UNIVERSITY OF BELGRADE - FACULTY OF AGRICULTURE
The Institute for Agricultural Engineering

ORGANIZER

University of Belgrade, Faculty of Agriculture, The Institute for Agricultural Engineering,
Belgrade, Serbia

CO-ORGANIZERS

University of Basilicata,

School for Agricultural, Forestry,
Food and Environmental Sciences,
Potenza, ltaly

University of Sarajevo,

Faculty of Agricultural and

Food Sciences,

Sarajeve, Bosnia and Herzegovina

Aristotle University of Thessaloniki,
Faculty of Agriculture,
Thessaloniki, Greece

University of Belgrade,
Faculty of Mechanical Engineering,
Belgrade, Serbia

Vinéa Institute for Nuclear Science,
Belgrade, Serbia

Serbian Soil Tillage Research Organisation,
Belgrade, Serbia

Institute of Agricultural Economics,
Belgrade, Serbia

PROCEEDINGS
The Fourth International Symposium on
Agricultural Engineering

e ISAE 20119

AMAPSEEC

Belgnade;, Senbia
é»» e e D NeVeT e 2019}

HayKe 11 TeXHOJOLLKOT pa3Boja




Univerzitet u Beogradu - Poljoprivredni fakultet

IV MEDUNARODNI SIMPOZIJUM O POLJOPRIVREDNOJ TEHNICI
(The Fourth International Symposium on AgricurtUgalgineering)
"ISAE 2019 - Proceedings"

Urednici/Editors:

Dr Aleksandra Dimitrijewt
Dr Ivan Zlatanow

Izdava: Univerzitet u Beogradu — Poljoprivredni fakultet
Za izdavaa: prof. dr Dusan Zivkovi
Glavni i odgovorni urednik: prof. dr Radojka Mateti
Tehniki urednik: Dr Ivan Zlatanow
Stampa: Digitec d.0.0., Vojvode Stepe 337, Beog8ahija
Izdanje: Prvo

Tiraz: 100 primeraka

Zabranjeno preStampavanije i fotokopiranje. Sva@wzadrzava izdava

Beograd 2019



CIP-Karasnoru3zaiuja y myoauKanuju
Haponna 6ubnuorexa Cpbuje

631.3(082)(0.034.2)
631.17(082)(0.034.2)

INTERNATIONAL Symposium on Agricultural Engineering (2019 ; Beograd)

Proceedings [Elektronski izvor] / The Fouth InternaidSymposium on Agricultural
Engineering ISAE 2019, 21. October - 2. November 2019, BeétgrSerbia ; [organizer]
University of Belgrade, Faculty of Agriculture, The Ihgté for Agricurtural Engineering
; co-organizers University of Basilicata, School for isgltural, Forestry, food and
Environmental Sciences, Potenza, Italy ... [et al §litfes Aleksandra Dimitrijev, lvan
Zlatanovt]. - 1. izd. - Beograd : Univerzitet, Poljoprivredakiltet, 2019 (Beograd :
Digitec). - 1 elektronski optki disk (CD-ROM) ; 12 cm

Sistemski zahtevi: Nisu navedeni. - Nasl. sa naslovne sti@nenenta. - Tiraz 100. -
Bibliografija uz svaki rad.

ISBN 978-86-7834-342-1

a) [TosporpuBpenHe Marinne -- 36opaunu 6) [TossonpuBpena -- Mexanusanuja --
300pHUIN

COBISS.SR-ID 281928972




The Fourth International Symposium on
Agricultural Engineering
ISAE-2019

31% October-2'Y November 2019, Belgrade — Zemun, SERBIA
http:/imww.isae.agrif.bg.ac.rs

Organizer:
University of Belgrade, Faculty of Agriculture, Dapment for Agricultural Engineering,
Belgrade, Serbia.

Co-organizers:

- University of Basilicata - School for Agricultdy&orestry, Food and Environmental
Sciences, Potenza, Italy

- University of Sarajevo, Faculty of AgriculturaidiFood Sciences,

Sarajevo, Bosnia and Herzegovina

- Aristotle University of Thessaloniki Faculty ofyficulture, Thessaloniki, Greece

- University of Belgrade, Faculty of Mechanical Eregring, Belgrade, Serbia

- Vinca Institute for Nuclear Science, Belgrade, Serbia

- Serbian Soil Tillage Research Organisation, Belgradéjsger

- Institute of Agricultural Economics, Belgrade, Serbia

Support:
- Balkan Environmental Association — BENA
- Research Network on Resource Economics and Bioeconosogiasion - RebResNet

- Association for Medicinal and Aromatic PlantsSafutheast European Countries -
AMAPSEEC

| SAE-2019
PROCEEDINGS



\\\0“3, S

& i "*ma Q J D

(D) 25 rolener & 8 % ISAE 2019

9}_ ; .’;} 5’ Belgrade; Sernbia;
e /’Wa I E\\Qa\‘\ 31:Qctober- 2:November.2019

FREEZE-DRYING CHARACTERISTICS FOR THE
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Abstract: Bee pollen is very important in the nutrition ofekesince it provides them with
proteins, lipids, vitamins and minerals. Bee polléso has a significant nutritive value as a
supplement to human nutrition. Fresh bee pollentaios a large quantity of moisture
which favors development of various microorganisinsorder to preserve pollen from
spoilage its dehydration in controlled conditiorss Gommonly performed. In this paper,
freeze-drying was proposed as a conservation metRegults showed increment in the
drying rate and improve the product quality comphte traditional hot air drying. The

current work provides theoretical and technical ereince for applying this type of
technology.

Key words: Bee pollen, drying, vacuum drying, freeze-drying.

1.INTRODUCTION

Bees voluntarily collect pollen and nectar fromse#d rape and on this melliferous
pasture bee keepers in Serbia prepare bees forja ivlack locust pasture. Due to
abundance of pollen that are bees willing to cellen this pasture, bee keepers involve
the use of pollen traps and thus obtain a significuantity of pollen. A part of oilseed
rape pollen is later placed on the market for hue@msumption while the rest is used for
making the brood food.

In the nutrition of honeybees a pollen represengsircipal source of protein, fats,
vitamins and minerals (Nedet al. 2003). The number of broods in beehivelandth of
life of worker honeybees depend to a large degrequantity of nutritionally available
pollen (Jevit et al., 2009; Di Pasquale et al., 2016). Polleantical composition varies
depending on the plant from which it was collectéed on the way of its keeping and
storing (Campos, 1997; Campos et al., 2010). Gilsepe pollen has a solid content of
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crude protein ranging from 22.8% to 26.1% and it alect a development of bee colony
(Rayner and Langridge, 1985).

Besides its extraordinary benefit for bees polenged also in human nutrition and in
apitherapy. Due to its valuable nutritive and bgidal ingredients the oilseed rape pollen
is used as a natural diet supplement in China. \dlifeed rape pollen supercritical CO2
fluid extract the trials are conducted on its efffen benign prostatic hyperplasia (Yang
et al., 2014).

Pollen brought by bees is being collected in astate by placing special pollen traps
at the entrance of beehive populated with beesatemcontent has a crucial effect on the
maintenance of its quality which in fresh pollemocaary from 20 to 30 g in 100 g
(Bogdanov 2004). In order to preserve valuable @rigs of this product a good bee
keeping practice directs bee keepers to colledepavery day and then to dry it in the
temperature of 400C. If it is not done, because dfigh water content, fresh pollen
becomes susceptible to fermentation, mould growthdevelopment of mycotoxins and
reduction in vitamin C content due to potential @egtion of ascorbic acid in aqueous
environment (Petroviet al., 2014; Kosti 2015). In dry pollen the water content should
be in the range of 4 to 8% (Mustaers, 2005; thacfaff Gazette of the Republic of
Serbia, 101/2015).

Freeze drying is a process whereby water or otbkeest is removed from frozen
material by converting the frozen water directlyoirvapor without the intermediate
formation of liquid water. Of the various methodk dehydration, lyophilization is
especially suited for substances that are heatitisensAlso, freeze drying has been
extensively used in the preservation of biologicalstrients and food properties due to
the nondestructive nature of this process. (Cinkenaal., 2019)

2. MATERIAL AND METHOD

For the purpose of pollen drying a fresh samplpatfen was used in the experiments
collected with pollen traps placed at the entramicbeehive on oilseed rape melliferous
pasture (Brassica napus L.). Up to the moment yihgra fresh oilseed rape pollen has
been vacuum packed and stored in a deep-freezer.

This research used oven-dry method as one of tenomest methods of determining
sample moisture content. It consists of taking deposample, determining its exact
weight, and dry the sample in an oven at a temperaif 105 centigrade for 3 hours,
then weighing the sample and determining the m@diss by subtracting the oven-dry
weight from the moist weight. (Shreve et al., 2006¢ obtained resultes showed 23.48%
of water content at dry basis in fresh pollen sampl

Moisture analyzers (MA) type BTS110D was used fastfand precise moisture
determination of a sample based on mass loss dimaging process. Drying proces
parameters (40°C and 50°C) were set on the badéswohorms and available chemical-
physics data of pollen samples. Moisture analyasgsdesigned to work in food industry,
construction materials industry, biotechnology, mpiecy, environment protection and
others. Main field of use is quality control. Maist analyzer use 2x100W halogen
radiators for the material heating. Density redmetision was 0.1%.
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Labconco FreeZone® 18 freeze dry (FD) system wasd ufor laboratory
lyophilization procedures. The pollen samples weapt in deep freezer at -70°C before
freeze drying process. During the lyophilizatioe t collector temperature were
maintained at -40°C and the chamber pressure ¢onditas vacuum less than 0.133
mBar.

3.DISCUSSION ON THE RESULTS

Bee pollen samples were dried in thin layer withsiginificant overlapping of the
pollen layers (Fig. 1). All experimental measureteewere performed with the initial
mass of the pollen between 10 and 30 grams for experiment. The results were
obtained as average from several measurementgpetiraental setup.

Fig. 1 a) Fresh pollen sample; b) freeze-dryingaifen

Moisture content of the material during time (Fi@) is shown by various
temperatures and drying methods. Moisture analyasrused for moisture determination
of a sample at 40, 50 and 60°C temperatures wibpiorox. 3 hours period. Similar
drying parameters were used by other authors (&tykd. 2018; Kanar and Mazi, 2019).
Freeze dryer was used for the determination ofndryiharacteristics of pollen twice.
First sample was frozen at -70°C and then driefliwityophilization process in absolute
vacuum. Second sample was exposed fresh to arutbsacuum at room temperature of
25°C without any thermal pretreatment.

Results showed that moisture content decreasedfisagnly during the first hour
(approx. during first 4000 seconds), and decreatmally afterwards. As expected, the
increase in drying air temperature will speed uyirdy process. Drying temperature of
40°C that is commonly used in commercial bee pallrers caused the lowest moisture
losses of the material, i.e. longest drying proc€msequently, the temperatures of 50
and 60°C provided significantly higher moistureskes and faster drying, especially
during the first hour.
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Fig. 2 Experimental moisture ratio (MR) vs. dryimnge (MA — moisture analyzer,
FD — freeze dryer)

However, these temperatures cannot be applied corrattg because of the negative
effect on bee pollen chemistry. Vacuum regimes gibthat initial moisture losses were
significantly higher than losses from conventiomlying regimes. The best drying
kinetics was achieved in lyophilization processéth wimost 50% moisture losses within
first half an hour of drying process. This effectsraalmost concurrence with conventional
60°C regime during this period.

4, CONCLUSION

Moisture content of the material during time byieas temperatures and drying
methods were analyzed in this paper. Three typedryohg procedures were analyzed:
conventional sample heating (drying temperatur@s %0 and 60°C), vacuum drying at
room temperature and freeze-drying of samples @C temperature (lyophilization).
The higher moisture loss was achieved with lyophtion process, especially at the
beginning of the drying process, i.e. first houripg The conventional drying off bee
pollen at 60°C showed similar drying rate at iniséages of the drying period. Pollen
lyophilization can be recommended from the pointiefv of the efficiency of the drying
process.

Acknowledgement: Authors are grateful to Ministry of Education, Swie and Technological
development of the Republic of Serbia for funding tesearch (in frame of projects 111 46008, TR
31051, TR 33048).
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