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Lesson 1

Text A Elements and Compounds

All matter is composed of basic substances called elements. An element cannot be
broken down into simpler units by chemical reactions; it contains only one kind of atom.
An atom is the smallest characteristic unit of an element.

A compound is a substance that can be split into two or more elements. Watér is a
compound because it can be split into its components , hydrogen and oxygen. The formula
of a compound gives information about the kinds and numbers of atoms that make up
each molecule of that compound. A formula contains the symbols of the kinds of atoms
in each molecule and subscripts that indicate the number of each kind of atom in the
molecule. For example, the formula for water ,H,0O, indicates that a water molecule con-
tains two hydrogen atoms and one oxygen atom;and a molecule of the glucose , C¢H;,Os,
contains six carbon atoms, twelve hydrogen atoms, and six oxygen atoms.

When carbon unites with oxygen, it forms a colorless, odorless, and tasteless gas
called carbon dioxide, which is heavier than air and will extinguish a flame.

Carbon dioxide is like nitrogen in many ways, but if it is mixed with limewater, it
causes the clear liquid to become milky, while nitrogen dose not. This is the test for
carbon dioxide. .

Carbon dioxide is a source of plant food. Plants have the power to take this gas from
the air, combine it with water, and make it into their tissues; in fact, it is from this
source that all organic carbon comes.

Mineral compounds are made of elements such as sulphur, phosphorus, ircn, potas-
sium, sodium , and calcium. Calcium unites with sulphur and oxygen to form calcium sul-
phate, and with phosphorus and oxygen to form calcium phosphate , Sodium and potassi-

um unite with oxygen and nitrogen to form sodium or potassium nitrates.

Notes
element xE symbol wE
formula SFR hydrogen &
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Text B Carbohydrates

Carbohydrates are usually defined as polyhydroxy aldehfdes and ketones or sub-
2
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stances thaet I;‘Lydrolyze to yield polyhydroxy aldehydes and ketones.

Monosaccharides are classified according to (1) the number of carbon atoms present
in the molecule and (2) whether they contain an aldehyde or keto groﬁp, Thus a
monosaccharide containing six carbon atoms is called hexose; a monosacchride contain-
ing an aldehyde group is called an aldose; and one containing a keto is called a ketose.

The most important representatives of monosacchrides are glucose, arabinose, galac-
tose, mannose, ribose, and fructose. Glucose is usually used as a carbon source for fer-
mentation. Because the glucose in refined form such as crystallin form or as syrup form
is more expensive, glucose in fermentation medium is mostly produced by direct enzy-
matic conversion of starch. ’)/’T d ﬁ *

)i} The oligosaccharides can be classified into disaccglarides and trisagcharides. The

'f/ﬁ most important representatives of disaccharides are sucrose (from beet or cane),lactgse, j .

\K maltose and cellgbiose. The most important representative of trisaccharide is raffmose/{%

ﬁf whlch occurs in sugar beet.

)K@; Suctose is available for use in fermentation processes either in crystallm form or in
crude form as raw juice or molasses (a by -product of sugar manufacture). The sugrose
contained in molasses is obviously cheaper, but the compositions of molasses varies
greatly with sources (cane or beet),quality of the crop and the nature of the sugar refin-
ing process. The molasses should be pretreated before being used as a raw material for
fermentation medium.

Lactose is present in whey (a by-product of cheese making that arise following the
separation of curds, the solidified casein and butter fat) at a concentration of 4% ~5%
and whole whey or deproteirz‘ized whey is used as a cheap source of carbohydrate in some
alcohol production process.

Polysaccharides are constructed from monosaccharide unit and their derivatives, and
have ten to several thousand units. D-glucose is the most common unit. They are insolu-

_ ble and nonreducing. The most important representatives are starch, glycogens, and cel-
lulose.

Starch is the most important carbohydrate used in fermentation processes. It is from
plants such as corn, rice, wheat, potatoes and cassava. CotTOVI 7S s

The extent of starch hydrolysis required varies with fermentation process and de-
pends on considerations as to whether or not the microbial strain to be used produces
amylase and whether product synthesis is subject 1o catﬁbolite reprgssion. For citric acid
production, because the A. niger has the ability to Synthesize glucoamylase (or amy-
loglucosidase: an enzyme that catalyzes the removal of one glucose molecule at a time
from the terminal end of dextrins, breaking 1, 4 links), the starch slusry is gelatinized
by cooking at high temperature, then the gelatinized starch is hquefxed and dextyinized
by thermostable amylase , and the saccharification step is not necessary. The soluble dex-

3




trin hydrolysate is used as a raw material for fermentation medium.

Notes

" polyhydroxy « B EM butter fat
aldehydes i3 whey
ketones ’\‘]ﬂm s fzé A whole whey
hydrolyze ¢ °5 KR deproteinized whey
carbohydrate BAKALEY hydrolysate
monosaccharide o polysaccharide
arabinose Bl o 41 4% nonreducing
galactose e g starch
mannose HiEE glycogen
ribose 1% cellulose
fructose =3 corn
refine gl wheat
crystallin V e, Sk potato
syrup L Ex cassava
enzymatic BEE G microbial strain
oligosaccharide -4 amylase
disaccharide - catabolite repression
trisaccharide =8 . citric acid
sucrose BER A. niger
beet ¥k glucoamylase
cane HiE (amyloglucosidase)
lactose A dextrin
mal]s)se EHE link
cellobiose HoE slurryor
raffinose BT gelatinize
mollasses BE thermostable
sugar-refining $55 04 5 I saccharification
cassein BEA medium
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The basic nutritional requirements of heterotrophic (3% MA9) ,microorganisms are



an energy or carbon source, an available nitrogen source, inorganic elements,and water,
for some microorganisms, growth factors (4E{<[H-F) and oxygen are also needed.

The elemental composition of most microorganisms is fairly similar and consequent-
ly can be used as a starting point to designing an optimally balanced medium for fermen-
tation. i )I[’@ @ i

A variety of factors must be considered when formulating a fermentation medium.
One relates to cellDular stoichiometry (ft2# it 8 Yand the desired amount of biomass to be
produced. The basic concept here is simply a material balance ; during the course of cellu-
lar growth, small organic and inorganic molecules such as glucose and ammonia are con-
verted into bi%nass (YR, £94) , Nutrients must be provided in sufficient quantities
and proper proportions for a specified amount of biomass to be synthesized. Computation
of these necessary amounts of various substrates clearly requires knowledge of the prod-
uct (biomass) composition.

Typical values for C, H, O, N and S as a percentage of dry cell weight are 45, 7,
33, 10, and 2.5, respectively. Tr%:e elements such as Cu, Mn, Co, Mo, B and possibly
other metals may be required, but the trace metals are normally present in sufficient
amounts in the tap water (H37/K) or in the main raw materials. Some microorganisms
require growth factors for their growth. Specific growth-factor supplements may be
added to media as pure cheﬁxicals, for example, use of biotin in glutamic acid fermenta-
tions; or the growth-factors may be present as compongnts of crude nitrogen sources
such as corn steep liquor.

Are the following statements true or false? (Based on the Reading Materials)

1. The basic nutritional requirements of heterotrophic microorganisms are carbon
source,nitrogen source,inorganic elements,growth factors,water and oxygen. ()

2. The elemental composition of most microorganisms can be used as a starting
point to design an optimally balanced medium for fermentation. ( )

3. During the course of cellular growth, small organic and inorganic molecules such
as glucose and ammonia are converted into proteins. ( )

4. Trace metals are normally present in suf/ficient amounts in the tap water but in-

sufficient in the main raw materials. ( )
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