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Continuous Biodegradation of Reactive Dyes by
Aspergillus sojae B-10
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ABSTRACT

Dyes are released into the environment from industrial wasterwater. They are considered to
be a pollution problem because of the wide spread into environment with a variety of colors.
In order to biological treatment of industrial dyes waste water, biodegradation of reactive dyes
such as Rifacion Red H-3EB, Rifazol Blue BT, Rifacion Yellow P-4G and Rifacion Brown RT were

carried out decolorized by Aspergillus sojae B-10.

Aspergillus sojae B-10 showed the almost completely biodegradation ability when it was cultivated
in a 2.0% glucose, 0.06% sodium nitrite, 0.1% KH.PO,, 0.5% MgSO,-7TH.O containing each reactive
dyes (500 ppm) under the optimal conditions of 32C and pH 5. The mycelium of Aspergillus sojae
B-10 was produced extracellular enzyme which has concerned responsible for dyes biodegradation.

Under optimal conditions, reactive dyes started being decolorized within 24 hr and its was almost

decolorized completely after 5 days incubation.

Rifazol blue RT was not completely decolorized until 5 days of cuitivation. Rafacion Red BT,
Rifasol blue BT and Rifacion yellow P-4G were completely decolorized after 5 days cultivation.

Keywords : Biodegradation, reactive dyes, Aspergillus sojae
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Ao el ¢ 5 ek Hef

= Rhodo-
coccus, Bacillus cereus, Plesiomonas, Achromobac-
ter2. 784 i, M PBE W 5FL] azno i
gAglebal Boastgioh!) o]2igh 2hE qfoll o]ale]
A 47F e E 7R 58 abobiy] 9)& Avt
ol Fofzal gled ukgAl Mol AP w4
A4 Algh 71Ag ARt S w) AspEio]glny
Tiehm and Kirk™® = Fasion®} Kirk!"i= ¢l &
E“ﬂ 34z i°ﬂ H H]?SF' per0x1ddse Ei lngm-
Pseudomonas sp.‘”’°ﬂ 9] & azoX 4 ] 52 azore-
ductaseel] 2}5}e] o] F-o x|} T"r 192 Aspergillus
sojaeol] 2|%t azoM o] &g AypHow ae]d
"~ olojq‘

Lq-.—,'}i{ Hoof ILo”H‘— Hk-2-44 oiﬁ_o] %mo ke
Ao zelstr] ¢sto] 41 Aspergillus sojae B-
105 o) .st}oj Euuo” 1) g &k HHOLAJI 7‘}3,;5}0,1
of7be]l A& ¥ wstuzl gl

I Mz o Algary

1. o-F2} x|

B ool A8l 5= Aspergillus sojae B-10-%
ARESfodel B algle] ALE-ED Wl Al 200 g9
glucose, 2.0g2] NaNO, 1.0g KH.PO; ¥ 5.0g9]
MgSO, 7TH0S 254 1/9] o3 pH 500.%
2AZ F viqtste] Alg-ldc)

2. ALZE M

£ A3 A+ Rifacion Red H-E3B(No. 0376),
Rifazol Blue BT(No. 8395), Rifacion Yellow P-4G
(No. 959) ¥ Rifacion Brown RT (No. 10497)-% Rifa
Industrial Co. (Seoul)ol}] Fd3}e] ARg-3hich

3. AF9 AN =g =2

] el digh 2 HH 202 pH 3~11,
£ 20~40To) A 7 wbad 3 A4l s Ay
gho] whAlS zablgich A2 A3 E WhgelE
A2 ste] millipore filter(0.45 pm)= o z}gt
spectrophotometer2 &3 %& &4 3)dch O]uﬂ
A qrel OD.% HE w9 Yxel OD.&
PE WEEE el

—oir

4. Y wlgo| HE
Aspergillus sojae B-10& 1.0X 10°/m/7}2] vl okgh
F 422110000 X g)3ted FHF 3 PR F U

FRrE hekdukE 314 obS Ade] AH8x
o] o 5t 500 ppmEF b HA 98 F o)
7 Sefzae] Fstal shule] EEhiFois
B4 b el whER of sk

& e zlehfofstya me] -
i A17E Aol uhel g of R ZAleIch

] 3

] o758 2 S3oz odge) =y
FF wrlEs vl AW s g 9]l
EAE=A G glsly) flste] AT w ket ofg
dalelgh $- el A tfate] dglsldch
2, AAlede] Q8E 500 ppmel HEE ¥HoMEE ¥
30Cel A wiokste] =AY o K- Iharsigio)

gk AodAbs hAle] 10w ke P & ball
mill# Asiste] A% stk #4334
FENELNDE A THTE FEE oS U4
H-efste] AbA-g W o FH045 um)FE F o] =
Faolol e o H5E 500 ppmA 7HzF We % 30
Coll 4] wheFabdA] s A FHASIIT)

. 4z 9 o

1. B89 3alpxset E5 EY
diel AL QEp) flslel e AR
1 o

Hdll FRES ‘”éWL} el AHexl e o
8o FxAle Fig 1o, gae] 39 Forage

Fig. 26 v}, o] & 4% Rifacion Red H-
E3B(H 4)-2- 524 nmel] 4] Rifacion blue BT(A %)

(a) HO OH HO

OH

NaQ,C S0;Na HOY
SO;Na

Fig. 1. Chemical Structure of Rifacion Red H-E3B(a)
Rifazol Blue BT(b), Rifacion Yellow P-4G(C)
and Rifacion Brown RT(d).
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Fig. 2. Spectra of the dyes, Rifacion Red M-E3B (a),
Rifazol Blue BT (b), Rifacion Yellow P-4G (¢),
Rifacion Brown RT (d). Spectra of the dyes
in basal medium were measured by spectro-
photometer (Shimadzu, UV-160A).

664 nm % 625 nm, Rifacion Yellow P-4G(2H4)2-
407 nmol] 4] 28] Rifacion Brown RT(%4)-2 348
nm % 402 nmei| 4 o FHEE lehydok

2. EAol XX =

(1) BERe| Fat 712l ]2l 2.0% glucose, 0.5%
sodium nitrate, 0.2% KH,PO, % 0.1% MgSO,-
TH,O v =]l A gkA:R1Ql glucosetl| Al 7}E whagd
% 20%% A7k FuldN g 1.0%= A 3 E st
722)17F F<k wiokste] Sl iRl o3 EE w AL
A2 Table 1o vtebligdct. Glucose s #H713FA
% o Rifacion Red M-E3B(H4)+ 95.6%, Rifacion
blue BT(A M)+ 95.0% % Rifacion Yellow P-4G
(BHN)E= 94.3%, Rifacion Brown RT(ZM)-& 953%

Table 1. Effects of various carbon sources on the
decolorization of dyes by Aspergillus sojac
B-10

Decolorization{%)
Carbon - - -
sSOUrces Rifacion Rifazol  Rifacion  Rifacion
Red M-E 3B Blue BT Yellow Brown RT

Glucose 95.6 95.0 94.3 95.3

Fructose 800.4 80.0 78.3 80.2
Galactose 76.2 76.0 74.3 78.6
Maltose 76.3 782 74.0 76.2
Sucrose 92.1 93.0 91.6 90.6
Sorbitol 63.0 64.8 62.1 66.0

Manitol 60.0 62.3 61.2 62.8

* Each carbon sources(2%) was added in the basal me-
dium.

Table 2. Effects of glucose concentration on the de-
colorization of dyes by Aspergillus sojue B-

Decolorization
Glucose(%) - ——
Rifacton Rifazol  Rifacion  Rifacion
Red H-E 3B Blue BT Yellow Brown RT

1.0 93.0 924 93.4 92.8

2.0 96.0 94.8 94.0 94.8
3.0 90.1 92.1 90.9 91.0

4.0 81.2 80.3 83.7 81.6

* Nitrogen sources(1%) was added in the basal medium.

2 ey axoh A £330 sucrose H7MA e ®
M il =MFe Rifacion Red M-E3B(HA)&
92.1%, Rifacion blue BT(H )+ 93.0%, Rifacion
Yellow P-4G(34)3= 91.6% % Rifacion Brown RT
(M= 90.6%olgct L 2] fructose, galactose,
maltose, sorbitol ¥ monnitol 52 @5 M7}
gL W] & AIe 60~78% HEo HHES
el sn glet

wpeps] B Aol Az glucoseo] H7tbel o3k =
A A7} SRR glucosed] HA FxE o}
B7] 88t 1.0~50%2) Helry Mol v
o] o3ske xAbgh Hib= Table 29} #rh Glu-
cosed] Fed wdge wHubzoz 20%7F 7HA
F9tor Rifacion Red M-E3B(H )& 96.0%, Ri-
facion blue BT( ¥)& 94.8%, ~L&]al Rifacion Yel-
low P-4G(&9)E 94.0% 'Y Rifacion Brown RT
(M) 94.8%2) & HHES e slch

228]al glucoseE 1.0% 2 3.0% AH7ElE dx
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Table 3. Effects of nitrogen sources on the decolori-
7dt1on of dvu by 4spergzllus ao]ae B- 10

I)uolm mmun(‘ )

Nitrogen - —
SOUTCES Rifacion R1fdml Rmumn leauon
Red H-E 3B Blue BT Yellow Brown

Yeast extract 53.4 55.1 52.1 50.3
Malt extract 50.1 489 49.0 50.0
Peptone 48.1 47.0 480 47.6
Beel extract 45.1 46.2 44.8 45.0
Sodium

nitrate 94.3 94.6 94.0 94.8
Ammonium

sulfate 80.2 80.0 794 80.1
Ammonium

tartrate 789 79.1 78.8 80.0
Ammonium

chloride 75.6

75.1 74.3 74.9

20% 7o eksldlod o d4ES v}
el gick gh4%1a) glucosed o] &-8ksig uf wk-g-A
Ao eble]e 94~96% AR A ngm
ol dme 4spergzllus sojae B-10°.8 azo¥ s
e a] el 4 2 4} glucose”} 7} gt 2.0%
o) F%7t 7|"c>L ‘%’511@_"’] vrebdol il sheich wheha

Al e 43 34 ML 2F 2% glu-
coses Wlz|of] Hrlste] g@o) saf FA i}
Womg, o]&e] Hatel fabat HaS BHoFoch

(2) i A& 7]H wix]e] polypeptone 5
7] Ha: °J"} ammonium sulfate 5-¢] ¥-7] A4
g 747t L0% 71 obg wiekslele oo o
4 2] °§5;—% AbH . 73»}** Table 33} %Fch. Poly-
peptone ¥ ZHE 7] HAYE 60~70% w2
HHEE Bk e} 71" 4902 sodium nit-
rate 37H) B E@o) 2bE foldsd) B g
Mol Fotond, AAaFel A 71 E3tr). Phane-
rochaete chrysosporium® 2 Aspergillus sojae'¥ <l

2lgk g4 Ajgeol| 4] "HAade &4 sodium nitrate 7}
Fobn shgict

A4 2.2 4 sodium nitrate’} 71 & Flow
dedFHoev e HrAEREE 0.02% 0.04%, 0.06%,
0.08%, 0.2%, 0.4%, 0.6% % 08%F xAsto] 7tz
ool wielel] ol Ay Aw 0.06%U o
gyl sbg 9 *3}314 aet} 04%~0.8%9]
Welell i Aiglo] F43 koA o]
Hal bkt

Table 4. Effcets pH on the decolorization of dyes
b Aspergiilus sojae B-10

Decolorization(e)

oH Rifacion Rifazol  Rifacion Rifacion
Red H-E 3B Blue BT Yellow Brown RT

3 64.6 63.3 64.0 63.2

5 941 94.8 94.2 93.0

7 92.1 93.6 92.0 92.0

8 43.1 42.6 41.0 40.8

Table 5. Effects of phosphate and inorganic salts on
the decolorization of dyes by Aspergillus so-

/a(’ B 10

Sources leduon led?()l thmon leaa()n
o . Red M-E Blue BT Yellow Brown RT
Phosphates

0.1%, w/v)

KH.PO, 96.0 95.3 97.0 96.3

K.HPO, 90.5 92,0 92.3 92.8

NaH.PO, 88.0 87.8 90.2 89.3

Na,HPO, 85.3 86.0 84.9 85.8

Inorganic salts
(0.05, w/v)

FeSO,-TH.O 843 83.1 84.0 82.7
ZnS0,-7H.0 534 54.2 53.6 52.8
CuSO,-5H.0 519 52.0 52.7 50.8
CaCl.-2H,0 64.0 64.4 62.0 63.1
MgSO,-7H.0  95.8 94.3 96.2 95.8

MnSO,-7H.0  50.6 51.6 )z 0 50.2

(3) pHe! & wiF9g pH 3, 5 7 % 99
weolg zhzh zAste] ZE ol 8F 500 ppma ul
ofolo] ol 30Tl 347 wiokgt A= Table
49} ziv), A go 7hE odw v pH Hel 4 93.0~
94.8%2 713 $9kal pH 704 92.0~936%%
t}-2-0]4l %, pH 3ell4] 63.2~64.6% % pH ol A=
40.8~43.1%% 7} & N5 ¥l F3 gjc)
pH cdole] o2 Mol 3 pHe 50 =y
o = slsdvh 3k pH7) 309 ol Falo <%
dEe Fate] Hag Holfa gled ol olF
Aurt FA-Ho2 Fale Fato] Hu olg whA
ol A Aol A HulshE Aol &sle] FHaEl=
Hog AmEch

@) A 9 27)3el &3} Table 504 B
upet gle] odgel whallel mlxE qlatge A=
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Fig. 4. Effects of degradation of dyes by cell free broth and cell suspension dyes: a;
Rifacion Yellow, d; Rifacion Brown RT.
Cell free broth.

b; Rifazol blue BT, ¢
@ ®; Cell suspension, - —:

Table 6. Time courses for reactive dyes decoloriza-
tion by vu]tlvatmn of quergzllus so;ae B- 1()

Decok)rlzdtlon(
Time courses - - - -

(days) Rifdcion Rifazol leauon ledcwn
Red H-E3B Blue BT Yellow Brown

1 20.8 20 6 18.7 19.8

2 39.0 38.5 40.0 39.0

3 74.6 70.0 714 70.5

4 95.3 924 95.0 95.8

5 94.4 96.6

97.6

96.7

Aspergillus sojae B-100l )& "5+ 442l Ri-
facion Ked H-E3B, Rifasol blue BT, Rifacion yel-

low ™ Rifacion Brown RTel widled 2]7F 7 7)o
w2 wdlgs Al slgdc}

BoOAlglell i koA AHdlEte] 1E 2.0%
glucose, 0.06% NaNO;, 0.1% KH,PO, % 0.05%

MgS0,-7H,0, pH 5022 37Cel+] 57t wiets}
ik, Table 40l 4} ¥z who} 3to] AIZb 7ol upe
Hhg-Ad ane] wAe ok F 19o] A Fol
HheA A g e shae) olofuhy] Alzbalolal, oo
49 Folt w2 A A WF 944~958%9] ¥
g2 7)o whlo] Bl g B 4 ol vk

Rifacion Red H-E3B,

59 Folliz 23] @ EE s & 4 ok

o|2]3} A3t Aspergillus sojae B-100) vlof 4]
kol Aalghell whv} AKERs FAMHe ojate] 4
27b FEe]l ¥l & bAoA FuEe] s

el ofste] HelEle Hoer FAHYE 4 qdd
o},
v.d £

Aspergillus sojae B-10-2 o]-8-8fe] g-¢] oI s
Zof| 2} 81-2-4) ¢ 54! Rifacion Red H-E3B, Rifazol
blue BT, Rifacion yellow P-4G % Rifacion Brown
RTel st AEe+ &ag A ws}ge)

ol whEA dEe] AEsle] HHxWL 2.0%
glucose, 0.06% NaNO,, 0.1% KH,PO, 0.05% MgSO,-
7H,0, pH 502} sjxlel ukgd A4aE 7z} 500
M7hah wokal-e 37Co A =g Ee] 71
Bt slse] BMe Aspergillus sojae

Hulake e Fel olsle] @yo]

ppm ¥
=t
B-100i 4]
sl et

CERRNE FES: bol Zapel] e wh
A gl w@ae wioF 24414F Foll 20% HE
sie] gao] offofx] 7] Alstabel wiek 49 F
o= Aol sk#ls] whaleo] =gl 12{v} Rifazol

1atel] 217
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