Midterm notes:

Industrial Microbiology: the study, utilization and manipulation of microorganisms capable of economically producing desirable substances or changes in substances and the control of undesired microorganisms.

Components: environmental biology, economics, viniculture, molecular biology, biochemistry, organic chemistry, engineering, sensory sciences and microbiology

Historical micro: 
· fermented milks, wine, beer, acceptable spoilage; preservation

· Egypt 3000BC
· Mass produced beer and bread
· Cheese supplied armies and explorers

· Middle ages: 
· Training centers to make bread, beer and wine,
· = Taxation, education and power
· Art to sciences:
· Early ferments: no idea of microbes
· Chemists were the first fermentation of scientists
· Considered fermentation as a chemical reaction between oxygen components, yeasts inert bodies

· Pasteur 1875
· Alcoholic fermentations from microbial activity
· Identified aerobes and anaerobes
· Disproved spontaneous life theory
· Developed pasteurization for preservation and safety
· Moritz traube 1877
· Proposed fermentation was catalyzed by protein-like substances
· Metabolism of sugars was a sequences of events (reduced products to oxidized products
· Fermentation is done by living but not necessarily multiplying
· Hansen Carlsberg 1883
· Pure strain brewing, yeast selection for improvmet
· Federick Twort 1913
· Bacteriophages
· Dairy fermentation
· Molecular biology
· Chaim Weizmann 1915
· Clostridium acetobutylicum
· Aceteon-butanol Fermentation
· Glycerol from yeast fermenations
· 1920:citric acid production from aspergillus niger
· 1928: flemming discovered penicillin
· Amino acid production 1950s
· Ability to alter electron and carbon flow in metabolic
· Glutamic acid over-production in Corneybacterium glutamicum 
· Isolation of over-producing strains 
· Single cell protein 1960s
· Cheap protein for developing countries
· Petroleum and natural gas carbon sources
· Increase in soil prices and efficient production of crops
· Recombinant DNA tech 1980s
· Strain improvement, desired phenotypes, novel fermenations
· Genomics, Proteomics, metabolomics and bio-informatics 1990’s
· Genomics: Mapping, sequencing and analyzing genomic DNA
· Proteomics: Structure and function of proteins
· Metabolomics: Chemical intermediates within catabolic and anabolic processes
· Synthetic life
· Synthetic cell-2010
· Synthetic enzyme-2014
· Defined fermentations
· Novel products
· Utilization of substrates
· Living: genetic material, undergoes metabolism, lives in dependently, grow and reproduce, response to environment
· Viruses aren’t living
· Some bacteria and obligate intracellular parasites- need host cell
· Plasmids- RNA/RNA replication circular, size from 1-1000kbp, microbial genes are 500bp to 1kbp
· In 50% of wild isolates
· Transfer genes between organisms
· 1978:Genentech clones human gene for insulin
· 1982:humulin (for diabetes) from E.coli was released for sale
· people don’t like GMOs

· Wine bioprocessing
· UPSTREAM
· Harvest standards for : varietals, sugar, acid, spoilage microbes, varietal character, 
· Equipment: man/mech harvester, delivery, destemmer/crusher, press, clarification, 
· Materials Handling: Pumps ; positive displacement, jet, membrane, peristaltic, vacuum, gravity feed 
· Inocculants; selection parameters, expansion “pied de cuve”, enzymes
· BIOREACTOR
· Tank design: dimensions, temp control, pumping over (rotary), convections, sample access, 
· Temp, agitation, aeration, blending, pumping over 
· Monitoring: refractometry, hydrometry,  titration, chromatographic, microbiological, eubilometric, 
· DOWNSTREAM
· Clarification, fining, depth/absolute/tangential filtration, centrifugation, cold stabilizing
· Stabilization: sorbate, sulfur dioxide, carbonation, inert gas sparging, QC micro & chem monitoring
· Ppackaging: Containers (glass, aluminum, poly-laminates) Closures (cork, polymer, glass, ROTE, crown cap),  
· Storage, distrib & POS temp, carton orientation, POS service

Grape species:
· Vitis vinifera- classic eurpoean grape, used for everything, not winter hardy sensitive to NA molds, good acid and sugar
· Vitis labrusca- wild N American. High resistance to cold and pathogens, strong flavour, low sugar high acid
· Vitis riparia- wild N American varieties, see above, moderately strong flavour
· American hybrids (Vitis labrusca X Vitis vinifera ) tastes like Welch’s grape juice. As expected a blend of characters from both parents (Concord, Niagara). Not legal for wine
· French hybrids: (>75% V vinifera) tastes, sugar and acid like vinifera and more winter hardy. (Vidal, Baco noir)
Sugars:
·   Make a stable natural wine- min 10% alcohol, less they need stabilizers or other technology
· sugar converted by yeast to alcohol
· sugar measured by refractometry or hydrometry, salt, sugar ethanol etc bend light
· grapes mostly glucose and frustose- sugar is best indicator of flavour
· Aerobic Growth: 
·  1 glucose + 6O2   =   6CO2 + 6 H2O;    686 Kcal 	 
·            180g+192g        264g+128g		      
· Anaerobic Fermentation: 
· 1 glucose 	= 	2CO2 + 2 ethanol;     54 Kcal 
· 180g			88g	92g
· 17 (19) g/l    →      1% alcohol (v/v)
· 
· How do we measure sugar?
· SI density unit is kg/m^3
· Brix: g sugar per 100g solutions @ 20c, Can and NA
· a 25oB sol’n has 25 g of sugar & 75 g water. NA, volume by volume 
· specific gravity (short form oechsle example: 1.025=25 Oe
· conversion:
· convert to brix from SG 
· Brix (w/w) = 261.3 x (1 – (1/SG)). 
· Example: Sample with SG of 1.05
· Brix = 261.3 x (1 - 1/1.05) = 12.4. A must with an SG of 1.05 is therefore 12.4 percent sugar. 
Approx Potential alcohol     0.55 x o B 
·  for the example given  0.55 x 12.4 = 6.8% v/v
· use brix to calculate empirical yield of alchohol
· 0.55 x(initial B- Final B)=% alcohol
· stable wine has 11% alcohol= 20B (200g/kg) Bdiff=11%
· Wine addatives
· Amelioration
· (stretch) sugar water added to must or juice, increases production, illegal in most countries, legal in Canada for cheap wines
· chaptalization
· sugar addition to must or juice increases alcohol concentration
· edulcoration
· sugar (juice) added to sweeten wine
· must: crused slurry of juice and broken berries
· Juice: must pressed to remove skins
· Refractometers measure sugar in juice not in fermenting liquids as alcholol interferes with the refraction
· Acids:
· Main fixed acids in wine are malic acid, tartaric acid and lactic acid
· Main volatile acid is acetic acid(vinager)
· Lactic & acetic formed by bacteria
· Ripening= more sugar less acidity starting with malate which drops off first
· Malic is super acidic- green apple, found in most fruits
· Lactic acid is more melow- sour milk acid
· Tartaric acid is more stable
· Is desert climates very little acid is present, must be added
· Concentration: white wines between 6 and 9 g/l acidity
· Red between 5-6g/l
· Low acid wines: malic acid should not be added as it can be fermented by bacteria to make lactic acid
· Citric acid is degreaded by bacteria, can only add tartaric acid
· High acid wines: malo-lactic ferm, chalking, amelioration (stretching)
· Acietic acid or volatile acidity rejection of grapes
· Acetic acid formed by acetobacter and acetomonas, obligate aerobes- thrive in wet weather or berry performations
· Cannot be removed from wine
· Vinegar is cheap- no profit
· Presses must reduce sheer- skin releases acidity, not great in white wines
· Red wine grape skins Alcohol extracts polyphenolics, tannins(break down further)
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