
11.8. BEVERAGES 



ALCOHOLIC BEVERAGES 

- Beer and wine – known to early civilizations. 
 

- Distillation process for liquor production – much later. 
 

- Ethanol – high nutritional energy value (29 kJ/g or 7 kcal/g). 

Sugar containing 
liquids Alcoholic fermentation 

(yeasts) Raw material 
Sugar is generated from the 
raw material by processing 
(hydrolytic cleavage of 
starches and dextrins) 



WINE 
Obtained by full or partial alcoholic fermentation of fresh, crushed 
grapes or grape juice (must). 
 

Must composition 
 

Carbohydrates 
 

- Ripe grapes – glucose and fructose 1:1 
- Overripe or botrytised berries – fructose predominates  

L-arabinose ca. 1 g/l 
rhamnose up to ca. 400 mg/l 
galactose up to ca. 200 mg/l 
D-ribose ca. 100 mg/l 
D-xylose ca. 100 mg/l 
mannose up to ca. 50 mg/l 

nosalty.hu  



- Saccharose (ca. 10 g/l) – only if the saccharase is inhibited during pressing.  
- Oligosaccharides (raffinose, maltose, melezitose and stachyose) 
- Pectins, pentosans 

Acids 
 

% of the titratable acidity 
In a good vintage Unripe grapes are fermented 

L-tartaric acid Predominates  
(65–70%) 

Second most important  
(35–40%) 

L-malic acid Second most 
important 

Predominates 

Nitrogen compounds  
Lipids (~ 0.01 g/l) 



Phenolic compounds 
Tannins: in stems, skin and seeds. 

Tannin content (g/l) 

White must (carefully prepared) 0.2 g/l 

Red wines 1–2.5 g/l 

Colour pigments 

free (unesterified) 
anthocyanidin-3-
glucosides  

malvidin-3-glucoside  
(40–90% of the anthocyans) 

American cultivars (hybrids) 

3-monoglucosides 
anthocyanidin-3,5-diglucosides 
 

European red-wine vines 

commons.wikimedia.org  

malvidin-3-glucoside 

themodernembalmer.com  



commonly occurring  
anthocyanidin structures 

Anthocyanidin (aglycone)  
Glycosylation  
(C-3, C-5, C-7 position) 

Glucose 
Galactose 
Rhamnose 
Arabinose 

Acylation of sugars  
 

http://eng.ege.edu.tr/~otles/ColorScience/anthocyanins.htm 

Anthocyanins (stable!)  
p-coumaric acid 
Acetic acid 
Malonic acid 
p-hydroxybenzoic acid 



Wine fermentation 

Spontaneous 

Inoculation wine yeasts 

Must pasteurization 

pure culture 
selected strain of wine yeast 

wild yeasts 

Main (primary) fermentation (5–7 days) 

Sugar converted to alcohol 

Protein, pectin,  
tannins, tartrate,  
yeast cells  

settle at the bottom 
 of the fermenter  
 ” bottom mud” 

” young wine” 



Secondary fermentation 
Stops at 12–15% (v/v) ethanol  
(depending on the type of yeast) 
 
Addition of 
sulfurous acid 

Fermentation  
is suppressed 

The unfermented residual sugar 
may be retained  
(residual sweetness) 

theworldwidewine.com  

Sulfur treatment 

Wines 
(prior to the first racking) 

Preservation constituents that 
are prone to oxidation. 

Prevent enzymatic browning 
(via phenol oxidation). 

Suppress the growth of 
undesirable microorganisms. 

Crushed grapes (mash) 
sulfites 
sulfurous acid 
liquid SO2 



Turbidity prevention/elimination during storage 
 proteins 

oxidized and condensed polyphenols 
Turbidity-causing solids 

multivalent metal ions discoloration 

Wine 
clarification/fining 

precipitation reactions filtration 

centrifugation 

Metal induced cloudiness iron, copper and zinc are precipitated by 
potassium ferrocyanide 

adsorption 

Other substances causing 
cloudiness and unpleasant 
taste 

casein, egg albumen, tannin, bentonite, kaoline, 
agar-agar and purified or activated charcoals 



Wine composition 
 

- Environmental factors (climate, weather, soil), 
- cultivar, 
- handling and storage of the grapes, must and wine. 

Quality-determining constituents Combination of 
chemical analysis and 
sensory testing. 

Evaluation and 
classification of wine. 

- Extract  
- Ethanol  
- Glycerol  
- Sugar  
- Acids 
- Bouquet substances csnl.ptrtovoid.net  topnews.in  



Extract 

White wines 20–30 g/l  
Red wines –  higher 
 
Quality evaluation – „sugar-free extract” 
(sugar content can be manipulated) 

Must components 

Fermentation 
and degradation products 

All the components of 
wine with the exception 
of volatiles (distillable 
ones). 



Alcohols  
 

Ethanol 
- Serves as a quality feature. 
- Above 144 g/l indicates addition of ethanol. 

Methanol  
- In wines: at a very low level (38–200 mg/l) (pectin hydrolysis) 
- Brandy distilled from pomace: 1–2% methanol.  
 
Higher alcohols: propyl, butyl and amyl alcohols 
 
Diacetyl  → yeast fermentation → butylene glycol (2,3-butanediol) (0.4–0.7 g/l )  
 
Sugars → glycerol – gives wine its body and round taste. (6– 10 g/l) 

quintamacedos.com  



Carbohydrates 
 

Residual sugar in fully fermented wines (0.03–0.5%)  
- Glucose and fructose (0.58:1) 
- Nonfermentable pentoses  

- arabinose (0.05–0.13%) 
- rhamnose (0.02–0.04%) 

 
Incompletely fermented wines: 
- Higher concentrations of both hexoses 
- Substantially more of the slower fermenting fructose  
 Acids 

- pH of wine 2.8–3.8 
- Titratable acidity 4–9 g/l (expressed as tartaric acid)  

novasys.com.au  



from grapes 
tartaric acid 
malic acid  
citric acid 

wine ripening 
acid degradation 

cream of tartar precipitation 

the acid 
content 
decreases 

Red wines: less acid than in white wines.  

Origin of the acids in wine 

from fermentation 
succinic acid 
carbonic acid  
lactic acid 

leopold.iastate.edu  

www.dreamstime.com 



Indication of disease: acetic and propionic acids 
                                   anomalous amount of lactic acid  

Botrytis cinerea → gluconic acid (<2 g/l of must) 

Aroma substances 
 

- More than 800 compounds 
- Total concentration: 0.8–1.2 g/l  
- Ethanol → odour thresholds increase of volatiles → influences the 
bouquet of wine. 
Lower alcohol content → the intensity of the fruity note increased in an aroma model 
for Gewürztraminer.  

cheers2wine.com  



Compound Cultivar 

Ethyl cinnamate 
β-Ionone 
Linalool 
Geraniol  
Nerol 

Muscatel wines 

β-Damascenone Riesling, Chardonnay 

cis-Rose oxide Gewürztraminer 

2-sec-Butyl-3-methoxypyrazine Sauvignon 

2-Isobutyl-3-methoxypyrazine  
4-Mercapto-4-methylpentan-2-one  

Scheurebe 

Cultivar-specific aroma substances of wine 



Origin of the odorants  
- originated from the grape → primary aroma  
- formed on fermentation → secondary aroma  

ester concentration ↓ 

Grapes with neutral in aroma  
(e. g., white Burgundy, 
Silvaner, Chardonnay). 

Aroma-rich grapes  
(e. g., Muscatel, Morio-Muskat 
and Sauvignon). 

temperature↑  
pH ↓ 

Fermentation conditions → content and composition of the ester 
fraction → intensity of fruity notes in the aroma profile. 

Terpenes → aroma of Muscatel wines 

Fermentation 



BEER 
 
 
 

Ingredients of beer making or brewing:  
- germinated barley (malt)  
- hops  
- yeast 
- water  
 
 
- Other kinds of malt (wheat) 
- Adjuncts: unmalted cereals  
(barley, wheat, corn, rice) 
- Microbial enzyme preparations 

bellebouche.com 

beersmith.com  

biokemi.org  



Hops 
Aroma constituents  
(fermentation) 

Unfermented solubilized 
extract content 
(carbohydrates, protein) 

Carbon dioxide 

Aroma, flavour 
bitter taste  

Nutritional value 

Invigorating and 
intoxicating properties 

Refreshing effect 
stability 

Ethanol 



Beer composition 
Alcohols  

- Low fermented extract-rich beer: 1.0–1.5 w/w% 
- Weak or thin beer: 1.5–2.0 w/w%  
- Full beer: 3.5–4.5% 
- Strong beer: 4.8–5.5%  

higher 
alcohols 

ethanol 

- 2-methylbutanol  
- 3-methylbutanol 
- methylpropanol 
- 2-phenylethanol  

present in 
very small quantities 

Extract 
- Nonalcoholic constituents of beer  
- 80% carbohydrate (mostly dextrins) 

plain beers: 2–3%  
strong beers: 8–10%. 



Acids 
 

Carbon dioxide  
- bottom fermented beers: 0.36–0.44%  
- flat and dull beers <0.2%  
 

Lactic acid  
Acetic acid  
Formic acid  
Succinic acid  
 pH    - 4.7 (dark, strong beer) 

- 4.1 (Weiss beer) 

Nitrogen compounds 
 

Originated from raw materials and yeast (0.15–0.75% ) 
 

- Proteins 
- High molecular weight protein degradation products 
- Free amino acids 
 Glutamic acid contributes to beer taste.  
- Volatile amines 

Cloudiness in beer 
during cold storage  

kegsandkitchen.com  



Carbohydrates 
 

3–5% (considerably higher in strong beers) 
- Pentosans 
- Dextrins 
- Mono- and oligosaccharides  
(maltotriose, maltose...) 
- Glycerol (0.2–0.3%) 

Aroma substances 
 

- derived from hops 
- pass into the beer on boiling the wort 

Alcohol-free beer – production →  the concentrations of important aroma 
substances drop 

(R)-Linalool 
ethyl-4-methylpentanoate 

classofoods.com  



Pilsener beers -  bitter taste - isohumulons, and humulenes 
(including oxidation products) 
 
Dark beers - caramel note - furaneol  

Odour- and taste-active 
substances 

determine the type of beer  

sg.hu  

- Proteins 
- Polysaccharides 
- Bitter constituents 

β-glucans → increase viscosity → stabilize the foam  
 
Semisynthetic polysaccharides, e. g., propyleneglycol alginate → 
very stable foam (the addition is judged as unfavourable) 

foam building 
properties of beer 
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