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FOREWORD

Thallahd at times has big surpluses of rlce especlally the glubi-
nous rlce. The Mlnlstry of Ecenomlc xffalrs estinated that there woull
be a total surplus of 7@0;000-8@0 000 tonnes in BiE: 2514, The Govern-
. ment, in order to help solve thls problem, has asked the Department of
Science, Mlnlstry of Industry and LSRECT to carry out a Jolnt effort to
‘ increase the utilization of glutinous rice. By joint agreement uetWeen
~the two organizatidﬁs, ASRCT-undertook a study omn aléohalic fermenta-
tion of glutipdus rices BSince. thére are other starchy materials pro-
duced in large quantltles in the country, they were also included for
comparisone. From the result of the preliminary 1nvestlgat10n there
appear to be several kinds of raw naterials whlch could be used with -
advantage in the production of alcohol by the dlstlllerles. It is
hoped that the effort would arcuse the interest of the manufacturlag
.sector to widen the choice of the raw materlals>employed and to im=
prove the conventional mefho& of production for the benefit of the
consvuers and perhaps for a better opportunity of exporting the fin-

1shed producﬁs,



A PRELIMINAEY STUDY OF. ALCOHOL YIELDS FROM GLUTINOUS RICE
AND GTHER CARBOHYDRATE SOURCES
: * ’ , *
By Sman Vardhanabhuti , Jiraporn Sukhumavasi

PR
and Pravat Lauvhasiri

SUMMARY

Preliminary study on the yield of alcohol was made with ordinary White
rice, white glutiﬁous rice, black glutinous rice, raW'cassava; sorghun,
corn, and molasses.. The starchy materials~were converted ihto fermentable'
sugars by commercial enzymes prior to fhe yeast fermentation. For the pro-
‘duction of industrial alcohol by local distilleries under their existing
conditions, molasses were found to be still the substrate of choice, but
dry cassava would be another choice when molasses was in short supply.  For
beverage alcoﬁol, sorghum and broken rice (both ordinary and glutinous) -
could be used with advantége; Corn and undermilled rice (both kinds) were
found to be far too expensive for industrial alcohol productlon. Alcohol
made from black glutlnous rice has a speclal aroma peculiar to itself and
may be useful for the&productlon of & unique type of rice wine (spirit).
Starch conversion by commercial enzymes is notvpracticed by the local in-

dustry and needs further study.

INTPDDUC IoH

Molasses is the main substrate use d in aleoholic fermentation in
this country. Broken glutinous rice is used only for the production of
glutinous rice spirit specially favoured by the'Chimése community, and.
the Droﬁuction’is small,” Sorghum is used for the productlon of kaoliang

.

wine, formerly imported from Hong Xong and Taiwan. There is only one
Chinese company producing the wine occaSIQnally whenever the wmarket

de mands;lﬁ. Molasses ‘does not need conversion and is fermented directly
to alcohol/hy the yeasts Glutinous rice and sorghum are converted into
fermentable sugars by mold brans produced by the distillery itself by

* k3 . .v .- x
Microbiology Unit, Biotechnology Group, TRI, ASRCT.

+ . . . o . '
Analytical Chemistry Unit, Chemical Technology Group, TRI, ASRCT.
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traditional method. The percentage of converSion by traditiomal mold
brén ig gquite lowe. Commercial enzymes have never been used by the Rl
dustrye. In the present study ommerc1a1 enzymes were used and a wide
range of raW’starchy substratcs as weéll as molasses were testeds Well
standardized methods of mash production, alcohclic fermentation, and
estimation of aleohol yleld have been adopted. The folldwing are the

results of the. investigationse

MATERIALS AND METHODS

a) Materials
i) Substrates

"Nine substrates were tested. These were cassava root, corng
whole sorghuu, undermilled ordinary rice, undermllled black glutinous

rlce, broken ordinary rice, broken white glutinous rlce, and molassess

Undermilled white glutinous rice was milled from paddy at the De-

partment of Agriculture, Ministry of Agriculture.

The undermilled black glutinous rice was bought from a mill in

Thanyaburi.

The Mahakhun Distillery Co;, Ltd; at Bang Yi Khan, Thon Buri
kindly supplied the broken white glutinous rice. Molasses was kindly

provided by the Ayutthaya Alcohol Distilleries.

The other substrates were béught from local markets.

ii) Bnzyme preparations

Two commercial enzymes, Maxamyl for starch liquefaction and
Waxydrase for starch conversion, were cbtalned from the Royal ﬂet%ern
lands Wermentatlon Industries Limited, Delft, Holland, as commercial

samples without charge.

iii) Yeast

Saccharomyces carlsbergénsis was kindly provided by the Ayuttha?a

Alcohol Distilleries.



b) Methods

i) Preparation of raw materials

Fresh cassava roots were washed and cut into chips without peeling.
The chips were sunfdriéﬂ and the losg of weight through drying was re-

fcorded«

Zach of the raw substrates was ground by a dise mill (Karl Xolb,
type KG QSQﬁFrankfmrt/Mg Gernany) and sieved through a U.S. standard
sieve No, 50 (48 mesh). An aliguot of each was sent for chemical an-

alysis,

/

ii) Starch liguefaction and conversion

The method of starch ligquefaction and conversion was modified fronm
Technical Data Sheet No. 652 of the €hemical and Biochemical Division,
the Hoyal Netherlands Fermentation Industries Limited. The tests were

performed in duplicate.

~Flour suspension was nade, using 253.3 g of flour in 927 wl of +tap
waters The pH of the suspension was adjusted to 7.0 with sodium hydro-
xide solution. (Adjustment of PH using calcium carbonate as regom- .
mended by the producer was not satisfactory in our case because it took
very large amounts. of ¢alcium carbonate to raise the pH to the desived
levels Moreover in the case of sorghum, which took 610 g, the large
amount of calciun carbonate greatly depressed the activity of the yeast

in subsequent alcoholic fermentation.)

Maxanyl (0.0406 g for cassava and broken rice, 0.0812 g for the
others) was made pappy with water and added to the flour suspension in
a glass beaker, The level of the fluid waé nmarked., With constant
“stirring, the nixture was heafed iﬁja water bath until it completely
gelled. The temperature of +the Water‘bath was then kept constant at
750C. Farther stirring at this temperature resulted in progressivé
liguefaction. Aftér complete liquefaction the temperature of the mash
was raised gquickly to 900C and kept at that level for 20 ninutes to in-
activate the enzyme., The mash was then cooled, and tap water was added
up to the original marked level. The pH ofkthe liquefied starch was ‘
adjusted to 4-4.5 with concentrated hydrochloric acid., Maxydrase
(045066 g) was then added, the nixture well stirred, and the conversion
“was allowed to take place at 55°C in a water bath for four days with

occasional stirring. Fresh tap waéer was added to the cook at times

&



to conmpensate for the amount lost through evaporation. After conver-
gion a 56-ml aliguot (the extra 5% amount originally included in the
nash fci sampling purpoge) of each converted cook was taken out for

chenical analysis.

iii) Preparation of yeast inpeulun

Onb-loopfull of an 13—Hour old potato dextrose égar slant culture
of oaccharomyceg carlsbergenSls was inoculated into 10 ml of sterile
16° Balling malt extract (leco) in a test tube and kept at 35°C in an

incubators Two successive transfers in the same medium were umade once

every 24 hours. The whole 10 ml of the last subculture was transferred
into 200 ml of the same malt extract mediunm in an Erlenmeyer flask and
the flask was kept at 3500 for 20 hours to be used as an inoculun for

alcoholic fermentation of the cook (the converted substrate).

iv) Fermentation

The fermentation procedure was modified from the process described

by otafk et al. (1943), It was perforned under sterile cond1t10ns~

Cooled converted cook was poured into 2-litre graduate cylinder.
Sterilized stillage (300 nl), obtained from the Ayutthaya Alcohol Dis-
tilleries, were screened through cheese cloth and added to the cook,

] which was then mixed thoroughly. The pH of the cook was adjusted to
.8 with 1 H gulphuric acid if necessary. The volume was made up %o

- 1500 ml with stefilé tap water. The content of the cylinder was mized
by pouriﬁg back and forth from the cylinder't0>a beaker twice. The pH
was again checkeds if it was above 4.8, it was set back to £,.8 with o

few drops of &k W sulphuric acid.

Aiiqmot;(7 nl) of the yeast ihoculum (2% of the total mash volume )
was added to each of 500-ml JENA-glass, widemouthed, rubber-stoppered
reagent bottles, whlcb served as the fermenters. A 500-ml graduate
cyllnaer wag rlnsed with -50 nl of the nash, and 350 ml of the latter
was measured out and poured into the fermenter, allowing it to drain
until there was only 1 drop every 2 seconds, Three fermenters were
used for‘each cook, and a separate graduate cylinder was used in every
cases The trap was then attached to the fermenter. It was prepared

as Tollows:



Glass beads and 2 ml of mercury were placed to a depth of about
1.95 em in & 25 mm x 200 mm test tube. Distilled water (50 ml) was
ther added. A bent glass tube extending to the bottom of this trap

was connected with the fermenter through a rubber stopper.

o The4fermenters ﬁere ineubated at room temperature (25—3@0C) for
the first 20 héurs, at 35°C in a constant temperature water bath for
the next 30 hoﬁrs, and at 3700 for the final 16 hcurs" Thig is a
modification of the origihal method to fit with the local ambient
temperatures At least twice during the fermentation, i.e. at 20 and
Bﬂvhours, the ferﬁenters were shaken thoroughly by swirling uantil all
ﬁhevmashJadhering to the bottom of the flask was insuspension.

For molaéses, a prbpef émoumt»of known reducing sugar content was
dilﬁted to 1500 mi to make a solution of 12% reducing sugar. The fer-
mentation was then carried ocut in the usual manner.

The leftover cook was centrifuged at 2000 rev/min for 10 minutes
in a Jumior 111 Chriss Centrifuge (Karl Kolb). Thefsupernate.was col-

lected and sent for chemical analysis.

v) Distillation

At the end of the fermemtati@n, the mash was mixed thoroughly, the
fermenter and iﬁs content weighed, énd the weight of the mash calculated.
Gxactly one hglf'ofkthe mash was weighed into a ome-litre distilling
- flask and 50% of the Water.in the trap was then added to it. The masgh
.Was distilled into a 100-ml volumetrie flask containing-5 ml of dis-
 tilled water prior to distilling. The collecting end of the condenser
wag conneeted with a glass ﬁip éo that 2ll the vapour passed through
the water in the receiver. Iced water was used to coocl the condenser,

and the receiver was immersed in an ice bath.

After the distillatée was up to the neck of the collecting flask,
the digtillation was sto?ped. The flask was warmed to 250C, and the
distillate was nade up to volume (100 wl) with distilled water. The
pergeﬁtage of the alcohol was then measured by an immersion alcohol-
meter (Richter and Tralles, Karl Xolb). The remainder of the fermented

‘mash was centrifuged at 2000 rev/min for 10 minutes, and the supernate

was collected and sent for chemical analysis.
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vi) Chenical analysis

411 chemical analyses were perfﬁrmed by the Analytical Unit,
Chenical Technology Group, TRI. The methods used were those given in

the LOAC manual (Horwitz 1965).

The raw subsirates were analysed for the contents of moisture,

starch, ash, reducing sugar, total nmitrogen, and fat.

The converted cooks were analysed for the contents of fat, starch

left, . tetal sugar, reducing and non-reducing sugar.

Tﬁeﬁmashes before and after fermentation were tested for pH

titrable acidity, and per cent reducing sugar.

The yeast mash and the stillage were analysed for reducing sugar

content e

vii) Caleculations

' % Conversion based on starch

_ g of gtarch converted in 100 ml mash x 100
= g of initial starch in 100 ml nash ‘

- % Conversion based on glucose

_Actual g of glucose obtained in 100 ml mash
Theoretical g of glucose from starch in 100 ml mash

x 100

% Fermentation efficiency based on starch

N Actual g of abs. aleohol obtained from 100 g raw subgtrate % 100
Theoretical g of abs. alcokol from 100 g raw sﬁhstratev

o

Theoretical yield of alcohol = % starch in flour x factor for
changing starch o glucose (10/9) x
factor changing glucose to abs.
aleohol (0.,511)

% Permentation efficiency based on sugar fermented

_ Actual g of abs. alcohol obtained from 100 g raw substrate
Theoretical g of abs« alcchol from glucose in 100 g raw subgtrate

= x 100



Proof gallon per bushel {wet basis)

= [7% v/v of aleohol in distillate - (initial suger concentration of

100(ml of distillate)

yeast mash, % w/v, as maltose)x 0.0208_/x T75(nl of mash distillabe)

x concentration of mash (38 gal/ba) x 1%6

= % v/v of aleohol in Qistillate - (% w/v initial sugar of yeast

mash x §0.0208) x §.234%

Proof gallon per bushel {dry basis)

~

Proof gallon per bushel {wet basis) x 100
Per cent of dry grain pashed

(106 -~ per cent moisture of grain nashed)

RBESULTS

K3

The chemical composition of various raw materials is given in
Table 1, Their starch contents range from the highest to the lowest
in the f@llowingvbrﬂera broken ordinary white vice, broken white gluti-
nous fice, undermilled white glutinous rice, undermilled‘ordimary rice,
cassava and uvndermilied black glutinous rice, corn and sorghum. It is
of interest to mote that undermilled black glutinous rice has a very
“high total nitrogen content (2.1%), distinetly higher than that of corn

and sorghume.

The amounts of enzynes used for liguefaction and conversion of the

raw starches are given in Table 2.

B Table 3 and Taule L give respectzvely the results of enzymatic
conversion of variOUS\gubstrateskon the one hand and the composition
of the mashes befcre and after fermentation on the othér.. Very gcod
conversion was obtained with cassava and the rices, good with sorghum,

and slightly less so with corn.

The yields of alcohol are given in Table 5. The highest yield of
aleohol was chbbained from Taw cassava and the lowest from molasses¢
Abong the various formg of rice tested, best yield was obtained fron

undernillied black glmtlpo s Tice.



THE CHEMICAL COMPOSITION OF RAW SUBSTRATES

TABLE 4

Moisture

Undermilled black glutinous rice

0.5066

Ash Starch Reducing shgaf Total N2 Fat
Substrate content content as glucose
o &) &9 (% % (% (%
Cassava 10,7 2.8 66.9 0.95 0,56 0.81
Sorghum ‘ 12,3 2.9 63,0 0,13 149 .75
Corn 12,1 13 . 63,7 0.22 - 1.58 0.3
Undermilled rice 12,3 3.1 66.9 0.11 1432 2.25
Undermilled white ‘
“glutinous rice 1%.0 2.3 68,5, - 0.06 1.36 1.54
Undermilled black .
glutinous rice 12,6 1.3 66.9 0.15 2,10 2.68
Broken rice 12,4 0.5 71.8 7 0.23 1.06 O.h2
Broken white , . ‘
glutinous rice 11.8 0.5 70.0 s 07 120 1.50
Molasses - - - - 40.9 0.46 0.08
(after hydrolysis)
- ‘ TABLE 2 v
THE AMOUNTS OF ENZYMES USED IN CONVERSION OF VARIOUS SUBSTRATES
Liquefying enzyme Conversion enzyme
Substrate’ (Maxamyl) (Maxydrase)
' €9 ()

Cassava 0, 0406 0.5066

Broken rice 0.0406 0.5066

'Broken white glutinous rice 0.0406 0.5066

Corn 0.0812 -~ 0.5066

Sorghun i 0.0812 0.5066

Undermilled rice 0,0812 0.5066

Undermilled white glutinous rice 0.0812 0.5066

0.0812
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TABLE &
COMPOSTTION OF MASHES BEFORE "AND AFTER FERMENTATION

. Before fermentation : After fermentation
Substrate . Titrable . Total reducing pH Titrable Final reducing
acidity sugar as glucose acidity  sugar as glucose
€3} , % w/v)
Cassava 2.1 42,7 b hoo o o.L
Sorghum - %,8 10,8 4,8 he5 0.Lk6
Corn . hob 10,4 4,7 5.0 0.31
Undermilled rice . b0 12,4 4,7 ot 0.21
Undermilled white ) . ‘
glutinous riece 4,7 41,2 ‘ L.s 4,7 . 0,30
Undermilled black
glutinous rice 4,5 12,3 L.8 5.0 G356
Broken rice 3.5 12,2 45 L,8 - © 0.38
Broken white ‘ : o
glutinous rice L5 13.8 46 4,9 0.35
jolasses 9.1 12.6 k.9 9.7 2.6
TABLE 5

YIELDS OF ALCOHOL

Alcohol in' Number of Proof gallon (4000)’ Actual yield of ab-

Substrate distillate  ,.n pyushel of raw substrate solute alcchol ob-
wet basis dry basis tained from raw
y substrate
(% v/v) _ (gai/pu) (gal/ou) (% w/w)
Cassava 11,1  h.68 > 5.2 30,2
Sorghun 10,0 Le20 . 4.8 271
Corn 9,.% ‘ %.90 L4 25.1
Undermilled rice . 10.0 h,20 . ©o 4.8 : 271
Undernilled white S :
glutinous rice ) 10,0 4,20 4.8 . 277
Undermilled black ) : )
glutinous rice 11.0 h,ob 543 29.9
Broken rice S 10,1 h,25 4,9 27k
Broken white glutinous ‘ : -
‘ rice 10.3 4,33 4.9 27.9
Molasses 10.3 4,33 i —— 1%.5
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Table & gives the fermentation efficiency obtained with various

substratess. Under our experimental conditions, molasses was most

=11
fed

efficiently utilized. Next in the order of efficiency come undermillied

t

e

)

black glutinous rice, raw cassava, and sorghum respectively. The e
ficiency of fermentation obtained with corn and other forms of rice
were practically the sawme, from about 67-71% if based on starch and

71-82% if based on the amount of sugar fermented.

Table 7 compaies‘the cost of raw substrates yielding 1 kg of ab-

sclute aleohol,.

DISCUSSION

‘The choice of raw naterials for alechol production depends on nmany
things such as the price, the content of fermentable substances, the
need for and the ease of conversion into fermentable sugarsg, the ef~-
ficiency of fermeﬁtaﬁion, the cost ?er unit amount of alecohol produced,
. and finally the gquality or grade (beverage or industrial) of alcohol

degired.

For non-sugar raw materials, broken ordinary rice and broken glﬁti~
nous rice have the highest starch content (Table 15; and they can be
very effectively converted into fermentable sugars by the enzynes used
(Takle %). The undermilled rices have but slightly less starch content
than the broken rices and are guite as easily converted (especially the

undermilled glutinous rice). The undermilled glutinous rices have
higher fermentation éfficiency than undermilled ordinary rice, The
fermentation efficieﬁcy of the broken rices are about the same and as
‘high as that of the uvndermilled white glutinous rice. The fermentation
efficiency of undermilled black glutinous ricé approachs that of the
molasses, However the prices of the undermilled rices almost double
those of the broken rices (Table 7), and large-scale production of

alcohol from them will not he economical.

Traditionally, beverage alcohol nmade from rice is made exclusively
from glutinous rice, be it the Thai rice beers (u and nam-khao) or the-
Chinese pae pow (rice wine). In the present investigation it was found,
that ordinary rice could be used with advantage. The cost of raw sub-

strate yielding 1 kg of absolute alcohel was ﬁ'@.l? less with broken

12



TABLE 6
FERMENTATION EFFICIENCY

Theoretical

Theoretical Actual

yield of abs. yield of abs. yield

Fermentation efficiency

Substrate alecohol based alcohol based of abs. / based on based on
on starch on sugar fer- alcoholw’/ Starch sugar fer-
mented . mented
(% wjw) (% w/w) (% wlw) (% %
Cassava 38,0 37.1 30,2 794 81,4
Sorghunm 35.8 _32.5 27.1 75.7 83,4
Corn 36,2 30,7 25,1 69.4 81.7
Undermilled rice 38,0 277 )27.4 7.2 71.8
Undermilled white
glutinous rice 38,0 34,6 271 - 69.0 78.3
Undermilled black
glutinocus rice 38,0 BL,7 29.9 78.7 86,1
Broken rice 40,5 34,2 27k 67.6 80,0
Broken white glutinous
rice 39,7 36,1 279 7043 T75
Molasses ————— 154 13.5 ——— 87,6
1/ From Table 5.
TABLE 7

COST OF RAW SUBSTRATE Y

IELDING 1 KG ARSOLUTE ALCOHCL

 Substrate

Unit price

Cost of raw substrate yielding 1 kg

absolute alcohol

(baht/kg) {baht)
Dry cassava 0.73 2.42
Sorghun 0.67 2.47
Broken rice 0,76 2.78
Broken glutinous rice G.83 2.97
Molasses ' O k41 5.6&
Undermilled ordinary rice 1 42 5424
Corn 140 5.57

Note. Unit prices are the average for March 1972; source: BSG, ASRCT.
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ordinary rice than with broken glutinous rice. The aroma of alcohol
made from ordimary rice might not be the same as that from glutinous

.

rice, but it is still good.

Alcokhol made from black glutinocus rice has a very pleasant arcoma,
peculiar to 1tse1 but broken black glutinous rice is not available
in the market. For a speclal blend of rice wine it might have sone
copmercial value, if broken black glutinous rice could be obtained in
5 ,

ig

Xy

guantities and at reasonable price.

Sun-dried raw cassava has about the same starch content as those
of the undernilled rices, but it is a little léés readlly convertible
‘by the énzymes in term‘ef the percentagc of conversion, even though
100% conversion rate bhased on starch was obtained. This is because the
enzymes, for gome reascn, did not guite completeiy break ddwn cassava
starch into glucose. The price of dry cassava is a little less than
that of the broken’rice,kand its ferm qtation efficiency is gquite high;
hence cassava has thb least raw &gberlal cost per unit amount of alcohol
produced§ compared wltz the other substrates tested, 1nclud1ﬁg nola S9CS .
Phe aroma of alcohol produced from cassava, though less pleasan thazn
the alechcl produced fronm the other non-sugar substraté, is still bet~
teyr than that of alcohol‘made from molasses. It shounld be thoﬁghﬁof

when molasses is inm short supply.

Sorghun and corn have the lowest starch content (arownd 63% )}y Bbudt
sorghum is more'readily convertible by the enzymes than corm is. The
fermentation efficigncies of both gubstrates are quite high. The cost
of row sorghum yielding one kilagraﬁme of absolute alecohol is next to
the lowest, being only ¥ 0.05 less than that of cassava. However alcohol
~wade from sorghum has a ue+ter aroma than that nade from cassava. - I
‘has a special flavour(kaqllanng1ne) and is very popular amvng the

Chinese. j

‘ B _ ‘ ‘
Although corn is a populc # substrate for‘hevérage alcohol, especi-
ally in the U, S' (ﬁentnc%y bo L#bon), its per;kildgramme price (1,20

. »

yaht ) is vron ibitive coupar d ywi ith the other non~sugar raW'subciratou.
Molas ses is the cheaJ st yaW‘materlal in our series so far as oer
.kilcgramme prlce is concerme f nmolasses contains roughly only 07

]

of reducing sugar expressed as }glu oge, This is why raw material cost

14



per unit amount of alcohol produced is rather high, or the highest of

. all the substrates except undermilled ordinary rice and cofn, in spite
of the fact that molasses is the most efficiently fermented of all sub-
strates tested. However, molasses has one distinct advantage in that
it can be utilized by the yeast without having to be converted nor does
it need any elaborate pre-treatument. For the production of indugtrigl
alcéhol by the existing distilleries in the country, it is still the

gsubgtrate of choice.

@onversion of gtarch to fermentable sugars by commercial enzynes
is not practiced by distilleries in this country. The Bang Yi Khan
Digtillery (Goverﬁmeﬂ%—cwne&, but leased to Mahakhun Disgtillery Cou,
Ltd.) uses mold braﬁ'prepared at the distillery to convert steamed bro-
ken white glutinous rice to produce a special brand of rice spirit
(the so called glutinous rice wine or pae pow), but the conversion rate
is rather low. The effectiveness of commercial enzymes used in the
present study (Table 3) is very satisfactory in all cases, but larger
amounts of enzymes than those recommended by the producexr had to be
used, This is because the enzynmes have been kept in our laboratory
(&OC in a»refxigerator) for abkout & years. When freshly received the
recommended dosage worked all‘éight, but now four times as much Maxauyl
were required for liquefying cassava and the broken rices, while eight
times as much were regquired for sorghum, corn, and the undermilled
rices (Table 2). Twice as much Maxydrase was required for conversion

of all the substrates tested.

Tc use commercisl enzymes in staKCh conversion for aleohol produc—
tion would regquire additional costs. A section for starch conversion
hag to be set up in the plant. This would incur a certain amount of
new expenditure. The process cost would have to be worked out also.
How much this would all add up to needs further study. Cost comparison
between enzywmatic conversion and acid hydfolysis also has to be made

before a definite conclusion could be drawn.
N P "

In order to develop and expand the distilling industry, a dig-
tinction between beverage aleohol and industrial alcohol should be mades
Markets for special types cof beverage aleobol have to be developed both

at home and abroad. New uses of alcohol, such as mixing it with gaso-
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line for use as automcbile fuel, would certainly increase the demand v
for industrial alcohol. If export of industrial alcohol is aimed at,
the managément of local distilleries will have to be inproved. Full
use of nmanpower and existing eguipment wust be accempiishe& and wastage
reduced to a minimum, The production cost could then oeftainly be
drastically cube. Unless these conditions are corrected, the chance of

exporting industrial alcohol will be as remote as ever.

COMCLUSION

1. Convergion of starch to fermentable sugars by cormmercial
.. enzymes for aleohol preduction was found to be effective, and the cosis

of conversion by this method should be further studied.

2. For the production of industrial alcohol under existing condi-
tions in local distilleries, molasses is still the substrate of choices
Dry cassava chips with the proper method of conversion could substitute

for molasses when the latter is in short supply.

3+ Sorghum and broken rices appear to be the substrates of choice
for beverage alcohol, but an economical method for starch conversion

has to be worked ocut,

ke Corr and undermilled rice were found to be far too expensive

for alcohol production.

5¢ Alechol made from black glutinous rice has a special aroma
peculiar to itself. This substrate might be useful for the production

of a unigque type of rice wine,
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