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Historically, organic solverws and acids have
been a dominant part of tane fermentation in-
dustry. Today, trne marufactiure of the various
organic solvents and acids that can te produced
by fermentation are martly daisplaced oy chenical
synthesis. These include microbially criluced
acetone and butanol, ethanol from ron-cerial

substrates, lactic acid and acetic acid.

It 1s the purpose of this review to update the
older processes and to present the curcent state

of developmert ¢f zew fermentation products. The

following fermentaticn products are discussed:
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1. Ormanic solvents

1.1 Ethyl alconol

Industrial ethyl alcohol, or ethanol, is the most widely
used organic solvent in chemical industry, and, as these
tndustries have expanded, so the demand for industrial
ilcohol n1s increased. Today, despite the rising cost of

rav muterlials, the alcoholic beverage industries - distilled
spirits, beer and wines - are increasing, but fermentation
aleohol for industrial uses nas steadily lost ground to

1

Proce..ses for procucing etnanol by chemical synthesis
(Table 1). The raw materic . used in the synthetic process
are e¢t-nylene and naturazl gas. Countries possessing sources
of nutural gas or crude petroleum will obviously be able
1o marufacture the syntnetic etnanol at low cost. Although
the production of fermentation etnanol is favoured in

ccuntries possessing carbohydrate raw materials at low

cost,

Fermentacion methods

Ethanol can be produced from a variety of sugar-containine
rateriils (see Table 1) by fermentation with yeasts, Tne

. [ TN « - Yol rmoo 4 19293) m
fwvera. processes employed rnuve been reviewed . ihe
“iw material employed :alls into two classes:
2’ [Lise consisting mair iy of fermentable Sugar (molasses,

sulflite liquors or wney).

LC.e Ln wnion toe carbohydrate is rediminant.iy a poly=-

saecraride (starch or cel.ilose).
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Table 1 Materials used for ethanol productiona)

Ethanol Produced
% of Totul Millions Proof Gal

Raw material used 1956 1966 1956 1966

Grain and grain products 1.2 11.54 5.4 80.4

Molasses 25.5 1.59 126.7 11.0

Fruit 0.01 4,07 - 28.3

| Sulfite liquors 1.32 0.90 6.5 6.2

i Cellulose pulp; chemical and  0.52 0.12 2.5 0.8
| crude alcohol mixtures

% Whey 0.09 0.06 O.4 0.4

| From redistillation 2.12 4,11 10.5 28.6

Ethylene gas 9.80 18.29 48,6 127.6

Ethyl sulfate 59.34 59.32 294.4 413.8

Total 100.00 100.00 496,2 889,3

a) US Treasury Dept., Internal Revenue Service,

Publication 67, 1956 and 1966
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Ethanol tolerant strains of Saccharomyces cerevisiae are

usually selected. They convert only hexose sugars including
glucose, fructose, mannose, galactose, sucrose, maltose and
raffinose to ethanol and carbon dioxide as expressed by the
Gay-Lussac equation:

—_— 2 C2H

5OH + 2 CO,

Cely20¢
The fermentation of whey needs a lactose-fermenting yeast

Do s . 4 .
S.fragilis or Torula cremoris ). Detailed reports on proce-

dures for processing and fermenting the various carbohydrate-

c s . . (5)
containing materials have been rev1ewed5‘5’ ).

The commonest of the sugar Taw materials is molasses, usually
the by-product of sugar beet or surar cane processing. The
molasses containing about 55 % suvars are diluted with water
to give a solution containing 14-20 per cent sugar, before
nutrients such as ammonium sulphate and phosphates are added.
The pH is adjusted to 4,0-%.5 and the fermenter 1is mixed with
about S 7% by volume of vigorous yeact culture. Acidity in-
creases are adjusted with ammonia and the temperature (28°-
30°C) during the two-day batch fermentation is controlled
with external water s rays OTr internal colling coils. The
carbon dioxide which is envolved 1is collected for commercial

use. In the obatch fermentation vessels holding as much as

250 m5 are nsed.

The fermented liquor containing 8 to 10 % of ethanol is di-
stilled in continuous stills. Fusel nril - a mixture of higher

alcohols - is obtained as a by-prcduct of the distillation.
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In countries with sizable paper pulp industries sulfite
waste liquor is used as a raw material7). The liquor must
be freed from excess sulphur dioxide before fermentation

by passing a current of steam.

Starchy and cellulosic raw materials must be hydrolyzed to
fermentable sugars before they can be utilized by the yeast,
The first stage in a process is to cook the grain in order

to gelatinize the starcn. Tne hydrolysis can be effected in

a number of ways: dilute acid may be used or high diastatic
power barley malt followed by mashing. Methods based on the
use of amylolytic enzywmes Crom moulds have been developed.

In the amylo-process, the mould (Asperpillus niger, A.oryzae

or Rhivopus delemar are commonly used) is grown in an aerated

mash for 24 hours at %8YC and then cooled to 30°-32°C hefore

inoculation with yeast.

The development of continuous processes foi hydrolysis,

mashing aud fermentation has been successful studied. A

continuous etnanol fermentation using starchy materialsB’g)

is described, but a continuous process using molasses is

technical easierlo’ll)

. Continuous fermentation may bring
with it a loss of yield due to infection of the mash with
undesirable microorgani.ms. In this case the acidification
of the masn is helpful or the use of penicillin or Sodium-

pentachlorophenolatl2).




1.2 Acetone-Butanol

There are several closely related fermentations in which
acetone and alcohols occur as endproducts. The organisms
having been employed on 2a commercial scale for producing
tnese solvents are nearly all species of the anaerobic

spcre-foriuing bacterium Clostridium. Breakdown of sugars

by these bacteria gives a variety of endproducts. Impor-
tant fermentations are:

Acetone-Butanol

Butanol-Isopropanol

Acetone-ktnanol
The microbial production of acetone-butanol was one of the
first large-ccale process being developed and was pioneered
by Weizmannl5. Today, uses of both acetone and butanol grew
and syntnetic processes were developed. Competition between
the fermentiation and synthetlc process has become very
acute. Demand for acetone and butanol is still rising owing
to the rapid expansion of the cnemical industries. The most
important factors iArn the acetone-butanol fermentation pro-
cess are the costs of the carbohydrate and of the energy.
The process 185 particularly suitable in countries where
pboth -arbohydrat: and codi OT fuel are cheap. More than
60 per cent of tne production costs for a factory of
reasonab.is size (10 ooo ~ 20 coo tons per year) are on
molasses and -he costs of coal for steam arc raising to
about 5-20 pe cert of the total costle’lS’l6). The
acetone-butirol fermentation has been reviewed by several

workersl7’18‘19).
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Despite the rigorous precautions that are taken to exclude
unwanted microorganisms from the acetone-butanol fermenta-
tion plant, infections are sometimes encountered ana are
usually lactic acid organisms. “nfection with bacterial
viruses or btacteriophapges has proved much more trouble and
can lead tc the death of the culture in the fermenter in

Just a Tew hours. Strains of Cl.acetobutylicum can be immu-

nized against phages by serial transrer through media con-
taining the virus. The phages tnat attack strains of Cl.

acetobutylicum are strain-specific, so that fermentations

having become infected with phapges can be re-inoculated

with an immune strain of the same bacterium.

Many kinds of supar-containing raw materials may be used
by the saccharolytic acetone-butanol bacteria, the favoured
ones are cane molasses or corn mashes, sucrose, glucose,
beet molasses, citrus molasses and sulfite liquors may also
be used as sources of sugars, but there is no report of any

of these materials having been used on 2 commercial scale.

The following short description of the fermentation process
- , 18)

is based on the report by Beegch . Mulasses 1s diluted
with water to give a sugar ¢ ncentration of -7 per cent.
The mash is cooked and sterilized =t 107°C 4.1 charged to
sterile fermenters after cooliug to 21°C. Fcllowing inocu-

lation with 3 per cent seed cultu.e from a 24 hr culture

tank of Clestridium saccharo-acet - outylicum or other suite

able strains of Cl.acc*clutylicum. In the final fermenter,
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ammonium hydroxide is ususlly added stepwise to hold the

pH above 5.1 to 5.3 after tne fermentation has reached

about 16 hrs of age. After fermentation has proceeded for
42 to 48 nours, the fermented beer containing 1.7 to 2.4
per cent of solvents 1is stripped in a continuous-type still.

The crude mixture is separated by fractional distillation.

Tre most important products formed in the acetone-%utanol
fermentation are n-butanol, acetone, ethanol, carbon dioxide,
hydrogen and riboflavin-contsining feeds from the fermentation
residue. Figure I snows a flow diagram for a modern acetone

2
fermentation of molasses O).

Yields, based on sucrose, range from 29 % to 33 %. The in-
dividual solvents in the mixture vary from 68 % to 73 %
for n-butanol, 26% to 32 % for acetone and 1 % to 3% for

ethanol.

In the last time was successfully carried out continuous
acetone-butanol fermentation on a laboratory scale, using

55
21‘““>. One of the

both one-stage and multi-stage systems
principal drawbacks to the batch fermentation - the toxi-
city of butanol to the bacterium - nas been overcome in

this continuous process by employing nhigh dilution rates.

In the continuous process the vield of solvents produced

was 33 % to 35 %, which was at least as good as in a control
batch fermentation. These resu.ts indicate thiat a continuous
process for tne acetone-butanol fermentation may be adopted

by industry in countries having inexpensive carbohydrate

materials at hand.
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Figure 1 Flowsheet
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1.3 2,3-Butanediol

There are three sterecisomeric forams of 2,3-dutanediol, all
of which are produced by bacterial fermentation. The structu~

ral formulas are shown below:

?‘*3 ("35 ?KS
HO.C-H H'?-OK HC-OH
| |
H.C-.OH HO.C-H R.C-CH
| | |
CH5 035 035
D(-)=2,3-Butanediol L(¢)=- neso

(Levorotatory form) (Dextrorotatory form)

A number of species or strains of bacteria classified in the

genera Aerobacter, Aerobacillus, Aeromonas, Serretis, ard

Bacillus possess the ani.ity to produce = s-butanedinl. Onl
? % k k]

two organisms, A.aerogeres and B.po lyTyxa Lave beern shown to

be potentially useful in tne industrial productizrn of 2,5~
butanediol. A mixture of tn: L(+)- and meso lorms of 2,3~

butanediol is produced by strains of A.aerogenesaﬁ). The

D(-)-form of 2,3-butarediol is produced characteristically

by B.polymyxag4).

Tne more versatile of the two organisms, in a variety of

suitable substrate, is B.polymyxa. Tnis species 1is actively

diastatic and fermentation may te run usiug starchy raw

materials. A.aerogenes, however, is not diastatic and can

ferment only sugars. The economies of the 2,3-butanediol




feraentatioa limit the carbohydrate socurces to the various
types of solasses, the cerial grains, or industrial waste
iiguors. Tne following sudstrates have been successfully

25)

used for 2,3-butanedis) fermentatior Citrus press Jjuice,

citrus molasses, blackstrap molasses, beet nolasses and

sulfite waste liquor. A.3ers-epnes 15 usually capable of
i

q
fermenting corsiderab.y nigre

®
e
*3

concentrations of sugar

5

than B.poiyavxa. Tre optizal conditions for the 2 3~ butanee

b

i

) . 3. 25
diol fermerntaticons are described °° )).

One of the zreatest problems of the 2,3-butanediol feraen-
tation 1s %he econoxmical recover. of the product from the
fermentation process. Tne zma_or difficulties are due to its
high do.linz point ((209-18°C), sciubiiity in water and

the preserce of dissoived and ec.id conetituents of tne

ferzentation zasrn. Metrn. s

-y

)rotrne deniat.on of Z,%-tutanes
diol ar2 ¢ontinucus solvent cxtraction wit., for example,
etLy! iret te 5~ worxing with a counter current steam-

strippirg column.

The stereoisomeric 2,3-butanedicls have potential uses as
solvents, zoisteners and so‘terers in the pharmaceutical
industry. A promising future for tne 2,3-butanediols may
be seen in the expanding plastics industry, especially for

the proiuction of linear polyesters.
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1.4 Glycerol

In industry, glycerol is prepared by the saponification of
fats and oil, whereas synthetic glycerol is produced froa

aliylcnloride, acrolein and propyl.ene oxide, Processes for
tne production of glycerol by fermentation are the sulfite

e
process developed by Connstein and Lidecke‘é; the Cocking

and Lilly process, using a mixture of sulfite and bisulfit¢27;

tne alkaline ;fu?t)r,esa:‘:‘?'rd and the production of glycerol by

2?.50).

ocsophilic yeasts Heviews of the production of poly-

0 x
nydric alcohols are given"'§2>.

Ir the first three processes the basic fermentation nedium
contains 10 per cent of a fermentable sugar (beet~- or cane-
solasses) and nutrient salts. The medium is inoculated with

a culture of saccharomyres cerevisiae and maintained at the

optimum tempersture st 30°C for 48 to 60 hours. It is i2-
portant to controi the temperiture of the fermentat.odn. The
yeast may be used repeatedly, if purified between fersen-

tations.

The basis of the sulfite process is the addition of 3 per
cent of sodium sulfite to the mediuam for the fixation of
acetaldehyde. In the absence of sodium sulfite the inter-
nediary acetaldehyde is reduced to ethanol during the fer-
zentation of sugar3: by yeas%s. In the presence of sodium
sulfite the acetaldenyde is fixed and can not serve as
hydrogen acceptor, the intermediary dinydroxyacetonephosphate

acts as the main hydrogen acceptor under reduction to

glycerol. On the banis of sucrose fermented, approximately




S

20 to 25 % of glycerol, 30 % of ethanol and SO of acet-
sldehyde were obtained by Connstein and Lidecke.

The Cockirz-Lilly process is a modification of the sulfite
process. Mixtures of normal sulfites and bisulfites are
added to tne fermentation medium, 3¢ thnat tne process is
running under a3ild acid conditions. The fermentation time

is shorter tnan in the rorma, sulfite process.

The Eoff process. A nutrient solution containing a sugar
L.
is inoculated with a selected Yeast '’ or a UV-mutant of

8.cerevisiae and incudated at 30 1o 5°C. An alkaline

reacting compound, for exaTple sodium carbonate, is step=
wise added to the fermenting medium ir amounts up to 5 %,
Clycerol yieids of (0.5 to 26.2 4 and corresponding ethanol
Yields of 36 to 27 % were obtained by ferzentation of

BOlasses in the presence of 82diun carbanatess.

1.5 Production of polyhydric alcohols with osaophilice

Yeasts,

The polynydric alconols are produced in good yield by a

group of yeasts and yeagt-lixe organisass whose outstand-

ing characteristic is tneir tolerarce of nigh concentrations

of sugars or salts. Tre poiyhydric aicohols commonly pro-
duced have Yeern glycersl, erytnritol, arabitol and zannitol.
Oszophilic yeasts were fourd to produce up to J.% g polyols/

€ glucose utilized. Trne .iterature concerning the biuchemistry,

tysiology and especially the factors influencing the product-
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ion of polyhydric alconols has been reviewed by Spenccrsz).

Tae results obtained support the view that fermentation of
zlycerol or the other polyhydric alcohols possess a real

economic production chance.

2. Organic acids

Various orzanic acids may sccumulate in cultures of micro-
orranisms as a result of the dissimilation of sugars, These
acids may represent endprocducts from the anaerobic break-
down of sugars {(e.z. prop.onic acid and lactic acid), or

they may appear in growing cuitures following the incomplete
oxidation of suzars (e.g. citrir acid and gluconic acid). Of
the various organic acids that can be produced by fermentation,
only citric, itaconic and #luconic acids nhave not been chal-
lengei by crnemical synthesis. Tne annual world production of
citric acid is believed between <00.000.000 and 220.000.000
pounds and of gluconic acid between 30.000.000 and 40.000.000
pounds.

2.1 Citric acid

Tne development of citric acid fermentation process say de
divide‘® in two processes. Tne first process, that of surface

ferrentations using Asvergilius niger cultures, was reported

in 19175'. . .« modern process, *nhat of submerged lermentation
using also ¢© -‘ns of A.n.rser, was deveioped in 19“%57. The
aspects of the cit.. - acii ferzerntatiocn process have been

£ y
mentioned in several rtvitws’“'§g’4@).
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All successful procerses for citric acid production need
selected strains for high yields and suitability for use
in inoculum development. The special strains of A.niger
with these desirable characteristics have been developed
through autation hybridization techniques. Synthetic media
have been used in mAny studies on citric acid production
By strains of A.niger in either submerged culture op 5Uur-
face culture. These studies have been helpful in determin-
ing the roles of certain trace elements including iron,
ginc, manganese and copper. The yields of citric acid ob-
tiined from different media contairing raw SURAar were ine
versely proportional to thne lron content of the sugar,
Copper proved to be useful in countericting the effects
of iron. A second improvement was tne observation that the
addition of alcohols or esters to tnhe citric acid process
reversed the inhiditory effects of metallic ions including

sinc, iron and manganese cn citric acid production.

Decationized solutions of cane molasses, high-test molasses,
beet molasses, ground corn, wneat starch, glucose or sucrose
Are sujitable for us as carbohydrate sources. The molasses
is diluted to about 20 to 2% % sugar concentration. The
high sugsr concentration is believed to inhibit formation
of acids other thanm citric acid. Treatment of the molasses
with ferrocyanide, followed by filtration, reduce the
dissolved iron content. Nutrients wh.op Bay be supplied

1O the mash are amaoniua nitrate or urea, H;;Si‘)q at about

O.1 % and IH,PO, at 0.1 t0 0.2 % and tne pH is adjusted
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to the range of 2 to 3. The low pH and the extreme sensivity
to iron makes it necessary to use plastic coating iron
vessels or stainless steel fermenters. The temperature
during the process 1is held between 27 to 3%3°C and an
aeration rate of 0.5 to 1.0 vol per vol per min in the
submerged culture is used. After 7 to 12 days the yield,

based on glucose, ranges from 70 to 90 per cent.

Tne recovery of citric acid from the fermentation liquor

is carried out by precipitation with Ca(OH)2 and the calcium
citrate is filtered, the residue treated with sulfuric acid.
The dilute solution is further purified and evaporated in a

circulating vacuum granulator. citric acid so prepared can

be recristallized from water.

Citric acid is one of tne most widely used acidulants in
the food, pharmaceutical and cosmetic industries. Large
quantities of the acid are used in the preparation of soft
drinks, desserts, Jams and frozen fruits. In recent years,
increasing amounts of citric acid have been employed as
chelating and sequestering agents. These properties permit
its wide industrial use in electroplating, in leather

tanning and in refining of old 0il wells from iron.

2.2 Itaconic acid

Unlike citric acid, itacomic acid is pot an intermediate
in any of the major metabolic pathways involved in carbo-

nydrate metabolism. Experiments using isotopically labelled
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substrates and enzymatic studies supposed that citric acid
and cis-aconitic acid are the precursors of itaconic acid

in Aspergillus terreus fermentations“l).

H,+C-COOH H50 H5+C-COOH CO, H,+C-COOH
/ . |
HO+C-COOH aconitase S-COOH g-COOH
Hg-é-COOH H-C-COOH CH2
citric acid cis-aconitic acid itaconic acid

Itaconic acid is formed by A.terreus and A.itaconicus in

surface culture or in submerged fermentation The itaconic

acid fermentat.on by A.terreus is sensitive to the iron ion

42)

content y although that by A.itaconicus is repurted not

to be sensitive“5).Alkaline earth metal saits, copper and
zinc were found to stimulate the conversion of carbohydrate
to itaconic acid. Cane molasses, raw sugar or cane Juice
were used in the fermentation medium. The temperature is
maintained at 35 to 40°C and the pH at 2.2 to 3,8, Pest
conversion rates were obtained when high inoculum levels

were used. After three days the final itaconic acid con-

centration is about 85 g per liter. A continous process |
was successfully operated yielding 60 % itaconic ncidag). i
At the end of the fermentation, the mycelium is filtered i
off and the solution is demineralized by successive passage

through cation and anion exchange resin bed“5). One re-

crystallization from water gives the refined grade of

itaconic acid.
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With a conjugated double bond and two carboxyl groups,
itaconic acid is a very reactive substance, it can be
polymerized or co-polymerized with other monomers to give
valuable plastics. Esters of itaconic acid are also utilized
for the production of resins. In addition, itaconic acid can

be used in manufacturing detergents.
2.% Gluconic acad

Microbial production of sluconic acid is an important and
expanding industry. Almost all of the gluconic acid used
industrially is produced by fermentation processes. Gluconic
acid is obtained from many microorganisms, particularly by

bacteria of the Acetobacter and Pseudomonas genera and by

moulds of tne Penicillium and Aspergillus genera. At present

time the commercial production of gluconic acid or gluco-
nates is based on the submerged culture of A.niger in
glucose media, stirred and aerated under superatmospheric

46,47)

pressure . The kinetics of the gluconic acid fermen-

tation from glucose have been studied“B). D-Gluconolactone
was found as an intermediate in the fermentation and accu-

mulated at times in large amounts.

The preferred conditiuns fos thc gluconic acid production

are an origirnal glucose concentration between 38 to 45 %,

seration rates of 1.0 to 1.5 vol of air per min per vol of
fermentation o.oth, air pressure on the fermenter of 30

psig and & high degree of agitation, at a temperature of

313 to 34°C, In a fermenter with a contactor agitation
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system the aeration rate can be decreased to 0.2 to 0.4

vol of air per min per vol fermentation broth, yielding

95 to 97 % gluconic acid. Fermenters could be inoculated
with vegetative mycelium or with mycelium freshly separat-
ed from a previous fermentation. The gluconic acid process
is a relatively short fermentation (%6 to 40 hours), the
batch turn around time is therefore an appreciable portion
of the total processing cycle. As a consequence, continuous
fermentation can be an important consideration in devising

a cheaper process if a new plant is to be built.

In view of the increasing importance of sodium gluconate
as an industrial sequestering agent, the main part of
gluconic acid produced is recovered as sodium gluconate.
Many important applications have been found for gluconic
acid and its derivatives in the food, feed, pharmaceutical

and industrial fields“6).

3. Miscellaneous Produycts

3.1 Dinydroxyacetone

Dehydrogenation of glycerol with selected strains of

Acetobacter results in the formation of dihydroxyacetone.

The microorganisms used in this process are A.suboxydans,

A.xylinum and A.aceti. The need for major amounts of di-
hydroxyacetone stimulated studies toward a commercially

fermentationug’so‘pl). Optimum yield of dihydroxyacetone

(G5 to 97 %) could be achieved with Acetobacter suboxydans
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in submerged aerated and agitated fermentation at 30°C at
about 25 hours with a mash containing 10 % glycerol, 0.5 %
brewers yeast, 0.5 % corn steep liquor and 0.5 % KH2P04.

-

The pH is adjusted to 5.5 .

A mutant of Brevibacterium fuseum oxidized glucose to di-

hydroxyacetone.

Crystalline dihydroxyacetone is obtained by ion exchange

{
procedure)g). Dihydroxyacetone is used in the cosmetic

industry as a sun-tanning agent.

3,2 Sorbose, Fructose

The oxidation of polyhydric alcohols by Acetobacter species

is a well-known process. The Bertrand rule55’5“) states
that species are able to oxidize a secondary alcohol group
of a polyhydric alcohol to a ketone when its position lies

between a primary and a secondary alcohol group.

(|JH20H C‘JH SOH (|3H2OH

H.C-OH HO-C:H — g C=0
| or | I

H-C-OH H-C-OH H.C.OH

Sorbose, an important intermediate in the synthesis of

ascorbic acid, is produced by the oxidation of D-sorbitol

in accordance of the Bertrand's rule.
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H-?O ?Hzoﬂ ?Hzoﬁ
H-C.0OH H2 H-C.0H (02) C=0
I — > &>
ol O Aceto- O
HO ? H HO-C+H bacter HO+C*H
| |
D-Glucose D-Sorbitol L-Sorbose

The fermentation conditions for this oxidative process were
similar to those for gluconic acid production. Sorbitol
solutions of 20 to 30 % concentration with 0.5 % yeast
extract or 0.3 % corn steep liquor were found to bte suitable
substrates for the fermentatior. Nearly quantitative con-
version of a 30 % solution of sorbitol to sorbose during

45 hours at 30°C is obtained. Tne oxidation of sorbitol to
sorbose in continuous fermerntatior in g00d yield was de-
scribed by xdller§j>, Sorbose is recovere: Ly addine of
charcoal and filter-cel tn the brothn, fiitered and cone-
centrav.ng the filtrate at 60°C under vacuum to a sirup.

Crystallized sorbose is the result by cooling the sirup

to 15°C.

Fructose. The oxidation of D-mannitol to D-fructose by

A.suboxydars was studies in detail by Peterson et 31.56).

They were able to convert solutions of up to 24 per cent
mannitol to fructose, with yields up to 100 per cent. In
addition, the concentration of fructose in the final broth

could be raised to 35 per cent by batchwise addition of

solid mannitol to a fermentation originally containing




20 per cent mannitol.

An interesting production of fructose was described by

57) |

Holstein and Holsing In this process, sucrose is in-
verted to form a mixture of glucose and fructose. The in-
verted mixture is inoculated with an active culture of

selected species of Acetobacter, Penicillium or Aspergillus

under conditions which result in the oxidation of the glu-
cose to gluconate but leave the fructose intact. The glu-
conic acid produced can be separated from fructose by ion

exchange resins.

The main application of fructose is as the constituent of
parenteral solutions for intravenous infusion. These
solutions offer many advantages over other carbohydrates.
Fructose is often chosen for infusion of shock patients,

it provides a quickly available source of energy. The
superior sweetness of fructose should permit 1ts sub-
stitution in foods for larger quantities of sucrose, there-

by affecting a saving in calories.

3.3 Polysaccharides

Many microorganisms are known to produce extracellular
polysaccharides (see reviews 58,59,60), some of which are
potential pharmaceutical arnd industrial important, but the

only poliysaccharides naving been produced onon COWT
IS o ; I3

1

W DC ial

-

H

scale are certaln dextrans and XAantnan J1OS

et

. Microbia
polymers have not been fully exploited tc date and many

microbial polysaccharides are awaiting investigations.
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Dextran. Species ¢f bacteria from a nuamber of genera, in-

cluding Leuconostoc, Streptococcus, Streptobacterium,

Acetobacter and Betabacterium possess the ability to pro-

i duce dextrans under certain fermentation conditions. Plant
production of dextran was carried out with only two strains,

Leuconostoc mesenteroides and L.dextranicum. Inoculum and

fermentation media containing 10 % sucrose, 0.25 % yeast
extract, 0.5 % corn steep liquor, 0.5 % K,HPO,, 0.1 % NaCl,
0.02 % l{gSOQ and the important trace elements iron and
manganese. The medium is continuous sterilized at 142°C,
Trhe inoculum is increased in several stages. The final
fermentation is carried out at 25°C in an agitated fer-
menter arnd a very low aeration rate. The starting pH value
of 6.5 decreases to pH 4.5 during 24 nours. At this time
no sucrose is left and the maximum viscosity of the fer-
mentatior broth is attained. The dextrans are precipitated
by addition of methanol, redissolved in pyrogen-f{ree water
at 60-70°C arnc reprecipitated. A controlled hydrolysis of

the native dextran following to give dextrans of the re-

quired moiecu.ar size. The microbial process for the pro-
duction of dextran from sucrose according to the overall
equation:

I sucrose ——h-(g‘acose)n + n fructose

therefore, the theoretical yield of dextran should be adbout

47 per cent.

Enzymatic synthesis of dextran. An alternative process of

production of microbial dextran is to extract the extre-
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cellular transglycosidase enzyme, the dextransucrase and
use this to polymerize sucrose in vitro. Medium for the
production of dextransucrase consisted of 2 % sucrose, 2 ) -
corn steep liquor and mineral salts. After inoculation with

T.mesenteroides the temperature is maintained at 24°C. and

the pH at 6.7. The time required for optimal dextransucrase
production is about o to 8 nours. The culture medium is
clarified and the clear brotn could be used directly or the
dextransucrase coulid be precipitated with methanol at a pH
of 5.1. The enzymatic process is obtained by adding tOo the
culture filtrate up to 10 % sucrose, adjusting the pH to 5.1
and holding the temperature at 30°C for 8 hours. On co®=-
pleticn of the reaction, tne dextrans are precipitated with
40-50 per cent methanol. Under tnese conditions tne dextran
havineg a molecular weignt of up to 100 millions. The pro-
duction of low molecular weight dextrarns is possible by in-
creasing the concentration of sucrose and adding primers,

preferable primers are hydrolyzed dextrane.

Numerous applications have been found for these dextrans,
but their commer~ial importance is based primarily upon
their value as blood plasma exterders; secondly as molecular
sieves after modification with epichlorohydrine. These
crosslinked dextrans are insoluble in water and serve for

gel filtration techniques.

Xanthar gus. A number of bissynthetic neteropolysaccharides

rave been suzgested for cogzercial produstinn. At this time,

only one cf{ tbese guss bas reached commercial production on
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& substantial scale nauwely the xanthan gum produced by a

mutant of Xanthomonas campestris, [t was snown that tnese

heteropolysaccnarides mignht prove to be valuadble industrial

guzs in the pharmaceutical, cosmetic, food and textiles ine

dustries.

Xanthan gum with a molecular weight of about one =million

contains D-glucose, D-mannose and D-glucuronate in the molar

ratio of 2.%:5.0:2.061). Tnis substarnce is partially acetyle

ated and it contains pyruvate. The productiorn o7 xantnar

gum is carried out in a two day fermentation witn dextrose,
sucrose or cruder forms of carbohydrates as substrates, A
protein supplement and inorganic nitroven source are necessary
for efficient xantnan production., Tne fermentation rejuired

& pH range of 6 to 7.>, a temperature of 28 to 31°C and a

very high aeration rate under strong sterile conditions. For
standard products, the xanthan gum is recovered from the

broth by precipitation with an alcohol or as an insoluble

salt.

&, Microbial insecticides

The use of microorganisms as insecticides is one of the
novel fermentation developments. About 1000 insect pathogens

belonging to the bacteria, fungi, protozoa, rickettsiae or

viruses are describedbd‘b5). Of these pathogens bacteria and
viruses offer the best chance for cdevelopment into practical
microbial insecticides because of their specifity and

ef{fectiveness against many ecornomically important insects.
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In this context it ought to pay attention to all phases froa
production of an insect pathogen to its use in the field.
Many of the problems encountered in this field are concerned
rot wiin the pathogen itself but with adequate coverage and

stability of the microbial material in situ.

At the present time, only two lLacterial insecticides are

produced commercially. Bacilius popiliiae, which causes the

milky disease of the Japanese beetie , is produced only irn
larvae of Japanese beetles. Such an unlikely production pro-

cess is necessary because B.popilliae does nct sporulate

readily outside of the insect host, it is an obligate patho=-

gen. Bacillus shuringiensis, the causative agent of latal

diseases in many lepidopterous insects, is produced by con=-

ventional fermentation tochniquo&)~ B.thuringiensis is a

facultative patnoyen and needs not an insect nost, 7rom the
p ¥
practical standpoint, it is advantageous, to develop commer-

cial bacterial insecticides from facultative pathogens. The

production of the sporeforming B.tnuringiensis on an industrial

scale has been describede’a’e’5>

. Safety to human, otner verte-
brates and piants has been conclusively demonstrated for

B.thuringiensis but has not been established for other patho-

gens of insects.




2)

3)

4)

2)
6)

7)

8)

9)

10)

11)
12)

13)
16)

15)
16)
17)

Beferences

1) G.Butschek, Ullmann's Encycl.techn.Chems. Bd.16, S.156

Urban und Schwarzenbery 1965, Minchen

W.Hcorak, Ulimann’s Encycl.techn.Chem. Bd.16, 8.109
Urbar und Schearzenberg 1365, Munchen

8.C.Prescott and C.G.Junn, Industr:al Microbiology,
New York, McGraw-Hill Book Comp., 1959, p.l02

M.Rogosa, H.H.Browne and E.O.#nittier,
J.Dairy Sci. 20, 263 (197)

M.A.Amerine and ¥.V.Cruess, Science 154, 1621 (1966)

L.A.Underkofler and nx.J.Hickey, Industrial Fermentations,
Vol.I and II, New York, Cneamical Publishing Co., 1954

J.L.McCarthy, Alcoholic Fermentation of Sulfite Waste
Liquor, in &), Vol.I

W.B.Altsheler, H.W.Molliet, E.H.C,Brown, W.H.Stark and
L.A.Szitn, Chem.Engir, Frogr. 43, 407 (19u7)

V.L.Yarovenko, 5.V.Pykhova, B.A.Ustinnikov, A.N,Lazareva
and D.i.Makeev, Fermentnaya i.Spirt.Prom. 31, 5> (1965)

N.3orzani, M.Faicone ard d.L.x.Vairo,
Appl.sicroniol. B, 136 (1960)

V.A.Uterkova, Irst.Microbiol.Acad.Nauk SSSR 28, 75 (1960)

L.Macher {n: Die Hefen Bd.2, S.384, Nirnberg, Hans Carl,
1962

Ch.Weizmann, US Pat. 1.315.385 (1916)

Oil, Paint and Drug Reporter, 190, 3 (1966),
191, 35 (1967)

Chez.Ing.News 1966, Dec.26
D.Periman and C.Kroll, Cnes.Week 1962, June 16

K.Bernhauer, U.lmann's Encycl.techr.Chem., M.&, 8,781,
Urdan und Scowarzendberg 1953, Minchen




193)
o)

’M)
£

22)
23)
24)
25)
26)
27)
28)
29)

51)
32)
33)

54)

39)

36)
37)

38)
39)

- 30 -

14) 5.C.Beesch, Appl.Microbiol. 1, 85 (1953)

D.Ross, Progr.Ind.iicrobiol. 3, 71 (1961)
K.Scnoedler, Zucker 17, 399 (1958)

J.Dyr,J.Protiva and x.Praus, in Continuous Cultivation

of Microorganisms, Prague, Czechoslovak Acad. of S8cience,
1958

R.K.Finn and J.E.Nowrey, Appl.dicrobiol. 7+ 29 (1959)
G.G.Freeman, Biochem.J., 41, 289 (1947)

A.C.Neish, Car.J.Hes,. C3F, 10 (1945)

S.X.Long and x.Patrick, Adv.Appl.Microbiol. 2+ 135 (1963)
W.Connstein and K.Ludecke, US Patent 1.511.75%4, 1924
A.T.Cocking and C.H.Lilly, US Patent 1.425.838, 1922
J.R.Eoff, US Patent 1.2KHK.393, 1918

J.P.T.Spencer, J.M.xoxburgh and H.x.Sallans,
J.Agr.Food Chem. 5, o4 (1997)

H.Onisni, Bull.Agr.Chem.5oc. Japan 24, 131 (1960)
In reference 3), p.203 and Ju4¢
J.F.T.3pencer, Progr.Ind.Microbiol, 2. 1 (1967)

T.T.Polgar, N.H.Brower and I.5eidman,
US Patent 3.158.550 (1964)

R.E.Wrignt, W.F.Henderson and W.H.Peterson,
Appl.Microbiol. 5, 272 (1957)

G.G.Freeman and G.M.S5.Dunald, Appl.Microbiol. 2,216 (1957)
J.N.Currie, J.Biol.Chem. 31, 15 (1917)

J.C.Woodward, R.L.Snell and R.S.Nicholls,
US Patent 2.492.67% (1949)

¥.L.Owen, bugar 50, 38 (1959)

D.Perlman and C.J.8in,
Progr.Ind.Microbiol. 3, 169 (1960)




-3l -

80) L.D.lockwood and L.B.Schweiger, in Microdial Technoiogy,
edit. H.J.Peppler, keinnhold Pudlishing Corp., New York,
1967, p.183%

41) R.Bentley and C.P.Tuiessen, J.Biol.Chem, 226, 639 (1957)
J.Biol.Crea. 226, 703 (1957)

42) M.A.Batt: and L.B.Schweiger, Us Patent 3.162.582 (1964)

43) 3.Kinosnita and K.Tanaka, German Patent 1.086.654 (1960)

44) T.Kobayashi and I.Nskamura,

Hakko Kogaku Zassnhi 39, 341 (196l1)

45) J.C.Y.Tsao0, T.CH.Huang, CH.P.4ang and K.Lin,
J.Chinese Chem. Taiwan 11, 143 (1964)

46) In reference 40), p.eX

47) H.J.Reum, Industrielle dikrobiologie, Springer Verlag,
Berlin, 1967, 5.352

48) A.E.Humphrey ard P.J.reilly, Biotechnol.Bioeng. viIi,
229 (1965)

49) K.Berrrauer und K.5¢caon, Hoppe-Seyler's Z,Physiol.Chen.
177, 197 (1928)

50) L.A.Underkofler snd E.J.Fulmer,
ve.AR.Cnes,Soc. 29, 301 (1937

51) K.sattler, Z.ailg.Migrobiolozie 5, 136 (1965)

52) M.M.Mozen, C.5.5tainoroon, D.J.Dibble and H.K.Clark,
140tn Nat.Meet. of Am.Cnem.o0c., Chicago, Sept.i961

53) G.Bertrand, Ann.Chim.3, 1.1 (1904)

54) C.A.Arens and N.L.Edson, Blocrem.J. 64, 385 (1956)

55) J.Miller, Zentr.Bakterio..Parasitenk, Abt.II 120,
349 (19%06)

56) H.M.Peterson, W.C.Pr.ellard, F.V.Denison and J.C.3ylvester,
Appl.Microbdbiol. 4, 3.6 (19%6).

57) A.G.Holatein and G.C.Holsing, US Patent 3.050.4s44 (1962)




58) U.uenrens and M.Ringpfeil, Mikrobielle Polysaccharide,

59)

60)
6l)

62)

63)

65)

- 32 -

Akadenie Verlag, Berlin, 1964

R.P.Anderson, Biochem. of Ind. Microorganisms,
Academic Press, New York, 1963, p.300

P.J.Baker, Industrial Gums, Academic Press, New York, 1959

J.H.Sloneker, D.G.Orentas and A.Jeanes, i
Can.J.Chem. 42, 1261 (1964) |

P.DeBach, Biological Control of Insect Pests and Weeds,
Reinhold Publishing Corp., New York, 1964

A.M.Heimpel, World Rev. of Pest Control 4, 150 (1965)
R.A.Fisher, International Pest Control 7, No 4 (1965)

E.S.Sharpe, Biotechnol.Bioeng. 8, 247 (1966)








