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Optimization of Medium for 3-Mannanase Production by Bacillus sp. WS-42. Jong-Hwa Kim*,
Tae-Kyoo Lee, Hee-Cheon Yang and Deok-Kun Oh. Department of Food Science and Tech-
nology. Woosuk University, Chonbuk 565-800, Korea - A strain of Bacillus sp. WS-14 was isolated
from soil. Medium optimization for -mannanase production by Bacillus sp. WS-14 was performed. Ef-
fect of various carbon sources on [B-mannanase production was investigated and locust bean gum was
the most effective for P-mannanase production. 3-Mannanase activity and cell growth increased with in-
creasing the concentration of locust bean gum, however, the amounts were not significant. Among ni-
trogen sources, soytone was the most effective for B-mannanase production. Inorganic compounds such
as KH,PO,, NaCl, Na,CO, and MgSO, - 7TH,0O on B-mannanase production were optimized for B-man-
nanase production. Locust bean gum of 10.0 g/l, soytone of 5.0 g//, KH,PO, of 2.0 g/[, NaCl of 10.0 g/
[, MgSQO, - 7TH.O of 0.2 g/, Na,CO, of 2.0 g/l were selected as optimum content. Production of B-man-
nanase by using the optimum medium was carried out. The maximum [-mannanase activity of 20.8
unit/m/ could be obtained after 14 h fermentation which corresponed to the productivity of B-man-

nanase of 1.48 unit/m/-h.

B-Mannanaset= M, S5ele} 25AE Sollx] WA
F-E50o] gl o] FollA wlAMEol &gt YA Bacillus
sp.(1, 2), Bacillus stearothermophilus(3),
sp.(4), Aspergillus niger(5), Trichoderma harzianum(6),
Trichoderma reesei7), Tyromyces palustris(8), Strep-
tomyces sp.(9), Caldocellum saccharolyticum(10)2} Aero-
monas sp.(11)el] &J3ted A drh= B w7} Qi)

t}okFel B-mannan<- mannopyranose2] 7| e
7} B-1,4 A2 & o]Fo{x8] 7 mannose?] 7] EF-F2]
ol glucose?] #7117} E£3=e] Sl glucomannand}
galactose®} acetyl®] At7]7} Z&=Ee] 9)+= galactom-
annan¥ °]7lo glucose®] At7}17} F=7}=le] galactoglu-
comannan22 Zxghc}(12). B-Mannani= mannose 7|
BIAL FAste] vk-8-%F oligomannosided] #7714
A1 5]+ B-D-mannanase(1,4-B-D-mannan mannohydr-
olase; EC 3.2.1.78)2} mannose e 2 A ¥l 3=
B-D-mannosidase(p-D-mannonside mannohydrolase;
EC 3.2.1.25)¢l oJ3le] ZAA o2 RFaldrh(2).

B-Mannan< palm} #19) 2] dvf 2 konjakel ¥el%
oj2jAl Eoll EA8L12(13) FHZLoll= thelolE AlFog
wol AHEEw gl 1y, AT tiRelug shy
3 o] JEg g ojego] EAdel 1R B-
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ARS8 o213 FAIHE E Y o qloh =3 B-ma-
nnan2- B-mannanase® *2]A] A E = m
accharide (MOS)& AW Ao {84l
ctevium sp.2} Lactobacillus sp.2] £ A4 Yol
2} o] f3) PlAdES SAE AeEe A4S g
th(14). z2einz, FF MOSE 4%%— dEv AE H
7VE R ALg-g vhgAdel ol

R F7HA] Bacillus sp.©ll 21§+ B-mannanase®] Aj4toll
A =g RuEgloy o Hrirt e ghge] 9l
o} 2eir R, B o T4+ B-mannanaseg] 4k 97}
7} =& FFE Eoko @ HE] AHEty BRIty o]
& o] 83te] v o] B-mannanase A4tell U=
°33kS Alsi ¥ 7 B-mannanase?] AAMI-S F71A]7]7]
Asted 2 iR E-2] 21A F g F3tmAt o)
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EAG A 288 7FE B Be|AdHE Ba-
cillus WS-420]3ith. A Al 2] £+ glucose 10 g/l, pep-
tone 10 g/l, yeast extract 5g/[2 FAE w2|& AR
3117 B-mannanase AR EE ©AU S F Jocust
bean gum 10 g/l (:£+ 5-30g/l) AU 2 soytone,
wik ¥rjgdes KH,PO, MgSO, - 7H.0, Na,CO,, NaCl
2 A" mAE Abgstelm 7 AR ¥ B-man-



nanase®] A& Fol7]| §15he WA F )

HiQFX A

*‘*BH"": agar BIA] (A2 2] +agar 15 g/12] colony

£ pH7l 6.002 4% AAwR] 50 miZ7t o1+

z50 m/ Z2t2Fel HE3HE zEd wljolr]ol| A 240 rpm,
40CE oF 1447} Fb Falsksdvt. ajeke Lalak
0.5 m/& B-mannanase AR 50 miZ} 018l = 250
ml el ol AEste] wjokSE = 40T, 27] pHe 6.0,
WREFEE = 240 rpm 2 & 31 1447 F]F ~3)shsd

oju, siofF pHe A 3H7] ot

oS
T AT B EAE o) &5t 1A 600 nmel|A] E
=5 FH3lo] vlg] SAI FTHAS o8-8l Hz

=ko 2 gHabsiairt

B-Mannanase] A4AHeS

B-Mannanase&] A4FF2 0.5 m/& 10 g/l locust bean
gum, 0.4 m/2] 0.05 M phosphate buffer(pH 6.0)2 0.1
m/e] A7} A AE vkl & 4leof 50Tl 557 vkS-
Azl 3 AAAE mannose® #HIeF &3l DNSH ©
2 S48 cH(15). 1 unit®] B-mannanase~= AH7]&] %=
Aol v A= D-mannosed 31%3F= 1 mmol
o] FheihS HbEsle XA oFe g s

4 3 3

of 2{ &k 4 Oﬂfﬁ "‘Z*E E%m“ ol Mgk B-
mannan agar %] (locust bean gum 10.0 g//, peptone
10.0 g/, yeast extract 5.0 g/l, agar 15.0 g/IZ. A3 )|
abslo] 40T ol A 24-48 A 7HER wjefste] 2 gt
o] 7}zl #T+& B'mannanaseﬁl NANFT 2 A skeic)
AW A7 WS-42= 533 Ay} 048%'% Zoll A 7}
A F2 B- mdnndndse—f] MAbeES Wol Tl il o] 2]
Hel A Aleld 5AS AW E 23 Barz!lm sp.= T =]
A ci(Table 1).

ELARIC| St B-mannanasel| Y40 O|x|= HEF

Soytone 5.0 g/I, KH,PO, 1.0 g/I, MgSO, - 7H,O 0.2
g/I1S 7] BuiA 2 Blod ofe] 7}z] BRAde]| A
B-mannanase®] 7ol viAE i x’\}a}ﬁiﬂr
(Table 2). Locust bean gum®| 57} $71&-5 A4
E5¢ B-mannanase® AitE2 FUFskd o 10 g/l
ol 2] F&ol A E2te] 7} glsdh ol B]ted Baci-

llus sp. AM-0013} Bacillus sp. YA-149l4+= B-mann-

Bacifius sp.off 2|5t -Mannanase MAsjiix[e] X&HBl 213

Table 1. Morphological and physiological characteristics of
the isolated strain WS-42.

1. Morphological characteristics

m—— s = s — r—

Cell shape Rods Rods
Gram strain +
Spore formation +
Mobility +

2. Physiological characteristics
Casein hydrolysis +
Starch hydrolysis +
Gelatine hydrolysis +
Catalase +
Oxidase +
Urease .
Acid from glucose, fructose, maltose, mannose +
sucrose, xylose, mannitol, arabinose
Gas from glucose, fructose, maltose, mannose -
sucrose, xylose, mannitol, arabinose
Methyl red test -

Vogas-proskauer reaction +
Citrate utilization +
pH for growth 3.0-8.0 3.0-8.0
Temperature 20-55C 22-557C
Oxygen relation obligative aerobe obhigative
aerobe

Table 2. Effect of various carbon sources on -mannanase
production.

Carbon source (g//)

Cell mass (g/f) B-mannanase production

(unit/m/)
Locust bean gum 5 1.09 5.98
10 1.27 9.59
15 1.33 10.25
20 1.40 10.6G
30 1.46 11.67
Konjak{crude) 10 1.33 2.45
Glucose 10 1.33 0.00
Mannose 10 1.35 0.44
(Galactose 10 1.25 1.41
Soluble starch 10 1.27 0.85
Xanthan 10 .60 1.40)
Inuiin 10} 1.17 0.57
Pectin 10 0.15 .40

anase2] A4te] locust bean gum® FXx7} 10 g/l ©14
AA ZFagE HoFdnk(l, 2). ohE 'adde] 7% B-
mannanase2! AibeFol wlwd A ety olF
konjak®] 4-% 7FF =43 glucose! 7%l Bacill-
us sp. YA-14o 4= 2F2F2] B-mannanase”} Ad4hs] A qk
(2) Bacillus sp. WS-420| 4= 3] A= =] edshct,

A AL0} B-mannanase®| A4H| O|X|= HEF
Locust bean gum 10.0 g/i, H4=¥ 5.0 g/I, KH.PO, 1.0
g/l, MgSO, - 7TH,O 0.2 g/IZ -4 W F ol 2|l A of ]
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Table 3. Effect of various nitrogen sources on (-mannanase
production.

Nirogen source* Cell mass (g/l) P-mannanase production

(unit/m/)
Beef extract 1.21 5.4]
Casamino acid 1.24 4.16
Peptone 1.03 6.08
Soytone 1.29 9.42
Tryptone 1.25 6.35
Yeast extract 1.30 6.02
Yeast nitrogen base 0.62 2.04
NH,Cl 0.50 1.20
NH,H.PQ, 0.40 1.67
(NH,).SO, .61 0.18

*The concentration was 5 g/l.
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Fig. 1. Effect of soytone concentration on -mannanase pro-
duction and cell growth of Bacillus sp. WS-42.
Cell mass (O ), B-mannanase production (@).

7HA A Aae dE] Arksle] 14417 gk wiekgt § A
o] FAlFE2 B-mannanase?] A4bel] PlX| = o3k

< AR BN Table 3). #A-E%2 B-mannanase®]
AlAEE-S A 48] Fol|l A= soytonee] 7RAF Fol soy-
= Ao 2 A}, el F71H 48]
Aol 4 - AlF et B-mannanase®] AJAbeke &3] 7h
28 ol Fgirh
B-Mannanase®] ~§4bedo| 713 A vJelst A Aiql
soytones A1¥5lo] soytoned] w7} FAFEe} B-
mannanase®| Al4beFol| vlx|= <488 A R glcH(Fig.
1). Soytone 5.0 g/l o|Hl A= =7} 71843 4
2] TEv 7RI on 1 ol de] FEeAM e TAlTE
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Fig. 2. Effect of KH,PO, on PB-mannanase production and
cell growth of Bacillus sp. WS-42.
Cell mass (O), B-mannanase production (@).

sp. YA-149| 4= B-mannanase®] AJAke] # & A A%le]
polypeptone® |3 & L Fx7} 10 g/l oA ellA] ZF4ghe-
Mo oh(2)., &7 ol 3kl A4 <%le] B-man-
nanase?] A4t ZtA4E Fsigier R #HA soytoned]
57} 5.0 g/l 2 vepd Ao R AAzkEr(], 16).

F7140] B-mannanasel| MAN| O|X|= A&k

Locust bean gum 10.0 g/, soytone 5.0 g/I, MgS0; -
7H,0 0.2 g/I2 F+AE 2auiA]«] KH,PO & & 7}s}eo]
KH,PO,2] =57} #4552 B-mannanase A§AFeFo)|
xl= ds ARt Fig. 204 fepd 7l A=),
TAF55 KHPOS s S7hees S7hshed o}
Z Zpo|E HodFx] ¢istrl. B-Mannanased] AjAbeke-
KH.PO,2| %7} 2.0 g/id of FoizhE Jehilje] ==
KH.,PO,2] =%+ B-mannanase?] A 7132
8l 2.0 g/IZ= BAsHACY

Bacillus sp.<- o}, 2184 2 Adzbol}l NaCle 28
2 b Ao] o|n] ¥ yHEeilek(2), I3 EE locust
bean gum 10.0 g/, soytone 5.0 g/{, KH.,PO, 2.0 g/l,
MgSO, - 7TH,O 0.2 g/l2 749 2im= o) NaCle 3
7}ste] NaClel =57} #4559 B-mannanase AAek
o vlx= & AHBSHFig. 3). FAFx} 8-
mannanase®] AAkeES- NaCle] Fx7} 10.0 ¢/i1d o 3|
Hk-S- ehlle] #A NaClel ¥=& 100g/l§ 74438}
gt olol wlsted Bacillus sp. YA-14<)4¢] A Na
Cl %:‘E-T_”_' 5 g/lC* (ﬂt}‘

Locust bean gum 10.0 g/I, soytone 5.0 g/, KH,PO,
2.0g/l, NaCl 10.0g/I2 FA4% LEulx]] MgSO, -
7TH0E #AH7tsted MgSO, - 7THO08 =25 de|sho
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Fig. 3. Effect of NaCl on [3-mannanase production and cell
growth of Bacillus sp. WS-42.

Cell mass (O), B-mannanase production (@ ).
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Fig. 4. Effect of MgSO, - 7H,0 on 3-mannanase production
and cell growth of Bacillus sp. WS-42,

Cell mass (O), B-mannanase production (@ ).

MgSO, - TH,O7F 745 =2} B-mannanases] 4kel] ol
2= odgkE A RsicHFig. 4). 7AFEEE MgSo, -
THO2 g5l F-3shA vl A3 st ARt B-man-
nanase2| AMARFS- 0.2g/1 4 ul FHgEE HoFo] 3
A MgSO, - 7TH,08] 58 0.2 g/l AR siedn),
Bacillus sp. & ©|83tod B-mannanaseE A4
Na.,CO.7} B-mannanase& A Z=71& dozlvt= ¥y
7} 31e(1, 2) Locust bean gum 10.0 g/I, soytone 5.0
o/I, KH,PO, 2.0 ¢/I, NaCl 10.0 g/i, MgSO, - 7H,0 0.2
g/!i ‘:FL"%]% HE]'EHH 3‘] C’ﬂ Nazc():s_% %-7]’—‘3'}‘6:] Nﬁzcozg}
Fx7} A F 22} B-mannanased] AAbeko]| v]x]= o
& AFH Rt Fig. 5). Na L0 557} 57 &%
A5 = AR sA ZH4askdct B-Mannanase AJAMEF

Bacilus sp.olf 2|8t B-Mannanase MAufX{o] =[XiE} 215
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Fig. 5. Effect of Na,CO, on (-mannanase production and

cell growth of Bacillus sp. WS-42.
Cell mass (O), B-mannanase production (@).
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Fig. 6. Cultivation for [}-mannanase production in the op-
timal medium by Bacillus sp. WS-42.
Cell mass (O), B-mannanase production (@),

2 Na,CO,8| FXol zA 32 o} Na,lL0,0] T
2.0 g/1¥ e}t SovslAY 2 A4E o] A3 A4 sl 1
HER Na,C08 HAFEE 2.0g/I2 ZAsct, Ba-
cilus sp. AM-0019)A4<= B-mannanase®] 4J4F2] Na,
COy2l A g1 5.0 g/le1% 3 Bacillus sp. YA-14014
= Na,CO,9 HAFE+ 5.0g/e1dth, 2).

2| Al 2] £ locust bean gum 10.0 g/, soytone 5.0 g/
I, KH,PO, 2.0 g/I, NaCl 10.0 g/I, MgSO, - TH,0 0.2 g/
I, Na,CO; 2.0 g/l15 A3 e #Z-wR] oA B-man-
nanase®| AAkeke= 2F 20 unit/mlel il

XXM ZRISA H B-mannanasel| 44t
A e 2] & AHE-3Ed 40T ellA A17E 7ol wbE A
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Az3sEed o A ufR]of| 4] 144 7F vljeksled 20.8 unit/
m/2] B-mannanase 24FeES 2o}, o|d|, B-mannan-
= e age?] AIAFAIE 148 unit/mi-h o)&de}.

Table 4. B-Mannanase production by Bacillus sp. WS-42,
Bacillus sp. YA-14, Trichoderma harzianum, and Aspergillus
oryzae.

Microorganism Production Productivity Time Referance

(unit/m/)  (unit/m/-h} (h) . 22
Bacillus sp. WS-42  20.8 1.48 14 In this study =
Bacillus sp. YA-14 7.0 0.44 16 (3)
Trichoderma 0.7 0.004 192 (7) i. Akino, T., N. Nakamura, and K. Horikoshi. 1987. Pro-
harzianum duction of [-mannosidase and J-mannanase by an alkalo-
Aspergillus oryzae 9.7 0.36 27 (16) philic Bacillus sp. Appl. Microbiol. Biotechnol. 26: 323-

o

327.
Min, D. S., Y. J. Chung, D. H. Bai, and J. H. Yu. 1995.

Z4 % B-mannanase2] AMAlel wisle] Abw Mgt} Production of [3-mannanase by an akali-tolerant Bacillus
(Fig. 6). FAH) 252 ek 1847 ol 1.12 g/[.::f}z] Z7}8) sp. YA-14. Foods Biotechnol. 4: 285-289.
Ak, 271 8- E7]olA B-mannanased] AAteEs okx 3. Talbot, G. and J. Sygusch. 1990. Purification and charact-

qhouloF 4417} o) 32 {4 3] Absho] vlioF 144 7ol =

20.8 unit/mls X5 ¢]71<2 B-man-
] A4k 1.48 unit/mi-hell SH‘:LEP“ 7lolc}, of
2] 7}z #F2 B-mannanases] AAMAIS AlolE. Ayl
Table 4l el Altal Bacillus sp. YA-14(2) <
H*@*]Z} 162 Zkell 2t B-mannanase® A4AFF 7 unit/
S viehje] Aabd oz ghAksld (.44 unit/mi-h o]
.I’_:}tl-g]c:z]

e

O 1:]-

Trichoderina harziammz(ﬁ)ﬁl 73 O-‘?

1@_0:] T‘Oi ’m ARAL S (0.004 umt/ml-h C’]
oryzaeel 73-5-(16)= 27417t wiof3led B-mannanase]
e 9.7 unit/mle L2k o], 4RSS 0.36 unit/
mi-h ©]%d E} :2.81 v 2 AW3IF Bacillus sp. WS-42+ ¢}
% B-mannanase?| A4FE7} ) o alok

A)7hE iy o) ZAlst] A20H A8 SFedo)

Mﬂr. Aspergzﬂus

2 o

Eokoll A AW F-eldt Bacillus sp. WS-4235- AHS-8}o]
B-mannanase?] AAltell d8kg == A A EE A3
stdct. o] 7EA] ®EA-Fol locust bean gume] B-
mannanase2] MAksFe]l 71AF =A4] Yk} Locust
bhean gum?®| T35 @Elste] HEE 3 Fa F=
7} Z7Ve9-% B-mannanase?] AT #AlEEF &
7bsbei ot O A x = vl AHglel Locust bean gum
10 g/f wj Aol A o8] 7}2] & A-%de] B-mannanase®] A
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