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Production of Amylase by a Filamentous Fungus, Strain FM04, and
Enzymatic Hydrolysis of Food Waste
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A filamentous fungus, strain FM04 producing amylase was isolated from rotten yam peels and potatoes. The favorable
conditions of cultivation factors such as, temperature, pH, and agitation speed of strain FM04 were 28~307C, 5.0~6.0, and
100 rpm, respectively. Starch was the best carbon source in the amylase production. Therefore, food wastes containing lots
of starch were employed as the carbon source of the cultivation for the economical amylase production. 5.2 Ufml of amylase
was obtained In the cultivation using 1% (w/v) of food wastes. The amylase showed the highest activity at enzyme reaction
conditions of 60°C and pH 4.5 and showed 90% of residual activity after the reaction at 50C for 2 days. In the enzymatic
hydrolysis reaction using 20% (wjv) of food wastes and 2.5 U/ml of amylase, 72.6 g/l of reducing sugar was obtained at the

reaction condition of 50°C, pH 4.5 for 2 days.
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402 o§g 9B ATE AT, )T L &
Agadle 257 498 N2Be B ¥olE ©
A 4 Fasth BEHEEL Fol7l e S4B
d71%9 dgoz $HE AES BRHOE ASEHs
zau}. agd AR MR Ex9 obdselAE AAHe
2 4883 Aedl 18 ¥ Bavt Unk B 47
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Amylase RAHFFE Z2l8t7] 93t 5
FAHE ©ojdEdA HE 17vl @ ARE FEe FF
Pelgoz AgE4gY). o5 28 € A¥E H3 MSS )
Z 9] ZA& soluble starch 20 g, peptone 1 g, urea 0.3 g,
(NH.):S0; 1.4 g, KHPO, 2.0 g, CaCl, - 2H,0 0.3 g, MgSO
4+ TH20 0.3 g, FeSO, - THO 5.0 mg, MnSO. - H:O 1.6 mg,
ZnSO, - TH,O 1.4 mg, CoCl; 2.0 mg, distilled water 1 L, pH
5.2 oJt}. AR AlE 50 gof 200 mle] BHFE Hof
e 7| a1, 203087 AXA 7 dgds vAER 345
3 AGHEFE BeluiAd Edich $9] wiAE 30T Wiy
N7Z, A2 Aol He #F 4% 3 WelE BREUA,
A0l Be e ddsi] 24, 34 AdLe Bal 2
F Y 44 9 £4RAE AP RIFTES PDA
(potato dextrose agar; dried potatoes 300.0 g, glucose 200 g,
agar 15.0 g, distilled water 1 L) vjx]ol] 30°C, 397 44

F 4ColM BAFTE Amylase BAEFE AEsl7] 3

PDA #jAje] @58 =Wstd 3Y Fo #A AV1E A3
o FA H4EEE Aougky, MSS wjAe) HEsha 30,
100 rpm, 52 WYk F EABHES TSI

APt FM042] IAEES PDA wjx|o) 3d AFAAR
o "t 10 miE g1 Wgo)g o) &3ly T F& F,
49 He Azd BHAA gFE 53 FAAE AAST
EARSAS ZANG. Eadel BT ABL MSS )
AZ 712 A 2 AE-3519a, 500 ml baffled flasko] 100 ml
o WAE Wi, 121T, 1587 PFE T, TAALY
2%v)E AEse 30T, 100 mpmolA 597 Wikl
B YFAIZE whE) wlokd dAHE RBistY AxAE, o
AZF 2 pH ¥3E AT 24EAH A& 9% &
He 9ef vjeklE 10,000 rpm, 1087 F4lE 3t A
A o] g3t Th

2

sS4y, AAZ R HNEY =F
Amylase §4 4L A3 Y8, AT buffer (50
mM citric acid, pH 5.0)2 %3] FAE o)A AF(HL) 0.2
mio] 2% AELAL 08 ml 7}l 50T, 3087 #RgA)7]
th3, DNS "1“ 3 mlg P ¥e-& FAAFL HEEL
BT 2A 523 7AEs SRFE 20 mE A F
540 nmol| A 1% & AU FPase AL A3 g

Korean J. Biotechnol. Bioeng., Vol. 18, No. 5

Axlolzl A|E(FA) 1.0 mlo] Whatman No. 1 filter paper<|
50 mg (1x6 cm)-& 21 50TolA 1A7F vhg-A) 71k FA4H
o] =52 DNSHoez Az 39t} Xylanase 548
AE 222 2% (wv)Sl xylang9 0.5 mle buffers 23]
8438 AR(EA) 05 mle EEsh ¥LEL 507, 3087
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Amylaseg]— FPased] HEZEHL  glucoseS o]-&-3tA L,
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Y 02 mg e WEE HA9 i%&% 8
mmol|l X =43l wlg] ZAdslo]zl A4 [Starch (gL) =
13.72 x ABS - 0.7162; R? 0.9923]1% E35le] wixule] A
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4= 100 mlo] o)x o] £ I ml, I N HCl 10 ml 2 =
4300 mlg Yol ZAF )
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baffled flaskol] ¥53ta, 2o W3S 25~35C, AW
0~150rpm, 7] pH 3~7% wW3lA#A 30T, 100 rpm, 5%
Zol nphl sl wgse FATE B3] amylase
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AHAZE A0 meh BABAE, pH, #AF L ARFE
Bste] wjRAIIe] e FaAHe uEgit
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Amylase AAHFF FM049] A8 o 2 H{grEdg o
B8 Ak A EAS AWEY] 3t AREEHAA 49
£ F 7122 glucose, maltose, cellobiose, fructose, sucrose©]
3, AFAEEZE Avicel, CMC, a-cellulase, xylan, pectin,
starch2- o] &35}t EAMAEAL MSS vjxd] Z+zke] 7]
AE 1% (W) vE2 drkste] mghled iy, wjdse)
FAYAE, pH & FAZFE AZslyk. 3 cellulase 2
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3t AFAHIES 4712 BT £ dxzrledA

80°C, 24 Bt =BTy AxE FARAHVELE AR E
sk 30 mesh Ao FHAIA Ao AHEFNAT
E**ﬁ"“’ MSS ujR]ol] soluble starch WAle] 9o 714
2 1% (wv) 78t vk G T, wjekse) EAEAES
4‘%*01"11 AFAH7EY 2 gAP4ES HESINT
g AAA & AAE 9 dFhadrERe 95 2 %
¥ 28-S B3 ZAAMAEE YR & 1%&31] <}
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71
}_
AR, HREH7IES 23] BE APEE WuEr] sy
HE2YY], A 9 FHAE 47 2, 3% (W/VH 713

=g 2] ARt

Amylase2| 45X EM

Amylase®] #Z pHE pH 4.0~6.071A] z}z} ZA"H &
£l 23] Mol AE(E4) 02 mlg HEEHY (
Zt pH &= 9—‘19_3 2% FTEE ZA) 0.8 mlE Hrlsid
0ColA 3087 Br3AA, AXEE Y-S DNS Yo
A#gdle] pHo W3le] WE F4EHYEE ¥Iwdgrh pH
40~6.09] ¢#=8Me 50mM citrate acid-NaOHZ Al-£3}%]
o

A8 s £xo FEE A Y@ S0 mM
citraic aicd(pH 45)94—7%-“‘01] A3 FAHAN AB(EL)

oMo & O{N‘

0.2 mle} 2% HELM (50 mM citraic aicd, pH 4.5) 0.8 ml
< HA7h whg % 30~70CY 7ZF L=oA 3087 w84
2 % AAEE FYTS DNS e r APty R

e E’\%} dT2 vjwslygch
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A% F, amylase AE —“?_’—3, Wl ule} A& FAE4A
& 2435k

a9 AL FAE7] 8 50 mM citric acid $HF
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oA AikElo)R v dE AL o] 83HY. EAEH sbEE
&l o] O]*QQOP‘] 714-& Avicel, pectin, CMC, xylan, starch
AE2Y 7] (AR E ddez 3o, vexA
A9 (amylase; 5.0 Ujml) 50 mlo) 50 mM citric acid
£ (pH 4.5) 50 mlg ©sty, 449 71d& 10%
(wiv) 52 A7Fske] 50°C, 100 pmOE 4847 BHEAIA
o). AAE B9 DNS whHo s Asgrh

A8 7] B @ FihET wE 248279 7}
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Atehs FM049| #a| U ufe S

Amylase AHHFE ZElshy] A3t HE nywet 9 3}
g ol F 5T FHolE Fesiith HFH
amylase AYAFFE AFE] s AAEH, {714 AA
7, 84EE 5 MSS HHZM]’H BANA a8
A3tActh FM049] #FE PDA wjA AolA Fa3 3as
) ggagen] gee) WHe) A7 Hug BERL,
A9 AAEEE 30T, 3Y E¢ 9 ecme] HjFHAE T
Qe TF A&3] AT gAY SEME B ey
wEs AHRgket(Fig 1), Aol A3, FAMS 2
AL 3~5 um ©)¢th FM042] amylase 45 MSS Hj |
oA 30C, 5¢ ik T 3.02 Umle|gom, wjekEe] pH
= 3200%tk BFEEt B Rejaao] s wa2n, a4
o] 71 ELS MY FFE HFTAHOE AWk
f7)2 A FF BZL 98} PDA + bromocresol purple
(50 mg/L) 1A iAol =@ste] 30TA widFatsich Azt
7ol wet gA AT il #Fo FEY FUt =%
Moz uHlE SR, o] AFHE FMUM= #7105 A
Al #FE B9 £ AT H 509 dTFAM=
bromocresol puple©] #H4E PDAw|R|olA A W3lE #alsgt
A7}, amylase®] Aol 9435 Aspergillus nigerol A A
8ol Ades BusATh

r—[n:
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Figure 1. Morphology of a fllamentous fungus, FM04 observed by SEM

FM049] amylase A4ke] HZLw g Awrry] H3] 25~3
5Cole) 5U7 wjFEt A} Table 164 RoFE vig 2
o] 28CYL & 4 AslT, BTANE FF9 AFL YA
w FAAAE 283 e Bk FM042) E4A%R
A9 watxAL 100 rpmojUy, ARuiF (O rpm) F 50
pmo e 2e Adgor whg FAgspdr AAsiFo
284 stk 150 pmolAe @54 A3 B 5
ukd e Wb mExnh AdEe] o] &4 Aite] HHE
AoE 4 %tk Ei*£&0ﬂ # #2 pHE #3H7] 9
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Fo) pHY FAE 4710 446l GEFL FET & A2
F2 tz271 9 pHell #3t FM049] 48 &
4 AVgire] Aspergillus p.2 VST 53 RAFATHG-

Table 1. Effects of temperature, agitation speed, and pH on the
production of amylase in strain FM04

Conditions Amylase activity (Ufml)
25 1.50
Temperature 28 218
0 30 1.16
35 0.93
0 0.49
Agitation speed 50 0.81
(RPM) 100 2.02
150 0.87
3 0.26
4 0.79
Initial pH 5 1.04
6 190
7 0.36
10
—e— Starch (a

—w— Reducing sugar
—&— Dry cell weight

-]
T

Starch, reducing sugar,
dry cell weight (g/L)

—8— Amylase ) 6

E 3 —&— pH

3 15

>

2, 14 ¢

g |, &

]

3 {2

'é. 1

-3 41
004 0

Time (day)

Figure 2. Time courses of amylase activity (b), residual starch
concentration, dry cell weight, and pH (a) in the liquid culture of strain
FMO04.

FM04-& o] 83}o] Afzbe]l ot SAMAREE ARy, b
ol Mago] met a4 MM ZIE HlYg 6UA)
233 Uml2A Ho &4 48 JelickFg. 2). €44
o2 ol&olxE AR %k 27| §AZMA IR £X
HolA, 16X F23) At wjg 199 2 A
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o) AWEIT. Aol AR g o) BAY,
¥ B 444 B3 GH 24) SO A8y ¢
gtk BUF FsE 28 gLy 194 Al 53

o, B 2dAdle AR FYFL AY BR 2RHY
. gAY AFe HH“ 1672744 ATl WElE HolX
ARG, 1 o] FRE] wjk 36A17A Al 4FE BIPL
, A A s== Al 2dA 3.1 gllolrk pHY W3}
ﬂ"ﬂ A wHEel F43] ZazojA si 294 pH

]cﬂx;]_ FMO44 ;L;“,} 2/\1 ]zl /\B] uJ o }%’l}d-/}?
HARom AvuE, A9 A wet Hjekde A
g o g AEolAL, FAAFHAN #AYFE ojg3}
A% oA 4% 2 pH uﬁ\-7} o]FojFh EATHL
AR BlEolx= wef 1dARE AMA3] F7F8tsd
t}. Bacillus 59 A@oAs @il T AAET
AR ZAAAY ] AEZ Lo|R|31(8-9), Aspergillus sp.
9 Rhizopus sp.¢} 2 wRAANE Huleg HAAGT o Fo
22 dARMERA AT ASETHTI0).  APSTEMO049]
amylase AAEAE B T/ FAMS BoFdoh

23

r;U 3

2 R AL 2 orr B s fojo )y 2o
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L

FAMMO| AojAe] EiAY 9 EARO| HEt
Amylase YT FM049) 244 3 2 A
o] &g AFARIH AL HI BA
L EANNAEE Holg FrAL Flg. 30| A] cellobiose H&
maltose$} 22 o]gfox] LAt} FH e A2 fructose
A 7} =hom, sucroser A AR 2 FAAA
228 dct A nigerd]l A% e FFE glucosed o] &%
Bl Fo) A amylase EAAYLHY0] EA %*—_OHWE’- LA P
Su(11), FMO4= FEo] TR A =A e
I olft FM04¢ amylased] fFEEA0] ARAAH AE-o]
ofd 23} UIARFEZA, AR AL FA AR -&A
A7 RS 38E ol Aoz #dhn

mmm Amylase
— DCW

w
1

Dry cell weight (g/L)
N

Amylase activity (U/ml),

0 L
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Ge\\o‘O\ « o 0\\)0 \t\'b\‘

Carbon sources

Figure 3. Effect of commercial sugars on the amylase production.
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FMO4= FAN] o] 85 7]Ad) we} st a48
R RAoR diE], ookt s BEEAE o84
cellulase, amylase, xylanase 52} &AM S A E g} A}
43 712L Avicel, CMC, a-Cellulase, xylan, pecting ©]&
3}tk Fig. 49} o] AAX AEg2 o2 EZAQ a-celluose
oA cellulase®] &4 (FPase; 0.15 U/ml)o] Z9kom,
starchol| A} amylase7} 3.1 UmlEA =4 AES 98
4 dglth EE xylano) M+ 5.9 Umle] xylanase HAEA
HoFoh o A FoA 74 &4 NP e
ZHog FL W3l wE FANIIE HHRY
S5~2.0% (wiv)S MSS vjRlo] H7}8ke 307C, 100rpm
wjokslEel. wdsy 54 848 2ARE A 1%
B/ AT 71 22 848 2933 o 71d%
©7b 13wl 499 TErF FolAlal o Fig. 5),
Agger 5(12)9] 47 A} Zo| & FUTPY Aoz
AFEY BdrdAE FEES ¥ F Ak

b 2
o fip

1 jo Lo Ao

=,

O

7 0.20
= 61 mmm Amylase
g M 3 Xylanase ]
2 5 - ZzZz71 FPase L 015
£ E
b~ 2
8 a4 2 >
2 I 0.10 g
E 3 ®
o 2
kS - 0.05 -
>
£ I g

0 - 0.00

PN < o o\ \
\\\)\0g w‘\oe O* ?30“ %‘?‘G **\5

ks Cellulosic materials

Figure 4. Effect of cellulosic materials on the amylase production.

9o} AFATNA FM0O4E a-cellulosed ©]E3H EAAL
e FPasee] A0l $5HAIL, starch ol FolAE
amylase AJaFdo] =gt} o] F 7]dL o]&3l cellulase
2 amylase®] EAF FAA A 5 Qe VA 28e #
24}, a-cellulosed} starch 7] ®|&& 77t Za)sls] 30T,
100pmo2 Wi, A3E Fig 6o HiFm ok 4
2ol 718 05%0N 7HE BE FPases] E2AE vheh
Ao}, amylase AAAME #HEE O 712 o] §Fol
o FEEE ¢ F ATk AR AEFEst $74El o
g ujckolye] YT FEE S7183(data not shown),
o] FPase ¥ amylase AAto) 228 AJFE F= AR
Upej

FMO04¢] FhA4kll A f71ALs9e] 43 2R 98t
&) peptone, malt extract, meat extract, yeast extractS MSS
B zlo] 0.1% H7tsldch RE F712LA00M 2L FA 4
4 2 EABAHS YAtk #7449 peptoned] FE
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£ 0.0~05% (w/v)7}A] gald}ad, peptoned) ¥ % w3t &
2% HAE JdEE AHE A 01%44 B2
o] =9tth(data not shown).

2.0
mam Amylase ]
— Reducing sugar
- i
E 1.5
2
2
2
5 1.0
©
o
n
S
£
< 0.5 1
00 - T T

0.5 1.0 1.5 2.0
Concentration of starch %{w/v)

Figure 5. Effect of starch concentrations on the amylase production.

25 0.25
s Amylase
1 FPase
2.0 F0.20
£ E
= =)
2 1.5 1 F 0.15 >
Z 2
s E
g 1.0 1 r 0.10 @
3 g
£ &
0.5 + 0.05
0.0 - - 0.00

o 0% A0 08 A8 AS 09 AP
P A O
Kd

Ratios of a-cellulose and starch (%, wiv)

Figure 6. Effect of mixed ratio of two different substrates on the
amylase production.
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amylase production.

Table 2. Effect of mixed substrates using food waste, rice bran, and
soybean flour on amylase production

Cellulosic wastes (%, w/v) Total substrate Amylase
Soybean conc. activity
flour (%, wiv) (U/ml)
0.9
0.9
1.6
0.9
22
32
1.6
22
1.3
0.7
2.9
2.4
4.6
0.5

Exp.
No. Food waste Rice bran

1

0.67 0.67 0.67

O 0~ N B W N =
~

—_
—_
— —_
—
—
W W LW RN N RN W = W N —
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(Table 2). =3+ SAE2H 7|9} FHIAE 242t 1.5% (W
235t A8 A 4.6 Umle) amylase E428AS R3]

ZgAoz AWEY FMME T3 AFLH71E8S 9
£3to] amylaseZ H|E3 cellulase 2 hemicellulase 58 A
A 4 Jden, o= FAE2HY] Ui dAfFi: A4
(amylose, cellulose, hemicellulose )5S E&FHOE 7l
3 & Aoz Atgdch

L
X
=

Amylase?] ngFﬂ EM
EAEE JlgRalolA F23 W 2% 9 pHY JF
o 3] AuHgith o]
2o T2 2 AARA o
(13,14).

228 Uizt #3 pHE AN ) 3 pHE 4.59|
Aorn, 4P i HFY 2Te 0TAA o
(data not shown). Z} pHo|A 2447t AX] Fo] T HPA
< A9E 43, pH 3.0-60 W Wolr 80%c]del it
AL Vel cHdata not shown). Amylase®] & AAE
50CelA 2 52t 90%9 B4E A3, 60T = 4
AR50 ié: %Vg—& 58%2 78, 70T E 4431
] RE FA4L 93] AHastHTiFig. 8). Nielsen 5(15)
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Figure 8. Thermal stability of amylase from strain FMO04.
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Figure 9. Enzymatic hydrolysis of cellulosic materials (10%,w/v) by
amylase from strain FM04.
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Figure 10. Enzymatic hydrolysis at various concentrations of food waste
by amylase from strain FMO04.
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