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Enzyme (Diastase) of Aspergillus oryzae and;its
Application to Malt Extract Prodneiion #

by
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I. Introduciion: Thﬁ metliod employed in the Gnvernment Malt
Tactory for the production of malt extract was by germm&tmg ‘cholam
(Sorghum durra), Since the malted cholam contains comparatively little
ol the enzyme amylase, only abput 20 por cent. of the starch contained in’
the cholam grain is recovered as sugar (maltose). This tells on the cost
of production of malt extract, besides the costinvolved in the malting
process where controlled conditions of temperature, humidity, constant
attention ete., are necessary, for which special equipments in the form of
air-conditioned couching chambers have to be maintained,

It has long been known that the fungus Aspergillus oryzae contains
an enzyme of high diastatic power and, thorefore, investigations on the.
enzymatic studies on Aspergillus oryzae were carried out to seeits applie-
ability to the production’ of malt extract. Because of its high sacchari-
fying power (nearly four times that of malted chiolam) it was hoped, that
if a method was developed {or the utilization of fungal diastase, the cost
of production could be reduced considerably,

II. Review of Literatura; The fungus was originally known as
Burotium oryzae, first being identified by Ahlberg in 1879, and later,
Cohn renamed it .as Aspergillus oryzae. O, Keéllner and his‘pupils in-
vestigated the invertase, amylase and maltase content of it. Takamine
(1914) using wheat bran as culture medium, grew the fungus and gava
the pame “Taka-Koji” to it and used it as an amylo.clastic agent in
fermentation industries. The chief advantage of using wheat bran
instead of malt is that the cost of malt is subject to wide fluctuation
according fo the crop conditions. And secondly, the. transformation. of
bran into “Taka.J{oji" requires only about 48 to 72 hours while malting
needs 3 or & times that period. Underkofler (1830) revived, the idea of
replacing malt with mold-bran in which the fungus elaborates the enzyme
in the aleoholie fermentation of grains, Underkofler et.al (1940] reported
extensive commercial tests in which the yields of aleohol were as good or
even better with mold-bran than with malt, The same authors (1947,
reported successful commercial applieation of mold.-bran for aleohol and
syrup manufacture,

It is clear that the fungus is capable of producing diastase of very
high cfficiency ; higher than that of barley diastase and has the added

*Paper awarded the Ramasastrulu Munpgale Gold Me&nl on tha College
Day, 1054,
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advantage of utilising various cheap by-products such as rice-bran, wheat-
bran. etc for its growth for the production of the enzyme,

- 1L Objecl of the Investigation: It is known that cholam diastase
is. poor in comparison to barley diastase. It would certainly be
advantageous to obtain diastase from the fungus and utilise it either
alone or in combination with cholam diastase, whereby it might be
possible to obtain greater yield of extract. Secondly, the cholam for
malting should be of excellent quality.  This is a factor to be considered
when there is scarcity of grain with prevailing high cost. ' With fungus
enzyme any kind of starchy flour can be used and, owing to the greater
efficiency of the enzyme, the cost of preduction of malt extract could be
reduced considerably.

IV. Materials and Methods: Preliminary experiments were con.
lucted under the following Leads:

(a) Selection of efficient strain of dspergillus oryzae in regard
to its diastatic activity.

(b) Selection of a suitable media for maintenance of the fungus,

(¢) Comparing the efficiency of the two diastases, namely,
cholam and fungal, after standardising the method of assay.

(d) Selecting the most suitable substrate for growing the fungus
for the production of diustase.

(e) Working out the optgiinum conditions such as temperature,
moisture, ete., for the growth of the fungus for best results.

(f) Developing a method for utilising thée fungal diastase for
~ production of malt extract.

(a) Selection of cfficient strain of fungus Strains possessing
igh diastatic activity were obtained from different places as shown in
Table I below and their comparative efficiency tested.

TABLE 1
: : Diastatic

No. Details of isolate Obtained from . power, Lintner

: Units
1. N. C.T. C. 58 . Bangalore 9363
2, 2 508 Inglond 8%-50
3. . 065 " Iingland ; 7348
4, A M. I 16,266 U, 8, A. ‘ 37°00
5, 55 17,200 U. 5. A. _ 5304
6. N. C.T. C. &85 New Dollii 123-00
T Isalated locally Coimbatore 8543

From the above test it is.seen that N,C.T.C, 558 and 596 are the
best and theee were used in further experiments.
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(b) Selection of best media for maintenance of Ihef'angaan 'I'i:r'
muintain the fungus for work without deterioration -of ite. activity: a’
suitable medium was necessary. Standard media such as ‘Brown's,
Steinbergh's and Czapelé's were tried for selecting a suitable one for - the |
purpose. However these media were not suitable ‘for. the purpose
contemplated, Therefore, a modified medium was prepared cc:-nmstmg of
malt-extract, peptone and yeast water in addition to nitrogen, phﬂaphatn,'

sulphate and other mineral salts in traces.

(¢) Comparing the diastalic aclivily of the fungus. (i) Siandar-
disation of assay lechnigue: The diastatic power of the fungus was
estimated by three difierent methods, viz, (1) the method prescribed by
A.0.A.C. (1935); (2) Ling’s modification of Lunge and Keane's (1914)
method and (3) by the method developed by Gore and Steele (1935).

Tinally the A.0.A.C. method was adopted, after making certain
modifications to suit the local condition, in all the experiments.

Assay in Brief: (i) Cultivation of the fungus: Wheat bran obtained
locally from the bazaar was cleaned, dried and stored in kerosene tins,
Samples of ten gram guantities were weighed out, 10 ml. of water added,
sterilized, inoculated with five days old culture of the [ungna grown on
malt agar and incubated at 98°C for obtaining best growth in .the bran,
On the fourth day the diastatic activity was estimated as below.

(i) DBatraction of the enzyme for assay :  The mold-bran (as it
could be designated now) was spread on glass plate, samples of 6 gm.
taken in a glass mortar, a few grams of washed sand added to it and with
a small quantity of water was ground to a paste, transferred to a beaker
and made up to 100 ml. to extract the enzyme. The solution was stirred
frequently to disperse the enzyme uniformly in the liquid.

(iii) HEstimation of diastatic activity: 'To 100 ec. of 2% starch
solution kept at 55°C for 30 minutes with the addition of 5 ml. of sodium
acetate buffer solution to maintain the pH at 4'8 (considered optimum
for the enzyme), 3 ml. of the extracted enzyme solution were added,
The flask was kept exaectly for 1 hour when the enzyme action was
arrested by the addition of 10 ml, of N/10 KOH solution.

The amount of maltose released by the action- of the enzyme was
assessed by titrating againgt 5 ml. of Fehling’s solution and the diastatic
power in Lintner units expressed by using the fﬂrmulu '

1,000 ; . .
— 0 where, = is the number of ml. of diastase solution

added and y the number of ml. of the liydrolysed starch solution required
to reduce 5 ml, of Fehling's solution.
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| V. Results: (i) Comparative valuss of diastalic power of cholam
‘and fungal diastases: To test the efficacy of the fungal diastase for the
.production of extract it was compared with the enzyme of malted cholam,

. Green cholam malt prepared in the Government Malt Factory ab
65°T for 72 hours was used in the test. The values are given below :

TABLE ii

Diastatic power in Lintner units af

Su.‘hstmme different temperaturcs
) 28°C 40°C - B6°0
1, In Czapok's solution (myeelium) Trace Trace Traco
2. " Liquid portion 201 323 377
3. Grown on waste malt 16-55 3054 3371
4

, Green malt — (cholam) 14-22 20-00 3436

" The diastatic power of the fungus grown on waste malt was not
greater than that of cholam malt, Other workers have reported very high
diastatic power equivalent to barley malt and, hence, the reason for the
low value was investigated into, ﬁ

(ii) Diastatic power of the fungus grown on rice and wheal brans
with different sources of nitrogen. The diastatic power of the fungus grown
under controlled conditions on wheat bran, waste malt and rice bran with
different sources of nitrogen was assessed and the results are given below :

TABLE III

Diastatic power at 43°C
Bubstonce _ 60 minutes
Lintner Units

Whaste malt 10 gm, -+ 0°25 gm. Ammonium sulphate a3 T

1.
2, . + 0°25 gm. Ammonium phosphate 3371
3. . -+ 1 gm. groundnut cake 477
4. . 5 gm. + 0°5 gm. groundnut enka . 6145
b. v 2'6 gm. + 0'25 gm. groundnut cake 10107
6. Rice hran 10 gm. -+ 1 gm, groundnut enke 82-47
7. i 5 gm.+ 05 gm. groundnut cake 5614
8. VWheat bran 10 gm. 4 0'256 gm. Ammonium phosphate 114°18
1R e " + 1 gm. groundnut cako 140°13
10. i» G gm. + 0'6 gm. groundnut cake . ER
11. by 5 gm, 4 Rice bran & gm. 12554

The following conclusions are drawn from the data obtained.

(1) The diastatic power of the ehzyme produced by the
Aspergillus oryzae, is far superior to that of cholam malt. The former is
three to four times greater than that of the latier.

(2) Of all tho substrates tried for the growlh of Aspergillus
oryzae, wheat bran hae proved itself to he the best consistently in point
of producing diastase of very high power.
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(3) The fungud makes good growth on waste malt. bug, since
this substance is practically three-fourths starch, the fungus ulilises only
a fraction of it and the rest is wasted.

(4) Rice bran as a subsirate 18 not as good as Waeas-Lran.
Addition of wheat-bran in eq1m1 Pr npm-tmn inercases its valie.

(iii) Utilization of other raw malerials fnr the, prmﬁt_chan of
digstase : Several previous investigators including Bindal and Sreenivasaya
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(1944) liave used wheat-bran, oil-cales, cornmeal, crushed soya-bean meal
ote. either as exclusive substrales or as supplements to the basal medium,
Of the materials investigated whbtat-bran has been found to be the substrate
par excellence for the growth of Aspergillus oryzae.

, For the production of enzyme a medium should be such that it will
promote. vegetative growth in abundance with a high diastatic content,
The medium should not stimulate spore formation, Of the raw materials
tried, besides wheat and rice-brans, those that have no feeding value but
only valuable as fuel such as Ragi bhusa, dhall husk, groundnut shells ete.
may be mentioned. They were used after pounding them to fine powder,
But they do not compare favourably with wheat bran.

TABLE IV
Substrate ’ Lintner units
65° - 00!
Groundnut bhusa - 21-2
Ragi bhusa ' . 158
Dhall husk . 25-7
Ragi blinza & groundnut cake 284
Dhall husk and groundnut cake 29'5
Wheat brean B82:6
Whent bran & groundnut cako 1124

[i".r] (a) Enzyme aclivity in relation to moisture content of the
substrale: To arrive at the optimum level of moisture necessary to
moisten the bran for the best activity of the fungus; to 10 gm. portions
of wheat bran in conical flasks water was added in varying amounts,
sterilised and after the flasks were inoculated with Tungal spores, they
were incubated for 7 days at 28°C. The enzyme was extrocted at the end
of the period and its activity measured,

TABLE V

Enzyme activity in relation to moisiure content of substrate

—— -

Moisture Lintnor units Lintnoer units
o A0 min. 55°C G0 min. 55°0
58 - 2143 70°70
Go 2408 . 8260
G5 44485 18554
70 56 42 ' 14024
il 8875 16007
78 _ G241 15950
80 6030 12260

The activity of {he enzyme is represented in graph I. The activity
increases upto 78% moisture and drops at higher levels. Therefore it is
alear that the bran should be moisiencd to 75 to 78 per cent level for the
best elaboration of the diastase,
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(b)  Enzyme aclivity in relalion lo time : {iﬂmpcmlure ‘conafant.)
To find out how long the hydrolysis should be continued at a’: ﬂanst&nt
temperature for the maximum activity of the enzyme so that the ‘gréatest
amount of starch could be saccharified.

" A set of flasks containing 100 ml. of 2% starch solution wad kept at
55°C. in a thermostat and the pH was adjusted to-4'5 by addmg 5-mli of
sodium acetate buffer. The enzyme action was arrested-at the -specified
period by adding 10 ml. of N/10 KOH solution and the- mpltase ;:}rmed“
was estimated by the usual method, -~ The results- are given "in
Table below. |

TABLE VI
Duration of hydrolysiz and maltose formed at 55°C

Maltose formed in mgm.

Duration in

minutes- Enzyme from -+ Enzyme from
- eample A J ' . sample B

30 ' 275 245 -
60 600 519

120 653 818

180 1080 1013

240 1141 1019

200 1120 1025

From the data it is elear  that the rate of asaccharification is found to
increase tith the increase in time. The enzyme activity was practically
same after three hours. The rate and course of aetion. were almost
identical when two difierent strains were used (vide graph iii).

(¢) Inzyme activily in relation fo temperature: Bxperiments
with a view to find out the optimum temperature at which maximum of
enzyme aotion takes place was carried out as below,

A get of flasks cant-a.lmnﬂ‘ 100 ml. of 29 starch solution was adjusted
to pH 4-8 and kept at temperatures varying from 30 to 70°C. for 1 hour
and the maltose formed was estimated,

TABLE VII

Enzyme Activity in Relation to Temperature
(Period—1 hour)

Teomparaturs - Lintner units , Maltose

°C 55°C 60 min - mgm.

30 762 700

35 125 9 1,167

40 1422 1,308

45 1469 1,350

50 1494 1,373

a5 1520 1,385

ili] 1377 1,266

65 trace 93

70 il . .- il
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‘The activity of the enzyme increases steeply at first and steadily after 35°C,
with the increase in temperature upto 55°C. and then declines rapidly,
(vide. gm];lh ii),  The maximum activity is thus seen to be around 55°C,

(v) - The effect of hydrogen-ion conceniraiion of the subsirale and
enzymé aclivily. It is well known that the optimum activity of the
enzyme depends on the hydrogen-ion concentration of the solution with
whieh it reacts, In order to select the level of pH of the solution for
optitnum gctivity of the enzyme an experiment was carried out and the
data-are given below. Side by side the acid hydrolysis of starch is given
for comparing the efficiency of the enzyme with the acid hydrolysis.

TA BLE "HII
-l bfﬂurch . Starch Enzyma hydrufysu . Acid hydrolysis
it ; A .

salulion . Praﬂﬂn {Il] {h} {ﬂ:] L {“-] ) {h} {B]
53 enzymo 6741 4574 4117 6107 5208 4-687 0054
G0 i e 6175 . 5558 8245 6883 5204 7536
4B ”” - " 7266 G-539 0608 G222 G-001 6598
40 . ,, ' 7265 6°639 _006-08 6:822 6031 8898
40 (comntrol) . Nil il Nil — — -

N () Bugar aa-mnltusu—gm. ; (b) Starch equivalent—gm..
(¢) Starch saceharified—%.

The maximum- activity of the enzyme is between pH 40 and 4-5. At
these pH, by, the enzyme hydrolysie the saccharification is 96:98% while,
by the am{l’h}fd_mlyma it is only 88°98%. Thus it is eeen that the activity
of the enzyme is greater than that c-f the acid between pH 4 .-md 45,
(Graph iv).

(vi) Activalors in relation to enzyme activity. Somo organic and
inorganic substances such as amyl aleohol, ethyl alcohol, glycerol and
iron, copper, manganese and zinc as catalysts were tried in small amounts
as activators to speed up and enhance the activity of the enzyme,

No marked activity was noticed due to addition of the activators
though there were differences among the several reagents tried in regard
to theiriinfluence.

(vii) The duration of fungal growih in relalion to its activity:
To find out when the fungus attains its maximum activily in regard to
bhe enzyme, the two strains of the fungus were cultivated on malt-agar
and their activity measurcd dmiy from the 3rd to Gth day., The results
are given below :

TABLE IX
Taolate ' 3rd day dtly day 5th day Oth dn]r
vorows (A g g me gz
oz o 4 led e gme  gm

(Vealues in Lininer units)
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Tho diastatic power botween third and fourth day is maximum and falls
markedly later in both the cases.

VI. Siudies on the Utilisation of the Enzyme: Utilisation of -mold-
bran for the preparation of malt exiract. The saccharifying capacity of
the mold-bran on the starch present in cholam, was examined as below

-

Preparation of Mold Bran: The mold-bran was prepared by culti.
vating the strain selected for its best growth and high enzyme-activity,
namely isolate No, 595, on sterilised moistened wheat-bran to-which10% of
groundnut cake was added. The fungus was allowed to grow in. & dark
place at room temperature for three days by which time the maximum of
mycelial growth developed. (Used on the fourth day),

A sample of cholam, known as ¢ Patcha jonna”, was ground to a
coarse flour and used for the experiments reported below.

(1) The quantity of mold-bran for maximum sacclharification of
the slarch present in ¢holam : With the idea of finding out the quantity
of mold-bran required in relation to the amount of cholam consistent
with the maximum recovery of sugar the following exmperiment was
carried out.

To 10 gm, lots of cholam flour 100 ml, of water were added and
raised to a boil fo mash the flour, kept at that temperature {or 2 minutes,
cooled to 55°C and mold bran in varying quantities added and the action
of the enzyme was allowed to proceed for one hour, boiled again for a
few minutes to destroy the enzyme, filtered and sugar estimated in the
filtrate, The results are given below:

- TABLE X
Quantity of mold-bran o/ 'Starch sacharifiad
1 gram 54
2 5 54
3 . 67
4 4 67
5 71
6 5 71
T 71
8 4 72
9 . 72

The best result obtained for the least quantity of bran was for b gm. of
mold-bran.

The next step was to adjust the pH of the mash for, though the
percentage of saccharification of the added starch was very high, it fell
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thort of the ideal which is 100'%. Hence the pH was adjusted and the
resnlts ;L're as below :

Mash acidifiod to pH Per cent starch saccharified
56 ' G1
50 ‘ 82
45 07
40 97
4'0 (Control — No enzyme) Nil

At pH 440 to 45 maximum hydrolysis of starch took place. Hydrolysis
due to acidification of mash for pH adjustment was nil,

(b) Gelatinising the starch present in cholam and saccharification :
" Gelatinising the starch by boiling the cholam flour mash for a short while
gave nearly three and a half times increfised saccharification.

Percent starch saccharified
Un-cooked 2473
Gelatinised (cooked) 8602

VII. Practical Application of the Enzyme for Production of Malt
Extract: Preparation of malt extract with mold-bran was attempted as
given under,

(1) Method: One pound of cholam, ground to a coarsé flour, was
cooked in water 1o gelatinise the starch, the mash kept at 55°C, pH
adjusted to 45 with N/10 sulphuric acid and half-a-pound of mold bran
(3 days growth) added. The hydrolysis was continued for 3 hours.
After hydrolysis the liguid portion was separated by filtration through a
muslin cloth and enongh lime water to neutralise the sulphuric acid and
precipitate it as sulphate of lime, was added (litmus test). Then 2 gm.
_of activated carbon for every 100 ml. of filtrate was added and filtered
through activated carbon. The clear fluid was concentrated to a thick
syrup of specific gravity 1-40 by evaporalion under reduced pressure.
The consistency of the extract, colour, flavour ete., were all perfeet in
every respect but there was slight bitterness in taste.

(2) Bitterness and its removal: The cause of bitterness was
traced to the wheat bran.  Apparently it contains some bilter principles
that is responsible for the taste. The following experiment was carried
out with a view to removing the bitterness in the final extract.

(i) Wheat bran cooked in 5 times its weight of water, the waler
discarded and the bran washed several times,

(ii) Wheat bran shaken for I hour in a shaking machine with
5 times its weight of water, the water thrown out and the
bran washed well in several changes of water.

(iii) - Wheat bran soaked in 5 times its weight of water overnight,
the water thrown out and the bran washed in sevoral changes
of water.
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The wheal-brans reaciving pro-treatment as stated above Wwors used
in separate Jols as substrate for growing the fungus and . uded - “for

snccharification,

Tt was noticed thatl the extract oblained from the.above tréatments
wero all free from bitlerness, 1fence the simplest of the frmimemﬁ
namely, sonking the wheat-bran in water over-night, removing the water
and washing 1Im bran in several changes of waler was Rdbptcl:! as tiie bost
method, But, wheat bran when svashed did not support the hnsﬁ gmwtrh
of the fungus., An experiment was curried oub to remedy Itlu;a c_];*ft_m_t. a8

per plan haluw:

Treatments.
(n) Wheat bran not washed (control)
(h) it plus 109 groundnut cake
(e) 1 washed
(d) i washed plus 10% groundnut cake
(e) " washed plus 19 starch,
(f) 0 washed plus 19 groundnut eake pius 1% starch,

The diastatic power was determinod in the usual way and the
fullﬂwiug conclusions arrived at —

(i) Washing the bran prior to inoculation considerably -reduced
the diastatic power., This was due, mostly, to the poor growth of tha
fungus on washed bran.

(ii) The poor growth in the washed bran is presumably due to
the removal of starch from the bran, since, the addition of starch restored
the activity of the fungus.

(iii)  Probably the growth promoting factors if -any that were
Jost by washing were available to the same extents in the added. cholam
flour to support best growth,

(3) Final method evolved fo produce mall-exiract : Laboratory
scale preparation was attempted by finalising the method of malt
extraction as outlined below: To the washed wheat bran 1% of cholam
flour was added, the fungus cultivated and this bran was used for
saccharification of cholam flour. The cleaned cholam was slightly
ronsted, ground into a coarse flour, water (five times that of cholam)
added, mashed after boiling for a while at 55° C. 'and ‘the mold-bran
(3 days growth) added, After three hours of hydrolysis the-lignid was
filtercd through activated carbon. To the filtrate, small quantity of
sodium Dbicarbonate solution was ndded. The hydrolysate was made
neutral by the addition of caleium hydroxide (litmus test) and filtered
and - evaporated under vaeno. The extract produced in this way had
o transparent amber colour, sweet taste and pleasant ‘aroma, With
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the- knowledge and experience gained by these preliminary studies,
semi-pilot scale preparation of the extract was made from cholam flour
successfully which had escellent keeping quality.

Summary and Conclusions: A method for utilising {ungal enzyme
(dinstase) for the preparation of malt extract in place of germinated
cholam, with a view to reducing the cost of production of mnialt extract,
was developed, and it was found that the fungal diastase can very well
replace cliolam malt for the production of extract., The fungus is culti-
vated easily on cheap by-products like wheat bran and no laborious or
timo consuming process is involved in the method. The cost of produc-
tion comes -to about a third of the method that had been employed in
‘the malt factory. The extract prepared was fine in all respects and
kept well for o considerable time, The studies revealed that the fungal
enzyme can, t-]rlarefom, be utilised for the production of extracts on a
large scale at a cheap cost,
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