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CHAIRS’ MESSAGE
Dear participants,
We would like to thank you for your interest in the XIIIth International Conference of Food
Physicists (ICFP) held in Antalya, Turkey on 23-25 October 2018.
The main aim of the ICFP is to initiate discussion on the physical properties of food and the
physical base of some innovative technologies in the food industry. It is also aimed to share
knowledge and food technologies among scientists and food industry for understanding of food
physics.
There are 74 presentations including 37 oral and 37 posters and all those presentations are presented
by 108 participants from 20 different countries. We hope that the congress and this abstract book
help scientists and food industrialists to get recognition of current state of researches on food
physics and the challenges to future discovery. More importantly, such scientific meeting is a good
platform to bring togethers many researchers around the world who are working in food science,
particularly food physics. Of course, this platform encourages you for future scientific
collaborations.
We would like to express our thankfulness to the members of the Organizing Committee for all
their hard work and to the members of the Scientific Committee for their great contributions in
evaluating the abstracts. We would also like to our special thanks to the participants, speakers and
session chairs. Moreover, we would like to thank to Redoks LAB, Ant Teknik, TeknikMed
Medical, DPN Analytic, SantE Laboratory Systems, ISEKI Food Association, LEON Congress,
Akdeniz University, and International Society of Food Physicists for their valuable supports and
great contributions. Finally, we express our pleasure to Prof. Dr. Andras S. Szabo who encouraged
us for organizing this conference in Antalya, Turkey.
We hope to see you again in Antalya, Turkey in the future.
Kind Regards,

Chair of Congress

Co-Chair of Congress

Akdeniz University

Akdeniz University

Department of Food Engineering

Department of Food Engineering
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SCIENTIFIC PROGRAM
OCTOBER 23, 2018 TUESDAY
09:00-09:45

Registration
Opening Ceromony – Ayhan Topuz & Ahmet Küçükçetin, Turkey

09:45-10:00

SESSION 1: Food Physics Agronomy
Invited Speaker

10:00-10:30

O-1

Andras S. Szabo
Corvinus University, Hungary

Is food physics the science of the XXI. century?

10:30-11:00

Coffee Break
SESSION 2: Physio-Chemistry and Food Analysis
Chair: Andras S. Szabo (Corvinus University), Hungary
Invited Speaker
Jorg Hinrichs
University of Hohenheim, Germany

Texture as flavor driver? - An example of “Food Soft Matter
Science”

11:00-11:30

O-2

11:30-11:50

O-3

Claude Genot
INRA, France

Time-resolved fluorescence and fluorescence quenching in
model food emulsion stabilized by β-lactoglobulin

11:50-12:10

O-4

Zeynep Aksoylu Özbek
Manisa Celal Bayar University, Turkey

Characteristics of pumpkin seed oil powder microencapsulated
by freeze–drying

12:10-12:30

O-5

Aysha Sameen
University of Agriculture
Pakistan

Effect of hydro-colloids and dietary fibers on different quality
attributes of cheddar cheese

Faisalabad,

12:30-13:30

Coffee Break

14:00-15:00

Poster SESSION 1
SESSION 3: Non-destructive Analysis
Chair: Jorg Hinrichs (University of Hohenheim), Germany
Invited Speaker

15:00-15:30

O-6

15:30-15:50

O-7

15:50-16:10

O-8

16:10-16:30

O-9

Computer vision based colour analysis: An online tool to monitor
food quality and safety during processing

Vural Gökmen
Hacettepe University, Turkey
Carlos Sáenz Gamasa
Universidad Pública de Navarra, Spain
Amna Sahar
University
Pakistan

of

Agriculture

Faisalabad,

Ziba Güley
Alanya Alaaddin Keykubat University,
Turkey

16:30-17:00

Beef colour evolution from pigment concentration profiles during
oxygenation
Perspectives of non-destructive spectroscopic techniques to
detect quality & safety of food
Metagenomics and high-throughput
Applications in food microbiology

sequencing

methods:

Coffee Break
SESSION 4: Rheology & Unit Operations
Chair: Vural Gokmen (Hacettepe University),Turkey

17:00-17:20

Marek Damski
O-10 Wroclaw University of Environmental
and Life Sciences, Poland

17:20-17:40

O-11

Guler Bengusu Tezel
Abant Izzet Baysal University, Turkey

Gel strength estimation for gelatin-CMC hydrogels using small
amplitude oscillatory rheometry

17:40-18:00

O-12

Leyla Alizadeh
Shahid Beheshti University, Iran

Rheological properties balangu seed gum/sodium caseinate
stabilized emulsions and oleogels

Physical properties of semi-refined carrageenan-potato protein
gels

18:30-19:30

Dinner (Main Restaurant)

20:00-21:30

Welcome Cocktail at Sailors Lounge in Porto Bello Hotel
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OCTOBER 24, 2018 WEDNESDAY
SESSION 5: Unit Operations and Technology
Chair: Katrin Laos (Tallinn University of Technology), Estonia
Zeynep Tacer Caba
University of Helsinki, Finland

Durability of Mycelium Based Food Packaging Materials Under
Conditions Mimicking the Potential Extremes

Hüseyin Topçam
Ankara University, Turkey

Mathematical modeling of temperature distribution and velocity
profile in toroidal cans during thermal processing with
horizontal-axial rotation

09:00-09:20

O-13

09:20-09:40

O-14

09:40-10:00

Gulsah Caliskan Koc
O-15 Alanya Hamdullah Emin Paşa University,
Turkey

10:00-10:20

O-16

Gulcin Yildiz

The Effect of Different Drying Processes on the Drying
Characteristics,
Physical and Powder Properties of Red Pepper Pulp
The impact of Ultrasound Pre-Treatment and Oven-Drying on the
Quality of Dried Pears

Igdir University, Turkey

10:20-11:00

Coffee Break
SESSION 6: Quality Control & Food Safety – Part 1
Chair: Ahmet Kucukcetin (Akdeniz University), Turkey

11:00-11:30

O-17

Invited Speaker
Begoña Hernández Salueña
Public University of Navarre Science,
Spain

Color Measurement: an Unbiased Method for Food Quality
Control?

11:30-11:50

O-18

Asma Bahri
Université de Montpellier, France

Binding Analysis between Monomeric β-casein and Hydrophobic
Ligands Investigated by Surface Plasmon Resonance and
Fluorescence Spectroscopy

11:50-12:10

O-19

Didem Sanver Akbas

Characterisation of Monoglyceride-based Cubosomes under the
Influence of Flavonoids

12:10-12:30

Muhammed Khan
O-20 University of Agriculture
Pakistan

Necmettin Erbakan University, Turkey
Faisalabad,

12:30-13:30

Assurance of poultry meat quality and safety by exploring
potential of organic acids
Lunch

SESSION 6: Quality Control & Food Safety – Part 2
Chair: Mirela Kopjar (Josip Juraj Strossmayer University of Osijek), Croatia
13:30-14:00

Invited Speaker
O-21 Ferruh Erdogdu
Ankara University, Turkey

Innovative Thermal processing – Effects of Physical Properties

14:00-14:20

Vasile Stoleru
O-22 University of Agricultural Sciences,
Romania

Preliminary Studies Regarding Nutritional Performance of Quinoa
Crop as Leaf Vegetables

14:20-14:40

O-23

Ebru Erdemir
Ağrı University, Turkey

A Review on Textural Profile Analysis of Meat and Meat Products

14:40-15:00

O-24

Erdal Agçam
Cukurova University, Turkey

The Effect of Thermosonication on Some Quality Parameters of
Watermelon Juice

15:00-16:00

Poster SESSION 2
SESSION 7: Health Aspects
Chair: Begoña Hernández Salueña (Public University of Navarre), Spain
Zeynep Atamer

16:00-16:20

O-25

16:20-16:40

O-26

16:40-17:00

O-27

17:00-17:20

Florina Radu
O-28 Technical University of Cluj-Napoca,
Romania

17:20-17:40

O-29

19:30-23:30

University of Hohenheim, Germany
Cisem Bulut Albayrak
Adnan Menderes University, Turkey
Mustafa Karhan
Akdeniz University, Turkey

Taner Erkaymaz
Akdeniz University, Turkey

Application of cold membrane filtration at pilot scale to
fractionate dairy based functional ingredients from skim milk
Neuroactive Molecule Productions by Fermenting Bacteria and
Health
Enrichment of D-Pinitol in Carob Pod Extract
Recycling Waste from The Food Industry for Construction
Industry
Determination of Milk Proteins in Dairy Products by Analytical
Methods

Gala Dinner - Porto Bello Hotel Colombus Restaurant
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OCTOBER 25, 2018 THURSDAY
SESSION 8: Part 1
Chair: Ayhan Topuz (Akdeniz University), Turkey
Tugçe Aygun

Effect of Solvent Polarity on the Eicosapentaenoic Acid (EPA)
Content of Algal (N. oculata) Oil

09:00-09:10

O-30

09:10-09:20

O-31

09:20-09:30

O-32

09:30-09:40

Gamze Toydemir Sen
O-33 Alanya Alaaddin Keykubat University,
Turkey

Akdeniz University, Turkey
Duygu Aslan

Interfacial Behavior of Casein-Inulin Interactions at the Oil and
Water Interfaces

Erciyes University, Turkey

Optimisation of Astaxanthin Extraction Conditions from Shrimp
(Aristaeomorpha Foliacea) Byproducts for Maximum Antioxidant
Activity

Adem Kaya
Akdeniz University, Turkey

09:40-10:00

Regulation of AhR-XRE and Nrf2-ARE Signaling Pathways by
Dietary Phytochemicals
Coffee Break
SESSION 8: Part 2

Chair: Mehmet Torun (Akdeniz University), Turkey
Determination Of Some Physicochemical, Microbiological And
Sensorial Properties Of The Concentrated Acidophilus Milk
Produced From Cow’s Milk And Goat’s Milk With Different
Production Methods

Hatice Kubra Kizilay

10:00-10:10

O-34

10:10-10:20

O-35

Senem Suna
Uludağ University, Turkey

Drying Kinetics and Color Properties of Lemon Balm (Melissa
officinalis) Leaves Dried by Convective Hot Air Drying

10:20-10:30

O-36

Ecem Vural
Akdeniz University, Turkey

Optimization of sunflower pectin extraction and determination
some gel properties of the pectin

10:30-10:40

O-37

Khadije Abdolmaleki
Shahid Beheshti University, Iran

Comparing the rheological properties of emulsion and oleogel
based on gum Tragacanth and sodium caseinate

Akdeniz University, Turkey

10:40-11:15

Coffee Break and Hotel Check/Outs

11:15-11:30

AWARD CEREMONY & CLOSING CEREMONY

12:30-18:00

Social Program (Antalya City Trip)
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Poster
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P-1

Title

Author(s)

Increase of the stability and the functionality of commercial lactic acid
bacteria starters by co microencapsulation with buckwheat flour and oat
bran

Mihaela Aida Vasile, Gabriela Elena Bahrim,
Stefan Dima

Poster abstract

P-2

Extraction and highlighting the protein fractions from black rice flour by
gel electrophoresis (SDS-PAGE)

Bolea Carmen, Vizireanu Camelia

Poster abstract

P-3

The effects of potassium lactate used in pastirma production on protein
oxidation and some other qualitative properties

Ebru Erdemir

Poster abstract

P-4

Some physicochemical properties of turkish coffee fortified with apricot
kernel powder
Poster abstract

P-5

Effect of osmotic drying on physicochemical aspects of dehydrofrozen
sliced red pepper (Capsicum annuum L.)

Zehra Gunel, Aysegul Parlak, Mehmet Adsoy,
Ayhan Topuz

Handan Basunal-Gulmez, Ayhan Topuz

Poster abstract

P-6

P-7

P-8

The presence of bisphenol A (BPA) in milk and dairy products
Poster abstract

The low-lactose yoghurt
Poster abstract

The usage of centrifuge technique in concentrated yoghurt production
Poster abstract

The effects of different microencapsulation methods on the viability of
P-9

Lactobacillus acidophilus in gastrointestinal media
Poster abstract

P-10

P-11

Some physicochemical properties of commercial protein isolates
Poster abstract

Effects of edible coatings before drying on some properties of dried
banana
Poster abstract

Gizem Yildiz, Firuze Ergin, Taner Erkaymaz,
Ihsan Burak Cam

Handan Kocabas, Firuze Ergin, E. Mine Comak
Gocer, Ahmet Kucukcetin

Firuze Ergin, Handan Kocabas, E. Mine Comak
Gocer, Ahmet Kucukcetin

Firuze Ergin, E. Mine Comak Gocer, Muammer
Demir, Ahmet Kucukcetin
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Ahmet Aygun, Mustafa Kemal Uslu, Ahmet
Oktay Kucukozet
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P-12

The effect of different drying processes on the powder properties of red
beet puree powders
Poster abstract

P-13

Drying characteristics and kinetics of lovastatin degradation of oyster
mushroom (Pleurotus ostreatus) slices

Safiye Nur Dirim, Deborah A.S. Ruoff, Gulsah
Calıskan Koc

Engin Demiray, Fatih Ibis, Yahya Tulek

Poster abstract

P-14

Improving quality and shelf-life of poultry meat through application of
protein-based edible coatings
Poster abstract

P-15

P-16

P-17

P-18

P-19

P-20

P-21

Probing the hepatoprotective effect of camel milk on arsenic induced
liver damage
poster abstract

Aysha Sameen, Farwa Tariq

Evaluating the effectiveness of flaxseed fortified functional yoghurt
against type-2 diabetes
poster abstract

Aysha Sameen, Tanzeela Ashraf, Rida Fatima,
Mariam Aizad, Farwa Tariq

Non-destructive analysis of edible oil oxidation
Poster abstract

Protection of microbial development through freezing technology
Poster abstract

Re-structured meat products
Poster abstract

Effect of starter cultures and addition of buffalo milk on chemical and
sensory characteristics of camel milk cheese
Poster abstract

Mathematical modeling of infrared heating for process design
Poster abstract

Combination of hyperspectral imaging with complementary data mining
P-22

Muhammad Issa Khan, Sadia Aslam, Aysha
Sameen, Amna Sahar

Methods for identification of microorganisms

Hatice Kubra Kizilay, Muammer Demir

Pinar Yerlikaya

Fahrettin Gokhun Tokay, Pınar Yerlikaya

Zahida Qadeer, Nuzhat Huma, Aysha Sameen

Ferruh Erdogdu

Cagrı Cavdaroglu, Efe Sezgin

Poster abstract

P-23

Antioxidant activity of glucosyl-hesperidin solutions
Poster abstract

Mirela Kopjar, Ivona Trtinjak, Anita Pichler
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P-24

Coconut proteins: alternative source of protein for retention of
phenolics

Mirela Kopjar, Mary H. Grace, Mary Ann Lila

Poster abstract

P-25

P-26

P-27

P-28

Migration of phthalate esters to seafood in PVC containers
poster abstract

Ali Can Alp, Pinar Yerlikaya

Interfacial rheology of gelatin with whey and skim milk powder

Mahmut Dogan, Meryem Goksel Sarac, Duygu

Poster abstract

Aslan

The effect of ultrasound pretreatment on color properties of raisins
Poster abstract

Ahmet Candemir, Safiye Nur Dirim, Gulsah
Caliskan Koc

Rheological properties of mellorine produced with mono-diglycerides
fromRendering waste oil

Meryem Göksel Sarac, Mahmut Dogan

Poster abstract
Interfacial rheological properties of mono-diglycerides produced from
P-29

P-30

Rendering waste oil in oil/water interface
Poster abstract

Mechanical properties of furcellaran and furcellaran/bovine serum
albumin composite films

Meryem Göksel Sarac, Mahmut Dogan

Katrin Laos, Marina Mironova

Poster abstract

P-31

P-32

Poster abstract

Inculet Carmen, Stoleru Vasile, Teliban
Gabriel, Dachi Mădălina, Hangan Roxana,
Butnariu Monica

Adsorption isotherms and isosteric heat (QST) of the flours from three
edible ınsects: Rhynchophorus phoenicis, Imbrasia truncata and
Imbrasia epimethea

Aymar Rodrigue Fogang Mba, Germain Kansci,
Catherine Loisel, Claude Genot

Performances of tomato crop under organic fertilizer

Poster abstract

P-33

Effect of the ph on the topography and nanomechanics of whey protein
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Oral Presentation 1

Is food physics the science of the XXI century?
Andras S. Szabo, Peter Laszlo
Food Physics Public Utility Foundation, Faculty of Food Science 1118 Budapest, Somloi str. 14-16,
HUNGARY

The development and modification of the science, forming and establishment of rather new fields
is a normal process, carried out dominantly by 2 ways: differentiation and integration. This
phenomenon of development is typical also for food physics. As integration: food science and
physics and as differentiation: within food science and within applied physics.
The lecture deals with the following topics?
-

the most important parts of food science and applied physics

-

why is food physics a bridge between applied physics and food science?

-

what are the factors, influencing the development of food physics?

-

is food physics an interdisciplinary subscience? if yes, what are the connections with food
analysis, measurement technique, agrophysics, bioophysics, food technology, nutrition
science?

-

what are the development trends of food physics? (quo vadis Cibus Physicorum?)

-

development in up-to-date science, problems of the future, answers from the field of food
physics?

-

is it true, that without high level of knowledge in physics the food engineers can not fulfill
the expectations of modern food processing technologies?

Keywords: Food physics
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Oral Presentation 2

Texture as flavor driver? - An example of “food soft matter science”
Jörg Hinrichs
Dep. of Soft Matter Science and Dairy Technology, Institute of Food Science and Biotechnology,
University of Hohenheim, Garbenstraße. 21, 70599 Stuttgart, Germany

Consumers’ acceptance of food products is based to a large extent on sensory characteristics such
as flavor and texture. Among all perceptions that occur during oral processing, flavor perception
plays a considerable role, particularly in the case of fermented dairy products as they have a short
residence time in the mouth. For instance, yoghurt require little oral movements before swallowing:
they are mixed with saliva and almost directly transported from the front of the mouth to the
pharynx, mainly by tongue movements against the palate. Textural characteristics of semi-solids
such as particle size, viscosity, and friction modify the product residence time in the mouth and
thus have an impact on oral behavior.
Firstly, there is still a demand to understand the structure-function relationship of milk ingredients
in stirred low-fat yoghurt without addition of stabilizer. A wide range of stirred yoghurts was
produced by varying fat and protein content and casein to whey protein ratio. These yoghurts were
characterized by e.g. particle size analysis, rheology, tribology and sensory evaluation. The
averaged data from the sensory panel (n = 20) showed good correlation regarding the mouth feeling
attributes creaminess and graininess with quantitative analytical data. Secondly, fat reduction
affects the flavor perception. Aroma is incorporated by means of aroma compositions, which are
customized combinations of single aroma compounds that possess specific physico-chemical
properties and yield a particular aroma profile. Aroma perception depends on the individual
compounds interaction with the dairy constituents under equilibrium and the texture, which is
degraded during the consumption process. The presented study demonstrates how changes in the
formulation affect the retention and transport of different aroma compounds in the resulting
matrices.
Thirdly, one strategy to compensate fat reduction may be foaming, since it has a major impact on
the microstructure and sensory attributes resulting in an improved and pleasant mouthfeel.
However, foaming may also results in changes in flavor perception as aeration influences mass
transfer of the flavor. Foamed dairy desserts with different compositions and microstructures were
characterized regarding textural properties and matrix-flavor-interactions. The distribution of the
aroma components between the matrix and the gas phase was determined by means of an optimized
phase ratio variation (PRV) method. In addition, flavor perception was evaluated by a sensory
panel. The sensory analysis revealed that foam structure influences flavor perception significantly.
Food companies are under pressure to reformulate recipes to reduce salt, sugar and/or fat. However,
reducing fat for example means – besides the wanted reduction in caloric value – a lower preference
in the product’s sensory properties. Therefore, combined soft matter science based approaches are
necessary to balance or modulate flavor and creaminess perception of food formulations.
Keywords: Texture, soft matter, food analysis
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Time-resolved fluorescence and fluorescence quenching in model food
emulsion stabilized by -lactoglobulin
Claude Genot, Xiaochen Han, Michèle Dalgalarrondo
INRA UR 1268 BIA, Nantes, France

Many foods can be seen as oil-in-water emulsions in which lipids are in the form of oil droplets
stabilized by proteins and other emulsifiers adsorbed at the oil-water interfaces (Genot, Kabri, &
Meynier, 2013). In these systems the proteins partition between the interface and the aqueous
phase, participating to the stabilization of the system. Steady-state fluorescence spectroscopy was
shown to give information on structural changes due to protein adsorption and chemical
modifications linked to oxidative phenomena (Casterlain & Genot, 1994; Rampon, Lethuaut,
Mouhous-Riou, & Genot, 2001). In the present work, we tested time-resolved fluorescence
spectroscopy directly applied to model emulsion to study modifications of proteins when used as
emulsifier and adsorbed at oil-water interfaces.
The model consisted in rapeseed oil stabilized by −lactoglobulin (BLG) (Berton, Ropers, Guibert,
Solé, & Genot, 2012). The decay of Trp time-resolved fluorescence was slower for adsorbed
proteins than for proteins in the aqueous phase. The best fit for the decay was found with two
lifetimes. The contribution of the longest lifetime was greatly enhanced in adsorbed protein, as
well as mean lifetime, indicating different protein sub-structure populations and Trp environments
depending on protein location. Stern-Volmer plots calculated from both steady-state and timeresolved data of fluorescence quenching by acrylamide indicated that both dynamic and static
quenching occurred in the emulsion and in the non-adsorbed protein while mainly static quenching
would take place in the adsorbed one. Lower quenching constants were noticed in the emulsion
than in the BLG solution and in adsorbed protein than to protein in the aqueous phase indicating a
decrease of ligand binding capacity of the emulsified and adsorbed protein.
These results demonstrate that time-resolved fluorescence can be used directly on complex systems
such as emulsions to investigate molecular phenomena. They also evidenced differences in the
interaction potential of adsorbed and non-adsorbed -lactoglobulin.
Keywords: Emulsion, protein, interface, time-resolved fluorescence
Berton, C., Ropers, M.-H., Guibert, D., Solé, V., & Genot, C. (2012). Modifications of Interfacial Proteins in Oil-in-Water
Emulsions Prior to and During Lipid Oxidation. Journal of Agricultural and Food Chemistry, 60(35), 8659-8671.
Casterlain, C., & Genot, C. (1994). Conformational changes of bovine serum albumin upon its adsorption in dodecane-in-water
emulsions as revealed by front-face steady-state fluorescence. Biochimica et Biophysica Acta (BBA)-General Subjects,
1199(1), 59-64.
Genot, C., Kabri, T.-H., & Meynier, A. (2013). Stabilization of omega-3 oils and enriched foods using emulsifiers Food enrichment
with omega-3 fatty acids (pp. 150-193)
Rampon, V., Lethuaut, L., Mouhous-Riou, N., & Genot, C. (2001). Interface Characterization and Aging of Bovine Serum Albumin
Stabilized Oil-in-Water Emulsions As Revealed by Front-Surface Fluorescence. Journal of Agricultural and Food Chemistry,
49(8), 4046-4051.
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Characteristics of pumpkin seed oil powder microencapsulated by freeze–
drying
Zeynep Aksoylu Ozbek, Pelin Gunc Ergonul
Manisa Celal Bayar University, Manisa, Turkey

Pumpkin seed oil is sensitive to oxidation due to its high linoleic acid content. Encapsulation is one
of the suitable techniques to protect oils against oxidation. In this study, the effects of wall material
composition on some physical characteristics of pumpkin seed oil powders microencapsulated by
freeze–drying were investigated.
Blends of whey protein (WP), maltodextrin (MD) and gum arabic (GA) at 20% total solids content
were prepared as wall material. 18 experimental trials were performed according to a 3–factor D–
optimal mixture design. The factors were the concentrations of whey protein (10–19%),
maltodextrin (0.5–5%) and gum arabic (0.5–5%). The emulsions were composed of cold pressed
pumpkin seed oil and aqueous wall materials mixture in the ratio of 1:20 (w/w; oil:wall materials
mixture). All emulsions were homogenized using a rotor–stator homogenizer at 22.000 rpm for 7
min and freeze–dried. Then, dried product was ground in a knife mill. The powders were
characterized in terms of particle size, bulk and tapped density, flowability, wettability and
solubility.
The mean particle sizes of powders (D4,3) ranged between 25,65–99,60 µm. The bulk density values
of microencapsulated pumpkin seed oil powders varied from 0,22 g/mL to 0,32 g/mL, while the
tapped densities ranged between 0,46–0,60 g/mL. Carr Index and Hausner ratio values were used
as flowability indicators. The powders were characterized by very high Carr Index (43,18–53,20)
and Hausner ratio (1,76–2,18) values. Higher Carr Index and Hausner ratio values mean that
microencapsulated pumpkin seed oil powders were very cohesive and had poor flowability
properties. The wettability values of powders ranged from 133,88–269,13 seconds. In general, as
the proportion of carbohydrates (maltodextrin and gum arabic) increased in the emulsion
formulation, the time required for wetting of powders decreased. The composition of wall materials
mixture had statistically significant (p<0.05) effect on wettability values of powders. The solubility
(in water) of powders ranged between 25,44 – 36,09%. As the ratio of whey protein increased in
wall materials mixture, the solubility of powders decreased. The effect of wall materials mixture’s
content was statistically significant (p<0.05) on solubility of powders. The results of this study
reveal that physical properties of microencapsulated pumpkin seed oil powders were affected by
composition of wall material mixture.
Keywords: bulk density, particle size, tapped density, solubility, wettability
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Effect of hydro colloids and dietary fibers on different quality attributes of
cheddar cheese
Aysha Sameen, Shamas Murtaza, Nuzhat Huma
National Institute of Food Sccience and Technology, University of Agriculture Faisalabad, Pakistan

Increased demand of low fat cheese is because of overconsumption, inactive life style and high
incidence of ailments for instance hypertension, cardiovascular diseases and obesity etc. The study
was aimed to produce low fat cheddar cheese using hydrocolloids (xanthan gum and guar gum)
and dietary fibers (Inulin and resistant starch) in different combinations to improve its quality.
Study was performed in different phases. In 1st phase, different levels of hydrocolloids and dietary
fibers were evaluated to screen out the best levels on the basis of textural, functional and sensory
parameters. In 2nd phase, the selected levels from 1st phase were evaluated in different combinations
to select the best ones. In 3rd phase, the selected hydrocolloids and fibers and their combinations
along with positive and negative controls were used to manufacture low fat Cheddar cheese. The
cheese samples were ripened for 3 months and evaluated for physico-chemical, functional and
textural profile, proteolysis, organic acids contents, scanning electron microscopy and descriptive
sensory perception. Inulin, a food component belonging to fructans (a class of carbohydrates) with
2-70 degree of polymerization. Enzymatic and chemical treatment of starch can result in resistant
starch having more health-promoting and functional characteristics such as dietary fiber, decrease
caloric value of food and favor prebiotic activities. They can be utilized in industries for
organoleptic improvements such as by fat replacement and as bulking medium for textural
modifications. Therefore, these can be utilized for the production of numerous kinds of cheese
having low fat, symbiotic or texturized product. This study was designed to determine the impact
of different levels of resistant starch and inulin in reduced fat cheddar cheese for improving its
quality. These different levels of resistant starch and inulin showed significant impact on physicchemical (fat, moisture, ash and protein). Inulin levels showed an inverse relation with flow-ability
and melt-ability as these parameters were decreased by increasing level and increasing hardness.
There was non-significant impact on yield after yield calculation but had significant impact as
compared to control. Sensory characteristics of low fat cheese with resistant starch and inulin
improved when added up to the level of 1.0% and 0.5% respectively. Cheeses with different
hydrocolloids and fibers showed different behavior in scanning Hence, from the study it concluded
that low fat Cheddar cheese can effectively be manufactured by using guar gum alone and
combination of guar gum, inulin and resistant starch with quality and functionality comparable to
its full fat counterpart.
Keywords: Melt-ability, flow-ability, gumminess, cohesiveness, hardness
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Oral Presentation 6

Computer vision-based colour analysis: an online tool to monitor food quality
and safety during processing
Vural Gokmen
Food Quality and Safety (FoQuS) Research Group, Food Engineering Department, Hacettepe University,
Ankara, Turkey

Thermal processing induces typical changes in foods such as enzyme inactivation, microbial
destruction, as well as the development of desirable sensory characteristics. However, heating at
elevated temperatures has been shown to generate potentially toxic compounds such as mutagens
and carcinogens in various food products. In 2002, the discovery of acrylamide in fried potatoes
caused a worldwide interest. It is a fact that numerous potential toxicants can be found in heated
foods from very low ppb to relatively higher concentrations. Since safety remains as a primary
objective, one of the challenges facing the food industry is to minimize these toxicants without
adversely affecting desired attributes of thermal processing. The food industry has been looking
for viable solutions not only to mitigate their formation, but also their monitoring by means of low
cost, rapid and reliable techniques during processing. As a process control tool, machine vision
offers a great advantage for online monitoring of thermal processing contaminants in bakery
products. Two computer vision-based image analysis algorithms are discussed in this presentation;
mean color and featured color. Color information extracted from the digital images of product
being processed can be correlated with the formation of undesired compounds like acrylamide.
This approach would help a decision-making process where rapid quality/safety evaluation of
thermally processed foods is needed.
Keywords: Color image analysis, processed foods, thermal process contaminants, safety risk
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Beef colour evolution from pigment concentration profiles during oxygenation
Carlos Sáenz Gamasa, Begoña Hernández Salueña, Coro Alberdi Odriozola, José Manuel Diñeiro Rubial
Universidad Pública de Navarra, Pamplona Spain

Food colour plays a key role as a decisive factor for the acceptance or rejection by a potential
consumer, being an indicator of the product’s quality. In meat colour mainly depends on the
quantity and chemical state of the pigment myoglobin. Myoglobin can be found in three redox
forms whose concentrations evolve during oxygenation. In a fresh cut myoglobin is found in the
reduced state, deoxymyoglobin with a characteristic purplish colour. As oxygen progresses into
the sample the oxygenated state oxymyoglobin is produced, giving the surface an attractive,
consumer appreciated reddish colour. After some time, the oxidized state metmyoglobin appears,
causing the development of a brownish colour and ultimately the rejection by the consumer.
For a given illuminant and observer, colour depends on the surface spectral reflectance. The
relationship between the spectral reflectance and the myoglobin content and its chemical state is
traditionally constructed using the Kubelka-Munk, two flux approximate model of light
propagation. This model describes mixtures of pigments in a substrate using their concentrations
and their individual light absorption (K) and light scattering coefficients (S). Within this model a
meat sample is treated as a mixture of three pigments, the three redox forms of myoglobin.
In all existing applications, myoglobin forms are assumed to be homogenously distributed within
the sample and their concentrations treated as global, bulk properties. However, it is known that
oxygen diffusion through the sample creates inhomogeneous, time evolving pigment concentration
profiles in the first several millimetres beneath the meat surface. These depths are comparable to
the light propagation lengths in meat and the spatial distribution of pigments is expected to affect
the measured reflectance and the sample colour.
In this work we present a more realistic calculation of meat reflectance using full numerical
solutions of the Kubelka-Munk equations and taking into account the time evolving, pigment
concentration profiles inside beef samples as a function of the distance to the surface. Time
dependent pigment concentration profiles are obtained by numerical solution of an effective model
for the oxygen diffusion and chemical reactions between the three forms of myoglobin. Obtained
reflectance is used to calculate the CIELAB colour coordinates during oxygenation.
Keywords: Beef colour, kubleka-munk, myoglobin, concentration profiles
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Perspectives of non-destructive spectroscopic techniques to detect quality &
safety of food
Amna Sahar1,2, Aysha Sameen1, Muhammad Issa Khan1 Muhammad Azam Khan2
1

National Institute of Food Science and Technology, Faculty of Food, Nutrition and Home Sciences,
University of Agriculture, Faisalabad, Pakistan

2

Department of Food Engineering, Faculty of Agricultural Engineering and Technology, University of
Agriculture, Faisalabad, Pakistan

Food safety and quality are the most important parameters and have always being the prime
concern of all the stakeholders including producers, processors, consumers and legislative
authorities. Several traditional methods are available to detect the quality and safety of food for
ensuring the availability of safe and healthy food products. The major impediments associated with
the use of conventional techniques are the use of chemical reagents, time consumption and
laboriousness. Moreover, the augmented concern of modern consumers regarding the safety and
quality of food products has forced the food sector to introduce some rapid, decisive and nonextirpative methods for online monitoring of food quality and safety. In this regard, the most
commonly employed spectroscopic methods include Fourier transform infrared spectroscopy
(FTIR), fluorescence spectroscopy, near infrared spectroscopy, mid infrared spectroscopy, Raman
spectroscopy and hyperspectral imaging technique (HSI) have acquired attention in the food
industry. These rapid techniques are amongst the most promising approaches for assessing food
quality by generating spectral and chemical images. Accordingly, this presentation will highlight
the work done to investigate the potential of FTIR, front-face & synchronous front-face
spectroscopy to detect microbial spoilage & quality of food. Inferences of the work reveal that
these spectroscopic methods have a strong potentiality to predict the microbial spoilage and quality
of food. Additionally, worth of other spectroscopic techniques for detection of food quality,
authenticity and safety will also be discussed in this presentation.
Keywords: Food, non-destructive analysis, FTIR, fluorescence spectroscopy, quality, safety
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Metagenomics and high-throughput sequencing methods: applications in food
microbiology
Ziba Guley
Alanya Alaaddin Keykubat University, Alanya, Antalya, Turkey

Traditional methods for the analysis of food microflora are culture-dependent and generally involve
cultivation of microorganisms in selective media prior to phenotypic and/or genotypic
identification. During these methods’ food samples are plated on various selective media, and then
colonies isolated from these media are subjected to phenotypic and/or molecular characterization.
Microorganisms that are not abundant in the sample or are not able to grow in the selected medium
and have special nutritional requirements cannot be detected with these methods. It is estimated
that standard culture independent techniques provide information on about 1% or less of the
bacterial diversity in an environmental sample.
Metagenomics is the study of the whole genomic material obtained directly from environmental
samples that have complex microflora. In general, metagenomic study consists of stages such as
extraction of DNA from the sample, sequencing and bioinformatic analysis of obtained data.
Different high-throughput sequencing (HTS) platforms are used for metagenomic analysis. Highthroughput sequencing gives the opportunity to generate very large amounts of sequence data in a
very short time and allow for the accurate identification of microbial taxa of environmental
samples. As well as known cultivable species, a great number of uncultivable or previously
unnoticed microorganisms can be detected using this method. Therefore, detailed information
could be obtained about the microbial population of investigated sample.
HTS methods have been used to monitor the microbial composition of various ecosystems for
example sea, soil, gut, sputum. They are also becoming popular for the study of foods and have
been used to investigate the microflora of several fermented foods especially fermented dairy
products. Knowledge about the diversity and taxonomic structure of the whole microbial
population present in food is very important in terms of food safety and the selection of new starter
cultures for fermented foods. Besides, it is also important for understanding the interactions
between species and explaining the reason of some quality defects in order to enhance quality.
In this review, applications of high-throughput sequencing methods for the metagenomic analysis
of some food products and the most important findings will be discussed.
Keywords: Metagenomics, high-throughput sequencing, food microflora
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Physical properties of semi-refined carrageenan-potato protein gels
Marek Damski, Wiesław Kopeć, Barbara Cwik, Dorota Chorążyk
Wroclaw University of Environmental and Life Sciences, Wrocław, Poland

Semi-refined carrageenan is a hydrocolloid widely used in food industry as a gelling agent and
stabilizer. It is much cheaper than refined carrageenan, but it has specific smell, yellowish color
and lower gelling ability. It has been found that thermal modification of partially purified kappacarrageenan may improve its properties and interaction with proteins. Potato protein can easily be
extracted from potato juice using thermal coagulation, which allows the use of a by-product of
starch manufacturing. Currently, potato protein is not widely used in the meat industry, but unlike
very popular soy protein it is non-allergenic and GMO-free.
The interaction between carrageenan and proteins was analyzed based on changes in rheological
properties during gel formation, Texture Profile Analysis and structure (Scanning Electron
Microscopy SEM) of gels. Systems of carrageenan-plant protein systems (potato or soy) and with
myofibrils were analyzed.
The obtained results show a small influence of thermal modification on the rheological properties
and texture of carrageenan-protein gels. Only at higher concentrations of carrageenan the higher
values of the storage modulus were determined. For gels with modified carrageenan, an effect of
protein concentration was observed, but the gel strength was mainly dependent on carrageenan
concentration. Thermal modification of carrageenan affected the microstructure of its gels, i.e.
thinner fibers and fewer particles of protein embedded in the structure were observed. Carrageenan
gels with potato protein are up to 2.5 times stronger than that with soy protein. Rheological analysis
shows that gelation in carrageenanpotato protein mixture started at higher temperatures than in
mixtures with a soy protein, and the storage modulus was up to 30 times higher for potato protein
gels. If chicken myofibrils were added to the hydrocolloid-protein mixture, the hardness of the
potato protein gels was almost twice as high as the gels with soy protein. The thermal modification
of carrageenan strongly influenced the properties of its gels with myofibrils and potato protein. The
use of a modified hydrocolloid allows to obtain gels with higher storage modulus, hardness
cohesiveness and gumminess.
In conclusion, the thermal modification of semi refined kappa-carrageenan provides better texture
and rheological properties of the gels, especially those made with myofibrils. It also causes changes
in the microstructure of the gels. Potato protein produces stronger gels with carrageenan and
myofibrils than soy protein. It shows that potato protein can be a very good raw material for the
meat industry.
Keywords: Rheology, carrageenan, thermal modification, potato protein
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Gel strength estimation for gelatin-cmc hydrogels using small amplitude
oscillatory rheometry
G. Bengusu Tezel1, Sibel Uzuner2, Gulsun A. Evrendilek2
1

Department of Chemical Engineering, Faculty of Engineering and Architecture, Abant Izzet Baysal
University, 14280, Bolu, Turkey
2

Department of Food Engineering, Faculty of Engineering and Architecture, Abant Izzet Baysal
University, 14280, Bolu, Turkey

Hydrogel is a good film form to resist water vapor and air diffusion in coating for fruit and
vegetables. Due to the synergistic interactions combination of different hydrogels provide increase
in rheological properties such as gel strength. Its estimation is a critical issue to be explored in food
industry especially coating of foods for the improvement of texture, stability and shelf life of food
products and thus there is need to evaluate stability of gel strength under different food processing
conditions. Even though superiority of mixed hydrogel systems are known no prior work on gel
strength studies of carboxymethyl cellulose (CMC)-gelatin mixing hydrogel system was
accomplished so far. Gel strength estimation is a critical issue especially in food industrial
applications for the improvement of texture, stability and shelf life of food products. Gelatin is
widely used due to its gelling and emulsifying properties. It is gel forming protenious food material
with a good film former to resist water vapor and air diffusion in coating for fruit and vegetables.
Gelatin can be modified with other compatible polymers to reinforce its mechanical strength.
Carboxymethyl cellulose (CMC) is polysaccharide and widely used in food processing due to
ability to increase viscosity. The objectives of the study, therefore, are to provide both investigation
of the comprehensive gel strength and the interactive effect of CMCgelatin mixture at different
mixing concentration, mixing ratio, temperature and pH on gel strength by using linear oscillatory
rheometry and textural analysis.
Rheological and textural behavior of mixed hydrogels of CMC-gelatin were examined to evaluate
the influence of mixture concentration (0.5, 0.75 and 1.0 %), mixing ratio (1:2, 1:1 and 2:1),
temperature (4, 12 and 20°C) and pH (3, 5 and 7.0) on gel strength. Depending on the experimental
design, chemical weak and physical mixed CMC-gelatin hydrogels were obtained according to
small amplitude oscillation (SAOS) test. The higher proportion of CMC and gelatin resulted in the
greater gel strength in the chemical and physical gelling medium, respectively at the high pH (7.0)
and high temperature level (20°C). Higher contribution of gelatin promoted hydrogel mixture
strength in chemical and physical gel medium because of decreasing intensity of electrostatic
attraction at high pH values. On the other hand, CMC was reinforced to gelatin gel strength by
changing viscous and elastic forces balance in hydrogel network especially at high temperature
thus enhancing synergistic effect between CMC-gelatin. These results were also supported with
textural measurement. From the textural gel strength optimization, mixed hydrogels were the most
strongly influenced by pH due to effect of charge intensity on mixing hydrogel structure. The
optimum rheological conditions for mixed hydrogels were also found to be 1.0 % of gum
concentration, 2:1 of gum ratio, 13°C of temperature, pH of 7.0 with gel strength, texture of 30.90
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Pa.sn and 1.60 N, respectively. This study provides useful information for the textural and
rheological properties of CMC-gelatin hydrogel mixture to be used for coating application of foods.
Keywords: Hydrogel, gelatin-CMC, gel strength, small amplitude oscillation test, textural
measurements
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Rheological properties balangu seed gum/sodium caseinate stabilized
emulsions and oleogels
Leyla Alizadeh, Khadije Abdolmaleki, Kooshan Nayebzadeh
Department of Food Technology Shahid Beheshti University of Medical Sciences, Tehran, Iran.

Background:
Recently, looking for alternative strategies to structure liquid oil with reduced or eliminated
saturated and trans-fats has a great deal of interest. One of the alternative routes is oleogelation
which transforms a liquid oil into a gel-like structure. The demand for new sources of endemic
hydrocolloid as oleogelator has increased in recent years. Balangu seed gum (BSG), which is
endemic in Iran, can be expected to produce gel-like network and entrap oil in the matrix.
Therefore, such as other hydrocolloids, it must produce oleogel by emulsion-templated approach.
This process includes two steps, firstly, formation of a concentrated oil in water emulsion followed
by the complete elimination of the water to produced tightly packed network entrapping more than
94 wt % oil in the matrix. In this work, the rheological measurements of concentrated emulsions
(φoil= 0.6) and corresponding oleogels containing the sodium caseinate (4% w/w), BSG (2% w/w)
and sodium caseinate: BSG complexes (2:1%, 2:2%, 4:1%, 4:2% w/w) were evaluated. Amplitude
sweeps tests were performed to show the linear region of viscoelasticity. The obtained data were
the storage modulus in LVE range (G′ LVE), the loss modulus in LVE range (G″ LVE) and
crossover point. Frequency sweeps tests were accomplished to reveal dependence of emulsions and
oleogels to frequency.
Results:
All the emulsions based on sodium caseinate: BSG complexes were stable. While, neither of them
couldn’t produce stable emulsion alone. Primary stable emulsions formed desirable oleogels. The
mentioned rheological parameters increased with increasing the ratio of sodium caseinate: BSG for
oleogels but emulsions showed concentration-dependent increasing trend. The oleogel containing
4:1% w/w showed the highest G′ (237766 Pa), crossover point (686 Pa) and apparent viscosity (45
Pa. s). However, in emulsion samples, the highest G′ (2017 Pa), crossover point (160 Pa) and
apparent viscosity (41.6 Pa. s) were dedicated to concentration of 4:2% w/w.
Conclusion:
As either protein or polysaccharide couldn’t form stable emulsion, the emulsion stabilizing
behavior can be increased by mixture of them with proper concentration at high ratio of protein to
BSG. It can be concluded that oil structuring using sodium caseinate and endemic BSG complexes
is an alternative approach for solid fats in lipid-based food products.
Keywords: Balangu seed gum, Rheological properties, Oleogel
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Durability of mycelium based food packaging materials under conditions
mimicking the potential extremes
Zeynep Tacer-Caba, Jutta Varis, Pauliina Lankinen, Kirsi S. Mikkonen
Department of Food and Nutrition, University of Helsinki, P.O. Box 66, Finland

Reuse of materials wastes and/or novel important opportunities from biotechnology and living
organisms has been a significant attempt the modern society. Mycelium based food packaging
materials are formed by the complex network of fungal mycelium that is grown on a natural
substrate. Currently it is a novel and interesting area of research being one of the most promising
alternatives to synthetic food packaging materials. Mycelium based materials attracted particular
attention with their economic advantages and ease of production stages. Current research on
mycelium based materials has mainly been focused on increasing the material strength. However,
there is a very limited research on the behavior of these materials under environmental extreme
conditions that they may potentially face during their life cycle. Therefore, this study aimed to
evaluate the Pleurotus ostreatus and Ganoderma lucidum mycelium based food packaging
materials produced by using different types of substrates in various relative humidity (0%-90%),
temperature (0- 70ºC) and stress conditions. DMA (Dynamic Mechanical Analysis) was used for
determining their mechanical behavior. Mycelium based materials gave good stability properties
under various conditions to be discussed in further detail.
Keywords: Mycelium based materials, food packaging, DMA
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Mathematical modeling of temperature distribution and velocity profile in
toroidal cans during thermal processing with horizontal-axial rotation
Ferruh Erdogdu1, Huseyin Topcam1, Ozan Karatas1, Ozan Altin1, Mustafa Tutar2, Bahar Tokur3 Fabrizio
Sarghini4
1
2

Department of Food Engineering, Ankara University, Golbasi/Ankara, Turkey

Department of Energy Engineering, Ankara University, Golbasi/Ankara, Turkey
3

Fatsa Faculty of Marine Sciences, Ordu University, Ordu, Turkey
4

University of Naples Federico II - DIAAT Portici, Naples, Italy

Axially rotating systems are widely used for processing liquid containing cans. Effect of rotation,
besides natural convection effects, is introduced in these systems to increase heat transfer rate and
to uniform temperature distribution. Modification of can geometry is another innovative approach
that has been recently focused. Studies to introduce toroidal cans to canning industry has been
continuing for this purpose. Hence, heat - momentum transfer based study to determine temperature
changes in liquid containing toroidal cans undergoing an axial rotation process is expected to be
significant for the canning industry. Therefore, the objective of this study was to develop a
mathematical model to determine temperature distribution during thermal processing of toroidal
cans undergoing a horizontal axial rotation process.
For this purpose, computational models in 2- and 3-dimensions were developed using Ansys Fluent
V. 18 (Ansys Inc., Canonsburg, PA, USA) to first decide upon whether 2-dimensional models can
be used to represent heat – momentum transfer in the horizontal toroidal cans, and the results were
experimentally validated. In the experimental studies, toroidal cans including distilled water to
represent a low viscosity Newtonian case (to lead to strong natural convection) were thermally
processed, and experimental data were used for model validation and mesh independency purposes.
Then, a second set of simulations was conducted to determine the effects of horizontal axial rotation
rates of 10 to 160 rpm. Temperature uniformity within the toroidal cans was analyzed to determine
effects of buoyancy, centrifugal and rotational forces and calculate an optimal rotation rate.
Determining the optimal process conditions (rotation rate) is expected to provide a significant
information to the canning industry, and the results were shared with the industry stakeholders.
This study is also expected to be an introduction for various projects to modify the canning process
parameters to reduce the quality losses of the products and to decrease the energy use in the process.
Keywords: Canning – horizontal rotation, toroidal cans, mathematical modeling
Acknowledgement: This research was supported by TUBITAK (Scientific and Technical Research
Council of Turkey), project no: 116O555.
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The effect of different drying processes on the drying characteristics, physical
and powder properties of red pepper pulp
Gulsah Caliskan Koc
Gastronomy and Culinary Arts Department, Alanya Hamdullah Emin Paşa University, Antalya, Turkey

The objective of this study is to determine the effects of different drying processes and combined
drying methods on the drying characteristics, effective moisture diffusivity, physical and powder
properties of the red pepper puree (RPP), and the total energy consumption of the dryers. The
drying experiments were performed in a hot air dryer (HAD, 70°C, 1 m/s air velocity), freeze dryer
(FD, 13.33kPa absolute pressure, −48°C and 10°C condenser and plate temperatures), microwave
oven (MO, 540W), and hot air dryer-microwave oven (HAD-MO) and freeze dryer-microwave
oven (FD-MO) combination systems until the constant weight was reached. The drying took place
in a combined form of as constant and falling rate regions for all drying methods. The effective
moisture diffusivity values of samples ranged between 9.13E-10 m2/s (hot air dried red pepper pulp
powder) and 5.17E-8 m2/s (microwave dried red pepper pulp powder). Significantly higher
moisture content (6.05%, wet basis (wb)) and water activity (0.4225) values were observed for the
freeze-dried (FDRPPP) and hot air dried (HADRPPP) red pepper pulp powder, respectively and
these values were decreased by combining freeze and hot air drying with a microwave oven (4.15%
(wb) and 0.3805, p<0.05). The color values of the FDRPPP (L*=57.67, a*=32.60, b*=34.54) and
HADRPPP (L*=48.98, a*=27.09, b*=29.29) increased by combining them with a microwave oven
(FD-MORPPP L*=58.09, a*=33.67, b*=38.72; HAD-MORPPP L*=49.68, a*=30.60, b*=30.30).
The highest bulk (248.31kg/m3) and tapped density (355.21kg/m3) values were observed for hot
air-microwave dried samples. Comparatively better results were obtained for microwave dried
powders for flowability (Carr Index=10.8, very good) and cohesiveness (Hausner Ratio=1.12, low)
(P<0.05). The highest energy consumption value (33.115kWh) was observed for the convective
dryer and it can be decreased by combining it with microwave dryer (4.068 kWh).
Keywords: Red pepper pulp, convective hot air drying, freeze drying, effective moisture
diffusivity, energy consumption
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The impact of ultrasound pre-treatment and oven-drying on the quality of
dried pears
Gulcin Yildiz
Igdir University, Food Engineering Department, Igdır, Turkey

Drying is one of the oldest methods known for the preservation of agricultural products such as
fruits and vegetables. Drying of agricultural products improves their storage life, minimizes losses
during storage, and save shipping and transportation costs. Pears are considered as excellent
candidates for drying. Oven-drying is the most common method used for the food preservation. A
pretreatment can be applied for the reduction of oven-drying time. One of the pre-treatment that
can be used in order to reduce oven-drying time is ultrasound application. The mechanical and
physical effects of acoustic waves created by ultrasound process can be used to enhance many
processes where mass transfer takes place such as drying. The forces involved by the sponge effect
produced by ultrasonic waves can create microscopic channels which might make moisture
removal easy. These microscopic channels may be used by water molecules as a preferred way to
diffuse toward the surface of the fruit. In addition, the ultrasonic waves reduce the diffusion
boundary layer and increase the convective mass transfer in the sample. Furthermore, the cavitation
produced by ultrasound are important for the removal of moisture strongly attached. This study
was undertaken to explore the effect of ultrasound pre-treatment and oven-drying on the quality of
dried pears. Pears supplied from a local market were washed and cut into 10 mm thick slices. Pear
samples were treated in ultrasonic bath during 10, 20, and 30 minutes. After drying in an oven at
75°C for 3,6,9, and 12 hours, weight loss of samples was calculated. Content of total phenols was
determined spectrophotometrically with the Folin-Ciocalteau assay, and the antioxidant capacity
was evaluated by using 1,1-diphenyl-2-picrylhydrazyl (DPPH) assay. Ultrasound pre-treatment
combined with longer oven drying resulted with higher weight loss but caused a decrease in
phenolic content and antioxidant capacity of dried pears. The lowest TPC was determined in
sample which was subjected to the longest ultrasound pre-treatment (30 min) and drying (12 h).
The highest total phenolic content (TPC) was determined in sample treated with 20 min ultrasound
and dried for 9 hours. This combination also exhibited a good antioxidant capacity. The present
study clearly demonstrated that applying ultrasound as a pre-treatment on the drying of pears is an
effective process in terms of quality of dried products, time, and energy.
Keywords: Ultrasound, oven-drying, pear, antioxidant capacity, total phenolic content
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Color measurement: an unbiased method for food quality control?
Begoña Hernández Salueña
Public University of Navarre, Pamplona, Spain

Food quality comprises many properties, mainly: appearance, aroma, flavor, texture and nutritional
constituents. Among all these properties, appearance surpasses all the others in consumers’
purchase decisions. Consumers are unlikely to buy a food product if they dislike its appearance.
Thus, they never get to experience the product’s taste or texture.
Color is one of the most important factors in the assessment of food appearance. Even if a
processing method designed to improve any properties related to food quality are successful, its
effect on color cannot be ignored.
Color evaluation can be carried out in two ways: visually or instrumentally. Comparing the results
of both methods is difficult, especially if the color of a food product undergoes rapid changes.
Visual assessment is closely related to consumers’ purchase decisions. It is done through the
information that our eyes send to our brain. The human visual system has a great ability to
discriminate between colors but has a poor capacity to memorize them. Also, our mind is highly
biased by our own preferences and those of our environment and culture. Visual color evaluation
can be highly manipulated by external factors, such as lighting, that can make food seem more
attractive (an effect that is well known by food sellers). To reduce the subjectivity of our mind and
the lack of color memory of our visual system it is important to train tasting panels or supplying
them visual comparison scales according to the type of food product evaluated. But, even when all
these requirements are met, it is often difficult to accurately compare the results of different studies.
Instrumental evaluation of color is absolutely objective and facilitates description, communication,
and comparison between different studies. However, for this process to be reliable, the guidelines
recommended by the CIE (Commission Internationale de l’Éclairage) must be followed. The type
of instrument used, the coordinates of the chosen color description system, the standard illuminant,
observer, and the geometry of measurement must be correctly indicated. Inconsistencies to any of
these variables hinder the correct communication of our work and may lead to erroneous
conclusions about it.
In this work, a comparison between visual and instrumental methods of evaluating food color will
be presented, indicating the advantages and disadvantages of each one of them by showcasing the
results of different studies.
Keywords: Food color, visual assessment, color measurement, CIELAB
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Binding analysis between monomeric -casein and hydrophobic ligands
investigated by surface plasmon resonance and fluorescence spectroscopy
Asma Bahri1, Corinne Henriquet2, Martine Pugnière2, Sylvie Marchesseau1, Dominique Chevalier-Lucia1
Université de Montpellier, UMR IATE, F-34095 Montpellier Cedex 05, France
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-casein, a phosphoprotein representing 37 % of the bovine milk caseins, has specific features
promoting its application as a nanocarrier for hydrophobic bioactives. At native milk pH, the Cterminal domain is highly hydrophobic while the N-terminal one is rich in hydrophilic groups.
Thanks to this property,  casein has the ability to bind lipophilic compounds through hydrophobic
interactions.
In this study, the interactions of β-casein with curcumin and vitamin D3 under the same physicochemical conditions were investigated. The interaction kinetics have been studied by surface
plasmon resonance (SPR) and fluorescence spectroscopy. The KD value for curcumin-β-casein
interaction has been successfully evaluated (4.1 ± 0.7 x 10-4 M) using SPR by fitting data to a 1:1
Langmuir interaction model. Conversely, the SPR responses obtained for vitamin D3 show that the
interactions between this hydrophobic compound and the -casein immobilized on the sensor chip
were below the sensitivity of the SPR apparatus. Moreover, the fluorescence quenching data show
that curcumin has higher affinity to β-casein (KA = 23.5 ± 1.9 x 104 M-1) than vitamin D3 (KA =
5.8 ± 1.1 x 104 M-1).
Keywords: -casein, curcumin, vitamin d3, surface plasmon resonance, fluorescence quenching,
binding parameters
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Characterisation of monoglyceride-based cubosomes under the influence of
flavonoids
Didem Sanver1, 2 Amin Sadeghpour3, Michael Rappolt2
1

Department of Food Engineering, Faculty of Engineering and Architecture, Necmettin Erbakan
University, Konya, Turkey
2
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3

Department of Materials Meet Life, Centre for X-ray Analytics, EMPA-Swiss Federal Laboratories for
Materials Science and Technology St Gallen, Switzerland

There has been a growing awareness for drug-free approaches to treat a particular disease and
replace drugs with plant-derived natural products such as flavonoids. In this study, small angle Xray scattering (SAXS) - an advanced biophysical technique - has been employed to characterize
the dynamic behavior of flavonoids (naturally found in fruits and vegetables) at lipid interfaces.
SAXS data of lamellar phases were successfully analysed with the application of global analysis
program (GAP). Furthermore, flavonoids were incorporated into cubosomal formulations of
monoglyserides whose inner nanostructures are closely related to those observed in biological
membranes. These nanostructed cubosomes can increase the bioavailability of compounds of
interest (in this case flavonoids) and be used as advanced drug delivery systems (Sadeghpour,
Sanver, & Rappolt, 2017).
Keywords: flavonoids, lamellar phases, cubosomes, food delivery,
Sadeghpour, A., Sanver, D., & Rappolt, M. (2017). Interactions of Flavonoids with Lipidic Mesophases Advances in Biomembranes
and Lipid Self-Assembly (Vol. 25, pp. 95-123): Elsevier.
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Assurance of poultry meat quality and safety by exploring potential of organic
acids
Muhammad Issa Khan, Anum Ishaq, Amna Sahar, Aysha Sameen
National Institute of Food Science and Technology, University of Agriculture, Faisalabad, Pakistan

Pathogenic bacteria have frequent incidences in meat and poultry products leading to economic
losses and organic acids are often to prevent meat spoilage. This study investigated the effect of
different organic acids solution on shelf-life extension and growth inhibition of pathogenic
microorganisms on poultry meat. Acetic acid and citric acid individually and in combination (1:1)
were used in this study to mitigate surface microflora of chicken. Total plate count (TPC) results
showed that 3% citric acid have minimum value (2.36 log cfu/cm2) which indicated its greater
potential for microbial reduction whereas 3% acetic acid showed the greatest potential to control
meat spoilage indicators i.e. Salmonella and E. coli (2.09 log cfu/cm2). Meat quality parameters
like pH, color, texture and total volatile basic nitrogen were also significantly influenced by organic
acid treatments and showed a positive change. It is concluded from study that organic acids have
great potential in extending shelf life and inhibiting growth of pathogenic microorganisms in
broiler meat while maintaining the acceptable product quality.
Keywords: Organic acids, meat preservation, meat quality, pathogenic microorganisms
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Innovative thermal processing – effects of physical properties
Ferruh Erdogdu
Department of Food Engineering, Ankara University, Golbasi/Ankara, Turkey

In the last few decades, food industry has been in a revolutionary change to improve the
conventional technologies especially with the introduction of so-called innovative food processing
technologies. Considering the significance of thermal processing in food production cycle,
innovative approaches like microwave, radio-frequency, infrared and ohmic heating are current
trends for possible industrial applications with a successful design and implementation. These
technologies are yet to demonstrate the efficiency and feasibility to possibly replace the classical
retorting or aseptic processing. Among these technologies, microwave and radio frequency
application refer to dielectric heating method due to the polarization effects at the selected
frequency where coupling of electromagnetic field with food product within a cavity takes place.
Besides the very-well known effects of thermal – physical properties (density, thermal
conductivity, specific heat and viscosity), two additional electromagnetic properties (dielectric
constant and loss factor) govern a dielectric heating process with their combined resulting
penetration depth. These properties are functions of applied frequency and temperature in addition
to the composition of the food product.
For food processing industry, it is required to design and optimize their processing conditions to
assure food safety and to increase food quality. While virtualization of food processes with
computer aided engineering via the presence of an experimentally validated physics-based
mathematical model is recognized to be a must for this purpose, knowledge of physical properties
to use in the virtualization cycle bring a certain challenge. Besides, the quality of a mathematical
model lies in having control of these properties for sensitivity analysis and their eventual effects
on the process parameters (which are to be design and optimized).
As indicated above, dielectric properties govern the innovative thermal processing of dielectric
heating, and the objective of this study is to demonstrate the challenges in microwave and radio
frequency heating with various examples from food processing industry. These examples will
include from heating of liquid food products to the challenging thawing processes by demonstrating
the significance of process design parameters and product temperature (non)uniformity resulting
from the volumetric heating properties of the dielectric heating processes. This, in fact as a
contradiction to the common knowledge, has been a certain limitation for the industrial uptake.
Keywords: Thermal processing
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Preliminary studies regarding nutritional performance of quinoa crop as leaf
vegetables
Vitănescu Maricel1, Stoleru Vasile1, Munteanu Neculai1, Teliban Gabriel1, Cojocaru Alexandru1,
Mangalagiu Ionel2, Mantu-Amăriucăi Dorina2, Vlase Laurian3
Department of Horticulture Technology, “Ion Ionescu de la Brad” University of Agricultural Sciences
and Veterinary Medicine, 3 M. Sadoveanu, cod 700440, Iasi, Romania
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Department of Biochemistry, Al. I. Cuza University, Iasi, Romania

“Iuliu Hatieganu” University of Medicine and Pharmacy, Department of Biopharmaceutics and
Pharmaceutical Technology, Faculty of Pharmacy, Cluj-Napoca, Romania

Quinoa is a species originating in South America, more exactly in the area of Lake Titicaca from
the Andes mountains, which is generally cultivated for its seeds.
The aim of the preliminary research was to study the possibility of introducing the quinoa species
in the vegetable crop, for its leaves.
Quinoa adapts to areas of warm and dry climate. The plant can grow in humidity conditions of 40%
up to 88%, is resistant to temperatures ranging from -4°C and 38°C, appropriate for crops cultivated
at the sea level, and up to altitudes of 4.000 meters.
The seeds’ nutritional quality is granted by the high content of protein, quality fatty acids and a
high number of amino acids, which makes it a functional food product, ideal for the human body.
To achieve this goal, in 2017 was organized a split plot design experience in quinoa crop with three
cultivars: Puno, Vikinga and Titicaca. For this have been determined in the dynamics, the content
of polyphenols and phyto-sterols, as a recommendation on the quinoa nutritional capacity, to be
promoted in the Romanian vegetable species, for fresh leaves.
Following analyzes ferulic acid varied in a large limit from 0.254 to 0.506 µgml-1, isoquercitrin
grow from 0.504 to 0.813 µgml-1, rutozin varied in a large amount from 0.263 till to 1,302 µgml-1.
The phytosterol content varied within the following limits: ergosterol varied from 0.12 to 0.61
µgml-1, stigmasterol grow in large amounts from 5.25 to 16.42 µg ml-1, β-sitosterol varied from
12.56 to 61.08 µgml-1 and campesterol range from 0.15 to 0.45 µgml-1.
Keywords: Chenopodium quinoa, phyto-sterols, polyphenols, yield
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A review on textural profile analysis of meat and meat products
Ebru Erdemir1, Mehmet Murat Karaoglu2
1
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Texture is primarily the response of the tactile senses to physical stimuli that result from contact
between some parts of the body and the food. The texture is one of the most important quality
attributes (color, flavor, tenderness, juiciness etc.) in the process of selection and consumption of
meat and meat products. Texture evaluation of raw meat and completely prepared products is very
important to control product quality, desing and optimization processes and select ingredients to
achieve certain textural properties. Texture of meat products is dependent on the gelation
characteristics of myofibrillar protein. High pressure and temperature applications, processing
methods such as salting, drying affect the texture of meat and meat products. Salt, phosphates
and/or alkaline and/or hydrocolloids (gums, dextrose and/or carrageenans) are used to improve the
texture of meat products. Evaluation of texture is a dynamic and complex process that includes
visual perception of the product surface, product behaviour in response to previous handling and
integration of in-mouth sensations experienced during mastication and further swallowing. The
tests such as shear, stress-relaxation, texture profile analysis (TPA), extrusion, tension, and torsion
can help optimize formulations and detect the sensory properties (hardness and chewiness etc.) that
will be perceived by the consumer. TPA (compression) test, is one of the most frequently used
instrumental methods for determining the rheological behaviour including the textural properties.
TPA is a good tool to assess textural properties of food. Hardness, adhesiveness, springiness,
cohesiveness, gumminess, chewiness and resilience etc. are TPA parameters.
Key words: Meat, meat mroduct, TPA
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The effect of thermosonication on some quality parameters of watermelon
juice
Erdal Agcam, Burcu Dundar, Suleyman Polat, Asiye Akyildiz
Cukurova University, Adana, Turkey

In this study, the effect of thermosonication on the total acidity (TA), pectin methylesterase
inactivation (PMEI), total phenolic content (TPC) and total carotenoid content (TCC),
hydroxymethylfurfural (HMF), furfural (F), ascorbic acid content (AAC) and total color difference
value (∆E*) of watermelon juice (WJ) were investigated. Additionally, the optimum
thermosonication parameters were determined to obtain high quality WJ and the changes of the
quality attributes of WJ mentioned above with changing thermosonication parameters (ultrasound
energy density and temperature) were modeled mathematically by using of Design Expert software
(Version 10.0, Stat-Ease, Inc., Minneapolis, USA). In thermosonication treatments, ultrasound
energy density (UED) and temperature were limited in the ranges of 3.1-495.9 J/g and 5.0-90.0°C
for optimization study.
The results showed that the temperature requirement decreased to obtain same level of PMEI in
WJ when the ultrasound energy density was increased. The maximum TPC of WJ was obtained at
the higher UED and lower temperature combination. However, when the mild UED-temperature
combination was applied to WJ, the TCC maximized. The ∆E* value was greater at higher UED
and temperature applications. Thus, it can be said that ultrasound and temperature had synergistic
effect on TCC and ∆E* of WJ. The AAC of WJ decreased with increasing UED. The HMF and F
levels of WJ increased with temperature while they were not affected by changes in UED
dramatically.
The optimization aims were determined as producing WJ with minimum HMF, F and ∆E* level,
low residual pectin metyhlesterase activity while TPC, TCC and AAC were maximum. To provide
PMEI at the level of 80% and also protect the quality of WJ, the thermosonication parameters
would be 438.6 J/g UED and 78.9°C temperature according to the optimization study results. Also,
the optimum thermosonication conditions were determined for 70% and 60% PMEI as 303.4 J/g73.9°C and 388.3 J/g-62.7°C, respectively. As expected, temperature parameter must be increased
to obtain higher PMEI in thermosonication of WJ.
Keywords: Thermosonication, watermelon juice, optimization, quality parameters
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Application of cold membrane filtration at pilot scale to fractionate
dairy-based functional ingredients from skim milk
Zeynep Atamer, Johannes Schaefer, Thomas Schubert, Jörg Hinrichs
University of Hohenheim, Stuttgart, Germany

Casein is the major protein fraction in bovine milk and constitutes about 80% of the total milk
protein. The interest on individual pure casein fractions is constantly growing due to its variety of
bio- and techno-functional properties. The fractions of casein (α-, β- and κ-casein) can be used as
“clean label” emulgator (β-casein), encapsulation material (α-casein) or protein source for
phenylketonuria patients (κ-casein). One of the methods for the isolation of casein protein fractions
is membrane filtration, in which the functional characteristics of casein remain unchanged and it
can be considered as “native”. The aim of this study was to produce pilot scale production of native
β-casein-enriched and β-casein-depleted concentrates by means of cold microfiltration in the
diafiltration mode. The β-casein-enriched concentrate will serve for bio- and techno-functional
applications and the β-casein-depleted concentrate will be used for research applications on
bitterness reduction in fermented milk products with high calcium levels.
The isolation of β-casein was done using skim milk via microfiltration at cold temperatures
(≤
8°C). Firstly, a micellar casein concentrate was obtained from skim milk by means of warm
microfiltration (MF) at 50°C (0.1 µm mean pore diameter, ceramic membranes). The concentrate
was stored at 2-3°C for 20 h to induce temperature-dependent dissociation of β-casein from casein
micelles. Secondly, the β-casein was separated from the cold-stored concentrate using the 0.3 µm
MF membranes at ≤ 8°C. Thirdly, the β-casein-enriched permeate was warmed up to 50°C to
induce self-association of β-casein micelles before ultrafiltration at 50°C (10 kDa cut-off,
polyethersulfone membrane).
Two streams, a β-casein-enriched and a β-casein-depleted stream, were successfully generated at
pilot scale. A purity of 95% was achieved for the obtained β-casein-enriched retentate. A
comparison of two different methods for the isolation of the fractions at pilot scale, the membrane
filtration method (this study) and selective precipitation method (previous study (Thienel et al.,
2018)), was conducted. Furthermore, potential food and non-food applications of the casein
fractions based on the isolation method were considered.
Keywords: Milk proteins, beta-casein, microfiltration, ısolation methods, functionality, bitter
peptides
Thienel, K. J., Holder, A., Schubert, T., Boom, R. M., Hinrichs, J., & Atamer, Z. (2018). Fractionation of milk proteins on pilot
scale with particular focus on β-casein. International Dairy Journal, 79, 73-77
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Neuroactive molecules production by fermenting bacteria and health
Cisem Bulut Albayrak
Adnan Menderes University, Aydın, Turkey

Various microorganisms play role in production of fermented foods. Among them, Lactic acid
bacteria and Lactobacillus genus were commonly found in fermented dairy products such as
cheese, yogurt and etc, fermented vegetables such as pickles, and table olives, and fermented meat
and cereal products. These bacteria exist in gastrointesitinal environment of human and they are
included in various probiotic formulations. Currently, it is suggested their health benefits extend
beyond intestinal disorders. Recently, one of the explanations for relationship between gut
microbiota and good mental health is based on production of neuroactive molecules by gut bacteria.
Within this aspect, new area in this field has been explored under description of psychobiotics
which are we live organisms that, when ingested in adequate amounts, produce a mental health
benefits. Broad range of bacteria can manufacture and secrete essential neurochemicals. The
neuroactive substances produced by intestinal microbiota has been found to modulate neural
signals which affect neurological and psychiatric parameters such as depression, sleep, appetite,
mood and cognition. Gamma-aminobutyric acid (GABA) is the main inhibitory neurotransmitter
in the brain and regulates many physiological and psychological processes. Catecholamines, such
as dopamine and norepinephrine, are the major neurotransmitters that mediate a variety of central
nervous system (CNS) functions such as motor control, cognition, memory processing, emotion
and endocrine regulation. Acetylcholine is another neurotransmitter found in the central and
peripheral nervous systems which plays a critical role in cognitive function, particularly in memory
and learning.
In this work, recent findings for neurochemical production potential of fermenting bacteria were
discussed. Since diet has significant influence on gut microflora, fermented foods, functional foods,
probiotics and newly psychobiotics can alter mental health in different ways and may open up new
possibilities to design and control mental wellbeing.
Keywords: Lactobacillus, neuroactive substances, psychobiotics
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Enrichment of d-pinitol in carob pod extract
Mustafa Karhan1, Aslı Arslan Kulcan2, Ahmet Hacioglu1, Ursula Tania Assoumou Zoua1
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Akdeniz University, Antalya, Turkey
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The carob (Ceratonia siliqua L.) grows in places where the Mediterranean climate prevails and has
a high-pod-shaped fruit with sugar and mineral content. In recent years, the value of the locust bean
has increased because it contains an important functional compound, D-pinitol, in high
concentrations. Therefore, alternative methods have begun to be developed so that the fruit can be
used as a source in the production of D-pinitol. There are some studies on the effect of D-pinitol
on the regulation of glucose metabolism in the human body. Therefore, it is clear that D-pinitol
will gain even more importance in the pharmaceutical, chemical and food industries in the coming
years. Some studies have shown that D-pinitol improves insulin sensitivity in patients with type II
diabetes, regulates the level of blood sugar without causing hypoglycemia, and protects delicate
organs such as the liver and kidney against oxidative damage.
In this study, cultivated and wild carob species were used as material. It is aimed to obtain D-pinitol
by enrichment and purification studies using D-pinitol-rich types. The basic steps were composed
of different stages such as extraction, clarification, ultrafiltration, Steffen process. Sugars and Dpinitol were analysed simultaneously with the HPLC system in all steps. According to findings, Dpinitol can be enriched at 40% by physical separation methods such as ultrafiltration.
Keywords: Carob bean, D-pinitol, enrichment
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Recycling waste from the food industry for construction industry
Florina Radu1, Ofelia Corbu2*, Gabi Pirgariu3, Henriette Szilagyi4
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S.C. New Ncr Reciclare S.R.L., Balesti, Gorj, Romania

NIRD URBAN-INCERC Cluj-Napoca Branch, Cluj-Napoca, Romania

This paper presents the necessity of waste recycling from the food industry in Romania, as well as
the collaboration of the researchers with the recycling company S.C. New Ncr Reciclare S.R.L.,
which is the final recycler. All this for a cleaner environment and for the health of current and
future generations.
Preserving the environment is a priority of all current policies in the conditions of massive
investments which has to be made in depollution and recycling techniques, in the management of
water resources and wetlands. Investment in research for fuels, new and / or recycled materials can
dynamize R & D activities dedicated to eco-technologies that conserve water, air and soil
properties.
Researchers from multidisciplinary fields have joined together to create a connection between food
industry, the waste supplier (Glass and Polyethylene Terephthalate (PET)) and the construction
industry, which can use recycled wastes as raw materials for new building materials.
Keywords: Waste, recycle, final recycler, building materials
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Determination of Milk Proteins in Dairy Products by Analytical Methods
Taner Erkaymaz, Firuze Ergin, Gizem Yildiz, Ahmet Kucukcetin
Akdeniz University, Faculty of Engineering, Department of Food Engineering, Antalya, Turkey

Globally, milk is a commonly consumed food due to its high nutrient composition. Milk naturally
contains a number of key nutrients, including protein, which is beneficial to humans regardless of
their age. Proteins are macromolecules that play a crucial role in nutrition, growth and
development. The percent of protein ranges from 3.0% to 3.6% in cow’s milk. There are several
methods used for the determination of milk proteins in dairy products, such as qualitative methods,
determination of total organic nitrogen by Kjeldahl technique, colorimetric principles, enzymelinked immunosorbent assay (ELISA), electrophoresis, X-ray crystallography, nuclear magnetic
resonance (NMR) and chromatographic methods. Milk proteins can be detected more easily by
analytical instruments compatible with liquid chromatography due to polar ligands. Reversedphase HPLC technique has become an essential technique in determination of milk proteins and
peptides in dairy products. Reversed-phase HPLC combined with mass spectrometry (MS)
provides a powerful technique for milk protein analysis. It is possible to determine also the animal
origin of milk by detecting milk proteins. Chromatography combined mass verification technique
is the leading technique for determination of milk proteins in dairy products.
Keywords: Milk Proteins, Casein, Whey Proteins, Analytical Methods, Reversed-Phase HPLC
Introduction
Milk proteins are the most important structures for the development, growth and self-renewal of
the organism. Milk proteins are organic compounds that are essential for life in terms of their
chemical composition. Milk proteins contain for the life all essential amino acids that cannot be
synthesized by the human body and should be provided from everyday diet. Milk proteins mainly
consist of 2 different groups; caseins and serum proteins (whey proteins). Casein is found only in
milk in nature and is the main protein of milk. Whey protein is called non-coagulant and non-casein
part of milk protein.
Protein Analysis
Qualitative methods
Proteins are determined by colour reactions.
Millon Test; when proteins are heated with concentrated nitric acid + mercury II Milan separator,
the blood forms a red colour. This reaction results from the tyrosine amino acid. Ninhydrin
Reaction; blue-violet colour occurs when proteins are heated with ninhydrin solution.
Xanthoprotein Reaction; proteins give a severe yellow colour with concentrated nitric acid
(HNO3). If ammonia (NH3) is added to the medium, the colour turns orange. These colour
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transformations are due to the tyrosine and tryptophan amino acids. When the nitric acid gets into
the hands, the reaction of the hands is yellow.
Diacetyl Reaction; arginine is a characteristic reaction for the amino acid. A dilute protein solution
is mixed with 10% KOH solution and a dark pink colour with green fluorescence is formed if 1%
diacetyl solution is added dropwise.
Lead Sulphur Reaction; if the alkaline solution of the protein is boiled with lead acetate solution,
the sulfuric amino acids give a black lead sulphide precipitate or a brunette colour.
Methods for determination of total organic nitrogen
Proteins are composed of C, H, O, N, S and P. The amount of nitrogen in protein molecules is
approximately 16%, this ratio is different in different foodstuffs. In the determination of the total
organic nitrogen, there are two methods for the foods. Methods based on the conversion of nitrogen
in natural form into elemental nitrogen in food. Methods based on converting nitrogen in natural
form into ammonium salts in food.
There are three major methods developed on the basis of determination of gasified nitrogen or
ammonium salts. Dumas method was developed in France in 1831. After that, Kjeldahl method
was developed in Danish in 1883. The Ter Meulen method was developed in the Netherlands in
1924. Then, these methods are modified for several times.
Methods based on colorimetric principles
Colorimetric analyses can be applied to both macro and micro levels. By colorimetric methods, not
only proteins in the dairy products, but also peptides and amino acids can be detected.
Protein determination by colorimetric method; it is the reaction of peptide bonds or amino acid
residues with a suitable chemical chromophore group. The coloured proteins are measured by the
spectrophotometer principle of light absorption.
Bi-urea method; in the strongly alkaline environment, the proteins in the food react with the copper
compounds to form a red-violet or red-purple (purple) compounds. Since the intensity of the colour
formed depends on the amount of protein in the environment, protein determination methods based
on bi-urea reaction were developed.
FCL (Folin-Ciocalteau-Lowry) method; the Folin solution reacts with the proteins in the food and
creates a blue colour in this method.
Formol titration method
This method is one of the fastest methods to determine the amount of milk proteins in dairy
products. The amine group (-NH2) is converted to the methylene amino group (-N = CH2) by
addition of formaldehyde to the amino acids in the proteins. The released carboxyl (COOH) group
is titrated by the adjusted base and the result is calculated. In this method, the amount of base spent
on titration is directly proportional to the amount of protein.
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ELISA “Enzyme-linked Immunosorbent Assay” method
It is a biochemical-immunological method, allowing the antibody to bind with the antigen. It is
very sensitive to antibody and antigen determination in the samples. Unbound or non-specific
proteins are removed by washing. Enzyme-linked secondary antibodies are added and bound to the
antigen-antibody construct (sandwich structure). The amount of protein is measured spectrophotometrically by adding the substrate to interact with the enzyme.
Electrophoresis method
Electrophoresis is the migration of solutes or particles loaded in a liquid medium under the
influence of an electrical field. Since electrophoresis provides migration of all particulate species,
the term “iontophoresis” refers to the migration of small ions in particular. The most common
electrophoresis applications include whey proteins, hemoglobin and isoenzymes.
X-ray crystallography method
The method works on the basis of X-ray transmittance in the sample. α-strand and β-layer motifs
contained in proteins can be determined by this method. Information about chemical bonds in the
protein can be obtained. By collecting all data, the three-dimensional structure of the protein can
be understood. The fact that some proteins do not crystallize restricts the use of this method.
Nuclear Magnetic Resonance (NMR)
NMR is used to investigate the three-dimensional structure of proteins. For NMR, it is necessary
to use high purity protein sample. This method is applicable for natural or recombinant proteins
and suitable for structure analysis of small proteins (35 kDa).
Chromatographic methods
The proteins can be detected by analytical devices compatible with liquid chromatography due to
their lack of thermal stability and their polar ligands. Peptides and proteins are separated based on
differences in surface hydrophobicities or surface charges. These methods are thin layer
chromatography, ion exchange chromatography (IEXC), affinity chromatography, hydrophobic
interaction chromatography (HIC), gel filtration chromatography, reverse phase chromatography
(RPC).
Thin layer chromatography is decomposition of proteins according to their dissolution ability. The
sample impregnated on a solid surface (cellulose) is placed in the solvent surface. By dissolving
the solvent solution on the surface, the proteins in the sample are separated according to their
dissolution ability. Ion exchange chromatography is separation of proteins according to ionic loads.
Hydrophobic interaction chromatography is chromatographic separation technique commonly used
for purification of macromolecules such as proteins and polynucleotides. Purification schemes are
mostly developed by combining HIC with ion exchange, size exclusion and affinity
chromatography. Affinity chromatography ensures separation of proteins to chemical groups. Gel
filtration chromatography allows the separation of proteins according to their size.
Reverse phase high performance liquid chromatography (RP-HPLC) involves the separation of
molecules on the basis of hydrophobicity. The separation depends on the hydrophobic binding of
the dissolved molecule to the immobilized hydrophobic ligands, which are bound to the stationary
phase from the mobile phase to the sorbent (Mant & Hodges, 1996). In reverse phase method,
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analyses are performed using C4, C8 and C18 filled non-polar columns. The C18 hydrophobic phase
is suitable for separating peptides smaller than ~ 2000-3000 Da. The C4 hydrophobic phase is
suitable for the separation of peptides and proteins larger than ~ 3000 Da (Aguilar & Hearn, 1996).
Milk proteins can be detected by photo- diode array (PDA) and diode array (DAD) detectors with
expanded UV and visible region properties in RP-HPLC technique. However, precise and accurate
results are difficult to achieve with the combination of analytical devices that work only with light
absorption. Due to interference elements and chromatographic separation difficulties, it is not
possible to reach reliable analysis results. The exact solution of a correct analysis is possible by
using mass selective detectors. The use of MS in chromatography has several advantages. MS is a
very sensitive detection technique. MS provides the separation of peptides/proteins by molecular
weights. MS can detect proteins or peptides as specific mass (Premstaller, Oberacher & Walcher,
2001). Finger print of proteins can help identify of peptides/proteins milk origin (ZACHAR, 2011).
Conclusion
Chromatographic techniques have developed into powerful separation techniques, capable of
separating large numbers of proteins and peptides. As a result, combining chromatography
techniques has become a widespread method for protein analyses and separations in dairy products.
Reversed-phase HPLC technique has become an essential technique in the separation and analysis
of milk proteins and peptides in dairy products. It is widely used in the life science to characterize
proteins and to analyse them for product identity and impurities. Reversed-phase HPLC
combination of mass spectrometry provides a powerful technique for milk protein analysis. Mass
spectrometry interfaces with reversed-phase HPLC by means of the electro spray ion (ESI) source.
The polar and ionized groups scattered on the surface of the protein particles determine the
electrical charge and electrical properties of the protein molecule. Amino groups take protons and
form cations (NH4+). These groups are soluble in aqueous media and form ions. Carboxyl and
phosphate groups gain anionic property by giving proton (H+) to the environment. It is very difficult
to ionize large molecules with ESI soft ionization technique. However, thanks to these ions, it is
possible to analyze milk proteins. Chromatography combined mass verification technique is the
leading technique for determination of milk proteins in dairy products. It is possible to determine
also the animal origin of milk by detecting milk proteins.
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Effect of solvent polarity on the eicosapentaenoic acid (EPA) content of algal
(N. oculata) oil
Tugce Aygün, Osman Kadir Topuz,
Department of Aquatic Food Processing Technology, Faculty of Fisheries, Akdeniz University, AntalyaTurkey

Microalgae, known as important photosynthetic organisms of the sea, contain significant nutrients
such as protein, fat and mineral matter. While some microalgae are rich in protein, mineral matter
and chlorophyll, some microalgae such as Nannochloropsis sp. have high fat content. Omega-3
fatty acids in the fat derived from the Nannochloropsis sp. perception have many useful features
that are beneficial to heart health from depression to heart disease. Eicosapentaenoic acid (EPA),
an essential omega-3 fatty acid, cannot be synthesized by the human body and must be ingested
externally. Algal oil is shown as a replacement source of EPA for fish oil because of its advantages
such as the lack of fishy odor, its vegetable origin and its oxidation resistance compared to fish oil
due to antioxidant substances in its structure. In this study, the effect of different polarity solvents
(hexane, methanol, ethanol, chloroform and isopropyl alcohol) on the extraction of algal
(Nannochloropsis oculata) oil with high amount of EPA was studied. The results show that the
algal oil obtained by extractions made with medium and high polar solvents contained EPA in
higher amount. Ethanol (10.41%), isopropyl alcohol (9.09%), chloroform (7.19%) and hexane
(5.83%) were followed by extraction with methanol (14,40%). Taking into consideration the
harmful effects of methanol on health, the use of ethanol known as an environmentally friendly
solvent, in algae oil extraction is recommended to obtain algal oil rich in EPA.
Keywords: Microalgal oil, Nannochloropsis oculata, eicosapentaenoic acid (EPA), solvent
polarity.
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Abstract
Mixtures of proteins and dietary fiber are frequently used in many technological applications in
food industry. In many of these applications’ protein-dietary fiber mixtures are used in the
production of processed dispersions containing two or more immiscible phases such as aqueous,
oil and/or gas phases in the forms of emulsions or foams. Due to their large interface areas, the
dispersions are spontaneously unstable systems and prone to destabilization. The instability of
these systems is achieved by a protective surface layer around the particles. The properties of this
interface layer are controlled by the composition and structure of the adsorbed material. The aim
of present study is to investigate the interfacial properties of protein- dietary fiber interactions at
oil/water interfaces. For this reason, 1% solutions of casein, as a model compound, and mixed with
the inulin, an important dietary fiber, have been prepared. The BiCone rotor has a diameter of 68
mm and a cone angle of 10̊ was used and the data were recorded at 25 ̊C. The rotational as well as
oscillatory experiments were conducted and the interfacial shear stress (τi), interfacial viscosity
(ηi) and interfacial modulus (Gi’, Gi’’) values were recorded. Water and oil interfacial properties
of samples were evaluated in terms of time, stress, strain and frequency sweep measurements. The
Gi’ values were higher than Gi’’ (Gi’> Gi’’) at studied frequency and the ηi was measured
1.616x10-3 Pas.m at the shear rate of 100.
Keywords: Interfacial, rheology, casein, dietary fiber

Introduction
Proteins are commonly used amphiphilic molecules which widely find applications in food
dispersions such as foams and emulsions. In contrast to small molecule surfactants, proteins not
only reduce the interfacial tension during adsorption, they can also form a viscoelastic (multi) layer
in the interface to protect oil droplets against flocculation and coalescence (Wang et al., 2011).
Dietary fibers which is mostly provided by the cell wall of vegetables, fruits and cereals, include
polysaccharides (pectin, cellulose and hemicellulose) and lignins. Both soluble and insoluble fibers
may be present; however, higher amounts of insoluble fibers are used for food fortifying purposes
(Staffolo, Bertola, & Martino, 2004). The fiber may interact with other food components during
processing. These interactions can lead to changes in the bioavailability of nutrients, texture or
flavors of the product (Fernandez-Garcia & McGregor, 1997). Due to providing a desired structure
to the foodstuffs, biopolymer mixtures are widely used in the food industry. Protein-polysaccharide
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complexes formed by electrostatic interactions have been reported to increase the stability of
emulsions (Roudsari, Nakamura, Smith, & Corredig, 2006; Tran & Rousseau, 2013). Therefore,
the knowledge of mechanisms occurring in casein-polysaccharide mixture systems is of great
importance (Bourriot, Garnier, & Doublier, 1999a). Casein micelles have a relatively large and
highly complex structure (diameter 20-600 nm). This molecular assembly is a supramolecular
association of individual casein subunits of αs1- , αs2- , β- and κ-caseins. These fractions are
organized in miscelles according to hydrophobic and hydrophilic groups (Bourriot, Garnier, &
Doublier, 1999b).
The interfacial rheology describes the functional interaction of the deformation of an interface, the
forces exerted on it, and consequently the flows in the adjacent phases of the fluid. This can be
determined by applying dilatation and shear forces. The shear rheology of the interfacial layers at
the gas/liquid or liquid/liquid phase boundaries is related to a wide range of technical applications,
especially in colloidal systems including large interfaces such as foams and emulsions. The
interfacial flow behavior of such systems is controlled by the presence of particles present in the
system such as proteins, surfactants, lipids, which will be occurred due to the adsorption of
interfacial active molecules and attachment of particles or by spreading or layer formation of the
amphiphilic substances. The application of shear deformations to the interface layers provides
indirect access to inter-and intra-molecular interactions in the interfaces (Krägel & Derkatch,
2010). In the interface rheology, the interface area is kept constant and the information about the
elastic or storage module (G’) and the viscous or loss module (G’’) depends on the frequency
(Krägel & Derkatch, 2010; Oliveira, Santos, Vieira, Fraga, & Mansur, 2017). The BiCone
geometry, magical rod and the du Noüy ring was used for the measurement of the surface shear
rheology and various proteins such as β-lactoglobulin and hydrophobins have been studied using
these attachment (Li et al., 2016). However, there are few studies on the interfacial rheology of
proteins and dietary fibers and their interactions at oil/water interfaces. The interfacial rheology of
casein which is the major fragment of the milk protein and the inulin as a dietary fiber was used to
investigate the interfacial viscoelastic behavior adsorption layer at the water and oil interfaces using
a rotational rheometer equipped with BiCone geometry.
Material and Methods
The inulin used in this study was kindly purchased from the Orafti Food Ingredients (High
performance inulin, HP, Belgium), the casein from bovine milk was from Sigma-Aldrich, USA.
The sunflower oil was purchased from a local market.
The aqueous phase of samples was prepared with the equal amount of inulin and casein. The total
of these two ingredients in the mixture was 1%. After weighing and preparation of aqueous phase,
the samples were subjected to continuous stirring for 12 h on a magnetic stirrer.
Interfacial rheology for the determination of the effects on sunflower oil-water interface was
studied with a peltier system rheometer (Haake Mars II, Karlsruhe, Germany) with BiCone probe
(BC 68 / 5Ti). Before starting the analysis, the micro stress calibration, device and probe calibration
was conducted carefully. The liquid form (water), which had a high density and which would be at
the bottom, was filled up to the specified line spacing and the gap height was determined for the
device. As a result of this measurement, data manager system was opened and curve fit of Fn against
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h values was plotted. The zero-crossing point x0 was calculated and used as the measuring gap for
the rheological measurements at interface layer. Dynamic shear interfacial rheology analyzes were
performed with time sweep, frequency sweep and strain sweep tests. The time sweep test was
performed with amplitude value of ω = 0.1 %, angular frequency γ = 1 rads-l 1 for 1 hour. The
frequency sweep test was run at γ= 0.1–10 rads-1 and ω=0.1% linear region. The strain sweep test
was conducted at ω= 0.01-100% and γ= 1 rads–1 (Baldursdottir, Fullerton, Nielsen, & Jorgensen,
2010)
For both rotational as well as oscillatory test the measured raw data was modified in a such way
that the contributions from the two bulk fluids are subtracted from the total results. The following
equations was used for the calculation of the Gi’ and Gi’’ of the sample.
𝐺𝑖 ′ = 𝐺 ′ 𝑡𝑜𝑡𝑎𝑙(𝜔) −

𝐺′𝐴 (𝜔)

𝐺𝑖′′ = 𝐺 ′′ 𝑡𝑜𝑡𝑎𝑙(𝜔) −

2

−

′′ (𝜔)
𝐺𝐴

2

𝐺′𝐵 (𝜔)

−

2

(1)

𝐺′′𝐵 (𝜔)
2

(2)

where
Gi’(ω) is interfacial storage modulus as a function of the applied angular frequency
Gi’’(ω) is loss modulus as a function of the applied angular frequency
G’total (ω) is the total storage modulus signal from the measurement with two liquids and
interfacial layer as a function of the applied angular frequency
G’’total (ω) is the total loss modulus signal from the measurement with two liquids and interfacial
layer as a function of the applied angular frequency
GA’(ω) is total storage modulus from the bulk fluid A
GB’(ω) is total storage modulus from the bulk fluid B
GA’’(ω) is total loss modulus from the bulk fluid A
GB’’(ω) is total loss modulus from the bulk fluid B

Result and Discussion
In order to investigate the effect of inulin and casein interaction at the oil/water interface, time
sweep test were conducted and the elastic modulus (Gi’), loss modulus (Gi’’) and interfacial
complex viscosity (ηi*) were measured at a frequency of 1 rads-1 and a strain amplitude of 0.1 %
as shown in Figure 1. Moreover, the time evaluation of Gi’ and Gi’’ of the sample was illustrated
in Figure 1. The value along with the variation in the Gi’’ was larger than that of Gi’. Also, the
interfacial complex viscosity increased during the time sweep experiment. The structure and
conformation of the casein-inulin may support viscoelasticity and interfacial adsorption. In a
previous study, it has been reported that protein-polysaccharide systems exhibit stronger
dilatational viscoelastic properties than protein alone (Jourdain, Schmitt, Leser, Murray, &
Dickinson, 2009).
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Figure 1. Time evaluation of the interfacial elastic modulus (Gi’), viscous modulus (Gi’’) and
interfacial complex viscosity (ηi*) of the sample at oil/water interface
Frequency sweep test was performed at 25 ̊C, γ=0.1% and the 0.1-10 rads-1 frequency range and
the results were illustrated at Figure 2. Both the elastic and viscous interfacial modulus of the
casein-inulin at oil water interfaces was found to be dependent on the frequency, over the measured
frequency range unlike the interfacial complex viscosity. While the ηi* of the sample was
independent of the frequency, the Gi’and Gi’’ values of the sample was increased as the applied
frequency was increased. The prepared sample was exhibited viscous behaviors with the Gi’’>Gi’
at studied frequencies.
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Figure 2. Frequency sweep experimental results of samples at the oil/water interfaces
Strain sweep measurements were performed in order to trace the possible fracture mechanism of
the samples. Figure 3 exhibited the strain dependence of the both interfacial elastic modulus and
interfacial viscous modulus of the samples studied at the oil and water interface.
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Figure 3. The strain dependency of elastic and viscous modulus of casein-inulin at the oil/water
interface
As can be easily seen from this figure, linear trend except some of the data was observed in the Gi’
and Gi’’ values of the casein and inulin samples at the measured frequency. Gi’’ values were over
the Gi’. The presence of dietary fiber may had an influence on the conformation of the casein
molecules at the oil and water interface. In previous study, it is also reported that the presence of
polysaccharides may hinder the conformational changes β-conglycinin at the oil/water interface,
thus leading to a delay in reaching the adsorption rate (Li et al., 2018). The results of this study
indicated that the dietary fiber and protein interaction may affected the interfacial rheological
properties of the emulsions at oil and water interfaces. It should be considered that the film
formation and emulsion stability of food products could be attributed to these results.
Conclusions
In this work, the interfacial rheological properties of casein and inulin at oil and water interface
has been studied. Shear, time and frequency sweep measurements with the aid of BiCone geometry
was done in order to characterize the samples. The results suggested that interfacial shear
rheological properties may strongly affected by the dietary fiber and protein interaction. Besides,
this study indicates that protein and dietary fiber may significantly improve the emulsifying and
rheological properties of inulin-casein samples and provides useful information for the preparation
of high emulsifying food products.
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Effect of fluidized bed drying on the fatty acid content of giant red shrimp
(Aristaeomorpha foliacea) byproducts
Adem Kaya, Cavit Aktar, Osman Kadir Topuz
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Abstract
Giant red shrimp (Aristaeomorpha foliacea) is commercially valuable shrimp species found in
Mediterranean Sea. During the shrimp processing, depending on the species, size, and shelling
procedure, about 40-50% of the raw material weight is discarded as non-edible parts and named as
byproduct. Byproduct of shrimp consist of meat, peels and other residues. These byproducts still
contain valuable nutrients and functional compounds such as fatty acids, mineral salts, proteins,
chitin, and pigments. The important human health benefits are associated with Omega-3 fatty acids
particularly eicosapentaenoic (EPA, 20:5 n-3) and docosahexaenoic acid (DHA, 22:6 n:3).
Recovering of bioactive compounds such as Omega-3 fatty acid rich oils has increased greatly
during past few decades due to the its commercial value. The aim of this study was to recover of
Omega-3 fatty acid rich shrimp oil from byproducts by applying of different biomass drying
methods including fluidized bed drying method (FBD) and conventional oven drying method
(ODS). The results showed that Omega-3 fatty acid content and health lipid indices (AI and TI) of
shrimp byproducts were significantly (P<0.05) affected by biomass drying methods. Omega-3 fatty
acid content of fluidized bed dried shrimp byproduct was significantly higher than conventional
oven dried byproduct.
Keywords: Red shrimp, fatty acids, shrimp byproduct, fluidized bed drying.
Introduction
Depending on the species, size and shelling procedure, byproducts of shrimp comprise 40-50% of
the whole shrimp weight. Although shrimp byproducts contains valuable nutrients such as proteins,
free amino acids, Omega-3 rich oil, chitin, carotenoids, flavours, minerals and enzymes, it
discarded as waste (da Silva et al., 2017; Prameela et al., 2017; Sila et al., 2014). Polyunsaturated
fatty acids (PUFA) are important fatty acids and contain more than one double bond in their carbon
chain. PUFAs are categorized into two main sections; Omega-6 and Omega-3 depending on the
position of the first double bond from the methyl end group of the fatty acid (Venegas-Calerón,
Sayanova, & Napier, 2010). Eicosapentaenoic acid (EPA) and docosahexaenpic acid (DHA) are
most valuable fatty acids found in aquatic origin biomaterials. EPA and DHA are reported to be in
relation with prevention of cardiovascular diseases and have certain efficacy in preventing illnesses
with an inflammatory component. It is postulated that they reduce hypertension, asthma, immune
system disorders, susceptibility to mental illness, protection against heart disease, and improved
brain and eye functions (Topuz, Yerlikaya, Yatmaz, Kaya, & Alp, 2017; Yerlikaya, Topuz,
Buyukbenli, & Gokoglu, 2013). Unsaturated Omega-3 fatty acids, such as DHA and EPA are
sensitive to oxygen, high temperature and ultraviolet light. During drying, chemical and physical
ICFP 2018 | 13th International Conference of Food Physicists | 23-25 October 2018, Antalya/TURKEY
LEON CONGRESS Ltd. info@icfp2018.org www.icfp2018.org

73

reactions occur and therefore digestibility is increased owing to the protein hydrolyzation, but some
thermolabile compound such as PUFA is often oxidized (Finot, 1997). Fluidized bed drying
method and conventional oven drying methods are the common biomass drying method for the
extraction of bioactive compounds from biomaterials. The aim of the study was to compare effect
of fluidized bed drying and conventional oven drying on the fatty acid profile of shrimp byproduct.
Material and Methods
Giant red shrimps (Aristaeomorpha foliacea) were obtained from the seafood market in Antalya,
Turkey. Shrimps are transported in cold chain and its byproducts, consisting heads, cephalothorax
and shells were obtained manually. The shrimp byproducts were washed thoroughly with distilled
water and spread over on filter paper for 10 min to remove excessive water on surface. Shrimp
byproduct powder was divided two groups prior to drying process ant stored at -80°C in laboratory
type deep freezer (Dairei Europe, ULTF 80).
Drying process: First group of shrimp bypoducts was dried in fluidized bed dryer (Retsch, TG
200, Germany) at 60 °C with air speed of 150 m3/hour up to water activity of 0.35 (aw: 0.35)
(approximately for 3-4 hours) and marked as ‘FBD’. Second group was dried in conventional oven
dryer at 60°C for 28 hours up to water activity of 0.35 (aw: 0.35) and marked as ‘ODS’. All dried
byproducts were ground to fine particles size with laboratory type grinder (Bosch mkm 6000,
Turkey) and passed through a 1.5 mm mesh screen.
Oil extraction: Oil extraction from shrimp byproduct was performed according to method of (Blig
& Dyer, 1959). 10 g byproduct powder was mixed with a mixture of 10 ml chloroform and 20 ml
of methanol for 3 min. 10 ml additional chloroform was added to mixture and mixture was blended
30 sec. And then, 10 ml distilled water was added and blending continued for 30 sec. Mixture was
filtered through Whatman no:1 filter paper and filtrate collected in graduated cylinder. After
allowing the filtrate to separate two layers, the volume of the chloroform layer was passed to rotary
evaporator to evaporate chloroform. After the chloroform was evaporated completely, dryness of
oil was ensured using nitrogen stream.
Fatty acid composition analysis: Methyl esters were prepared by transmethylation method using
2 M KOH in methanol and n-hexane, according to the method of (Özogul, Özogul, & Alagoz,
2007). The fatty acid composition was analysed by a gas chromatography device (Clarus 500
Perkin-Elmer, USA) equipped with a flame ionization detector and a fused silica capillary SGE
column (30 m x 0.32 mm ID x 0.25 µm BP20 0.25 UM, USA). The fatty acid composition analyses
were performed in triplicate and the results were given in chromatography area % as mean values.
Health lipid indices: Data of fatty acid profile was used to determine the atherogenicity (AI) and
thrombogenicity index (TI). AI shows the inhibition of the aggregation of plaque and diminishing
the levels of esterified fatty acids, cholesterol, and phospholipids, thereby preventing the
appearance of micro-and macro-coronary diseases. TI shows the tendency to form clots in the blood
vessels. AI and TI index were calculated as follows (Ulbricht & Southgate, 199).
AI =[12:0 + (4x14:0) + (16:0)] / (ΣMUFA+ ΣPUFA n-6 + ΣPUFA n-3)
TI =(14:0+16:0+18:0)/[(0.5 x ΣMUFA)+(0.5 x ΣPUFA n-6+(3x ΣPUFA n-3)+(n-3 /(n-6)]
Statistical analysis: All experiments were conducted in duplicate, and all analyses were done at
least in duplicate. Statistical analysis was conducted according to the statistical analysis software
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of SAS institute (Statistical Analysis System, Cary, NC, USA). Differences among the mean value
of samples were tested by Duncan’s Multiple Range Test and significance was defined at P<0.05.
Results and Discussion
Fatty acid composition of red shrimp byproducts
Figure 1 shows the saturated (SF), monounsaturated (MUFA) and polyunsaturated (PUFA) fatty
acid composition of oil extracted from red shrimp (Aristaeomorpha foliacea) byproducts. MUFA
and PUFA contents of fluidized bed dried byproducts (FBD) were significantly (P<0.05) higher
than conventional oven dried byproducts (ODS) whereas SFA content was significantly (P<0.05)
lower than ODS. Fluidised bed drying has been recognised as a rapid, economic, gentle and
uniform drying method with a high degree of efficiency compared with other drying techniques
(Borgolte & Simon, 1981). PUFA content of FBD (42.11 g/100 g) was higher than that of red
shrimp meat (38.88 g/100 g), whereas PUFA content of ODS was similar to PUFA content (38.06
g/100 g) of oil extracted from raw shrimp meat (Yerlikaya et al., 2013).

Figure 1. Fatty acid composition of oil extracted from shrimp byproducts.
Figure 2 shows Omega-3 and Omega-6 fatty acid content of oil extracted from red shrimp
(Aristaeomorpha foliacea) byproducts. Omega-3 fatty acid content of fluidized bed dried
byproduct (FBD) was significantly (P<0.05) higher than conventional oven dried byproducts
(ODS) whereas Its Omega-6 fatty acid content was lower than ODS (Figure 2). Omega-3 fatty acid
contents of both FBD (23.79 g/100 g) and ODS (17.76 g/100 g) were lower than that of raw meat
of red shrimp (24.56 g/100 g) (Yerlikaya et al., 2013), whereas Omega-6 content of FBD (18.32
g/100 g) and ODS (20.3 g/100 g) was almost five fold higher than that of Yerlikaya et al. (2013)
(4.48 g/100 g). It could be stemmed from drying processes took place at high temperatures. Type
and amount of consumed essential fatty acids and balanced intake of omega-3 and omega-6 are
important for a healthy life. It is essential to decrease Omega-6 intake while increasing Omega-3
to prevent chronic disease (Simopoulos, 2002).
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Figure 2. Omega-3 and Omega-6 fatty acid contents of shrimp by products.
Figure 3 shows health lipid indices (atherogenicity (AI) and thrombogenicity (TI) indexes) of oil
extracted from red shrimp (Aristaeomorpha foliacea) byproducts. As seen Figure 3. atherogenicity
index (AI) and thrombogenicity index (TI) of oil extracted from fluidized bed dried byproducts
(FBD) (0.269 and 0.184, respectively) was significantly (P<0.05) lower than that of conventional
oven dried biomass (ODS) (0.328 and 0.325, respectively). Seafood consumption are
recommended by health authorities, not only for their high-quality protein and mineral content, but
also for their healthful fatty acids. AI shows the inhibition of the aggregation of plaque and
diminishing the levels of esterified fatty acids, cholesterol, and phospholipids, thereby preventing
the appearance of micro-and macro-coronary diseases. TI shows the tendency to form clots in the
blood vessels (Ulbricht & Southgate, 1991).

Figure 3. Atherogenicity (AI) and thrombogenicity index (TI) of shrimp by products.
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Atherogenicity indexes (AI) of both FBD (0.269 and ODS (0.328) were considerable higher than
that of other species of red shrimp (Aristeus antennatus) (0.24) (Rosa & Nunes, 2004).
Thrombogenicity index (TI) of FBD (0.184) was almost similar to lower TI (0.18) of Aristeus
antennatus, whereas TI value of ODS (0.247) was considerably higher.
Conclusions
The results of this study reveal the high nutritional quality of red shrimp byproducts oil. Fluidized
bed drying of shrimp byproduct biomass contributed to its nutritional quality with preserving its
omega-3 fatty acids. Conventional oven drying of shrimp byproduct biomass had lowering effect
on the Omaga-3 fatty acid content of oil extracted from red shrimp byproducts since oven drying
of byproducts was taken place at high temperatures for long time. Its concluded that fluidized bed
drying method could be used for drying of biomass containing valuable and sensitive bioactive
compounds such as omega-3 fatty acids.
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Regulation of AhR-XRE and Nrf2-ARE signaling pathways by dietary
phytochemicals
Gamze Toydemir
Alanya Alaaddin Keykubat University, Antalya, Turkey

Dietary phytochemicals, widely distributed in fruits, vegetables, nuts, and beverages, are wellknown to prevent or reduce the incidence of various oxidative stress-related chronic diseases,
including cancer. The AhR-XRE (aryl hydrocarbon receptor-xenobiotic response element) and the
Nrf2-ARE (nuclear factor (erythroid-derived 2)-like 2-antioxidant response element) signaling
pathways, which are responsible for the co-regulation of the expression of a number of
antioxidative and detoxifying enzymes, can synergistically be activated by a number of
phytochemicals. Crosstalks between these AhR-XRE and Nrf2-ARE regulatory networks have
widely been studied as the primary molecular mechanisms that lie behind the health-promoting
effects of food bioactives.
The AhR is a ligand-activated transcription factor that is stimulated by a variety of low-molecular
weight compounds, such as dioxins, polycyclic aromatic hydrocarbons, and plant polyphenols,
leading to transactivation of several genes encoding for phase I and phase II xenobiotic
metabolizing enzymes, such as cytochrome P450 monooxygenases (i.e. CYP1A1), glutathione Stransferases (GSTs), UDP-glucuronosyltransferases (UGTs), NADPH/quinone oxidoreductase
(NQO1). Although the AhR signaling pathway was first studied to investigate its role in the toxic
effects of dioxin-like compounds; recently, AhR has gaining an increasing interest with its
protective role against oxidative stress. This antioxidative and protective signaling mediated by
AhR has been linked to the activation of another transcription factor, called Nrf2. Nrf2, which is
an AhR-regulated gene, is the key protector against oxidative stress and regulates a number of
antioxidant enzymes (NQO1, heme oxygenase-1 (HO-1), etc.), as well as several phase I and II
xenobiotic metabolizing enzymes (UGTs, GSTs, etc.). Thereby, the induction of these overlapping
genes between the AhR-XRE and Nrf2-ARE signaling pathways requires the activation of both
AhR and Nrf2.
Although the AhR signaling pathway can be triggered by both toxic xenobiotics and dietary
phytochemicals, the observed responses differentiate due to the great differences in persistence of
these groups of compounds in biological systems. Dioxin-like compounds activate AhR with high
affinity and persistently, resulting in increased production of ROS and oxidative stress. On the
other hand, the less-persistent dietary phytochemicals, activate the AhR-Nrf2 signaling pathway
without any considerable ROS production, leading to antioxidant protection. In this study, the
coupled activation of AhR and Nrf2 signaling pathways by a variety of phytochemical activators including glucosinolate-derived indoles found in cruciferous vegetables, flavonoids in fruits,
vegetables, and plant-derived beverages, curcumin, coffee-specific diterpenes cafestol and
kahweol- will be discussed in order to understand the molecular mechanisms that underlie the in
vivo antioxidant effects of food bioactives.
Keywords: AhR, Nrf2, oxidative stress, antioxidant, dietary phytochemicals
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Determination of some physicochemical, microbiological and sensorial
properties of the concentrated acidophilus milk produced from cow’s milk and
goat’s milk with different production methods
Ercan Sarica, Hatice Kubra Kizilay, Muammer Demir
Department of Food Engineering, Faculty of Engineering, Akdeniz University, 07058, Antalya, Turkey

In this study, concentrated acidophilus milk products were produced by probiotic culture which is
known to be beneficial effect to health. In production; three raw materials as cow’s milk, goat’s
milk and mixture of cow-goat’s milk were used and four different production methods were used
namely which were addition of milk powder into raw material, evaporation of raw material,
filtration of product and evaporation of product. So, as a result 12 different concentrated
acidophilus milk samples with about 23% dry matter with 2 replications were produced. Produced
concentrated acidophilus milk samples were stored at 4°C for 30 days. During storage period,
certain physicochemical, microbiological and sensory properties of samples were determined at
1st, 15th and 30th days. In all concentrated acidophilus milk samples, titratable acidity value and
hardness value increased, while pH value and L. acidophilus numbers decreased at the final stage
of the storage period. The sensory properties of concentrated acidophilus milk samples decreased
during storage period. It was found that the most liked concentrated acidophilus milk that the
samples which were produced with filtration method by used cow’s milk.
Keywords: Acidophilus milk, functional food, probiotic, lactobacillus acidophilus, concentrated
dairy products
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Drying Kinetics and Color Properties of Lemon Balm (Melissa officinalis)
Leaves Dried by Convective Hot Air Drying
Senem Suna, Azime Ozkan-Karabacak, Canan Ece Tamer, Omer Utku Copur
Bursa Uludag University, Faculty of Agriculture, Department of Food Engineering, 16059, Gorukle,
Bursa, Turkey

Abstract
Lemon balm (Melissa officinalis) leaves with the moisture content of 3.18 g water/g dry base were
dried by convective hot air drying at 50, 60 and 70°C until the moisture content fell down to 0.15
g water/g dry base. Drying experiments were completed between 17 and 50 min. depending on
drying temperatures. For the selection of the most suitable thin layer drying model, five
mathematical models (Page, Modified Page, Logarithmic, Lewis, Henderson and Pabis) were
applied to the drying treatments. The higher correlation coefficient (R2), and reduced root mean
square error (RMSE), Chi square (χ2) were used to identify the excellence of fit model for drying
of lemon balm leaves. As a result of the statistical tests, Page and Modified Page were considered
to be the best models for 60 and 70°C hot air drying experiments when compared to the other
models. In addition, Logarithmic model resulted in preferable statistical values than other thin layer
models at 50°C. The color values such as L*, b*, Cab* and h° decreased, while a* value increased
after drying. The effective moisture diffusivity (Deff) values of dried lemon balm leaves increased
with the rise of drying temperatures and ranged between 2.03×10-8 to 7.13×10-8 m2/s. Total
phenolic content and antioxidant capacity of dried lemon balm samples were both increased after
drying. The total phenolic content and antioxidant capacity was obtained as the highest from 50°C
treatment when compared with all cases.
Keywords: Lemon balm, hot air drying, mathematical modelling, color
Introduction
Lemon balm (Melissa officinalis L.), which is a member of Lamiaceae (formerly Labiatae) family,
is grown as an ornamental plant in countries with a Mediterranean climate. It is native to southern
Europe and northern Africa, and east as far as the Caucasus and northern Iran. Geographically, it
has spread to countries such as France, Bulgaria, Germany and Romania. On the other hand it is
widely grown in Aegean and Mediterranean Regions of Turkey and also Istanbul and Bursa
provinces. The subspecies of M. officinalis are evaluated in domestic markets and they are also on
the list of the exported medicinal and aromatic plants (Gasquet et al., 1993).
Lemon balm is a thin-leafed perennial herbaceous plant with yellow or whitish flowers at a height
of 3-5 meters. Lemon balm, which has been known to have a calming effect since ancient times, is
quite effective in the treatment of many diseases from stress to stomach disorders and it has a
comforting feature due to its lemon like smell. It has also antispasmodic, antimicrobial and
antimicrobial effects. Rosmarinic acid plays an important role in the chemicals obtained from
melisa plant (Abad et al., 1997).
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In a study, the essential oil of lemon balm was determined as 0.2%. In addition, the most important
components were geranial (E-citral), neral (Z-citral), citronellal, E-caryophylenne and geraniol
respectively (Dias et al., 2012). Carnat et al. (1998), also studied aroma components in lemon balm
tea infusion, by GC-MS and determined geranial, neral and citronellal compounds respectively in
the ratios of 43.53%, 30.15% and 16.81%.
Material and Method
Material and drying process
Fresh lemon balm leaves supplied from a local market in Bursa were stored in the refrigerator at a
temperature of 4 ± 0.5 °C until drying process. After the samples were washed, the water was
removed from the surface of leaves by paper towel. The initial moisture content of samples was
obtained by moisture analyzer (Sartorius MA150, Germany) and the average moisture content of
lemon balm leaves was determined as 3.18 g water/g dry base.
Drying trials were performed in a hot air convective dryer which was produced by Yucebas
Machine Analytical Equipment Industry (Y35, Izmir, Turkey) with the technical features of 220
V, 50-60 Hz, 200 W. 20 g lemon balm leaves were placed uniformly on an aluminum plate and
dried at 50, 60 and 70°C with the constant 20% relative humidity. During drying samples were
removed at intervals and weighed. The weight loss of samples was recorded by using a digital
balance (Mettler Toledo, MS3002S, Greifensee, Switzerland) with the accuracy of 0.01 g. All
weighing processes were completed in 10 s during drying process.
Mathematical modelling of drying data
Moisture ratio (MR) and drying rate of lemon balm leaves during drying were calculated by
employing the following equations (Eq.1, Eq. 2).
𝑀−𝑀

𝑀𝑅 = 𝑀 −𝑀𝑒
𝑖

𝑒

(1)

where, MR is moisture ratio, M is the moisture content at a certain time (g water/g dry base), Mi is
the primary moisture content (g water/g dry base), Me is the equilibrium moisture content (g water/g
dry base).
𝐷𝑟𝑦𝑖𝑛𝑔 𝑟𝑎𝑡𝑒 =

𝑀𝑡+𝑑𝑡 −𝑀𝑡
𝑑𝑡

(2)

where, Mt and Mt+dt are the moisture content at t and t+dt (g water/g dry base) respectively, and t
is drying time (min) (Dadali et al., 2007).
The equations in Table 1 were used to find most convenient model for explaining the drying curve
of lemon balm leaves. Root mean square error (RMSE) gives deviation between the estimated and
experimental values for the models. To identify the thin layer drying characteristics of lemon balm
leaves, the model with the higher correlation coefficient (R2), and reduced RMSE and chi-squared
(χ2) was selected as a best model (Ozbek and Dadalı, 2007). These parameters were calculated
using the sequent equations (Eq 3, Eq 4):
𝑅𝑀𝑆𝐸 =

1

[ 𝑁 ∑𝑁
𝑖=1(𝑀𝑅𝑒𝑥𝑝, 𝑖

2

− 𝑀𝑅𝑝𝑟𝑒,𝑖 ) ]

1⁄
2

(3)
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𝜒2 =

2
∑𝑁
𝑖=1(𝑀𝑅𝑒𝑥𝑝, 𝑖 −𝑀𝑅𝑝𝑟𝑒,𝑖 )

𝑁−𝑛

(4)

where, MRexp,i is the empirically dimensionless moisture ratio for test i, MRest,i is the estimated
dimensionless moisture ratio for test i, N is the count of observation and n is the count of constants
in the model (Avhad and Marchetti, 2016).
Table 1. Mathematical models applied to drying curves of lemon balm leaves
Model no
1
2
3
4
5

Model name
Page
Modified Page
Logarithmic
Lewis
Henderson and Pabis

Model
MR = exp(-ktn)
MR= exp [(-kt)n]
MR = a exp(-kt) + c
MR = exp(-kt)
MR = a exp(-kt)

References
Wang et al. (2007)
Toğrul (2006)
Darıcı and Şen (2015)
Doymaz (2006)
Evin (2011)

Calculation of effective moisture diffusivity
Fick’s second diffusion law has been widely used to explain the drying process of food products
during the falling rate period (Doymaz, 2008). The solution of Fick’s second law for an infinite
slab is showed in Equation (5), assuming dimensional moisture movement volume change,
constant temperature and diffusivity coefficients, and negligible shrinkage (Crank, 1975);
8

1

𝑀𝑅 = 𝜋2 ∑∞
𝑛=1 (2𝑛−1)2 𝑒𝑥𝑝 (−

(2𝑛−1)2 𝜋 2 𝐷𝑒𝑓𝑓 𝑡
4𝐿2

)

(5)

where, Deff is effective moisture diffusivity (m2/s), L is the half thickness of the slab in samples
(m), and n is a positive integer. In practice, only the first term Equation (5) is written in a
logarithmic form as follows:
8

𝑀𝑅 = 𝜋2 𝑒𝑥𝑝 (−

𝜋 2 𝐷𝑒𝑓𝑓 𝑡
4𝐿2

)

(6)

The effective moisture diffusivity were determined using the method of slopes by plotting
experimental drying data in terms of ln MR versus drying time, using the following equation:
𝐷𝑒𝑓𝑓 = −

𝑠𝑙𝑜𝑝𝑒4𝐿2
𝜋2

(7)

Color analysis
Color measurements of the samples were determined over the outer surface of the samples by using
a chroma meter (Konica Minolta CR-5, Bench-top, Japan). L*, a*, b* values were displayed as
lightness/darkness, redness/greenness and yellowness/blueness respectively. Analyzed CIE-L, a
and b values were used to calculate chroma and hue angle to characterize color changes during
drying (Mujumdar, 2000; Demir, 2018).

Chroma (C*) changed from 0 (dull) to 60 (vivid) and was calculated with the first equation (1).
Hue angle (h°) value, demonstrated in the second equation (2) is defined by the angles of 0, 90,
180 and 270°, representing the colors of red, yellow, green and blue, respectively (Karaaslan and
Tuncer, 2008).
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𝐶ℎ𝑟𝑜𝑚𝑎 (𝐶 ∗ ) = √(𝑎∗ )2 + (𝑏 ∗ )2
𝑏∗

ℎ° = 𝑎𝑟𝑐𝑡𝑎𝑛 (𝑎∗)

(8)

(9)

Extraction of samples for total phenolic content and antioxidant capacity
Extractions were carried out according to Capanoglu et al. (2008). Extracts were prepared by
adding 5 mL 75% aqueous methanol containing 0.1% formic acid in a cooled ultrasonic bath for
15 min and 10 min of centrifugation at 4°C and 2700 × g, after which the supernatants were
collected. The extraction procedure was repeated three times, and all the extracts were stored at 20° C until analysis.
Determination of total phenolic content and antioxidant capacity
Folin-Ciocalteu spectrophotometric method was used to determine total phenolic content as
described by Spanos and Wrolstad (1990). Gallic acid was used for the calibration of the standard
curve (R2=0.9835). The phenolic content was expressed as gallic acid equivalents of dry weight
(mg of GAE/100g dw).
Antioxidant capacity of the fresh and dried lemon balm samples were measured with 2-diphenyl1-picrylhydrazyl (DPPH), method (Katalinic et al., 2006). Trolox was used as the calibration of the
standart curve (R2=0.9929). The results were given as µmol Trolox equivalent (TE) per g dry
weight (µmol TE/g dw).
Statistical analysis
The experiment was conducted in a completely randomized design with three replications. The
results were statistically evaluated by one-way analysis of variance (ANOVA) using the JMP
software package version 6.0 (SAS Institute Inc. NC, 27513). When signiﬁcant differences were
found (P< 0.05), the Least Signiﬁcant Difference (LSD) test was used to determine the differences
among means.
Results and Discussion
Drying characteristics of lemon balm leaves
The lemon balm leaves were dried in a hot air dryer using different temperature until the moisture
content reached 0.15 g water/g dry base. The changing of the moisture content versus drying time
at various temperatures was given in Figure 1. The drying process took 50, 28 and 17 min at 50,
60 and 70°C, respectively. It was apparent that drying time decreased continuously with increasing
temperature. This observation is in agreement with previous studies on drying of tomatoes
(Doymaz, 2007), mint leaf (Therdthai and Zhou, 2009) and kiwifruit (Orikasa et al., 2008).
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Figure 1: Moisture content of lemon balm leaves as a function of drying time at different drying
temperatures
0,28
0,24
0,2
0,16

0,12
0,08
0,04
0
0

0,5

1

1,5

2

2,5

Moisture content (g water g
50°C

60°C

3

3,5

dw-1)

70°C

Figure 2: Drying rate of lemon balm leaves as a function of moisture content at different drying
temperatures
Results of drying rate during drying time, obtained in drying of lemon balm leaves carried out at
three temperatures were presented in Figure 2. As can be seen from this figure, there is no constant
rate period in drying curves, and all the drying processes occurred at a falling rate period. The
results showed that moisture movement in the lemon balm leaves is governed by diffusion
(Doymaz, 2005). Similar findings were reported on drying of various food products (Akpinar et
al., 2003; Senadeera et al., 2003; Wang et al., 2007).
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Mathematical modelling of drying curves
Table 2 shows drying model coefficients and comparison criteria (R2, RMSE and χ2) of the five
thin layer drying model. The statistical parameter estimations showed in all cases that R 2, RMSE
and χ2 values ranged from 0.8837 to 0.9918, 0.005350 to 0.109539 and 0.000361 to 0.121489,
respectively. As a result of the statistical tests, Page and Modified Page models provided higher R2
and lower RMSE and χ2 values when compared to the other models for 60 and 70°C hot air drying
experiments. For a temperature of 50°C, Logarithmic model gave better statistical values than the
other models. Madamba et al. (1996) and Toğrul and Pehlivan (2003) for Logarithmic model and
Dadali et al. (2007) and Çakmak et al. (2016) for Page and Modified Page models working with
the garlic, apricot, okra and strawberry, respectively also recorded similar results.
Table 2. Statistical results obtained from the selected models
Model
no
1

2

3

4

5

Drying processes
50°C
60°C
70°C
50°C
60°C
70°C
50°C
60°C
70°C
50°C
60°C
70°C
50°C
60°C
70°C

n=0.8958
n=1.4383
n=1.6657
n=0.8958
n=1.4383
n=1.6657
k=0.0423
k=0.1323
k=0.2052
k=0.8837
k=0.0915
k=0.1513
k=0.0500
k=0.108
k=0.1757

Model
coefficient
k=0.0662
k=0.0234
k=0.0255
k=0.0483
k=0.0736
k=0.1105
a=0.8299
a=1.3423
a=1.4235

a=1.0672
a=1.3991
a=1.3985

c=0.0494
c=0.0484
c=0.0459

RMSE
0.011510
0.005350
0.005582
0.011510
0.005350
0.005582
0.018581
0.038613
0.056000
0.109539
0.022209
0.027955
0.017598
0.035285
0.047437

χ2
0.001533
0.000361
0.000412
0.001533
0.000361
0.000412
0.004661
0.023855
0.042336
0.121489
0.006457
0.007912
0.003584
0.017929
0.026039

R2
0.9090
0.9918
0.9913
0.9090
0.9918
0.9913
0.9786
0.9078
0.9209
0.8837
0.9308
0.9157
0.8855
0.9589
0.9376

Effective moisture diffusivity (Deff)
The effective moisture diffusivity (Deff) values for different drying temperatures, calculated from
Equation 7, ranged from 2033×10-8 to 7.13×10-8 m2/s (Table 3). It can be seen that the values of
Deff increased greatly with increasing temperature. This result can be explained by the easier
evaporation of the product in high temperature and the increase in drying rate (Mengeş and Ertekin,
2006). The values of Deff in our study were within the general range 10-12-10-8 for drying of food
materials (Demiray and Tulek, 2017). Our findings are in line with the results informed by Doymaz
(2006) who also acquired an increase in Deff values of mint leaves from 3.067×10-9 m2/s to
1.941×10-8 m2/s with the rise in drying temperature.
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Table 3: Values of effective moisture diffusivity obtained for lemon balm leaves at different
temperatures
Deff (m2/s)
2.03×10-8
4.38×10-8
7.13×10-8

Drying processes
50°C
60°C
70°C

Color analysis
The results of color changes in fresh sample for all drying conditions were given in Table 4. The
L* value were significantly affected by different drying treatments (p < 0.05) and resulted with a
2.05-26.62% decrease. The lowest L* value obtained from hot air 70°C dried samples which had
darker color than other drying methods. Compared to the fresh sample, a (redness) values
significantly increased (p < 0.05) with all hot air drying treatments. The increase of a* value could
be a result of the Maillard reaction and degradation of pigments such as carotenoids (Maskan, 2001;
Xiao et al., 2012). b* values of dried lemon balm were decreased with respect to fresh samples
between the ratios of 41.70-65.60%. This decrement was closely followed for Chroma (C*ab)
values, which were used to comprehend intensity of color. Hawlader et al. (2006) reported that, the
reduction in h° values is an expression of darker color. Hot air drying at 70°C caused a smaller
reduction of h° values. Additionally, pigment decompositions, non-enzymatic and enzymatic
reactions are responsible for the formation of browning pigments (Albanese et al., 2013).
Table 4: Color values of fresh and dried lemon balm samples
Drying
processes

L*

a*

b*

C*ab

h°

Fresh sample

34,52±0,44a

-8,89±0,84c

19,71±2,62a

21,62±2,74a

114,38±0,91a

50°C

33,81±1,52a

-1,61±0,16b

6,79±2,42c

6,99±1,69c

104,26±5,09b

60°C

28,79±1,02b

2,11±0,41a

11,49±0,09b

11,69±0,14b

79,62±1,97c

25,33±1,25c
1,83±0,47a
6,78±1,30c
7,04±2,42c
Different letters in the same column display significant difference (P < 0.05)

74,44±4,04c

70°C

a-c

Total phenolic content and antioxidant capacity
The total phenolic content and antioxidant capacity of fresh and dried lemon balm samples were
given in Table 5. The highest total phenolic content was attained by 50°C treatment with
2308.26±26.74 mg GAE/100 g dw (p < 0.05). Generally, total phenolic content was increased with
drying treatments between the ratios of 5.85-255.07% when compared to fresh sample. Similar
increment in total phenolic content was reported by Priecina and Karklina (2014) and Türkmen et
al. (2005).
Antioxidant capacity of fresh lemon balm was significantly lower compared to dried samples (p <
0.05). The highest antioxidant capacity was obtained from hot air-50ºC treatment with 33.55±0.28
µmol TE/g dw while the lowest antioxidant capacity was determined in hot air drying at 70°C
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(4.48±0.49 µmol TE/g dw). Vega-Galvez et al. (2012) determined an increase in DPPH free radical
scavenging activity of hot air dried peppers. Additionally, Priecina and Karklina (2014) reported
an increment in antioxidant activity of some vegetables.
Table 5: Total phenolic content and antioxidant capacity of fresh and dried lemon balm samples

a-d

Drying processes

Total phenolic content
(mg GAE/100g dw)

Antioxidant capacity
(µmol TE/g dw)

Fresh sample

650.09±51.49b

1.00±0.34d

50°C

2308.26±26.74a

33.55±0.28a

60°C

795.97±60.68b

17.32±0.90b

70°C

688.59±53.52b

4.48±0.49c

Different letters in the same column display significant difference (P < 0.05)

Conclusion
This study determined the effects of different hot air drying temperatures on drying characteristics,
color, total phenolic content and antioxidant capacity of lemon balm leaves. Our results showed
that, the fastest and the shortest drying times were obtained from 70 and 50°C, respectively. Among
all applied mathematical models, Page, Modified Page and Logarithmic models were found to be
the best models to describe the drying characteristics of lemon balm leaves. Fick’s model of
moisture diffusion fitted all experimental data with acceptable correlation coefficients. In the
evaluation of color parameters, L*, b*, C* and h* values decreased while a* value increased after
drying. Total phenolic content and antioxidant capacity of dried lemon balm samples were both
increased after drying. Among all samples, the total phenolic content and antioxidant capacity was
obtained as the highest from 50°C treatment. In consequence, between hot air drying treatments,
“50°C” was found applicable for lemon balm related with the enhanced bioactive properties.
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Extraction optimization of sunflower head pectin and determination some gel
properties of the pectin
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Pectin is complex heterogeneous polysaccharide consisted of largely D-galacturonic acid (GalA)
units covalently linked α-1,4 position. Pectic polysaccharides are vital structural components of
plant cell walls, and they connected with other polymer components in the cell walls such as
cellulose and hemicellulose. According to degree of methylation (DM), pectin is divided into two
categories as high methoxyl pectin (HMP), DM>50% and low methoxyl pectin (LMP), DM<50%.
HMP forms gel in acidic (pH 2.50–3.50) conditions and high sugar content (55–75%) while LMP
forms gel in the presence of Ca2+ over a broad pH range. Nowadays, commercial pectin is mostly
extracted from citrus peel (85.5%), followed by apple pomace (14.0%) and to a smaller extent,
sugar beet pulp (0.5%). Although LMP is commercially obtained by de-esterification of HMP
extracted from apple pomace or citrus peel, white tissue that holds the seeds on the sunflower head
is naturally rich in LMP. In this study, LMP was produced from sunflower head residues. Sodium
hexametaphosphate-citric acid solution (pH 1.5) was used as extraction solution to obtain highest
pectin yield with lighter color. The optimum extraction conditions were determined as 90°C, 2%
solid-liquid ratio and 1 h extraction time. GalA content was affected from temperature and solidliquid ratio, but not affected from extraction time. Moisture, ash and acid-insoluble ash content of
the pectin powder were calculated as 8.40±0.07%, 5.57±0.01% and 0.851±0.004%, respectively.
GalA content (%) and DE (%) were determined as 69.08±0.80 and 40.37±2.62, respectively. Color
analyses were carried out both on the pectin powder and the pectin gel. L*, a* and b* values of the
pectin powder were measured as 86.22±0.03, 1.40±0.32 and 9.88±0.04 while those of the pectin
gel were measured as 26.45±1.70, 0.04±0.11 and 3.13±0.34, respectively. Sugar-acid-induced gels
(SAG) value of the pectin gel was determined as 14.0±0.1%. Gel power (%) was calculated as
119.11±2.27. The parameters of texture profile analysis were recorded as 32.53±8.10 g for
hardness, 163.23±48.91 g.s for adhesiveness, 0.94±0.04 s for springiness, 0.52±0.04 g.s for
cohesiveness, 16.98±5.04 g.s for gumminess, 15.92±4.76 g.s for chewiness and 0.03±0.01 s for
resilience
Keywords: Sunflower, pectin, extraction optimization, gel properties
Introduction
Pectin is complex heterogeneous anionic polysaccharide consisted of largely D-galacturonic acid
(GalA) units covalently linked α-1,4 position, organized on a linear backbone. The linear structure
of pectin is partly interrupted by (1,2)-linked side-chains consisting of L-rhamnose and some other
neutral sugars (Chan, Choo, Young, & Loh, 2017; Zouambia, Ettoumi, Krea, & Moulai-Mostefa,
2017). Due to the presence of free carboxyl groups, a 1% aqueous pectin solution may show acidic
properties (pH 2.7-3.0) (Da Silva & Rao, 2006). Pectic polysaccharides are vital structural
components of plant cell walls, and they connected with other polymer components in the cell walls
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such as cellulose and hemicellulose, which inhibit their release from the cell matrix ((Da Silva &
Rao, 2006; Dranca & Oroian, 2018; Zouambia et al., 2017). Pectin is divided into two categories
as high methoxyl pectin (HMP), DM>50% and low methoxyl pectin (LMP), DM<50%, according
to degree of methylation (DM) (Cameron & Grohmann, 2005). HMP forms gel in acidic (pH 2.50–
3.50) conditions and high sugar content (55–75%) while LMP forms gel in the presence of Ca2+
over a broad pH range (Chan et al., 2017; Da Silva & Rao, 2006). The various structural and
macromolecular properties of pectin, such as galacturonan methoxylation, galacturonic acid
content, the composition of neutral sugars, and molecular weight, are dependent on origin of the
peçtin (Chan et al., 2017; Da Silva & Rao, 2006).
Commercial sources of pectin are limited in spite of its availability in a large number of plant
species. Commercial pectin is mostly extracted from citrus peel (85.5%), followed by apple pomace
(14.0%) and to a smaller extent, sugar beet pulp (0.5%) (Chan et al., 2017). Sunflower head residue
is another potential source of pectin. Although LMP is commercially obtained by de-esterification
of HMP extracted from apple pomace or citrus peel, white tissue that holds the seeds on the
sunflower head is naturally rich in LMP (Da Silva & Rao, 2006; Thakur, Singh, Handa, & Rao,
1997). Mature sunflower heads contain 15–25% of pectin which has 30,000–50,000 g/mol
molecular weight, 70–90% GalA content, 10–40% DM and 2–4% (w/w) acetylation content (Hua,
Wang, Yang, Kang, & Zhang, 2015; Kang, Hua, Yang, Chen, & Yang, 2015; Sahari, Akbarian, &
Hamedi, 2003). After harvesting, a large amount of sunflower heads and stalks are left as waste on
the field. These wastes can be use as potential source of peçtin (Sahari et al., 2003).
The most unique property of pectin is the gelation ability in presence Ca2+ ions or sugar and acid.
This property makes it an important ingredient in the food industry. Pectin has mostly lower
molecular weight and intrinsic viscosities when compared with typical food thickening agents like
xanthan gum, guar, or locust bean gum. Therefore, they may have useful stabilizer properties but
limited usage as thickening agents. As with other polymers, the viscosity and other rheological
properties are associated with concentration, molecular size, and conformation of the pectin
solution (Thakur et al., 1997). The DE determines the specific setting characteristics: "rapid set"
type with a high DE for jams and acidic milk products, "slow set" type with 60% DE for
confectionery products, and LMP for low or sugar-free (dietetic) and low-acid products (MatiaMerino, Lau, & Dickinson, 2004). Consequently, HMP and LMP have different three-dimensional
gelation mechanisms, although the gel characteristics are controlled by the same macromolecular
properties such as the conformation, size and composition of the polymers (Chan et al., 2017; Da
Silva & Rao, 2006).
The mechanism of gel formation is not known exactly, but important progress has been made in
this issue. In high methoxyl pectin, cross linkage of pectin molecules occurs via a combination of
hydrogen bonds and hydrophobic interactions between molecules. In low methoxyl pectin, instead
of hydrogen bonds and hydrophobic interactions, gelation occurs via calcium bridges between two
carboxyl groups of two different chains in close contact with each other according to “egg box
model” (Chan et al., 2017; Thakur et al., 1997). In all low methoxyl pectin systems, gelation is
controlled by some parameters such as calcium level, sequestrant content, pH, soluble solids, the
natural reactivity of the pectin etc. These factors affect both strength and setting temperature of the
standard pectin gel. Although high methoxyl gelation is a time dependent function, low methoxyl
pectin gelation is a function of temperature (Imeson, 1997).
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It was found that pectin from sunflowers heads could not be extracted completely by methods that
are generally used in citrus pectin and apple pectin production. It is due to the physical and chemical
interaction of sunflower LMP with other head components (Lee, 1984). Before extraction process,
the raw materials are generally subjected to pre-treatments (blanching, washing, drying, etc.).
These processes inactivate enzymes such as pectin methyl-esterase (PME) and bacteria that would
otherwise rapidly degrade pectin. By this way, product stability is increased during transportation
and storage (Da Silva & Rao, 2006). Pectin is extracted by acid treatment (pH 1.5 to 3.0) at high
temperature (70 to 90°C). In addition, some chelating agent such as sodium hexametaphosphate
(SHMP) can be added into the extraction solution. Due to these conditions, degradation reactions
such as de-esterification and depolymerization occur. Therefore, extraction conditions
(temperature, time, pH, acid type, etc.) must be optimized to achieve desired product (Lee, 1984;
Sosulski, Lin, & Humbert, 1978).
The purpose of this study was to determine optimum extraction conditions of LMP from sunflower
head residues and some gel properties of the obtained LMP.
Materials and Methods
Materials
De-seeded sunflower (Heliantrus annuuus L.) head residues were provided by project partner,
Konya Şeker lnc. (Konya, Turkey). All chemicals were purchased from Sigma (Taufkirchen,
Germany) and Merck (Darmstadt, Germany).
Optimization of pectin extraction and production of pectin powder
Dry sunflower heads at 10-12% moisture content were used in LMP extraction. The sunflower
heads were ground to pass through a 45-mesh sieve by a blender (Waring 51BL30 Laboratory
Blender, ABD). Prior to pectin extraction, the ground sunflower heads were washed with water at
75°C at a solid-water ratio of 1:25 by stirring slowly for 15 min. The slurry was then filtered
through four-layer cheesecloth to remove dust, other carbohydrates and pigments. The supernatant
was discarded. The washing process was repeated once again. The final residue was used for
extraction of LMP (Iglesias & Lozano, 2004; Lin, Sosulski, & Humbert, 1978; Sahari et al., 2003;
Wiesenborn, Wang, Chang, & Schwarz, 1999).
The appropriate pH and acid were determined for extraction. For this purpose, extraction was
carried out at 3 different pH values (1.5, 2.0, 2.5) with an organic acid (Citric acid) or different
mineral acids (Phosphoric, sulphuric and hydrochloric acids). The combinations of mineral acidsequesterant and organic acid-sequesterant, in which pectin yield was maximum, were also tested.
Sodium hexametaphosphate (SHMP) was used as sequestrant substance at 0.5% concentration
(Iglesias & Lozano, 2004; Kang et al., 2015; Liu, Shi, Xu, & Yi, 2016).
The extraction was optimized based on Box-Behnken experimental design by using process
temperature (60-90°C), solid-liquid ratio (1-5%) and extraction time (1-4 h) as independent
variables. The maximum GalA content has been evaluated as answer of the response-surface
method (Iglesias & Lozano, 2004; Kang et al., 2015; Liu et al., 2016). The extraction process was
carried out in a jacketed beaker by mixing efficiently with the propeller mixer. Extraction
temperature was controlled by a circulating water bath.
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Extraction process was carried out according to Box-Behnken experimental design by using
extraction solution prepared with the appropriate pH and acid. Extract was filtered through fourlayer cheesecloth to remove raw materials. The filtrate was cooled to 20°C in a refrigerator before
precipitation. Precooled 1 mol/L HCl was added to the filtrate at 1:4 ratio of acid to extract. Mixture
was stirred slowly for 15 min, stored at 4°C for 1 hour, and then filtered through four-layer
cheesecloth by hand as much as possible to remove the liquid. The precipitate (soft pectin gel) was
resuspended in 0.25 mol/L HCl (prepared with 60% ethanol) to remove the sequesterant and again
filtered. Finally, the soft pectin gel was washed with 60% ethanol to remove Cl- (checked with
AgNO3 test) and again filtered (Lee, 1984; Lin, Humbert, & Sosulski, 1976; Lin et al., 1978).
The soft pectin gel was diluted in deionized water and dried by a spray dryer (Büchi Mini Spray
Dryer B-290). The inlet temperature and aspiration rate were set at 190°C and 95%, respectively.
The outlet temperature was maintained at 80-85°C. The flow rate of the air was 0.1 m3/h. The feed
rate was 4 mL/min throughout the process. Pectin powder was collected at collection vessel
(Huang, Li, & Wang, 2017).
Moisture, ash and acid-insoluble ash content
The moisture content of pectin powder was calculated by gravimetric method at 105°C. Ash
content was determined by incinerating 1 g of sample in a furnace at 600°C for 4 h. The subsequent
ash was cooled and stored in desiccator until weighting. For determination of acid-insoluble ash,
the ash obtained from ash analysis was boiled with 25 mL of diluted HCl for 5 min. Insoluble
matter was collected on a tared ashless filter, washed with hot water, ignited and weighted. Acidinsoluble ash was calculated from weight of sample taken (Food chemicals codex, (1972).
Solubility
Solubility of the pectin powder was determined according to a previous method used by CanoChauca, Stringheta, Ramos, and Cal-Vidal (2005).
Determination of pectin yield
Pectin yield was calculated as follows:
𝑤𝑒𝑖𝑔ℎ𝑡 (𝑚𝑔) 𝑜𝑓 𝑝𝑒𝑐𝑡𝑖𝑛

𝑃𝑒𝑐𝑡𝑖𝑛 𝑦𝑖𝑒𝑙𝑑(%) = 𝑣𝑜𝑙𝑢𝑚𝑒 (𝑚𝐿) 𝑜𝑓 𝑒𝑥𝑡𝑟𝑎𝑐𝑡 × 100

(1)

Determination of GalA content
Galacturonic acid was determined by m-hydroxydiphenyl method (Blumenkrantz & AsboeHansen, 1973). 200 µL of sample was mixed thoroughly with 1.2 mL of 0.125 mol/L sodium
tetraborate solution (in concentrated sulfuric acid) in an ice bath. The mixtures were heated in
boiling bath for 5 min and afterward cooled in an ice bath. 20 µL of 0.15% m-hydroxydiphenyl (in
0.5% NaOH) was added to the mixture. A pink color occurred in 5 min. After that, the absorbance
was measured at 520 nm using an UV spectrophotometer (Shimadzu UV 1800, Kyoto, Japan). A
standard curve was obtained using standard galacturonic acid at 10, 20, 30, 40, 50, 60, 70 and 80
µg/mL.
Determination of DM
Degree of methylation were determined by titration method according to Food chemicals codex
(1972). In a typical procedure, 0.5 g pectin was transferred into a 250 mL flask and moistened with
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5 mL ethanol. Then, 1 g NaCl was added and the mixture was dissolved completely in 100 mL
carbon dioxide-free water. The amount of free carboxyl (-COOH) was determined by titration (V1)
with 0.1 mol/L NaOH. Phenolphthalein was used as an indicator. Afterwards, the esterified
carboxyls (-COOCH3) were saponificated by addition 20 mL of 0.25 mol/L NaOH and shaking
vigorously for 15 min. The excessive NaOH was neutralized by 20 mL of 0.25 mol/L HCl. Finally,
the solution was titrated (V2) with 0.1 mol/L NaOH. The DM was calculated as follows:
𝑉

2
𝐷𝑀(%) = 𝑉 +𝑉
× 100
1

2

(2)

SAG-Test
Ridgelimeter was used to determined %SAG of pectin gel. Standard pectin gel was prepared
according to Food chemicals codex (1972). Before gel preparation, Ridgelimeter glass was
wrapped with masking tape so that the tape formed 12 mm extension above edge of the glass. 3 g
of pectin (moisture- and ash-free basis) were transferred into stainless steel saucepan and mixed
thoroughly with 20 g sucrose. 200 mL citrate buffer (pH 2.8) was added to the saucepan and mixed
with pectin and sucrose using a propeller mixer. Mixture was heated and boiled with stirring. 70 g
of sucrose was then added into boiling pectin-sucrose solution and stirring was continued until all
sucrose had dissolved. Finally, 11 mL of CaCl2·2H2O solution (22.05 g of CaCl2 in a liter
solution) were added, and the solution mixed thoroughly. The mixture was boiled until the net
weight of 300 g was achieved. The solution was poured quickly into prewrapped Ridgelimeter
glass. The gel was held for 2 h at room temperature, and then stored at 4°C for 22-24 h until the
testing. After storage, the tape strips were immediately removed from the glass. The gel was cut
along the edge of the glass using a cheese cutter. The cut-off part was discarded. The gel was turned
out of the glass onto Ridgelimeter plate carefully. The plate and the jelly were placed carefully on
the base of the Ridgelimeter so that the jelly was centered under the micrometer screw. After
exactly 30 seconds, the point of the micrometer screw was brought just into contact with the top of
the gel surface, and a reading was taken from scale. Gel power of pectin was calculated as follows:
𝐺𝑒𝑙 𝑝𝑜𝑤𝑒𝑟 =

600
𝑤

𝑆𝐴𝐺%−4.5

× [2.0 − (

25

)]

(3)

in which w is weight of the sample taken, in gram Food chemicals codex (1972).
Texture profile analysis
The gel, used for SAG analysis, was sliced 3 cm thick by using a cheese cutter. The slices were
used for the analysis. Texture profile analysis was carried out according to Rascón-Chu et al. (2009)
by using a TA.XT2 Plus Texture Analyzer (Stable Micro Systems, Haslemere, England). The gels
were deformed by compression at a constant speed of 1.0 mm/s to distance of 3 mm from the gel
surface using a cylindrical plunger (diameter 15 mm). Hardness, adhesiveness, springiness,
cohesiveness, gumminess, chewiness and resilience parameters were recorded.
Color analysis
Colors of the pectin powder and gel were measured by Chroma Meter CR-400 (Konica-Minolta
Sensing Inc., Osaka, Japan). Color parameters were expressed as Hunter L [(0) dark - (100) light],
a [(+) red – (-) green] and b [(+) yellow – (-) blue]. The instrument was standardized against a
white tile (L = 97.79, a = 0.12, and b = 1.22) before each measurement (Lin et al., 1978).
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Results
Optimum extraction conditions of sunflower pectin
The appropriate pH and acid were determined for extraction. Maximum pectin yield was procured
at SHMP-HCl solution (pH 1.5) and SHMP-citric acid solution (pH 1.5) (Figure 1). L*, a* and b*
values of SHMP-HCl solution (pH 1.5) and SHMP-citric acid solution (pH 1.5) were measured as
59.14, 15.88, 63.57 and 22.81, 24.43, 38.61, respectively. To produce a pectin powder with
acceptable color, SHMP-citric acid solution (pH 1.5) was chosen as extraction solution due to its
lighter color. Iglesias and Lozano (2004); Lee (1984); Liu et al. (2016) also used SHMP as a
sequestrant for pectin extraction and reported that SHMP usage increased the pectin yield.

Figure 1. Pectin yield at the different extraction solution
According to the experimental data (Table 1) and variance analysis (Table 2), the results indicated
that the optimum extraction conditions were 90°C temperature, %2 solid-liquid ratio and 1 h time.
GalA content was affected from temperature (P<0.05) and solid-liquid ratio (P<0.05) but not
affected from time (P>0.05). It was determined that the amount of galacturonic acid increased with
the increase in the extraction temperature and the decrease in the solid liquid ratio. Kang et al.
(2015) determined that the amount of pectin decreased at extraction temperatures above 90°C.
Therefore, the optimum temperature was set at 90°C and the temperature limit values did not need
to be extended.
Chemical and physical analyses of the pectin
Moisture, ash and acid-insoluble ash content of the pectin powder were calculated as 8.40±0.07%,
5.57±0.01% and 0.851±0.004%, respectively. According the JECFA and Food chemicals codex
(1972), pectin must have not more than 10% ash and 1% acid-insoluble ash. The results are
compatible with the regulations.
As an important feature water solubility of the pectin was determined to be 100% which in
agreement with the results of a previous work reported by Sosulski et al. (1978). GalA content (%)
and DE (%) were determined as 69.08±0.80 and 40.37±2.62, respectively. These values are
compatible with literature and regulation of JECFA (Lee, 1984; Lin et al., 1978; Sahari et al., 2003;
Sosulski et al., 1978).
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Table 1. Experimental data for extraction optimization according to Box-Behnken design
Treatment
No
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Temperature
(°C)
90
75
75
60
75
60
75
75
90
60
90
75
75
60
90

Solid-liquid ratio
(g / 100 mL)
3
1
3
5
3
5
3
1
5
1
3
5
5
3
1

Time
(h)
1.0
1.0
2.5
2.5
2.5
1.0
2.5
4.0
2.5
2.5
4.0
1.0
4.0
4.0
2.5

Galacturonic acid
(g GalA/100 g raw material)
12.36
14.32
9.03
3.28
10.87
4.42
8.59
13.2
8.83
10.54
9.15
4.45
6.09
5.71
12.92

Table 2. Variance analysis of extraction optimization
Source
Model (Linear)
Temperature
Solid-liquid ratio
Time
Lack of fit
R2 (adjusted R2)

Sum of squares
147.22
46.58
100.40
0.24
22.18
0.9488 (0.9103)

Mean square
49.07
46.58
100.40
0.24
2.46

F value
21.50
20.41
44.00
0.11
1.68

P value
<0.0001*
0.0009*
<0.0001*
0.7498
0.4276

*P<0.05

Color analyses were carried out both in the pectin powder and the pectin gel. L*, a* and b* values
of pectin powder were measured as 86.22±0.03, 1.40±0.32 and 9.88±0.04, respectively. Since
JECFA describes pectin powder color as “white, yellowish, light greyish or light brownish
powder”, the produced pectin powder fits the description.
L*, a* and b* values of the pectin gel were measured as 26.45±1.70, 0.04±0.11 and 3.13±0.34,
respectively. Lin et al. (1978) reported that color values of pectin gel were changed in the range of
L* 32.7-44.1, a* 1.4-3.4 and b* 13.7-15.9. It was evaluated that this difference between the color
values could be related to the applied process parameters.
The Ridgelimeter is commercially used to standardize HMP. This empirical Sag-test is a one-point,
non-destructive measurement. Although sag measurements are not a sufficient quality criterion,
the method shows great reproducibility and easy handling. Therefore, the gel forming ability of
sunflower pectin was also quantified by the IFT SAG method (IFT, 1959) after the modification of
gel preparation for the LMP (Iglesias & Lozano, 2004). SAG value of the pectin gel was determined
as 14.0±0.1%. Sosulski et al. (1978) and Matia-Merino et al. (2004) reported that SAG values of
pectin gel, produced from sunflower head, was changed in the range of 12-30% depending on
pectin content and extraction-purification condition. Gel power of the pectin was calculated as
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119.11±2.27. Iglesias and Lozano (2004) reported that gel strengths of LMP, produced from
sunflower heads by different methods, were changed in range of 111.26-116.51. According the
Food chemicals codex (1972), gel power of pectin must be not less than 95% and not more than
105%. The result is compatible with literature, and it is also evaluated that the gel power of pectin
will be fit to codex after standardization.
As shown Table 3, there are some differences between major properties of the LMP and
commercial pectin. It is evaluated that the differences can be associated with source of pectin.
Table 3. Some properties of the LMP and LM commercial pectin
Source

LMP

Ash %
Acid-insoluble ash (%)
GalA (%)
DE (%)
SAG value (%)
Gel strength (%)

5.57±0.01
0.851±0.004
69.08±0.80
40.37±2.62
14.0±0.1
119.11±2.27

Commercial pectin*
(Genupectin LM104AS)
46.46
31
16.37
116.51

Regulation of
Food Chemical Codex
<10%
<1%
>35%
<50%
between 95-105%

* (Iglesias & Lozano, 2004)

The parameters of texture profile analysis were recorded as 32.53±8.10 g for hardness,
163.23±48.91 g.s for adhesiveness, 0.94±0.04 s for springiness, 0.52±0.04 g.s for cohesiveness,
16.98±5.04 g.s for gumminess, 15.92±4.76 g.s for chewiness and 0.03±0.01 s for resilience (Table
4).
Table 4. Texture profile of the pectin gel
Hardness
(g)
32.53±8.10

Adhesiveness
(g·s)
163.23±48.91

Springiness
(s)
0.94±0.04

Cohesiveness
(g·s)
0.52±0.04

Gumminess
(g·s)
16.98±5.04

Chewiness
(g·s)
15.92±4.76

Resilience
(s)
0.03±0.01

As a conclusion, optimum extraction conditions of sunflower pectin were determined, and some
properties of the LMP were specified. Results showed that the produced LMP may be fit to
commercial LMP and regulation of Food chemicals codex (1972) after standardization process.
Thereby, sunflower head residues can be good source to produce LMP commercially.
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Comparing the rheological properties of emulsion and oleogel based on gum
Tragacanth and sodium caseinate
Khadije Abdolmaleki, Leyla Alizadeh, Kooshan Nayebzadeh*
Department of Food Technology Shahid Beheshti University of Medical Sciences, Tehran, Iran.

Over the past few years, there has been much concern about the health effects of consuming
saturated and trans fats. So, to overcome this limitation, new methods are needed to provide the
desired structure to foods without these ingredients. Oleogels could be used to simulate the
structural properties found in lipid-based food products. Recently, oleogels based on hydrocolloid
(proteins and polysaccharides) prepared by indirect approaches, are used as trans and solid fat
alternative. The most progressive indirect approach is the emulsion-templated method which
involves the formation of stable concentrated O/W emulsions followed by removing the water
which results in structured network. In this work, we prepared and characterized concentrated
emulsions (φoil=0.6) and subsequently their oleogels containing the proteins (4% w/w),
polysaccharide (2% w/w) and protein: polysaccharide complexes (2:1%, 2:2%, 4:1%, 4:2% w/w).
To study the effect of sodium caseinate and gum tragacanth concentrations on the textural
attributes, rheological measurements were carried out on the emulsion samples and corresponding
oleogels. Dynamic strain sweeps tests were accomplished to reveal the linear region of
viscoelasticity. The recorded data included the storage modulus in LVE range (G′ LVE), the loss
modulus in LVE range (G″ LVE) and crossover point. Frequency sweeps tests were performed to
determine frequency dependency of emulsions and oleogels.
All the emulsions based on sodium caseinate: gum tragacanth complexes were stable except sample
containing 2:2% w/w. When either one is used alone, couldn’t form stable emulsion. Firmly
structured oleogels were produced by primary stable emulsions. The similar concentrationdependent increasing pattern for all the mentioned rheological parameters was observed in
emulsions and oleogels. Also, increasing in frequency causes an increase in both G′ and G″ with a
dominance of elastic modulus in the used frequency range. The oleogel containing 4:2% w/w
showed the highest G′ (216705 Pa), crossover point (437 Pa) and apparent viscosity (234 Pa. s).
As neither protein nor polysaccharide form the stable emulsion, the emulsion stabilizing properties
can be improved by complexing them with proper concentration. It can be concluded that oil
structuring using sodium caseinate and gum tragacanth complexes is an alternative strategy for
solid fats in lipid-based food products.
Keywords: Concentrated emulsion, rheological properties, oleogel
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Increase of the stability and the functionality of commercial lactic acid
bacteria starters by co microencapsulation with buckwheat flour and oat bran
Mihaela Aida Vasile, Gabriela Elena Bahrim, Stefan Dima
Dunarea de Jos, University Galati, Faculty of Food Science and Engineering, Romania

In order to enhance the cells survival, while keeping the symbiotic effect at different in vitro and
in vivo conditions, the Christian Hansen commercial strains Lactobacillus acidophilus (LA 5®) and
Lactobacillus casei ssp. paracasei (L. casei 431®) have been microencapsulated, by ionotropic
gelation technique through emulsification in sodium alginate, in mixture with buckwheat flour and
oat bran. Our results suggested a higher rate of cells viability after co-encapsulation after 3 hours
of exposure to the simulated gastric conditions at pH 2.0, comparing with the free cells in
suspension that were completely destroyed after one hour. Additionally, the co-encapsulated cells
showed higher resistance in the intestinal juice after 6 hours of exposure, compared to the free cells
that showed a viability decrease with 3 log CFU in similar conditions. The comicroencapsulation
of LA 5® and L. casei 431® cells with buckwheat flour and oat bran proved to be an efficient
method to increase the stability and biotechnological efficiency of commercial starters, which are
commonly used as ingredients for lactic acid fermentation and for nutraceuticals production.
Keywords: Lactobacillus acidophilus (LA 5®), Lactobacillus Casei ssp. paracasei (L. Casei
431®), buckwheat flour, oat bran, co-microencapsulation
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Extraction and highlighting the protein fractions from black rice flour by gel
electrophoresis (SDS-PAGE)
Carmen Bolea, Camelia Vizireanu
Dunărea de Jos University of Galati, Faculty of Food Science and Engineering, Domnească Street, 111,
RO-800201, Galati, Romania

Black rice contains protein and a significant amount of biological active compounds. Black rice
flour can make a contribution of minerals and vitamins, helping to maintain health and improve
the metabolism. The aim of this study was to characterize the black rice flour protein fractions and
thus determining their molecular weights. The protein fractions (albumins, globulins, glutelins and
prolamins) were extracted from fraction seven which was obtained by screening the black rice flour
through a sieve with a sieve mesh size <90µm. These data would be useful to predict the potential
utilization of the F7- protein fraction from the flour black rice in specific food products. Separation
of protein fractions was performed by SDS-PAGE using an acrylamide gel with a gradient of 4.5
to 20%, according to the method of Laemmli (1970). The molecular weight of albumin protein
fraction were distributed in the range of 13-25 kDa and 35-50 kDa. Glutelin band was around 13
and 35kDa bands while globulin has been estimated to be 12-17 kDa, 20-27 kDa and 50-60 kDa.
Profile obtained with the prolamine extract showed two prominent bands around 10 and 13 kDa.
Keywords: Protein fractions, black rice flour, globulin, prolamine.

ICFP 2018 | 13th International Conference of Food Physicists | 23-25 October 2018, Antalya/TURKEY
LEON CONGRESS Ltd. info@icfp2018.org www.icfp2018.org

102

Poster Presentation 3

The effects of potassium lactate used in pastırma production on protein
oxidation and some other qualitative properties
Ebru Erdemir
Department of Nutrition and Dietetics, Health High School, Agri Ibrahim Cecen University, Agri 04000,
Turkey

In this study, the meats used in pastirma production were cured with different combinations of
NaCl + potassium lactate (PL), and researched the effects of curing combinations on the protein
oxidation, thiobarbituric acid-reactive substances (TBARS) and some other qualitative properties
of the final product (pastirma). For this purpose, the meats used in pastirma production were cured
with 4 different curing compounds: 1) Control: 5% NaCl, 2) 4% NaCl + 1% PL, 3) 3% NaCl + 2%
PL and 4) % 2% NaCl + 3% PL. Moisture, pH, TBARS, colour (L * , a * , b * ), and protein oxidation
values were determined at the raw materials and final product. In addition to these analyzes in
pastırma, the amount of salt was determined. It was found that protein oxidation, TBARS and salt
values decreased while potassium lactate level used in the research increased, but protein oxidation
and TBARS values increased during the production stages. It was determined that the potassium
lactate level and the production stages (p<0.01) have significant effects on the moisture and pH
values. It was found that control and the group with 2% PL have higher moisture and pH values
than in the groups with 1% and 3%. It was determined that potassium lactate level and production
stages have significant effects on L*, a* and b* values, and there were the highest L* value in the
control group, the highest a * value in the group with 3% PL. According to the results of qualitative
characteristics, it was reached the conclusion that the use of potassium lactate at 1% level at the
curing stage of pastirma production is appropriate.
Keywords: Pastirma, potassium lactate, protein oxidation, TBARS
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Some physicochemical properties of turkish coffee fortified with apricot kernel
powder
Zehra Gunel, Aysegul Parlak, Mehmet Adsoy, Ayhan Topuz
Akdeniz University, Faculty of Engineering, Department of Food Engineering, Antalya, Turkey

Apricot kernel has high antioxidant effect thanks to its components such as carotenoids and
phenolic compounds. Apricot kernel, a by-product of apricot processing, is generally consumed as
appetizer after roasting process. In the present study, in an attempt to extend utilization possibilities
of apricot kernel, it was added in Turkish coffee as powder form. The aim of this study was to
investigate some physicochemical properties of Turkish coffee fortified with apricot kernel
powder. The apricot kernels were roasted by hot air and microwave roasting techniques up to 0.45
water activity and 2.95% moisture content. Then, they were grinded and sifted. The obtained
powder was added in Turkish coffee at different concentrations (10%, 15%, 20% and 25%). The
Turkish coffees were cooked, and it was subjected to some physicochemical analyses (water
activity, moisture content, color, total phenolic content, antioxidant activity, foam stability, foam
capacity and sensory analyses). Hunter L, a and b values of the cooked coffees were monitored and
changed with different roasting processes and different concentrations of apricot kernel powder.
The cooked coffees were found to be rich in phenolic compounds and having high antioxidant
activity. However, as increasing in apricot kernel powder in the Turkish coffee, foam capacity and
stability were gradually decreased. Even though foam is the superior characteristic for Turkish
coffee, the cooked coffees fortified with apricot kernel powders were preferred in terms of other
sensorial quality parameters.
Keywords: Apricot kernel powder, foam properties, roasting process, sensorial properties, Turkish
coffee
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Effect of osmotic drying on physicochemical aspects of dehydrofrozen sliced
red pepper (Capsicum annuum L.)
Handan Basunal-Gulmez, Ayhan Topuz
Akdeniz University, Faculty of Engineering, Department of Food Engineering, Antalya, Turkey

Osmotic drying is a preliminary process and used to partially remove water from plant tissue by
immersing the food in a hypertonic solution. Furthermore, prior to the freezing process, the osmotic
drying minimizes the destruction of the cell membrane integrity and preserves the food quality
better. In this research, influence of osmotic dehydration on physicochemical properties (color,
texture and ascorbic acid) of sliced frozen red peppers (Capsicum annuum L.) was investigated.
Osmotic drying was performed at 25°C for 90 min under 140 rpm agitation. Sorbitol and NaCl
mixture was used as osmotic agents. Freezing was achieved under constant conditions at 2 m/s air
velocity and at -25°C for 105 minutes. The frozen peppers were stored at -18±2°C for 60 days.
Results showed that treatments and storage period did not significantly affect the color of samples.
Skin puncture values of samples decreased during the storage. Ascorbic acid content of
osmodehydrofrozen samples were determined lower than control samples and it decreased by
storage period.
Keywords: Osmotic drying, dehydrofreezing, red pepper
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The presence of bisphenol A (BPA) in milk and dairy products
Gizem Yildiz, Firuze Ergin, Taner Erkaymaz, Ihsan Burak Cam
Akdeniz University, Faculty of Engineering, Department of Food Engineering, Antalya, Turkey

For an adequate and balanced diet, milk and dairy products have a great importance to protection
and development of health of individuals. Milk and dairy products, which are the main source of
protein, are widely used in food industry. For a healthy society, the physical, chemical and
biological risks that may occur during processing of milk should be evaluated. Bisphenol A (BPA),
which is known as a chemical risk, is an industrial chemical commonly used in the production of
epoxy resin and polycarbonate plastics as food packaging material. BPA, which is among the
endocrine disrupting chemicals, has an adverse effect on reproduction and development by
mimicking the estrogen hormone in mammals. Milk and dairy products are contaminated with BPA
through animal feed, dairy environment, packaging material or it can be passed to milk and dairy
products during various stages of the milk processing. The transition of BPA from packaging
material to milk and dairy products differs from depending on area of contact surface of food and
packaging material, contact time, temperature etc. The researches done emphasized that the most
important source of human exposure to BPA is through nutrition. For this reason, considering the
fact that it is a product consumed by all age, the transition of BPA to milk and dairy products is an
issue that should be focused on in terms of public health. In this study, information about usage
areas of BPA, relation between BPA and dairy products, and analysis methods of BPA were
investigated.
Keywords: Milk, dairy products, bisphenol A
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The low-lactose yoghurt
Handan Kocabas1, Firuze Ergin1, E. Mine Comak Gocer2, Ahmet Kucukcetin1
1

Akdeniz University, Faculty of Engineering, Department of Food Engineering, Antalya, Turkey

2

Akdeniz University, Antalya School of Health, Department of Nutrition and Dietetics, Antalya, Turkey

Lactose, is a carbohydrate found in milk, improves the absorption of calcium, prevents fat
accumulation in the liver and facilitates bone and tooth formation, and the synthesis of vitamin B.
Especially galactose in its structure constitutes the source of glycolipids in the brain tissue, and is
important in the synthesis of nerve tissue in young people.
Despite all the benefits of lactose on human health, some individuals cannot consume dairy
products because they can’t hydrolyze lactose to glucose and galactose in the milk and dairy
products. This issue is called as lactose intolerance. When lactose reaches the colon without
digestion due to the β-galactosidase deficiency in the small intestine, it is destroyed by the colon
bacteria and short chain fatty acids, water, CO2 and H2 are formed. For this reason, symptoms such
as abdominal pain, nausea, bloating, gas and diarrhea can occur in lactose intolerant people.
Approximately two-thirds of the world's population has health problems caused by lactose
intolerance.
During the fermentation process in yoghurt production, yoghurt bacteria use lactose results in a
lower amount of lactose in yoghurt than in milk. In addition, the transit time of yoghurt from the
gastrointestinal tract is longer by comparison milk because of the partial hydrolysis occurring
during fermentation, so that yoghurt is more easily consumed by lactose-sensitive individuals in
comparison to milk. However, some lactose intolerants cannot consume yoghurt which contains
less lactose. It is very difficult for lactose intolerant individuals to take their recommended daily
amount of calcium from other foods by removing milk and milk products from their daily diet. In
recent years, studies report that lactose-reduced milk and dairy products such as yoghurt can be
produced for lactose intolerant individuals. This study will give information about the production
of lactose reduced yoghurt.
Keywords: Lactose, β-galactosidase, yoghurt
.
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The usage of centrifuge technique in concentrated yoghurt production
Firuze Ergin1, Handan Kocabas1, E. Mine Comak Gocer2, Ahmet Kucukcetin1
1

Akdeniz University, Faculty of Engineering, Department of Food Engineering, Antalya, Turkey

2

Akdeniz University, Antalya School of Health, Department of Nutrition and Dietetics, Antalya, Turkey

The yoghurt is one of the most popular dairy product in the world. Yoghurt is named differently as
light yoghurt, fruit yoghurt, homogenized yoghurt, set-type yoghurt, concentrated yoghurt etc.
depending on the fat ratio and aroma content in yoghurt, and production technique. Concentrated
yoghurt is produced to extend shelf-life and keep quality of yoghurt by removing serum phase.
Straining, mechanical separation and membrane filtration are the methods used to remove serum
phase from yoghurt. Strained yogurt traditionally and commercially produced by straining set
yogurt in cloth bags and left to drain by gravity at 4-6°C overnight to the desired total solids level.
In the straining production, contamination may occur that leads to undesirable physicochemical
changes and off-flavours in yoghurt during draining of serum. The concentrated yogurts can be
produced in a shorter time with centrifuge technique. In this study, we compared to
physicochemical and sensory properties of concentrated yoghurts produced with straining and
centrifuge technique during storage period.
Keywords: Concentrated yoghurt, straining technique, centrifuge technique
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The effects of different microencapsulation methods on the viability of
Lactobacillus acidophilus in gastrointestinal media
Firuze Ergin1, E. Mine Comak Gocer2, Muammer Demir1, Ahmet Kucukcetin1
1

Akdeniz University, Faculty of Engineering, Department of Food Engineering, Antalya, Turkey

2

Akdeniz University, Antalya School of Health, Department of Nutrition and Dietetics, Antalya, Turkey

Lactobacillus acidophillus is considered probiotics and used in the production of many fermented
foods because of its beneficial effects on human health. It is generally believed that probiotics must
be viable and active in sufficient numbers (ranging from 106 to 109 cfu/g, ml) in the product up to
the expiry date and must survive passage through the gastrointestinal system. Keeping probiotics
viable and maintenance of their viability for a long-term storage are important. The method for a
long-term preservation of probiotics is the microencapsulation process. Extrusion and drying
techniques are commonly used microencapsulation methods for the production of functional foods,
especially for probiotic foods. The new technique, electrospray, is allowing the production of small
capsules varying from the micro to the sub-micro sizes. Electrospray could maintain cell viability
of immobilized probiotics. The aim of this study was to compare the survival rates of
microencapsulated L. acidophillus produced by different methods in simulated gastric fluid (pH
2.0) and simulated intestinal fluid (pH 6.8).
Keywords: Lactobacillus acidophillus, microencapsulation, gastrointestinal
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Physicochemical properties some physicochemical properties of commercial
protein isolates
Tugce Atbakan, Serenay Asik, Ayhan Topuz
Akdeniz University, Faculty of Engineering, Department of Food Engineering, Antalya, Turkey

Proteins obtained from different sources show different functional properties. The changes in the
physicochemical properties of proteins result from amino acid composition, structure and shape,
extraction and pretreatment methods and parameters of protein. In the present study, some
physicochemical properties of commercially important proteins for food industry such as whey
protein, soy protein and pea protein isolates were compared. These protein isolates were analyzed
in moisture, water activity, color, water and oil holding capacity and foam properties. Moisture
analyses were performed gravimetrically. Water activity values of the samples were determined by
using an Aqualab water activity meter. Color analyses were carried out using a colorimeter (Hunter
L, a, b). Foam properties (foam capacity and stability) of each sample were determined at different
pH values as 2, 4, 6, 8 and 10.
According to the results, the highest foam capacity and stability values were calculated for whey
protein 33% and 20% at pH 4, for pea protein isolate 49% and 24% at pH 10 and for soy protein
isolate 36% (at pH 10) and 10% (at pH 8), respectively.
The highest water holding capacity value was determined for soy protein isolate, while the lowest
water holding capacity was identified for whey protein. As a result of lyophilic property of the
whey protein, the maximum oil holding capacity was calculated as 3.29 g oil/g dry matter for whey
protein isolate while the minimum value was determined as 2.32 g oil/g dry matter for soy protein
isolate. According to the results of color analyses, whey protein had lighter color than those of
other protein isolates (the highest L value).
According to the results, it was found that soy protein, whey protein isolates were more effective
in water and oil holding, respectively. Pea protein isolate was found to be more effective in foam
forming properties.
Keywords: Protein isolates, water-oil holding capacity, foam properties
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Effects of edible coatings before drying on some properties of dried banana
Mustafa Kemal Uslu1, Ahmet Aygun2, Ahmet Oktay Kucukozet1
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Akdeniz University, Engineering Faculty, Department of Food Engineering, Antalya, Turkey
2

Akdeniz University, Finike Vocational School, Finike, Antalya, Turkey

The consumption of dried fruits and vegetables is increasing day by day. Traditionally, the fruits
and vegetables dried under the sun, industrially convective hot air drying or integrated convective
and microwave drying are used drying of them. However, the sun or the hot airdrying cause serious
loss of flavor, color, vitamin and phenolic substances in the dried products. High quality products
can be obtained by freeze drying, but it is not extensively used in fruit and vegetable drying due to
the high production cost. Therefore, the preservation of quality characteristics of the dried product
is still important.
Drying of fruits or vegetables by coating with edible films is a very new topic and a few studies
are present. In these studies, it has been recorded that loss of color, vitamin C and antioxidants
decreased and the ability of rehydration increased in the dried fruits with edible coating.
In this study, banana samples were sliced and dried with or without dipping sodium caseinate (SC)
or hydroxypropyl methylcellulose (HPMC) solutions before drying. All the samples were dried at
60 °C and under 2,5 m/s air flow rate overnight. The dried bananas were packed under %70
nitrogen and %30 carbon dioxide. Then water activity (aw), rehydration, color, texture, dry matter
shrinkage and aroma profiles were determined.
HPMC coated samples had the lowest shrinkage and aW and the highest dry matter. The
rehydration capacity of the samples was not significantly affected by coating applications. The
lightness values, L* of the dried samples coated with SC were higher than the other samples,
however there were no significant differences between a and b values of control and coated
samples.
The aroma profiles (Methyl Butanal, Pentanone, Ethyl Acetate, 2-Pentanone, Hexanal sum,
Isoamyl butyrate and Nonane) were determined by gas chromatography from the headspace
atmosphere after waiting 28 days to equilibrate the aroma compounds in the samples with
atmosphere in the packages. All headspace aroma components in the packages containing both of
the coated sample were lower than the control sample. It was thought that less aroma will be loss
during storage in the coated samples.
This study showed that coating of the banana by SC or HPMC during drying is a useful method to
produce more aromatic, better looking and shaped product.
Keywords: Banana, HPMC, sodium caseinate, aroma, dried fruit
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The effect of different drying processes on the powder properties of red beet
puree powders
Safiye Nur Dirim1, Deborah A.S. Ruoff2, Gulsah Caliskan Koc3
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Department of Food Engineering, Ege University, Bornova, Izmir, Turkey
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Department of Health Sciences and Technology, Swiss Federal Institute of Technology, Zurich,
Switzerland

3

Department of Gastronomy and Culinary Arts, Alanya Hamdullah Emin Paşa University, Alanya, Turkey

This study was intended to determine the effect of the freeze and drum drying processes on the
physical (moisture content, water activity, and color) and powder properties (bulk and tapped
densities, flowability, cohesiveness, wettability and solubility times, hygroscopicity, and
dispersibility) of the obtained red beet puree powders. A pilot scale freeze dryer (13.33kPa absolute
pressure, condenser and heating plate temperatures of -48°C and 10°C, respectively) and drum
dryer (2 drums (20cm length and 26cm diameter), 2mm gap between the two drums, 2 bar
pressurized vapour, 112°C surface temperature), 2 rpm rotating speed) were used for the drying
experiments. The red beet puree powder was obtained by grinding the dried material (flakes) with
a mortar and packaged in aluminum polythene bags. The moisture content and water activity values
of freeze (FDRBPP) and drum (DDRBPP) dried red beet puree powders were found to be as
4.05±0.91% (wet basis, wb) and 0.282±0.06 and 9.42±1.41% (wb) and 0.308±0.05, respectively.
The L* and a* values of DDRBPP were found to be significantly lower compared to the FDRBPP
due to temperature effect (p<0.05). Significantly higher bulk (200.4±0.85kg/m3) and tapped
(255.29±1.22kg/m3) density values and average wettability time (383±32s) were observed for the
DDRBPP (p<0.05). Comparatively better results were obtained for DDRBPP for flowability (Carr
Index=21.00±1.41, fair) and cohesiveness (Hausner Ratio=1.27±0.02, intermediate) (P<0.05).
Significantly higher hygroscopicity value (19.73±0.12) was obtained from the FDRBPP which
have lower moisture content (p<0.05).
Keywords: Red beet, freeze drying, drum drying, powder properties
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Drying characteristics and kinetics of lovastatin degradation of oyster
mushroom (Pleurotus ostreatus) slices
Engin Demiray, Fatih Ibis, Yahya Tulek
Pamukkale University, Denizli, Turkey

Pleurotus mushrooms, commonly known as oyster mushrooms, grow wildly in tropical and
subtropical areas, and are easily artificially cultivated. They are healthy foods, low in calories and
in fat, rich in protein, chitin, vitamins and minerals. Mushrooms are thought to be beneficial for
such diseases as hypertension, hypercholesterolemia, and cancer. Oyster mushroom contains
lovastatin, an inhibitor of cholesterol biosynthesis which has (similarly to other statins with
hypocholesterolemic activity) simultaneously antioxidative properties. Lovastatin is known to be
produced by Monascus species and is one of statins (3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors), which inhibit the rate-limiting enzyme in the production of cholesterol, lower
total and LDL cholesterol levels and have been proven to reduce the risk of coronary heart disease.
Oyster mushroom slices were dried using hot air dryer. The lovastatin content in oyster mushroom
slices during drying was evaluated at 45, 55 and 65˚C. The first-order reaction model adequately
described degradation of lovastatin. The activation energy of lovastatin was found 30.95 kJ mol -1.
In this study, the modeling of the drying process was also performed. Four mathematical models
were fitted to the experimental data. The performance of these models is evaluated by comparing
the coefficient of determination, root mean square error and reduce chi-square between the
observed and predicted moisture ratio. The Page model gave the best results for describing drying
of oyster mushroom slices.
Keywords: Oyster mushroom, drying, lovastatin, kinetic, modelling
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Improving quality and shelf-life of poultry meat through application of
protein-based edible coatings
Muhammad Issa Khan, Sadia Aslam, Aysha Sameen, Amna Sahar
National Institute of Food Science and Technology, University of Agriculture, Faisalabad, Pakistan

This study was designed with objective to evaluate the preservation potential of protein-based
edible coatings on fresh chicken. Whey and casein proteins in concentration of 5, 10, and 15%
were applied on raw chicken meat and assessed oxidative stability during refrigerated storage.
Quality parameters of meat including pH, color, oil uptake and total volatile basic nitrogen were
significantly affected by application of these coating. Minimum oil uptake, TVB-N values and
microbial growth (2.81 log cfu/g) were observed for coating containing 15% whey proteins. Lipid
oxidation was assessed by measuring peroxide value (POV) and TBARS has lower values for
coated samples. Edible coating also preserves the organoleptic attributes as raw chicken had lower
sensory scores after 15 days of refrigerated storage. It is concluded from current results that protein
based edible coating can helpful in preserving poultry meat quality under refrigerated storage.
Keywords: Edible films, meat preservation, whey proteins, casein, lipid oxidation
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Probing the hepatoprotective effect of camel milk on arsenic induced liver
damage
Aysha Sameen, Farwa Tariq
National Institute of Food Science and TechnologyUniversity of Agriculture Faisalabad, Pakistan

Liver is the second largest organ in the body involved in the wide range of functions and exposed
to microbes, chemicals, drugs and toxins leading to increased incidence of liver damage. Arsenic
toxicity that is affecting more than 200 million people in world can lead to hepatomegaly, cirrhosis,
hepatocellular carcinoma and pre-neoplastic lesions. Camel milk can alter the changes induced by arsenic
induced liver damage like aspartate aminotransferase (AST), alanine aminotransferase (ALT), alkaline
phosphatase (ALP) and bilirubin. Present study was conducted on Sprague dawley rats to determine the effect

of camel milk on the recovery of damaged tissues liver induced by arsenic toxicity. Rats were
divided into 4 groups; control group, sodium arsenite, sodium arsenite+ raw camel milk group,
sodium arsenite + boiled camel milk group. At the start and end of the study blood samples were
collected and their blood AST, ALT, ALP, bilirubin, and albumin were evaluated. Statistical
analysis showed that sodium arsenite significantly raised P<0.05 these blood parameters showing
damage to the hepatocytes. Raw camel milk showed better results than boiled camel milk and
significantly reduced P<0.05 AST, ALP, ALT, bilirubin and albumin level in blood showing its
protective role against arsenic induced liver damage. Results suggests that raw camel milk should
be used instead of boiled camel milk to attain its maximum benefits.
Keywords: Arsenic toxicity, hepatocytes
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Evaluating the effectiveness of flaxseed fortified functional yoghurt against
type-2 diabetes
Aysha Sameen, Tanzeela Ashraf, Rida Fatima, Mariam Aizad, Farwa Tariq
National Institute of Food Science and Technology University of Agriculture Faisalabad, Pakistan

Dairy products have several health beneficial components but consumers are always demanded for
such novel dairy products which have least defects as well as provide protection against diseases.
Now a day, fortification techniques in yoghurt to make it a functional food product are widely used
for new recipes formulations. Insulin resistance and improper functioning of insulin in body are
responsible for type-2 diabetes. Diabetes rate in Pakistan is increasing day by day due to poor
glycemic control. Flaxseed is a functional food that contained bioactive components when
incorporated in dairy products, has many beneficial roles. Secoisolariciresinol diglucoside (SDG)
is major component of flaxseed which provides protection against type-2 diabetes. Keeping in view
the importance and biological role of SDG in flaxseed, functional yoghurt fortified with flaxseed
was prepared and accessed its functionality against type 2 diabetes. T0 was the control 250 ml
yoghurt while T1 and T2 had 250 ml yoghurt fortified with 12% and 24% flaxseed respectively.
Proximate and sensory analysis was conducted on flaxseed fortified yoghurt. 15 females were
selected for the study which had suffering from type- 2 diabetic disease and divided in to three
groups. Each group was given functional yoghurt for 45 days and after every 15 days, examined
the blood samples of these patients and evaluated its creatinine, lipid profile, serum biochemistry,
blood insulin and blood glucose level. In addition, antioxidant enzyme activity was checked on
first and last day of research work. Then all the data was subjected to statistical analysis and results
indicated that flaxseed functional yoghurt had significant relationship (p < 0.05) with
hypolipidemic and hypoglycemic than simple yoghurt. Results of mean values of lipid and blood
glucose level reduced at maximum among T2 group which had 24% concentration of flaxseed.
Insulin level and enzyme activity showed non-significant (p > 0.05) result while the products had
significant impact on liver and biochemical parameters. Overall results indicated that flaxseed
fortified functional yoghurt was considered as nutraceutical product against diabetes as compared
to simple plain yoghurt.
Keywords: Arsenic toxicity, hepatocytes, flax seed

ICFP 2018 | 13th International Conference of Food Physicists | 23-25 October 2018, Antalya/TURKEY
LEON CONGRESS Ltd. info@icfp2018.org www.icfp2018.org

116

Poster Presentation 17

Non-destructive analysis of edible oil oxidation
Hatice Kubra Kizilay, Muammer Demir
Akdeniz University, Faculty of Engineering, Department of Food Engineering, 07058, Antalya, Turkey

Lipid oxidation is a major cause of lipid deterioration and decreases nutritional quality of lipids,
that induces decreasing shelf life of foods. It is occurred during storage and processing of edible
oils. Lipid oxidation is a complex progress that involves initiation, propagation and termination
steps. Primary oxidation products are allylic hydroperoxides, while secondary products are
aldehydes, ketones and epoxides. However, naturally occurring products of lipid oxidation such as
malondialdehyde (MDA) in food systems are harmful to human health and promote formation of
disorders like bowel diseases, atherosclerosis, macular degeneration and also are associated with
onset of carcinogenic processes.
The American Oil Chemists’ Society has developed methods like peroxide value, anisidine value,
thiobarbituric acid (TBA) test, which measures malondialdehydes, to determine oxidative status of
oils. Among the methods peroxide value and anisidine value are mostly used as markers for lipid
oxidation in industry. However, these methods called the traditional methods are time consuming,
destructive and required hazardous and large quantity of chemicals. Thus, recently spectroscopic
methods followed by multivariate data analysis have been commonly used as alternative to
traditional methods. Fourier Transform (FT) - infrared Spectroscopy (IR), Raman Spectroscopy,
Nuclear Magnetic Resonance (NMR) Spectroscopy and Hyperspectral Imaging (HIS) are widely
used methods to determine oxidation in edible oils. Also, sensory based electronic systems like enose, which mimics human sense of olfaction, have been used to determine oxidative status of
edible oils.
The aforementioned methods have advantages over the traditional methods as rapid, cost effective,
non-destructive and performable directly on intact samples without extensive pre-treatment. Also,
the spectroscopic methods make easier to measure accurately in any physical state and at any level.
Most importantly, development of these spectroscopic methods in determining oxidation of edible
lipids avoids using potentially harmful chemicals.
Keywords: Lipid oxidation, non-destructive analysis, edible oils
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Protection of microbial development through freezing technology
Pinar Yerlikaya
Akdeniz University, Fisheries Faculty Antalya, Turkey

Undesirable changes occur in the composition and properties of foods by enzymatic and
microbiological pathways after handling. Processing and storage methods have been developed in
order to avoid food spoilage. To achieve this goal; (i) killing microorganisms (high temperature,
high pressure, irradiation), (ii) inhibition or deactivation of microbial development (low
temperature, decreasing aw, food additives, adjusting pH), (iii) prevention of contamination
(packaging, aseptic medium) methods are applied. Freezing is the method that aims to keep initial
organoleptic characteristics and nutrient value while suppressing the microbial growth and
enzymatic reactions.
In the freezing process, the temperature drops to degrees below the freezing point. Fluid of foods
pretends like a solvent due to many dissolved compounds. Therefore, the freezing point of foods
decreases. Most of the water is turned into ice between -1°C and-5°C. Microorganisms need water
to perform their metabolic activities. Water activity, available water for microbial growth,
decreases with the transformation of water into ice. Freezing process makes the water unavailable
to microorganism and simulates the effect of drying technique.
The resistance of microorganisms to freezing process varies depending on their species, growth
phase, vegetative or spor form. The most sensitive group of microorganisms is vegetative forms of
yeast-mould and most of Gr (-) bacteria. Whereas, spor forms of Bacillus and Clostridium are the
most durable microorganisms. Most of the pathogenic bacteria are inactivated in the temperatures
below -10°C because their functions are terminated at low temperatures. Some of the
microorganisms are able to grow even below -18°C. The lethal effect of temperature on
microorganisms was highest between -4°C and -10°C rather than lower temperatures.
The freezing process lessens the microbial activity or completely stopped, however it is not a
sterilization method. Ice-crystals trigger damage in membranes of bacteria. After thawing,
surviving bacteria during freezing and frozen storage still have chance to grow and multiply with
the increasing temperature. It is important to perform cold chain in each step from handling to
consuming of foods.
Keywords: Freezing technology, microbial inhibition
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Re-structured meat products
Fahrettin Gokhun Tokay, Pinar Yerlikaya
Akdeniz University, Fisheries Faculty Antalya, Turkey

Meat and meat products are rich in high qualified protein, such vitamins and minerals, thus could
provide high nutritional value. They have crucial role in human health such as growth,
development, cell renewal, repairing of the tissue, nervous, digestive and immune systems. Byproducts and waste materials may arise during the processing of meat. These small sized meat
pieces cannot be processed over again and lead nutritional and economic loss.
Re-structuring meat products refer reforming the small pieces of meat, mechanical mincing and
combining pieces by binding together to create a new product of desired size. Re-structuring of
byproducts makes possible to eliminate the undesirable components, contributes to the economy
by reducing wastes and reduction of nutritional components loses. In addition, re-structuring helps
to obtain products in different forms, ease of cooking and preparation and as well as improves the
flavor, odor, appearance and texture properties.
Different binding agents such as salt, sodium salts and phosphate salts, whey protein, caseinate,
soy protein, animal blood plasmids, alginate, lactate, carragenan, starch, calcium, transglutaminase
enzyme and various plant extracts can be used to obtain reformed products. Restructuring process
can be applied to the meat of various animals such as fish, chicken, turkey, beef and pork.
In recent years the process of restructuring segments are developing with the advancement of
technology. Restructured products are promising in terms of preventing nutrient losses, reducing
environmental pollution and economic losses.
Keywords: Re-structured meat, beef, fish, chicken
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Effect of starter cultures and addition of buffalo milk on chemical and sensory
characteristics of camel milk cheese
Zahida Qadeer1, Nuzhat Huma2, Aysha Sameen2
1

Institute of Agricultural Sciences, University of Punjab, Lahore-Pakistan.

2

National Institute of Food Science and Technology, University of Agriculture, Faisalabad-38040,
Pakistan

To produce cheese from camel milk is quite difficult and takes longer coagulation time. The
addition of buffalo milk (10%) and use of starter cultures (thermophilic and mesophilic), can reduce
the cheese manufacturing time and improve the quality characteristics of cheese. All other
conditions (pH 5.5, CaCl2 0.06% and 65°C pasteurization temperature) were kept similar. Cheese
samples were analyzed for coagulation time, acidity, moisture, fat, protein, proteolysis. Lower
moisture content and higher protein and fat retention was observed in camel milk cheese with
buffalo milk addition using thermophilic starter cultures. The rate of proteolysis (Urea-PAGE) was
also higher in the same cheese during ripening. Furthermore, sensory attributes of cheeses were
improved with the addition of buffalo milk and using thermophilic culture which persisted during
storage.
Keywords: Camel milk, buffalo milk, starter cultures
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Mathematical modeling of infrared heating for process design
A. Humeyra Altuntas1, Ozan Karatas1, Rahmi Uyar2, Ferruh Erdogdu1
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Infrared (IR), with its shorter wavelength, does not have the ability to penetrate deeply into foods.
This gives an advantage of using IR for surface pasteurization. With lower thermal conductivity
(<0.6 W/m²-K in most cases) of food products, heat transfer rate through surface is rather slow,
and an intense heat might accumulate causing surface temperature to increase significantly. If IRexposure time is properly controlled, surface temperature can be preferentially raised to a degree
that regarding target microorganisms can be inactivated without substantially increasing interior
temperatures.
Significant challenges in designing IR processes are to achieve uniform temperature and heat flux
distribution inside the cavity where product faces IR emitters. Distance among emitters, cavity
geometry, distance between emitters and the product are main design variables, and additional
combination with convective/conductive heat transfer brings further complexities. With these
features, it is rather difficult to determine optimum conditions by only experimental results, and a
mathematical model is required. Therefore, the objective of this study was to develop a
computational mathematical model for heat transfer in an IR system including the effects of
convection and conduction within the system.
For this purpose, an IR system was designed (Figure 1) and a computational mathematical model,
using Comsol V5.1 (Comsol AB, Stockholm, Sweden), was developed solving radiosity equations
for radiation, continuity, momentum and energy equations for convection and energy equation for
conduction. Besides, conventional initial and boundary conditions, model variables were radiative
properties of emitters, distance among emitters, cavity geometry and distance between emitters and
the product. Experimental validation was carried out with the data obtained from cylindrical
aluminum castings and figs. 18-emitters placed within IR system were flat electrically operated
ceramic ones, of 650 W with maximum surface temperature of 553°C operating at far-IR range,
with all having their own temperature control. With this way, temperature distribution and heat
flux generated by emitters were determined to use for obtaining uniform temperature distribution
and heat flux through the cavity and further studies were simulated for optimal design of an
industrial system. Using the experimentally validated mathematical model, microbial inactivation
kinetics for Cladosporium sp. And B. cinera (common problem molds in figs) and design of an
industrial scale system were also demonstrated.
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Figure 1: Infrared system and model designed within the project.
Keywords: Infrared heating, process design, mathematical modeling
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Combination of hyperspectral imaging with complementary data mining
methods for identification of microorganisms
Cagri Cavdaroglu, Efe Sezgin
Izmir Institute of Technology, Izmir, Turkey

Hyperspectral imaging technique has been considered as a rapid and promising analytical method
with a big potential in scientific research and industrial applications. This spectral technique
generates a spatial map of spectral variation. The use of hyperspectral imaging for both automatic
target detection and recognizing its analytical composition is a relatively new area. The advantages
of hyperspectral imaging over the traditional methods include minimal sample preparation,
nondestructive nature, fast acquisition times, and visualizing spatial distribution of numerous
chemical compositions simultaneously. This technique can also be used for identification of
microorganisms. In this study, Saccharomyces cerevisiae (SC) strain for eukaryotes, Escherichia
coli (EC) strain for gram (-) bacteria and Lactobacillus plantarum (LP) strain for gram (+) bacteria
were selected as target microorganisms. Microorganisms were grown on the nutrient agar solid
growth media. Nine colonies were randomly selected for each species and reflectance of colonies
are measured between 367 nm and 1033 nm wavelength by hyperspectral imaging device.
Multivariate statistical modeling was used for high discrimination among selected microorganisms.
Principal component analysis (PCA) and linear discriminant analysis (LDA) were used for
preliminary evaluation of data quality and exploratory purposes. PCA is an unsupervised method
that was used to determine possible outliers. Linear discriminant analysis (LDA) was used to
differentiate microorganisms at the species level. Support vector machine is a non-parametric
machine learning technique applicable for both classification and regression problems. SVM was
used for validation of classes that are created by LDA. Finally, Wards hierarchical analysis (WHA)
was applied to see differences between clusters.
After PCA, one of the measurements belonging to SC is removed as an outlier. Remaining 26
measurements are analyzed by LDA. LDA achieved 96% success rate (25 out of 26) at the species
level predictions. LDA method also indicated that 370 nm – 450 nm, and 980 nm – 1033 nm
wavelength interwalls can be considered as fingerprint regions. SVM method classified all
microorganism species correctly. Although, WHA method showed high discrimination between
the SC/EC and LP clusters, the SC and EC clusters were relatively close.
We conclude that hyperspectral imaging combined with multivariate statistical modelling can be a
fast, reliable, and cheap method for microorganism identification.
Keywords: Hyper spectral imaging, microorganism identification, multivariate analysis, PCA,
LDA
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Antioxidant activity of glucosyl-hesperidin solutions
Mirela Kopjar, Ivona Trtinjak, Anita Pichler
Josip Juraj Strossmayer University, Faculty of Food Technology, Osijek, Croatia

Glucosy-hesperidin is soluble form of hesperidin which is known for its antioxidant activity. The
aim of this study was to evaluate antioxidant activity of glucosyl-hesperidin solutions that were
prepared with addition of sugars (sucrose, trehalose or maltose). Antioxidant activity of prepared
solutions was evaluated over 3 months of storage under different conditions (4 °C, room
temperature in the dark and room temperature under the light) and through thermal treatment at 30
°C, 60 °C and 100 °C for 30, 60 and 90 minutes. Three methods for determination of antioxidant
activity were used, DPPH, ABTS and CUPRAC which are different in mechanism of action.
During storage, decrease of antioxidant activity of glucosyl-hesperidin occurred. Sugar addition
did not affect antioxidant activity, determined by DPPH and ABTS methods, of glucosylhesperidin during storage. However, using CUPRAC method effects of sugars were observed,
mostly negative ones. Temperature and time of thermal treatment had an effect on antioxidant
activity determined by ABTS method and especially by CUPRAC method. Among investigated
sugars, trehalose had the highest positive effect on antioxidant activity determined by CUPRAC
method. Change of antioxidant activity of glucosyl-hesperidin over the storage period was
compared with change of antioxidant activity of catechin and quercetin. For catechin and quercetin
very high decrease of antioxidant activity over the storage period was observed suggesting their
instability, while the antioxidant activity of glucosyl-hesperidin decreased in much lower extent.
Results of this research can predict change of antioxidant activity of glucosyl-hesperidin when
added to food products. In addition, it is more stable than some other very common antioxidants,
what is giving to glucosyl-hesperidin advantage over them in application in food formulations.
Keywords: Glucosyl-hesperidin, antioxidant activity, sugars
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Coconut proteins: alternative source of protein for retention of phenolics
Mirela Kopjar1, Mary H. Grace2, Mary Ann Lila2
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The aim of this study was to prepare different protein-polyphenol complexes, and to determine
whether coconut protein can be as efficient as soy protein or whey protein as adsorbent (carrier)
for phenolic compounds. Protein-polyphenol complexes were prepared by complexing soy protein,
whey protein or coconut protein with water extracts of blueberry pomace, cranberry pomace or
muscadine grape pomace. Prepared complexes were investigated for total phenolics,
proanthocyanidins, anthocyanins and antioxidant capacity. Three different amounts of each protein
was used depending on dispersibility of proteins in water extracts: 5, 10 and 15% for coconut
protein, 10, 20 and 30% for soy protein and 10, 20 and 40% for whey protein. The amounts of
bonded phenolics were calculated as mgcompounds/gprotein. The increase in protein amounts resulted
in a decrease in the amount of total phenolics, proanthocyanidins and anthocyanins. Common
amount for all three protein complexes was 10%. Whey protein bonded the lowest amount of
proanthocyanidins from blueberry and cranberry extracts. Other two proteins bonded higher
amount of this compounds but there was no difference between them. Total phenolics of blueberry
and muscadine grape extracts were bonded in the highest amount by soy proteins, while there was
no difference between coconut and whey proteins. Cranberry phenolics were bonded in the same
extent by all three proteins. Blueberry pomace extract contained considerable amount of
anthocyanins and they were bonded in the highest amount by soy protein. In addition, correlation
between protein amount and total phenolics was conducted and linear dependence was observed.
Extrapolation of phenolics retention for soy proteins and whey proteins at 5% was conducted using
obtained equations in order to compare results with coconut protein. Through extrapolation, for
blueberry and cranberry extracts the highest amount of bonded phenolics and proanthocyanidins
were obtained by coconut protein. Results of this research showed that there is potential of coconut
protein as adsorbent for phenolics if it is used in lower amount. Obtained complexes can be used
as food additives for enrichment of different foods with bioactive phenolics.
Keywords: Coconut protein, soy protein, whey protein, phenolics
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Migration of phthalate esters to seafood in PVC containers
Ali Can Alp, Pinar Yerlikaya
Akdeniz University, Fisheries Faculty Antalya, Turkey

Seafood is highly perishable foods due to autolytic enzyme activity, oxidation of unsaturated fatty
acids, protein degradation and microbial activity. In addition to the application of various
processing technologies to extend the shelf life of fish products, packaging is also important for
preserving of food quality. Plastic materials such as polyvinyl chlorides (PVC) are widely used for
packaging of seafood. Additives that increase the flexibility and durability of plastics are called
plasticizers and the most commonly used plasticizer is phthalate esters. However, these compounds
may cause health problems as long as they are not used properly.
In this study, the presence of phthalate esters (DEHP, DBP, BBP, DINP, DIDP) in various seafood
packaged in PVC containers and the level of migration to food during storage at 4°C were
investigated. For this purpose, samples of smoked dried mackerel (çiroz), marine prawns, marine
seafood salad were chosen. The highest concentration was recorded for DEHP in all samples.
DEHP content reached to 382.94±28.36 ppb in smoked dried mackerel at the end of the storage
period. DINP was also high in the same oily sample. DBP was found 120.60±11.90 ppb in marine
seafood salad. BBP and DNOP were not detected in the samples. The migration of phthalate esters
from PVC material to seafood was significant (p<0.01) during storage.
Phthalate esters that are known to cause many health risks appear to have not reached the limits
allowed in the aquatic products studied. However, it should be considered that consuming food is
not the only way to expose these chemicals, but they can accumulate in the body by respiration and
skin contact. Consumption of foods that do not contain phthalate esters is important in terms of
minimizing health risk.
Key words: Phthalate esters, seafood, DEHP, DBP, DINP
Acknowledgement: The Scientific Research Projects Administration Unit of Akdeniz University
supported this research (Project Number: FYL-2017-2207)
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Interfacial rheology of gelatin with whey and skim milk powder
Mahmut Dogan1,2, Meryem Goksel Sarac3, Duygu Aslan1
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The interfacial adsorption of proteins is a problem during processing and formulation of food
products. Protein adsorption is a complex process and therefore it is difficult to elaborate which
protein characteristics are important for the interfacial protein adsorption. Gelatin is a protein
derived from the animals and due to gelatin gels melt below human body temperature, it is a
significant and widely used proteins in food industry. In this study, interfacial shear rheology is
presented as a method for the characterization of gelatin with milk proteins adsorbed at oil/water
interfaces. Interfacial rheology of gelatin and milk proteins were analyzed by preparing water
solutions with 1% gelatin, gelatin-whey protein and milk powder combination was used after oil
was added over the water. A biconical disk rheometer (Bicone prob BC 68/5Ti) is used to measure
the steady state and dynamic shear properties of gelatin and milk proteins in oil/water interface.
Dynamic shear interface rheology analyzes were performed with time sweep, frequency sweep and
strain sweep tests. The value of Gi" is higher than the value of Gi' for all samples. This study
indicates that milk proteins may significantly improve the emulsifying and rheological properties
of gelatin and provides useful information for the preparation of high emulsifying gelatin products.
Keywords: Gelatin, whey, milk powder, interfacial
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The effect of ultrasound pretreatment on color properties of raisins
Ahmet Candemir1, Safiye Nur Dirim2, Gulsah Caliskan Koc3
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Turkey is one of the major agricultural country and is also one of the leading power in production
and exportation of raisin in the world. Turkey is the second largest producer of seedless raisin and
is in the first rank in export in the world.
In this study, it is aimed to determine the effect of ultrasonic pretreatment on color properties of
raisins. For this purpose, seedless grapes of “Sultana” variety were harvested at approximate value
of 22-23 0Brix. Then, grapes were dipped into a dipping solution consisting of % 5 K2CO3 and %
1 olive oil. On the other hand, three different ultrasonic powers were used such as 200 W, 300 W
and 400 W. Dipping solution and ultrasonication were applied at the same time on grapes at 30 0C,
for 120 s. After that grapes were sun dried on concrete areas. Especially color properties of raisins
were measured and analyzed in CIE L*, a*, b* scale. The effect of ultrasonication on raisin colours
had been tried to be revealed. Also drying time, moisture content, water activity and some quality
parameters were analyzed on raisins.
As a result, it has been shown that color properties are effected by power of ulltrasonication. L*
values of raisins changed between 32,13 and 35,88, at 400 W ultrasound power and control
respectively. Dramatic changings are seen in b* values of samples between 2,76 and 5,37. It is
determined that drying time is to be changed between 7,5 and 9 days. Moisture content and water
activity values changed between 7,1 and 9,35 %, 0,517 and 0,573 respectively. It can be determined
from this study that ultrasonicated raisins have shorter drying time but higher water activity values.
Also, ultrasound pretreatment has effect on especially b* values of the raisins. It was observed that,
ultrasonicated raisins are more yellow but darker than control group raisins.
Keywords: Ultrasound, seedless raisin, colour properties
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In this study, mono-diglycerides produced from rendering waste oil by enzymatic glycerolysis. The
mono-diglycerides was converted to powder form using the microencapsulation method by spray
drier. Skim milk powder and whey protein were used as coating materials for microencapsulation
process. Coating ratios were carried out in four different ratios for each coating material such that
the dry matter content of the coating material was 10% and 20%, the emulsifier/coating material
ratio was 1:2 and 1:3. Mellorine samples produced with mono-diglyceride as emulsifiers.
Rheological properties of mellorine mix determined as dynamic shear and steady state at 20oC. The
viscosity of the mellorine mix with mono-diglycerides of rendering waste oil were observed as in
the range of 31.82-106.70 mPa.s, at the shear rate of 50 s-1. The flow behavior index (n) of samples
were calculated as in the range of 0.49-0.60, while consistency index (K) of the mellorine mix
samples changed from 0.13 to 0.68 Pa sn for Herschel-Bulkley model. A decrease in the apparent
viscosity values in the mellorine mixes were found to increase at the shear rate. Storage (G') and
loss (G'') modulus increased with increase in frequency. All mellorine mix showed loss storage
(G') and higher (G'') modulus. Mellorine mixes are present in the viscous group exhibiting liquid
properties. The increase in the amount of dry matter leads to an increase in the values of G' and
G''.
Keywords: Mellorine, rendering waste oil, whey, milk powder, rheology
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In this study interfacial rheological properties of mono-diglycerides investigated in sunflower oil
and water interface. The study was carried out with a Bicone probe (BC 68 / 5Ti) on a rheometer
with a peltier system. Interfacial analyses were made for measuring the steady state and dynamic
shear properties of mono-diglycerides. Dynamic shear interface rheology analyzes were performed
with time sweep, frequency sweep and strain sweep tests. The time sweep test was carried out for
1 hour at amplitude values γ = 0.1% and angular frequency
ω = 1 rad s-1. The frequency sweep
test was carried out at ω = 0.1-10 rad s-1 at γ = 0.1% linear zone and at the strain sweep test at γ =
0.01-100% and ω = 1 rad s-1. The viscosity of the emulsifier sample decreased to an average of
about 3000 seconds, while the viscosity decreased for the next 600 seconds. Mono-diglycerides
sample showed a non-linear increase in the values of G'i and G"i as a result of the time sweep test.
When the frequency sweep test results of the emulsifier were examined, it was found that the G'i
and G"i values not start from zero. It was determined that the value of G'i in the case of the
emulsifier decreased until the frequency of 6 rad/s and thereafter increased. A linear increase was
observed according to the changing frequency values for G"i value. Mono-diglycerides showed a
decreasing slope in the strain sweep test.
Keywords: Interfacial, mono-diglycerides, oil/water, steady state, dynamic shear
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Mechanical properties of furcellaran and furcellaran/bovine serum albumin
composite films
Katrin Laos, Marina Mironova
Tallinn University of Technology, Tallinn, Estonia

Increased consumer demand for higher safety and quality food in combination with the
environmental need to reduce disposable packaging waste, have led to increased interest in research
into edible films and coatings. The purpose of the edible films is to extend the shelf-life of the food
product and provide a barrier against hazards. They can retard moisture migration and the loss of
volatile compounds, reduce the respiration rate, and delay changes in textural properties. They can
also act as carriers of food additives such as antioxidants and/or antimicrobial agents and can
improve mechanical integrity or handling characteristics of the food.
Edible films can be prepared from proteins, polysaccharides, lipids or the combination of these
components. Each class of film-former has its distinct functional characteristics. Multi-component
edible films and coatings consisting of blends of various polymers have been developed to have
cooperative functionalities.
The objective of this study was to examine filmogenic properties of red seaweed polysaccharide
furcellaran. The physical and mechanical properties of the native and alkali modified furcellaran
films were determining by water vapour permeability and tensile tests. Also, the effect of globular
protein bovine serum albumin (BSA) to furcellaran film properties was studied. These results
suggest that furcellaran can be used as film-forming agent. The water vapour permeability of 1%
native and alkali modified furcellaran film was 1.3·10-10 and 1.2·10-10 gm/m2sPa, respectively. The
addition of BSA increases the water vapour permeability to 3.4·10 -10 and 2.2·10-10 gm/m2sPa, in
case of 3% BSA. The furcellaran based films exhibited good mechanical barrier properties. The
addition of BSA decreases the tensile strength and elongation at break of furcellaran films.
Keywords: Furcellaran, bovine serum albumin, edible film
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Performances of tomato crop under organic fertilizer
Inculet Carmen1, Stoleru Vasile1, Teliban Gabriel1, Dachi Mădălina1, Hangan Roxana1, Butnariu Monica2
Department of Horticulture Technology, “Ion Ionescu de la Brad” University of Agricultural Sciences
and Veterinary Medicine, 3 M. Sadoveanu, cod 700440, Iasi, Romania

1

2

Department of Biochemistry, Banat’s University of Agricultural Sciences and Veterinary Medicine
“Regele Mihai I al Romanei”, Timisoara, Romania

Organic fertilization with poultry manure in drop form is a viable solution for fertilizing purposes
in both organic and industrial system.
The use of poultry manure with high mineral content for fertilizing tomato crops was taken into
consideration. The poultry manure can be thermally treated for possible use in industrial tomato
crop fertilization, in greenhouses or in containers.
For the purpose of this research, a split plot experience was designed in a tunnel with four tomato
cultivars (Siriana F1, HTP F1, Minaret F1 si Cour di boue) and two irigation regims (5200 m 3·ha1
and 7800 m3 ha-1), in three replications. Each experimental version was compared with a control,
unfertilized one. Chicken drops fertilizer in a quantity of 832.5 kg·ha-1 was applied five times, the
first one at soil bed preparation and last one after planting from 10 to 10 days. The biometric
influences of organic fertilizers have been recorded from 1st July till to 30th September.
Plant height ranged from 133.31 to 228.96 cm; fruit number varied from 13.56 to 25.26; the average
fruit weight varied from 160.0 till to 209.5 g; total yield ranged from 76.02 to 176.18 t·ha-1 and
antioxydant capacity ranged from 61.45 to 86.31 µmol·100 g-1 dw.
In general, the average fruit weight increased between 1 and 14% in organically fertilized version,
regardless of the amount of water, except for the Siriana variety, at which the values were lower
for the organic fertilized variant and the low water dose compared to the variant control. Significant
differences (p<0.05) were obtained in the organically fertilized versions and the high dose of water
on Minaret, Cour di boue and HTP (8, 9 and 14% respectively).
Keywords: Lycopersicum esculentum; chicken manure; yield; biochemical nutrients
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Adsorption isotherms and isosteric heat (qst) of the flours from three edible
insects: Rhynchophorus phoenicis, Imbrasia truncata and Imbrasia epimethea
Aymar Rodrigue Fogang Mba1, Germain Kansci1, Catherine Loisel2, Claude Genot3
1LabSAM, Département de Biochimie, Université de Yaoundé I, BP 812 Yaoundé, Cameroun
2GEPEA - UMR 6144 (CNRS), ONIRIS, 44322 Nantes, France
3UR 1268 BIA (Biopolymères Interactions Assemblages), 44316 Nantes, France

Entomophagy is practiced in many countries of the world. Edible insects are sometimes used as
ingredients to formulate food products such as cookies and cakes. Prior to that, they undergo
treatments such as drying and boiling, before being transformed into flour. The stability of these
flours during processing, packaging and storage depends on their water content and water activity.
This study evaluated the hydration properties of the flours of Rhynchophorus phoenicis larvae
Imbrasia truncata and I. epimethea caterpillars, insects eaten in West and Central Africa. To
achieve this, insect flours were first prepared by freeze drying and grinding of the whole insects.
Equilibrium adsorption isotherms, i.e. curves representing the relationship between the equilibrium
moisture content and the water activity, were determined at 20, 30 and 40°C. After adjustement to
6 mathematical models (BET, GAB, SMITH, HASLEY, OSWIN and PELEG), GAB model was
chosen to determine the monolayer moisture content (M0). The Clausius-Clapeyron equation was
then used to estimate the net isosteric heat of sorption. Results showed that for a given temperature,
water activity (aw) increased with the equilibrium water content. Maximum water content
corresponding to microbiological growth limitations (aw  6) was 5.8 g/100 g dry matter (dm) for
flour of R. Phoenicis; 5.6 and 6.1 g/100 g dm for I. truncata and I. epimethea respectively. At 20
and 30°C, adsorption isotherms of the flour of R. phoenicis larvae were type III (caracteristic of
easy adsorption of water in monolayer, Mo), while at 40°C, it was type II (caracteristic of
multimolecular adsorption of water). Those of I. truncata and I. epimethea caterpillars were of type
II at 20, 30 and 40°C. GAB model was able to adjust all adsorption isotherms of insect flours at all
temperatures. At 30°C, the M0 of R. phoenicis larvae flour was 4.5 g/100 g flour; those of I. truncata
and I. epimethea larvae were respectively 3.7 and 3.6 g/100 g. The highest net isosteric heat (qst)
values were obtained at low moisture contents indicating high water binding energy at low moisture
content, characteristic of monolayer sorption: 21.0 kJ.mol-1K-1 for I. truncata flour; 7.9 kJ.mol-1K1
for I. epimethea and 1.9 kJ.mol-1K-1 for R. phoenicis larvae flour. In conclusion, the studied insect
flours must have water content between 2 and 5.6 g/100 g flour to be stored at 20, 30 and 40°C
without risk of chemical, microbiological or enzymatic alterations.
Keywords: Rhynchophorus phoenicis, Imbrasia truncata, Imbrasia epimethea, adsorption
isotherms, ısosteric heat, flours, monolayer sorption
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Effect of the ph on the topography and nanomechanics of whey protein
microgel particles investigated by atomic force microscopy
Asma Bahri1, Dominique Chevalier-Lucia1, Sylvie Marchesseau1, Christophe Schmitt2, Csilla Gergely3,
Marta Martin3
Université de Montpellier, UMR IATE, F-34095 Montpellier Cedex 05, France
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Université de Montpellier, Laboratoire Charles Coulomb, UMR 5221- CNRS, F-34095 Montpellier
Cedex 05, France

3

Microgels display specific features attracting a high research interest in several applications such
as bioactives, drug delivery, protein purification or tissue engineering. Whey protein microgels
(WPM) are obtained by promoting whey protein intramolecular cross-linking through heat
treatment. Temperature-induced protein denaturation and aggregation involves several kinds of
interactions such as electrostatic repulsions and disulfide bonds. In the present work, the WPM
particles topography and nanomechanical properties were investigated at native pH (6.5) and acid
pH (5.5 and 3.0) by atomic force microscopy (AFM). AFM provides a unique ability to evaluate
the topography and nanomechanics of WPM particles immersed in a liquid environment. Prior to
AFM analysis, WPM particles were captured on a gold substrate by means of a specific monoclonal
antibody. The 2D AFM images clearly showed a swelling of WPM particles induced by pH
decrease. At native pH, they displayed an average width and height of 192 ± 27 nm and 44 ± 9 nm,
respectively. A decrease in pH to 5.5 led to a significant (p<0.05) increase in WPM particles width
(282 ± 9 nm) and height (101 ± 1 nm). At pH 3.0, a further increase in WPM size (a width of 420
± 25 nm and a height of 78 ± 1 nm). The AFM elasticity (E) data showed a significant (p<0.05)
increase in stiffness at pH 5.5 (E: 199 ± 9 kPa) and pH 3.0 (E: 187 ± 12 kPa) compared to native
pH (E: 12 ± 1 kPa). These findings indicate that the mechanical profiles of WPM network directly
varied with pH decrease. The WPM topographic and nanomechanical changes induced by
acidification were most likely due to substantial changes in the shape and the structure of WPM
particles. These strengthened internally crosslinked structures, modified by acidification, could
display interesting encapsulation properties, providing an additional proof for their use as
nanovectors monitoring bioactives release to the desired target after ingestion.
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Figure 1: The Investigation WPM particles topography and nanomechanics modifications upon
acidification by AFM in liquid environment revealed an increase in size and stiffness.
Keywords: Whey protein microgel particles, pH, atomic force microscopy, topography,
nanomechanics
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Characteristics and microbiological properties of the cakes produced by using
sourdough
Raziye Demir, Muharrem Certel
Akdeniz University, Antalya, Turkey

Cakes made from sourdough have developed in Northern Italy in particular and often produced in
small, industrial-scale ovens during religious holidays. Examples of traditional cakes produced
using sourdough include Panettone in Milan and Pandora in Verona for Christmas, and Colomba
in Milan for Easter. In these varieties of sweet bakery products, the sourdough, commonly in a
particular cycle, starts from the preparation phase and the prepared sourdough is continually
reproduced. For products, flour, water, eggs, sugar, oil and/or margarine are generally used. For
Panettone and Colomba candied fruit and raisins are additionally used.
In this compilation, the literature about cakes produced using sourdough is examined. As a result
of the study, it is observed that sourdough is generally used for flavoring in bakery products but
has positive effects on both the dough and the texturing structure of final bakery products. Also,
most of the main lactic acid bacteria and yeasts found in sourdough starters are actively involved
in the formation of flavor components (diacetyl, ethyl acetate, isoalcohols, other carbons). In
addition, it is observed in the research on sweet bakery products produced using sourdough that
the maturing temperature of the dough and the storage period are influential on the formation of
volatile compounds and the metabolic activity of sourdough microflora has significant effects on
texture, flavor components, and shelf life.
While many studies now focus on microflora studies on sourdough bread, microflora studies on
cakes produced using sourdough are limited. For the microbial composition of sourdough;
parameters such as pH, dough yield, and hydration, redox potential, fermentation time, storage
temperature, use of baking yeast or starter, sourdough used as a vaccine, baking yeast or percentage
of starter culture are effective factors. There are more than 50 species of lactic acid bacteria,
especially Lactobacillus species, and more than 20 yeast species, especially Saccharomyces and
Candida species, in the formation of sourdough for making traditional or typical yeast bakery
products. In a study conducted to determine the microbial properties, the genera of Lactobacillus
brevis, Candida milleri, Saccharomyces exiguous, Candida stellata and Torulopsis holmii were
found in Pandora and Colomba cakes; the genera of Lactobacillus sanfranciscensis, Lactobacillus
brevis and Leuconostoc mesenteroides, Candida stellate, Torulopsis holmii and Saccharomyces
exiguous were found in Panettone cake.
Keywords: Sourdough, cake

ICFP 2018 | 13th International Conference of Food Physicists | 23-25 October 2018, Antalya/TURKEY
LEON CONGRESS Ltd. info@icfp2018.org www.icfp2018.org

137

Poster Presentation 35

The effect of stevia and isomalt on the quality of cakes as a sugar substitute
Muharrem Certel, Gulsum Nur Gokmen, Nisa Durak, Raziye Demir
Akdeniz University, Antalya, Turkey

Today, consumers' demand for ready-to-eat food is ever-increasing. Consumers become conscious,
and the demand for convenience food without additives come to the fore. Together with the rising
at obesity and diabetes mellitus, interest in natural sweeteners which can be used as a substitute for
sucrose is increasing. In this case, Stevia rebaudiana, which has a natural sweetening property and
zero calories appear as an alternative to sucrose.
Investigations have been done on the use of stevia as a sugar substitute in the cakes that have
considerable amounts of sugar and fondly depleted by consumers. In the studies carried out, the
sucrose, which has many significant functional properties (moistener, enable to volume increase,
detain starch gelatinization, protein denaturation, aroma, and texture properties, etc.) in the cakes,
is replaced and substituted with stevia this influence negatively the characteristic features of the
cake. For the substitution of sugar with stevia, it is necessary to support the cake structure with an
ingredient acting as sugar. In one research polydextrose was used as a supportive ingredient but it
was determined that the desired cake properties couldn't be achieved at 100% sugar substitution.
In our study, the effect of using stevia leaf powder (SLP) and purified stevia extract (PSE) with
isomalt as a sugar substitute was investigated on the physicochemical and taste properties of cakes.
Sugar was reduced by 25%, 50%, 75% and 100%, respectively, and was separately substituted for
SLP and PSE with isomalt. The study performed with replications and parallels, the texture,
specific volume, aw, moisture, ash values and organoleptic properties were compared with the
control group containing 100% sugar. As a test of normality D'Agostino & Pearson (omnibus K2),
for the homogeneous data with normal distribution Duncan, for the nonhomogeneous data
Tamhane tests used (type 2). There was no significant difference in aw, humidity, ash, and specific
volume in the study (p>0,05). Sensory analysis revealed no significant differences in exterior
surface appearance, pore structure, and hardness but cakes contain %75 and higher SLP have a
lower taste, flavor, aftertaste and overall acceptability value (p<0,05). When the cakes were
evaluated for a textural property, at adhesiveness, springiness, and resilience significant difference
wasn't found (p>0.05), while the control group has a higher hardness, gumminess, chewiness values
compare to cakes contain SLP and PSE.
Keywords: Stevia, cakes
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Effect of packaging materials in composition and sensory characteristics of
Romanian Telemea Cheese
Florina Radu1, Ofelia-Cornelia Corbu2, Sofia Popescu1
1

Banat’s University of Agricultural Sciences and Veterinary Medicine “King Michael I of Romania” from
Timisoara, Timisoara, Romania
2

Technical University of Cluj-Napoca, Cluj-Napoca, Romania

Effect of packing materials in chemical composition, and sensory characteristics of Telemea cheese
during storage period was investigated. The cheese was purchased from a dairy farm specialized
in Telemea cheese production and from a local supermarket. The cheeses from the supermarket
were vacuum packed in plastic bags respectively in plastic containers. The cheese from the dairy
farm was packed in aluminum gallons lined with polyethylene. All cheeses samples were stored at
4°C for 3 months (90 days) and analyzed after 5, 12, 19, 26, 33, 45, 60, 75 and 90 days to study
the data variation regarding the physicochemical composition (protein, fat, total solids, salt, ash
and acidity) and microbial count.
The sensory properties were evaluated by submitting samples of Telemea cheese to a non-trained
panel of 10 individuals instructed to follow a hedonic scale of 5 points and attribute scores to each
of the following cheese characteristics: appearance, consistency, odor and taste.
The experimental results showed that moisture, total solids, protein, fat content and acidity of
cheese showed significant differences between the samples stored in different packing materials (P
≤ 0.05). Total solids content was 43.00 ± 8.53%, 46.00 ± 6.63% and 55.00 ± 9.27% in samples
packed under vacuum in plastic bags, plastic containers respectively aluminum gallons at 75 days
of storage. Acidity expressed as percent lactic acid had a maximum value (1.95 ± 0.33 % lactic) in
cheese samples packed in aluminum gallons. On the other hand, the logarithm counts of total
bacteria varied significant for samples packaged in metal and plastic containers (14.76 ± 2.16; 7.95
± 3.41).
The cheese samples storage under vacuum in plastic bags were awarded the highest scores for
appearance, consistence and saltiness, whereas the highest scores for odor, flavor, and oxidized
taste were given to cheese samples packed in aluminum gallons after 90 days of storage.
Keywords: Telemea cheese, storage, packaging materials, quality evaluation
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Effect of storage on textural properties of different strawberry cultivars
Erdal Agcam, Mehmet Ali Saridas, Burcu Dundar, Suleyman Polat, Asiye Akyildiz, Sevgi Paydas Kargi
Cukurova University, Adana, Turkey

Strawberries which have limited shelf life are highly perishable fruits. In this study, the effect of
storage on the textural properties of different strawberry cultivars (Kabarla, Fortuna, Sevgi,
Rubygem, 50) which were grown under the same conditions was investigated at three different
harvesting time with one-month intervals. Firmness, work of penetration and resistance to probe
withdrawal values of strawberries which were stored at 25°C during two days were determined by
using texture analyzer.
The obtained results showed that Rubygem was the firmest among the studied cultivars while Sevgi
had the lowest firmness and work of penetration values during storage. The firmness of
strawberries increased cultivar independently with storage at the first harvesting period while it
decreased at the third harvest. Similarly, the work of penetration values of all strawberry cultivars
(except Rubygem) increased in first two harvesting with storage while it decreased in the last
harvesting (except Fortuna). The highest resistance to probe withdrawal values of all the
strawberries increased at the second day of storage compared to the obtained values at the
beginning.
The change in the textural properties of strawberries was affected by the harvesting time. Also, the
changing tendency of strawberry firmness with storage time was not constant for each strawberry
cultivar which was harvested at different times. The firmness and the work of penetration values
had the same different increasing/decreasing tendencies for most of the cultivars which were
studied during storage while the resistance to probe values decreased with storage time in every
cultivar or harvesting period. The cultivar difference did not affect the resistance to probe values
of strawberries.
Keywords: Strawberry, shelf life, textural properties, storage, firmness
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