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1. Thiobarbituric acid reactive substances (TBARS)
2. 2.2,2-diphenyl-1-picrylhydrazyl
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Table 1 Chemical composition of honey bee
pollen and corn starch used

Corn starch Bee pollen Compounds

11.50 + 0.07 16.54+0.06 Moisture

0.13 +£0.001 4.68 +0.13 Ash

0.32 +0.03 11.23 +0.13 Fat

0.65 +0.05 31.62+ 0.13 Protein

87.40+ 3.52 35.93+1.25 Carbohydrates
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3. Baking powder

4. Vanilla powder

5. Xantan gum

6. Rhodia food france
7. Guar gum
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| Collected |
Bee

Pollen

Fig 1 Stages of bee pollen collection by honey
bees: (1) Honeybee, (2) Flower with pollen, (3)
Honeybee covered with microscopic pollen, (4)
Honeybee carrying pollen pellet in her hind legs,
(5) Honeybee ready to carry pollen pellet, (6) Hind-
legs with pollen pellet, (7) Pollen trap at hive
entrance, (8) Trap-tray for bee pollen collection,
and (9) Collected bee pollen (courtesy:[6])
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Table 2 Formulation of gluten-free cakes (all values are in grams)

Compositions of Control Bee pollen  Bee pollen Bee pollen  Bee pollen Bee pollen
treatments 3% 6% 9% 12% 15%
Corn starch 100 100 100 100 100 100
Bee pollen - 3 6 9 12 15
Liquid oil 57 57 57 57 57 57
Sugar powder 85 85 85 85 &5 85
vanilla 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 25.75 26.5 27.25 28 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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Fig 3 Effect of incorporating different percentages
of bee pollen on cake crumb firmness upon
different storage days at ambient temperature.Data
are mean of triplicate measurements. Error bars
indicate SD values. Upper case and lower case

different alphabetical letters show significant
(p < 0.05) differences between means as function
of storage days and pollen level incorporation,
respectively
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8. Retrogradation
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Fig 5 Effect of incorporating different percentages
of bee pollen on LAB color attributes of cakes.
Data are mean of triplicate measurements. Error
bars indicate SD values. Different alphabetical
letters show significant (p < 0.05) differences
between means
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Fige 4 Effect of incorporating different percentages
of bee pollen cake crumb firmness upon storage
days at fridge temperature (4 °C). Data are mean of
triplicate measurements. Error bars indicate SD
values. Upper case and lower case different
alphabetical letters show significant (p < 0.05)
differences between means as function of storage
days and pollen level incorporation, respectively
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of gluten-free cakes. Data are mean of triplicate
measurements. Error bars indicate SD values.
Different alphabetical letters show significant

(p < 0.05) differences between means
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Fig 8 Effect of incorporating different percentages
of bee pollen on flavonoids content of gluten-free
cakes. Data are mean of triplicate measurements.
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Table 3 Effect of different percentages of bee pollen on mold apperance during storage days at fridge
temperature (4°C)

Treatments Day7 Dayl4 Day21

Day28

Day35 Day42 Day49

Control -* - +
3% - - -

6% - - -

9% - - -
12% - - -

15% - - -

+ + + +
- - + +
- - - +
- - - +

* —:nomold; +: mold appeared

Cgad 45 b S amd Ol 0 S 55l 55 ) (S5
Cger Jldis e Olge & s ysds 008 Ao N sl
JP‘)’L a@ slexe! u;.:‘)ﬁ\ C,&Lv S J».ul.v& &:5 “ OJ}J‘,}\

@\LA—O

[1] Sharma, R.; Rashidinejad, A.; Jafari, S.M.
Application of Spray Dried Encapsulated
Probiotics in Functional Food Formulations.
Food Bioprocess Technol.2022, 1-20.

[2] 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, doi:10.3390/biom11050631.

[3] Karami, Z.; Peighambardoust, S.H.;
Hesari, J.; Akbari-Adergani, B.; Andreu, D.
Antioxidant, Anticancer and ACE-Inhibitory
Activities of Bioactive Peptides from Wheat
Germ  Protein  Hydrolysates. Food
Biosci.2019, 32, 100450,
doi:10.1016/j.1bi0.2019.100450.

[4] Difonzo, G.; de Gennaro, G.; Pasqualone,
A.; Caponio, F. Potential Use of
Plant - based By-products and Waste to
Improve the Quality of Gluten - free Foods.
J. Sci. Food Agric.2022, 102, 2199-2211.

[5] Peighambardoust, S.H.; Homayouni Rad,
A.; Beikzadeh, S.; Asghari Jafar-abadi, M.
Effect of Basil Seed Mucilage on Physical,
Sensory and Staling Properties of Sponge
Cake. Iran. J. Biosyst. Eng.2016, 47, 1-9.

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

[7] Morais, M.; Moreira, L.; Feas, X,
Estevinho, L.M. Honeybee-Collected Pollen
from Five Portuguese Natural Parks:
Palynological Origin, Phenolic Content,

YA+

S o=t
s JS 038 030 K Lsls Ol e ool mls
S Jgb DS 5 (gl (S 05y SIS S5 s
JpamedS gD OS5 Jlie 5 3T GladSsl, Sl
sl 5 G5 ol 2y Lsy w0 aS L L1
S b o ol e el
35 ol o SIS 8Ll b s S e
SS 3 S2y KS Sl 5o ar s BB b Jes 5555
el CoS 3 Obled (IS YY Sy L3 s 20 b e
I dn dpame kil o LSS g5l Gl
sy 53 K 08 V) slags, 55 & Sesll
Olgee L2alS U o (slos sl pl oS Jlmys Col il 58l
6 dpame 53 Jososis 03,8 ) s ol pes i
ORIPl s dpamae Al o, A 4 e 65 e «
33 Al sl 03 S 03l S Gl S W as Ol Ss
5 @) 38 Gl il g il 5 L) sy, el
Slekd e Jos 35 038 s> 3 S (D)l
T 53 Jpame Ghespal s Gla (Shy ol e
Sl oy b S 02,8107 clals s S50 60 S il
5353 ol il oen 4 glle s SlilesT sl s
03,8 Aoy3 V0 0338l Oljme 4l Il 25 i s 5,50
@bl @, mis 53 Jpame W5 lp (SS 0
il 03 IS o3 803 V0 4sed oS 3 350 3,
e edid @l Sndy 2)se 0d8 Slaasie oy o
S el 8 55 olml LSS 55 G5 o ab
I S Y e Ta NPT
05,8 Aoy 4\ slachls culs VU Bl eass
Slogpar ) St HU i ol ol 3 05 s

5o SB S5y 4o Lol aldllS S



Ve 3TN 6y AT oslad

Ol 2l mlo 5 p e o

D. Properties of Dried Apricots Pretreated by
Ultrasound-Assisted Osmotic Dehydration
and Application of Active Coatings. Food

Technol. Biotechnol.2020, 58,
doi:10.17113/£tb.58.03.20.6471.
[18].Ravash, N.; Peighambardoust, S.H.;

Soltanzadeh, M.; Pateiro, M.; Lorenzo, J.M.
Impact of High-Pressure Treatment on
Casein Micelles, Whey Proteins, Fat
Globules and Enzymes Activity in Dairy
Products: A Review. Crit. Rev. Food Sci.
Nutr. 2022, 62, 2888-2908.

[19] Wronkowska, M.; Zielinska, D.; Szawara-
Nowak, D.; Troszynska, A.;
Soral - Smietana, M. Antioxidative and
Reducing Capacity, Macroelements Content
and Sensorial Properties of Buckwheat-
enhanced Gluten - free Bread. Int. J. Food
Sci. Technol.2010, 45, 1993-2000.

[20] 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.

[21] 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.

[22] Soltanzadeh, M.; Peighambardoust, S.H.;
Gullon, P.; Hesari, J.; Gullon, B.; Alirezalu,
K.; Lorenzo, J. Quality Aspects and Safety of
Pulsed Electric Field (PEF) Processing on
Dairy Products: A Comprehensive Review.
Food Rev. Int.2020, 1-22,
doi:10.1080/87559129.2020.1849273.

[23] 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.1JBIOMAC.2021.10.070.

[24] Beikzadeh, M.; Peighambardoust, S.H.;
Beikzadeh, S.; Homayouni-Rad, A. Effect of

YAN

Antioxidant Properties and Antimicrobial
Activity. Food Chem. Toxicol.2011, 49,
1096-1101.

[8] Kroyer, G.; Hegedus, N. Evaluation of
Bioactive Properties of Pollen Extracts as
Functional Dietary Food Supplement. Innov.
Food Sci. Emerg. Technol.2001, 2, 171-174.

[9] 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.

[10] 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.

[11] Almeida-Muradian, L.B.; Pamplona,
L.C.; Coimbra, S.; Barth, O.M. Chemical
Composition and Botanical Evaluation of
Dried Bee Pollen Pellets. J. food Compos.
Anal.2005, 18, 105-111.

[12] 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, 11, doi:10.1515/ijfe-2014-0289.

[13] Peighambardoust, S.H.; van Brenk, S.;
van der Goot, A.J.; Hamer, R.J.; Boom, R.M.
Dough Processing in a Couette-Type Device
with Varying Eccentricity: Effect on
Glutenin Macro-Polymer Properties and
Dough Micro-Structure. J. Cereal Sci.2007,
45, 34-48, d0i:10.1016/j.jcs.2006.05.009.

[14] Peighambardoust, S.H.; van der Goot,
AlJ.; Boom, R.M.; Hamer, R.J. Mixing
Behaviour of a Zero-Developed Dough
Compared to a Flour-Water Mixture. J.
Cereal Sci1.2006, 44,
doi:10.1016/j.jcs.2005.12.011.

[15] van der Goot, A.l.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.

[16] 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.

[17] Sakooei-Vayghan, R.; Peighambardoust,
S.H.; Hesari, J.; Soltanzadeh, M.; Peressini,



...kﬁjbﬁé)}]@?ﬁbéﬁjl s

Q\)K\MJ&WU

01.055.

[30] Ulusoy, E.; Kolayli, S. Phenolic
Composition and Antioxidant Properties of
Anzer Bee Pollen. J. Food Biochem.2014,
38, 73-82,
doi:https://doi.org/10.1111/jfbc.12027.

[31] Jannesar, M.; Shoushtari, M.S.; Majd, A.;
Pourpak, Z. Bee Pollen Flavonoids as a
Therapeutic  Agent in Allergic and
Immunological Disorders. Iran. J. Allergy,
Asthma Immunol.2017, 171-182.

[32] 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.

[33] Peighambardoust, S.H.; Beigmohammadi,
F.; Peighambardoust, S.J. Application of
Organoclay Nanoparticle in Low-Density
Polyethylene Films for Packaging of UF
Cheese. Packag. Technol. Sci.2016, 29, 355—
363, doi:10.1002/pts.2212.

[34] 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.

[35] 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.

YAY

Inulin, Oligofructose and Oligofructose-
Enriched Inulin on Physicochemical, Staling,
and Sensory Properties of Prebiotic Cake. J.
Agric. Sci. Technol.2017, 19.

[25] Nourmohammadi, E.; Peighambardoust,
S.H. New Concept in Reduced-Calorie
Sponge Cake Production by Xylitol and
Oligofructose. J. Food Qual.2016, 39, 627—
633, doi:10.1111/jfq.12233.

[26] Panahirad, S.; Dadpour, M,;
Peighambardoust, S.H.; Soltanzadeh, M.;
Gullon, B.; Alirezalu, K.; Lorenzo, J.M.
Applications of Carboxymethyl Cellulose-
and Pectin-Based Active Edible Coatings in
Preservation of Fruits and Vegetables: A
Review. Trends Food Sci. Technol.2021,
110, 663-673,
doi:https://doi.org/10.1016/.tifs.2021.02.025

[27] 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.

[28] 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.

[29] LeBlanc, B.W.; Davis, O.K.; Boue, S.;
DeLucca, A.; Deeby, T. Antioxidant Activity
of Sonoran Desert Bee Pollen. Food
Chem.2009, 115, 1299-1305,
doi:https://doi.org/10.1016/j.foodchem.2009.



JEST No. 130, Vol. 19, December 2022

ABSTRACT

Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

Scientific Research

Evaluating the effect of honey bee pollen incorporation on
bioactive compounds, antioxidant properties and shelf life of

gluten-free cake

Jalili, F. ', Peighambardoust, S. H. ', Bodbodak, S. %, Olad Ghaffari, A. *

1. Department of Food Science, College of Agriculture, University of Tabriz, Tabriz, Iran.
2. Department of Food Science and Technology, Ahar Faculty of Agriculture, University of Tabriz, Ahar, Iran.
3. Food and Agriculture Research Institute, Standard Research Institute, Tabriz, Iran.

ARTICLE INFO

ABSTRACT

Article History:

Received 2022/ 07/ 18
Accepted 2022/ 10/ 16

Keywords:

Firmness,

Phenolic compounds,
Flavonoids,

Inhibition of free radicals,
Flower pollen.

10.22034/FSCT.19.130.371
DOR: 20.1001.1.20088787.1401.19.130.28.7

*Corresponding Author E-Mail:
peighambardoust@tabrizu.ac.ir

Today, bee pollen has been generally considered as a health-promoting
ingredient, which is rich in nutrients withdesirable antioxidant properties.
Gluten-free (GF) cake is consumed bypaitents with gluten intolerance
symptoms. In this study, the effect of adding different amounts of pollen (0, 3,
6,9, 12 and 15% w/v) to the formulation of gluten-free cake on the qualitative
characteristics, bioactive compounds, and shelf-life of the GF cake was
studies. The experiment was conducted as a factorial in a completely
randomized design with three replications. Analysis of variance and
comparison of means were performed by ANOVA and Duncan's test,
respectively at the probability level of 5%. The results showed that by
increasing the percentage of bee pollen, the amount of phenolic compounds,
flavonoids and antioxidant activity of the samples increased significantly (P
<0.05) in the day after cooking compared to the control sample. The phenolic
compounds increased from 2.79 to 11.83 mg GAE/g, the free radical
inhibition power increased from 17.8 to 25.8%, and the flavonoid compounds
increased from 0.316 to 0.450 mg RUE/g. Increasing pollen incorporation
decreased crumb firmness of the GF cakes stored at ambient temperature.
Cake firmness was evaluated at both ambient and fridge temperatures. The
lowest and highest amount of firmness corresponding to 0.16 and 0.20 N was
obtained in day 14th at ambient temperature related to the sample with 15 and
3% pollen. However, storage in fridge increased cake firmness by increasing
bee pollen percentage over storage periode, and the highest value of 0.23 N on
the day 14th was obtained for the 15% sample. Increasing the amount of
pollen to 15% decreased the lightness (L) from 61.7 to 50, increased the
redness (a) from -7.00 to -2.33 and the yellowness (b) from 39 to 48.
Increasing pollen percent significantly increased the shelf-life of enriched
cakes stored in the fridge. The control and 15% samples presented the least
and the most resistant samples against mold growth. The longest shelf-life of
the cake was obtained in day 42nd for the cake containing 15% pollen. Cakes
incorporating 6% bee pollen exhibited the desired physical and sensorial
properties, and thus, introduced as the optimum formulation.
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