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Studies on the Utilization of Cassava Starch by a Strain
of Rhizopus and Aspergillus niger

Kyung-Ran Kwon and Jong-Hyup Kim
Department of Pharmacy, Graduate School, Dong-Duck
Women’s University, Seoul 136, Korea

ABSTRACT: Several species of the fungi were isolated from cassava(Manihot esculenta Gruntz)
starch which had formed into pellet, those had been stored for a while in southern part of
Thailand. The species of Rhizopus, Aspergillus niger, and Aspergillus fumigatus were

identified.
The experimental results are as follows;

Dry weight increases were checked during the static liquid culture with modified Czapek Dox
medium to which cassava starch was partly replaced to sugar, Aspergillus niger andAspergillus
fumigatus had grown more than Rizopus species when 6% cassava starch was replaced to sugar

and had been cultured for 72 hours.

Amounts of mycelial protein of Aspergillus niger were checked, the highest amount was shown

in 6% cassava starch involved medium.

When nitrogen sources were varied such as ammonium sulfate or urea against sodium nitrate,
there was no significant difference in mycelial production.
Alpha amylase activity of each fungus isolated here was checked, those of Aspergillus niger

have shown the highest peak at 72 hours.

KEYWORDS: Cassava starch, Mycelial production, Aspergillus niger, Aspergillus fumigatus,

Rhizopus.
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Table I. Components of basal minerals for the
liquid media

Components Contents (mg/{)
KH, PO, 100
MgSO, - 7TH, 0 250
CuSO, - 8H,0 0.234
FeSO, - 7TH,0 6.32
ZnS0O, - TH,0 1.1
MnCl, - 4H,0 3.5
CaCl, 46.7

Table II. The Modified Czapek-Dox medium and
composition of various cassava concentration

Components Conc. of Cassava Starch
4% | 6% | 8% | 10%
Cassava 40 60 80 100
NaNO, 3.0 [3.0 [30 |30
K,HPO, 1.0 1.0 |10 |10
KCl 0.5 | 0.5 (0.5 |0.5
MgSO,-7H, O 0.5 | 0.5 |05 [0.5
FeSO,-7H,0 0.01 {0.01{0.01(0.01

Final pH 7.3%0.2 at 25°C
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BB 50m/E Czapek-Dox broth 500miE ¥
1000 m/-% Beakerol &7]3 28ColA S5HM EiESE
#Eolgidh, FEEEY S £o3 5o 4L &
< T AH3-dle] WBElE o WS BRleE
ALg-3ladct,

5) 4EEE F3bolo Cassava BOBF|FHEEESR

@ Cassava #ffol 24 L] FH

Czapek-Dox #Z#rpel]l Eo}7}& Saccharose ™
Ao Cassava Bip-e Ao Cassavadl #
BEE 4%, 6%, 8% = 1:0%=A 33k (Table
1.

oluof ZHEIFEL NaNO,, (NH,),SO, % Urea
oln 1 FRE WA MRSt BRE &
2. Czapek-Dox #ZHurholl Eol7le BIREEY
100%, 50% % 100%°l 0,1% peptond ZEMEF 5

£ sHE3ieH(Table IID).

®@. Cassava Fie] MIbEHE o F%role] 153

250m! =5 flaskol Cassava S BEHIZ
Y3 Cassava lgoll ¥l EK 5ml sl BiHA
7 BREET FHol ol 2hE BRI R 40
miE fmste] 60°Col 8B Bt F|mBHA WILA
7] %, o]Z& Cassava® FIHT Fitolo] nEfig
e AgEstelen] 3)-bolld delxl E#E Cheese
cloth® Bt WEREKE 2-30 HiEd BEHE
Holl A WAbAIZ] ol Hek@sled 28°Col 1H 2-3E
5o 461 BESUA & 24000 BEEE, B

Table III. The Composition of various nitrogen sources in modified Czapek-Dox Medium(pH 7.3)

(Unit: g/ )
Various Nitrogen Sources

Components NaNO, (NH,), SO, Urea

50% | 100% | 100% | 50% | 100% | 100% 50% 100% | 100%
Cassava Starch 60 60 60 60 60 60 60 60 | 60
NaNO, 1.5 3 3
(NH,), SO, 1.67 2.33 2.33
Urea 0.53 1. 06 1. 06
Peptone 1.0 1 1 1
K.HPO, 0.5 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
KCl 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
MgSO, -7H,0 0.01 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
FeSO, -7TH, O 0.01 0.01 0.01 0.01 0.01 0.01 0.01 | 0.01
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Cassava Starch
Mycelial 5.0g

Dried porcelain dish to constant
weight

Dried in oven(105°C) with sample
for 4 hr. cooled to room tempera-
ture for 30 min.

First Weighing

Final Weighing
Water Content

Scheme 1. Procedure for the determination of the
water content of cassava starch.

Repeated till constant
weight

Cassava Starch
Mycelial 5.0g

Dried porcelain dish to constant
weight preheated with sample at
2007C-300°C for 30 min.

Heated at 600°C for 5 hr.

I Ash |
Cooled to 200°C in furnace, moved
to desiccator and cooled to room

temperature.

Ash Content

Scheme 2. Procedure for the ash-content determi-
nation of cassava starch

Cassava Starch
Mycelial 5.0g

Crude lipid content

Filled sample in filter paper tube,
Dried in an oven at 105°C for 3 hr,
Cooled to room temperature in a

desiccator. Extracted in Leahi
apparatus with ether at 35°C for 8
hr.

Evaporated

Dried in an oven for 1 hr.
Cooled in a desiccator

L |

Scheme 3. Procedure for crude lipid content
determination of cassava starch,

S taBlel HRIE(g)

SapokitirER | Bz EEIY
5, 1978).
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Fig.1. Mycelial mass of Rhizopus in modified
Czapek Dox medium,

* Used medium is shown in Table II.
4% Cassava Starch
6% Cassava Starch
8% Cassava Starch
© 10% Cassava Starch

e DO

-0
AN
-0

Cassava pelletoll 2 7143 F3bol= Asper-
gillus, Mucor, Rhizopus, Paecilomyces 2
Penicillium B &%°15 Raper®t Fennell (1965),
Ainsworth®} sparrow(1973) % Moore2}t Jaciow
(1979) ol &3 BRI E S},

EigEe| fE ¥ —MEEAHR

Cassava pelletel X sy#ESE Rhizopus B, Asper-

gillus  niger, Aspergillus fumigatuss 1584
Table 11| s EASI] 6% Cassava BB
R 28ColA 4B g3l & 24esfiebet HRE
B WES R, ££° BB Rhizopus Bl
1. 75mg/ ml, Aspergillus niger 19,1mg/ m/ %
Aspergillus  fumigatus= 16, 4mg/ mic) 3o} (Fig.
1, 2, 3).
\ gl EEE ol BRE EEY S8
{7l EEol A e Cassava Bkizitiol] 2%y
2 NaNQ,, (NH,),SO, % urea® && 50%,
100% = 100%+1.0% peptons %3 vl HiER
o] #4tx Fig. 4-99 Zvh, Bl5& Cassava floursh
SEES Hfge] RS oTe Table Vb 2ot

HRZEaES T8

Cassava Bipel BEFIZ #2%3 ik Htgk

20.0

15.0

-0
10.07 /
5.0t ./0—0

0.0

Myecelial dry weight(mg/m/)

0 24 48 72 96
Culture Time(hrs.)

Fig.2. Mycelial mass of A. wniger in modified
Czapek Dox medium,

* Used medium is shown in Table II.

O-~0 . 4% Cassava Starch

a-a 6% Cassava Starch

O-0: 8% Cassava Starch

® - o 10% Cassava Starch
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15.04 [} 1]
e )

10.04

5.0

Myecelial dry weight(mg/m/)

0.0l

72 96

Culture Time(hrs.)

Fig.3. Mycelial mass of A. fumigatus in modified
Czapek Dox medium,

*Used medium is shown in Table II,

O-0. 4% Cassava Starch

A-AD 6% Cassava Starch

O-03: 8% Cassava Starch

® - o 10% Cassava Starch

FEHHEES LowryiE(1951)C 2 M€ d &8
Rhizopus B2 6% B 4SEER D Tl Al

2.0

=
o

Mycelial dry weight(mg/m/)
) —
o =

e

0 24 48 72 9
Cultrue Time(hrs.)

Fig.4. Mycelial mass of Rhizopus in Various con-

centration of NaNO,

O-0: 50% NaNO,

A=-A0 1009 NaNO,

O-~0: 1009% NaNOQO;+0.1% peptone

10.0}

BEEAN

8.0

6.0

4.0¢

2.0t

Mycelial dry weight(mg/m/)

0.0

0 24 48 72 96
Cultrue Time(hrs.)
Fig.5. Mycelial mass of Rhizopus in various con-
centration of (NH,),S0,.
0-0: 50% (NH,),S04
a-al 100% (NH,),SO,
0O-0: 100% (NH,),SO,+ 0.1% peptone

120}
—A
_ 100 0
g
~
oo
£ 80
=
50
5
60}
—
o]
= O
B 40t O
S "
= O
2.0
0.0 . . .
0 24 18 7 9%

Cultrue Time(hrs.)
Fig.6. Mycelial mass of Rhizopus in various con-
centration of Urea.
0-0. 50% Urea
AH-A0100% Urea
O-0: 100% Urea+0.1% peptone
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1501

10.0T

Mycelial dry weight(mg/m/)
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0 24 48 72 96
Culture Time(hrs.)

Fig.7. Mycelial mass of A. niger in various con-

centration of NaNOQO;,

Oo-0: 50% NaNO;;

A-A0 1009 NaNO,

O-0: 100% NaNO;+0.1% peptone

20.0%

,_.
o
=)

Mycelial dry weight(mg/m/)
o =
=) [
~

=
=3

0 24 48 72 96
Culture Time(hrs.)

Fig.8. Mycelial mass of A. niger in various con-

centration of (NH,),SO,.

0-0: 50% (NH.,),SO.

a-al 100% (NH,),SO,

O-0O: 100% (NH,).S0,+0.1% peptone

20.0
— _—0O
E£150 —0
o0
£
&
£ 10.0
2
o
=
g 5.0}
=
=
0.0kE== .
0 54 B’ 7 9

Culture Time(hrs.)
Fig.9. Mycelial mass of A. niger in various Con-
centration of Urea,
0-0 © 50% Urea
A=A 100% Urea
O-0 : 100% Urea+0.1% peptone

Table IV. Chemical analysis of cassava starch

(%/ &
\Raw mete-
Srial and Cas- A. ) A.. Rhs-

Mygelial sava, Jumi- | niger | zopus

Constituents gatus
Water 11.3 6.6 6.4 7.2
Ash 0.1 5.1 4.1 3.4
Lipid 0.4 12.9 3.7 4.8
Protein 0.4 4.6 11.7 25.7
Carbohydrate 85.7 46.7 54,7 33.7

1750g/ mge 2 713 we 2 HMEAES 29
o,

Aspergillus nigert Aspergillus fumigatusol A
728 1ok EEgelA 508ug/ mg W 228 ug/ mg
o] HREEBES d%ivh(Fig 10, 11, 12),

Bheso| Rkt B3R (m-Amylase) &t

m-amylase EHERIEANX  Rhizopus Be EH]
yEak 14405kl Aspergillus BE o+ 2A =
1, Aspergillus/B M-S Fig. 13-1500 Jeht 3l
o},

EEEFREME AN

WiEsrEEs Silolel BT 4 EHkT Fig. 16-18¢l
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0 24 48 72 96

Culture Time(hrs.)

Fig.10. Levels of Rhizopus mycelial protein during
fermentation.

O~0 : 4% Cassava Starch

A-A 0 6% Cassava Starch
O-0 : 8% Cassava Starch
SO0.0L
-
400.01

300.0¢

200.0¢

Mycelial protein(xg/mg)
O

100.0¢

0.0 ! 1 ¢ 4
0 24 48 72 96
Culture Time(hrs.)
Fig.11. Levels of Aspergillus niger mycelial pro-
tein during fermentation,
O-0 ! 4% Cassava Starch

A=A 1 6% Cassava Starch
O0-0 : 8% Cassava Starch

250.0

200.0

150.0 \O

Myecelial protein( zg/mg)
2
<

0.0 : 5 ;
0 24 48 72 96
Culture Time(hrs.)
Fig.12. Levels of Aspergillus fumigatus mycelial
protein during fermentation,

"
-+

O-0 : 4% Cassava Strach
A=A T 6% Cassava Starch
O-0 : 8% Cassava Starch

A BE ule}l o], Rhizopus B BFE 12005
wl-g-oll 4 BeFERstel BT Eol v AE BEgEs
g}, ol AL EHAMIETULS & 571 3

Cassava®l BKMS 4%, 6%, 8% 2 10% &HZ

W

40} _A—0
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[=)
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£
S
€ 10
B
Q) /.
a

0.0 + ') t +
0 48 72 96 120

Culture Timethrs.)

Fig.13. «-amylase activity of the culture broth of

A. niger.

* D.P.: Dextrinizing power in Fuwa’s method
O-0 ! 4% Cassava Starch

A=A 5% Cassava Starch

O-07 8% Cassava Starch
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Culture Time(hrs.)
Fig.14. «-Amylase activity of the culture broth of
A. fumigatus.
* D.P.: Dextrinizing power in Fuwa’s method
O0-0 . 4% Cassava Starch
n-4A 1 6% Cassava Starch
0O-0 © 8% Cassava Starch

40.0-

)

53001 »
ge 00—
Ay
a
g 200}
g —
[="
& O—"0
2 100}
B
]
(4]
!
0.0 4 + 4
0 120 144 168 192

Culture Time(hrs.)

Fig.15. e-Amylase activity of the culture broth of
Rhizopus.

* D.P.: Dextrinizing power in Fuwa’s method
O-0 ! 4% Cassava Starch
A=A 1 6% Cassava Starch
O-0 : 8% Cassava Starch

sEHhol Fabol & Sl HHEEL REsiolsd
& WES smdiol A 728EF0 BT BB
Rhizopus B < 0,23mg/ ml, 1.75mg/ ml, 1,27
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A B

Fig.16. Scanning electron micrographs of the
spores of two cultivated formes of Fungi.

(A): The spores of Rhizopus(magnification: X 5.000)
(B): The spores of -Aspergillus(magnification: X 5.000)

A

Fig.17. Scanning electron micrographs of the
Asexual spores.

(A): Asexual spores of Rhizopus(magnification: X 1.
200)

(B): Asexual spores of Aspergillus niger(magnification:
X 3.000)

B‘

Fig.18. Scanning electron micrographs.
(A): Mature Zygosporangium of Rhizopus surrounded
by appendages(magnification: X 3.000)

(B): Asexual spores of A. fumigatus on the
sterigmata(magnification: X 5.000)
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mg/ ml! ¥ 1,21mg/ miRz, Aspergillus niger:
K&l 11.5mg/ m/, 19.1mg/ m/, 17.0mg/
m! % 16.1mg/ ml, Aspergilius fumigatus®) s
B2 12.0mg/ m/, 16,4mg/ m/, 14,6mg/ m/ %
12,4 mg/ mio]9l e Cassava®l B3 6% &K
T sEtbol A HRE) skl sb gkl o] #RE
F£(1977) 9 Aspergillus flavusol A &gk Czaper-
Dox el #2383 BWitgERr o 15%-20% o
B HRES odor J7(1986)°1  Aspergillus
nigerol A ##HS A¥c 3-6mg/ ml v wo g
2% At =3 Frbo] HBEAEERS Lowry
(1951) ell 4f3te] BlsEstd-Sul e Cassava
Bbre 6% SHA7] el A R Hiee Mm%
BEES 96rMlsl # 248¥Mmich RlmEslel s
BATHRE R #5lo] Rhizopus B2 160 ug/ mg,
175u1g/ mg, 168ug/ mg ¥ 164ug/ mgelA SF
A& 166, 8ng/ mgo . HEES # 16.7%°l%

of #Rt Gray(1974)7; BEY 0.6%Y HEAHES
EH3L 31+ Cassavaol 0.25% ammonia nitrogen
7} 0,5% Ureas #HISI Rhizopus ovyzaes ¥
A7 A HEEEAY WEEQ 5.8%%Th Hoke
=, Brook(1969)cl 3% Cassava flour, 0.3%
ammonia nitrogen, 0,25% potassium dihydro-
phosphate® R3] Rhizopus Stolonifers 13
A7 AL HEESHE 23, 2% the Agich

Aspergillus  niger + 268ug/ mg, 444pg/ mg,
507ug/ mg ¥ 4llpg/ mgol A i, Aspergillus
Sfumigatus= 196 #g/ mg, 199ug/ mg, 228u1g/ mg
= 181pg/ mgeololon] T2MER 1EEE Wi ME
BEEY BEUipEg $el Aspergillus niger:
¥y 407, 5mg/ mg o B 40,8%, Aspergillus
Fumigatuse 201 pg/ mgo. 2 HERS 20,1%~) Hes
EZHHEYS & 4 3rh olA& Robinson and
Davidson©| Cassava BHEHE A Asper-
gillus wigers ¥EHEsol 2L HREAYE MEgy
50%2-ch Al on] F7(1986)0) BREEAE 25%2ch
< 16,3% ©l 3k,

SR Btk Rhizopus, Aspergillus niger
Aspergillus  fumigatus®] a-amylase HHS B3
HBEEGHS THFLA Wi £E
m-amylase ERREol vl x= Cassava Bpel BE,
BRfol o432 FAS R Aspergillus niger ™
Aspergillus fumigatus®] 5 Bthke cassava iy
8% WEH 72859o) A Dextrinizing Power (D, P,)

o A,

A

7 7} Eob, m-amylase EMHES /BT Bkl =
BRER B T2REERS] ebdr] fafEslolend o)l
(1974 ; 1978) &) FHFeRERSL —E et

gt fEEl weld KT MRS ol oW
#Z7F derts w7 Bile EmEmE e BT
o] s HmES MR Rhizopus® zygosporan-
gium$ B, =3 oF Hfet FEel EH
i ern] oA Donnell (1973)¢] BT M=
FEd A~

m =B

1, Cassava BHrS FIFSIe] FihelE 28°ColA]
96RER MESEE SR vl B Cassava Bh
aEol 6%, T2RIY wol EiEEel sb¥ skt

2. Cassava Jipol 6% BHR sgHiclA] Tute]
5 3pgsle] & HMEARES Rhizopust A8
B oszgstolgul 71 2ok, Aspergillus niger ™
Aspergillus fumigaiuso A= 7285 3EEIE =) &
BELERC] B3

3. Cassava BRES 4%, 6% % 8% #k
A7) sEthel A yEER-S HefEslol O6RFTH iEESIY
A 24pgfEnbe} 2R+ m-amylased! WEHES
REd ©f 8% BENA  Aspergillus niger Y
Aspergillus fumigatust© T2 o =2 D.P &
S QYT. Rhizopuse 1448 =l D, P ol =
o},
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