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Investigation of cake production with the addition of lupin (Lupinus albus) flour

Termiye (Lupinus albus) unu ilavesi ile kek iiretiminin arastirilmasi
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Abstract

This study investigated the effects of lupin flour addition
on the physicochemical, textural, and sensory properties of
cakes. It was found that the protein content of cakes
increased from 6.13% to 17.50% with the addition of lupin
flour in specific proportions, while the color values of the
cake crust were also enhanced. The results indicated no
significant difference in both moisture and total oil content
of the cake samples with lupin flour addition; however, a
decrease in the volume and carbohydrate content of the
cakes was observed. Increasing the amount of lupin flour
led to a reduction in the textural properties of the cake
samples, such as springiness, cohesiveness, gumminess,
chewiness, and resilience, while the change in hardness was
found to be insignificant. Statistically significant changes
were also noted in the sensory attributes of the cakes,
particularly in taste, softness, and general acceptability.
Overall, it was concluded that the use of lupin flour in cake
production makes significant contributions to the
nutritional content of the cakes.
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1 Introduction

Lupin (Lupinus sp.) is a leguminous plant known for its
high protein and oil content, distinguishing it as a significant
genus within this plant family for its ability to thrive in
marginal lands where other legumes cannot grow [1, 2].

Lupin seeds have been utilized in human nutrition and
medicine for several millennia. However, over the past two
decades, lupin’s novel properties have been uncovered,
leading to its incorporation in various functional food
applications. What makes lupin valuable is its unique
combination proteins, oil with desirable omega-6 to omega-
3 ratios, oligosaccharides, antioxidants, fibers, and other
specific components inherent to this plant. The effects of
lupin components are associated with physiological
conditions in the human body, including diabetes,
hypertension, obesity, cardiovascular diseases, lipid
concentration, glycemia, appetite, insulin resistance, and
colorectal cancer. The seeds serve as alternatives to meat,
egg proteins, and sausages and are used in the production of
gluten-free flours, bacterial and fungal fermented products,
noodles, and pasta. Lupin seed are also cooked, roasted,
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Bu c¢aligmada termiye unu ilavesi ile tretilen keklerin
fizikokimyasal, tekstiirel ve duyusal 6zellikleri {izerine olan
etkileri arastirilmistir. Keklere belirli oranlarda ilave edilen
termiye unu ile keklerin protein miktarii %6,13’ten
%17,50’ye kadar artirdigi tespit edilirken, keklerin
ozellikle kabuk renk degerlerini de artirdig1 belirlenmistir.
Kek orneklerinin hem nem hem de toplam yag
miktarlarinin termiye unu ilavesi ile onemli bir fark
olmadig1 sonucunu ortaya ¢ikarirken, keklerin hacminde ve
karbonhidrat miktarlarinda azalmaya yol agtig1 tespit
edilmistir. Termiye unu ilavesi ile yapilan kek 6rneklerinin
artan termiye unu miktar ile kek orneklerinin tekstiirel
ozelliklerinden  esneklik, yapiskanlik, sakizimsilik,
¢ignenebilirlik ve direnglilikte azalmaya neden olurken,
keklerin sertligindeki degisiklik 6nemsiz bulunmustur.
Keklerin duyusal 0Ozellik parametrelerinden olan tat,
yumusaklik ve genel kabul edilebilirlik iizerine istatistiksel
olarak 6nemli degisiklikler oldugu tespit edilmistir. Genel
olarak kek yapiminda termiye unu kullanimimin keklerin
besin igerikleri iizerine 6nemli katkilar1 oldugu sonucuna
varilmigtir.

Anahtar kelimeler: Termiye unu, Fizikokimyasal,
Duyusal, Kek

ground, and mixed with cereal flours in various food
preparations [3].

Due to its benefits for human nutrition and health, the
consumption of lupin plants and seed-derived products as
food has increased in recent years [4]. Although lupin is
mostly consumed as a snack in some countries, it is used
globally in the production of snack foods such as biscuits,
cakes, and confectioneries [5].

Cake is the third most consumed baked good after bread
and biscuits, and due to its diverse methods of production
and formulations, it exists in many varieties. Generally, a
cake can be defined as a soft food product prepared from soft
wheat flour with 8-9% protein content, sugar, oil, eggs,
baking powder, water, milk, flavoring spices, nuts, and,
when necessary, certain additives, then baked according to
specific procedures [6-8]. The primary ingredients in cake
production are flour, eggs, sugar, oil, water, milk, baking
powder, surfactants, salt, and vanilla [6,9]. The quality of the
cake varies based on the characteristics of the components in
the formulation and the technological processes applied; the
guantities and functions of the raw materials significantly
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affect the quality of the final product and contribute to its
variety [6,9,10,11].

Cake batter is an emulsion of oil in water, where solid
ingredients are dispersed within the liquid phase. The
interactions of all the ingredients in the batter during mixing
and baking are crucial for the textural quality of the final
product, particularly for achieving a high cake volume,
characterized by the formation of numerous air cells within
the cake, a key quality parameter. During baking, the
increase in temperature induces starch gelatinization and
protein denaturation; the expansion of air cells is further
driven by the increased carbon dioxide production, resulting
in a porous, soft, and semi-solid structure of the cake [12,13].

In light of this information, no study has been found that
investigates the use of flour (powder) obtained from lupin,
whose bitterness has been removed through traditional
methods, and then dried, in varying proportions in cake
production. This research distinguishes itself from existing
literature by focusing on producing a cake that aligns with
consumption habits and examining the effects of process
parameters on the cake.

2 Materials and method

Lupins (Lupinus albus) were sourced from a local
producer in the Doganhisar district of Konya. To remove
bitterness, the lupins were soaked in water at 60-70°C for 90
minutes and then left in water at room temperature for 6 days.
During this soaking process to remove alkaloids, the water
was changed 4-5 times [14]. The de-bittered lupin seeds were
dried until they reached a moisture content of 14%. The
drying process was carried out using a tray dryer (Niive KD
200, Ankara, Turkey). The dried lupin seeds were ground
into flour using a countertop Kitchen grinder (Demsan,
Turkey). The flour was then sifted through a 60-80 mesh
sieve and stored in airtight containers in the refrigerator to
protect it from air and light for analyses and production.

AACC No: 10.90.01 method was followed for cake
production. In this method, the amount of wheat flour used
was replaced with lupin flour by 10, 15, 20 wt %. The
remaining processes were applied according to the

Table 1. Production quantities and ingredients of cakes

international method. The ingredients and quantities used in
cake production are given in Table 1.

2.1 Color analysis of cake

Color measurements for the lupin flour and cake samples
were performed using a Hunter Lab Color Quest 1l Minolta
CR-400 (Konica Minolta Sensing, Inc., Osaka, Japan) and
the results were expressed as L* value [(0) black-(100)
white], a* value [(+) red (-) green] and b* value [(+) yellow
(-) blue] [15].

2.2 Texture analysis

TPA (Texture Profile Analysis) was performed on the
cake samples 2 hours after baking (TA-XT Plus Texture
Analyzer, UK). SMS P/35 cylindrical apparatus was used in
the analysis and the test configuration was set as pre-test
speed 1 mm/s, test speed 2 mm/s, post-test speed 8 mm/s,
strain 10%, time 5 s, trigger force 0.049 N. In texture
analysis, hardness, springiness, cohesiveness, gumminess,
chewiness and resilience were measured. Cake samples were
cut into 38 x 38 x 21 mm (width x depth x height) and
texture analysis was performed [16].

2.3 Proximate analysis of cake

The moisture content of the samples was determined
according to AACC 44-19 at 135°C for 2.5 hours [17]. Ash
content analysis was determined according to AACC 08-01
by burning the organic compounds in the samples in a muffle
furnace at 550°C [17]. Protein content analysis of the
samples was performed by Kjeldahl method according to
AACC 46-12. Analyses were performed on dry matter basis
[17]. AACC 30-25 method was used for the determination of
total oil in cake [17]. In the analysis on dry matter basis, the
samples were extracted with hexane in an automatic oil
extraction device (Behr, Germany), the solvent was removed
and % crude oil was calculated from the amount of oil
obtained. Carbohydrate values of the samples were
calculated by the formula % CHO = 100 - (% moisture + %
protein + % oil + % ash) [18]. The volumes of the cake
samples were determined according to the principle of
rapeseed replacement and the results are given in mL [19].

Control Al A2 A3

Ingredients Quantity (g) % Quantity (g) % Quantity (g) % Quantity (g) %

Wheat flour 60 20 30 10 15 5 0 0
Lupin flour 0 0 30 10 45 15 60 20
Sugar 80 27 80 27 80 27 80 27
Egg 60 20 60 20 60 20 60 20
Margarin 60 20 60 20 60 20 60 20
Water 35 12 35 12 35 12 35 12

Baking powder 3 1 3 1 3 1 3 1

Salt 0.5 0 0.5 0 0.5 0 05 0
Total 298.5 100 298.5 100 298.5 100 298.5 100

Control: 0% Lupin flour. Al: 10% Lupin flour. A2: 15% Lupin flour. A3: 20% Lupin flour.
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2.4 Sensory analysis

The samples were subjected to sensory analysis by 12
people among the lecturers, master's and doctoral students at
Nigde Omer Halisdemir University, Faculty of Engineering,
Department of Food Engineering. The sensory evaluation
criteria for cake were appearance, taste, odor, softness,
chewiness, general acceptability. The evaluations were made
on a scale of 1-9 [20].

2.5 Statistical analysis

The data from three replicate experiments were analyzed
through analysis of variance (ANOVA) using Minitab
statistical software, version 18 (USA). The means of the
main sources of variation, which exhibited statistically
significant differences, were compared using the Tukey's test
[21].

3 Results and discussion

The color and proximate analysis results of the cake
samples are shown in Table 2 and Table 3, respectively.
Crust color values can be affected by non-enzymatic
reactions such as Maillard and caramelization [22]. Color
measurements were taken from two different regions of the
cake: the crust and the inner. The L* values of the cake crust
were found to range between 49.6 and 53.55. The addition of
lupin flour led to an increase in the L* values of the samples.
Additionally, both the a and b values rose with the inclusion
of lupin flour, and these changes were statistically significant
compared to the control sample. When examining the color
values of the inner parts of the cake samples, the L* value
was observed to vary between 54.57 and 62.64; however,
these changes were not statistically significant (p>0.05).
Conversely, the increases in a* and b* values resulting from
the addition of lupin flour were significant. Because the
fractions of refined wheat flour that contain colored
pigments were removed, the a* and b* color parameters were
lower compared to the samples containing lupin flour [23].

In a study in which cakes were produced with different
ratios of soy and lupin milk, it was reported that the color
values (L* and b*) of the cakes made with lupin were higher
than the color values of the cakes made with soy. [24]. When

Table 2. Color analysis of cake samples

the color of the cakes made with fermented lupin powder and
fermented soybean powder were examined, it was reported
that the L* values of the crusts of the cakes made with lupin
powder did not change. However, they stated that there was
a decrease in the b* values of the crust of the cake samples.
Crumb a* and b* values of FLP cake samples increased,
while no change was observed in L* value [25]. In another
study in which cakes were produced using lupin and
pumpkin powders, an increase in a* and b* color values as
well as darkness was observed in the crust and crumb regions
of the samples. This increase showed that the ingredients
added to the composition of the cakes affected the color
formation during baking and caused darker tones in the outer
and inner structure. [26].

These findings indicate that the powder has the potential
to darken the overall color of the flour and give it warmer
tones. In a study involving cakes prepared with fermented
lupin powder, the crust color measurements of the cake
samples showed L* values ranging from 47.97 to 49.24, a*
values from 11.97 to 12.22, and b* values from 23.12 to
25.40. For the inner color of these cakes, the L* values were
between 71.26 and 72.28, a* values ranged from -0.45 to -
0.72, and b* values ranged from 27.69 to 32.17 [25].

Table 3 displays the proximate analysis results of the
cake samples. In the analysis of lupin flour used as raw
material in cake making, total oil content was determined as
14.67+1.68% and total protein content was determined as
47.25+0.15%. According to the data, no statistically
significant differences were observed in the moisture and
total oil content across the samples. Although no statistically
significant difference was found among the results, the
reason for the increase in the total fat content of the cakes is
due to the higher fat content of lupin flour (14.67%)
compared to wheat flour. This led to an increase in the total
fat content as the amount of lupin flour in the formulation
increased. However, in ash analysis, the A1 sample had the
highest ash content (1.61%). The higher ash content of Al
may be due to the fact that at this ratio the mineral content of
the lupin flour blends more effectively with the overall
structure of the cake and the other ingredients.

Crust Inner
Samples > p b = - -
Control 49.60+3.56° 12.41+0.99° 27.46x2.06° 59.49+6.10% -0.64+0.38° 19.13+1.58°
Al 53.55+3.432 13.72+1.202 31.44+2.752 62.64+0.05% 1.15+0.03% 33.06+0.122
A2 51.1742.80% 14.97+0.25% 29.4243.23% 56.39+9.71° 2.59+0.822 32.16+6.20%
A3 51.85+1.96% 14.66+0.842 30.84+1.96% 54.57+1.122 2.34+0.56° 33.39+1.87%
Means labeled with different letters within the same column are statistically different from each other at the p<0.05 significance level.
Table 3. Proximate analysis results of cake samples
samples Moisture Ash Total Oil Volume Protein Carbohydrate
(%) (%) (%) (ml) (%) (%)
Control 11.23£1.872 1.02+0.01% 17.60+0.122 83.01+8.72% 6.13+0.13¢ 64.02+1.86%
Al 10.67+0.732 1.61+0.072 20.03+1.512 68.67+6.66™ 12.25+0.11° 55.44+1.07°
A2 8.69+0.90? 0.60+0.25°¢ 23.61+4.892 59.02+6.24° 14.88+0.08° 52.2242 .35
A3 11.99+2.528 1.23£0.24% 20.20+2.782 61.01+1.02° 17.50+0.12° 49.08+1.88°

Means labeled with different letters within the same column are statistically different from each other at the p<0.05 significance level.
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So, this mineral content may give different results at
lower or higher ratios. The low ash content in A2 can be
explained by the fact that the increased amount of flour did
not make the cake denser and homogenize the mineral
distribution or interact with other ash-forming components
in the cake. The cake samples’ volumes ranged from 59 to 83
ml, and the addition of lupin flour reduced the sample
volumes. The protein values of the cake samples ranged from
6.13% to 17.50%, and statistically significant increases in
protein content were observed with the addition of lupin
flour in cake production (p <0.05). The protein content of
lupin flour was determined to be 47.25% +0.15. As a result,
the use of lupin flour in different ratios increased the protein
content of the cakes. It was found that the addition of lupin
flour to the cake samples reduced the carbohydrate content
of the samples. In the literature, it was found that the
moisture content of the cakes made with fermented lupin
ranged between 25.80% and 26.42%, ash content between
1.56% and 1.66%, total oil content between 19.02% and
19.98%, and protein content of the samples ranged between
10.83% and 13.20% [25]. In the cake study conducted with
5%, 10%, and 15% lupin flour ratios, the moisture, protein,
ash, and oil contents were found to be in the ranges of 11.35-
11.54%, 13.73-16.28%, 0.55-0.85%, and 2.04-2.87%,
respectively. According to the protein, ash, and oil results, it
was determined that the proportions of these components
increased with the rising amount of lupin flour [27]. In
another study, the protein amounts of cakes made using 45-
60-75% split bean extruded flour were found to be between
8.94 and 10.28 [28]. As a result of the studies, it was
determined that the protein content of protein-enriched
brown rice cakes prepared using brown rice flour enriched
with different levels (10%, 20%, 30%) of Bombay locust
powder varied between 18.40% and 24.94% [29]. The
protein levels in cakes made from the commercial mix,
commercial mix supplemented with chia mucilage, new
control mix, and new mix with added chia mucilage were
found to be 7.74%, 7.24%, 7.56%, and 8.47%, respectively.
These findings suggest that the inclusion of chia mucilage
may influence the protein content of the cakes [30]. The
protein values of the cake enriched with moringa leaf powder
and ripe banana flour ranged between 6.57% and 8.81%,
while the protein content of the cake made with 100% wheat
flour was 5.79% [31]. The differences in total oil and
moisture content are likely due to the different formulations
used in cake making.

Texture characteristics are an important outcome for
consumer acceptance of baked food products [32]. The
textural characteristics of the specimens were presented in

Table 4. Texture properties of cake samples

Table 4. The addition of lupin flour did not have a
statistically significant effect on the hardness parameter.
However, significant differences were found in the results of
springiness, cohesiveness, gumminess, and chewiness. It
was determined that the addition of lupin flour reduced the
elasticity and stickiness properties of the cakes. In a study of
biscuits made with Ilupin powder, the hardness and
breakability of the biscuits increased with an increase in the
concentration of lupin flour by > 20% [33]. In another study,
cakes made with almond baru flour showed greater hardness
and chewiness, but reduced springiness and stickiness [34].
It was reported that the textural properties (hardness,
gumminess, and chewiness) of the cake samples made by
adding apple peel and apple peel pulp increased [35].
Pregelatinized sweet potato flour was produced using tumble
drying method and its effects on cake and frozen cake
properties were evaluated. The addition of pregelatinized
sweet potato flour to wheat flour increased the hardness of
the cakes [36].

The sensory analysis results of the cake samples are
given in Table 5. According to the sensory analysis results,
there was no statistically significant difference in the
parameters of appearance, odor, and chewiness (p>0.05).
However, decreases in taste and softness parameters were
observed inversely proportional to the increased addition of
lupin flour. The most preferred cake samples were Al and
A2, following the control sample. In a study on making
biscuits from lupin powder, the results of sensory evaluation
revealed that there was an improvement in color with the
substitution of lupin flour, while taste, flavor, texture and
general acceptability did not change significantly up to 20%
substitution [33]. In a similar study, cake enriched with
different levels of lupin flour showed no significant
difference in taste, odor and overall acceptability compared
to unenriched cake (control) [27]. Another study reported
that incorporating fermented lupin powder at levels above
20% led to a reduction in the overall acceptability scores of
the cakes [25]. Lupin cake samples were shown in Figure 1.
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\
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o
et kek: Y
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Figure 1. Lupin cake samples, left to right; control, Al, A2
and A3

Samples Hardness (g) Springiness Cohesiveness Gumminess Chewiness Resilience
Control 409.8+67.5° 0.88+0.03° 0.63+0.06° 257.1£17.2% 226.8+£18% 0.21+0.022
Al 343.3+69.3% 0.81+0.03%® 0.56+0.01% 191+42.4%® 154.8+372® 0.21+0.01°
A2 426.6+73.2° 0.73+0.03" 0.46+0.03° 195.6+29.4% 142.5+15.97 0.19+0.01°
A3 355+20.4% 0.69+0.05° 0.22+0.1° 88.6+70.2° 60.7+45.7¢ 0.110.03°

Means labeled with different letters within the same column are statistically different from each other at the p<0.05 significance level.
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Table 5.The results of sensory properties of cake samples

Samples Appearance Taste Odor Softness Chewiness General Acceptability
Control 7.75+1.06* 7.67+1.44% 7.17+2.08° 7.58+1.24% 7.33£1.302 7.58+1.51°

Al 6.58+1.93¢ 6.42:1.62% 6.5+1.24 6.92+1.44%® 6.92+1.56 6.58+1.68®

A2 6.17£1.8 6.08+1.62% 6.0+1.48° 5.67+1.83% 6.75+1.49% 6.75+1.36%®

A3 6.17+1.34% 5.17£1.85° 5.83+1.75° 5.00+1.86° 5.75+1.492 5.75+1.22°

Means labeled with different letters within the same column are statistically different from each other at the p<0.05 significance level.

4 Conclusion

In this study, lupin flour was investigated as a potential
ingredient in cake production, focusing on its impact on
various physicochemical and sensory attributes. The
proximate analysis revealed that lupin flour significantly
increased the protein content of the cakes, confirming its
potential as a protein-enhancing ingredient. In the analysis of
the cake samples, an increase in L*, a*, and b* values was
observed in the crust, while no change was detected in the
L* value of the inner. However, statistically significant
increases were found in the a* and b* values of the inner.
Additionally, although no significant differences were found
in moisture and total oil content among the samples, the
inclusion of lupin flour significantly decreased the volume
of the cakes. It was concluded that there was an inverse
proportion between the amount of carbohydrate and the
amount of lupin flour added to the cake samples. According
to the texture analysis results of the cakes, decreases were
observed in springiness, cohesiveness, gumminess,
chewiness and resilience parameters. However, no change
was detected in the hardness value of the cakes. Sensory
evaluation highlighted improvements in taste and softness
parameters with increasing lupin flour content, although
appearance, odor, and chewiness remained unchanged. In
conclusion, the incorporation of lupin flour in cake
formulations presents an opportunity to boost protein content
and modify texture properties, while influencing color
attributes to varying extents.
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