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ABSTRACT

Medium optimization for f-mannanase production by Aspergillus oryzae ATCC 2114 was performed.
Effect of carbon source (locust bean gum) concentration on f-mannanase production was investigated.
Above 20 g/L locust bean gum, a lag time for f-mannanase production was appeared because high
concentration of locust bean gum caused high viscosity which made the mixing of medium poor. As the
locust bean gum concentration in the medium increased, f-mannanase activity and cell growth in-
creased proportionally. Effect of various nitrogen sources on f-mannanase production was also studied.
(NH,),SO, and malt extract were the most effective for f-mannanase production among the inorganic
nitrogenous compounds and organic nitrogen nutrients. Inorganic compounds such as KH,PO,, NaCl,
Na,C0, and MgSO, on #mannanase production were optimized for S-mannanase production. Locust
bean gum of 10 g/L, malt extract of 3 g/L, (NH,),S0, of 2 g/L, KH,PO, of 10 g/L were selected as
the optimal medium. Culture in a fermentor by using the optimal medium was carried out. Lag time of
B-mannanase production was shorter due to the better mixing of the fermentor. The maximum &
mannanase activity of 9.7 unit/mL and specific f-mannanase activity of 1.9 unit/mg-cell could be ob-
tained at 27 hours and the productivity of f-mannanase was 0.36 unit/mL-h.
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Trichoderma reesei(8), Tyromyces palustris(9),
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WL 37140717) Sleho] 2 A ee) 2 5
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£ ATl AHERE u|AES Aspergillus oryzae
ATCC 21140]¢]t}. "ol 2| 2= glucose 10 g/L,
peptone 5 g/L, yeast extract 3 g/L, malt extract
3 g/LE 745 wiAE AHL3}9T S-mannanase
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Trichoderma reesei(8)°l 23} B-mannanase AjAF
2E ZARZ sk, wiA| 38 Caldocellum sac-
charolyticum(11) f-mannanase A4ha A& ZTAZ
o, A 4& vl 39 AAUE yeast extract
FAoE AT Aeolo).

ojg] 7}2] wjZ| el 4] f-mannanased] WS Al
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Table 1. Proposed media for the A-mannanase
production of Aspergillus oryzae.

Component(g/L) Medium 1 Medium2 Medium 3 Medium 4
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Table 2. Effect of the concentration of locust
bean gum on the parameters of &
mannanase fermentation.

Locust bean gum 10 10 10 10
Peptone 10 5 10 -
Yeast extract - - 2 5
(NH:504 - 2 - 2
NH{I - - 3 -
KHOP: 2 - - -
KHPO, - 10 1 5
MgSO,7HLO 0.2 - 0.2 02
4

p-Mannanase activity (unit/mb)

0 15 30 45 60 75
Time (h)

Fig. |. #Mannanase production of Aspergillus
oryzae by using the proposed media. me-
dium 1 (@), medium 2 (W), medium 3
(&), and medium 4 (V).
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SEE gEjste) 2ag k(Mg 2). Lo
cust bean gum ¢} ¥%7} 20 g/L oA Y & &7
o Aws} Fo} Efo] Y HA %o} 27| 5
mannanase®] A4ko] 2= 7o 2 vepydch 2
A3} f-mannanase?] A4 locust bean gum 4|

Locustbean P X Yoy Yos P
gum(g/L) (wityml) (gL) (g/8) (g/g) (wnit/mL-h)
5 153 218 0.70 0.31 005
10 3.61 556 0.65 0.36 0.10
15 6.20 912 068 042 0.13
20 802 1221 0.66 040 0.17

30 10.76 1521 070 0.36 0.20
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10 -
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Fig. 2. Effect of the concentration of locust bean
gum on the fmannanase production of
Aspergillus oryzae. The concentrations of lo-
cust bean gum were 5 g/L (@), 10 g/L ([7),
15g/L (A),20¢g/L (O),and 30 g/L (W).

Pt EtEsE Folsleded =3 Smann-
anase®] od7}s} FASES HAAo R Frbshelrt
(Table 2). 22}, & F5¢ 92 Bacillus sp.9
7% locust bean gum?] %7} 10 g/L o]A oA
£ o3 9rprt stk (3). &9 FAZE A4
&= fAmannanase? &L locust bean gum<
o Aol 79 dAstgovt @yl 7|AD A
A% f-mannanase] $&& ko7t vheht 15 g/L
9] locust bean gume] FENA Hoighe RoiFq
t}. olzig zlole AU FErt AT Aol
A Bxde) Frak Z7hste] C/N(stad/A4d)
vgo] Wil2 28l Aot obds) Azt
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Table 3. Effect of various nitrogen sources on Smannanase production.

Specific f-mannanase

Nitrogen sources(5 g/L) Dry cell weight(g/L) [-Mannanase activity(unit/mL) activity unit/mg-cel)
Inorganic Nitrogen
NH{I 3.50 290 0.83
{(NH S0, 343 297 087
NH.NO; 1.64 193 1.18
NHH PO, 3.72 252 068
NHHCO; 2.28 1.80 0.79
Organic Nitrogen
Com steep liquor 2.11 142 0.67
Malt extract 5.28 4.40 0.83
Peptone 5.20 3.00 0.58
Soybean flour 7.04 347 049
Trypton 221 2.08 094
Yeast extract 6.33 2.50 0.39
Yeast nitrogen base 2.86 2.16 0.76

AA{O0| fmannanasel| Mitofl o|x|= HEt

Locust bean gum 50 g/L, 44 5 g/L, KH,PO,
10 g/Lez 745 Lauiz|e o8] 7}x] "4y
€ 2ste] 36417 Fob wjokdt F AaYo] 4
mannanase®] Aitell vl g% AE Bk
(Table 3). ¥] Bmannanase Q7HHY FA=%
% Bmannanase?] G7h)E ALY Foe
NHNOz7F 71 =9t 471444 FdE tryp
tono] 7} Fgtor} olF ALdAME FASE
7} ol f-mannanase 97h= WA vebdt). #Al
sEv F71ELY FAAMs NHHPO«l 71 =
O H7)HAYd FoAE soybean flour7} 713+
E%th. fmannanase®] 7kE F7)ALY Fol
e (NH).SO7F 7Hd #3718 48 FellA
+ malt extract7} 7} Eokeh. Alel Bacillus
sp-o A¥E F71"4d9 W A|e4] f-mannanase
o A7lrb #AE AT RAFUAT(2) FF
olgl £ FF9 A% FuIALY sl v
XA FE d7lE Hof F9rt.

B-Mannanase?] 9717} 7} EA) Vepd A4
ol malt extractE Aeste] malt extract9] 57}
f-mannanase®] A7t ©|XE FFS Zepao
A 83tk (Fig. 3). Malt extracte] %7} =
V42 FA Y 2= Z7bstol malt extract 10
g/Loll e A5 =7F oF 6 g/L7hA] 2ojFgct. B
-Mannanase 8] ¥7}= malt extract® H7}s}=] oF
£ Afele o $oter 3g/L A A$ 3

Dry cell weight (g/L})
B-Mannanase activity (unit/mL)

Specific B-mannanase activity (unit/mg)

0 I L |
0 2 4 6 8 10

Malt extract (g/L)

Fig. 3. Effect of malt extract on Amannanase
activity and cell growth of Aspergillus
oryzae Dry cell weight (O), f#mannanase
activity (@), and specific Smannanase
activity ().

ek e bl 2 ol 288 st
malt extractd] FHArr & 3 g/Lo2 ZAAsgoh
3k, malt extract®] % ®3}be] gk ¥] Fman-
nanase?] 97} f-mannanased] <3vje} ugh
g BoFoid

ALY o B malt extract 3 g/Lol] F7)&Axal
(NHy).SO.& H7ksted A7k (NH,).S0,0] FA1%



Vol.11, No.5

Dry cell weight (g/L)
B-Mannanase activity (unit/mL)
-
1
Specific B-mannanase activity (U/mg)

0 I I ! i 0.0
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Fig. 4. Effect of ammonium sulfate on S-mann-
anase activity and cell growth of Aspergil-
lus oryzae. Dry cell weight (O), f-mann-
anase activity (@), and specific fmann-
anase activity (Wl).

A3} fmannanase?) Aol v|AE A% AH 2
okt (Fig. 4). #4¢) ==& 5 g/L9] (NH,),S0.l
A #Hughe 29 B-mannanased] 97ke 2 g/L
o4} 2oz B9lern ¥l fmannanased] H7hE
2 g/L ool de wmA dAstx|e 2 )4l
xcode FA43 Fastdd. 2322 (NH,).S0,
o] #AEri Amannanase?] AAFS T|Fo
2 AAsd HHE=E 2 g/Lo g AAF AT
7] A+ 99l malt extract®t mE F7]A 4
(NH,).S0,8F #7}ste 7Rt malt extract®}
(NH,),80,& #7 #7}& 7§ Bmannanase?]
37k o A4 el

271940| fmannanase| A4itol| O|xj= P&

Locust bean gum 10 g/L, malt extract 3 g/L,
(NH,).S0, 2 g/L 2 <tado @ T4 LauAE
Apg-dho] olabgde] %7} f-mannanase %7}e] |
A= eddke Atd Roprh. Fig. Sell4 vehd 71A
4, #A¥EEs KH.PO,9 et 7 g/Loll A F
z+e wodth, f-Mannanase?l ¥7h= KH,PO,9
550} 10 g/LAAE 243 Z7kdn 2 ol4del
Ax 2 xjol& HolFa| okgkARt ®] f-mann-
anase? d7b= KH.PO,9 257} 371848 37}
st 2eh) H@ KHPOS| $EE& fmann
anased WAL 71F0 2 dto] 10 g/LegE AA
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Fig. 5. Effect of potassium diphosphate on /&
mannanase activity and cell growth of As-
pergillus oryzae Dry cell weight (O), #
mannanase activity (@), and specific 5
mannanase activity ().

skoict.

e =E2E(2-7)9)4 S mannanase?] H7}
Aol 7108k #7135l NaCl, MgSO, 2 Na,CO,
9} f-mannanase®] AAtell oA §FE HEZ
Az} 27|95 A oryzae?] f-mannanase®] 97}
£ &A)71A] Rkt

A x| 2 locust bean gum 10 g/L, malt ex-
tract 3 g/L, (NH,).S0, 2 g/L, KH,PO, 10 g/LZ
AAsg o HAw A4 Eeta= vjek f-mann-
anase2] 97F= A9 6 unit/mLel] HZslgid.

WS ToM e f-mannanaseo| At

A S A}LEley WEZA locust bean
gums %% 10 g/Le 2 s Amannanase?
QA Azstdck(Fig. 6). Eetaz widollds
A. oryzae FA7L pellet HelE FA5tAA | HE
Zo A wubr)e o AtHoz qlile] FAHA
He| 2 ZAstoict. wlokx7] Sepaz wfekelxe
7485 74 (locust bean gum)el &% B3R &
e MEE ke AE WHHEE FUMAIA A
& 4 olodch. 1 A3 wiekz 7)ol viehds f-ma-
nnanase AJAb Z|ed@ArE ZFaAlR T i
AZE BET £ glglnh 27417 wiekek F fma-
nnanase?) %7}, 8] Amannanase®] G7}e} A
=T 2 zbzb 9.7 unit/mL, 1.90 unit/mg-cell®} 5.1
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Table 4. FMannanase production by Bacllussp. YA-14, Trichoderma harzianum, and Aspergillus oryzae.

Microorganisms Pulunit/mL) Plunit/mL-h) Time(h) Reference
Bacillussp. YA-14 70 044 16 (3)
Tridhoderma barzianum 07 0.004 192 )
Aspergillws oryeae 9.7 036 27 In this study

10 2.5 8 ¢

@
N
=]

1.5

1.0

Dry cell weight (g/L)
B-Mannanase activity (unit/mL)

Specific B-mannanase activity (unit/mg)

0.0

15
Time (h)

20 25 30

Fig. 6. Culture for fmannanase production in a
fermentor by using the optimal medium.
Dry cell weight (O), #mannanase activity
(@), and specific fmannanase activity

(M.

g/Lo 2 dgit}. o|u), AL (.36 unit/mL-ho)
%t f-Mannanase®] Aol A U2 o2 A
5 A5 B (Table 4), A7l Bacillus sp.(3) &
WEAIZE 16A17ke] #™) f-mannanase? o7} 7
unit/mLE Jelo] Aoz #aksld (.44
unit/mL-ho|th.  T3elel  Trichoderma harzi-
anum(7)9] A%+ 847t wioksle] Bmannanase
9 o7} 0.7 unit/mLE BojFo] A4 0.004
unit/mL-hojglc}. A. oryzaeol] ¢J&+ BAmannanase
o AakAdE A<l Bacillus sp.o] AAHAIs} v ws}
H Bacillus sp.Bt} @A Jepdeh, 28, 3HE 4
mannanase®] 47}7} Bacillus sp.®t} v} =1 Bg
cillus sp.2] 7%+ w449 (locust bean gum) 9] &
=7 F7HEE(10 g/L o)) 2318 2% (3)
oA ulgte] A. oryzed] 7$ w299 ¥wsl 27}
& Friske Ao At Al e 7%
Aol =ttz & 4 gio}.

Aspergillus oryzae ATCC 21145 Ap438}ef 4
mannanase ] FAtel] JFL F= Wi L HA
35 TFstdrt. shadal locust bean gume] &
TE 2Esld 2aE $s9drt. Locust bean
gum®} §=7} 20 g/L o] Wi x7]9) HEs}
%o} Eo] A9 x| 9o} 7)o S-mannanase
2] Aato] A== @Aako] el 3, Locust bean
gum®] F%=7} Z7F24E fmannanase?] %7}e}
TA5=7F vlEH ez Zristedtt. Locust bean
gum 10 g/L wj el A 2] 7}2] Ax%)o] f-mann-
anase?| AJAbel w|X= oGS 4w 2 A3 fman
nanase®] 97h= F7)1244 FollAe (NH,) SO0t
oo 71444 FollAE malt extract7} 7}
& gk o7 kA £r199 HAstE 3%
723 KH,PO7} Fmannanased AJabol] =33
Al o 4 slsie) WA HAE A3 H AR
£ locust bean gum 10 g/L, malt extract 3 g/L,
(NH) S0, 2 g/L, KH,PO, 10 g/Lo] Axs]90rd
oltf A-mannanase?] ¥7}= 7] 6 unit/mLol| &
Tk HAAE Abgsle) daZoA woke
T e WEZY TEEFNEZ wkzs|d] Je)
Y= fmannanase AAF A AFAE a2
AL AT 5 4 glgloh. 27417 wlok
g ¥ Bmannanase® 97} 9.7 unit/mLe} v] g
mannanase®] 97} 1.9 unit/mg-cell& A3}, o]
o, 4L 0.36 unit/mL-he]g]c}.

go] A9
P, maximum product activity(unit/mL)
S substrate(locust bean gum) concentration
(g/L)
X dry cell weight(g/L)
Yix  overall product yield from cell growth(g/g)
Yus overall product yield from substrate con-

sumption(g/g)
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P

volumetric productivity of S-mannanase
(unit/mL-h)

subscript

m

P/X
P/S

maximum value

product concentration/cell concentration
product concentration/substrate concen-
tration
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