to expand by the carbon dioxide gas and water vapor
properly during the change of batter from a fluid to a solid
structure resulting with a contraction of cake [69]. Moreover,
cake volume increased with lower C4 which indicates physi-
cal breakdown of gelatinized starch granules with a high
correlation factor (r=— 0.96), as well. The decreased rate
of starch retrogradation—C5 also gave cakes with higher
volume (p <0.05, r=— 0.81). These results were in agree-
ment with Kahraman et al. [41] and Khalifa et al. [64] who
reported that, making a good cake flour should have low
in C3, C4 and C5 values which indicate the importance of
the starch phase of used flour in making of cake. It could
be inferred that, these Mixolab parameters could be used
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to measure resulted cake quality which was also previously
suggested by Kahraman et al. [41].

The process of baking loss can be defined as the dam-
age occurred with gas escape during the baking process. It
has an important role on structural transformation of cake
and its shelf life [71, 74]. There were no significant changes
on baking loss with seed flour substitutions indicating they
did not cause any large structural transformations on cake
production.

Texture analysis

Hardness is an undesirable characteristic of cake products.
There were no significant differences between control cake
and cakes prepared with SCSF, PUSF and ASF substitutions
(Fig. 3). Cakes prepared with POSF substitution at 5% and
10% levels showed similar hardness values, however, sub-
stitution at 15% level gave softer cakes. It could be related
to its low protein and high carbohydrate content compared
to other seed flours. High positive correlation were found
for the hardness values with water absorption values deter-
mined by Extensograph and Mixolab which are r=0.75
and r=0.79, respectively. This was confirmed by [75] who
studies correlation between wheat quality and rheological
properties.

Lower elasticity values were obtained with SCSF, PUSF
and ASF substitutions at increasing levels, however, POSF
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Fig.4 The effect of seed flour
substitutions on sensorial
properties: A sour cherry seed
flour, B pomagranate seed flour,
C pumpkin seed flour, D apricot
seed flour
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substitution did not give different cakes in terms of elastic-
ity. A negative correlation was found between elasticity and
C5—starch retrogradation (r=— 0.71).

Sensory analysis

The purpose of this set of experiments was to investigate the
impact of seed flour substitutions on sensorial properties and
purchase intent of cake samples (Fig. 4).

According to sensorial results, 5% SCSF substitution had
similar scores with the control cake in all criteria, while
10% SCSF substitution had lower scores compared to con-
trol in terms of texture, overall acceptance and purchase
intent. In case of 15% SCSF substitution, cake samples had
lower scores for all sensorial properties and purchase intent
score was largely lower than control sample. However, it
was the seed flour revealing the lowest variation in crumb
color, crust color, texture and overall acceptance compared
to wheat flour. It could be due the distinctive aroma of sour
cherry seed oil. Yilmaz et al. [76] conducted a descriptive
sensory analysis on sour cherry seed oil and found its unsuit-
ability as it was resembled to cough syrup by panelists.

POSF substitution caused lower scores in terms of
crust and crumb color. The substitution at 10% level also
caused lower scores for taste, overall acceptance and pur-
chase intent. Regarding the substitution at the level of 15%,
panelists gave lower scores for texture, as well. Panelists
commented that, the sample has non-uniform crunchy struc-
tures causing a lower score for texture. The highest level of
substitution also caused very low purchase intent for cake
samples. It was the seed flour causing the highest variation
in crumb color, crust color, taste, overall acceptance and
purchase intent, however panelists gave the highest aroma
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score to POSF substituted cakes compared the ones with
other seed flours.

PUSEF substitution at the level of 5% had similar scores
compared to control sample except the texture. Overall
acceptance and purchase intent scores decreased at 10% sub-
stitution level. However, lower scores were given in terms
of all sensorial properties and purchase intent compared to
control. In addition, some panelists commented that they
perceive a rancid aroma at 15% PUSF substitution and it
caused the highest degree of change in aroma according to
sensorial results.

Regarding the ASF substitution, a gradual decrease was
observed in texture and purchase intent scores at increasing
substitution levels. It was the seed flour having the highest
effect on texture probably due to having the highest protein
content among seed flours. Substitution level at 10% also
caused lower scores for taste, aroma and overall acceptance.
Similar to other seed flour substitution, 15% level caused
lower scores for all sensorial properties and purchase intent.

It was observed that has high correlation with energy
(r=0.84) and extensibility parameter (r=0.90) measured
by Extensograph.

Conclusion

In conclusion, variations with seed flour substitutions were
determined on rheological properties to some extent. PUSF
caused changes in most of the rheological parameters while
SCSF substitution played a smaller role in rheological
change compared to other seed flours. It was possible to
produce cakes without large changes in sensorial properties
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and volume. It was also seen that softer cakes could be pro-
duced by POSF substitutions. Regarding the substitution
level, it was observed that, SCSF substitution at 5% level
could be used in functional cake production. POSF also
caused changes in quality parameters especially in texture
of cakes when it is used higher than 5% level. Based on the
quality and sensorial parameters, ASF could be used at 10%
substitution level. PUSF could also be used at the same level,
especially because of the rancid taste occurred when it is
used higher than 10% substitution level. As the seed flours
have higher protein, fiber and oil content with anti-oxidative
compounds, they might have important implications in the
fabrication of novel baked products with enhanced health
promoting effects.
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