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ABSTRACT 

E1gh: fi1amemous fungi \\e re isolated from garden soil. The mesophil ic isolates were 
Aspergilb.is jlavus Link C.'\.. Gray, A. ni-:er van Thieghem, Fusarrium oxysporum Schlect, 
Penici//ium citriruun Tilom, RhOJpus ory:.ea Went and Trichoderma viride (Persoon) Harz. 
Asperg11/us fumir:atus Fre~ruu,. and .fucor pusil/us Lindt were the only thermotolerant and 
thennophi lic species respecthel~ 'Ibc) all elabora t.ed amylolytic enzymes in a defined liquid 
medium. These enzymes of A.jknus, A. ~;-tr. M. pusi.7us and R. ory:.ea showed appreciable 
hydrolytic quality and \\t're, therefore, ,.;ele.::ted forsu~ :uem studies The temperature optima 
for the amylase activil ) of the culture m·rates (crude am~la-.e preparauon,,) of these selected 
isolates were 60°, 40'', 60' and 50'C respecuvel>, \\hile the pH optima \\ere pH 6.0 -t.O 6.0 and 
5.0 respectively. They have optimum substrate concentration requirement,, of 5 %. 3't, 53 and 
33 respectively. There was no significant difference (p> 0.05) tn the amount of reducing 
'>ugais produced from starches obtained from maize, sorghum and millet using the diffe rent 
crude amylase prepara1ions. The study showed that crude amylase preparations of A. 11iger can 
be used to hydr~lyse sorghum aud millet starches with an expectation of about 453 hydrolysis 
without prior l 1ncentrntion ar.tl purification. This represents a great improvement over the 
report malting e.'ficiency of these test cereals. However, the practical application of the crude 
enzyme preparations on an industria l scale would depend on the toxicological evaluation of the 
crude enzymes since some of the test fungi are known to produce mycotoxins. 
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INTRODUCTION 

Cereals are panicularly noted for their starchy endospenns. Starches of these cereals 
can be convened to reducing sugars by either acid or enzymatic means ( 15). 

In most of the srarch-hydrolysate based industries in Nigeria, such as the brewenes and 



 

Nig. J. Biotechn. Vol.9 No. 1 (19911) 25 

distilleries, enzymatic saccharification of cereal starches to fermentable sugars for subsequent 
alcoholic fermentation was vef) .)ften earned out b) using endogenous amylases produced in 
the grains during malting. Ho\\e\·er, -.1udies (3. 13 and 15) have revealed that all the major 
cereals 1ma1ze, sorghum and millet) proooced in Nigeria are of poor malting quality, this 
results m a low yield of amyla"'!_ and consequently a low yield of fermentable sugars. 

In the recent past, ban:<• mall as\\ idely employed as external sources of amylases 
(3, 13 · for the sacchanficatton of tiles.! cereal ..;rarches. But the cultivation of barley in Nigeria 
has met with little succe~. .\s sud1., 2 bu,,,~ amount of foreign exchange was spent annually 
in imponing barley malt bef re the FolJowing the ban. a fair amount of foreign exchange 
earnings that needs urgent ~"2DOD still being spent on the impo11ant of brewing 
enz~ mes (amylases) of microbia =m. 

Although the i......- of~ ~'2SC for the :-.acchanfication of starches has long 
been advocated (2,3,4,13,1-J ~ ~ ro a lim!!ed e\tent 15.15) in this country, no 
publL.Jled work ex1s1s on the_ -i----n "s.;m:hes from lcx:ally available cereal starches 
U:.ing culture filtrate' f ~" 
tn\ est igation is, therefore, des:~ kJ 

•1uantities of exuaceUl£lzr a _ 
obtained from the majo; 
and purification. 

l\t,\TERIALS :\D \U:nIOD: 

l•olation of m~io k: filamrntou fun!!i: 

Sod sample.; ''ere collected from the botanical garden of Uni\'ersir~ ,f Jo-.. A small 
~uantll) (0 lml) of 0.03% (w/v) soil suspension serving as the moculum was plated out on 
·ac.'1 petri-plate (9cm) 10 which the basal medium was added aseptica lly. The basal medium 
consisted of 6% (w/v) gelatinized cassava flour sterilized by autoclaving. Fifteen petri -plates 
were plated out altoge1hcr and later sub-divided into three portions of five plates each. The 
first portion of five pla1es were incubated at 25°C for 7 clays. The second pol1ion of five 
plated were incubated at 37"C for 7 days and the last po11ion were incubated at 45°C for 4 
days. A beaker of sterile distilled water was kept along side this plates in the incubator to 
prevent the medium fro m drying at this last temperature regime. These three temperature 
regimes were employed 10 find out the mesophilic, them1otolerant and thermophilic amylolytic 
microorganisms inha biting the soi l. 

Purification and Identification of Isolates: 

All the filame111ous fungal colonies were sub-cultured on to Malt-Extract Agar (MEA) 
for pure cultures. TI1e identification of the filamentous fungal isolates was based on both their 
~ulture and morphological characterist ics and appropriate references made to published 
identification keys (8) and relevant taxonomic descriptions in the publications of 
Commonwealth Mycokigical Institute. Kew, United Kingdom. 

Slant cultures of the pure isolates maintained on MEA in McCa11ney bonles were 
referred to the Crop Protection D('pa!1ment of the Institute of Agricultural Research (l.A.R) 
Zaria, for furthe r lclemifica tion and authentication. 
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Estimation of Percentage Frequency of occurrence 

The percentage frequency of occurrence of the fila mentous fungal i-.;olates was 
calculated with the aid of the follO\"ing fonnula: 
X/5 x 100/1 = 20 x %; 
\\There X is the number of plates in which a particular Orf.i' 1..;1'1 appeared out of the five plates 
\tsed at a particular temperature regime. 

Production of Crude Amylase 

The isolates were grl)\\n in a defined medium as desaibed by Adams and Depl ~;. ( 1 ). 
rhe medium was comp.1sed ofsian:h - 5g; KN03 - 3g; KH, PO. - lg: and MgSoJ. 7H,( - l.5g 
111 dissolved in I litre f di--tilled ''ate rand sterilized by autocla-. ing at l 20"C and l .05k,., cm~ 
for 15 minutes. The pH of the medium was subsequently adjusted to pH 6.9. 

Immediately after cooling. I OOml of the liquid medium was asept ically dispensed into 
:ach sterile Erlenmeyer fla..,J..: (250ml) The inoculum for each flask consists of one agar dis'­
bearing mycelium and spores )t e;il 11 i-;olate. The agar disc was obtained from the edge nf 7-
day old purified culture" 1.1f the -.ciel:ted isolates (maintained on MEA) with "terile cork borer 
(-hnrn 1 The flask n O\\ contamm~ >th the liquid medium and inoculum were then incubated 
at the respective temperature of 1~lation. 

At the end of the incubation period (7-days), the Oa-.;k were removed from the 
incubator and the mycelial mats careful!) and asept icall y removed. Further separation of 
,;pores and mycelia fragments wa-.; achieved by suction filtration of the c ulture broth through 
whatman No. 1 filter paper (9cm) contained a Buchner funnel using Compton Vacuum pump 
Model D/351 Vm. The resulting culture filtrates then ~rved as the crude amylase preparations 
for subsequent studies. 

Q ua lita t ive assessmen t of the Crude Amylase Preparation\ 

The quality of the elaborated amylase of each of the fungal isolate was as.se~d b; 
:rssaying for their dext rinizing activity. This involves 111oni1oring the change in Iodine sta1111ng 
property of a I ~~ -,iarch solution. To 2ml of a starch soluti on (containing I "'c (" ' ' ' ... tarch and 
0 .006111 :\acl at pH <> 'J) was added I ml of the crude amylase and incubated at room 
tt'll1P'" 1tt11l' (25:_2 CJ 11.)r one ho ur. Time coun;e for clextrinizat1nn \\as f'11lowed b; 
"ithdrawing sample.., nl 1he enzymatic digest (starch + enz) me) after reaction periods of 0, 5, 
I 0, :W, 30 .. ~O. 50 am. 60 minutes and then tested '' ith two drop:' of Lt•,;ol's iodine. The 
resultant colour fonnat ·1L.., \\:ere photorecorded as \'tsuall) ~ell. Complete dextrmization was 
a-;sumed \•hen there j, 1'1 more colour fom1a110n ~1 .,JJition of iodine (i.e retain the yellow 
.1.)lnur of 11.Kline 

Determinat ion of Am~ lasc Acidit~ of the Crudl· t\m~fa,l' Pn:parations 

Amylase activit y was detenni~d u:>in~ a modification of Bernfielcl (6) method. One / 

ml of crnde amylase ''as added to !ml of standard ~tar .. :~ solution (containing I% soluble 
.;;tarc h and 0.006M Nacl in 0.2m phosphate buffer at pH 6.9) and incubated at 30"C for 30 
minutes. The reduc ing sugars produced after the period of incubation were determined by 
add ing 2 ml of dinitrosalicyli c acid (D SA) reagent, boiled for 5 minutes and then cooled 
under running tap water. Twenty milliliter of sterilized distilled water was then added and 
allowed to stabilize. The absorbance of the resulting solution was determined at 540nm with 
a Ciba - Coming Colorimete r model 254. One millilite r of the starch solution similarly treated 
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but without enzyme was used to set transmittance at zero. 
The am0tmts of reducing sugars produced were read off from a calibration curve 

established by recording absorbance of increasing aqueous solution of glucose (0.2, 0.4, 0.6, 
0.8, 1.0. 1.2, 1.4, 1.6, 1.8. iind ~ .Omg/ml). The result'> are expressed as amylase units . 

One unit of amylase .icti it ~ being the amount of enzyme in 1 ml of crude amylase that 
produced l .Omg of reducinf ~~ :sunder the as.say conditions. The amount of reducing sugars 
in the c rude amylase prep-_rations .. ere earlier detennined and appropriate corrections were 
made for lhe amylase .. ctivin~ of I.he different crude amylase (culture filt ra tes) preparations. 

Pb~-sia>-chemical tuu· n Crude Amylase Preparations of the Se lected Test Fungi 

ibe effect .. mperaru-e between 20°C and 80°C at pH 6.9 for 30 
~ ~ ~h .:>Olution fa; ea± ·· ; \\as earlie r pre-incubated at the desired 
empe;:a....J! · - IO c:::r. •e5. The am:i•la~ -:tl'i~ \I. as then determined for each temperature 

ae;une as -=arl:!& de-~n~d. One Wl! ~ia....;;e activity is, however, defined here as the 
arnouru of mz:iome m Im) of the cr.Jde enzyr:r p-eparation catalyzing the liberation of l.Omg 
of reducing sug:irs frvrn l % starch u: • j,{) mmutes at pH 6.9 at the respective 
tempera rure of incubation. Triphcc.re re-

Effect of pH on Amylase Acth it~ 

The effect of pH on amylase .. cthit} :as ~~.d on Starch solutions (1 % starch 
and 0.006M Nacl) of various pH values using ~==.::s ~pH 3 0 - 9.0. The buffers used 
were 0.2M Citrate-phosphate buffer (pH .3.0 - -o ~ o.:.x~ ~Ie huffer (pH 7.0 - 8.0) and 
Boric - Borax buffer (pH 9.0). 

The amylase activity was detenni~d as :a =• One unit of amylase activity 
in this case is defined as the amount of e~me 'P!"~~ - crude am~ lase pre paration 
catalyzing the formation of 1.0mg reducing =- from 2. ution in 3( minutes at 30°C 
at the respec tive pH va lue. Triplicate rearlin;s re...--orded. 

Effect of Substrate Concentration on 

The amylase ac11vn ie of the . ~...; c ·ude am:· • ..i.se preparations were dete rmined at 
various substrate concentration ')f I<:. : - :3 .! and 5 '.t starch solutions containing 0.006M 
Nacl in 0.2M phosphate buffer at r H "q ':>~ me metllocl earlier described (2 ,3). 

One unit of am) lase activit~ i define here as the amount of enzyme present in lml 
of crude amylase preparat ion caml~zin:; lhe fonnation of l.Omg reducing sugars from the 
various starch substrate:: ..:oncemration in 30 min·Hes ar 30 C and pH 6.9. Triplicate readings 
were also recorded. 

Extraction of Starches from the Ccrcab 

Starches were obtained from the following test cereals - Zea mays Linn. (maize) , 
Sorghum hicolor (L). Moench (Sorghum) and Pe1111iestw11 Lyphoides stapf and Hubbard 
(Millet). 

Following steeping period for ix hours, grains were wet-milled to form a starch s lurry. 
The slurry was then sived and filtered through fine muslin cloth to remove fibre, hulls and a 
portion of the germ. The filtrate was then washed in five changes of water through the screen 
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(muslin cloth) and then allowed to settle. After settling, the supernarant was decanted and the 
starch air-dried. 

Hydrolysis of the Extracted Starches 

Hydrolysis was carried out by incubating I ml of the crude amylase preparation with 
lml of the respective cereal starch solution (containing I 'C . a~ and 0.006M Nacl). The 
starch solution was prepared in buffer solutions of optimum nE f the respective test fw1gal 
crude amylase. This solution was autoclaved at 12 1°C for 15 - • ~ . ... .... 1erilized, gelatinize 
and inactivate any endogenous amylase that might accompan~ · .e mtn-e ;;;tarch granules. The 
reaction mixture was then incubated in a thermostatted water-ham echne-Temperor model 
WB-2) for 30 minutes at the pre-determined optimum tempera -e fi - 1he crude amylase 
activity of each fungus. 

At the end of the incubation period, the reducing sugal"' pra.:b:ed u--ere determined by 
the DNSA (3.2.2.) method. 

RESULTS 

Isolation of Test Fungi 

Eight species of amylotic filamemous fungi belonging to 
isolated. The isolates mclude Aspe~illusji(l\us Linke~ Gray. ~- "·~~-......,.,~ 

4. niger Van Thieghem. The other, v.;ere Fusarium OX)~rum Scbk.::t. ' ' 
Penicillium cilrirzu"I Thom, Rhi:DfT'.l.S oryua Wero and Tr 

The isolates wer::- main]~ me:sophile e cept fup---... 

and M. pusil/us \\hich" , the onl) th::>rmopblk The -re.:µrm_ -
at the \'arious temperature re~me:- ' :<hov.n in T:r ~ I 

Production and Assc~~mc nt of the Crude Am~ ~c Preparation .. 

All the isolates elaborated extracellular amylase in the define hqwd medium Table 
2 shows the qualitati ve assessment of the elaborated amylase based on the dextriniza tion 
power. The amylase produced by A. jlavus effected complete dextrinization in 20 minutes. 
This was closely followed by that of M. pusil/us at 30 minutes. Those of A. niger and R. 
llryzea achieved the same feat at 40 and 50 minutes respectively. The amylase from the other 
isolates failed to effect complete dextrinization of the starch solution after 60 minutes. A . 
.flavus, A. niger, M. pusillus and R. oryzea were therefore selected for the subsequent 
investigations. 

Effect of Temperature on Amylase Activity 

The amylase activity of the crude enzyme preparations of all the test fungi increased 
progressively with increase in temperature from 20°C to 40°C (Fig. I). The amylase 
preparations of A. jlavus and M. pusillus showed their optimum temperature for amylase 
activity at 60°C. R. oryzea displayed its peak amylase activity at 50°C while in case of A. 
fl iger, optimum amylase activity was recorded at 40°C. 

Apart from A . 11iger amylase that showed appreciable activity at 70°C, the o thers 
recorded only residual activities at 70°C. Above 70"C, all the amylase activities were rapidly 
inactivated. 
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Effect of pH on Amylase Actf\it) 

All the crude amylase preparauons showed similar responses to pH with respect to 
their maximum amylase aCU'- t~ . Their optimum amylase activities were in the acid region 
between pH 4.0 and 6.0 Fg : }. A. jlavus and M. pusilfus exhibited their peak amylase 
acthities at pH. 6.0. A ni-::u h:,d it's optimum amylase activit y at pH 4.0 while R. oryzea 
recorded an optimum am~b.se acuvny at pH 5.0. A. jlavus had the widest tolerance of pH in 
the ra'1ge of pH 3.0 to 911. The others showed only residual amylase activiues at pH 8.0. 

Effect uf Substrate Con cntration on Amylase Activity 

Increase in ~ra1e concentration from I% up to 3% led to progressive rncrease in 
am~hse a.cti\"Jues o f - ; the test fungi crude amylase preparations. Beyond this point (3%), 
lhe :i.::lyb...-e aro"itie~ uf both A. jlavus and M. pusillus showed minimal increase whilst those 
of .-1... u md R. ory:.ea actually declined (Fig. 3). 

H~'dro~ · of the Extracted Starches 

Fig 4 is a histogram showing the total reducing sugars produced from I ml of l % 
:arch solutions of the various test cereals after 30 minutes using the various crude amylase 
poeparauons. The highest amount of reducing sugars was obtained when amylase of A. 11iger 
'\\AS used to hydrolyse both millet and sorghum starches (4.5 and 4.4mg/ml respectively). 
These values were more than double the amount obtained from maize starch by the same 
enzyme. A. flavus amylase produced more reducing sugars from maize starch than from millet 
and sorghum. M. pusillus amylase produced a considerably higher amount of reducing sugars 
from maize starch than the other starches. The amount of reducing sugars produced was about 
twice those obtained from millet and sorghum starches. R. oryzea produced a relatively higher 
amount of reducing sugars from sorghum starch than from both maize and millet which were 
almost the same. That from millet represented the least amount of reducing sugars obtained 
from the entire tests carried out (Table 3). 

Statistical analysis of variance (Table 3a) indicated that there is no significant 
jifference (P>0.05) in the total amount of reducing sugars produced from the test cereal 
~larches by the amylase of the various test fungi. 

DISCUSSION 

All the isola tes elaborated detectable quantities of extracellular amylase in the defined 
liquid medium. This result is in agreement with earlier repons ( 1.2.5.8,10 12, 14). As such 
the procedure employed represents :: simple, rapid and inexpert.-..ive method of screening for 
amylolitic fungi. Based on the dextrinizing activity of tl~e amylase produced, those of A. 
jlavus, A. niger, M. pusilfus and R. oryzea were thought to be the best However, this study 
has confirmed that the dextrinizing activity of an amylase complex does not necessarily give 
an indication of the saccharifying power as was observed by earlier workers ( 10, 14). 

From the result of the present study, it is apparent that the effectiveness of the crude 
amylase preparations for the saccharification of starches from the test cereals will require prior 
gelatinization of the starches s ince they cannot be used during lhe heating of the raw s tarches 
considering their thermal stability and the d~termined gelatinization temperatures of the 
starches (68°, 71°, and 74° for maize, sorghum and millet respectively). Even the thermophilic 
nature of M. pusillus did not confe r any superiority in terms of temperature stability on it'!> 
amylase. This latter observation is in agreement with the observations of Ogundero ( 12) but 
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at variance with the assenion of Stark and Tetrault (16) that enzyme:' elaborated at 
thennophilic temperatures were more heat stable. 

For optimal utilization of resources, the use of the amylase fr; >m chese un; i should be 
correlated with the starch to be hydrolysed at 3 3 substrate concentration lewl 

The result of the hydrolysis of the extracted starches using crude~"'°" 
represent a great improvement on the malting e fficiency of these cereal -.larc 
also eliminates the additi onal cost of using isolated and purified enzyme-. ;";. 
the result implies that the different cereal sta rches could be utilized inter'­
of the crude amylase. This would elimmate the cost of changing speciahzeJ 
source of starch runs sho rt and there is need to shift to other sources amon,;; ~ 

However, practical apphca1ion of these cmde amylase prepatiitiOOS 
saccharification on an industrial :;calc: would depend on the toxicological!) e\'a 
crude enzymes since some of the 1e<;t fungi are kno wn to produce mycotoxm .. 

Table 1: A checl..li t of the: isolated filamentous fungi at the different tcmpu 
regime '' ith their pt.rcentage frequency of occurrence. 

Isolates Percentage incidence at various 
regime 

2s0c 37°C I 
I Aspergillus jlavus 100 40 

A. fumigatus 20 60 
A. 11iger 100 100 
Fusarium oxysporum 60 -
Mucor pusiflus - -
Pe11icilliu111 citri11u111 60 -
Rhizopus oryzae 60 60 
Trichode r111a vi ride 40 -

Mean 55 32.5 

~mp!'ra!ilre 

.!: C 

-
-
-
-
60 
-
-
-
125 
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Table 2: 

.~ flam.< 
A. fumiga /lls 
A. nigcr· 
F oxys pom 111 

.\f. p11si/111s· 
P. citri1111111· 
R. ory~ac 
T. ~fride· . 

* 
+ 

Table 3a: 

Qualitative assessment of the extracellula r a mylase elaborated by the 
isolates 

TllDe Course for <lcxrriniza1ion (minutes) 

0 5 10 20 

Bh"· Purple RGI Yellow 
Bit"' Blue Purple Purple 
Blue hlue Purpk Purple 
Blue Blue B ue Blue 
Blue Blue 1'1.!Tp)e R.:d 
Blue Blue B':Je Purple 
Blue Blue Purpk Red 
Blue Blue Blue Blue 

Incomplete dcxair -..:acicn after 60 rninuh!s 
Selected 1.:,;1 ls..'ll.te · 

30 40 

Purple Re<l 
Red Yellow 
Purpk Purple 
Yellow Red 
Purple Red 
Reel Purple 
Purple 

50 

Rrd 
Purpk 
Red 
Ycl lm\ 
Purpil' 

Statist ica l Analy i of Variance of total reducing sugars produced lrom 
the test cereal larch olut ions hy the crude amylase preparation of the 
isolates 

60 

Rt'll 
Purple 
Rt'll 
1'1.rrpk 

Sources of Varia1ions s $.jl>dr<! Degree of Fn:cdom Mc<tll Squ<11, f· K<tttn 

Crude Amylase Prcpar" 11,in, 5 9~ ~'i 3 19 (-4-1-1 I 532-1 NS 
S1archcs Solutions \ ~5 2 I .6750 0.1 l06 NS. 

I 
Residual 76.91667 6 12.8195 
Total 139 2 II 

L.S.D. 0.05 = 3.5116 P-0.05 
'.S No1 signifil:ant 

Table 3b: Hydro lysis of the test cereal starches using crude amyla'le preparations 
(culture filtrates) from selected fung i 

Culrure lilrrates lnrnbation condi ti,111 To1al t<•ducing stt~ars 
mg/ml 

Temperamrc PH \lai1c Sr>rghum l\l ilkt 

Asperi;rltu jltn11s (jJ' 6 2 0 2.20 1.80 
A. ni~cr -10" -I 1.70 -1.-10 -1.50 
Mucor p11sillus flJ' 6 .j 10 270 2.00 
Rlti:opu., ory:~a 50" 5 160 270 1.10 

All values arc avcrnga~ <'f 3 r,-admi:~ 
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Fig. 1 Effect of' Temperature on Amylase activit) of cultu re filtrates of selected of' fungal 
isolates 
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Fig. 2 Effect of pH on Amylase activity of culture filtrate s of selected of fungal isolates 
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Fig. 3 Effect of Suh~tratc Concentration on Amylase activity of culture filtrates of 
selected fun gal isolates. 
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Vig. 4 Hydrolyses ot the test cerC'al starch~ using-the crude amYfascs of the ·selected 
fungal isolate, 
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