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FERMENTATION ALCOHOL INDUSTRY IN EGYPT
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by
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Cane blackstrap molasses is the only and most economical
starting material for industrial alcohol fermentation in
Egypt. Its analysis reveals that it is a suitable medium,
Two large scale modern distilleries, are owned by the
Egyptian Sugar and Distillation Company, with total plant
capacity of 66 million litres of alcohol. There is a sur-
plus of pure and industrial alcohol for exportation. Some
technical problems encountered like scaling in the mash
column, flocculation of yeast, purification of carbon
dioxide which were solved in our distilleries, are mentioned.
It is planned to invest the slops for manufacturing fodder

Yeast and to reduce its B.0.D.
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The Starting Materials for Alcohc. in Egypt

Tn KErynt the starchy and cellulosic materials are not
economically available for alcohol fermentation. The cane blackstrap
molasses it the only and most economical startins materil which
is produced by the kayptian Sugar and Nistillation Company, in
cquantities of 350,000 tons/scason (1978)., Two distilleries and
one chemical factory are owned by the companv, where several
different processing are used for manufacturing ethyl alcohol, carbon
dioxide, fodder veast, vinegar, placial acetic acid, acetone, butanol,
ethyl and butyl acetate.

Also molasses is used locally in other factories for the
production of baker's ycast and blended feeds for cattle and other
farm animals, while the remainder is exported fresh yearly,

Best molasses will be available in Egypt in 2=} years, when the new
Project of the beet sugar factory being put in operation, which belongs
to the new Delta Supar Company.

At the end of the next decade the cane and bert molasses production
may exceed to 500,000 tons/vear.

The alcohol yield from blackstrap molasses fermentation amounts
to approximately 87/ of the theoretical on the basis of the
fermentable sugars which rates at about 48 on molasses.

The following fipures, condensed from many analyses ghow the
approximate composition of the Egyptian cane blackstrap molasses
(3,4,5) and thet it is a suitable fermentation medium.

a) Wn.terM'S) 19.0 - 22,04
b) Sugars”'”
Total Sugars 50.0 - 55.0 %
Sucrose 33.7 - 40.2 %
Reducing sugar 14.5 = 17.2 %

Aldose sugar as glucose 10,5 - 13,2 %
Non-fermentable sugar 3.5 = 5.0 %

Sucrose alone amounts to about 70% of the sugars and the reducing
sugars constitute about 107 of the total sugars, 70% of these reducing
sugars are aldoses and the rest are ketoses, '
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Paper chromatography revealed three main constituents, sucrose,
glucose, fructose and two minor -onatituents, arabinose, melezitose,

¢) Aconitic acid\b) 5.9 = 6,49

Aconitic acid is the main organiz ncid presenmt in the Egyptian
blacketrap molasses and is higher than the values of aconitic acid
reported for molass«3 of other countries.

The paper chromatographic 3tudies made for detection of other
acids indicated the presence of citric, malic and tartaric acid
in very small amounts.

d) VNitrogenous compounds(A'S)
Total nitrogen 0.7 - 1.10%
Inorganic nitrogen 0.06~ 0,11%
Proteins 2.40- 1,75%

Analysie with ion cxchange resins showed thet about 70% of the
nitrogenous substances ol cane molasses .chave like amino acids,
In fresh cane wolasses aminoc acids constiiuied about 40% of the
nitrogenous substances, This ratio drops to about 11% on storage undep
manufacturing conditions in the op2n pools evposed to air. This
drop is attributed to the carbonyl amino reaction betwcen the
amino acid fraction -nd ‘he monosaccharides. thus producing brown
matter .ot retained by ion exch nge resins, that . 3 reducing the
amino acid fraction and leaving the protein content almost constant.
Small amounts of emino acids were revealed by peoer chromatography,
aspartic acid, cystine, lysine, asparagine, glycine, alanine,
valine, tyrosine, leucine, isoleucine. phenylalanine.
o) Lipias'® 0.220 - 0,227%
f) Vitemins: The Egyptinn blackstran molasses is found to contain
high amounts of both pantothenate (30.9 mecg/g) and biotin
(609.0 mce/g). 1t was found that the higher the temperature of
storage of molasses, the lower the amount of pantothenate., On
the other hand, an increasc in the available form of biotin content
had been observed curing the storagr period at all temperatures of

(3)

storage.

g) Ash(d'S) 12.80 - 15,004
Calcium 1.12 = 1,379
Potassium 2,60 ~ 4.604
Phosphorus as 7"205 0.38 ~ 1,784

Iron 0.020- 0.024%



ManFanese 0.800 ~ 2,000"

Utilization of Fermentation Alcohol in Feypt

B0’ of thn stiraight run distillation is pure ethyl aleohol
and the remainder is impure alcohol,

The final balance batween pure and denatured aleohol is controlled
by the market needs, where thev are distributed as followsn:

1) Pure aleohol 95° q,1,
a)  About 4 million litre: ape utilized hy the kayptian
Surar and DNistillation Company in the followings plants:
Two plants for vinerar production using the surface and
Rubmersed fermentation processes, R0’ of thig vinepar is
utilized in placial acitie acid production,
Two perfumeries for eay de colopme, perfumes and cosmetics,

One ecterification plant producing ethyl acetate solvent,

b) About 9 million litres of nure alcohol 950 G.l. are
utilized mainlv for fortification of aleoholic beverages, ether

nproduction, chemical and pharmaceutical industries, hospitals,
chemical laboratories,

2) Spe~ially denatured alcohol 250 and 90° G. L,

About I million litres of specially denatured alcohol are utilized

mainly for particular industries or purposes such as:

Solvent for dyves, thinners, curine of all forms of tobaceo,
inseeticide, cermicide and mothrepelants, inks and printing,
shoe polishes chellac varnishes, spirit varnishes, furniture

nolishes, lacquers for wood and metals and in chemical laboratories,

1) Completely denatured aleohol Q_Q(?Aq:{,‘.

About 12 million litres are used as fuel for heatinr and lightening
purnocesn,

A} Absolute alcohol 99.5° n.1.,

Whi.e it is reported that in Egypt alcohol is used as motor fuel,

it is not vet applied, althoush it has been found that additions
of absolute alcohol in proper proportions (?0-3105) to the petrol
impaired favourable proparties to the fuel, 80 murh 30 that




aven comtries with guf'ficient cupplies of native netrol are using
petrol mixed with aby )ute al~oho]l,
However amall quantiting of abhsolute Aleohol are produced in another

company for laboratories and research woTrk,

5)  Fuel_oa]
This by-nroduct of ajcohnl dratitlation is used mainly in the
evaluntion of the fatg in milk, and as a rolvent for lacquer,

Tts production ranees from 1,000 - 11,000 litrea/year.

6)  Aleohol for export

After covering the local needn, there is surplus of pure aloochol
950 amounting to 10 = 15 million litres available for export for
heveragen or for new product utilization, otherwiae for
exchange alcohol from petrochomical syntheais,

't was found out that thia surplus of alcohol, cannot be
used as starting material for ethylene and polyethylene synthesis,
as the economioal bagin quartity should be 200 - 300 millior

litres of alcohol at lenat,

Jome _Applied Technologina

1) Modification of 4he alcoho! fermentation to Jproduce alcohol
and_fodder yeast in one sligle process

-

In 1949 a larpe-ncale modern distillery pta~ted up using blackstrap
molasses as starting material., The diluted molanses was fed
rradually to the yeast starter in the fermenters. The fermented
mash was dintilled in continuous etills to separate a=z svactify
the alcohol., The carbon dioxide evolved during fermentation was
collected, purified and liquified,

Tn 1947 i1 had been planned by the Egyptian Sugar and Distillation
Company to modify the process to produce alcohol and fodder Yeast
in one single process, by Vogelbusach,

The diluted molarnes without treatment was clarified by
centrifupal clarifiers. The yYeast was encouraged to multiply in the
fermenters by partial aeration and added nutrients. After running
the mush into the yeast separators, the yeast cream separated was
washed and drum-dried, producing fodder yeast with 504 protein. The
clarified mash was distilled for alcohol production,
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Each 100 kg monosachaccharides produce 53.5 litres of alcohol 100%
Plus 7.6 kg of fodder yeast 90% dry ma ter with 50% protcin,
The nutritives used are ammonium phosphate, super phosphate, urea,

The duration of each fermentation cycle is 14 hours. The annual
production of fodder yeast, besides the alcohol reaches 2,500 - 3,000 tons,
As it was found difficult to obtain fodder yeast with 504 protein
unless more nutrients than calculated were used, experiments showed that
production of fodder yeast of 40% protein was the most economical process

concerning nutrient consumption and other factors of costs,

2) Scaling in the mash columns

Scaling is well known to persons engaged in alcohol industry using
blackstrap molasses, thus chemists and distillers from the past tried to
remedy it. These scales consisting of sulphate mainly, are hard and stick
firmly to the platees of the mash column, So hammering and even chiselling are
necessary to dislodge scales leading to danages of the plates.

Chemical descalers, inhibitors and molasses pretreatment were applied
to reduce or prevent the s:ale problem, gave the following results (Madi et al
unpublished).

a) The effect of injecting technical chemical descalers in the
feed mash did not give constant significant results, and were too expensive.

b) The closed circuit circulation of hot 10% trisodium phosphate
+ 10% NaOH at 70 - 80°C for several hours removed the hard scales
1 - 2 mm thick, blocking the bubble cap slots of the plates of some
segments of the first - running column, after 3 years of continuous
operation,

c) The thermal and chemical clarification of Egyptian molagses.

Mean analysis of the scales

Loss on incineration 24.5%
Ca0 % 30.7%
80, 4 44.2%
810, 0.3%
P0203 002%

From this analysis it is obvious that the hard scaling is caused due to
caloium sulphate salts.
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The optimum cordition for the clarification adonted and the results

obtained on the factory seale are tabulated as tnllows:

- Brix of the dilute molasres 40 = 22° Brix
- Chemical adde2, needed for the fermentation sulphuric acid

and for adjusting the pH superphosphate

and ammonium sulphate

- pH & 4.5
- Temperature and retention time * 050 for 1 hour
- Time of decantation 2 hours
- losses in the clarification 0.1 - 0.5%
- Percentage of calcium removed + 657

Clarification efficiency tested by

centrifupal tubea at 3,000 r.p.m. + A7
- Improvement in the efficiency of fermentation 3 37
-The frequency of scale fommation in the mash column:
a) Without preclarification 15 = A5 days
b) With preclarification + 200 days

From the data of the above table, the reduction or eliminination
of the scaling problem calls for a thermal ana chemical clarification of the
Egyptian molasses, Tn our factory, the preclarification in economacally
feasihle despit . the higher gteanm consuaption as the prod ction of aleohol
is coupled with fodder yeast. There is an improvement of the yeast
recovery and fermentation efficiency, besides reducing the scaling problem

and corts for cleanins and renewal of the mash columns,

1) Flocculation of yeast

According to the Vogelbuseh process the selected pure yeast was formerly
propagated once a week in the laboratorv and the plant through 9 stages. The yeast
c¢ream ssparated from the fith stare, called for simplicity the first fFeneration, was
used for seeding 2 fermenters datly for one week, The veast cream separated
from these ? fermenters, called second feneration, was also used as starter
for the dailv commercial production of alecohol and carbon dioxide; fodder veaat

was obtained from drving the third reneration veast cream.




The firat peneration yeant was non-flocculent (poudnry), the thiri
fFenaration yeanst wac gtrongly floceuiating, the gancnal poneration yeart
rosresaed characterigticn intermediate hetween thene two axtremes.

Causes, meanuring and probiems relat ng 1o floceuls ion are mentioned
in many referencaﬂ.(h'7)

The problem of floerculation Found a remedy hy modifying the
process of fermentation an follows (Madi et a) unpublinrhed),

a) Daily inoculation by the laboratory-arlented pure yeast

inatead of the weekly inoculation, Thia leads to a jean flocculent

second generation for the production of fodder yeast inatead

of the strongly flocculating third generation veant,

b)  The thermal and chemical pretreatment of molasges (Madi et al.

unpublished) helps in reducing the problem to extinction.

%) Purification of carbon dioxide produced during the fermentative
production of fodder yeast anc ethyl alcohol “y Saccharomyces cerevisiae (8)

Paper chromatographic studies showed that the impuritics present in
the carbon dioxide produced during the fermentative produrtion of fodder
ysant and ethyl aleohol by Saccharomyces cerevisiae were mainly acetaldelyde and
butyraldehyde (2,4), Ninitropheny] hydrazine (2,4 - DNP) reagent is asnsitive to
these impurit.es and they are precipiiated an hvdrazonas,

The rate of flow of water uned for washing and purifying carbon
dioxide wan incrrancd for both washers in operation, The renults obtained
showad that the amount of hydrazone impuritiea dearcased with increase of washing
water,

Therefore, by increasing the rate of washinpg water approximately all
the soluble volatile compounds, including acetaldehyde and butyra!dehyde,
were removed from the carhon dinyxide FR3,

The other impuritien were trapped by potansium permanranate scrubber

and active chareosl towern to ohtain pure carhon dioxide Fan,

) Problem of cooling in tropical region

It wan found that spray - ring water eooling ia guitable only for fermenters
having a capacity un to 20 m‘. For larper ermenters, internal coils and
other murface axtending media or external heat plate exchanpera are the

beat procedures for cocline,




PLANS FCR THE NEAR FUTURE
Tt is plenned to invest the distillery slops (stillages), amounting
1,500 m3/day which cont-ir t~nides the oregnin metter 1,0 - 1,57 total

reducing sugar, represeting an orranic pollution due to its high B, 0.D,
Vogelbusch before 1960, B-okers 1975, and the Egyptian Sugar
nnd Digtillation Company, studied the feasibility of treatment and investment
of this stillage,
The 1975 studies included % systems for this investment:
1)  Evaporation to thick syrup 10 be uscd as a blend in animal feed,
2) Evaporation to thick syrup followed by incineration for the
production of crude potassium sulphate to be used as fertilizer,
3) Refining the crude potassium sulphate for the production of refined
potassium salts for chemical indu: .ries e.f. dyeing,
4) Using the stillage as a medium for fodder yeast production,
5) The effluents from the previously mentioned fodder yeast
production are concentrated, then ineinerated to produce crude potassium
salts (which are purified) to raise the economy .
Studies are now concentrated on producing fodder yeast from the
stillage, as it had been initially considered the best potential method
for B,O.D. reduction, besides producing 6,000 tons of fodder yeast/year,

Comparative ctudies on SCP production from molasses and slops showed
that the slops can be used for produci.ig fodder yeast ei . her directly or as a
diluent for molasses, aid that the best strain was Candida tropicalis, and
that the yield obtained from the yeast grown on the slops was 54.9% of the sugar
consumed (9),

CONCLUSION

The Egyptian blackstrap molasses is the most ecanomical starting
material for alcohol fernentation, The complete analysis of the
molasses shows that it is a suitable medium for alcohol fermentation
and the production of fodder yeast, baker's yeast, acetone and butanol,
Gyllenberg H.G. end Pintinen P, (1973) concluded that the allocation
of funds to the soft apnlications of microbiology as local fermentations
are more promising then procecsses dopendent on "harder" technology,




But acco:1ling to the technical p. >blems mentioned i1 the paper

"soft" alcohol technology cannot be realized solely by obtaining

the latest moderm plant or gaining experience during the short period of

lue start-up and commissioning of the imported equipments,as effective
technology includes also the following.

1)

2

v)

1)
5)

1)  Sufficient information and knowledgn about

~ the raw materials available and the obstacles which may hinder
resource utilization;

- the different processes and the different factors affecting
the fermentation and distrillation techniques;

-~ the engineering of the alcnhol industry conceming materials
of construction, handling, manufacturing,workmanship, corrosion
and erosion inhibitors, etc.;

2) Application of this technical information and knowledge using
suitable materials, machinery, tools, personnel in adapting the
proceansen that suit the local conditions,

3) Flexibility for modifications based on applied research to overcome
the encounteread probloms that urually arige due to change in the

envirormental conditiong,
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