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A. VINEGAR

• Vinegar is produced by the conversion of ethyl 
alcohol to acetic acid by the acetic acid bacteria
(Acetobacter and Gluconobacter)

• Vinegar is produced from dilute ethanol solutions; 
the usual starting material is wine, fermented rice, 
or alcoholic apple juice (hard cider). 

• Vinegar is used as a flavoring agent in salads and 
other foods, and because of its acidity, it is also used 
in pickling. 

• Foods pickled with high concentrations of vinegar 
can be stored unrefrigerated for years

A. VINEGAR
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• Three processes are in use for vinegar production :

1. The open-vat method

Wine is placed in shallow vats to facilitate exposure to
the air.

2. The second process is the trickle method.

The bacteria grow on the surface of the wood
shavings, using the trickling liquid as a substrate.

3. Finally, the bubble method of vinegar production
incorporates industrial incubation techniques to
introduce and mix air into a fermenter containing the
alcoholic substrate and inoculated with acetic acid
bacteria.

A. VINEGAR

Vinegar Generator

A. VINEGAR

B. CITRIC ACID

• Found in various sugar-rich environments such as fruit
juices and nectar, yeasts can carry out the two opposing
modes of chemoorganotrophic metabolism,
fermentation and respiration. When oxygen (O2) is
present in high amounts, yeast grows efficiently on
various sugars, making yeast cells and CO2 (the latter
from the citric acid cycle) in the process
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B. CITRIC ACID

The citric acid cycle

B. CITRIC ACID

The overall balance sheet of fuel (NADH/FADH2) for the electron transport chain and CO2 
generated in the citric acid cycle

C. ALCOHOLIC BEVERAGES

• All alcoholic beverages begin with a
fermentation step in which some fermentable
substance, typically a grain, vegetable, or
fruit, is fermented by yeasts or bacteria to
yield ethanol and carbon dioxide.

a. Wine

b. Brewing and Distilling

c. Biofuels
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WINE

• Most wine is made from grapes

• Wine can also be made from many other fruits and
from some non fruit sugars, such as honey.

• Variety of wines :

a. Dry wines are wines in which the sugars of the juice
are almost completely fermented

b. A fortified wine is one to which brandy or some
other alcoholic spirit is added after the
fermentation

WINE PRODUCTION

• First, harvesting of grapes and the grapes are crushed, and
the juice

• Typical varieties of white wine include Chablis, Rhine wine,
sauterne, and chardonnay;

• Typical red wines include burgundy, Chianti, claret,
zinfandel, cabernet, and merlot.

• The wine fermentation is carried out in fermentors of various
sizes, from 200 to 200,000 liters, made of oak, cement,
stone, or glass-lined metal

• White wine is made from white grapes or red grapes that 
have had their skin removed 

• Red wine is aged for months or years

• White wine is often sold without aging
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Stems removed
Grapes crushed

Must

Juice sits in contact
with skins for 16–24 h

Press

Yeast

White wine Red wine

Pomace
(discard)

Yeast

Fermentation vat
10–15 days

Aging 5 months

Racking

Clarifying 
agents

Filtration

Bottling

Stems removed
Grapes crushed

Must

Fermentation vat 3 weeks
(pulp is not removed)

Press

Pomace
(discard)

Aging in barrels

Racking

Transfer to clean barrels
3 times per year

Clarifying 
agents

2 years

Settling tank

Filtration

Bottling: Age in bottles
6 months or more

BREWING AND DISTILLING

• Brewingis the production of alcoholic
beverages from malted grains.

• Typical malt beverages include beer, ale,
porter, and stout.

• Yeast is used to produce beer

• Two main types of brewery yeast strains

a. Top fermenting — ales

b. Bottom fermenting — lagers

Brewing beer in a large commercial brewery
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BREWING AND DISTILLING

• Distilled Alcoholic Beverages are distillates, the
products of heating fermented liquids to volatilize
alcohol and other constituents.

• Whiskey, rum, brandy, vodka, gin

• Alcohol concentrations in distilled products vary from
as little as 20% to as high as 95%.

• The character of the final product is partly
determined by the manner and length of aging; aging
times of 5–10 years are common, but some very
expensive distilled spirits are aged for 20 years or
more

BREWING AND DISTILLING

Distilled spirits. Aging in oak casks imparts a distinctive amber or yellow color to distilled 
spirits. 

Left to right, dark rum, brandy, whiskey. Gin and vodka (not shown) are not aged in oak 
and are colorless

D. MUSHROOM

• Mushrooms are a group of filamentous fungi
that form large, edible fruiting bodies

• The fruiting body is called the mushroom and
is formed through the association of a large
number of individual fungal hyphae to form
a mycelium.

• The mushroom commercially grown in most
parts of the world is the basidiomycete
Agaricus bisporus, and it is generally
cultivated in ―mushroom farms.‖
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D. MUSHROOM
• In the mushroom bed, the mycelium grows and

spreads through the substrate

• The appearance of mushrooms on the surface of the
bed is called aflush, and for freshness the mushrooms
must be collected immediately upon flushing.

• After collection they are packaged and kept cool
until brought to market.

• Another cultured mushroom is the shiitake, Lentinus
edulus.

• Shiitake mushrooms are cellulose-digesting fungi
that grow on hardwood trees.

• They are cultivated on small logs

D. MUSHROOM

A flush of the mushroom 

Agaricus bisporus
The shiitake

mushroom Lentinus edulus


