



LIST OF COMPULSORY AND ELECTIVE COURSES AND/OR MODULES WITH CLASS HOURS AND ECTS CREDITS

	Year of study: I  

	Semester: Winter

	COURSE
	COURSE TEACHER
	L
	S
	E
	e-learning
	ECTS
	Compulsory/ optional

	Physiology of Industrial Microorganisms
	Anita Slavica
	40
	0
	30
	0
	6
	Compulsory

	Bioprocess Kinetics
	Mirela Ivančić Šantek
	30
	45
	0
	0
	6
	Compulsory

	Reactor Engineering
	Mirjana Čurlin
	25
	5
	20
	0
	4
	Compulsory

	Optional courses A1
	
	
	
	
	0
	14
	Compulsory

	Total
	
	
	
	
	
	30
	

	
	
	
	
	
	
	
	

	Optional courses A1
	
	
	
	
	
	
	

	Biogas Production from Raw Materials
	Božidar Šantek
	20
	30
	0
	0
	4
	optional

	Modelling of Biotechnology Processes 
	Mirjana Čurlin
	25
	5
	20
	0
	4
	optional

	Biotechnological Vinegar Production
	Božidar Šantek
	25
	0
	20
	0
	4
	optional

	Basics of Tissue Engineering
	Igor Slivac
	14
	10
	0
	0
	2
	optional

	White Biotechnology
	Božidar Šantek
	24
	24
	0
	0
	4
	optional

	Technology of Animal and Plant Cultures
	Višnja Gaurina Srček
	20
	15
	15
	0
	4
	optional

	Probiotics and Starter Cultures
	Jagoda Šušković
	16
	0
	23
	0
	3
	optional



	Year of study: I  

	Semester:  Summer

	COURSE
	COURSE TEACHER
	L
	S
	E
	e-learning
	ECTS
	Compulsory/ optional

	Methodology of Scientific Work and Intelectual Property Protection
	Ivana Kmetič
	20
	15
	15
	0
	4
	Compulsory

	Biochemical Engineering and Bioprocess Techniques
	Predrag Horvat
	30
	30
	45
	0
	8
	Compulsory

	Biotechnology in Environment Protection
	Tibela Landeka Dragičević
	16
	6
	30
	0
	4
	Compulsory

	Optional courses A2
	
	
	
	
	
	14
	Compulsory

	Total
	
	
	
	
	
	30
	

	
	
	
	
	
	
	
	

	Optional courses A2
	
	
	
	
	
	
	

	Biochemical Analytics
	Vladimir Mrša
	30
	0
	45
	0
	6
	optional

	Phytoremediation
	Ivana Radojčić Redovniković
	20
	15
	0
	0
	3
	optional

	Brewing Technology
	Božidar Šantek
	24
	9
	15
	0
	4
	optional

	Antibiotic Technology
	Jagoda Šušković
	24
	6
	19
	0
	4
	optional

	Technology of Alcohol and Yeast
	Damir Stanzer
	20
	15
	15
	0
	4
	optional

	Enzyme Technology
	Blaženka Kos
	22
	10
	17
	0
	4
	optional

	Technology of Vitamins and Hormones
	Višnja Gaurina Srček
	20
	10
	20
	0
	4
	optional

	Biotechnological Aspects of Wine Production
	Vesna Zechner Krpan
	24
	0
	24
	0
	4
	optional











	Year of study: II  

	Semester:  Winter

	COURSE
	COURSE TEACHER
	L
	S
	E
	e-learning
	ECTS
	Compulsory/ optional

	Bioprocess Design
	Božidar Šantek
	16
	36
	0
	0
	4
	compulsory

	Isolation and Purification of Biotechnology Products
	Mirela Ivančić Šantek
	30
	15
	30
	0
	6
	compulsory

	Optional courses A1/B1
	
	
	
	
	
	*
	compulsory

	Total
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	Optional courses A1
	
	
	
	
	
	
	

	Biogas Production from Raw Materials
	Božidar Šantek
	20
	0
	30
	0
	4
	optional

	Modelling of Biotechnology Processes 
	Mirjana Čurlin
	25
	5
	20
	0
	4
	optional

	Biotechnological Vinegar Production
	Božidar Šantek
	25
	0
	20
	0
	4
	optional

	Basics of Tissue Engineering
	Igor Slivac
	14
	10
	0
	0
	2
	optional

	White Biotechnology
	Božidar Šantek
	24
	24
	0
	0
	4
	optional

	Technology of Animal and Plant Cultures
	Višnja Gaurina Srček
	20
	15
	15
	0
	4
	optional

	Probiotics and Starter Cultures
	Jagoda Šušković
	16
	0
	23
	0
	3
	optional

	
	
	
	
	
	
	
	

	Optional courses B1
	
	
	
	
	
	
	

	The Fundamentals of Bioorganometallic Chemistry
	Lidija Barišić
	15
	0
	23
	0
	3
	optional

	Lipase-Catalysed Preparation of Chiral Compounds
	Senka Djaković
	15
	4
	20
	0
	3
	optional

	Peptidomimetics and Pseudopeptides
	Lidija Barišić
	15
	4
	20
	0
	3
	optional

	Biodegradation of Organic Compunds
	Tibela Landeka Dragičević
	20
	8
	7
	0
	3
	optional

	Production and Use of Baker's and Food Yeast
	Jasna Mrvčić
	10
	5
	25
	0
	3
	optional

	Modelling in Food Engineering	Jasenka Gajdoš Kljusurić
	25
	5
	10
	0
	3
	optional

	Green Chemistry
	Mojca Čakić Smenečić
	20
	0
	15
	0
	3
	optional

	Programming in Bioinformatics
	Antonio Starčević
	10
	5
	10
	0
	2
	optional

	Microbiological, Chemical and Physical Monitoring in Brewing Process	Sunčica Beluhan
	16
	6
	18
	0
	3
	optional




	Year of study: II  

	Semester:  Summer

	COURSE
	COURSE TEACHER
	L
	S
	E
	e-learning
	ECTS
	Compulsory/ optional

	Thesis
	
	0
	300
	150
	0
	30
	Compulsory

	Management
	Vladimir Žanić
	30
	0
	30
	0
	5
	Compulsory

	Total
	
	
	
	
	
	35
	



Remark: Students can enrol in any compulsory course from any other study programme, any optional course of group A, or any course from the table above as an optional course of group B.










COURSE ENROLMENT REQUIREMENTS 


	COURSE
	PREREQUISITES – COMPLETED COURSES

	I year

	Physiology of Industrial Microorganisms
	Biotechnology 1*
Microbiology*
Biochemistry 2*
Biochemical Engeneering* 

	Reactor Engineering
	Principles of Engineering*
Transport Phenomena*
Unit Operations*
Numerical Methods and Programming*
Statistics* 

	Bioprocess Kinetics
	Biochemistry 1*
Microbiology*

	Biochemical Engineering and Bioprocess Techniques
	Reactor Engineering 
Bioprocess Kinetics 
Biochemistry 2*
Biochemical Engeneering*
Biotechnology 1*
Numerical Methods and Programming*

	Biotechnology in Environment Protection
	Unit Operations*

	Technology of Animal and Plant Cultures
	Biotehnologija 2*
Biochemistry 1*
Biochemistry 2*
Microbiology*
Transport Phenomena*
Unit Operations*

	Optional courses of Group A: Modelling of Biotechnology Processes, Brewing Technology, Enzyme Technology, Antibiotic Technology, Technology of Alcohol And Yeast, Technology of Vitamins and Hormones, Biotechnological Aspects of Wine Production, Basics of Tissue Engineering
	Biotechnology 1*
Microbiology*
Biochemistry 1*
Biochemistry 2*
Transport Phenomena*
Unit Operations*

	White Biotechnology
	Biotechnology 1*

	Biochemical Analytics
	Biochemistry 1*

	II Year

	Bioprocess Design
	Biochemical Engineering and Bioprocess Techniques

	Isolation and Purification of Biotechnology Products
	Principles of Engineering*
Transport Phenomena*

	Thesis
	Reactor Engineering 
Bioprocess Kinetics 
Physiology of Industrial Microorganisms 
Biochemical Engineering and Bioprocess Techniques, #

	Optional courses of Group A: Biotechnological Vinegar Production, Biogas Production from Raw Materials, Basics of Tissue Engineering
	Biotechnology 1*
Biochemical Engeneering*

	Fluid Mechanics II
	Fluid Mechanics I

	*if students have to complete this course as part of the Prerequisite year
# course that theoretically, experimentally, scientifically or occupationally covers the area in which thesis is written







LIST OF ABBREVIATIONS
	DBE
	Department of Biochemical Engineering 

	DCB
	Department of Chemistry and Biochemistry 

	DFE
	Department of Food Engineering 

	DFQC
	Department of Food Quality Control 

	DGP
	Department for General Programmes 

	DPE
	Department of Process Engineering 

	FFTB
	Faculty of Food Technology and Biotechnology

	LAC
	Laboratory for Analytical Chemistry 

	LAEPSCT
	Laboratory for Antibiotic, Enzyme, Probiotic and Starter Cultures Technology 

	LB
	Laboratory for Biochemistry 

	LBEIMMBT
	Laboratory for Biochemical Engineering, Industrial Microbiology and Malting and Brewing Technology 

	LBMG
	Laboratory for Biology and Microbial Genetics 

	LBWWT
	Laboratory for the Biological Waste Water Treatment 

	LCCT
	Laboratory for Cereal Chemistry and Technology 

	LCTAB
	Laboratory for Cell Technology, Application and Biotransformations 

	LCTCCP
	Laboratory for Chemistry and Technology of Carbohydrates and Confectionery Products 

	LDTMBAC
	Laboratory for drying Technologies and monitoring of biologically active compounds 

	LFCB
	Laboratory for Food Chemistry and Biochemistry

	LFP
	Laboratory for Food Packaging

	LFPE
	Laboratory for Food Processes Engineering 

	LFQC
	Laboratory for Food Quality Control 

	LFYT
	Laboratory for Fermentation and Yeast Technology 

	LGICE
	Laboratory for General and Inorganic Chemistry and Electroanalysis 

	LGMFM
	Laboratory for General Microbiology and Food Microbiology 

	LMFT
	Laboratory for Meat and Fish Technology 

	LMRA
	Laboratory for MRA 

	LNS
	Laboratory for Nutrition Science 

	LOC
	Laboratory for Organic Chemistry 

	LOFT
	Laboratory for Oil and Fat Technology 

	LPCC
	Laboratory for Physical Chemistry and Corrosion 

	LT
	Laboratory for Toxicology

	LTAW
	Laboratory for Technology and Analysis of Wine 

	LTFVPP
	Laboratory for Technology of Fruits and Vegetables Preservation and Processing 

	LTMMP
	Laboratory for Technology of Milk and Milk Products 

	LUO
	Laboratory for Unit Operations 

	LWT
	Laboratory for Water Technology 

	NUL
	National and University Library in Zagreb

	SB
	Section for Bioinformatics

	SE
	Department of Management 

	SFE
	Section for Fundamental Engineering 

	SFPD
	Section for Food Plant Design 

	SM
	Section for Mathematics

	SPE
	Section for Physical Education 

	ST
	Section for Thermodynamics 

	STFL
	Section for Technical Foreign Languages 















INFORMATION ON INDIVIDUAL EDUCATIONAL COMPONENTS


	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_biochemical_engineering_industrial_microbiology_and_malting_and_brewing_technology/anita_slavica" Anita Slavica, PhD, Full Professor
Vesna Zechner-Krpan, PhD, Full Professor 	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Physiology of Industrial Microorganisms	1.9. Number of ECTS credits allocated
	6
	1.3. Course code
	53222	1.10. Number of contact hours (L+E+S+e-learning)
	40 + 30 + 0 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20
	1.5. Course type
	compulsory	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	FFTB	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	With this course students will get higher level of knowledge in microbial physiology after they had completed studies in microbiology, biochemistry, bioprocess and genetic engineering. The main course objective is to introduce to students holistic approach in implementation, analysis and evaluation of methods, procedures and bioprocesses carried out by traditional and potential biocatalysts but also by creating novel ideas and solutions. 
	2.2. Enrolment requirements and/or entry competences required for the course 
	Prior knowledge in biotechnology, microbiology, (bio)chemistry, instrumental analysis, biochemical engineering and genetical engineering are eligible and they can be acquired after module enrolment. 
To enrol in this course, the following courses must be completed:
Biotechnology 1*
Microbiology*
Biochemistry 2*
Biochemical engeneering*
Genetic engineering
*if students have to complete this course as part of the Prerequisite year
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	recognize problems in biotechnological production, make corrective decisions
improve the existing biotechnological production
develop new industrial biotechnological methods, processes, and equipment
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
conduct technological supervision of designing, construction and testing of biotechnological production plants 
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment, and manage the plant for biotechnological waste water and other waste treatment 
plan and conduct experiments (scale up and scale down) in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and (bio)chemical laboratories 
interpret laboratory analysis results
present plant, research, laboratory and business results in verbal and written form, using professional terminology
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	interpret and individually present available information about biochemical reactions and metabolic pathways and efficiently communicate issues in microbial physiology with experts and laics.  
explain application of certain (macro)molecule, cell compartment or whole (microbial) cell in bioprocesses for production of biotechnological products (e.g. alcohols, acids, microbial biomass, etc.). 
explain formation of electrochemical gradient (chemiosmotic mechanism) and ways of generation of metabolic enegy as well as mechanisms of transport regulation (chemiosmotic transporters, PTS, egzo- and endocytosis).  
explain evolution and mechanisms of regulation of diverse metabolic (catabolic and anabolic) pathways, especially in traditional industrial microorganisms (lactic acid bacteria, acetic acid bacteria, moulds and yeast Saccharomyces cerevisiae).  
explain mechanisms of signal transduction (global regulatory networks), especially mechanisms of regulation of gene expression (glucose repression, lac operon of Escherichia coli, synthesis of alarmone and functioning of relA/spoT modulon, sporulation in bacteria). 
explain aplication of analytical methods for monitoring of targeted event at the level of enzyme, cell compartment, whole cell or microbial biomass in bioreactor and implement them. 
apply selective conditions and known mechanisms of metabolism regulation (non-oxidative metabolism, incomplete biooxidations, Pasteur and Crabtree effect in Saccharomyces cerevisiae, mycelial pellet formation) during cultivation and maintenance of microorganisms as well as production of different products.   
	2.5. Course content (syllabus) 

	Lectures
Introduction and Methods in physiology of industrial microorganisms
Key characteristics of procaryotic and eucaryotic cells and other biocatalysts and their biotechnological application, plant and animal cells and higher organisms in traditional and novel bioprocesses. Sources of monocultures of industrial microorganisms (wild-types and mutants) and other biological materials; methods and techniques of isolation of microorganisms from different habitats. Implementation of selective cultivation conditions and processes in the laboratory scale, semi-industrial and industrial scale. Implementation of simple and hybrid methods and techniques (chemostat, light and electron microscopy, SEM and TEM; diffraction of X-rays; UV-Vis spectrometry; 1D and 2D chromatographic and electrophoretic methods; capillary electrochromatography; luminescence; flow cytometry; ionization techniques and mass spectrometry; NMR; ELISA; microsensors; use of PCR, tags, mutations and other genetic engineering techniques) in investigation of physiology of industrial microorganisms. Utilization of in silico analyses (metabolic control analysis of glycolytic flux in the yeast S. cerevisiae, formation of 3D model of macromolecules with D-amino acid oxidase as an example). Nucleic acid and protein sequence analysis. Holistic and multi-omics approach in investigation of physiology of (potential) industrial microorganisms (genomics, transcriptomics, proteomics, lipidomics, metabolomics, fluxomics and bibliomics).
 
Biomembranes and bioenergetics, transport acros the cell membrane, and structure of microbial cell
Hypothesis for the formation of procaryotic and eucaryotic cells. Multiple roles of membranes of (industrial) microorgansims. Different substrates as sources of chemical energy. Photosynthetic light energy utilization in biomembranes of (potential) industrial microorganisms. Chemiosmotic mechanism, formation of an electrochemical gradient across a membrane and comparison of oxidative phosphorylation and (non cyclic and cyclic) photophosphorylation. Examples of aerobic and anaerobic respiration in industrial microorganisms. Pasive and active transport of ions and molecules through the cell membrane of prokaryotic and eucaryotic industrial microorganisms with special attention to phosphoenolpyruvate phosphotransferase system (PTS) as well as lactose transport (lactose permease) into cells of Escherichia coli coupled to proton movement (respiratory chain). Exocytosis and endocytosis. Importance of cell structure for its industrial application.

Catabolism and anabolism and secondary metabolism
Employement of autotrophs and heterotrophs in industrial biotechnological production. Utilization of different substrates (carbohydrates, lipids, hydrocarbons, compounds with one or two carbon atoms, nitrogen compounds, reserve compounds) and production of industrial products via different metabolic pathways (glycolysis, phosphoketolase pathway, Entner-Doudoroff pathway, penthose phosphate pathway, citric acid cycle and dicarboxylic acid cycle, anaplerotic reactions, oxidation of hydrocarbons and beta oxidation, transamination, oxidative and reductive deamination, nitrification and denitrification, glyoxylate cycle, Calvin-Benson-Bassham pathway, serine pathway, ribulose monophosphate pathway) and by other specific reactions. Usage of secondary metabolism reactions in industrial production. 

Regulation of metabolism of industrial microorganisms
Signal/stimulus transduction and adaptive response of microorganisms (signal/sensor-receptor/transmitter-receiver/regulator/response/adaptation system). Levels of regulation of metabolism of industrial microorganisms (regulation of transcription, translation, posttranslation modifications, compartmentation and specific recombination). Organization of genetica material in microorganisms (operon, regulon, stimulon, modulon) and related mechanisms of regulation (protein-DNA interaction). Examples of wild types and (auxotrophic and regulatory) mutants. Global regulatory networks and signal transduction - constant and transient catabolite glucose repression in Gram-positive (ccpA modulon) and Gram-negative bacteria (crp modulon) and diauxic growth (role of cAMP). Shift-up and shift-down experiments, control of anabolism - relA/spot modulon (stalled ribosomes, role of acyl carrier protein, synthesis of ppGpp).

Cell cycle. Biochemical and morphological differentiation of microbial cells (sporulation of Bacillus sp.)
Key events during mitosis (symmetric cell division). Signal transduction (e.g. “starvation”, quorum sensing, DNA synthesis) by SpoO-phospho-relay pathway, (auto)regulation of gene expression (abrB gene and and genes coding for sigma factors), biochemical and morphological differentiation of species from genus Bacillus (asymmetric cell division) and spore formation. Specific recombination and formation of gene coding for sigmaK factor and its posttranslational modification. Activation and germination of spore. Importance of understanding of mechanisms of signal transduction and biochemical (secondary metabolism) and biochemical-morphological (sporulation) differentiation of certain cells.

Fermentations and incomplete oxidations by traditional industrial microorganisms: production of lactic acid, acetic acid and citric acid
Complete and incomplete biooxidations of substrates by industrial microorganisms and production of main products in the industrial scale [e.g. alcohols, ketones, (amono)acids, antibiotics] by incomplete biooxidations. Transport of glucose and other carbon and energy sources into cells of lactic acid bacteria and regulation of their metabolism (homo- and heterolactic fermentation, phosphoketolase pathway, mixed-acid fermentation). Distribution of energy of phosphoenolpyruvate dephosphorylation between active transport of substrate by PTS and ATP generation during steady-state, starvation and re-start of glycolysis. Diffusion of undissciated lactic acid through cytoplasmic membrane, proton/lactate symport and citrate/lactate antiport. Mechanisms of acetic acid bacteria resistance to relatively high concentrations of ethanol and acetic acid. Preview of selected physiological characteristics of acetic acid bacteria used in traditional and novel bioprocesses. Regulation of metabolism of acetate (acetate switch) and production of acetate by acetogenesis (Wood-Ljungdahl pathway).

Regulation of metabolism of different carbohydrates in the cells of yeast Saccharomyces cerevisiae
Carbohydrates (glucose, fructose, mannose, maltose, galactose, sucrose) transporters. Utilization of different carbohydrates  and other substrates under aerobic and anaerobic conditions of cultivation of yeast S. cerevisiae. Coordination of glycolysis and gluconeogenesis with special attention to inactivation of fructose-1,6-biphosphatase after addition of glucose.Organization of genetic material in yest cells [UAS, OP (URS), TATA and I]. Use of non-repressible and nonderepressible mutants in research and industrial production. Leloir pathway and gal operon. Glucose signal transduction by phosphorylation cascade from extracellular space to genes coding for proteins/enzymes that are involved in transport and metabolism of other carbohydrates, and glucose repression. Oxidative and oxidative-fermentative metabolism of carbohydrates during batch and continuous   cultivation of S. cerevisiae. Pasteur and Crabtree effect. Employment of chemostat in creation of transient experiments (pulse and stepwise impuls of glucose) and methods and techniques used in experimental characterization of  short- and long-term Crabtree effect.  

Exercises
Methods in physiology of industrial microorganisms
Selection and employement of key physiological characteristics of given industrial microorganisms (Lactobacillus sp., Clostridium sp., Streptomyces sp., Saccharomyces sp.) and isolation of their monocultures from preferred habitats by sample preparation and sequential cultivations in broths and solid media under chosen conditions. Picking colonies, microscopy, preparation of lasting microbial cultures and their deposition in laboratory culture collection.

Cell cycle and biochemical and morphological differentiation (sporulation) of Bacillus sp.
Cultivation and identification of mother cells and buds. Use of thermical stress as a stimuls for initiation of sporulation of Clostridium sp. and inoculation of resulting spores into starch containing medium. Discrimination of vegetative cels from spores. 

Fermentations and incomplete oxidations by traditional industrial microorganisms: production of lactic acid, acetic acid and citric acid
Preparation of media, inoculation and monitoring of bioprocesses for production of: (i) L-lactic acid from molasses by Gram-positive lactic acid bacterium Lactobacillus rhamnosus DSM 20021T, (ii) equimolar amount of D-/L-lactic acid by simultaneous saccharification and fermentation of starch by Gram-positive amylolytic lactic acid bycterium Lactobacillus amylovorus DSM 20531T, (iii) acetic acid from ethanol and wine by Gram-negative bacterium Acetobacter aceti DSM 3508, (iv) citric acid from molasses during surface and submerged cultivation of Aspergillus niger. Estimation of efficiency of the bioprocesses based on experimentally determined concentrations of produced acids and associated biokinetic parameters (yields, YX/S and YP/S, and bioprocess efficacy, E).   

Regulation of metabolism of carbohydrates in the yeast Saccharomyces cerevisiae cells
Media preparation, inoculation and cultivation of S. cerevisiae under aerobic and anaerobic (microaerophilic) conditions. Estimation of efficiency of both types of cultivations based on experimental data and confirmation of Pasteur and Crabtree effect.  

	2.6. Format of instruction
	☒ lectures
☐ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	Y
	 

	· 
	Experimental work
	Y
	 
	Report
	 
	N
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	6

	2.9. Assessment methods and criteria
	Assessment methods are written [partial written exams (two) or written exam covering the entire syllabus] and oral (Oral exam covering the entire syllabus). Assessment criteria are in accordance with course objectives and learning outcomes. Class attendance (lectures and exercises) is not part of the grade, but is a basic and only prerequisite to taking the exam.
The passing grade on the (partial) written exam is 60 % of total points. On the oral exam, two of the elimination questions must be answered and a minimum of 60 % points on each of the following three questions must be achieved. 

	2.10. Student responsibilities
	To pass the course, students have to:
attend classes regularly and actively participate in them 
pass the written and oral exam. 

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	Cooper, G. M., Hausmann, R. E., Stanica: molekularni pristup, 2010, copublished by ASM Press and Sinauer Associates, Inc., Sunderland, MA, USA, (G. Lauc, ur.), Medicinska naklada d.o.o., Zagreb.
	0
	YES, lecturer

	· 
	Alberts, B. i sur., The Cell, 1983, Garland Publishing, Inc., New York & London.
	0
	YES, lecturer

	· 
	Lengeler, J.W., Drews, G., Schlegel, H.G., Biology of the Prokaryotes, 1999, Georg Thieme Verlag, Stuttgart, New York
	0
	YES, lecturer

	· 
	Moat, A.G., Microbial Physiology, 1979, John Wiley & Sons, New York.
	0
	YES, lecturer

	· 
	Industrial Microbiology and Biotechnology, 1999 (A.L. Demain, J.E. Davies, ur.) ASM Press, Washington.
	0
	YES, lecturer

	· 
	Lakowicz, J.R., Pinciples of Fluorescence Spectroscopy, 1999, 2nd edition, Kluwer Academic/Plenum Publishers, New York.
	0
	YES, lecturer

	2.12. Optional literature
	Recently published papers (list of scientific papers and reviews has been updated every year), as indicated in lecture materials (L and E), are available at Course Lecturer. 
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_biochemical_engineering_industrial_microbiology_and_malting_and_brewing_technology/mirela_ivancic_santek" Mirela Ivančić Šantek, PhD, Associate Professor
Mladen Pavlečić, PhD, Assistant Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Bioprocess Kinetics	1.9. Number of ECTS credits allocated
	6
	1.3. Course code
	53223	1.10. Number of contact hours (L+E+S+e-learning)
	30 + 0 + 45 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20-30
	1.5. Course type
	compulsory	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
1 %

	1.6. Place of delivery
	LBEIMMBT	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Students will acquire knowledge and skills of bioprocess kinetics, methods of kinetic process analysis and their application in real bioprocess.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biochemistry 1*
Microbiology* 
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systems 
recognize problems in production, make corrective decisions 
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
make technological design of biotechnology production plants 
conduct technological supervision of designing, construction and testing of biotechnological production plants
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories  interpret laboratory analysis results 
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	describe and estimate kinetic parameters of uncatalyzed and catalysed chemical reaction
describe and estimate kinetic parameters of simple and complex enzyme reactions
describe and estimate kinetic parameters of enzyme reaction in presence of different inhibitors
describe and estimate kinetic parameters of microbial process in the absence and presence of inhibition
describe and estimate kinetic parameters of microbial growth on multiple substrates
describe and estimate kinetic parameters of different products of microbial metabolism
describe and estimate kinetic growth parameters of mixed populations
describe and estimate kinetic parameters of pellet and mycelial filamentous growth, as well as  microbial growth in biofilm, 
describe and estimate kinetic parameters of  heterogeneous  microbial processes
estimate parameters of unstructured and structured kinetic models of microbial processes
	2.5. Course content (syllabus) 
	Reaction kinetics of uncatalyzed and catalyzed chemical reaction
Simple, complex and multisubstrate enzyme kinetics
Effect of temperature and pH on enzyme activity
Characteristic (macroscopic) variable in bioprocesses. Basic unstructured kinetic models for growth of microorganism and substrate utilization in homogenous culture system
Kinetic modelling of substrate-independent growth and kinetic modelling of endogenous metabolism and microbial death
Substrate and product inhibition of microbial growth kinetics
Multisubstrate growth kinetics of microorganism
Kinetics of microbial product formation
Growth kinetics of mixed populations, bioadsorption and kinetics of microbial growth and substrate utilization in heterogeneous culture systems
Unstructured and structured kinetic models of microorganism growth and formation of product of metabolism
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☐ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	Y
	 

	· 
	Experimental work
	     
	N
	Report
	 
	N
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	     
	N
	Written exam
	Y
	 
	ECTS credits (total)
	6

	2.9. Assessment methods and criteria
	-

	2.10. Student responsibilities
	To pass the course, students have to:
attend lectures and finish seminars
pass the written and oral exam.

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	A. Moser, Bioprocess Technology, Kinetics and Reactors, Springer Verlag, New York, Wien, 1988., pp. 197-295
	0
	the book can be bought on-line

	· 
	A. Cornish-Bowden, Fundamentals of Enzyme Kinetics, Portland Press, London, 1995, pp. 1-211
	0
	the book can be bought on-line

	· 
	K.M. Plowman, Enzyme Kinetics, McGraw-Hill, Book Company, New York, 1972., pp. 1-76; 92-132
	0
	the book can be bought on-line

	· 
	M. Bošnjak, Uvod u kinetiku mikrobnih procesa, Graphis, Zagreb, 2009. pp. 1-330
	1
	the book can be bought on-line

	· 
	A. G. Marangoni, Enzyme Kinetics: A Modern Approach , Wiley, NewYork, 2004, pp. 1-174
	0
	the book can be bought on-line

	2.12. Optional literature
	-
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	Mirjana Čurlin, PhD, Associate Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Reactor Engineering	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53225	1.10. Number of contact hours (L+E+S+e-learning)
	25 + 20 + 5 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20
	1.5. Course type
	compulsory	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lecture halls Lidl (3) and PBZ(5)	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Gain of systems view and integration of knowledge of balances for ideal and nonideal reactors, reactor optimisation.
Introducing students with classical reactors at the macro level and with new reactor systems at micro and nano level and formulating mass and energy balances for differentt batch and continuous  reactor systems ( tank reactor, stirred tank reactor and tubular reactor) Within the course, the student will acquire the skills of parameter analysis which describing ideal reactors in batch and continuous mode and analysis of parameters describing single-phase and multiphase non-ideal (real) reactors. Students acquire the skills of selecting a mathematical method for estimating the parameters of the reactors model for each phase in multiphase reactor systems related to hydrodynamics of the system. The adopted skills will be able to use to solve the mass and energy balance for individual reactor systems by applying the appropriate computer support, and to calculate the conversion and effectiveness of the actual real systems based on hydrodynamic conditions analysis, focusing on the design of reactor systems as well as control and optimization, respecting economic and ecological criteria.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Principles of Engineering*
Transport Phenomena*
Unit Operations*
Numerical Methods and Programming*
Statistics* 
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	recognize problems in production, make corrective decisions
improve the existing biotechnological production
develop new industrial biotechnological processes and equipment
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories .
interpret laboratory analysis results
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession
apply ethical principles in relationships to coworkers and employer
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	analyze the parameters that describe ideal reactors for batch and continuous operation
analyze parameters describing single-phase and multiphase non-ideal (real) reactors
formulate mass and energy balances for individual reactor systems (tank reactor,continuous stirred tank reactor and tubular reactor) at batch and continuous operation
select mathematical methods for estimating the parameters of the reactor model for single phase and multiphase related to the hydrodynamic of the system
suggest the calculation of the conversion and effectiveness of the given real systems based on analysis of the hydrodynamic conditions
solve mass and energy balances for individual reactor systems by applying appropriate computer sofware.
	2.5. Course content (syllabus) 

	Overview of the reactor engineering
Basic concepts: stoichiometric relationships in reactions, extent of reaction, mass and energy balances for different reactor system
Ideal batch reactor
Continuous stirred tank reactor (CSTR)
CSTR - non-dimensional analysis and stationary states
Ideal tubular reactor with plug flow
Mass balances for the ideal biochemical reactor (chemostat)
Non-dimensional analysis and stationary states of isothermal tubular reactor
Non isothermal CSTR and Tubular reactors 
Dispersion in a tubular reactor
Non isothermal tubular reactor with dispersion; Non-dimensional analysis and stationary states
Non-dimensional analysis and stationary states of non-ideal reactors
Multiplicity of the stationary states and dynamic flow regimes in reactors. Mixing time and residence time distribution (RTD) in non-ideal reactors
Multiphase Reactors, Biofilm Reactors
Mass and energy balances of multi-phase reactor system
Mass balances based on the model of shell in the porous carrier.
Non-dimensional analysis and stationary states: new reactors (micro and nano reactors)
Flow analysis in microreactor system
Process intensification and new reactors
Control and optimization of reactor systems
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	Y
	 

	· 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	The assessment of learning outcomes is carried out through two partial written exams (40 + 40 points) and an oral exam. 
On each partial exam, students solve three problems which include knowledge of theoretical basics of the field, and four questions with a range of attributed points (from 2 to 8). The maximum number of points on a partial exam is 40. 
Exercises on which students gain experience in solving reactor system balance and ways to choose mathematical methods for solving are evaluated with a maximum of 20 points which are a part of the total grade (40+40+20=100 points).
The grade is formed according to the percentage of total points.
0 - 59 % points - fail (1) 
60 - 69 % points - sufficient (2)
70 - 79 % points - good (3)
80 - 89 % points - very good (4)
90 - 100 % points - excellent (5)
The prerequisite to taking the oral exam is a passing grade in the written exam(s). 
On the oral exam, student get one descriptive question for each of two parts of the course content (two questions in total), which they must answer after a 10 minute written preparation. 
With the oral exam the student confirms or increases the obtained grade (depending on lecturer’s assessment).

	2.10. Student responsibilities
	To pass the course, students have to:
have duly executed obligations which includes regular class attendance (lectures, seminars and exercises) and all exercises reports handed in and signed 
achieve a minimum od 60% of points on each partial exam
defend or increase their grade achieved through the written exam and exercises with the oral exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	Mirjana Čurlin Reaktorsko inženjerstvo  podloge za predavanja, reviewed material, 2015 PBF
	0
	YES; Merlin and web pages

	· 
	Students’ personal lecture notes
	0
	NO

	· 
	O. Levenspiel, " Chemical Reaction Engineering", John Wiley, New York (1984) (chapters related to course content)
	0
	YES, in the Section for Fundamental Engineering 

	2.12. Optional literature
	Z. Gomzi "Reakcijsko inženjerstvo", HINUS, 2000.
H.S. Fogler " Elements of Chemical Reaction Engineering", Prentice Hall, Engelwood Clifs,
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_biochemical_engineering_industrial_microbiology_and_malting_and_brewing_technology/bozidar_santek" Božidar Šantek, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_biochemical_engineering_industrial_microbiology_and_malting_and_brewing_technology/vlatka_petravic_tominac" Vlatka Petravić Tominac, PhD, Associate Professor
Mladen Pavlečić, PhD, Assistant Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Biogas Production from Raw Materials	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	66747	1.10. Number of contact hours (L+E+S+e-learning)
	20 + 30 + 0 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20 - 30
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
1 %

	1.6. Place of delivery
	LBEIMMBT	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	
The main objectives of this course are to acquire knowledge and skills for design, conduction and control of biogas production from different renewable raw materials. Furthermore, students will also acquire knowledge and skills to design and compose the technological lines for biogas production in different scales.
	2.2. Enrolment requirements and/or entry competences required for the course
	To enrol in this course, the following courses must be completed:
Biotechnology 1*
Biochemical engeneering*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes
	
technologically manage industrial biotechnological production systems 
recognize problems in production, make corrective decisions 
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
make technological design of biotechnology production plants 
conduct technological supervision of designing, construction and testing of biotechnological production plants 
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories  interpret laboratory analysis results 
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes)
	select renewable raw materials and evaluate their characteristics for biogas production 
compose cultivation medium and estimate the impact of each cultivation medium constituent on the conduction of biogas production
design the plant for biogas production from renewable raw materials
establish and manage biogas production in different plants for biogas production
create and manage the process of biogas purification as well as heat and electricity production from biogas 
create and manage the system for biogas storage as well as safety system for biogas production plant
create and manage the system for the managing of by-products from biogas production
prepare and conduct the LCA for entire biogas production process 
	2.5. Course content (syllabus)
	1. Biogas and renewable raw materials for its production
L: Biogas definition and its characteristics as well as renewable raw materials 
    for biogas production (4 h)
P: Analysis, selection and calculation of renewable raw materials quantities
    for biogas production (4 h)
2. Biotechnological production and bioreactor types for biogas production
P: Phases of biotechnological production and bioreactor types for biogas 
    production (4 h)
3. Establishing and managing of biogas production process
P: Establishing and cultivation manners of biogas production process (4 h)
P: Preparation, conduction and control of biogas production process (22 h)
4. Systems for biogas purification as well as systems for heat and 
    electricity production from biogas 
P : Systems for biogas purification as well as systems for heat and electricity 
     production from biogas (3 h)
5. Evaluation of the sustainability of biogas production and systems for the 
    managing of by-products from biogas production
L: Evaluation of the sustainability of biogas production by LCA and systems for
    the managing of by-products from biogas production (3 h)
P: Analysis of biogas composition and by-products from biogas production
    process (4 h)
6. Legislations related to the biogas production 
L: Legislation related to the biogas production (2 h)
	2.6. Format of instruction
	☒ lectures
☐ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☒ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	Y
	 

	2. 
	Experimental work
	Y
	 
	Report
	 
	N
	(other)
	 
	 

	3. 
	Essay
	 
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	4. 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	5. 
	Project
	 
	N
	Written exam
	     
	N
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	Students must finish all practicum exercises and attend all lectures to start writing an individual seminar paper related to the syllabus.
After achieving a positive grade for the seminar paper, students take the oral exam.

	2.10. Student responsibilities
	To pass the  course, students must:
attend all lectures and successfully do all practicum exercises
write a seminar paper
pass the compulsory oral exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	2. 
	Mousdale, D. M. Biofuels: biotechnology, chemistry, and sustainable development, CRC Press - Taylor & Francis Group, Boca Raton, London, New York, USA, 2008
	     
	YES

	3. 
	Khanal, S. K. Anaerobic Biotechnology for Bioenergy Production: Principles and  Applications, Blackwell Publishing - John Wiley & Sons, Danvers, MA, USA, 2008
	 
	YES

	4. 
	Pandey A., Larroche C., Ricke S.C., Dussap C.G., Gnansounou E., Biofuels : alternative feedstocks and conversion processes, Elsevier, Amstrdam, Holland, 2011
	 
	YES

	2.12. Optional literature
	-
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-




	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	Mirjana Čurlin, PhD, Associate Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Modelling of Biotechnology Processes	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53228	1.10. Number of contact hours (L+E+S+e-learning)
	25 + 20 + 5 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lidl (3) and PBZ (5)	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Students acquire knowledge of the goals and methodologies of mathematical and computer modeling of the process with an emphasis on biotechnology. Practical experiences of applying elemental balancing models, degree of reduction, energy balance, enzymatic kinetics, non-structural, structural and empirical models are gained. Students are acquainted with the analysis of metabolic models using FBA and MCA methodology. Practical modeling experiences are gained through examples of industrial production models of yeast, lactic acid and antibiotics and models of biotechnological processes in the environment. Through computer exercises, experience in applying numerical algorithms for modelling is gained. 
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biotechnology 1*
Microbiology*
Biochemistry 1*
Biochemistry 2*
Transport Phenomena*
Unit Operations*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systems
recognize problems in production, make corrective decisions
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment 
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession 
apply ethical principles in relationships to coworkers and employer 
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	analyze parameters of metabolic models using metabolic flux analysis (MFA) and metabolic control analysis, MCA
formulate elementary balance models, balance reduction steps, energy (heat) balance, enzymatic kinetics for homogeneous and structured models
select computer support to evaluate parameters of biotechnological process model
select mathematical methods for estimating parameters of biotechnological process
suggest a methodology for mathematical and computer modeling of biotechnological processes.
	2.5. Course content (syllabus) 

	Stoichiometric models of biotechnological processes
Modeling of enzymatic reaction systems
Stoichiometric model of yeast
Analysis of metabolic reaction systems regulation
 Non-structural models
Optimization of biotechnological processes
Optimizing penicillin production
Model of yeast metabolism
 Structural models of biotechnological processes
Structural model of lactic acid production
Modeling intracellular flows
Empirical models
Models for control of  biotechnological processes
Advanced methods of modeling - methods of artificial intelligence
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	Y
	 

	· 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	The assessment of learning outocmes is carried out through a written and oral exam. 
Exercises on which students gain experience with setting a certain type of model for some biotechnological processes and ways to choose mathematical methods for problem solving are evaluated with a maximum of 20 points, which are part of the total grade. 
On the written exam, students solve three problems, of which two computational (each 25 points, divided in four sub-questions) and  two regarding theoretical basics of given area which bring 30 points. For positive success, students must achieve a minimum of 60% on the problems and 60% on the theoretical part. The maximum number of points on each partial exam is 80. The maximum number of points on exercises is 20.
The total number of points which can be achieved is 100. 
0 - 59 % points - fail (1) 
60 - 69 % points - sufficient (2)
70 - 79 % points - good (3)
80 - 89 % points - very good(4)
90 - 100 % points - excellent (5)
The prerequisite to take the oral exam is a passing grade in the written exam(s). 
On the oral exam, student get one descriptive question which they must answer after a 10 minute written preparation. 
With the oral exam the student confirms or increases the obtained grade (depending on lecturer’s assessment).

	2.10. Student responsibilities
	To pass the  course, students must:
have duly executed obligations which includes regular class attendance (lectures, seminars and exercises) and all exercises reports handed in and signed 
achieve a minimum od 60% of points on each partial exam
defend or increase their grade achieved through the written exam and exercises with the oral exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	Mirjana Čurlin Modeliranje biotehnoloških procesa, podloge za lectures, PBF 2016
	0
	YES, Merlin

	· 
	Žerlimir Kurtanjek Modeliranje procesa, internal script FFTB, 2000
	10
	 

	· 
	Student’s personal lecture notes 
	0
	NO

	2.12. Optional literature
	Nielsen, J. Villadsen, " Bioreaction Engineering Principles", Plenum Press, New York, 1999
M. Shuler, F. Kargi "Bioprocess Engineering", Prentice Hall, New Jersy, 2002.
J.E. Bailey and D. Ollis „Biochemical Engineering Fundamentals“, McGraw Hill, 1985.
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	Božidar Šantek, PnD, Full Professor
Mario Novak, PhD, Assistant Professor
Antonija Trontel, PhD, Assistant Professor
Mladen Pavlečić, PhD, Assistant Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Biotechnological Vinegar Production	1.9. Number of ECTS credits allocated
	4

	1.3. Course code
	66746	1.10. Number of contact hours (L+E+S+e-learning)
	25 + 20 + 0 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	15 - 30
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lectures in lecture hall 6,
Exercises in the DBE	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The students should be able to review and interprete the vinegar types ( related characteristics), and to ilustrate the production equipment as well as the related processes technology. The skills for technological menagement of submersed, imobilised, manufacture/industrial , batch, semicontinuous and continuous technological processes for production of different vinegar types  will be aquired. Special focus will be given on measurement-, control-, monitoring-, and performing of unit operations. The aplication and interpretation of Croatian and EU regulations concerning vinegar production and quality will be performed. The aquired skills  will be applicable for the planning, evaluating and approbating of technological equipment (plant).
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biotechnology 1*
Biochemical engeneering*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systems
recognize problems in production, make corrective decisions
improve the existing biotechnological production
develop new industrial biotechnological processes and equipment
make technological design of biotechnology production plants
interpret laboratory analysis results
apply ethical principles, legal regulations and standards related to specific requirements of the profession
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	selection of appropriate strains for biotechnological vinegar production,
practical performing of submerse and cell-imobilised production of vinegar
practical performing of batch, semicontinuous and continuous production of vinegar
practice the clarification, filtration, maturation and fining of vinegar
performing the quallity analysis and control of vinegar production 
practice the cleaninig, desinfection and sterilisation of production equipment
planning, evaluating and approbating of technological equipment
	2.5. Course content (syllabus) 

	Vinegar definition.  Short historical review of vinegar production. Chemical and biotechnological production of acetic acid.
Vinegar types, characteristic properties and classes. Geographic prevalence of vinegar types.  General technological  scheme of production plant.
Unit operations and equipment in production plant.
Raw materials, storage, broth preparation and chemical composition of broth. Inoculum preparation. White winegar production (standard concentration) by submersed-type, semicontinuous  bioprocess.
White vinegar submersed production (increased concentration) by combination of semicontinuous and feed-batch cultivation techniqe. High concentrated white vinegar submersed production in two-step process by combination of semicontinuous and feed-batch cultivation techniqe.
Vinegar production from wines, fruits (cider), malt-worth and mead-worth by semicontinuous cultivation techniqe.
White vinegar, cider vinegar and wine vinegar production using  imobilised biomass (in „Frings“ generator).
Home-made and  manufacture-type production of vinegar ( equipment, yields, degree of conversion, process effectivity).
Traditional production of vinegar (special types), „Aceto balsamico“, „solera“, African,  Chinese and Japanese  (rice-sake) vinegars.
Vinegar clarification, related agents, vinegar maturation, pressurized filtration, filtration agents, cross-flow filtration, pasterization, flavoring, sulphitation,   filling, wrapping materials, and packaging. Equipment for process measuring, monitoring, regulation and technological managing.
Production strains, ecological conditions (temperatures, substrate and product inhibition, dissolved oxygen concentration, complex nutritions, trace elements.
	2.6. Format of instruction
	☒ lectures
☐ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☒ laboratory
☐ work with mentor
☒ pogonske vježbe u industriji 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	
	N
	Research
	
	N
	Oral exam
	Y
	

	· 
	Experimental work
	Y
	
	Report
	Y
	
	(other)
	
	

	· 
	Essay
	
	N
	Seminar paper
	
	N
	(other)
	
	

	· 
	Preliminary exam
	
	N
	Practical work
	Y
	
	(other)
	
	

	· 
	Project
	
	N
	Written exam
	
	N
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	Grading scale for the oral exam: 
< 60 % fail (1)
60 - 69 % sufficient (2) 
70 - 79 % good (3)
80 - 89 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all exercises in practical work (laboratory and drive)
attend all lectures and seminars (no unjustified absences are allowed, justified absences are allowed for 20% of all contact hours)
pass the oral exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	P. Horvat: Biotehnološka proizvodnja octa
	
	http://www.pbf.unizg.hr/zavodi/zavod_za_biokemijsko_inzenjerstvo/laboratorij_za_bi_im_i_tsp/biotehnoloska_proizvodnja_octa 

	2.12. Optional literature
	Listed in the university E-textbook: 
P. Horvat: Biotehnološka proizvodnja octa
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	     


	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/igor_slivac" Igor Slivac, PhD, Associate Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/visnja_gaurina_srcek" Višnja Gaurina Srček, PhD, Full Professor
Kristina Radošević, PhD, Assistant Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Basics of Tissue Engineering	1.9. Number of ECTS credits allocated
	2
	1.3. Course code
	66748	1.10. Number of contact hours (L+E+S+e-learning)
	14 + 0 + 10 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	FFTB	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The objective of the course is to apply the previously acquired knowledge on animal cell biology and biotechnology in the field of tissue engineering (TE) and regenerative medicine. Through multidisciplinary approach in exploring cell cultivation techniques in vitro, stem cells development and property of various (bio)materials. students learn about the methods currently available for tissue construct/scaffold design. The adopted knowledge will be applicable in understanding the funcinality and further development of tissue/organ substitutes in therapy.
	2.2. Enrolment requirements and/or entry competences required for the course 
	Preduvjeti
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	
integrate knowledge acquired from the fields of microbiology, microbe physiology, molecular biology, genetics and bioinformatics with the aim of producing traditional and modern biotechnological products 
use scientific literature in English, and present the existing results to experts and laymen, and convey their knowledge and skills to their peers
present, valorize and popularize modern accomplishments and courses of development of molecular biotechnology
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	define origin and requirements of cells used in TE, as well as their growth and differentiation properties for tissues and organs design
distinguish the role of stem cells in tissue reparation
compare types, properties and fabrication procedures of natural and synthetic materials applied for cell immobilisation and tissue scaffold production
comment current restrictions and shortcomings in tissue engineering
compare achievements in the domain of tissue and organ engineering: skin, cartilage, bone, heart valves, etc.
	2.5. Course content (syllabus) 
	Methodical units:
Definition and goals of TE & Cells and cellular environment in TE
    P: General requirements and ethical aspects of TE in modern society
    P: Cell selection and stem cell application in TE
    P: Role and composition of extracellular matrix (ECM) and materials for ECM substitution
Principles of tissue and organ engineering 
    P: Cell diferentiaitiona and tissue vascularisation in TE
    P: Design and preparation of 3D tissue scaffolds
    P: Systems for controlled tissue/organ cultivation (TE bioreactors)
Tissue and organ engineering - case study
    S: Tissue production in TE – Case study : cartiledge, bone, tendon
    S: Organ production in TE– Case study: skin, bladder, heart valves,
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☐ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	 
	N

	· 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	2

	2.9. Assessment methods and criteria
	The assessment method is a written exam consisting of a certain number of questions.
Answers are graded, whereby each question has an answer graded by a finite number of points. Incomplete answers are graded with a lower number of the stipulated number of points. 

	2.10. Student responsibilities
	To pass the course, students have to:
attend more than a half of total number of lectures
give a successful seminar paper presentation
correctly answer each question on the written exam, while achieving a minimum of 60% of total number of points.

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	Parts of: Melissa Kurtis Micou, Dawn Kilkenny, A Laboratory Course in Tissue Engineering, CRC Press; 1st edition (2012). 
	 
	YES, lecturer

	2.12. Optional literature
	Lanza R, Langer R, Vacanti JP (2009) Principles of Tissue Engineering, Elsevier Academic Press, Burlington, San Diego, London
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-





	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	Božidar Šantek, PhD, Full Professor
Mario Novak, PhD, Assistant Professor
Antonija Trontel, PhD, Assistant Professor
Mladen Pavlečić, PhD, Assistant Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	White Biotechnology	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53233	1.10. Number of contact hours (L+E+S+e-learning)
	24 + 0 + 24 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	15 - 30
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lecture hall P-6	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The objective of the this course is to introduce and to familiarize students with the criteria of process sustainability (SPI), LCA analysis, renewable and fossil raw materials, the importance and application of renewable raw materials in biotechnological production and its impact on process sustainability, types of sustainable industrial biotechnological processes and products of the biotechnology industry, economic and ecological benefits of biotechnological biomass production, bioethanol, biogas, biodiesel and biochemicals production (biopesticides, organic solvents, biopolymers, fine chemicals and pharmaceuticals, food supplements).
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biotechnology 1*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systems 
recognize problems in production, make corrective decisions 
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment 
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	evaluate the advantages and disadvantages of using renewable raw materials in biotechnological production
justify the importance of the ecological and economic sustainability of biotechnological production of biomass, biofuels (biodiesel, bioethanol, biogas) and biochemicals 
prepare and conduct LCA of entire biotechnological process
prepare and calculate SPI of a biotechnological process
	2.5. Course content (syllabus) 

	Definition of term White Biotechnology, objectives, renewable and non-renewable resources, classification of renewable resources (raw materials), steps of processing, mass and energy balance and process sustainability, centralized and decentralized production, basic criteria of process sustainability (SPI)
Bioethanol as fuel, reasons for biofuel usage, Kyoto Protocol, Croatia's ability to produce bioethanol, sugar beet bioethanol, lignocellulosic raw materials and Jerusalem artichokes (efficiency index, SPI and LCA of these processes).
Energy production balances from sustainable raw materials, sugar bioethanol; raw material mass balance, energy process analysis and possible improvements, bioethanol and lignocellulose complex, bioethanol from starch (grains)?
Life Cycle Assessment (LCA), categories of negative impact on environment, ISO standards and environmental impact, LCA phases, LCA calculation tools and LCA types
Production of organic acids (citrate, succinate, apple, wine) from renewable raw materials
Production of lactic acid and poly-lactate from renewable raw materials, comparison of chemical and biotechnological processes, medium for production and isolation of lactic acid, Chargill-Dow PLA production process
Biodiesel, biodiesel raw materials, technological processes and secondary by-products, biotechnological conversion of by-products from biodiesel production (glycerol phase and saturated fatty acids), mass and energy balance, SPI, LCA
Lignocellulosic (LC) raw materials and possibilities of biotechnological conversion, enzyme and microbiological degradation of LC complexes, LCA and SPI
PHA / PHB biotechnological production from renewable raw materials, algae and white biotechnology, phototrophic and heterotrophic algae production, algal fuel production, LCA and SPI of biotechnological processes
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☐ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☒ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (ostalo upisati)  
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	Y
	 

	· 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	 
	N
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	Seminar paper 1 (ECTS)
Oral exam 3 (ECTS)
Grading scale for oral exam: 
< 60 % fail (1)
60 - 69 % sufficient (2) 
70 – 79 % good (3)
80 – 89 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
attend all lectures and seminars (no unjustified absences are allowed, justified absences are allowed for 20% of all contact hours)
give a PowerPoint presentation of the seminar paper to lecturers and other students, hand in a written copy of the seminar paper
pass the oral exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	Course material
	0
	http://www.pbf.unizg.hr/zavodi/zavod_za_
biokemijsko_inzenjerstvo/laboratorij_
za_bi_im_i_tsp/bijela_biotehnologija

	· 
	Biotechnology, Multivolume Comprehensive Tretease, ( H.J. Rehm G. Reed, A. Püchler, P.Stadler, eds.), Vol. 3, (vol.ed. G. Stephanopoulos), Weinheim, New York, Basel, Cambridge, VCH, 1993 (chapters or chapter parts covering course syllabus)
	Can be ordered by the NUL
	 

	· 
	Biotechnology, Multivolume Comprehensive Tretease, ( H.J. Rehm G. Reed, A. Püchler, P.Stadler, eds.), Vol. 6, (vol.ed. M. Roehr), Weinheim, New York, Basel, Cambridge, VCH, 1993. (chapters or chapter parts covering course syllabus)
	Can be ordered by the NUL
	 

	2.12. Optional literature
	US Presidential executive order: 13134: “Developing and Promoting Bio based Products and Bio energy”August 1999 (http://www.bioproducts-bioenergy.gov/about/eo13134.asp)
European Union: Action Plan to boost research efforts in Europe, April 2003   IP/03/584 (http://europa.eu.int/comm/research/era/3pct/pdf/press-rel-en.pdf)
EuropaBio, White Biotechnology: Gateway to a More Sustainable Future, April 2003 (http://www.europabio.org/upload/documents/wb_100403/Innenseiten_final_screen.pdf)
OECD, Report: “The Application of Biotechnology to Industrial Sustainability” (2001) (http://www1.oecd.org/publications/e-book/9301061e.pdf)
Dutch Ministry of Economic Affairs, Life Sciences, A Pillar for the Dutch Knowledge Economy, July 2003  (http://www.minez.nl/publicaties/pdfs/03I42.pdf)
Biopartner. The Netherlands life science sector report 2003. Growth against the tide (www.biopartner.nl)
French Young Innovative Company initiative. www.france-biotech.org
UK Small Business Innovation Company. www.sba.gov/INV/venture.html
12 RoyalBelgianAcademy Council of Applied Science, Industrial Biotechnology and Sustainable Chemistry, January 2004 (http://www.kvab.be/downloads/cawet/wg%2043%20-%20webstek.pdf )
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	     



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/visnja_gaurina_srcek" Višnja Gaurina Srček, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/ivana_radojcic_redovnikovic" Ivana Radojčić Redovniković, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/igor_slivac" Igor Slivac, PhD, Associate Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/kristina_radosevic" Kristina Radošević, PhD, Assistant Professor
Marina Cvjetko Bubalo, PhD, Assistant Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Technology of Animal and Plant Cultures	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53226	1.10. Number of contact hours (L+E+S+e-learning)
	20 + 15 + 15 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lectures and seminars in P5, exercises in the LCTAB	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	
The objective of the course is to introduce students to animal and plant cell culture and its role in modern biotechnology. Special emphasis is on application of thie technology in research as well as in production of bioavtive compounds and recombinant products. The focus will be on the development of cell lines and their application in the production of recombinant proteins. Through the practical part of the course the students learn basic techniques in cell cultivation maintenance, setting up a cell culture and interpreting the obtained parameters of cell growth and metabolism. The adopted lab skills and knowledge in are applicable in biomedical research as well as in running small scale biotech processes with cells.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biotehnologija 2*
Biochemistry 1*
Biochemistry 2*
Microbiology*
Transport Phenomena*
Unit Operations* 
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systemsa
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories 
present plant, research, laboratory and business results in verbal and written form, using professional terminology  
apply ethical principles, legal regulations and standards related to specific requirements of the profession 
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	
define and explain the role/importance of certain cell type, the composition of cell culture media, cell growing conditions and cell product in a technological process with animal and plant cells
explain the need for and type of genetic modification needed for development of a cell type with desired properties.
distinguish and explain the choice of bioreactor and cultivation conditions, depending on the cell type and the final product
describe and categorize the key parameters for biotechnological production of secondary metabolites using plant cell culture
conduct and review a simple laboratory work that involves setting up and maintaining small scale animal cell culture and plant tissue
interpretation of basic growth parameters during animal or plant cell cultivation.
	2.5. Course content (syllabus) 

	Animal cell culture technology – its history and importance
Cell cultivation, cell culture media and cell growth parameters
Stable cell line development 
Cell culture bioreactors  and types of cultivation process in bioreactors.
Down stream in cell culture technology
Viral vaccine and monoclonal antibody production
Stem cell and tissue engineering
New trends in animal cell technology
Plant cell culture technology – history and importance
Plant tissue and cell genetic modification
Genetic engineering in plants – recent developments
Secunddary metabolites production form plant cells and tissue
Coleus blumei-as a source of an organic acid
Bioreactors in plant cell technology
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	 
	 

	· 
	Experimental work
	 
	N
	Report
	Y
	 
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	Course knowledge is assessed through a written exam consisting of 10 questions (which include lecture, exercises and seminars content) graded with 0, 1, 2, 3 or 4 points. The maximum number of points in 30. 
Grading scale: 
< 60 % fail (1)
≥ 60 % sufficient (2)
≥ 70 % good (3)
≥ 80 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
attend lectures and seminars (a maximum of two absences is allowed)
participate in exercises and hand in an exercises report
achieve a minimum of 18 points on the written exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	I. Slivac, V.Gaurina Srček, K. Radošević (2016) Osnove tehnologije životinjskih stanica (internal script), 226 stranica
	0
	YES, Merlin and web pages

	· 
	I. Radojčić Redovniković, M. Cvjetko Bubalo (2016) Osnove biljnih stanica (internal script)
	0
	YES, Merlin and web pages

	2.12. Optional literature
	R. Ian Freshney: Culture of Animal Cells – a manual of basic technique, fourth edition , Wiley-Liss Inc., New York, 2000
S. Jelaska: Kultura biljnih stanica i tkiva. Temeljna istraživanja i primjena, Školska kniga, Zagreb, 1994

Castilho LR, Moraes AM, Augusto EFP, Butler M: Animal Cell Technology: From Biopharmaceuticals to Gene Therapy, Taylor & Francis Group, New York, London, 2008

Slater A, Scott N, Fowler M: Plant Biotechnology-The Genetic Manipulation of Plants, Oxford University Press, Oxford, 2008
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-




	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_antibiotic_enzyme_probiotic_and_starter_cultures_technology/jagoda_suskovic" Jagoda Šušković, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_antibiotic_enzyme_probiotic_and_starter_cultures_technology/blazenka_kos" Blaženka Kos, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_antibiotic_enzyme_probiotic_and_starter_cultures_technology/jasna_novak" Jasna Novak, PhD, Associate Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_food_engineering/laboratory_for_fermentation_and_yeast_technology/jasna_mrvcic" Jasna Mrvčić, PhD, Associate Professor
Andreja Leboš Pavunc, PhD, Assistant Professor 
Martina Banić, mag. ing. biotech.
Katarina Zorić, mag. ing. biotech.	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Probiotics and Starter Cultures	1.9. Number of ECTS credits allocated
	3
	1.3. Course code
	173443	1.10. Number of contact hours (L+E+S+e-learning)
	16 + 23 + 0 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	30
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lectures are held in lecture hall 5,  exercises in the Small laboratory (broj 174) of DBE (4th floor)	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	
Acquiring knowledge on microbiology and physiology of lactic acid bacteria for their application as probiotic and starter cultures to produce different fermented foods. Perform cultivation, isolation and characterisation of biomass metabolic and functional properties for the production of probiotic preparations or functional starter cultures.
	2.2. Enrolment requirements and/or entry competences required for the course 
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systems
recognize problems in production, make corrective decisions
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
make technological design of biotechnology production plants
conduct technological supervision of designing, construction and testing of biotechnological production plants 
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories
interpret laboratory analysis results
present plant, research, laboratory and business results in verbal and written form, using professional terminology
apply ethical principles, legal regulations and standards related to specific requirements of the profession
apply ethical principles in relationships to coworkers and employer
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	critically evaluate the influence of probiotics and prebiotics on the composition and metabolism of intestinal microbiota
critically evaluate the selection of the starter cultures for production of different fermented foods and explain the role of starter cultures in food preservation
explain the benefits of using concentrated biomass with bacteriocin activity for fermented food production as well as bacteriocin preparations as biopreservatives in food industry
determine the bacteriocin activity of lactic acid bacteria
determine the morphological and physiological characteristics of lactic acid bacteria as probiotics and starter cultures
relate the mode of action of probiotic bacteria with their metabolic activity
sketch the workflow presenting the selection of lactic acid bacterial strains for probiotic preparations based on strict selective criteria 
perform the isolation and detection of surface proteins of probiotic bacteria using SDS-PAGE electrophoresis
cultivate, isolate and concentrate lactic acid bacteria biomass and to produce probiotic and starter cultures by lyophilisation
evaluate microorganisms bacteriocins producers among probiotic strains and starter cultures in order to extend their antimicrobial capacity
	2.5. Course content (syllabus) 

	1. Pobiotic, prebiotic and sybiotic concept
L: Reasons for establishing a probiotic, prebiotic and synbiotic concept. History of probotics development. Influence of probiotics and prebiotics on the composition and metabolism of the intestinal microbiota. Selection of strains for probiotic application. Probiotics mode of action. Prebiotics mode of action. Immunomodulatoryactivity of probiotic bacteria. Combined application of probiotics and prebiotics – synbiotic.
E: Morphological and physiological characteristics of lactic acid bacteria as probiotics and starter cultures. The role of probiotic bacteria surface proteins in the probiotic concept – application of SDS-PAGE electrophoresis

2. Production and application of probiotics
L: Production of probiotics as living drugs. Industrial application of lactic acid bacteria with bacteriocin activity.
E: Antimicrobial and bacteriocin activity of lactic acid bacteria.

3. Production and application of starter cultures
L: History of starter cultures development. The role of starter cultures in food preservation. General and specific criteria for the selection of starter cultures. Production and application of starter cultures for production of different fermented foods.
E: Production of wet biomass and lyophilized starter and probiotic cultures
	2.6. Format of instruction
	☒ lectures
☐ seminars and workshops  
☒ exercises    
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	 
	N

	· 
	Experimental work
	 
	N
	Report
	Y
	 
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	A maximum of 11 points can be achieved, from which a maximum of 10 points on the written exam and 1 point with laboratory exercises. To achieve a positive grade it is necessary to:
- achieve a minimum of six points on the written exam
- achieve a minimum of 0,6 points with laboratory exercises

Grading scale:
- from 0 to 60 % of total number of points: fail (1)
- from 60 to 70 % of total number of points: sufficient (2)
- from 70 to 80 % of total number of points: good (3)
- from 80 to 90 % of total number of points: very good (4)
- 90 % and more of total number of points: excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work and hand in the report
pass the written exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	J. Šušković, B. Kos, J. Novak: Probiotici i starter kulture (internal script, lectures)
	0
	YES, Merlin

	· 
	Chapter from „Priručnik za vježbe iz opće mikrobiologije“ (publisher: Hrvatsko mikrobiološko društvo, 2016, ed. Danko Hajsig & Frane Delaš): J. Šušković, V. Plečko, S. Pleško: Mikrobni antagonizam i određivanje osjetljivosti mikroba na antimikrobne spojeve, pp. 75-88.
	15
	NO

	· 
	J. Šušković, B. Kos, J. Novak, A. Leboš Pavunc: Probiotici i starter kulture, Laboratory exercises (internal script)
	0
	YES, Merlin

	2.12. Optional literature
	D. Charalampopoulos, R.A. Rastall: Prebiotics and Probiotics Science and Technology, Springer, New York (2009).
Å. Ljungh, T. Wadström: Lactobacillus molecular biology From genomics to probiotics, Caister Academic Press, Norfolk (2009).
R. M. J. Nout, W. M. de Vos, M. H. Zweitering: Food fermentation, Wageningen Academic Publishers (2005).
J. Šušković, B. Brkić, S. Matošić: Mehanizam probiotičkog djelovanja bakterija mliječne kiseline. U: “Fermentirani mliječni proizvodi u prehrani i dijetetici”, Živković, M. Hadžiosmanović, V. Oberiter (Ured.), Hrvatska akademija medicinskih znanosti - Senat, Zagreb (1996) str. 21-34.
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	



 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_chemistry_and_biochemistry/laboratory_for_toxicology/ivana_kmetic" Ivana Kmetič, PhD, Associate Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/visnja_gaurina_srcek" Višnja Gaurina Srček, PhD, Full Professor
HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/kristina_radosevic"Kristina Radošević, PhD, Assistant Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_chemistry_and_biochemistry/laboratory_for_toxicology/teuta_murati" Dr. sc. Teuta Murati
Marina Miletić, mag. ing.	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	

Methodology of Scientific Work and Intelectual Property Protection	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53247	1.10. Number of contact hours (L+E+S+e-learning)
	20 + 15  +15 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20
	1.5. Course type
	compulsory	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	P3	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Student will acquire competences for critical evaluation of scientific papers and will be able to search electronic and other types of scientific, as well as patent databases. Student will be able to select relevant sources of scientific information and use it in writing academic and scientific papers. Course objective is to enable student to understand and use intellectual property rights. Student will be able to implement ethical principles in scientific research as well as in the professional field of future work.
	2.2. Enrolment requirements and/or entry competences required for the course 
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
interpret laboratory analysis results
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession
apply ethical principles in relationships to coworkers and employer
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	· recognize and explain role and significance of science and scientific research
· describe and propose reliable and the most relevant information resources, as well as options to access scientific and professional papers
· compare, perform review and evaluate scientific articles/reports
· plan, propose and distinguish appropriate research designs and methodologies related to a particular research question with accent on master thesis
· explain in detail the structure of primary publications with an emphasis on original scientific paper, review article and master thesis, and describe how to write sections within the paper
· analyze ethical issues and implement ethical principles in biotechnology and science
· explain in detail the intellectual property system as a basis for innovation and competitiveness
· conduct a patent search

	2.5. Course content (syllabus) 

	the term, scope and significance of science and scientific work
scientific methods of research and scientific categories (fundamental vs applied science)
scientific information sources, publications
primary sources of information
secondary sources
tertiary sources
evaluation in science/ science metrics
citation, referencing, indexation
electronic information resources
reference list - print and electronic sources  
academic papers, manuscript preparation 
intellectual property
commercialization of research results
patents and patent searching
ethics in scientific research and biotechnology
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	 
	N

	· 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	Y
	
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	Grading scale:
45 - 50 points:        5 (excellent); ≥ 90 %
40 - 44 points:        4 (very good); ≥ 80 %
35 - 39 points :       3 (good); ≥ 70 %
30 - 34 points:        2 (sufficient); ≥ 60 %
  0 - 29 points:         1 (fail); < 60 %

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work and seminars
attend all lectures (a maximum of three unjustified absences is allowed)
achieve a minimum of 30 points on the written exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	Kniewald, J. (1993) Metodika znanstvenog rada (sveučilišni udžbenik), Multigraf, Zagreb.; everything but chapter 4.4.
	6
	NO

	· 
	Mills,O. (2010) Biotechnological Inventions: Moral Restraints and Patent Law, Ashgate Publishing Ltd, Aldershot. chapters: 1 and 5 
	0
	YES, web pages

	· 
	Grubb, P. W., Thomsen P.R. (2010) Patents for Chemicals, Pharmaceuticals and Biotechnology: Fundamentals of Global Law, Practice and Strategy, 5.izd., Oxford University Press, New York.; chapter 5
	0
	YES, web pages

	· 
	Brajenović-Milić, B. (2014) Bibliometrijski pokazatelji znanstvenog odjeka autora i časopisa. Medicina Fluminensis 50, 425-432.
	0
	YES, web pages

	· 
	Macan, B. (2014) WoS, WoK, CC, WoSCC…?!? Kem. Ind. 63, 110–111. 
	0
	YES, web pages

	· 
	Zelenika, R. (2000) Metodologija i tehnologija izrade znanstvenog i stručnog rada, 4. izd., Sveučilište u Rijeci, Rijeka.; chapters: 3.1., 3.2., 3.3., 3.4., 4.1., 4.2. i 4.3. 
	0
	YES, web pages

	2.12. Optional literature
	Hebrang Grgić, I. (2016) Časopisi i znanstvena komunikacija, Naklada Ljevak, Zagreb.
Jokić, M. (2005) Bibliometrijski aspekti vrednovanja znanstvenog rada, Sveučilišna knjižara, Zagreb.

HANDBOOKS:
Roig, M. (2006) Avoiding plagiarism, self-plagiarism, and other questionable writing practices: A guide to ethical writing. Dostupno na: <http://www.cse.msu.edu/~alexliu/plagiarism.pdf>.
Thomson Reuters (2014) Web of Science Brochure. Dostupno na: <http://wokinfo.com/media/pdf/wos-next-gen-brochure.pdf>.
Hacker, D., Fister, B. (2011) Research and Documentation – Online. Dostupno na:<http://bcs.bedfordstmartins.com/resdoc5e/>

Useful web sites:
http://baze.nsk.hr/
http://www.thomsonreuters.com/
http://www.cas.org/
http://hr.espacenet.com/
http://www.epo.org/
http://www.wipo.int/
http://wokinfo.com/training_support/training/web-of-knowledge/#
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_biochemical_engineering_industrial_microbiology_and_malting_and_brewing_technology/bozidar_santek" Božidar Šantek, PhD, Full Professor 
Mario Novak, PhD, Assistant Professor
Antonija Trontel, PhD, Assistant Professor
Mladen Pavlečić, PhD, Assistant Professor
Nenad Marđetko, mag. ing.	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Biochemical Engineering and Bioprocess Techniques	1.9. Number of ECTS credits allocated
	8
	1.3. Course code
	53616	1.10. Number of contact hours (L+E+S+e-learning)
	30 + 45 + 30 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	30
	1.5. Course type
	compulsory	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lectures and seminars in lecture hall 5, Exercises in the DBE	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Students will acquire knowledge and skils of bioprocess development, technological menagement, control and design of industrial bioprocesses as well as the scale-up of bioprocesses. Special attention will be given to bioreactor types, equipment for broth preparation, integrated bioreactor processes, mass and energy ballance. Aqcquired skills will be applied for technological design, optimisation and menagement of up-stream and down-stream processes.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Reactor Engineering 
Bioprocess Kinetics
Biochemistry 2*
Biochemical engeneering*
Biotechnology 1*
Numerical Methods and Programming*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production system
recognize problems in production, make corrective decisions 
improve the existing biotechnological production
develop new industrial biotechnological processes and equipment
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
make technological design of biotechnology production plants 
conduct technological supervision of designing, construction and testing of biotechnological production plants 
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	description and evaluation the characteristic parameters of momentum, heat and mas transfer;
quantification the biological reaction rates and recognition of rate limiting steps and process variables for real systems with cells, pelets and flocs;
description and calculation of gas solubillities for broths and evaluation of related influences on bioprocess;
determination, characterization and calculation of momentum, heat and mass transfer for stirred tank reactors, bubble columns, air-lift and jet bioreactors, tubular reactors, convective reactors and reactors with imobilised biomass;
establishing, calculation and technological menagement of integrated biotechnological processes;
performing of scale-up procedures
	2.5. Course content (syllabus) 

	Course mailstones:
1. Fluid types and behaviours concerning bioreactor streaming regime. Molecular, turbulent and convective momentum transfer in bioreactors. 
2. Molecular, turbulent and convective heat transfer in bioreactors.
3. Molecular, turbulent and convective (equimolar and non-equimolar) mass transfer in bioreactors. 
4. Reaction rates and limiting factors for flat plate catalitic layer. 
5. Reaction rates and limiting factors for ideal spherical catalitic particles (extended toreal systems,  pelets and flocs). 
6. Reaction rates and limiting factors for biological thin film catalitic layer. 
7. Gas solubility for biological broths and related limitation of bioprocesses. 
8-9. Stirred tank bioreactors. 
10. Bubbling column. 
11-12. Loop reactors. 
13. Tubular bioreactors. 
14. Reactors with convective mixing, trickling layer bioreactors. 
15. Integrated bioreactor systems , scale-up procedures.
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☒ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	 
	Research
	 
	N
	Oral exam
	Y
	 

	· 
	Experimental work
	Y
	 
	Report
	Y
	 
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	Y
	 
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	8

	2.9. Assessment methods and criteria
	1. Preliminary exam and handed in exercises reports (2) ECTS
2. Written part of exam                (3) ECTS
3. Oral part of exam                       (3) ECTS

4. Grading scale for oral preliminary exam and exam and for the written exam: 
< 60 % fail (1)
60 - 69 % sufficient (2) 
70 - 79 % good (3)
80 - 89 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work
pass preliminary exams in practical work (exercises)
attend all lectures and seminars (no unjustified absences are allowed, justified absences are allowed for 20% of all contact hours)
pass the written and oral part of the exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	V. Marić, B. Šantek: Biochemical engeneering, Golden marketing-Tehnička knjiga, Zagreb 2009
	8
	 

	· 
	Seminar course materials 
	 
	YES; web pages

	· 
	Biotechnology, (H.J. Rehm and G. Reed, eds.), Vol. 2, (vol.ed. H. Brauer),VCH, Weinheim,1985
	Can be ordered by the NUL
	 

	· 
	A. Moser: Bioprocess Technology, Kinetics and Reactors, Springer Verlag, New York, Wien, 1988. 
	Can be ordered by the NUL
	 

	· 
	P.M.Doran: Bioprocess Engineering Principles, Academic Press, second etition 2013. 
	Can be ordered by the NUL
	 

	· 
	Biotechnology, Multivolume Comprehensive Tretease, (H.J. Rehm G. Reed, A. Püchler, P.Stadler, eds.), Vol. 4, (vol.ed. K. Schügerl), Weinheim, New York, Basel, Cambridge, VCH, 1993. 
	Can be ordered by the NUL
	 

	· 
	Lectures course materials 
	 
	YES, lecturer

	2.12. Optional literature
	H.W. Blanch, D.S. Clark: Biochemical Engineering, Marcel Dekker Inc. 1997.
M. L. Shuler, F. Kargi: Biochemical Engineering - Basic Concepts (2nd edition), Prentice Hall, 2002
Moo Young, (ed).,Comprehensive Biotechnology, Pergamon Press 1985
N.W.F Kossen; N.M.G. Oosterhuis: Modelling and scale-up of bioreactors, Biotechnology1985.

HANDBOOKS:
 Perry, R.H.; Green, D.W.(Eds): Perry's Chemical Engineers' Handbook (7th Edition), © 1997 McGraw-Hill
 B. Atkinson, F. Mavituna: Biochemical Engineering and Biotechnology Handbook
 Flickinger, Michael C.(Ed.): Encyclopedia of Industrial Biotechnology, Bioprocess, Bioseparation, and Cell Technology, Volumes 1-7, . © 2010 John Wiley & Sons
Student može koristiti bilo koji sveučilišni udžbenik iz tog područja koji se koristi na tehničkim sveučilištima u USA, Kanadi ili zapadnoj Europi
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	Rokovi ispita objavljuju se i na mrežnoj stranici: http://www.pbf.unizg.hr/ispitni_rokovi 




	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_food_engineering/laboratory_for_the_biological_waste_water_treatment/tibela_landeka_dragicevic" Tibela Landeka Dragičević, PhD, Full Professor
Dijana Grgas, PhD	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Biotechnology in Environment Protection	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53625	1.10. Number of contact hours (L+E+S+e-learning)
	16 + 30 + 6 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	18
	1.5. Course type
	compulsory	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lectures and seminars in lecture halls 1, 2 and 4, exercises in the LBWWT and the LFPE	1.13. Language of instruction
	Croatian 
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The objective of the course is to introduce students to the biological processes of wastewater, soil and air treatment. Students will acquire the skills of monitoring and managing biological process of wastewater treatment, the skills required to compare different biological wastewater treatment processes, and the engineering approach in selecting and combining biological processes and process factors. Students will be used acquired skills to select processes, determine process values, and manage the processing system.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Unit Operations*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down) 
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment 
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions 
do complex jobs in microbiological and biochemical laboratories  
interpret laboratory analysis results 
present plant, research, laboratory and business results in verbal and written form, using professional terminology  
apply ethical principles, legal regulations and standards related to specific requirements of the profession 
apply ethical principles in relationships to coworkers and employer 
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	explain the possibilities of biotechnology in environmental protection
assess the impact of man and industry on the environment and how to preserve and protect the environment
explain wastewater treatment processes
be acquainted with the work of real waste water treatment systems (after visiting the devices)
adopt and discuss new findings in the field of environmental protection
implement, document and determine the efficiency of the selected wastewater treatment process
act in an ecologically educational fashion in their living and working environment
to know, understand and interpret the laws that apply in the field of environmental protection

	2.5. Course content (syllabus) 
	
Lectures and seminars by methodological units:
The role of biotechnology in environmental protection
Microorganisms in environmental protection
Wastewater treatment - division, pre-treatment and primary treatment
Biological wastewater treatment - aerobic removal of organic ingredients
Biological wastewater treatment - removal of inorganic compounds - removal of N
Biological treatment of waste water - removal of inorganic compounds - removal of P
Sludge disposal
Anaerobic removal of organic compounds
Biofilm wastewater treatment systems
Sources and control of smell, contaminated soil
Legislation in Environmental Protection
	2.6. Format of instruction:
	☒lectures
☒ seminars and workshops  
☒ exercises  
☐online in entirety
☐partial e-learning
☒ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐(other)
	2.7. Comments:

	
	
	
	
	2.8. Monitoring student work  
	Class attendance
	
	N
	Research
	
	N
	Oral exam
	Y
	

	6. 
	Experimental work
	Y
	     
	Report
	
	N
	
(other)

	
	

	7. 
	Essay
	
	N
	Seminar paper
	
	N
	(other)
	
	

	8. 
	Preliminary exam
	     
	N
	Practical work
	
	N
	(other)
	
	

	9. 
	Project
	
	N
	Written exam
	Y
	
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	Grading scale (written exam): 
< 60 % fail (1)
≥ 60 % sufficient (2)
≥ 70 % good (3)
≥ 80 % very good (4)
≥ 90 % excellent (5)
Completed exercises and seminars are prerequisites to taking the exam

	2.10. Student responsibilities
	To pass the  course, students must:
successfully do all the exercises in practical work and seminars
pass the written and oral exam 

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	5. 
	Glancer-Šoljan, M., Landeka Dragičević, T., Šoljan, V., Ban, S. (2001) Biološka obrada otpadnih voda. Internal script, 194 p., Kugler.d.o.o.
	5
	YES, Merin and web pages

	2.12. Optional literature
	Metcalf & Eddy (2003)  Wastewater Engineering: Treatment and Reuse. 4th Ed., McGraw-Hill Inc., New York, USA.
Henze, M., Harremoës, P., Jansen, J.I.C., Arvin, E. (2002) Wastewater Treatment: Biological and Chemical Processes. 3th Ed., Springer, Berlin.
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_chemistry_and_biochemistry/laboratory_for_biochemistry/vladimir_mrsa" Vladimir Mrša, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_chemistry_and_biochemistry/laboratory_for_biochemistry/branko_kozulic" Branko Kozulić, PhD
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_chemistry_and_biochemistry/laboratory_for_biochemistry/renata_teparic" Renata Teparić, PhD, Associate Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_chemistry_and_biochemistry/laboratory_for_biochemistry/igor_stuparevic" Igor Stuparević, PhD, Assistant Professor
Antonija Grbavac, PhD
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_chemistry_and_biochemistry/laboratory_for_biochemistry/mateja_lozancic" Mateja Lozančić, mag. ing.
Ana Novačić, mag. ing.	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Biochemical Analytics	1.9. Number of ECTS credits allocated
	6
	1.3. Course code
	53614	1.10. Number of contact hours (L+E+S+e-learning)
	30 + 45 + 0 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	do 5
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	lectures in P3, laboratory exercises in the LB (6th floor)	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	

Acquirement of practical knowledge and skills in using different biochemical methods for determination of concentration, integrity, and activity in following and evaluating biotechnology processes.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biochemistry 1*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	recognize problems in production, make corrective decisions 
improve the existing biotechnological production 
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions 
do complex jobs in microbiological and biochemical laboratories 
interpret laboratory analysis results 
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	
establish a system of analytical assessment of concentrations of biological macromolecules during the biotechnological production process
assay proteins, carbohydrates, nucleic acids, and lipids in different substrates by most frequently used analytical methods, with critical evaluation of each method and comprehention of their advantages and limitations
determine integrity and biological activity of macromoleculs in different substrates
apply enzyme tests for determination of concentration of individual metabolites
	2.5. Course content (syllabus) 

	Lectures: Chemical and physico-chemical assays of macromolecules: Proteins. Carbohydrates. Lipids. Nucleic acids. Assays of activity and biological effect of macromolecules. Quantitative analysis using enzymes, examples. Methods for testing
integrity of biomacromolecules. Analytical methods applicable in living cells. Cell counting.
Immunochemical methods. Quantitative analysis using polymerase chain reaction (PCR).
Strategy in following biotechnology processes by biochemical methods.
Practical courses: Different protein assays. Carbohydrate assays. Lipid assays. Nucleic
acids assays. Application of enzymic tests for quantitative analysis. RIA. ELISA.
Immunoblot. “Real-time” PCR. Implementation of biochemical analytics in biotechnology
processes.
	2.6. Format of instruction
	☒ lectures
☐ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☒ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	Y
	 

	
	Experimental work
	Y
	 
	Report
	Y
	 
	(other)
	 
	 

	
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	
	Preliminary exam
	 
	N
	Practical work
	Y
	 
	(other)
	 
	 

	
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	6

	2.9. Assessment methods and criteria
	Student assessment is carried out through a written exam. The total achievable number of points on the exam is 43. 
Grades:
23 - 27 sufficient (2) 
28 - 32 good (3)
33 - 37 very good (4)
38 - 43 excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
carry out all laboratory exercises 
pass the written exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	
	J.M. Berg, J.L. Tymoczko, L. Stryer, Biokemija, Školska knjiga, Zagreb, 2013. (parts related to course syllabus)
	15
	 

	2.12. Optional literature
	Guide to protein purification (Deutscher M.P. ured.) Methods in Ezymology 182, Academic Press Inc., San Diego, 1990.
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/ivana_radojcic_redovnikovic" Ivana Radojčić Redovniković, PhD, Full Professor
Marina Cvjetko Bubalo, PhD, Assistant Professor 	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Phytoremediation	1.9. Number of ECTS credits allocated
	3
	1.3. Course code
	66750	1.10. Number of contact hours (L+E+S+e-learning)
	20 + 0 + 15 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	15
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	-	
0 %

	1.6. Place of delivery
	P1 and P6	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The course objective is to introduce students with type of contaminants and phytomediation processes. Within the course, students will gain knowledge about the possible phyoremediation application in cleaning soil, water and air as well as the biochemical mechanism of higher plant detoxification. After completion of this module, students will be able to evaluate key parameters in designing phytoremediation process of inorganic and organic pollutants.
	2.2. Enrolment requirements and/or entry competences required for the course 
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	develop new industrial biotechnological processes and equipment
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	define types of contaminants and phytomediation processes
discuss phyoremediation application in cleaning soil, water and air 
explain the biochemical mechanism of higher plant detoxification 
describe the key parameters in designing phytoremediation process of inorganic and organic pollutants.
discuss the application of transgenic plants in phytoremediation
find and orally present scientific work in phytoremediation filed
	2.5. Course content (syllabus) 
	The fast technological development, modern agricultural practices and poor management of toxic waste have led to the accumulation of various pollutants that have a significant impact on humans and environment. The need for their removal and the introduction of more restricted ecological standards has increased the need for the use of new technologies such as phytoremediation. Phytoremediation is an environmentally friendly technology (green technology) that uses plants for the degradation, assimilation, metabolism or detoxification of various environmental pollutants. This course is designed through four methodological units: (1) Phytomediation- types of contaminants and basic principle of phytomediation processes, description of key parameters for designing phytoremediation process and system definition for phytoremediation experiments; (2) Biochemical mechanisms of detoxification in higher plants where the biochemical mechanisms of detoxification of organic and inorganic contaminants in plants will be explained; (3) Phytoremediation of inorganic and organic pollutants where key parameters will be considered in the creation of phytoremediation processes for the cleaning of inorganic and organic pollutants; (4) Transgenic plants in phytoremediation where the strategy of plants genetic transformation for the phytomediation of inorganic and organic contaminates will be considered.
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☐ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☒ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	
	N
	Research
	 
	N
	Oral exam
	 
	N

	· 
	Experimental work
	
	N
	Report
	 
	N
	(other)
	 
	 

	· 
	Essay
	
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	· 
	Preliminary exam
	
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	
	N
	Written exam
	Y
	 
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	Maximum number of points by activity type:
Seminar	paper        5	
Written exam 	30
Total                     35

Written exam
30 points in total: 
1 - 17 points – fail (1)
18 - 20 points - sufficient (2) 
21 - 24 points - good (3)
25 - 27 points - very good (4)
28 - 30 points – excellent (5)

Grading scale: 
< 60 % fail (1)
≥ 60 % sufficient (2)
≥ 70 % good (3)
≥ 80 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
attend all lectures (a maximum of two unjustified absences is allowed)
write and present a seminar paper
achieve a minimum of 18 points on the written exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	G. Kvesitadze, G. Khatisashvili, T. Sadunishvili, J. Ramsden: Biochemical Mechanisms of Detoxification in Higher Plants – Basis of Phytoremediation, Springer, New York, 2006.
	0
	YES; lecturer 

	· 
	N. Willey (Ed.): Phytoremediation. Series: Methods in Biotechnology, Vol. 23,  Humana Press, New Jersey, 2007.
	0
	YES; lecturer 

	2.12. Optional literature
	T. Macek, D. Dowling, M. Mackova (Eds.): Phytoremediation and Rhizoremediation, Springer Verlag, New York, LLC, 2006.
Singh, O. Ward (Eds.): Applied Bioremediation and Phytoremediation. Series: Soil Biology, Vol. 1., Springer, New York, 2004.
D. Tsao (Ed.): Phytoremediation, Springer, New York, 2003.
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-


	1. GENERAL INFORMATION

	1.1. Course lecturer(s)
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_biochemical_engineering_industrial_microbiology_and_malting_and_brewing_technology/bozidar_santek" Božidar Šantek, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_biochemical_engineering_industrial_microbiology_and_malting_and_brewing_technology/suncica_beluhan" Sunčica Beluhan, PhD, Associate Professor 
Mario Novak, PhD, Assistant Professor
Mladen Pavlečić, PhD, Assistant Professor	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Brewing Technology	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	39779	1.10. Number of contact hours (L+E+S+e-learning)
	24 + 15 + 9 + 0
	1.4. Study programme   
	Undergraduate university study programme Biotechnology	1.11. Expected enrolment in the course
	20 - 30
	1.5. Course type 
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
1 %

	1.6. Place of delivery
	LBEIMMBT	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	third	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The main objectives of this course are to acquire knowledge and skills for design, conduction and control of different beers production plants. Furthermore, students will also acquire knowledge and skills to design and compose the technological lines for beer production in small, middle and large scale breweries.  
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biotechnology 2
Biochemistry 1
Biochemistry 2
Microbiology
Transport Phenomena
Unit Operations
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	select and apply in practice basic biochemical engineering knowledge and skills, manage biotechnological and genetic engineering processes  
select and use laboratory equipment and appropriate computer tools 
conduct analyses and biotechnological procedures in chemical, biochemical, microbiological, molecular-genetic, process and development laboratories, and recognize and solve simple problems in these laboratories 
use typical process equipment in a biotechnological plant (production and / or pilot / research) 
manage smaller production units in industrial biotechnological systems 
recognize and analyse production problems and communicate them to their superiors and subordinates . interpret routine laboratory analyses in biotechnology 
report on laboratory, production plant and business results in verbal and written way, using specific professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession 
develop knowledge and skills which are needed to continue studies on higher levels, primarily on graduate studies of Bioprocess Engineering and Molecular Biotechnology
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	compose grist and calculate the quantity of raw materials for beer production
establish and manage the wort production from malt, adjuncts and sugar syrups
establish and manage the wort boiling and clarification processes as well as wort inoculation by yeast 
establish and manage the process of yeast propagation (anaerobic and aerobic) for beer production 
establish and manage the wort fermentation and beer maturation processes in different fermenter types 
establish and manage beer clarification and packaging in different packages (bottles, cans and kegs) 
establish and manage the high gravity brewing process as well as special beer production processes 
design and manage monitoring and control systems for beer production lines and beer quality 
design and manage systems for cleaning and disinfection of equipment and plant for beer production 
establish and manage systems for recycling and managing of by-products and waste materials from beer production 
	2.5. Course content (syllabus) 

	The content of this course is:
1. Raw materials and wort production for standard beers
L: Raw materials and wort production processes (3 h)
S: Calculation of raw materials for standard beers production (2 h)
P: Mashing and wort production (4 h)
2. Wort lautering, boiling and clarification processes 
L: Wort lautering, boiling and clarification processes (3 h)
P: Wort lautering, boiling, trub separation, aeration and wort inoculation 
    by yeast (4 h)
3. Yeast propagation processes for beer production 
L: Yeast metabolism and yeast propagation techniques for beer production 
     4 h)
S: Calculation of yeast concentration for wort fermentation process (2 h)
4. Techniques for wort fermentation and beer maceration
L: Techniques for wort fermentation and beer maceration (3 h)
P: Preparation, conduction and control of the wort fermentation and beer 
    maceration in cylinder-conical fermenters (8 h)
5. Beer clarification and packaging 
L: Beer clarification processes and beer packaging in different packages 
    (bottles, cans and kegs) - (3 h)
S: Calculation of the quantity of compounds for beer colloidal stabilization 
    and determination of beer pasteurization parameters (2 h)
6. Modern processes for standard and special beer types production 
L: Modern processes for standard and special beer types production (2 h)
S: Calculation of raw materials for special beer types production (2 h) 
7. Monitoring and control of beer production and systems for recycling 
    and managing of by-products and waste materials from beer 
    production
L: Monitoring and control of beer production and beer quality (2 h)
L: Systems for recycling and managing of by-products and waste materials 
    from beer production (2 h)
8. Processes for cleaning and disinfection of equipment and plant for 
    beer production
L : Processes for cleaning and disinfection of equipment and plant for 
     beer production (2 h)
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet  
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	Y
	 

	10. 
	Experimental work
	Y
	 
	Report
	 
	N
	(other)
	 
	 

	11. 
	Essay
	 
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	12. 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	13. 
	Project
	 
	N
	Written exam
	     
	N
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	Students must finish all practicum exercises and attend all lectures to start writing an individual seminar paper related to the syllabus.
After achieving a positive grade from the seminar paper, students take the compulsory oral exam.

	2.10. Student responsibilities
	To pass the course, students have to:
attend all lectures and finish all practicum exercises
write a seminar paper
pass the compulsory oral exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	6. 
	V. Marić Brewing technology, Veleučilište u Karlovcu, Karlovac, 2009
	5
	YES

	7. 
	D.E. Briggs, C.A. Boulton, P.A. Brookes, Brewing Science and practice, CRC Press, Boca Raton, 2004
	 
	YES

	8. 
	C.W. Bamforth, Brewing new technologies, CRC Press, Boca Raton, 2006
	 
	YES

	9. 
	H.M. Eßlinger, Handbook of brewing, processes, technology, markets, Wiley-VCH, 2009
	 
	YES

	2.12. Optional literature
	V. Marić, Biotehnologija i sirovine, SIP, Zagreb, 2000.
	2.13. Exam dates
	Exam dates are published in Studomat.  

	2.14. Other 
	-




	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_antibiotic_enzyme_probiotic_and_starter_cultures_technology/jagoda_suskovic" Jagoda Šušković, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_antibiotic_enzyme_probiotic_and_starter_cultures_technology/blazenka_kos" Blaženka Kos, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_antibiotic_enzyme_probiotic_and_starter_cultures_technology/jasna_novak" Jasna Novak, PhD, Associate Professor
Andreja Leboš Pavunc, PhD, Assistant Professor 
Martina Banić, mag. ing. biotech.
Katarina Zorić, mag. ing. biotech.	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Antibiotic Technology	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53707	1.10. Number of contact hours (L+E+S+e-learning)
	24 + 19 + 6 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	10
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lectures in lecture halls 1, 2 and 4, seminars and exercises in Small Laboratory (174) of the DBE	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	
Acquisition of knowledge and development of practical skills and competences for the implementation of biotechnological production of industrial antibiotics by different microorganisms (bacteria, fungi), as well as antibiotic isolation and purification methods and antibiotic activity determination methods.
	2.2. Enrolment requirements and/or entry competences required for the course 
	

To enrol in this course, the following courses must be completed:
Biotechnology 1*
Microbiology*
Biochemistry 1*
Biochemistry 2*
Transport Phenomena*
Unit Operations*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	
technologically manage industrial biotechnological production system
recognize problems in production, make corrective decisions
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
make technological design of biotechnology production plants
conduct technological supervision of designing, construction and testing of biotechnological production plants 
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories
interpret laboratory analysis results
present plant, research, laboratory and business results in verbal and written form, using professional terminology
apply ethical principles, legal regulations and standards related to specific requirements of the profession
apply ethical principles in relationships to coworkers and employer
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	select a method of antibiotic purification (extraction, ion exchange or precipitation) depending on the properties of the isolated antibiotic
select drying method depending on antibiotic thermostability (drying by sublimation – lyophilisation, hot air drying, spray-drying, convective and contact-drying) 
select the optimal time for antibiotic biosynthesis and to explain regulatory mechanisms of the transition from trophophase to idiophase (antibiotic biosynthesis)
select the rape pretreatment procedure regarding the physico-chemical properties of antibiotics (solubility, stability)
select cultivation conditions (pure culture of microorganisms, process sterility, cultivation temperature, cultivation pH, agitation, aeration, foam suppression, etc.) during antibiotic biosynthesis
determine antibiotic activity using chemical methods for quantitative determination of antibiotics
sketch the antibiotic biosynthesis process
compare the chemical and enzyme method of preparation of 6-aminopenicillanic acid 
compare the metabolic pathways of antibiotic biosynthesis regarding the microorganisms as producers of different antibiotics
lead the biotechnological process of inoculum preparation and oxytetracycline production
	2.5. Course content (syllabus) 

	1. Definition, nomenclature and classification of antibiotics
L: Definition, nomenclature and classification of antibiotics

2. Biotechnological process of antibiotic production
L: General principles, characteristics and main properties of antibiotic biosynthesis
E: Colorimetric method for determination of oxytetracycline. Iodometric method for determination of penicillin.

3. Biotechnological process of tetracycline antibiotics production
L: Biotechnological production of tetracycline antibiotics
S: Calculation of oxytetracycline biosynthesis and isolation procedures
E: Oxytetracycline biosynthesis by submerged cultivation of Streptomyces rimosus

4. Biotechnological processes of β-lactam antibiotics production
L: Biotechnological production of penicillin. Isolation of penicillin. Preparation of 6-aminopenicillanic acid and semisynthetic antibiotics. Biotechnological production of others β-lactam antibiotics (cephalosporins and cephamycin). Production of clavulanic acid.
S: Biotechnological production of -lactam antibiotics

5. Biotechnological processes of aminoglycoside, macrolide and peptide antibiotics production
L: Biotechnological production of aminoglycoside, macrolide and peptide antibiotics. An overview of other antibiotics: aromatic, glycopeptide, antifungal and cytostatic)
S: Biotechnological processes of aminoglycoside, macrolide and peptide antibiotics production

6. Isolation and purification of antibiotics
L: Isolation and purification of antibiotics
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	 
	N

	· 
	Experimental work
	 
	N
	Report
	Y
	 
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	A maximum of 12 points can be achieved, from which a maximum of 10 points on the written exam, one point with a seminar paper and one point with laboratory exercises. To achieve a positive grade it is necessary to:
- achieve a minimum of six points on the written exam
- achieve a minimum of 0,6 points with a seminar paper
- achieve a minimum of 0,6 points with laboratory exercises

Grading scale:
- from 0 to 60 % of total number of points: fail (1)
- from 60 to 70 % of total number of points: sufficient (2)
- from 70 to 80 % of total number of points: good (3)
- from 80 to 90 % of total number of points: very good (4)
- 90 % and more of total number of points: odličan (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work and hand in a report
write and orally present a seminar paper
pass the written exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	J. Šušković, B. Kos: Tehnologija antibiotika (internal script, lectures)
	0
	YES, Merlin

	· 
	J. Šušković, B. Kos, J. Novak, A. Leboš Pavunc: Tehnologija antibiotika, Laboratorijske exercises (internal script)
	0
	YES, Merlin

	2.12. Optional literature
	J. Šušković, B. Kos (2007): Mikrobiološke metode i antibiotici. U: Metode u molekularnoj biologiji, Ambriović Ristov, Andreja; Brozović, Anamaria; Bruvo Mađarić, Branka; Ćetković, Helena; Hranilović, Dubravka; Herak Bosnar, Maja; Katušić Hećimović, Silva; Meštrović Radan, Nevenka; Mihaljević, Snježana; Slade, Neda; Vujaklija, Dušica (ured.), Institut „Ruđer Bošković“, Zagreb, pp. 949-963.
W. R. Strohl: Biotechnology of antibiotics: Second edition, revised and expanded, Marcel Dekker, Inc. New York (1997).
E. J. Vandamme: Biotechnology of industrial antibiotics, Marcel Dekker, Inc. New York (1984).
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_food_engineering/laboratory_for_fermentation_and_yeast_technology/damir_stanzer" Damir Stanzer, PhD, Associate Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_food_engineering/laboratory_for_fermentation_and_yeast_technology/jasna_mrvcic" Jasna Mrvčić, PhD, Associate Professor
Karla Hanousek Čiča, dipl. ing.	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Technology of Alcohol and Yeast	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53705	1.10. Number of contact hours (L+E+S+e-learning)
	20 + 15 + 15 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	According to schedule	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	During education students will become familiar with technological processes in production of alcohol and yeast biomass. Besides that they will use their accomplishments (knowledge) for the running and control of industrial processes.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biotechnology 1*
Microbiology*
Biochemistry 1*
Biochemistry 2*
Transport Phenomena*
Unit Operations*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systems
recognize problems in production, make corrective decisions
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment.
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
make technological design of biotechnology production plants 
conduct technological supervision of designing, construction and testing of biotechnological production plants . 
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment 
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions 
do complex jobs in microbiological and biochemical laboratories .
interpret laboratory analysis results
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	· analyze  the principles of alcohol and baker's yeast production
· distinguish the principles of aerobic and anaerobic cultivation of yeast biomass and production of metabolites in the production of alcohol and baker’s yeast
· categorize the technological processes of production and explain the specifics related to the product, raw materials and conditions in certain technologies
· draw up basic schemes of individual processes and parts of the process (preparation of raw materials, main crop, product separation etc.)
· calculate the amount of raw material for each production and make a basic material analysis of the production process carried out
· assess the advantages and disadvantages of certain technological solutions
· to carry out individual processes on a laboratory scale, measure their basic parameters, and analyze their performance
· inspect parts of the process and basic equipment in an industrial scale

	2.5. Course content (syllabus) 
	· Principles of aerobic and anaerobic bioprocesses in the production of ethanol and baker's yeast
· Ethanol production on molasses
· Ethanol production on other substrates
· Production of baker's yeast
· Production of food and fodder yeast

	2.6. Format of instruction
	☒ lectures
☐ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☒ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	 
	N

	· 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	The written exam consists of five questions which are graded by principle: one question – five points.

Grading scale:
Points	Grade
45 - 50 	Excellent (5)
40 - 44	Very good(4)
35 - 39	Good (3)
30 - 34	Sufficient (2)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work
attend all lectures (in accordance to FFTB Statute)
achieve a minimum of 30 points on the written exam 

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	Lecture PowerPoint presentations
	0
	YES, Merlin

	· 
	Slobodan Grba: Kvasci u biotehnološkoj proizvodnji, Plejada, Zagreb, 2010.; chapters: Proizvodnja etilnog alkohola and Proizvodnja pekarskog kvasca.
	35
	 

	· 
	Vladimir Marić: Biotehnologija i sirovine, (Stručna i poslovna knjiga d.o.o, Zagreb, 2000. g.), chapters 6., 7. and  8.
	6
	 

	2.12. Optional literature
	-
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_antibiotic_enzyme_probiotic_and_starter_cultures_technology/blazenka_kos" Blaženka Kos, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_antibiotic_enzyme_probiotic_and_starter_cultures_technology/jagoda_suskovic" Jagoda Šušković, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_antibiotic_enzyme_probiotic_and_starter_cultures_technology/jasna_novak" Jasna Novak, PhD, Associate Professor
Andreja Leboš Pavunc, PhD, Assistant Professor 
Martina Banić, mag. ing. biotech.
Katarina Zorić, mag. ing. biotech.	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Enzyme Technology	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53709	1.10. Number of contact hours (L+E+S+e-learning)
	22 + 17 + 10 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	10
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lectures in lecture halls 1, 2 and 4, seminars and exercises in Small Laboratory (174) of the DBE	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	
Acquisition of knowledge and development of practical skills  for the implementation of enzyme biotechnological production at industrial large- scale using different microorganisms (bacteria, fungi), as well as procedures for the isolation, purification and immobilization of enzymes for their industrial application and methods for determining their activity.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biotechnology 1*
Microbiology*
Biochemistry 1*
Biochemistry 2*
Transport Phenomena*
Unit Operations*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production system
recognize problems in production, make corrective decisions
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
make technological design of biotechnology production plants
conduct technological supervision of designing, construction and testing of biotechnological production plants 
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories
interpret laboratory analysis results
present plant, research, laboratory and business results in verbal and written form, using professional terminology
apply ethical principles, legal regulations and standards related to specific requirements of the profession
apply ethical principles in relationships to coworkers and employer
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	critically evaluate the advantages and disadvantages of using membrane bioreactors in enzyme technology
critically evaluate the enzyme for a particular industrial application based on the kinetic parameters of the enzyme reaction
critically evaluate the most suitable processes for the enzyme immobilization that will be used for substrate conversion in biotechnological products
critically evaluate the most suitable methods of isolation and purification of extracellularly and intracellularly produced enzymes
explain the influence of the environmental factors and diffusion constraints on the immobilized enzyme kinetics
explain the influence of environmental parameters (pH, temperature and ionic strength) and substrate concentrations on the enzyme activity and enzyme stability in conditions of enzyme industrial application
evaluate the success of immobilization methods by comparing the enzyme activity of proteolytic and amilolytic enzymes before and after immobilization
perform the biosynthesis, isolation and purification of enzymes by submerged cultivation of Bacillus subtilis bacteria
sketch the scheme of biotechnological process of enzyme production by submerged and surface cultivation of working microorganism
compare advantages and disadvantages of biotechnological production of enzymes by surface cultivation of microorganism on solid substrate with respect to submerged cultivation
	2.5. Course content (syllabus) 
	1. Determination of enzyme kinetic parameters for the substrate conversion to product under conditions of enzyme industrial application
L: The history of enzyme technology development. Sources of enzymes. Selection of enzymes for industrial application: determination of kinetic parameters and influence of certain parameters on enzyme reaction rate and process productivity (substrate concentration, enzyme concentration, Km as measure of enzyme affinity for substrate, enzyme turnover number, vmax). Influence of environmental parameters (pH, temperature, ionic strength) on enzyme activity and enzyme stability in conditions of enzyme industrial application. Applied kinetics of enzyme reactions. The influence of enzyme inhibitors and activators on the rate of enzyme reaction and their application in industrial processes. 
 
2. Biotechnological production of free enzymes
L: Microbial biosynthesis of enzymes: medium, conditions, microorganisms, surface and submerged cultivation, surface cultivation methods. Enzyme isolation: general scheme, filtration, precipitation, extraction, concentration and cell disruption, chromatography, ultrafiltration and electrophoresis.
S: Biotechnological production of free enzymes for the industrial application 
E: Wohlgemuth`s method. Anson`s method. Biosynthesis of -amylase with Bacillus subtilis bacterium. Purification of active enzyme filtrate. SDS-PAGE electrophoresis of enzyme samples.

3. Biotechnological production of immobilized enzymes
L: Enzymes immobilization and stabilization. Methods of enzyme immobilization for industrial application. Application of membrane reactors in enzyme technology. Influence of environmental parameters and diffusion constraints on the immobilized enzyme kinetics.
S: Biotechnological production of free and immobilized enzymes for industrial application.
E: Immobilization of -amylase in agar. Immobilization of alkaline proteases in calcium alginate. Determination of immobilized enzyme activity.

4. Industrial application of enzymes
L: Reactors and kinetic comparisons of enzyme reactors. A review of certain industrially important enzymes: proteolytic, amylolytic, pectinolytic, cellulose, penicillin-amidase and L-aminoacylase. Application of enzymes in biotechnological, food and other industries, analytical and scientific use, biosensors. Preparation and use of genetically modified microorganisms for the production of enzymes and enzyme-protein engineering. Implementation of thermophilic enzymes and enzymes in organic solvent. Legislation on the application of industrial enzymes in food production and as food additives. 
S: Calculation of the required free/immobilized enzyme for implementation of the biocatalysis in industrial conditions. Application of enzymes in biotechnology, food and other industries.

	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	 
	N

	· 
	Experimental work
	 
	N
	Report
	Y
	 
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	A maximum of 12 points can be achieved, from which a maximum of 10 points on the written exam, one point with the seminar paper and one point with laboratory exercises. To achieve a positive grade it is necessary to:
- achieve a minimum of six points on the written exam
- achieve a minimum of 0,6 points for a seminar paper
- achieve a minimum of 0,6 points for laboratory exercises

Grading scale:
- from 0 to 60 % of total number of points: fail (1)
- from 60 to 70 % of total number of points: sufficient (2)
- from 70 to 80 % of total number of points: good (3)
- from 80 to 90 % of total number of points: very good (4)
- 90 % and more of total number of points: excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work and hand in a report
write and orally present a seminar paper
pass the written exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	J. Šušković, B. Kos: Tehnologija enzima (internal script, lectures)
	0
	YES Merlin

	· 
	J. Šušković, B. Kos: Tehnologija enzima, Laboratorijske vježbe (internal script) 
	0
	YES, Merlin

	2.12. Optional literature
	BUCHHOLZ, K., KASCHE, V., BORNSCHEUER U.T. (2012): Biocatalysts and Enzyme Technology, 2nd ed., John Wiley & Sons, Weinheim 
CHAPLIN M.F. and BUCKE C. (2014) Enzyme Technology, Cambridgge University Press, Cambridge, New York, Sydney (obnovljena i nadopunjena verzija dostupna je na: http://www1.lsbu.ac.uk/water/enztech/) 
AEHLE, W. (2007): Enzymes in Industry: Production and Application, WileyVCH Verlag GmbH & Co.KGaA, Weinheim 
GODFREY T. and WEST S. (1996) Industrial Enzymology, Macmillan Press Ltd, London 
NAGODAWITHANA T. and REED G. (1996) Enzymes In Food Processing, Academic Press Inc., San Diego, New York, Boston, London 
WANG D.I.C., COONEY C.L., DEMAIN A.L., DUNNILL P., HUMPHREY A.E. and LILLY M.D. (1979) Fermentation and Enzyme Technology, John Wiley And Sons, New York 
LASKIN A.I. (1985) Enzymes and Immobilized Cells in Biotehnology, The Benjamin/Cummings Publishing Co.Inc., London 
Enzyme Nomenclature. Recommendations on Biochemical & Organic Nomenclature, Symbols & Terminology etc. (http://www.chem.qmul.ac.uk/iubmb/enzymes)
A database for 3-D structures of proteins/enzymes and cofactors important for structure and function (http://biocem.ucl.ac.uk/bsm/cath)
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/visnja_gaurina_srcek" Višnja Gaurina Srček, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/ivana_radojcic_redovnikovic" Ivana Radojčić Redovniković, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/igor_slivac" Igor Slivac, PhD, Associate Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_cell_technology_application_and_biotransformations/kristina_radosevic" Kristina Radošević, PhD, Assistant Professor
Marina Cvjetko Bubalo, PhD, Assistant Professor	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Technology of Vitamins and Hormones	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53713	1.10. Number of contact hours (L+E+S+e-learning)
	20 + 20 + 10 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lectures in FFTB lecture halls, seminars and exercises in LCTAB	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The course objective is acquisition of classification, nomenclature, chemical composition and role of vitamins and hormones in the organism.  Special emphasize will be on water- and fat- soluble vitamins, their properties and production technology. Also, students will be familiar with the importance of production and purification of steroid and peptide hormones. Through practical work, students will be introduced to methods of synthesis and isolation of selected vitamins and hormones.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biotechnology 1*
Microbiology*
Biochemistry 1*
Biochemistry 2*
Transport Phenomena*
Unit Operations*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories 
present plant, research, laboratory and business results in verbal and written form, using professional terminology  
apply ethical principles, legal regulations and standards related to specific requirements of the profession 
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	define the role of vitamins and hormones in organism
compare chemical and biotechnological processes of vitamine production 
explain and compare processes of steroid and peptide hormones
discuss new areas of vitamines and hormones application (rDNA technology)
calculate the mass balance and yield during the synthesis, isolation and quantitative determination of vitamins and hormones
	2.5. Course content (syllabus) 
	Vitamins- definition, classification, nomenclature, chemical composition and role in the organism. 
Water soluble vitamins-B-vitamins, vitamin C. Structure, properties  and industrial production.
Fat soluble vitamins- vitamins A,D, E i K. Stucture, properties and industrial production 
Mass balance, quantification and yield of vitamine sinthesys process (from raw material to product) 
Hormones- definition, classification, nomenclature, chemical composition and role in the organism
Steroid hormones- androgens, estrogens, progestogens and corticosteroids. Raw materials and production. Derivates of steroid hormones and application as anabolics.
Polipeptide hormones. Insulin. Insulin production by E. coli i S. cerevisiae. Growth hormone and production-isolation from natural sources and rDNA process by E. coli. 
Erythropoietin-production. Gonadotropic hormones and production. Purification processes of rDNA hormones. 
Plant hormones-role, chemical composition and role in plants. 
Application of anabolics in humans and animals-specific examples 
Production of GM plants with increase vitamine content 
r Growth hormone in milk production
	2.6. Format of instruction:
	☒ lectures
☒ seminars and workshops  
☒ exercises 
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	 
	N

	· 
	Experimental work
	 
	N
	Report
	Y
	 
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	Assessment is made through a written exam consisting of 10 questions (which include lecture, exercises and seminars content) graded with 0, 1, 2, 3 or 4 points. The maximum number of points in 30. 

Grading scale: 
< 60 % fail (1)
≥ 60 % sufficient (2)
≥ 70 % good (3)
≥ 80 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
attend lectures and seminars (a maximum of 2 absences is allowed)
participate in exercises and hand in an exercises report
achieve a minimum of 18 points on the written exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	Z. Kniewald: Vitamini i hormoni: proizvodnja i primjena (univ. textbook), Hrv. Sveuč. Naklada, Zagreb, 1993.
	2
	 

	· 
	Z. Kniewald (ur.): Priručnik za pripravu i izolaciju biološki djelatnih supstancija, (univ. textbook), Alfej d.o.o., Zagreb, 2000.
	0
	YES; laboratory

	2.12. Optional literature
	G.F. Combs Jr.: The vitamins, Fundamental Aspects in Nutrition and Health (3th Edition), Academic Press, Inc., UK, 2008.
G. Walsh: Pharmaceutical biotechnology:concepts and applications. John Wiley & Sons Ltd, Chichester, 2007.
R.B. Rucker, J. Zempleni, J.W. Suttie, D.B. McCormick (Eds): Handbook of Vitamins, Fourth Edition (CLINICAL NUTRITION IN HEALTH AND DISEASE), Taylor & FrancisGroup, UK, 2007.
Kirk-Othmer: Encyclopedia of Chemical Technology, John Wiley and Sons, Inc., New Jersey, 2006.
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-








	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_biochemical_engineering_industrial_microbiology_and_malting_and_brewing_technology/vesna_zechner_krpan" Vesna Zechner Krpan, PhD, Full Professor
Vlatka Petravić Tominac, PhD, Associate Professor	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Biotechnological Aspects of Wine Production	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53627	1.10. Number of contact hours (L+E+S+e-learning)
	24 + 24 + 0 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	15
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	2.	
0 %

	1.6. Place of delivery
	Lectures in P5; exercises in the DBE; field work – winery visit 	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	

	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biotechnology 1*
Microbiology*
Biochemistry 1*
Biochemistry 2*
Transport Phenomena*
Unit Operations*
*if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systems
recognize problems in production, make corrective decisions 
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment 
make technological design of biotechnology production plants 
conduct technological supervision of designing, construction and testing of biotechnological production plants  
do complex jobs in microbiological and biochemical laboratories . 
interpret laboratory analysis results 
present plant, research, laboratory and business results in verbal and written form, using professional terminology  
apply ethical principles, legal regulations and standards related to specific requirements of the profession 
apply ethical principles in relationships to coworkers and employer 
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	establish and supervise the technological process of directed wine fermentations (slow or cold fermentation, fermentation above four, slow or continuous fermentation)
develop re-fermentation in case when fermentation stops and control the same
use and select inoculation yeasts and establish and maintain the technological process for producing sherry wine
prepare the technological process of port wine production and apply technological procedures for long-term aging in barrels
set up and perform the process of sparkling production by classical or traditional method, Charmat method and transfer procedure
organize the production process of fruit wines and apply starter culture of yeast and malolactic bacteria during production
apply microfermentation as a method of selection of enological yeasts
conduct a process of inoculated malolactic fermentation (MLF), and apply MLF speed monitoring methods, analysis and treatments to be performed upon completion of fermentation
compare and critically judge spontaneous MLF.
use commercial enzyme kits for the analyses of the must and wine
conduct exploitation of by-products of the wine industry
apply enzymes when processing the by-products of the wine industry
	2.5. Course content (syllabus) 

	Sparkling wine production; Dessert wine production; Archive wine production; Predicate wine production; Fruit wine production ; Technology for the production of strong alcoholic beverages from winery by-products; Re-fermentation; Importance of microbiological control in wine making; Wine yeasts; The phases of alcoholic fermentation in wine production; Malolactic fermentation; Application of enzymes in wine making; Utilization of wine industry by-products.

	2.6. Format of instruction
	☒ lectures
☐ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☒ field work
	☒ independent assignments  
☐ multimedia and the internet   
☒ laboratory
☐ work with mentor
☐ (ostalo upisati)  
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	Y
	 

	· 
	Experimental work
	 
	N
	Report
	Y
	 
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	Y
	 
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	Assessment is carried out after classes and practical work in the form of a written and oral exam. After the practical work students are obligated to hand in a report.

Maximum number of points by activity type:
Written exam               35
Oral exam                     65   		
Total                             100

Grading scale: 
< 60 % fail (1)
≥ 60 % sufficient (2)
≥ 70 % good (3)
≥ 80 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
do the practical work
hand in the practical work report 
attend lectures (a maximum of three absences is allowed)
achieve a minimum of 60 points on the written and oral exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	Carrascosa A.V., Munoz R., Gonzalez R. (2011) Molecular Wine Microbiology, Eds., Academic Press, Elsevier Inc. Amsterdam, Netherland.
	 
	YES; web page

	· 
	Ribereau-Gayon, Y.G., Dubourdieu D., Don Eche B., Lonvaud A. (2006) Handbook of Enology, Vol. 1. The Microbiology of Wine and Vinification, 2nd Edition. John Wiley&Sons Ltd. Chichester, West Sussex, England.
	 
	YES; web page

	· 
	Ribereau-Gayon, Y.G., Maujean A., Dubourdieu D. (2006) Handbook of Enology, Vol. 2, The Chemistry of Wine Stabilization and Treatments 2nd Edition. John Wiley&Sons Ltd. Chichester, West Sussex, England. 
	 
	YES; web page

	· 
	Hornsey I. (2007) The Chemistry and Biology of Winemaking. RSC Publishing, Cambridge UK.
	 
	YES; web page

	2.12. Optional literature
	Boulton, R.B., Singleton, V.L., Bisson, L.F., Kunkee, R.E. (1996) Principles and practices of winemaking. Chapman & Hall, International Thomson Publishing, New York, USA.  
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-




	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_biochemical_engineering_industrial_microbiology_and_malting_and_brewing_technology/bozidar_santek" Božidar Šantek, PhD, Full Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_antibiotic_enzyme_probiotic_and_starter_cultures_technology/blazenka_kos" Blaženka Kos, PhD, Full Professor
Mirela Ivančić Šantek, PhD, Associate Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Bioprocess Design	1.9. Number of ECTS credits allocated
	4
	1.3. Course code
	53694	1.10. Number of contact hours (L+E+S+e-learning)
	16 + 0 + 36 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20 - 30
	1.5. Course type
	compulsory	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
1 %

	1.6. Place of delivery
	LBEIMMBT	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	
The main objectives of this course are to acquire knowledge and skills for preparation of main technological projects for construction of different biotechnological plants.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Biochemical engineering and bioprocess techniques
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systems 
recognize problems in production, make corrective decisions 
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
make technological design of biotechnology production plants 
conduct technological supervision of designing, construction and testing of biotechnological production plants 
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories  interpret laboratory analysis results 
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	propose macro- and micro-location and create the production program for particular biotechnological plant 
create technological scheme for particular biotechnological plant 
propose and calculate the capacity of each device (machine), division or the whole biotechnological plant
establish and solve mass and energy balance for particular device, division or the whole biotechnological plant 
calculate required technological area for particular device, division or the whole biotechnological plant 
create and calculate transport line for raw materials, products and by-products of particular biotechnological plant 
create and calculate storage devices for raw materials, fuels and products for particular biotechnological plant 
create layout of equipment in biotechnological plant and propose the type of construction for particular biotechnological plant 
create specification for equipment and employment (man power) for particular biotechnological plant
create the system for environment protection for particular biotechnological plant
	2.5. Course content (syllabus) 
	The content of this course is:
1. Division and types of technological projects
L: Introduction, division and types of technological projects (2 h)
2. Techniques for preparation and basic characteristics of technological 
    projects 
L: Techniques for project preparation and basic characteristics of main 
    technological projects for construction of biotechnological plant (4 h)
3. Set-up and calculation of the capacity of equipment and the whole 
    biotechnological plant 
L: Set-up and calculation of the capacity of equipment and the whole 
    biotechnological plant (3 h)
S: Calculation of the capacity of equipment and the whole plant for beer, 
    antibiotics, vinegar and biogas production (5 h)
4. Mass and energy balance of biotechnological plant 
L: Mass and energy balance of biotechnological plant (2 h)
S: Mass and energy balance of biotechnological plant for beer, antibiotics, 
   vinegar and biogas production (5 h)
5. Technological and storage areas, transport systems and layout of 
    biotechnological plant
L: Technological and storage areas, transport systems and layout of 
    biotechnological plant (2 h)
S: Calculation of technological areas, selection and calculation of storage 
    devices and transport systems as well as preparation and creation of 
    layout for biotechnological plant for beer, antibiotics, vinegar and biogas 
    production (5 h)
6. Specification of equipment and man power as well as the study of the 
    impact of biotechnological plant on the environment 
L: Specification of equipment and man power as well as the study of the 
    impact of biotechnological plant on the environment (3 h)
S: Creation of equipment and man power specification for beer, antibiotics, 
    vinegar and biogas production as well as systems for managing of 
    by-products from these production (5 h)
7. Preparation of individual project for particular biotechnological plant 
S: Creation of individual technological project for particular biotechnological
    plant (16 h)
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☐ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☒ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	Y
	 

	14. 
	Experimental work
	     
	N
	Report
	 
	N
	(other)
	 
	 

	15. 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	16. 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	17. 
	Project
	Y
	  
	Written exam
	Y
	 
	ECTS credits (total)
	4

	2.9. Assessment methods and criteria
	Students must attend all lectures and finish all practicum excercises and seminars in order to take the mandatory written exam. After passing the written exam, students take the oral exam.

	2.10. Student responsibilities
	To pass the course, students have to:
attend all lectures and finish all practicum excercises and seminars
pass the compulsory written and oral exam 

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	10. 
	Kraljević J. (1999) Project tehnološkog procesa, Poslovna analiza i upravljanje, Zagreb
	     
	YES

	11. 
	Fiolić V. (1975) Organizacija i vođenje industrijskog Projecta Kem. ind., 14, (10), 553-558.
	 
	YES

	12. 
	Lundell R. and Laiho P. (1976) Engineering of Fermentation Plants, Part 1. Design Aspects, Process Biochemistry 11 (3), 13.
	 
	YES

	13. 
	Vavra I. i Petrov Lj. Osnovi Projectiranja, TF, Novi Sad, 1975
	 
	YES

	14. 
	H. Petersen, Pivara i njena oprema, Jug. udruženje pivara Beograd, 1996
	     
	YES

	2.12. Optional literature
	-
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/laboratory_for_biochemical_engineering_industrial_microbiology_and_malting_and_brewing_technology/mirela_ivancic_santek" Mirela Ivančić Šantek, PhD, Associate Professor
Božidar Šantek, PhD, Full Professor
Tonči Rezić, PhD, Associate Professor 	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Isolation and Purification of Biotechnology Products	1.9. Number of ECTS credits allocated
	6
	1.3. Course code
	53650	1.10. Number of contact hours (L+E+S+e-learning)
	30 + 15 + 30 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20 - 30
	1.5. Course type
	compulsory	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
1 %

	1.6. Place of delivery
	LBEIMMBT	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The main objectives of this course are to acquire knowledge and skills for design, conduction and control of different process for isolation and purification of biotechnological products. Furthermore, students will also acquire knowledge and skills to design and compose the technological lines for isolation and purification of different biotechnological products.
	2.2. Enrolment requirements and/or entry competences required for the course 
	To enrol in this course, the following courses must be completed:
Principles of Engineering*
Transport Phenomena*
 *if students have to complete this course as part of the Prerequisite year/semester
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systems 
recognize problems in production, make corrective decisions 
improve the existing biotechnological production 
develop new industrial biotechnological processes and equipment
convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
make technological design of biotechnology production plants 
conduct technological supervision of designing, construction and testing of biotechnological production plants 
identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories  interpret laboratory analysis results 
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
apply ethical principles, legal regulations and standards related to specific requirements of the profession
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	calculate parameters for separation of suspended particles (sedimentation, flocculation and flotation) from cultivation media 
establish and manage flocculation and flotation process of different biotechnological products
propose and manage adequate technique for microbial cells disruption 
establish and manage the extraction process of different biotechnological products 
establish and manage the adsorption and chromatographic processes of different biotechnological products
establish and manage the distillation process of different low volatile biotechnological products
establish and manage the crystallization and drying processes of different biotechnological products
establish and manage the different membrane processes for separation of biotechnological products
establish and manage the electrophoresis and electro-dialysis processes of different biotechnological products 
manage the validation and registration procedures for different biotechnological products 
	2.5. Course content (syllabus) 
	The content of this course is:
1. Processes for separation of suspended particles from cultivation media
L: Processes for separation of suspended particles from cultivation media: 
    sedimentation, coagulation, flocculation and flotation (4 h)
S: Calculation of the process for separation of suspended particles (4 h)
2. Techniques for microbial cells disruption 
L: Techniques for microbial cells disruption (2 h)
S: Calculation of different techniques for microbial cells disruption (2 h)
3. Two phase extraction processes 
L: Two phase extraction processes 
S: Calculation of the two phase extraction process (4 h)
P: Liquid – solid extraction process (5 h)
4. Adsorption
L: Adsorption (2 h)
S: Calculation of the adsorption process in columns with fixed and mixed 
    adsorbent layer (2 h)
5. Distillation 
L: Distillation (2 h)
S: Calculation of the distillation process (2 h)
P: Distillation of multi-components liquid mixtures (5 h)
6. Membrane techniques for separation of biotechnological products 
L: Membrane techniques for separation of biotechnological products (4 h)
S: Calculation of micro-, ultra- and nano-filtration processes as well as 
    reverse osmosis (4 h)
7. Membrane techniques for gas and low volatile compounds separation
L: Membrane techniques for gas and low volatile compounds separation (2 h)
S: Calculation of membrane systems for separation of gasses and low volatile
    compounds (2 h)
8. Chromatography in industrial scale
L: Chromatography in industrial scale (2 h)
S: Calculation of industrial chromatographic systems (2 h)
9. Electro-dialysis
L: Electro-dialysis process (2 h)
S: Calculation of electro-dialysis processes (2 h)
10. Drying as a final phase of biotechnological products purification 
L: Drying as a final stage of separation process – crystals, biopolymers, 
    proteins and microbial biomass (2 h)
S: Calculation of crystals, biopolymers, proteins and microbial biomass 
   drying process (4 h)
P: Drying process of crystals, biopolymers, proteins and microbial biomass 
    (5 h)
11. Crystallization as a final phase of biotechnological products 
      purification
L: Crystallization process and types of crystallizers (2 h)
S: Calculation of crystallizers with heating or cooling systems (2 h)
12. Validation and registration procedures in pharmaceutical industry 
L: Validation and registration procedures in pharmaceutical industry (2 h)
	2.6. Format of instruction:
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	Y
	 

	18. 
	Experimental work
	Y
	 
	Report
	 
	N
	(other)
	 
	 

	19. 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	20. 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	21. 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	6

	2.9. Assessment methods and criteria
	Students must attend all lectures and finish all practicum exercises and seminars in order to take the mandatory written exam. After passing the written exam, students take the oral exam.

	2.10. Student responsibilities
	To pass the course, students have to:
attend all lectures and finish all practicum exercises and seminars 
pass the compulsory written and oral exam 

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	15. 
	M. L. Shuler, F. Kargi, Biochemical Engineering - Basic Concepts (2nd edition), Prentice Hall, 2002
	     
	YES

	16. 
	V. Marić i B. Šantek, Biochemical engeneering, Golden Marketing - Tehnička knjiga, Zagreb, 2009
	 
	YES

	17. 
	W. K. Wang, Membrane separations in biotechnology, 2nd ed., Marcel Dekker Inc, New York –Basel, 2001
	 
	YES

	18. 
	A.K. Pabby, S.S.H. Rizvi. A.M. Sastre, Handbook of Membrane Separations; Chemical, Pharmaceutical, Food, and Biotechnological Applications, CRC Press, Boca Raton, 2009
	 
	     

	2.12. Optional literature
	-
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_chemistry_and_biochemistry/laboratory_for_organic_chemistry/lidija_barisic" Lidija Barišić, PhD, Associate Professor
Veronika Kovač, PhD, Assistant Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	The Fundamentals of Bioorganometallic Chemistry	1.9. Number of ECTS credits allocated
	2
	1.3. Course code
	53305	1.10. Number of contact hours (L+E+S+e-learning)
	15 + 23 + 0 +0 
	1.4. Study programme  
	Graduate University Study Programme Food Engineering, Graduate University Study Programme Food Safety Management,  Graduate University Study Programme Bioprocess Engineering
	1.11. Expected enrolment in the course
	Broj studenata
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	-	
0 %

	1.6. Place of delivery
	Lectures in lecture hall 2 or 4, exercises in the LOC	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The course objective is to introduce students about the possibilities for application of bioorganometallic compounds in pharmacology, biotechnology and related disciplines.
	2.2. Enrolment requirements and/or entry competences required for the course 
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	
Graduate University Study Programme Food Engineering
understand basic principles of research work
understand the importance of environment protection and know the systems and methods of environment protection 
do highly-complex jobs in microbiological, physical and chemical control and development laboratories of food industry 
manage or work in an interdisciplinary team, which conceptualizes and conducts experiments in the field of food technology
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement

Graduate University Study Programme Food Safety Management
convey their knowledge and conclusions to both professionals and the general public, in a clear and well-reasoned manner 
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement 

Graduate University Study Programme Bioprocess Engineering
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	describe the structural and functional role of metal ions in biological systems
analyse the advantages of application of bioorganometallics [conjugates of organometallics and biomolecules (DNA, carbohydrates, steroids, amino acids, peptides)] in cancer and infectious disease treatment, bioanalysis, molecular recognition, enzyme catalysis and toxicology
designing and synthesizing of electroactive and bioactive organometallic conjugates
evaluate the potential pharmacological and biotechnological application of bioorganometallics
	2.5. Course content (syllabus) 
	· An introduction to the bioorganometallic chemistry.
· Conjugates of organometallic compounds and biomolecules.
· The role of bioorganometallic compounds in metalo-immunoassays.
· Organometallic compounds as indicators of DNA hybridization.
· Metalloenzymes,
· Metal pro-drugs.

	2.6. Format of instruction
	⊠ lectures
☐ seminars and workshops  
⊠ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
⊠ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	 
	N

	22. 
	Experimental work
	Y
	 
	Report
	Y
	 
	Seminarsko izlaganje uz PowerPoint prezentaciju
	Y
	 

	23. 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	24. 
	Preliminary exam
	 
	N
	Practical work
	Y
	 
	(other)
	 
	 

	25. 
	Project
	 
	N
	Written exam
	 
	N
	ECTS credits (total)
	2

	2.9. Assessment methods and criteria
	Maximum number of points by activity type:
Exercises (practical work)                                             10
        20

Grading scale:
< 60 % fail (1)
≥ 60 % sufficient (2)
≥ 70 % good (3)
≥ 80 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work
attend lectures and seminars (a maximum of one unjustified absence is allowed)
achieve a minimum of six points with exercises
achieve a minimum of 12 points for the seminar paper presentation
achieve a minimum of 18 points in total

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	19. 
	G. Jaouen (Editor), Bioorganometallics: Biomolecules, Labeling, Medicine, John Wiley & Sons, Weinheim, 2006.
	     
	     

	2.12. Optional literature
	
G. Jaouen and M. Salmain (Editors), Bioorganometallic Chemistry. Applications in Drug Discovery, Biocatalysis, and Imaging, Wiley-VCH Verlag GmbH & Co. KGaA, Boschstr. 12, 69469 Weinheim, Germany,  2015
G. Simonneaux (Editor), Bioorganometallic Chemistry (Topics in Organometallic Chemistry), Springer-Verlag Berlin Heidelberg, 2006.
P. Štepnička (Editor), Ferrocenes: Ligands, Materials and Biomolecules, John Wiley & Sons, Chichester, 2008.
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_chemistry_and_biochemistry/laboratory_for_organic_chemistry/senka_djakovic" Senka Djaković, PhD, Associate Professor
Jasmina Lapić, PhD, Assistant Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Lipase-Catalysed Preparation of Chiral Compounds	1.9. Number of ECTS credits allocated
	3
	1.3. Course code
	53303	1.10. Number of contact hours (L+E+S+e-learning)
	15 + 20 + 4 + 0
	1.4. Study programme  
	Graduate university study programme Food Engineering	1.11. Expected enrolment in the course
	1
	1.5. Course type
	optional B	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	-
0 %

	1.6. Place of delivery
	Lectures, Seminars and Laboratory exercises in the LOC	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Acquisition of fundamental knowledge and skills, as well as the ability to solve obtaining biologically active compounds important in the pharmaceutical, biotechnology, food industry, agriculture.
	2.2. Enrolment requirements and/or entry competences required for the course
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes
	Graduate University Study Programme Food Engineering
recognize the importance of all segments of food production (raw material features, technology applied, production and packaging conditions , effect of processing and preservation on chemical composition of food products, potential effects of packaging, quality assurance)
understand basic principles of research work
do highly-complex jobs in microbiological, physical and chemical control and development laboratories of food industry 
conduct scientific research in the field of food
manage or work in an interdisciplinary team, which conceptualizes and conducts experiments in the field of food technology

Graduate University Study Programme Molecular Biotechnology
use equipment and instruments in chemical, biochemical, microbiological and molecular-genetic laboratories .
recognize, analyse and eliminate common problems which occur during experimental work in microbiological, biochemical, and molecular-genetic laboratories 
participate actively in scientific paper discussion from the field of molecular biotechnology and related sciences

Graduate University Study Programme Food Safety Management
do complex food analyses in microbiological and physical-chemical control and research laboratories;
independently study and interpret results, and make conclusions and solutions
manage or participate in interdisciplinary teams, which create or implement new methods with the aim of improving food safety and quality system from field to table

Graduate University Study Programme Bioprocess Engineering
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
do complex jobs in microbiological and biochemical laboratories .
interpret laboratory analysis results
present plant, research, laboratory and business results in verbal and written form, using professional terminology 
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes)
	distinguish and list the terms of stereochemistry (stereoselectivity, stereospecificity, kinetic resolution, etc.)
describe and analyze the enzyme / lipase selectivity of the substrate
select and compare biotransformation reactions under different conditions
perform stereoselective reactions, and argue and summarize the obtained results
adapt and solve the set requirements for the synthesis of chiral compounds 
	2.5. Course content (syllabus)
	Introductory overview of basic concepts in the field of stereochemistry
Methods of separation of racemates
Lipase (microbes and fungal)
Application of optically pure compounds in stereoselective synthesis
Chiral syntones in the synthesis of biologically active or industrially important compounds
Calculation of enantiomeric and diastereomeric excess.
Determination of parameters of efficiency chiral columns for HPLC and GC
Preparation of optically pure alcohols and diols from prochiral or meso or racemic starting compounds
Preparation of optically active polyhydroxy compounds.
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☒ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	Izvođenje nastave ovisi o broju upisanih studenata
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	Y
	 

	2. 
	Experimental work
	Y
	 
	Report
	Y
	 
	(other)
	 
	 

	3. 
	Essay
	 
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	4. 
	Preliminary exam
	Y
	 
	Practical work
	Y
	 
	(other)
	 
	 

	5. 
	Project
	 
	N
	Written exam
	 
	N
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	The maximum number of points is 60: 
Oral exam: 50 points
Laboratory exercises: 10 points.
Grading scale:
< 36 points - fail
37 - 42 points - sufficient
43 - 48 points - good
49 - 54 points – very good
55 - 60 points - excellent

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work and pass the final preliminary exam
attend lectures and seminars (a maximum of one unjustified absence is allowed)
achieve a minimum of 30 points on the written exam
achieve a minimum of six points with exercises
achieve a minimum of 36 points in total

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	20. 
	M. Nógrádi, Stereochemistry, Akadémiai Kiadó, Budapest, 1981.; 
	0
	Laboratory for Organic Chemistry 

	21. 
	L. Poppe, L Novák, Selective Biocatalysis, Wiley-VCH, Weinheim, New York, Cambridge, Basel, 1992.; 
	0
	Laboratory for Organic Chemistry 

	22. 
	K. Faber, Biotransformations in Organic Chemistry, Springer-Verlag Berlin Heidelberg New York, 1997.; 
	0
	Laboratory for Organic Chemistry 

	2.12. Optional literature
	K. Drauz, H. Waldmann, Enzyme Catalysis in Organic Synthesis, Wiley-VCH, Weinheim, New York, Cambridge, Tokyo, 1995.
U. T. Bornscheuer, R. J. Kazalauskas, Hydrolases in Organic Synthesis, Wiley-VCH, Weinheim, New York, Chichester, Brisbone, Singapore, Toronto, 1999.
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_chemistry_and_biochemistry/laboratory_for_organic_chemistry/lidija_barisic" Lidija Barišić, PhD, Associate Professor
Monika Kovačević, PhD	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Peptidomimetics and Pseudopeptides	1.9. Number of ECTS credits allocated
	3
	1.3. Course code
	53304	1.10. Number of contact hours (L+E+S+e-learning)
	15 + 20 + 4 + 0
	1.4. Study programme  
	Graduate university study programme Molecular Biotechnology, Graduate University Study Programme Food Engineering, Graduate University Study Programme Food Safety Management, Graduate University Study Programme Bioprocess Engineering
	1.11. Expected enrolment in the course
	12
	1.5. Course type
	optional B	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	-	
0 %

	1.6. Place of delivery
	Lectures in lecture hall 2 or 4, exercises in the LOC	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The course objective is to introduce students about the possibilities to overcome the limitations of the natural peptides (their flexibility enables the interactions with different receptors leading to the undesired side effects, they are subjected to the proteolytic activity of the peptidases in gastrointestinal tract and serum, the high molecular mass and polarity hinder the transport through cell membrane and blood-brain barrier) by using their synthetic mimetics.
	2.2. Enrolment requirements and/or entry competences required for the course 
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	Graduate University Study Programme Food Engineering
understand basic principles of research work
conceptualize and carry out production of new products
do highly-complex jobs in microbiological, physical and chemical control and development laboratories of food industry 
manage or work in an interdisciplinary team, which conceptualizes and conducts experiments in the field of food technology
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement

Graduate University Study Programme Molecular Biotechnology
participate in biomedical and related biomolecular researches on account of basic knowledge of molecular and cellular biology and genetics, bioinformatics, immunology and human physiology 
use equipment and instruments in chemical, biochemical, microbiological and molecular-genetic laboratories 
use scientific literature in English, and present the existing results to experts and laymen, and convey their knowledge and skills to their peers
present, valorize and popularize modern accomplishments and courses of development of molecular biotechnology
participate actively in scientific paper discussion from the field of molecular biotechnology and related sciences
act in accordance with ethical principles and acquire new knowledge and skills, as a part of lifelong learning and profession promotion, including PhD studies in molecular biotechnology and other bio-sciences 

Graduate University Study Programme Food Safety Management
convey their knowledge and conclusions to both professionals and the general public, in a clear and well-reasoned manner 
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement

Graduate University Study Programme Bioprocess Engineering
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	analyse and argue how to overcome the disadvantages of the natural peptides (proteolytic instability, polarity, conformational freedom) by using adequately designed mimetics
analyse and identify peptide and non-peptide structures that mimic the secondary structural element (helix, sheet or turn) involved in molecular recognition
design and synthesis of ferrocene peptides as potential mimetics of peptide secondary structural elements
perform the conformational analysis of ferrocene peptidomimetics in solution by using standard spectroscopic techniques (IR, NMR and CD) with the aim to define their secondary structure
predict and evaluate the potential pharmacological and biotechnological application of peptidomimetics.
	2.5. Course content (syllabus) 
	Natural peptides: the role and structure.
Mimetics of alpha-helix.
Mimetics of turn.
Mimetics of beta-sheet.
Ferrocene peptidomimetics.
Carbohydrate peptidomimetics. Petidomimetics as artificial sweeteners.
Structure and function of natural peptide mimetics (hormones, N-acetylglucosamine, apolipoproteins, etc)
Conformational analysis in solution by using the spectroscopic techniques (IR, NMR and CD spectroscopy).
	2.6. Format of instruction
	⊠ lectures
⊠ seminars and workshops  
⊠ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
⊠ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	 
	N

	26. 
	Experimental work
	Y
	 
	Report
	Y
	 
	Seminarsko izlaganje uz PowerPoint prezentaciju
	Y
	 

	27. 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	28. 
	Preliminary exam
	 
	N
	Practical work
	Y
	 
	(other)
	 
	 

	29. 
	Project
	 
	N
	Written exam
	 
	N
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	Maximum number of points by activity type:
Exercises (practical work)                                                   10
             20

Grading scale:
< 60 % fail (1)
≥ 60 % sufficient (2)
≥ 70 % good (3)
≥ 80 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work
attend lectures and seminars (a maximum of one unjustified absence is allowed)
achieve a minimum of six points with exercises
achieve a minimum of 12 points for the seminar paper presentation
achieve a minimum of 18 points in total

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	23. 
	     
	     
	     

	2.12. Optional literature
	Trabocchi, A. Guarna, Peptidomimetics in Organic and Medicinal Chemistry: The Art of Transforming Peptides in Drugs, 2014 John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, United Kingdom.
E. Ko, Ji.Liu, K. Burgess, Minimalist and universal peptidomimetics, Chemical Society Reviews 2011, 40, 4411–4421.
L. Gentilucci, A. Tolomelli, F. Squassabia, Peptides and Peptidomimetics in Medicine, Surgery and Biotechnology, Current Medicinal Chemistry 2006, 13, 2449-2466.
A. Grauer, B. König, Peptidomimetics – A Versatile Route to Biologically Active Compounds, European Journal of Organic Chemistry 2009, 5099–5111.
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_food_engineering/laboratory_for_the_biological_waste_water_treatment/tibela_landeka_dragicevic" Tibela Landeka Dragičević, PhD, Full Professor
Dijana Grgas, PhD	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Biodegradation of Organic Compunds	1.9. Number of ECTS credits allocated
	3
	1.3. Course code
	53747	1.10. Number of contact hours (L+E+S+e-learning)
	20 + 7 + 8 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	33
	1.5. Course type
	optional A	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lectures and seminars in P1, exercises in the LBWWT	1.13. Language of instruction
	Croatian 
	1.7. Year of study when the course is delivered
	first	1.14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The course objective is to introduce students with microbial degradation of organic compounds, selecting/defining process factors, microorganisms, the origin and effect of organic compounds on the environment, and the stability and resistance to microbial degradation. Students will gain insight into the microbial degradation of readily and slowly biodegradable or non-biodegradable organic compounds (recalcitrant compounds), such as biodegradation of xenobiotics, dyes, sludge, bio-waste, wastewater. They will acquire work skills in the field of microbial ecology and process equipment work. The adopted skills will be able to apply in the preparation of microbial culture to break down the target compound and run the selected degradation process.
	2.2. Enrolment requirements and/or entry competences required for the course 
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	Doprinos ishodima učenja programa
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	· learn about aerobic and anaerobic degradation of organic compounds
· learn about the role and possibilities of microorganisms in the degradation of organic compounds
· acquire engineering knowledge of the previously applied microbial degradation processes of organic compounds
· learn / know how to dispose of waste material
· learn about the importance of sorting waste materials, separating organic waste
· know and be able to practically apply composting knowledge, compost biodegradable materials from households
· to know the laws that apply in the field of environmental protection
· adopt and discuss new findings in the field of environmental protection
· act in an ecologically educational fashion in life and work environment

	2.5. Course content (syllabus) 
	

Lectures by Methodical units:
Organic compounds - Origin, Persistence, Properties, Environmental Impact, Resistance to Microbial Degradation 
Microorganisms - role in biogeochemical cycles; pure and mixed microbial cultures; microbial interaction; suspended microbial biomass, microbial biofilm; environmental and process factors 
Biodegradation - microbial species, metabolism, degradation pathway, conditions (aerobic, anaerobic degradation) 
Biological degradation of xenobiotics 
Biological degradation of wastewater (eg from olive processing) 
Biological degradation of lignin, cellulose 
Biodegradation - landfill
Biodegradation - composting 
Biological degradation of dyes, sludge, pesticides, phenols, formaldehyde 
Legal regulation - environmental protection 

Seminar by Methodical units:
Microbial metabolism and degradation of organic compounds in nature 
Pathway of degradation of selected organic compounds (eg chlorinated pesticides, polychlorinated biphenyls) 
Organic compounds bioremediation 
Relationship / correlation of microbial degradation rate and chemical structure 

	2.6. Format of instruction:
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☒ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	Y
	 

	30. 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	31. 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	32. 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	33. 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	Maximum number of points by activity type:
Written exam   		 80
Final exam (oral)  	 20	
Total                                    100

Finished exercises are a prerequisite to taking the exam.
Students who achieve an Excellent grade on the written exam are not obligated to take the oral exam.
Students who achieve a Very good grade on the written exam can accept the grade or take the oral exam (this does not guarantee the written exam grade).

Grading scale of the written exam and in total: 
< 60 % fail (1)
≥ 60 % sufficient (2)
≥ 70 % good (3)
≥ 80 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work and seminars
pass the written and final (oral) exam 

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	24. 
	Tibela Landeka Dragičević: Biološka razgradnja organskih spojeva (internal script, 2016)
	0
	YES; Merlin and web pages

	2.12. Optional literature
	Neilson, A.H., Allard, A.-S. (2012) Organic Chemicals in the Environment: Mechanisms of Degradation and Transformation, Second Edition. CRC Press.
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_food_engineering/laboratory_for_fermentation_and_yeast_technology/jasna_mrvcic" Jasna Mrvčić, PhD, Associate Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_food_engineering/laboratory_for_fermentation_and_yeast_technology/damir_stanzer" Damir Stanzer, PhD, Associate Professor
Karla Hanousek Čiča, dipl. ing.	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Production and Use of Baker's and Food Yeast	1.9. Number of ECTS credits allocated
	3
	1.3. Course code
	53297	1.10. Number of contact hours (L+E+S+e-learning)
	10 + 25 + 5 + 0
	1.4. Study programme  
	Graduate University Study Programme Food Engineering, Graduate University Study Programme Food Safety Management, Graduate University Study Programme Bioprocess Engineering, Graduate University Study Programme Molecular Biotechnology
	1.11. Expected enrolment in the course
	15 - 20
	1.5. Course type
	optional B	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Acoording to the schedule	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Students will be able to use their  knowledge in most food industries. Knowledge acquired through completion of this course will contribute to enhance quality of bakers production.
	2.2. Enrolment requirements and/or entry competences required for the course 
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	Graduate University Study Programme Food Engineering
know key aspects of food production and food industry
recognize the importance of all segments of food production (raw material features, technology applied, production and packaging conditions , effect of processing and preservation on chemical composition of food products, potential effects of packaging, quality assurance)
know new food processing techniques and processes and methods used for quality control of food 
conceptualize and carry out improvement of existing technological procedures 
select and purchase new equipment and production lines, and work on their implementation in order to improve company’s business

Graduate University Study Programme Molecular Biotechnology
integrate knowledge acquired from the fields of microbiology, microbe physiology, molecular biology, genetics and bioinformatics with the aim of producing traditional and modern biotechnological products 

Graduate University Study Programme Food Safety Management
establish, manage, control and supervise food safety system in the production chain, and manage its potential risks
establish, manage, control and supervise food production processes
make decisions and solve problems in due time
continuously follow up contemporary trends in the field of food safety

Graduate University Study Programme Bioprocess Engineering
Technologically manage industrial biotechnological production system
Recognize problems in production, make corrective decisions
Improve the existing biotechnological production
Develop new industrial biotechnological processes and equipment
Convey biotechnological process into larger (industrial) scale (scale up) and test them in smaller scale (scale down)
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	· categorize metabolic pathways of starter cultures important for the production and quality of bakery products
· discuss the principle of production and use of certain types of yeasts for specific groups of bakery products
· analyze the technology of sourdough production, analyze the influence of sourdough on the nutritional and health value of bakery products, identify the advantages and disadvantages of bakery products produced with different starter cultures

	2.5. Course content (syllabus) 
	1. Definition of starter cultures in bakery and description of metabolic pathways important for the production and quality of bakery products.
2. Production and application of certain types of yeast for specific groups of bakery products.
3. Technology of sourdough production.
4. Influence of sourdough on the nutritional value of bakery products.
5. Production and application of food and fodder yeast in the food and pharmaceutical industries

	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☒ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	 
	N

	34. 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	35. 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	36. 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	37. 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	The written exam consists of seven questions that are graded by principle: one question – five points.
Grading scale:
Points	Grade
31 - 35 	Excellent (5)
26 - 30	Very good(4)
21 - 25	Good (3)
16 - 20	Sufficient (2)

	2.10. Student responsibilities
	To pass the  course, students must:
successfully do all the exercises in practical work
attend lectures (in accordance to FFTB Statute)
achieve a minimum of 16 points on the written exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	25. 
	Lecture PowerPoint presentations
	0
	YES, Merlin

	26. 
	Slobodan Grba: Kvasci u biotehnološkoj proizvodnji, Plejada, Zagreb, 2010.; chapters: 7, 8, 9 and 10
	30
	NO

	2.12. Optional literature
	-
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)
	Jasenka Gajdoš Kljusurić, PhD, Full Professor
Davor Valinger, PhD, Assistant Professor
Ana Jurinjak Tušek, PhD, Assistant Professor
Tamara Jurina, PhD
	1.8. Semester when the course is delivered
	winter

	1.2. Course title
	[bookmark: Modeling_food]Modelling in Food Engineering
	1.9. Number of ECTS credits allocated
	3

	1.3. Course code
	53291
	1.10. Number of contact hours (L+E+S+e-learning)
	25 + 9 + 5 + 1

	1.4. Study programme 
	Graduate university study programme Food Engineering
	1.11. Expected enrolment in the course
	10

	1.5. Course type 
	optional B
	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	2.	
5 %

	1.6. Place of delivery
	lectures in P6, exercises in the LMRA
	1.13. Language of instruction 
	Croatian and English

	1.7. Year of study when the course is delivered
	first
	1.14. Mogućnost izvođenja na stranom jeziku
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	· By means of models clarify food production processes because the development of biotechnical sciences leads to the need to study, monitor and control an increasing number of parameters - morphological, physiological, and chemical, etc. Progressive increase of parameters and data that in very complex relationships are facilitated by statistical models and procedures that provide a complete picture of the observed measuring system that is the subject of research.
· Univariate analyses that individually analyse variables do not provide sufficiently reliable options for aggregating multiple observations, nor ultimately for a proper scientific conclusion. On the other hand, multivariate analysis is a branch that is involved in the analysis of multiple measurements of a larger number of variables on one or more of the observed samples. Through this subject we will start from simple tests and regression models, and through the application of multivariate analysis methods, clarify application in food engineering, and how and by using these methods can and must be concluded.
· Using examples from the biotechnical field (with particular reference to the food industry) to demonstrate the application and purpose of modeling and to use the data collected for final and / or graduate work and process them with the aim of extracting key information from the observed measurement system.

	2.2. Enrolment requirements and/or entry competences required for the course
	-

	2.3. Learning outcomes at the level of the programme to which the course contributes
	· know key aspects of food production and food industry
· understand basic principles of research work
· understand the importance of environment protection and know the systems and methods of environment protection 
· supervise and manage the quality management system for production processes in food production
· conceptualize and carry out improvement of existing technological procedures
· conceptualize and carry out production of new products
· conduct scientific research in the field of food
· make everyday decisions related to production processes in food production companies 
· identify the need to improve certain segments in such companies
· present modern food technology trends
· apply contemporary optimal communication methodology with their colleagues in verbal and written way, using appropriate terminology
· apply ethical principles, legal regulations and standards related to specific requirements of the profession
· use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement

	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	· define mathematical modeling and its application (and importance) in food engineering
· identify primary and secondary "variables" in the observed system with the use of technological processes models
· evaluate the application of modeling and chemometric techniques in processing experimental data
· organize data analysis methods by complexity (descriptive analysis and multivariate analysis)
· plan complex data analysis according to the set research goals, using the chemometric tools (cluster analysis, factor analysis and main component analysis)
· create and evaluate conclusions about the connection of variables and samples in the observed multivariate system using certain computer skills (Excel. XLStat, R program)

	2.5. Course content (syllabus) 
	The topics are as follows:
Mathematical models and their basics.
Models through the manufacturing system in the food industry.
Basics of Data Analysis and Computer Support Overview Determining the Space of Major Components and Latent Variables. Identification and classification of food samples in the space of the main components. Applying regression models for monitoring and management. Estimation of space by chemometric method. Process quality algorithms based on "cluster analysis" in the main components area.

Seminar presentation (S = 2)
Individual seminar work with the topic modeling using processes and collected data from a chosen food production process or a part of it.

	2.6. Format of instruction:
	☒ lectures
☒ seminars and workshops
☒ exercises  
☐ on-line in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments
☒ multimedia and the internet  
☒ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  

	2.8. Monitoring student work
	Class attendance
	
	N
	Research
	Y
	
	Oral exam
	
	N

	3. 
	Experimental work
	
	N
	Report
	
	     
	(other)
	
	

	4. 
	Essay
	
	N
	Seminar paper
	Y
	     
	(other)
	
	

	5. 
	Preliminary exam
	Y
	
	Practical work
	Y
	
	(other)
	
	

	6. 
	Project
	
	N
	Written exam
	
	N
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	Students make an independent seminar paper concerning food safety through the prism of models and modelling. The seminar paper is orally presented to show course knowledge application, with the objective of adoption of expert terminology, rounding up the whole and summing up of crucial facts and independent conclusions related to the seminar paper theme.
The seminar paper is graded, and the oral exam is an option for students to raise their grade. The seminar paper must be handed in by the end of the semester; if the dead line is exceeded, the grade is lowered.
The oral exam is held according to agreement and another student or associate is present with the lecturer and student.

	2.10. Student responsibilities
	To pass the course, students have to:
· successfully do all the exercises in practical work
· attend a minimum of 80% of all lectures
· write and hand in a seminar paper

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media

	27. 
	J. Gajdoš Kljusurić (2013) Modeliranje i kemometrija u prehrambenom inženjerstvu (internal script)
	0
	YES, Merlin and web pages

	2.12. Optional literature  
	· R. G. Brereton: Chemometrics: Data Analysis for the Laboratory and Chemical Plant, John Wiley, 2003.
· Serafim Bakalis, Kai Knoerzer and Peter J Fryer (ed.) Modeling Food Processing Operations. Woodhead Publishing Series in Food Science, Technology and Nutrition, 2015. 

	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-




	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	Mojca Čakić Semenčić, PhD, Assistant Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Green Chemistry	1.9. Number of ECTS credits allocated
	3
	1.3. Course code
	53296	1.10. Number of contact hours (L+E+S+e-learning)
	20 + 15 + 0 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	4
	1.5. Course type
	optional B	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	-	
0 %

	1.6. Place of delivery
	lectures in P6, exercises in the LPCC	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	
The course objective is to familiarize students with the design, development and application of chemical products and processes that reduce or eliminate the use or production of substances that are hazardous to human health and the environment.
	2.2. Enrolment requirements and/or entry competences required for the course 
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	analyze chemical processes using E-factor and atom economy approach  
understand and define the catalytic action of new types of green catalysts
apply catalytic reactions in alternative reaction media in order to use less toxic substances
understand and define the advantages of chemo-, regio- and enantioselectivity of bio-catalytic transformations of synthetic and natural materials with respect to classical chemical processes
understand the potential of biocatalytic research and the development of new biocatalysts and biocatalytic deracemization
choose green non-toxic chemical substances and conduct green synthetic processes 
understand and apply photocatalytic processes for the decomposition of organic pollutants arising from human activity 
understand and apply solutions to major global issues such as climate change, energy consumption and water resource management for sustainability
	2.5. Course content (syllabus) 
	Green chemistry is based on 12 principles dedicated to design, development and production of chemical products and processes that reduce or eliminate the use or production of substances that are hazardous to human health and the environment.
Students will get familiar with the dominant trends of green program such are:
Research in the field of catalytic and biocatalytic reactions in order to obtain highly selective, pure products without the formation of toxic by-products
Finding and testing new alternative, non-toxic and renewable reaction media such as water, ionic liquids and supercritical fluids
Finding and testing alternative energy-saving reaction conditions (microwave radiation, ultrasound and light)
Search for new, harmless and renewable raw material
Research in the field of alternative ways of purification of contaminated air and water in order to improve their quality (photocatalytic reactions)
	2.6. Format of instruction
	☒ lectures
☐ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	 
	N

	· 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	· 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	· 
	Preliminary exam
	 
	N
	Practical work
	 
	N
	(other)
	 
	 

	· 
	Project
	 
	N
	Written exam
	 
	N
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	Making a presentation from the area of green chemistry (student’s choice) or a written exam consisting of 30 questions (1 question – 1 point).

Grading scale:
Points	Grade
27-30 	Excellent (5)
24-26	Very good (4)
21-23	Good (3)
18-20	Sufficient (2)

	2.10. Student responsibilities
	To pass the  course, students must:
attend classes regularly 
give a successful 15 minute long presentation of a topic from the area of green chemistry or achieve a minimum of 18 points on the written exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	· 
	M. Čakić Semenčić: Predavanja iz zelene kemije, ppt presentation
	0
	YES, Merlin

	2.12. Optional literature
	Green Chemistry, Theory and Practice, Paul T. Anastas, John C. Warner, OxfordUniversity Press, 1998.
Green Organic Chemistry: Strategies, Tools, and Laboratory Experiments,"Kenneth M. Doxsee, James E. Hutchison, Brooks/Cole, ISBN: 0-759-31418-7 (2004).
A. Liese, K. Seelbach, C. Wandrey, Industrial Biotransformations, Wiley-VCH, Weinheim 2000
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_biochemical_engineering/section_for_bioinformatics/antonio_starcevic" Antonio Starčević, PhD, Associate Professor
Janko Diminić, PhD, Assistant Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Programming in Bioinformatics	1.9. Number of ECTS credits allocated
	2
	1.3. Course code
	53272	1.10. Number of contact hours (L+E+S+e-learning)
	10 + 10 + 5 + 0
	1.4. Study programme  
	Graduate university study programme Molecular Biotechnology, Graduate University Study Programme Food Engineering, Graduate University Study Programme Food Safety Management, Graduate University Study Programme Bioprocess Engineering
	1.11. Expected enrolment in the course
	25
	1.5. Course type
	optional B	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
10 %

	1.6. Place of delivery
	Lecture hall P6	1.13. Language of instruction
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Writing simple algorithms and programs to solve biological problems. Searching biological databases. Using program languages like PHP, Perl, Python, Java and SQL to interact with biological databases. 
	2.2. Enrolment requirements and/or entry competences required for the course 
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	Graduate University Study Programme Molecular Biotechnology
participate in biomedical and related biomolecular researches on account of basic knowledge of molecular and cellular biology and genetics, bioinformatics, immunology and human physiology 
participate in activities of advisory and legislative bodies in the field of molecular biotechnology 
use scientific literature in English, and present the existing results to experts and laymen, and convey their knowledge and skills to their peers
present, valorize and popularize modern accomplishments and courses of development of molecular biotechnology
participate actively in scientific paper discussion from the field of molecular biotechnology and related sciences
act in accordance with ethical principles and acquire new knowledge and skills, as a part of lifelong learning and profession promotion, including PhD studies in molecular biotechnology and other bio-sciences 

Graduate University Study Programme Food Engineering
understand basic principles of research work
apply ethical principles in relationships to coworkers and employer
apply ethical principles, legal regulations and standards related to specific requirements of the profession
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement 

Graduate University Study Programme Food Safety Management
independently analyse, make conclusions and present results of conducted analyses
independently solve problems in new or unknown situations
independently study and interpret results, and make conclusions and solutions
convey their knowledge and conclusions to both professionals and the general public, in a clear and well-reasoned manner 
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement

Graduate University Study Programme Bioprocess Engineering
improve the existing biotechnological production
plan and conduct experiments (scale up and scale down)  in different fields of biotechnology, present and critically interpret results, make meritory conclusions
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	students will learn basics of computer programming including core syntax of programming language
students will learn basic Java language syntax, design programming flowcharts and control execution of source code. Students will get to know basic and most common Java classes.
students will get to know basic bioinformatic algortihms, develop their own algortihms and deploy them in Java programming language.
upon course completion, students will be able to solve biological problems independently, applying their knowledge of bioinformatics and computing.
	2.5. Course content (syllabus) 
	Programming skills are now in strong demand in biology research and are an important new laboratory skill. The Perl (BioPerl) language makes it possible to start writing real programs quickly, BioJava and BioPython are becoming standard tools in lofe sciences. The programming language includes a collection of "protocols", or programming techniques, which can be useful in bioinformatics. There are certain operations with DNA and protein sequences and also protocols with which DNA can be translated into proteins. The essence of bioinformatics is dealing with large quantities of information. Because of that it is necessary to build biological databases. Biological databases allow the organisation of data, completeness and integrity, transformation from one form to another and efficient search through the data to find the desired information. The MySQL database is the world’s most popular, and some might argue, the best open source database. One can interface with MySQL using most popular programming languages, including PHP, Perl and Java. The SQL language is the universally accepted mechanism for accessing and manipulating data stored in a relational database. It is a text-based language where instead of the mathematical notations there are words from the English language.
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	 
	N

	38. 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	39. 
	Essay
	 
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	40. 
	Preliminary exam
	 
	N
	Practical work
	Y
	 
	(other)
	 
	 

	41. 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	2

	2.9. Assessment methods and criteria
	Written exam:
Students take a written exam at the end of lectures.

Grading scale: 
< 60 % fail (1)
≥ 60 % sufficient (2)
≥ 70 % good (3)
≥ 80 % very good (4)
≥ 90 % excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work and seminars
attend all lectures (a maximum of two unjustified absences is allowed)
achieve a minimum of 6 points on the exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	28. 
	BioJava: A Programming Guide ISBN-13: 978-3659167508
	0
	YES, online

	29. 
	Java for Bioinformatics and Biomedical Applications ISBN-13: 978-1441942456
	0
	YES, online

	30. 
	The Java™ Tutorials: https://docs.oracle.com/javase/tutorial/
	0
	YES, online

	2.12. Optional literature
	-
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)
	Sunčica Beluhan, PhD, Associate Professor	1.8. Semester when the course is delivered
	winter
	1.2. Course title
	Microbiological, Chemical and Physical Monitoring in Brewing Process	1.9. Number of ECTS credits allocated
	3
	1.3. Course code
	53302	1.10. Number of contact hours (L+E+S+e-learning)
	
16 + 18 + 6 + 0
	1.4. Study programme 
	All FFTB graduate university study programmes	1.11. Expected enrolment in the course
	20
	1.5. Course type 
	optional B	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	2.	
0 %

	1.6. Place of delivery
	Lectures in P3, exercises in Small practicum (4th floor)	1.13. Language of instruction 
	Croatian
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Knowledge about potential microbial contaminations in each step of brewing process. Knowledge of high standards of hygiene achieved within the brewery. Skill of beer sensory analysis.
	2.2. Enrolment requirements and/or entry competences required for the course
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes
	Graduate University Study Programme Molecular Biotechnology
· integrate knowledge acquired from the fields of microbiology, microbe physiology, molecular biology, genetics and bioinformatics with the aim of producing traditional and modern biotechnological products 
· use equipment and instruments in chemical, biochemical, microbiological and molecular-genetic laboratories 
· conduct biological,  microbiological, immunological and molecular-genetic tests and analyses
· recognize, analyse and eliminate common problems which occur during experimental work in microbiological, biochemical, and molecular-genetic laboratories 
· use scientific literature in English, and present the existing results to experts and laymen, and convey their knowledge and skills to their peers

Graduate University Study Programme Food Engineering
· do highly-complex jobs in microbiological, physical and chemical control and development laboratories of food industry 
· recognize the importance of all segments of food production (raw material features, technology applied, production and packaging conditions , effect of processing and preservation on chemical composition of food products, potential effects of packaging, quality assurance)
· give a final opinion about the results of conducted physical, chemical and microbiological analyses of raw materials and final products
· present modern food technology trends

Graduate University Study Programme Nutrition
· understand and acquire knowledge of general skills in particular interdisciplinary disciplines through elective modules 
· use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement 

Graduate University Study Programme Food Safety Management
· establish, manage, control and supervise food safety system in the production chain, and manage its potential risks
· establish, manage, control and supervise food production processes
· do complex food analyses in microbiological and physical-chemical control and research laboratories 
· independently analyse, make conclusions and present results of conducted analyses

Graduate university study programme Bioprocess Engineering 
· improve the existing biotechnological production 
· identify contamination source in production lines and detect contamination in environment, conceptualize waste treatment , and manage the plant for biotechnological waste water and other waste treatment 
· do complex jobs in microbiological and biochemical laboratories 
· interpret laboratory analysis results 
· present plant, research, laboratory and business results in verbal and written form, using professional terminology

	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	
point out meaning of microbiological, chemical and physical monitoring in the brewing process, in particular on potential microbial contamination spots
demonstrate knowledge of possible beer contaminants (wild yeasts, Gram-positive and Gram-negative brewery bacteria), and methods for their detection and elimination
acquirement of overall knowledge in the field of microbiology, brewing and malting technology, and engineering
develop an ability of scientific thinking, conclusions and arguments skills related to the field, and ability to act in an interdisciplinary context
	2.5. Course content (syllabus) 
	The microbiological threat to the brewing process. Outline of the complete brewing process indicating steps in which there is a potential for microbiological contaminations. The microflora of barley and malt. Beer-spoilage microorganisms. Wild yeast in brewing. Gram-positive and Gram-negative beer spoilage bacteria. Traditional and rapid microbiological techniques used in the detection and identification of brewery bacteria and wild yeasts. Microbiological media used in brewing laboratories. Chemical and physical properties of beer. Nutritive value of beer. Sensory changes in beer flavour during ageing (flavour stability). Sensory analysis. Physical, chemical and microbiological clearliness. Standards required within a brewing and elements of HACCP analysis. Sampling devices. Microbiological quality assurance. Disinfection of pitching yeast. Cleaning and disinfection in the brewery. CIP systems and validation of CIP.
	2.6. Format of instruction
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet  
☒ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	Y
	 

	
	Experimental work
	 Y
	 
	Report
	 
	N
	(other)
	 
	 

	
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	
	Preliminary exam
	 
	N
	Practical work
	Y
	 
	(other)
	 
	 

	
	Project
	 
	N
	Written exam
	 
	N
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	Assessment is carried out through an oral exam.
Each student answers five questions that have 25 points in total (five points per question).
Grading scale:
15 - 17 points - sufficient (2)
18 - 20 points - good (3)
21 - 23 points - very good (4)
24 - 25 points - excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
attend all exercises
attend a minimum of 90% of all lectures and seminars
achieve a minimum of 15 points (60%) on the oral exam.

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media

	
	Priest, F. C., Campbell, I. (2003) Brewing Microbiology. Kluwer Academic/Plenum Publishers, New York, NY, USA.
	0
	YES, Merlin

	
	Briggs, D. E., Boulton, C. A., Brookes, P. A., Stevens, R. (2004). Brewing: Science and Practice. Woodhead Publishing Limited, Cambridge, England, UK.
Chapter 13: Yeast growth: pp. 469-506.
Chapter 17: Microbiology: pp .606-648.
	0
	YES, Merlin

	
	Lewis, M. J., Bamforth, C. W. (2006). Essays in Brewing Science. Springer Science + Business Media, LLC, New York, NY, USA.
Chapter 6: Microbiology. pp. 58-68.
	0
	YES, Merlin

	2.12. Optional literature 
	
Manzano, M., Giusto, C., Bartolomeoli, I., Buiatti, S., Comi, G. (2005). Microbiological Analyses of Dry and Slurry Yeasts for Brewing. J. Inst. Brew., 111(2), 203-208.
Suzuki, K., Ilijima, K., Sakamoto, K., Sami, M., Yamashita, H. (2006). A Review of Hop Resistance in Beer Spoilage Lactic Acid Bacteria. J. Inst. Brew., 112(2), 173-191.
Suzuki, K., Asano, S., Ilijima, K., Kitamoto, K. (2008). Sake and Beer Spoilage Lactic Acid Bacteria – A Review. J. Inst. Brew., 114(3), 209-223.
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)  
	Vladimir Žanić, Senior Lecturer	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Management	1.9. Number of ECTS credits allocated
	5
	1.3. Course code
	53660	1.10. Number of contact hours (L+E+S+e-learning)
	30 + 12 + 18 + 0
	1.4. Study programme  
	Graduate university study programme Bioprocess Engineering	1.11. Expected enrolment in the course
	20
	1.5. Course type
	compulsory	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	Lectures and seminars in P1	1.13. Language of instruction
	Croatian 
	1.7. Year of study when the course is delivered
	second	1.14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Demonstrate students organization and management functions to explain organization goals (planning including strategic management, organization, management, human resource management, control). Within the course, students will identify the role of entrepreneurship as a driver of economic activities and generators of creating higher value added, as well as the basic principles of economic activity on a micro and macro level. Students will discuss business ethics and corporate responsibility, risk management, including crisis management, systematic innovation and the introduction of new products, business finance and the impact of the EU's economic strategy on business decision-making in the organization. Students will apply skills in analysing the existing state of the company, growth potential, impact of changes in the organization's organization environment by applying appropriate tools (SWOT and PEST analysis, five competitive forces model, Ansoff matrix, and analysis of financial performance indicators.
	2.2. Enrolment requirements and/or entry competences required for the course 
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes 
	technologically manage industrial biotechnological production systems
develop new industrial biotechnological processes and equipment
apply ethical principles, legal regulations and standards related to specific requirements of the profession
apply ethical principles in relationships to coworkers and employer
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	analyze business and propose measures to improve
analyze the planning process and adjust the organizational structure to the plans of the organization or its parts
analyze changes in the environment and propose possible strategies for growth and development of the enterprise
evaluate and modify management methods
select financial instruments / EU products to improve the organization's business
propose measures and activities of the socially responsible business organization
	2.5. Course content (syllabus) 
	1. Introduction to Management and working methods
2. Entrepreneurship
3. Essential of Economy
4. Organization and Management
5. Management Development and Management Environment Impact
6. Corporate Social Responsibility and Business Ethics
7. Planning
8. Strategic Management
9. Organizing
10. Leadership
11. Human Resources Management
12. Control
13. Introducing a new product
14. Risk Management
15. Financing the business and the impact of the EU's economic strategy on business decision-making
	2.6. Format of instruction:
	☒ lectures
☒ seminars and workshops  
☒ exercises  
☐ online in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments  
☐ multimedia and the internet   
☐ laboratory
☐ work with mentor
☒ gostujući predavači 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work  
	Class attendance
	 
	N
	Research
	 
	N
	Oral exam
	 
	N

	42. 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	43. 
	Essay
	 
	N
	Seminar paper
	Y
	 
	(other)
	 
	 

	44. 
	Preliminary exam
	Y
	 
	Practical work
	 
	N
	(other)
	 
	 

	45. 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	5

	2.9. Assessment methods and criteria
	a) Maximum number of points by activity type:
1. partial exam         25	
2. partial exam        25	
Seminar paper        50		
Total                       100

b) partial exams         
In the exam period, the failed partial exam is taken. If students do not pass the course via partial exams, taking the exam in the exam period is considered to be the first examination. Passing the first partial exam is not a prerequisite for taking the second partial exam. 

c) Grading scale: 
< 60 % fail (1)
≥ 60 % sufficient (2)
≥ 70 % good (3)
≥ 80 % very good(4)
≥ 90 % excellent (5

	2.10. Student responsibilities
	To pass the course, students have to:
finish preparations for making a seminar paper and hand in the paper in accordance with instructions and given objectives
attend 65% of all lectures and 100% of all guest lecturers classes
achieve a minimum of 15% of points on each partial exam
achieve a minimum of 60% of points in total

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media 

	31. 
	Lozić, Joško (2012.): Osnove menadžmenta, Sveučilište u Splitu, pp. 9 - 262.
	3
	YES, city library

	32. 
	Sikavica, Pere., Bahtijarević-Šiber, Fikreta; Pološki Vokić Nina (2008.): Temelji menadžmenta, Školska knjiga, Zagreb, pp. 610 - 632. 
	0 
	YES, city library

	33. 
	Course materials (lectures, offprints/internal script)
	0
	YES, Merlin

	2.12. Optional literature
	Dujanić, Marčelo, (2007.): Menadžment, Veleučilište u Rijeci
Srića, Velimir (2003.): Kako postati pun ideja – menadžer i kreativnost, MEP Consult, Zagreb
Sučević, Darko (2010.): Krizni menadžment, Lider press d.d., Zagreb
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)
	Karin Kovačević Ganić, PhD, Full Professor

 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_food_engineering/laboratory_for_technology_and_analysis_of_wine/natka_curko" Natka Ćurko, PhD, Assistant Professor
Marina Tomašević, PhD	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Sensory and Chemometric Evaluation of Wine	1.9. Number of ECTS credits allocated
	3
	1.3. Course code
	53748	1.10. Number of contact hours (L+E+S+e-learning)
	20 + 15 + 0 + 0
	1.4. Study programme 
	Graduate University Study Programme Food Engineering, Graduate University Study Programme Bioprocess Engineering, Graduate University Study Programme Nutrition, Graduate University Study Programme Molecular Biotechnology	1.11. Expected enrolment in the course
	46
	1.5. Course type 
	optional B	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	
Lectures in P1, excercises in the LMFT	1.13. Language of instruction 
	Croatian
	1.7. Year of study when the course is delivered
	first	1. 14. Possibility of instruction in English
	Y

	2. COURSE DESCRIPTION

	2.1. Course objectives
	The course objective is introducing the students with adequate presentation, description and eating of wines. Within the course, students will learn about the physiology of olfaction (smell), taste, sight and hearing, as well as about the basic description of wine: flavour, taste and colour. Furthermore, students will also learn about the most common wine deficiencies, faults and diseases. In addition, they will learn about the most frequently used tests for sensory evaluation as well as most common physicochemical, spectrophotometric and instrumental analyses of musts and wines.
	2.2. Enrolment requirements and/or entry competences required for the course
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes
	Graduate University Study Programme Food Engineering
do highly-complex jobs in microbiological, physical and chemical control and development laboratories of food industry 
conduct scientific research in the field of food 
give a final opinion about the results of conducted physical, chemical and microbiological analyses of raw materials and final products 
present modern food technology trends 
apply contemporary optimal communication methodology with their colleagues in verbal and written way, using appropriate terminology  
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement 

Graduate University Study Programme Bioprocess Engineering
recognize problems in production, make corrective decisions
interpret laboratory analysis results
present plant, research, laboratory and business results in verbal and written form, using professional terminology

Graduate University Study Programme Nutrition
understand and acquire knowledge of general skills in particular interdisciplinary disciplines through elective modules 
use and value scientific and occupational literature with the aim of lifelong learning and profession enhancement 

Graduate University Study Programme Molecular Biotechnology
use equipment and instruments in chemical, biochemical, microbiological and molecular-genetic laboratories 
use scientific literature in English, and present the existing results to experts and laymen, and convey their knowledge and skills to their peers
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	interpret basic senses (taste, smell and sight)
use professional terminology for wine description
independently describe the sensory characteristics of wines (flavour components, components that influence the taste of wine, harmony between certain wine constituents)
evaluate the product quality, distinguish wine flavours and tastes in comparison to defective ones
use the methods of quantitative sensory evaluation
use physicochemical and instrumental methods for determination of particular wine constituents
	2.5. Course content (syllabus) 
	Physiology of taste, smell and sight
Sensory evaluation of wine
Main characteristics of wine: flavour, taste and colour of wine, discovery, understanding and recognition
Terminology of description of sensory properties of wine
Deficiencies, faults and diseases of wine
Organization of tasting (laboratory, glass, temperature and volume of sample…)
Sensory tests (hedonistic, descriptive, triangle test)
Familiarization with wine grading methods
Physicochemical, spectrophotometric and instrumental analyses of grapes and wines
	2.6. Format of instruction
	☒ lectures
☐ seminars and workshops
☒ exercises  
☐ on-line in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments
☐ multimedia and the internet  
☒ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	 
	N

	1. 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	2. 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	3. 
	Preliminary exam
	 
	N
	Practical work
	Y
	 
	(other)
	 
	 

	4. 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	Knowledge assessment is carried out through a final written exam consisting of 10 questions graded with a maximum of five points.

Grading scale:
< 30 points- fail (1)
30 - 34 points - sufficient (2)
35 - 39 points - good (3)
40 - 44 points - very good (4)
45 - 50 points - excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work
attend all lectures (a maximum of two unjustified absences is allowed)
achieve a minimum of 30 points (60%) on the final exam

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media

	1. 
	Jackson, R. (2002) Wine Tasting: A Professional Handbook, Academic Press; Chapter 1, pp. 1-14; chapter 2, pp. 17-34; chapter 3, pp. 39-70, chapter 4, pp. 79-106, chapter 5, pp. 113-168, chapter 6, pp. 187-188, 195-203.
	0
	YES, Merlin

	2. 
	Grainger, K. (2009) Wine Quality: Tasting and Selection, Wiley-Blackwell.; Chapter 1, pp. 1-18; chapter 2, pp. 21-33; chapter 3, pp. 35-39; chapter 4, pp. 43-55; chapter 5, pp. 60-65.
	0
	YES, Merlin

	2.12. Optional literature  
	O.I.V. Resolution OIV 332A/2009
Kemp, S.E., Hollowood, T., Hort, J. (2009) Sensory evaluation_ A practical handbook, Wiley-Blackwell
Deibler, K., Delwiche, J. (2004) Handbook of flavour characterization- Sensory analysis, chemistry and physiology, Marcel Dekker
Lawless, H.T., Heymann, H. (2010) Sensory evaluation of food_Proinciples and practices, Springer
	2.13. Exams
	Exam dates are published in Studomat.

	2.14. Other 
	-



	1. GENERAL INFORMATION

	1.1. Course lecturer(s)
	
Natka Ćurko, PhD, Assistant Professor
 HYPERLINK "http://www.pbf.unizg.hr/en/departments/department_of_food_engineering/laboratory_for_technology_and_analysis_of_wine/karin_kovacevic_ganic" Karin Kovačević Ganić, PhD, Full Professor
Marina Tomašević, PhD	1.8. Semester when the course is delivered
	summer
	1.2. Course title
	Production of Predicate and Sparkling Wines	1.9. Number of ECTS credits allocated
	3
	1.3. Course code
	53744	1.10. Number of contact hours (L+E+S+e-learning)
	20 + 8 + 7 + 0
	1.4. Study programme 
	Graduate University Study Programme Food Engineering, Graduate University Study Programme  Bioprocess Engineering, Graduate University Study Programme Nutrition, Graduate University Study Programme Molecular Biotechnology	1.11. Expected enrolment in the course
	18
	1.5. Course type 
	optional B	1.12. Level of application of e-learning (level 1, 2, 3), percentage of online instruction (max. 20%)
	1.	
0 %

	1.6. Place of delivery
	
Lectures and seminars in P4, excercises as field work	1.13. Language of instruction 
	Croatian
	1.7. Year of study when the course is delivered
	first	1. 14. Possibility of instruction in English
	N

	2. COURSE DESCRIPTION

	2.1. Course objectives
	Production of "special wines" takes a significant place in world production. These wines are technologically more demanding to produce because they seek knowledge that is applied in the usual production processes, as well as the specificity depending on the type of wine. In this segment, it is particularly important to define wine by the regional rules.
Students will learn to recognize the differences in production technology and the organoleptic specificities of different wines, and also will be closer to the "production philosophy" with special emphasis on the critical points of the production. 
After completing the course, students will be able to upgrade their knowledge from other basic wine-making courses, and will be prepared to overcome the technological problems in such production.

	2.2. Enrolment requirements and/or entry competences required for the course
	-
	2.3. Learning outcomes at the level of the programme to which the course contributes
	Graduate University Study Programme Food Engineering
recognize the importance of all segments of food production (raw material features, technology applied, production and packaging conditions , effect of processing and preservation on chemical composition of food products, potential effects of packaging, quality assurance)
analyse and assist in creating legal regulations from the standpoint of the subject involved in food production 
give a final opinion about the results of conducted physical, chemical and microbiological analyses of raw materials and final products
 
Graduate University Study Programme Bioprocess Engineering
recognize problems in production, make corrective decisions
interpret laboratory analysis results
present plant, research, laboratory and business results in verbal and written form, using professional terminology

Graduate University Study Programme Nutrition
understand and have knowledge of general skills in basic and applied disciplines 
understand and have knowledge of basic and specific disciplines of the profession
understand and acquire knowledge of general skills in particular interdisciplinary disciplines through elective modules 

Graduate University Study Programme Molecular Biotechnology
integrate knowledge acquired from the fields of microbiology, microbe physiology, molecular biology, genetics and bioinformatics with the aim of producing traditional and modern biotechnological products
	2.4. Expected learning outcomes at the level of the course (3 to 10 learning outcomes) 
	




explain the legal framework for the production of predicate and sparkling wines
explain microbiological risks that emerges during wine production
understand the technology of Sherry, Port and Madeira production and know how to evaluate the organoleptic characteristics of these wines
evaluate organoleptic profile of Prošek and interpret physical/chemical composition of Prošek
explain organoleptic characteristics of Tokay and predicate wines
evaluate potential of young wine to be used in sparkling wine production
understand influence of secondary fermentation in bottles and wine aging in bottles on sparkling wine quality
evaluate organoleptic characteristics of sparkling wines
	2.5. Course content (syllabus) 
	
Regulations, legislation, specifications and quality control in the production of predicate and sparkling wines
Wine technology with an emphasis on microbiology
Technology for production of fortified wines (Sherry, Port and Madeira) with its specific characteristics 
Technology for production of Prošek with its specific characteristics 
Technology for production of Tokay and predicate wines
Technology for production of sparkling wines and its specific characteristics in comparison to classical wine production
	2.6. Format of instruction
	☒ lectures
☐ seminars and workshops
☒ exercises  
☐ on-line in entirety
☐ partial e-learning
☐ field work
	☐ independent assignments
☐ multimedia and the internet  
☒ laboratory
☐ work with mentor
☐ (other) 
	2.7. Comments:

	
	
	
	  
	2.8. Monitoring student work
	Class attendance
	Y
	 
	Research
	 
	N
	Oral exam
	 
	N

	5. 
	Experimental work
	 
	N
	Report
	 
	N
	(other)
	 
	 

	6. 
	Essay
	 
	N
	Seminar paper
	 
	N
	(other)
	 
	 

	7. 
	Preliminary exam
	Y
	 
	Practical work
	Y
	 
	(other)
	 
	 

	8. 
	Project
	 
	N
	Written exam
	Y
	 
	ECTS credits (total)
	3

	2.9. Assessment methods and criteria
	Assessment will be carried out through two written partial exams. The written exam consists of 10 questions from which students can achieve a maximum of 20 points (10 times 2). The grade obtained through the written exam can be increased by one grade on the oral exam. 

Grading scale:
< 12 points - fail (1)
12 - 14 points - sufficient (2)
14 - 16 points - good (3)
16 - 18 points - very good (4)
18 - 20 points - excellent (5)

	2.10. Student responsibilities
	To pass the course, students have to:
successfully do all the exercises in practical work and seminars
attend all lectures (a maximum of three unjustified absences is allowed)
achieve a minimum of 12 points (60%) points on partial exams

	2.11. Required literature (available in the library and/or via other media)
	Title
	Number of copies in the library
	Availability via other media

	3. 
	Jackson, R. (2002) Wine Tasting: A Profesional Handbook, Academic Press (pp. 520-588)
	0
	YES, Merlin

	4. 
	Boulton, R.B., Singleton, V.L., Bisson, L.F., Kunkee, R.E. (1999) Principles and practices of winemaking, Sprinler Verlag Media, New York (pp. 102-122,176, 244,245)
	0
	YES, Merlin

	2.12. Optional literature  
	-
	2.13. Exams
	Exam dates are published in Studomat. 

	2.14. Other 
	-
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