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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° 19.4040.17° 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.

Ol pedle A IS dsed b aslie 53 KIS ladises
5 ol gladis p3 oy il Olge 5 SIS e
Slatisui g a3 il Al S wsl 4 o
il (b sl Sny sl o35 as 3 51 sl
0358 S et (e Olye a5 g pslae e

L oleiy 58 Osl KS w

cL.c -0

[1] Peighambardoust, S.H.; van der Goot, A.J.;
Boom, R.M.; Hamer, R.J. Mixing Behaviour

YYY

& S domi=t
5> s 553 03,8 Sl eslinal o 3ls 0L rash cpl il
Sy b b S s K8 OseVe
Ui oSS oot oS5 03,8 035330 350 ol on e
oS sls Gl 1 SIS b, 5 pals 1 0T ol el
5 Sl o ol el sk Ol 008 alae L st
035 038 wmen AS olg e SO0 Gl L
Ol PH candls osasee 035 Sl sl fus
gy OLS Gl Larls 5 RS A xS


http://dx.doi.org/10.22034/FSCT.19.128.315
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.26.1
https://fsct.modares.ac.ir/article-7-62498-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-29 ]

[ DOR: 20.1001.1.20088787.1401.19.128.26.1 ]

[ DOI: 10.22034/FSCT.19.128.315]

b s ol U5 03,5 D558

Q\)&MJ&WB

359, 129965,
doi:10.1016/j.foodchem.2021.129965.

[11] Karami, Z.; Peighambardoust, S.H.;
Hesari, J.; Akbari-Adergani, B.; Andreu, D.
Identification and Synthesis of
Multifunctional Peptides from Wheat Germ
Hydrolysate  Fractions  Obtained by
Proteinase = K  Digestion. J.  Food
Biochem.2019, 43, e12800,
doi:10.1111/jfbc.12800.

[12] Almaraz-Abarca, N.; Campos, M. da G.;
Avila—Reyes, J.A.; Naranjo-Jiménez, N.;
Herrera-Corral, J.; Gonzalez-Valdez, L.S.
Variability of Antioxidant Activity among
Honeybee-Collected Pollen of Different
Botanical Origin. Interciencia2004, 29, 574—
578.

[13] Ramadan, M.F.; Al-Ghamdi, A. Bioactive
Compounds and Health-Promoting
Properties of Royal Jelly: A Review. J.
Funct. Foods2012, 4, 39-52.

[14] Collazo, N.; Carpena, M.; Nuiiez-Estevez,
B.; Otero, P.; Simal-Gandara, J.; Pricto,
M.A. Health Promoting Properties of Bee
Royal Jelly: Food of the Queens.
Nutrients2021, 13, 543.

[15] Ma, C.; Ma, B.; Li, J.; Fang, Y. Changes
in Chemical Composition and Antioxidant
Activity of Royal Jelly Produced at Different
Floral Periods during Migratory Beekeeping.
Food Res. Int.2022, 155, 111091.

[16] Li, S.; Tao, L.; Yu, X.; Zheng, H.; Wu, J;
Hu, F. Royal lJelly Proteins and Their
Derived Peptides: Preparation, Properties,
and Biological Activities. J. Agric. Food
Chem.2021, 69, 14415-14427.

[17] Aylanc, V.; Tomas, A.; Russo-Almeida,
P.; Falcdo, S.I.; Vilas-Boas, M. Assessment
of Bioactive Compounds under Simulated
Gastrointestinal Digestion of Bee Pollen and
Bee Bread: Bioaccessibility and Antioxidant
Activity. Antioxidants2021, 10, 651.

[18] Sari¢, A.; Balog, T.; Sobocanec, S.;
Kusi¢, B.; Sverko, V.; Rusak, G.; Likié, S.;
Bubalo, D.; Pinto, B.; Reali, D. Antioxidant
Effects of Flavonoid from Croatian Cystus
Incanus L. Rich Bee Pollen. Food Chem.
Toxicol.2009, 47, 547-554.

[19] Zilié, S.; Vangetovi¢, J.; Jankovi¢, M.;
Maksimovi¢, V. Chemical Composition,
Bioactive Compounds, Antioxidant Capacity
and Stability of Floral Maize (Zea Mays L.)
Pollen. J. Funct. Foods2014, 10, 65-74.

[20] Nourmohammadi, E.; Peighambardoust,
H.; Ghaffari, A.O. Feasibility Study of Low-

Yve

of a Zero-Developed Dough Compared to a
Flour-Water Mixture. J. Cereal Sci.2006, 44,
doi:10.1016/j.jcs.2005.12.011.

[2] Nourmohammadi, E.; Peighambardoust,
S.H. New Concept in Reduced-Calorie
Sponge Cake Production by Xylitol and
Oligofructose. J. Food  Qual.2016,
doi:10.1111/jfq.12233.

[3] Banaee Aghdam, N.; Peighambardoust,
S.H.; Bodbodak, S.; Olad Ghafari, A.
Evaluation the Effect of Incorporating
Ajowan Powder (Carum Copticum) on
Quality Properties of Gluten-Free Cake. J.
food Sci. Technol.2021, 18, 85-98.

[4] van der Goot, A.J.J.; Peighambardoust,
S.H.H.; Akkermans, C.; Van Oosten-Manski,
J.M.M. Creating Novel Structures in Food
Materials: The Role of Well-Defined Shear
Flow. Food Biophys.2008, 3, 120-125,
doi:10.1007/s11483-008-9081-8.

[5] Peighambardoust, S.H.; van der Goot, A.J.;
Hamer, R.J.; Boom, R.M. A New Method to
Study Simple Shear Processing of Wheat
Gluten-Starch Mixtures. Cereal Chem.2004,
81, 714-721,
doi:10.1094/CCHEM.2004.81.6.714.

[6] Peighambardoust, S.H.; Hamer, R.J;
Boom, R.M.; van der Goot, A.J. Migration of
Gluten under Shear Flow as a Novel
Mechanism for Separating Wheat Flour into
Gluten and Starch. J. Cereal Sci.2008, 48,
327-338, doi:10.1016/j.jcs.2007.10.005.

[7] Alirezalu, K.; Pateiro, M.; Yaghoubi, M.;
Alirezalu, A.; Peighambardoust, S.H.;
Lorenzo, J.M. Phytochemical Constituents,
Advanced Extraction Technologies and
Techno-Functional Properties of Selected
Mediterranean Plants for Use in Meat
Products. A Comprehensive Review. Trends
Food Sci. Technol.2020, 100, 292-306,
doi:10.1016/j.tifs.2020.04.010.

[8] Peighambardoust, S.H.; Karami, Z.;
Pateiro, M.; Lorenzo, J.M. A Review on
Health-Promoting, Biological, and
Functional Aspects of Bioactive Peptides in
Food Applications. Biomolecules2021, 11,
631, do0i:10.3390/biom11050631.

[9] Thakur, M.; Nanda, V. Composition and
Functionality of Bee Pollen: A Review.
Trends Food Sci. Technol.2020, 98, 82—-106.

[10] Akbarbaglu, Z.; Peighambardoust, S.H.;
Sarabandi, K.; Jafari, S.M. Spray Drying
Encapsulation of Bioactive Compounds
within Protein-Based Carriers; Different
Options and Applications. Food Chem.2021,


http://dx.doi.org/10.22034/FSCT.19.128.315
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.26.1
https://fsct.modares.ac.ir/article-7-62498-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-29 ]

[ DOR: 20.1001.1.20088787.1401.19.128.26.1 ]

[ DOI: 10.22034/FSCT.19.128.315]

Ve jé“\‘\ a)jéc\Y/\ a)l.a..;

Ol gl mlo 5 p e o

[29] Ronda, F.; Gomez, M.; Blanco, C.A.;
Caballero, P.A. Effects of Polyols and
Nondigestible Oligosaccharides on the
Quality of Sugar-Free Sponge Cakes. Food
Chem.2005, 90, 549-555.

[30] Mashkour, M.; Azari, A.; Hashemi
Shahraki, M.; Raeisi, M.; Ebrahimi, M.
Effect of Green Tea Powder on
Physicochemical Properties and Glycemic
Potential of Sponge Cake. J. Food
Qual.2022, 2022.

[31] Soltanzadeh, M.; Peighambardoust, S.H.;
Ghanbarzadeh, B.; Amjadi, S.; Mohammadi,
M.; Lorenzo, J.M.; Hamishehkar, H. Active
Gelatin/Cress Seed Gum-Based Films
Reinforced with Chitosan Nanoparticles
Encapsulating Pomegranate Peel Extract:
Preparation and Characterization. Food
Hydrocoll.2022, 129, 107620,
doi:10.1016/j.foodhyd.2022.107620.

[32] Nazari, Z.; Ehtiati, A. Evaluation of the
Effect of Fat Replacer Gel on
Physicochemical and Rheological Properties
of Low-Calorie Cake Dough and Texture. J.
food Sci. Technol.2022, 19, 209-220.

[33] Beikzadeh, M.; Peighambardoust, S.H.;
Beikzadeh, S.; Homayouni-Rad, A. Effect of
Inulin, Oligofructose and Oligofructose-
Enriched Inulin on Physicochemical, Staling,
and Sensory Properties of Prebiotic Cake. J.
Agric. Sci. Technol.2017, 19.

[34] Golshan Tafti, A.; Peighambardoust,
S.H.; Hesari, J.; Bahrami, A.; Shakuoie
Bonab, E. Physico-Chemical and Functional
Properties of Spray-Dried Sourdough in
Breadmaking. Food Sci. Technol. Int.2013,
19, 271-278,
doi:10.1177%2F1082013212452415.

[35] Bustillos, M.A.; Jonchere, C.; Garnier, C.;
Réguerre, A.L.; Della Valle, G. Rheological
and Microstructural Characterization of
Batters and Sponge Cakes Fortified with Pea
Proteins. Food Hydrocoll.2020, 101, 105553.

[36] Anjos, O.; Fernandes, R.; Cardoso, S.M.;
Delgado, T.; Farinha, N.; Paula, V.
Estevinho, L.M.; Carpes, S.T. Bee Pollen as
a Natural Antioxidant Source to Prevent
Lipid Oxidation in Black Pudding.
LWT2019, 111, 869-875.

[37] Majzoobi, M.; Habibi, M.; Hedayati, S.;
Ghiasi, F.; Farahnaky, A. Effects of
Commercial Oat Fiber on Characteristics of
Batter and Sponge Cake. 2018.

[38] Peighambardoust, S.H.; Fallah, E.;
Hamer, R.J.; van der Goot, A.J. Aeration of

YYo

Calorie Cake Preparation with Erythritol and
Oligo-Fructose. Iran. J. Nutr. Sci. Food
Technol.2012, 7, 85-92.

[21] Raei, P.; Peighambardoust, S.H.;
Azadmard-Damirchi, S.; Ghaffari, A.O.
Effect of Replacement of Sucrose with Date
Syrup on the Quality Characteristics of
Sponge Cake. Iran. J. Nutr. Sci. Food
Technol.2016, 11, 87-94.

[22] Beikzadeh, S.; Peighambardoust, S.H.;
Beikzadeh, M.; Javar-Abadi, M.A.;
Homayouni-Rad, A. Effect of Psyllium Husk
on Physical, Nutritional, Sensory, and
Staling Properties of Dietary Prebiotic
Sponge Cake. Czech J. Food Sci.2016,
doi:10.17221/551/2015-CJFS.

[23] Nourmohammadi, E.; Peighambardoust,
S.H. A Comprehensive Study on the Effect
of Maltitol and Oligofructose as Alternative
Sweeteners in Sponge Cakes. Int. J. Food
Eng.2015, doi:10.1515/ijfe-2014-0289.

[24] SHAKOUIE, B.E.; Peighambardoust,
S.H.; AZADMARD, D.S.; Hesari, J.; Rafat,
S.A. Effects of Different Levels of Xylitol on
Physical and Sensory Characteristics of
Sugar-Free Cake. 2013.

[25] Beikzadeh, S.; Peighambardoust, S.H.;
Homayouni-Rad, A.; Beikzadeh, M. Effects
of Psyllium and Marve Seed Mucilages on
Physical, Sensory and Staling Properties of
Sponge Cake. J. Agric. Sci. Technol.2017,
19.

[26] Soltanzadeh, M.; Peighambardoust, S.H.;
Ghanbarzadeh, B.; Mohammadi, M.,
Lorenzo, J.M. Chitosan Nanoparticles as a
Promising Nanomaterial for Encapsulation of
Pomegranate (Punica Granatum L.) Peel
Extract as a Natural Source of Antioxidants.
Nanomaterials2021, 11, 1439,
doi:10.3390/nano11061439.

[27] Soltanzadeh, M.; Peighambardoust, S.H.;
Ghanbarzadeh, B.; Mohammadi, M.,
Lorenzo, J.M. Chitosan Nanoparticles
Encapsulating Lemongrass (Cymbopogon
Commutatus) Essential Oil:
Physicochemical, Structural, Antimicrobial
and in-Vitro Release Properties. Int. J. Biol.
Macromol.2021, 192, 1084-1097,
doi:10.1016/J.1IJBIOMAC.2021.10.070.

[28] Beikzadeh, S.; Peighambardoust, S.H.;
Beikzadeh, M.; Asghari Javar-abadi, M.
Effect of Psyllium Seed and Xanthan Gums
on Physical, Sensory and Staling Properties
of Sponge Cake. J. food Sci. Technol.2018,
15, 141-152.


http://dx.doi.org/10.22034/FSCT.19.128.315
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.26.1
https://fsct.modares.ac.ir/article-7-62498-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-29 ]

[ DOR: 20.1001.1.20088787.1401.19.128.26.1 ]

[ DOI: 10.22034/FSCT.19.128.315]

b s ol U5 03,5 D558

Q\)&MJ&WB

[44] Nottagh, S.; Hesari, J.; Peighambardoust,
S.H.; Rezaeci-Mokarram, R.; Jafarizadeh-
Malmiri, H. Effectiveness of Edible Coating
Based on Chitosan and Natamycin on
Biological, Physico-Chemical and
Organoleptic Attributes of Iranian Ultra-
Filtrated Cheese. Biologia (Bratisl).2020, 75,
605611, doi:https://doi.org/10.2478/s11756-
019-00378-w.

[45] Sarabandi, K.; Peighambardoust, S.H.;
Mahoonak, A.S.; Samaei, S.P. Effect of
Carrier Types and Compositions on the
Production Yield, Microstructure and
Physical Characteristics of Spray Dried Sour
Cherry Juice Concentrate. J. Food Meas.
Charact.2017, 11, 1602-1612,
doi:10.1007/s11694-017-9540-3.

[46] Foroutan, R.; Peighambardoust, S.J.;
Peighambardoust, S.H.;  Pateiro, M.;
Lorenzo, J.M. Adsorption of Crystal Violet
Dye Using Activated Carbon of Lemon
Wood and Activated Carbon/Fe304
Magnetic Nanocomposite from Aqueous
Solutions: A Kinetic, Equilibrium and
Thermodynamic Study. Mol. 2021, 26.

[47] Krystyjan, M.; Gumul, D.; Ziobro, R;
Korus, A. The Fortification of Biscuits with
Bee Pollen and Its Effect on
Physicochemical and Antioxidant Properties
in Biscuits. LWT-Food Sci. Technol.2015,
63, 640-646.

vl

Bread Dough Influenced by Different Way
of Processing. J. Cereal Sci.2010, 51, 89-95,
do0i:10.1016/j.jcs.2009.10.002.

[39] Das, A.B.; Bhattacharya, S.
Characterization of the Batter and Gluten-
Free Cake from Extruded Red Rice Flour.
LWT2019, 102, 197-204.

[40] Conte, P.; Del Caro, A.; Balestra, F.;
Piga, A.; Fadda, C. Bee Pollen as a
Functional Ingredient in Gluten-Free Bread:
A Physical-Chemical, Technological and
Sensory Approach. LWT2018, 90, 1-7.

[41] Sakooei-Vayghan, R.;
PeighFoambardoust, S.H.; Hesari, J;
Peressini, D. Effects of Osmotic Dehydration
(with and without Sonication) and Pectin-
Based Coating Pretreatments on Functional
Properties and Color of Hot-Air Dried
Apricot Cubes. Food Chem.2020, 311,
125978,
doi:10.1016/j.foodchem.2019.125978.

[42] Golshan Tafti, A.; Peighambardoust,
S.H.; Behnam, F,; Bahrami, A.;
Aghagholizadeh, R.; Ghamari, M.; Rafat,
S.A. Effects of Spray-Dried Sourdough on
Flour Characteristics and Rheological
Properties of Dough. Czech J. Food
Sci.2013, 31, 361-367.

[43] Aghamirzaei, M.; Peighambardoust, S.H.;
Azadmard-Damirchi, S.; Majzoobi, M.
Effects of Grape Seed Powder as a
Functional Ingredient on Flour
Physicochemical Characteristics and Dough
Rheological Properties. J. Agric. Sci.
Technol.2015, 17, 365-373.


http://dx.doi.org/10.22034/FSCT.19.128.315
https://dorl.net/dor/20.1001.1.20088787.1401.19.128.26.1
https://fsct.modares.ac.ir/article-7-62498-fa.html

[ Downloaded from fsct.modares.ac.ir on 2024-11-29 ]

[ DOR: 20.1001.1.20088787.1401.19.128.26.1 ]

[ DOI: 10.22034/FSCT.19.128.315]

JFST No. 128, Vol. 19, October 2022

ABSTRACT

Homepage:www.fsct.modares.ir

Journal of Food Science and Technology (Iran) »

L]

Scientific Research

Effect of incorporating bee pollen on batter physicochemical
properties and quality of functional gluten-free cake
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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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