[bookmark: _GoBack]Food Sci: application of the principles of sci, eng & math to study + acquire new knowledge on the phys, chem & biochem nature of foods. Food Tech: use info from FS & apply approp tech to ensure Q and safety of food. Food Chem: compostn, structure and properties food + chem of changes that occur during processing. Food sci is multidisciplinary: chemistry, physics, analysis, microbiology, processing, engineering. Food sci vs nutrition: study properties of food + ingred. during processing and storage vs effect of food on consumer. Nicholas Appert: heat processing results in longer shelf life, canning. Clarence Birdseye: flash freezing > conventional freezing. Canada: household food exp. = 9.3%, ↓ since 1960s. $ of product shipment = 86 bill. BC 2014: spend most on food from stores, meat, least on fish, cereal, grains. Figure: primary agricultural production (farm production, fishing, imported raw goods) → “processing” (waste  or distribution), or to market direct. Wastes: chicken broth, whey (protein pow., choco), pectin (jam, jelly). Commodity consumption: greatest @ fruit (banana, apple, oranges; berries↑; processed fruit↓) and veg (potatoes; exotic↑). Calorie consump↓. Meat makes most $. CA Storage: ↓resp. rate & ripening “↓senescence”, extend storage (mnths), exact cond needed/type+variety of fruit (↑CO2 ↓O2, N2 filler), low temp, humidity. Apples, grading – market, or CA then market/ processing. Apples  juice (cider via ferment’n, syrup), sauce (leather via dehydrat’n), pie fillings, waste (pectin = gelling agnt, animal feed, disposal).  Apple Juice + yeast →ETOH + Flavors = apple cider, + bacteria → acetic acid = vinegar. Food consumption trends: ↑ poultry, fish, 1%/skim milk, cheese, yogurt, veg oil, cereals grains rice, fruit/veg, coffee, soft drinks, wine tea. ↓beef, full fat/evap/pow milk, animal fat, refined sugr, canned fruit, veg juice, beer, spirits. ↑gluten-free(’17), energy drinks (’13). Portion control, low carb, conveience. 2020: Aging Canadians, Food for Health, New face of Canada, Veggie Movement, Small Indulgences, Changing Meal Patterns, Evolving Society, Convenience, Educated Consumers, Shifting Expenditures. 2016: Clean Labels Spread to Fine Dining, Intersection of Health and Convenience, Less Is More, Smartphone Staple, Packaging Connection, Cleaner Labels, Morally Conscious Foods, Gourmet Convenience, Generational Nutrition, Focus on Food Safety. Food = mix of chems – sensory, chem, phys charact + behav. Colloidal dispersions (no dissolving): foam (g in l – whipped egg white, cake frost), solid foam (g in s – meringue, icecream, bread), sol (s in l = starch, protein, plant polysacc in h20), gel (l in s – starch paste, pectin, jam, jelly, tofu), emulsion (l in l – milk (o/w), mayo (w/o), salad d), solid emuls. (l in s – butter, margarine (w/o)) Emulsifers: lecithin, eggyolk protein. Carbs (4cal/g): ~50% intake, complex>simple, plant sources. Monosac: gluc (80), fruc (140), galac (60)- sweetness: struct + interact’n w tongue. Disac: split w enzyme/boil in dilute acid. Suc(100, g+f), lac (15, g+gl), malt (20, g+g). Sucrose + invertase/acid = invert sugar (1:1): sub part of sucrose in candy making (v. hygroscopic). Nectar = suc, honey=g+f (40:60). Lactose ferm. by lactic acid bact. into lact. acid (acidulant, preserve) in yogurt, cheese. Cow vs human milk: 4-5 vs 6-8%. Starch+amylase/dilute acid= maltose + maltase=2X glucose, + glucose isomerase = HFCS. Func prop: Sweetening power, non-enzymatic browning, crystallization, hot supersat sugar, viscosity (body & mouthfeel), fermentat’n by microorg, antimicrobial agents, humectancy (water retent). Caramelization: heat + sugar = aroma + brown. Maillard: reducing sug (not suc.) + amino compnds = aroma/flav(low mw), melanoidins (high mw, brn;blck) – toast, rst coffee, chips, bread, sunless tanning. Choc. W cream center via ripening: invertase add to crystallized suc make (mix sucr, fruc, gluc) => not crystallize easy. Polysac: high M.W polymers or long chain of monosac units. Cellular structure or nrg reserve. Insoluble in water & tasteless. From plants, seaweed, plant exudates, microbial prod. App in foods: thickening, suspend solids, stabilize or gel agnts. Pectins: from plant, gelling agent ja&, ↑ viscosity ketchup+tomat pste, mouthfeel, helps stabilize O.J & unclarified apple j. Alginates/agar: seaweeds, suspend & thicken agnts (salad dressing, puddings). Carrageenan: same b4 but dairy products (ice cream, cocoa particles sus in choco-milk). Xantham Gum: from bacteria, control viscos, suspend agent (salad dress cling), loaf structure in wheat-free bread. Gum Arabic: jelly beans, thicken agent, tree sap. Starch: polymer glucose 500+, α-1,4, digestible. As starch granules: linear amylose (gel formation: chains parallel form H-bonds) & branched amylopectin (give viscosity, sidechains bulky) (cornstarch 1:3). Gelatinization: heating + water → bond joining amylose & amylospectiin weakened, H2O move in & form H-bond (starch grans swell then burst & absorb water) (swell 70, gel 85). Retrogradation: amylose chains orient back to crystalline zones (intermole bonding), aggregates & loss of water (syneresis). ↑by fridge temp, reverse partially by heat. Cellulose: most abndnt polymer, b- 1,4, linear glucose, indigestible (dietary fiber). Func. Prop: stabilizers/thickeners/↑visc, gelling agents (l in s gels), fat replacers. Fats (9cal/g): 30% intake, dietary + essential FAs, TAGs (glycerol (3C + 3OH) + FA’s (hydrocarbon chain w/ COOH & CH3), ester bonds). Common FA: C16/18. Coco oil short (C12), fish long (C20/22). Formula of FA’s: Y(# C’s):X(# db){n – Z} (n = #ing of db from CH3 end, Z=number of 1st db). Sat fat: animal fat, solid RT, linear, packed tight, ↑MP. Unsat fat: cis/trans, liq RT, ↓MP. Rancidity: PUFA>MUFA, improp storge, repeat high temp. 1. Oxidative: db + O2 = off flavors, carcinogens, (UFA/PUFA + heat/light + O2 = hydroperoxides  OH’s, ketones, aldehydes), only unsat. 2. Hydrolytic/lipolytic: cleave TAG bonds = release short FA = odorous, by lipase (both unsat&sat). Stop by prper storing, limit heat exposure, add antioxidants & hydrogenation: harden liq oil to semi-solid fats (margarine): trans FA made, add H to unsat db of UFA ∴ ↑MP, less prone to oxidize, no kink of cis, packed tighter (semi-sol) Trans fats: ↑LDL (CHD), label reqd. Func prop: mouthfeel/lubricant, aroma carrier & flavor, shortening/tenderizing power, aeration, high-temp medium (frying), soften when heated, emulsifiers (both O/W or W/O). Lecithin (PL) in egg yolk & soybean oil. ↓ interfacial tension (vs stabilizers- ↑ viscosity of con’t phase, keep droplets suspended. Factors affecting emulsion stability: hydrophilicity (reduce interfacial tension), droplet size (buoyancy), coalescing tgt, else creaming, Proteins (4cal/g): req 0.8g/kg B.W, excess = fat storage or use as nrg, 20 natural + 9 essential (ex leu, phe, trp)) aas. AA seq and 3D structure determine func prop and nutritive value, protein Q higher in animal than plant (less digestible, less essential a.a.), improved by “complementation”/“supplementation” = mixing. Func prop: emulsifier = amphiphilic (egg yolk proteins), foams (trap air bubble & form rigid 3D structure when heat/cooled = solid foam), gels (form 3D structure that trap h20 ie yogurt, cheese, frankfurters), enzymes (bio catalysts, inherent or added to food, desirable or not), allergens (milk, eggs, fish/crustaceans, wheat, treenuts, peanuts, soybeans, sesame seed, mustard, sulphites). Water: Free: present in intergranular spaces, found in tissue food systems & dispersions, retains physical prop, func as dispersing agent for colloidal subs, solvent used by microorg, available water for rxns + microbe grwth.. Bound: absorbed on macromolecules (starches, pectins, proteins), no display physical prop, microorg not use inhibit growth, smaller molecules (salt/sugar) bind free water to ↓ in food. Aw: vap. prss. H20 in food at temp/vap. prss of pure h20 @ temp (0 = no free, 1 = all free). H20 content: all, H20 activity: free – values not always related. Controlled by phys removal ([], dehydration, frozen) or add solutes to bind free water. Moisture content as Q assurance measurement. Aw doesn’t indicate is water is free or bound. Minor: 1. Organic acids: flavour, tartness; antimicrobials; adjust pH/acidify foods (rate of chem & enzymatic rxns, microb growth), textural effects from rxn to proteins, starches, pectins. Acid food < 4.6 (kill most pathogens), low acid food (meat, fish, veg)>4.6>acid foods (cit/appl J, strawb, appls), Total acidity: titratable acidity (total [acid], ph: active acidity = quantifies [H]). Test pH: taste, pH meter. Malic (apples), citric (tomat, strawber, citrus), tartaric(grpes), lactic (yog, chees,oilv, saurkrt) 2. Colors & pigments: natural or synth sources, chlorophyll a (blue-green broccoli top), b (yellow-green broccoli stem), Carotenoids: carotenes: red tomatoes, (lycopene) orange carrots (-carotene), xanthophylls: yellow pineapple, orange peach, salmon.. Anthocyanidins & anthocyanins: blueberries, cran, cherries, plum, red cabbag. Hemoglobin & myoglobin = red. All pigments b4 are sensitive to pH, Synthetic pig: coloring agents 3. Aroma + Taste = flavour: complex (100-1000s compounds), aroma = volatile, taste = non-volatile. No sole source of aroma, specific mixture of chem in particular [] creates aroma, volatile compounds in low []’s, flavor constituents are either present as part of food matrix (fresh strawberries) or modified (cooked), or created (roast coffee). 4. Vits & Mins: organic compounds. Water-soluble: C, folic acid, B complex; Fat- soluble: A,D,E, K. No effect on color, flavor, texture. Low amounts, maintain health. Food additive: C (bleaching agents, preservatives hasten oxidation slow, antioxidant slow rancidity and browning) and nrg (tocopherols = preservative for antioxidant). Minerals: Ca, Mg, Na, K, Fe, Zn. Guest: More C ↑MP, d.b. ↓MP. Lauric, Palmitic: ↑LDL/HDL, Myristic: ↑↑ LDL/HDL, Stearic ↓↑ LDL/HDL, Oleic, Linoleic, Linolenic, Elaidic: ↓LDL↑HDL. Fat subs: trends: less fat, less calories, overall healthier, health problems (overeating, obesity, sedentary lifestyle) for developed countries. Protein based (SimplesseTM): use protein particles to stabilize & give texture to food. from soy, milk (whey) or egg white protein. Protein is partially coagulated by heat, creating micro dispersion (0.1-0.2 microns) = microparticulation∴ perceived as fluid w/ creaminess & richness of fat, 1.3 C/g (icecream, yogurt, cheese spread, salad d, margarine, mayo, coffe crm, soup, sauces). List as common name ex. “whey protein concentrate”, “simplesse” may appear in brackets after. Carb based (MaltrinTM): imitate fat mouthfeel, bland flavour; contribute less cal. Use cellulose, starch, gums, maltodextrins, fibre from corn, potato, wheat, tapioca. Fully digestible 4 C/g. Other carb ex are non/semi-digestible 0-2 C/g ex Avicel, Betatrim (margarine, salad d, frosting, frozen dessert, processed meat). Fat Based (Sucrose polyester/Olean/olestra): sucrose + 6-8 edible FA chain = sucrose polyester. Unlike prev. can withstand high temp (frying) and give rich taste & creamy texture like fat (b/c made from it). Not-digestible/absorbed, 0 C/g (fat vits also not absrbd). Must add A, D, E, K. Approve in US 1996, not CAN. Lrg amnts – like high fiber, ab cramps, change stool consistncy. Used in savory snacks & crackers. Sugar Sub: sweetener: any food additive used to imprt sweet taste to food, listed as a sweetener in Table IX to B.16.100 of FDR" ex: aspartame, sucralose, sorbitol, and maltitol. Used for diabetics, ↓cavities, or concerned about ↑caloric intake. Can be naturally occurring or synthetic molecules. Sweetening agent: any food for which a standard is provided in Division 18 of the FDR, but does not include those food additives listed in the table to Division 16 [B.01.001]". ex sugar, honey and molasses. Low Cal/non-nutritive: <4C/g, but trace amnts used 1. Aspartame: James Schlatter, methyl ester of a dipeptide: phenylalanine & aspartic acid. 180-220x sweeter than sucr., less amount needed, does not ↑ blood sugar/insulin levels. ADI: 40mg/kg b.w/day. Ppl w/ PKU (phenylketonuria) must avoid. Degraded over time or heat to DKP (diketopiperazine)  need best before date, can’t use in baked goods. 2. Sugar-alcohol (sorbitol, mannitol, xylitol..): naturally in fruits, berries, or commercially produced by hydrogenating sugars. Used as a “Bulk Sweeteners” cup-for-cup same amount of sugar. Give cooling sensation ie gum, toothpaste. Less sweet than sugar. Do not promote tooth decay or ↑ blood sugar/insulin levels. Absorbed slowly in intestines leads to laxative effect when eat in excess (threshold 20-40g/day). Partial digest: 1.5-3.0 C/g. Ex: gun, candies, frozen deserts, cookies, icings, fillings, & oral care products. Non-Cal: 0 C/g. 1.Acesulfame-K: Sunett/Sweetone, synergistic sweetening effect w/ other sweeteners (ie aspartame in pop), heat stable, high degree of stability over wide range of pH & temp storage conditions, 200x sweeter than sucr, heat stable, not metab, not fermntd ∴ no cavities, ADI: 15mg/kg b.w/day, Ex: baked goods, candies, canned goods, chewing gum dry foods, oral and pharmaceutical products. 2. Sucralose: chlorinated molecules (3 OH on sucrose replaced by chlorine), 600x sweeter than sucr., not metab, heat & time stable, retains sweetness over wide range of temp & storage conditions, do not ↑ blood sugar/insulin levels or growth bac in mouth, ADI: 9mg/kg b.w./day, ex: canned fruits, fruit drinks, baked goods, chewing gum, tabletop sweeteners, maple syrup, apple sauce. Sweet b/c ↑ lipophilicity --> more fat-soluble --> enhance sweet taste. Saccharin & Cyclamate (synthetic not carb or AA): not allowed in foods & considered adulterants when added to foods, may be sold for direct consumer use, under specified conditions [E.01.002]. Saccharin in pharmacies, dangerous to health label, banned 1970 but process of reinstating. Cyclamate used by advice of doctor. Both must list ingredients, quantity, and energy value in cal per tsp, drop, tablet. Neotame: 7000-13000x sucrose, 0 cal/g, moderately heat stable, rapidly metab, ok in CAN, do not ↑ blood sugar/insulin levels, is non-nutritive sweetener (not metab, no cal). Stevia: leaves of plant Stevia rebaudiana Bertoni, not considered food add, ok CAN, steviol glycoside. Sensory properties of food 3 types: 1. Appearance: size, shape, color, gloss, consistency & presence of defects, AD’s appeal to this, to make food selections, measure quality (mold, bruise, bright, shiny color); measure of food quality. 2. Texture: cutting = divide (apple), compression = squeeze (bread), tensile strength=tearing (muffin) or pulling, shearing = sliding (gum); find out if retrodegraded = tougher, measure of food quality. 3. Flavor: FLAVOR = TASTE + SMELL; taste = water-soluble on mouth-tongue receptors; aroma/smell is fat-soluble & volatile w/ nose receptors in olfactory region & is mixture of chemicals in very low []. “Flavour test”: with/w-o aroma. “Taste test” diff spots on tongue. Taste Sensations: sweet, salty, bitter, sour. 5th = umami. 1. Sweet: by simple sugars (mono/di-sac). Some a.a., peptides (aspartame), synthetic (saccharine, cyclamate), others (chloroform, lead acetate) 2. Salty: only NaCl truly, other salts give salty & bitter taste (KCl b/s, NaSO4 B/s, CaCl B, CsCl S), hard to make palatable salt sub. 3. Sour: by protonated [H+], organic or inorganic acids. Vinegar (acetic acid). Citric, tartaric, malic, lactic, fumaric, acetic, and phosphoric acids are sour taste and commonly found naturally in acidic foods. 4. Bitter: typically alkaloids (caffeine in tea/coffee, theobromine in choco, solanine (green potato); salts (NaSO4, CaCl), a.a.s/peptides (sharpness/bitterness of aged cheddar) 5. Umami (Professor K. Ikeda w Kombu seaweed, glutamic acid crystals): savory, torula yeast/autolyzed yeast extract/hydrolysed protein, associated w/ some “Flavor Enhancers/Potentiators” (ex. MSG – meat/veg umami, 5’ nucleotides – meaty umami, maltol – mod flav of high carb food/bev), MSG binds to tongue receptor, does not affect aroma, enhance meat & veg flavor but not acidic, bakery or sweet products. Soy sauce 1090 mg/100g glutamate (most @ parmesan or Roquefort cheese). Suppresses bitter and burnt flavor. Other sensations: Astringency: physical sensation as puckering in mouth; attributed to tannins or polyphenols of high M.W. Pungency: spicy heat in oral cavity, capsaicinoid molecule: capsaicin in chili peppers. Coolness by menthol and its isomers. Xylitol or sorbitol. Perception not only dependent on chemical or physical properties, but psychological factors as well. Regulations: ensure food we buy and eat is safe w/in certain preset limits of Q. Health Canada (Health Products & Food Branch): safety + nutritional Q of food, food/drug, additives regulations, standards of identity & composition. Canada Food Inspection Agency (CFIA): enforce standrds, inspection of food (processing plants, animal/plant heatlh), grade standards for products, regulates labeling & packing + advertising. Industry Canada: weights & measures regs by “Measurement Can” department; enforcement by CFIA. Provincial: food made and sold only in borders. BC Ministry of Health: public health inspect retail stores & food service outlets, inspect provin meat + dairy processing plants. Municipal: public health inspectors of retail stores/food service outlets. Justice Canada: maintain Consolidated Statutes & Regulations for the Government of Can include: Food and Drugs Act of Canada: Consumer protct’n laws, stndrds of food ID and comp - states what food shall be & defines a food or ingred, lists the mandatory & permitted ingred in foods. Exist for over 300 foods, classified w/i 28 divisions. Standardized foods: one that states what the food shall be & defines a food or ingred (milk, cheese, OJ, jam). No food sold that is: poison/harmful, unfit for human, *adverts cure/treatment for disease (2002). Administered by HPFB of HC, CFIA inspects/enforces. Regulations made after extensive consultations. Delisting food add or other substance when new evidence with safety issue. Eg. Cyclamate/saccharin. Can be amended by Governor in Council. Consumer Packaging and Labeling Act: info reqd on pre-packaged food: Common name, Net Q, Common Name, Ingredients + allergens, Nutrition Facts, Date markings and storage (if <90days), Bilingual, ID and principle place of business, legibility + location, irradiated food, country of origin, sweeteners. Other mandatory info (alcohol, milk %, aspartame mg), Nutrient content claims & diet-related health claims. Claims: a diet (low/w. adequate/rich/low+high) in (sat&trans fat/calcium&vitD&reg exercise/vege&fruit/Na&K) reduces risk of (heart disease/osteoporosis/some types of cancer/high BP); do not promote tooth decay. Label modernization: collective names “natural flavour” “colour”; simple terms, some grouped together ex sweeteners  higher on list. Regulate “fat free” or “light”. Food grade standards administer by CFIA under Canadian Agricultural Products Act. Grade standards for processed fruits and veges: based on aesthetic Q’s (flavor, aroma, color, tenderness, maturity, sizes/shape uniformity, consistency of texture, appearance of liq. medium, free of defects/foreign material). CAN Fancy and CAN Choice same in nutritive value, diff colour/uniformity. Egg: weight, cleanliness, soundness and shape of shell, shape and position of yolk in the egg during “candling”, size of air cell (small = fresh), abnormalities (eg blood spots). Grade A: has "maple leaf" symbol, Designated by size. Basic reqs: Thick white, Round, well centered yolk, Small air cell < 5 mm deep, Clean, uncracked w/ normal shape. Grade B: mostly used for commercial baking or hospitals, restaurants, little sold at retail stores. Yolk is slightly flattened; white is thinner. un-cracked, may have a rough texture; and/or be slightly soiled and stained. Grade C: lowest grade, used in production of processed egg products only, not sold stores. Yolk flattened and may be oblong in shape; white is thin and watery, Shell may be cracked and/or stained. Nest run. Receiving →washing → candling (only grade A next)→ weighing →packing →storage. Candling: bright light to see inside for internal defects, cracks, dirt, stains, rough shells to be seen. Maple: Grades: “Canada No. 1, 2 & 3”. Color grade must be Extra light, light and medium in color (1) VS amber (2). Reqs: it is produced exclusively by the [] of maple sap or by the dilution or solution of a maple product, other than maple sap, in potable water; it is clean, wholesome and fit for human consumption;, it is free from any defect or deterioration affecting its edibility, appearance or shipping quality; it has a minimum soluble solids content of 66% as determined by a refractometer @ 20°C; and, its color class use Schedule III. Beef: Canada A, AA, AAA, Canada Prime: maturity lvl, well-muscled, marbling present fat covering (slight abundant, slight amount, traces) + firm & white or slightly tinged w/ a reddish or amber color & not less than 2 mm thick; B, D (mature cows, further processed, used in cans, stew, soups). No diff in nutrients of lean portion. Natural Health Products: neither foods nor drugs. Government NHP Directorate: “medicinal ingred.”, responsible for reg & labeling guidelines. Change to NNHP (natural and non-prescriptive etc.) – vits, mins, homeopathy, probio, botanicals. International Scene: Codex Alimentarius Commission: 1963 by WHO and FAO of UN. International food stndrds, 160 countries. Food Add: CAN def: is any chem substance, added to food during prep or storge and either becmes part of food or affects its characteristics for the purpose of achieving a particular technical effect.” CAN 300, USA 2600. NOT: 1. any nutritive material that is used, recognized or commonly sold as an article or ingredient of food ex salt, sugar, starch 2. a.a.s, mineral & vit, spices, seasonings, flavoring preps, 3* food packaging materials 4* veterinary drugs. 5* Agricultural chems. US def: any substance added to food. Legally, the term refers to 'any substance the intended use which results or may reasonably be expected to result-directly or indirectly-in its becoming a component or otherwise affecting the characteristics of any food.' This def includes any substance used in the production, processing, treatment, packaging, transportation or storage of food. Direct add: substance is added to a food for a specific purpose in that food. *Contaminants in Canada, *indirect food adds in USA (become part of the food in trace amounts due to its packaging, storage or other handling). Guidelines for food add use in Canada: 1.safe for continued use 2.must not lead to deception 3.results in an advantage to the consumer by improving or maintaining the nutritive value, quantity, quality or acceptability of the food. Food add dict: 15 cat. Apply for food add use provide: purpose of add, name, food which it is permitted and max amount permitted. Submit to HC →HC comments →Panel of HC + outside experts weigh the risk/benefits→accept/reject. ADI (NOEL ÷ safety factor (100/1000)): daily dose which over an entire lifetime appears to be “without appreciable risk (practical certainty that injury will not result even after a lifetime of exposure)”. PDI: estimated based on food consumption estimates. Approve if PDI <ADI and if there is a justified need (fnx) for the add. FAO permission: Maintain nutritional quality, enhance stability/shelf life, make the food attractive without deception, provide essential aid to food processing. Permission will not be given if the food additive does not provide and advantage even if it is proven to be safe. Risk/benefit analysis: good for low cal, diabetes, cavities, aspartame metab to phenylalanine, aspartic acid, methanol (toxic @ high dose). DKP after long time or heat, not common, lose sweetness, no evidence of carcinogen (so far), ADI: 40mg/kg bw. However, PKU so must label “contains phenylalanine” & list aspartame & mg/serving.  Nitrites: myoglobin + nitric oxide = nitrosohemochrome (pink). Antimicrobial agent mainly C. botulinum. No good alternative. Safe stable cured meats. Nitrites + amines → nitrosamines (carcinogenic), but not major source, most nitrates from veg, major intake in tobacco, beer, bacon & nitrites intrinsic in saliva. Even de-list, still exposed to a lot of nitrites. pH & temp in stomach optimum range of nitrosation rxns. Ascorbic acid, Na erythorbate, vit E interfere w/ nitrosation rxns so may add these in cured meats. Risk if not used: botulism & no more canned cured meat b/c heat treatment leads to undesirable texture. Maillard: reduced sugar (free aldehyde/ketone group) + nitrous compounds, AA, or proteins, amines = brown pig/melanoidins formed by polymerization of low M.W intermediate factor (aroma compounds both undesirable & desirable) to high M.W. Allowed as preservative. 



