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Table 1 Chemical composition of bee’s pollen and corn starch used

Corn starch Bee’s pollen Composition
11.50£0.10 16.54 +0.10 Moisture (%)
0.13+0.00 4.68£0.15 Ash (%)
0.32+£0.03 11.23£0.18 Fat (%)

0.65 +0.05 31.62+0.16 Protein (%)
87.40 = 0.50 35.93 +0.20 Carbohydrate (%)
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Table 2 Gluten-free cake formulation (values are presented in g)

W Control 3% 6% 9% 12% 15%
Compositio

Corn starch 100 100 100 100 100 100
Bee’s pollen 0 3 6 9 12 15
Vegetable oil 57 57 57 57 57 57
Icing sugar 85 85 85 85 85 &5
Vanilla powder 1 1 1 1 1 1
Baking powder 1.35 1.35 1.35 1.35 1.35 1.35
Milk powder 4 4 4 4 4 4

Water 25.0 25.75 26.5 27.25 28.0 28.75

Egg 74 74 74 74 74 74

Guar gum 0.6 0.6 0.6 0.6 0.6 0.6
Xanthan gum 0.3 0.3 0.3 0.3 0.3 0.3
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1. Moisture content (MC)
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2. Browning index (BI)
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Table 3 Cake batter properties as function of different percentages of bee’s pollen (BP)
atter properties

H Specific weight Batter Batter density
p (g/2) consistency (g/s) (g/mL)

Treatments
6.74+0.02° 1.0620.001" 0.44+0.02" 1.03+0.08" Control
6.52+0.03° 1.07+0.001° 0.45+0.04* 1.03+0.04° 3%
6.43+0.02° 1.08+0.001¢ 0.46+0.03* 1.05+0.06° 6%
6.36+0.05° 1.09+0.004° 0.46+0.02* 1.05+0.07° 9%
6.32+0.01° 1.104+0.003° 0.48+0.04* 1.07+0.08* 12%
6.29+0.03" 1.11+0.001° 0.48+0.03* 1.07+0.05° 15%

* Data are mean of triplicate measurements. Different letters in each column represent significant differences
between means at p<0.05.
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Fig 2 Variation of cake specific volume as function
of different levels of bee pollen addition. Data are
mean of triplicate measurements. Error bars
indicate SD values and different alphabetical letters
show significant (p < 0.05) differences between
means.
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Fig 3 Effect of incorporating different levels of bee
pollen addition on cakes’ crust browning index.
Data are mean of triplicate measurements. Error

bars indicate SD values and different alphabetical
letters show significant (p < 0.05) differences
between means.
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Fig 1 Variation of cake volume as function of
different levels of bee pollen addition. Data are
mean of triplicate measurements. Error bars
indicate SD values and different alphabetical letters
show significant (p < 0.05) differences between
means.
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Fig 4 The effect of different amounts of bee pollen
powder on sensory evaluation of gluten-free cakes.
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Table 4 Sensory evaluation scores of cakes containing different amounts of bee pollen powder.

Sensory parameters

Treatments Form and Crumb Porosity Crust Chewability Taste and Overau.
shape softness color aroma acceptability

Control  4.7%+0.48* 3.6+0.96°  5.0£0.00°  5.0+40.00°  3.6+0.51°  4.7+0.48"  4.5+0.20"
3% 5.0£0.00° 3.7+0.82°  5.0+0.00°  5.0£0.00°  3.7+0.48°  4.5+0.52°  4.8+0.20°

6% 4.7+0.48°  43+0.67°  4.7+0.48"  4.1+0.31°  4.8+0.42°  4.7+0.48"  4.9+0.10°

9% 4.5+0.70°  43+0.67°  4.5+0.52°  3.140.56° = 4.6£0.51*  4.6+0.69°  4.9+0.10"
12% 4.0+£0.66°  4.0+0.05®  3.9+0.73°  2.8+0.63°  3.1+0.19°  2.8+0.13°  3.1+0.13°
15% 4.0+0.66°  4.5+0.84° 3.8+0.78"  2.3+0.94  3.1+0.19°  2.6+0.17°  2.5+0.17°

*Data are mean+standard deviations (n=3). Different alphabetical letters in each column represent significant (p
< 0.05) difference between means.
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Fig 5 Microstructure analysis of cake a) raw image,
b) 8-bit image, c¢) binary image, and d) cells are
counted.
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Table 5 Effect of different percentages of bee pollen powder on porosity, air bubbles number and size
in gluten-free cake.

Number of cells per Cm’ Average area of cells (Cm®)  Air bubbles number Porosity (%) Treatments
9.27+£1.6° 5.06+2.0° 985+165.0° 20.30%£1.9° Control
11.29+£3.2% 10.33+8.6" 849.66+212.0° 25.42+7.0° 3%
11.26+£3.4° 9.95+6.6" 830+206.4" 25.70+1.7% 6%

11.47£2.12° 9.73+3.1° 812.66+131.5° 26.51x1.6" 9%
12.15+4.3% 14.17+11.5% 813.33+263.9° 30.77+1.8° 12%
12.85+4.7% 14.66+:10.4° 786:+249.2° 30.61+1.4° 15%

* Data are meantstandard deviations (n=3). Different alphabetical letters in each column represent significant (p
< 0.05) difference between means.
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Table 6 Effect of different percentages of bee pollen powder on chemical properties of gluten-free

cakes.
Ay Ash (%) Moisture (%)
0.78+0.01° 0.53+0.03° 18.26%+0.149 Control
0.77+£0.01° 0.58+0.02¢ 18.46+0.12¢ 3%
0.77+0.01° 0.66+0.03° 19.40+0.17° 6%
0.76+0.01° 0.68+0.02° 20.80+0.15° 9%
0.76+0.01° 0.73+0.01° 21.66+0.16° 12%
0.76+0.01° 0.80+0.03° 22.43£0.13" 15%

* Data are mean+standard deviations (n=3). Different alphabetical letters in each column represent significant (p
< 0.05) difference between means.
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Effect of incorporating bee pollen on batter physicochemical
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ABSTRACT

ARTICLE INFO

In this study, bee pollen at different levels (3, 6, 9, 12 and 15%) was
added to the gluten-free cake containing corn starch and the samples
were evaluated in terms of physiochemical and technological properties.
The results showed that the addition of bee pollen had no significant
effect on the consistency of the batter (p <0.05). However, it reduced the
pH and increased the density and specific gravity of the batter. Cake
volume was increased from 104.7 mL in the control to 112.3 mL in 6%
pollen sample and then decreased significantly (p<0.05). A similar trend
was observed for specific volume. The height of cake loaf was 5.3 cm in
control that was decreased to 4.7 cm in 15% pollen cake. Incorporating
bee pollen reduced baking loss,so the sample with 15% pollen had the
lowest baking loss. Moreover, adding pollen to the gluten-free cake was
associated with an increase in moisture, ash and browning index values
and a decrease in its water activity. The porosity and microstructure
analysis showed that addition of bee pollen increased cake porosity
(from 20.3 to 30.8%) and the average cell area of the samples (from 5.1
to 14.7 per cm2) in comparison with control sample. In addition,
sensory analysis showed that cakes containing 6 and 9% pollen had the
highest overall acceptance compared to other samples. Therefore,
medium levels of bee pollen can be used to produce functional gluten-
free cakes with desirable sensory and technological characteristics.
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