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Starch Wastewater Treatment Using Pellets Formed by Fungi
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Abstract

Various batch and continuous experiments were carried out in order to investigate the starch
wastewater treatment using pellets formed by Aspergillus niger. The results obtained from this

study were summarized as follows:

(1) Pellets formed by A. niger were effective for wastewater treatment and had good ability

of starch decomposition and TOC removal.

(2) Optimum pH ranges for 2-stage starch decomposition were determined by batch culture

experiments.

(3) During the continuous culture period, it was confirmed that the form and high intensity
of pellet were maintained under aeration and/or agitation, and that its diameter became

larger gradually.

(4) From the results of continuous experiment using the 2-reactor, it was shown that over
909% of starch was decomposed and 75% of TOC was removed.

Key words : Aspergillus niger, pellet, starch, wastewater treatment
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U 7z BB DBEFE B BAA e A EE L TIE, BEEE
SETHELFAENTWEEIE, JE/AHERE
O e, T OFEABIERCEL, »ORE
FCIRBEE T NIEE S I pellet 2K T 28H €
BV, pellet 12 & 37> 7V BE/KME ORhEA B K
L7z

2. REBRMEELUICEE

2.1 RERAHH

2.1.1 #EE¥Kk

Czapek-Dox 5% #fl T #k X ££ 17 U 7z Aspergillus
niger KCC F-0086 (ATCC 6275) %BER L7z,

2.1.2 ¥Ei

Czapek-Dox ¥R % Table 1 iR L7z, 7z
F o UR Y U TIE, Czapek-Dox ¥ 7N 3 —
ABLVERORL Y CHEET 7y (FA747
Z 768, Code 321-22 ; 25g+/~1) Ry joBz# %
Rz, $72, BRI TRT V7 UEHNT, V VEREE
% (M/1.5Na,HPO,, M/1.5KH,PO,, M/1.5 H,
PO,) DEI& % HEEHFAEL, pH 2 2~ 7 KZTNZTIK
E LB R vz, 2o ORI, # 2 1X pH 41
FHEEL 72 D% pH A)EEHLERE L, FEIN OBFELSFT
FOpH DEEZERTODET 2,48, ) VBEEKE
L7 > 7 R (pH (£)553#) 2 HBD7-HE

Table1l Composition of Czapek-Dox medium

Component Concentration (g=/™")
Glucose 30.0
NaNO, 3.0
K,HPO, 1.0
KCl1 0.5
MgS0,-7H,0 0.5
FeSO,-7H,0 0.01
Agar 15.0
pH () 5.6

Table 2 Composition of synthetic starch

wastewater
Component Concentration (g/7?)

Starch 2.5

NH,Cl1 0.191
K,HPO, 0.0564

TOC (mg=/") 1000

T-N (mg+/™") 50

T-P (mg-I7?) 10

pH () 5.0
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BRIZHEL 7z,

2.1.3 BFBEROAR

Table 1 @ Czapek-Dox B faF % 1 HEEHEE
L, 18M%OEERICER LT 23 EAK10m]
WERBIRTH S, HEKTHESARL CRFBRER
BERBLL 72,

2.1.4 {5 pellet DYERL

300mI B=FAT7 T AT v 7 VEEHII00m] % ¥
AL, BEZKEE (120°C, 2040) %, A. niger O
JaT-#9103(E %2 HEE L T, 28°C, 120rpm T 7 HEEIEER
BREFE L, pellet ZTERL L 720

2.1.5 #E&HTF7TUEK

Table 2 (ZR L7z 7 > 7 v Fek B REICHE L 72,

2.2 RBREBLLUICHIE

2.2.1 [EDHEEFER (RBR1)

300m! BEA 7 T A 3 IHEEREEHI100m! 2 AN, fE
FIFEW0. 1m! 2 HEE L 72D b, 28°C, 120rpm THER
g Ly, BN, WH, HEREFL,
7 OEIEEE, TOC, 7 v a—A, EEORERE & pH
BHIFE LIz, TOC, Zva—R, EEOKEE X 4 ym
OFETTFBL TH SHEEIICHL T2

2.2.2 ERAGAIESEER (RERD)

(1) =BREE

EEEEE OERXN % Fig. 1 1R Uiz, 7741, W
£30mm, & X300mm OBIHE ERT, EEK1I80m/
Thy, EFnsT S VEKETRASE, LE»S
HHEE 2 AR EERAL 72,

(2) =BRHIE

BB SH6,500mg- [t e B KDL, AT LA
12 pellet #FH#E L, Table3 DEMBGTT v 7 v FEARE
BHE U CERET o 120 FBUL, KB HIHAERR (ty)

Exhaust air

Air pump

\,_._

Feed pump

Z

|k

i ==

Cimimimeme J
Column Effluent
Filter

Influent

Fig.1 Schematic diagram of experimental apparatus
for experiment II
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Agitator

Feed pump
P '

Influent First Reactor Second Reactor \ Effluent

Filter

Fig.2 Schematic diagram of experimental apparatus
for experiment III

% QHFME, 6 WY, 4RFRE 2 &S IERZREL T
TV, EEHAEKRERRL, % O8EEHE, TOC, T
-N, ZVva—X, EEOXBES L U pH 2HIEL /2o
BB, EERI-1137 > 7 ERETFOERLHIRS
BT, ERZOMOERIIY S LAEFOSIIKIZL S
BEHERKET, ThENBIELHHE L2,

2.2.3 —#ERX0IBREE (E81T)

(1) =BREE

KEREEE 1L, Fig. 2 1R L7 & 512, A—HHED 2 o
DORIGHE (BHECEHE) »oBRINTwD, K
1%, RESFM (EfEldcm), TES#MHEE (EE1l4cm,
HE 8 cm) DHEET, MEESIco— MIOERESL
T, RIGES (B 1 1.10) EEWOEES (B8 0.9
WHBEI N T B, [EWABER 2 85 U Jo LK,
BB 2o THREO» oSS, £/, 200
RIS, M OIFSIREEDHREREED 21> 1 pellet D
B, EFOLETE» BRI, 51 KISHEA
Wik, pHEF2RL, FRED pHEEZHFETE 2 L5
L7ze 512, B2 RKEHETIE, TEHOMMAHERRC
HEb¥ T TREEREL 72,

2) =B&FH&E

B 1 RICHE O KIGEI 1%, FIFREEREE2,900me
[7E7 % £ 512 pellet 2 AL, Tabled DFfFTHE
BB BAtA L 7o, EBRBHLARFIZIE, B2 KICHEIZE 1K
GRS OFHEEREZIE L, Z O pellet b2 {Th¥
EREOBRE L L7k, EBROBETE, B1RE
FEDORFE pellet ZHAL, B 2 BRGHEELTT >
T VBEKROIMEEIT o T, B 1 RIGE T, BRER
WM. 07 minZREE L7228, pellet DFREPRIT 28
BUGHEERSL, £7°, pH 134.0~4.51CHEE L 72,
EERHARIF, 28 2 RICRETRHEAK R EEERL, %0
R, TOC, 7 Vva—X, BEEOLEE L pH 2l
EL T,
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Table 3 Operational conditions of experiment II

Experiment = _ N -
Ttem No. II-1 11-2 1I-3 114
Flow rate 0.54 0.54 0.81 1.08
(I+d™)
TOC 1000 1000 1000 1000
Influent | concentration
(mg*/™)
Starch 2500 2500 2500 2500
concentration
(mg*17)
Hydraulic retention 8 8 6 4
time (h)
Aeration method Pre- Direct Direct Direct
aeration | aeration | aeration | aeration

Table 4 Operational conditions of experiment

III
Item Setting value
Flow rate 6.6
(l=d™)
TOC ) 1000
Influent co(r;;:lzr.ltzr_a})tlon
Starch 2500
concentration
(mg+{™")
Hydraulic retention 4
time (h)
Air flow rate (/°min™") 1.0~2.0

2.3 BIEHZE

fa BB OIS THIZ, FORD IZFETFE L ODe
DBARD &, ODgopHllFE THE U 12, B2MEHEE, TOC D
BBEL 5 W pH X TARRBEAENCHEL T, E
TNA—ARTNVA—AFF VI —FET, BEIX
7/ —IVIRBRETENRETNHEL 2o 78, —%HN
Wi, Znva—RFESEL THL0% DK HELD B
NBZOEVHLNTWEDT, I I TIREZHEE2RAD»
SEHL

(ZHEE) = (8| — (Fva—2x) X0.9

3. RERBIEL D UVIZER

3.1 EPHEERER (RBRI1)

EISEEEER I D, pHB LU TOC, V3 —ZAD
BIEEDORHZE/L % Fig. 3~Fig.5 KR L7z, Ihb
DEBFEE b 12, UTICEERZITS 77,

3.1.1 pellet ERICKIZTT pH D&

pH 2551 T I3, pellet R E T, SV ROH
WEIRDSEERE U CHEBE L, % 72 pH (7ESHI T3, 555

IREGETE
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e

sf grpo—O-
- T3
<] o
‘ TO-go-0

pHI-]
~

Cultivation time[4d]

Fig.3 Time-serial variations of pH
O pH(2), ® pH(3), A pH(4), A pH(5)
[0 pH(6), B pH(7), & pH(f)

10000 ==

4000

TOC concentration [mg--!]

Cultivation time [d]

Fig.4 Time-serial variations of TOC concentration
O pH(2), ® pH(3), A pH(4), A pH()
O pH(6), B pH(7), & pH(D)

Reh, BROMIENE L A SO sNEho T, Lo
L, 24t ® pH T, Fig. 6 Lz &k 51z, X
T pellet BT & 11, pH OFEWEFHIZ L, Z DEIVI
X<, LabZ0HENE L 23ERAVPAD ST, &
B, V VEBEEREFVLIZIC Y bbb o1, pH (4)55H
X pH GBI T3, B TRED pH 285 TRA L, B
TR DR RE & iz —H, HIRD Iz H1T- 72 pH
(OBFH T, FIFED5.620 5, BEEK TR D2.8% T pH
RIBIZRD L, Z D pellet b TH—T, pH 2FEL
FiDEEH L D b, ZOEBEZ NI EBbhroT,
3.1.2 Fr7URREEICRITT pH OFE
Fig.5 75, 73—, pHQk#i~pH (5)55#h
BLUOpH (DEE#TcAR S, Lpd pH@EMTOD
b o LML, REKERESNTWS ZLdb
DD, FYAYheDI NI —AERIE, TIT—F¥
B, e var s —eiEkcHIL TiThh
25, #DEMpH ¥, MEMCE>TERD, A
niger T pH 4~6ThHB Vb TWws, £E
BOBE, pH 2 TH 7 I 7 —XEREEET S5, Z0D
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12000

8000

4000

Glucose concentration [mg=/-!]

Cultivation time [d]

Fig.5 Time-serial variations of glucose concentra-
tion
O pH(2), ® pH(3), A pH(4), A pH(5)
O pH(6), B pH(7), & pH()

Fig.6 Pellets of A. niger (Each medium of pH(3),
pH(4), pH(5), pH(6), pH(f) from left)

B pH IF 4 HETH B LHETE 2, 7z, pH(6)5F
HTiE, v a—ADERIED E Y Tbhgh o T3,
EERDIENTED 51, TOC bREINTwzZ &
5, FYTUBHR - BEISNIEVZ DS, LrL,
Z O pellet B & VEEEBWE DM, FIRORM & IXE%
D, BuEEBE2EL TWni,
22T, Aspergillus 2 & BT V7 DRI, TV
I—ADERIEET S &, RO 3 DDOBWRICHT S
Nns,
o Zva—RBEINER ¢ v a — AERKE > R
INVa—AE
e Fva—x—E# L Sva— AERE =0
J)NVa—AE
o ZNa—AWAH 1 S a— AERRE <O
Sva—AE
Z 2T, pH @R S Uz pH (D 81 2%
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P, 7 Va—2B X VERROBREEORAZL
% Fig. TR U7, AR & D, pH (4TI, 55383
HE»S 7 Va—ADERBEID, ZO%5HEZ
TRBEUEML, 2 HREo—EHHR, %1 @
LTW3ZeBbhd, £z, pH (OEHTIE, pH @)
Bk Db 1 HERNTZOEMBEHN, Zva—
A DEARERR LR 1T pH USHDZ N X D /& o
72o ARBITIRE 7300 o T MOEEH T D EBRIE 2 &
T, TOCZhE®» 227 va—x TOC DEIE s, KiEk
HEZ L wwEH L& Z %, pH@WEHTIZ, 5HEIR
HLEWE (65%) BRL, gk b L, L
LHBVEIENESNT, Th& D, A. niger DS
2, E#pH S 4PETHS Z ENTRINTz,
RIZ, FrormeNVa—R BRI NEE%
FUTUNRREERL, RALSEH LT,
X100

ZZT, {EMICB T 2TV U AEERORAELE
Fig. 8 KR U 1o K &, BERIEMEDE V> pH (4)55H
Tk, BE2~5HBWT V7V S BEEREIREHEM
L, ZNLAREIO%LA EOR SRR ER S T2e E T2,
pH 2R L Mo Ty, Zh & EHEOHER %2R
L7223, pH ()BT ERW e EROBEMERE %
Polze L L, pHOBMTW, BETHEETIRT
VT REEBPRRZ ML T, Zhs D%, T
YIS TN A= ANDHERE DE DS pH I K

100
80
60 -
40 -
20+

100 ~
80
60
40
20

0 2 383 4 5 6

TOC components at pH (f) [%] TOC components at pH (4) [%]
o

Cultivation time [ d]

Fig.7 Time-serial variations of TOC components at
different pH of medium
TOC in Polysaccharide, 2! TOC in Glucose,
0 TOC in Organic acid
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FLTWBZERRBLT WS, LTzdd> T, A. niger
BT B NaA—RETHHET 51213, pH % 4
BECHEBR T2 ENEETHL VL S,

3.1.3 TOCPEREHREIZRIZT pH &

BEHIC BT 2 TOC BREFDFZEHZE(L % Fig.9 <
RUTzo THED, pellet ZE L 723 XTOEHIIL,
REAICIZZIZEEEOBRERER LN, BEEK
THIZ X, pHOEHTORERSRZRLE W I E2%Db
MD, TRz 7N T —ZA 05 DERELER
12 &% pH OET2S, pH (DM TIXEZET, ZDIE
pH & T T, BHBOERSE Y, TOC BREEH
MELZbDEEZSNS, —F, pH ()BT I3EH
BRERINTD, BESRIE 2D, pHEOIIZE

Starch decomposition rate [%]

Cultivation time [d]

Fig.8 Time-serial variations of starch decomposition
rate
O pH(2), ® pH(3), & pH(4), A pH(5)
O pH(6), @ pH(7), O pH()

TOC removal efficiency [ %]

Cultivation time [d ]

Fig.9 Time-serial variations of TOC removal effi-
ciency
O pH(2), ® pH(3), A pH(4), A pH(5)
O pH(6), B pH(7), & pH(f)
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Experiment No.
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Fig.10 Experimental results of experiment II

pH DETHRD 5T, ARROBRIRIZO%
ol L EEING, 22T, BEEIHECBY % pH
(4 & pH (DREH O AR EE (TOC &) 28
H3 %k, BiETIE10% (pH : 3.48), #%F Tid30%
(pH :2.98) TH Y, BEHEROETRUCIE, pH 3LITH
LW EBRBRING, —F, KB & 51,
pH (2)B5H1 T 1 pellet 2Rk L %220 7228, TOC Fr&k
KB EPo T, 2NIE, pH OFE L & bz, BEE
TEESFTHERD SR X LT & 72 pellet DEEE
BEEDETPICL B HbDEEZBND,

PIEX D, A niger & BT ¥ 7 ORI, pH

Vol.14 No.10(1991)

ATEET, TRTCOF Y I rEINVa—RAHEL,
ZO%pH % 3UTET ¥ CAEBRBROKRE 2 EE
XENIE, BN T S UNEDERETH D LWV
%,

3.2 LAFEeiEssr (RBR1)
AR X 5 TOC, T-N, ZVva—2X, ¥
IBEEOREES L U pH OFEHZEL % Fig. 10 <&
L7z

BEEBKRTRNZB T 5 TOC BERE, ERI-1T
8.1%, FEA II- 2 T29%, KB I1- 3 T78%, FEX 1I- 4
T8% LD, t L kB IZONT, TOC BREED
KEL BB EVIERIESNIZ, &, BFEEREO
By b pH METL, MEADEDHRLICEE
WZEDY, & S5ITER -3 OBEUREEY 7 AHOR
B=W, WMEKE bREALE ST, £IT, NEXFO
R R EME CERE L 2 5, REER (R
FE) BSAECHIRL, F7EEI-41281F 5 pellet
BEER R AART-DEh VR LoTwE I L
DHEFR I LTz,

2T, MEALSEEIZEDSFERIE, Sra—X
DAMEFEROERICERT 3 L E2 5N 505, FE
B CIXZ DEEHEHEL TWRWL, £/, ta 2R L
BELULERI-4 TR EW TOCHREXRNFLN
Foz e, BREE LU THERELREEROFET ST
VI UME  BLREEBIIR E N IERTH S L b
2, BRI, pHOB3UTIETL T2 HEE LD
T, ZREVEwy EDEM pH 255 2o, pH HlfH
DHEMENTRREN S,

—7%, EBER T T D pellet D FREIRITDBE &
D, WO > EEFOMESZIERTE %, FRII
-1 TR, BEESKT5IEI2LD pellet WHET S
AEEMERTFOHELSNT-DT, HBRKEC L VBER
BEFS U725, WO EATSTEL, » 7 ABEHIC pellet
DR - [FE LT, DWIZRELTE L2 8o 7,
22T, EBRI-2 LTI, EERKETBRRMEEL
7223, pellet DR FREE IS B TR C b ORI S
NTW3 2 EPHERTE Tz, LrL, KR OH
r L bz, pellet BFEL, Ly b REERIZED 5
Wik pellet B2 ZEBL T, ZOWERHTHRD Tz, L
T8 T, BO/INE A T LTI pellet DFREIHHAR
TEF, FALBENRETERLR50T, FIZE
MEERRORIGHE R & OEB FOTRPBETH S &
2, WOEBWYID#Z Iz,

3.3 —ERNIERER (RERD)

% 9 RIS K O EREAE, TOC, 7 va—X,
SEEOREE L pH B X UTRAKD TOC EE DR
HZ{bL%® Fig. 11 2R LT, Zh 5 OEBRRAE & B2

—37



688
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Cultivation time [d]

Fig.11 Experimental results of experiment III

Rbr s, UTFEEZELL,

3.3.1 NISHEAD pellet DEE)

1 KIGFENA pellet IR ORERE & b iz k&<
%Y, AbHEERELL, ZOREHRESHITR>T
&72o % I T, Fig. 12 \ZEERBILGES & EERBRIAH10H
HD pellet DB E %2R LTz, Hi#E D pellet DFiF
ZX3.3Imm BETH-> 0L T, 10HEZIX7.3
mmBE LY, LR BEL I, EEREIRE L
BEOMERZEREL T, —F, HEiHY 7 LAERT
X, pellet DERKREIDE VRO SNR I o2 &
»5, KEBTIE, KIGHEERDSFIERD S OBRKNR
oS pellet OFFERICHEL TWwWizb D Bbhnd, Ly
L, 882 RIGHETIX, HEERO pellet hi3z8D 5
3, SHOETE L - B RS RSE OB I L T,
DI, BERMEE L COREERT I ENTET,
SHICE 1 RIGHED & ORFIEREZHIETZ DT
R ol ®, JEAFO SS DR IHEINT 3 #
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8

Fig.12 Pellets at the starting and the 10th day from
left

Fig.13 Pellets at the starting and the 16th day from
left

Reofeo LiehoT, B L L CHEXE 2T
DIz, pellet LIz U 72858 4%F, DO 8 £ U pH %
EOBRESM, &5 XRSHEOARE 25l REy
BLERDB E VR D,

—%, %1 KGN pellet 1310 H B AR b A % 55
I, BREEZEDTY, FORBIPIEEECR>TE
DT, F1REHENA pellet D¥5%16HB W 2 Kt
MR LT 2 DRFD pellet 2EERERIGRE D Zh Lk &
H1Z Fig. 13 1R LTz, Z D pellet DFHIR F££139.8
mmBET, IWHEID b B KE S kold, #
DORERAE & B IEDED s o Tz, TDHE
Bt 2 BRRGIEC 5 HREER L CEBREKT Lz, &5
2 RIGFEA pellet 1%, 251 KGO ZiclERT, &
SIZEEL, LabFEs < T pellet AEBHET 2
ZEbBEINI, ZOEB, B 1 KIGETIX pH 2
4 R fRo Twizdd, 22 KIGH T3 pH #l#H %2
ToTwhholzZtk, pHB3IUTETLEZ
EBNEELIbOLEbhS, LizddoT, RICEE

KETHHIITE
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Lizk 3z, &2 KIGHECB 1T 3 pellet DEFFICIZ,
7 OReEEME, L pHBBO TEETHS L2
%,

3.3.2 EBEKRESFH

TOCKRER, 7 v 7R OEHE%: Fig. 14
R L7z, TOC 1%, EEBHIA S HE 2 TR L A KIRE
ENT, T UNRELENEERRL, LL,
6 HE» 5, TOCHREERNELZY, AT 7~
SRR EBICEEY, W0HBMENIN%D—EDT
VP UDNER B LT\ T, E T, UKL DR
HZ1b% Fig. 15 <R Uiz, KE» 5, 6 HELEE, 7
VO —ZAARBUCEEIL, 2~ 3 BOBNTHEKEH
EREh, TR TERFEEMBI LTS Z e
bbb, IO s, EEBEBIOHECE, 7
ST N — ANDREIZIZRTET L, ThI
R IE RO E &bz, TOC DBRESETLS
DErBbnsd, 7va—R, BE#BED TOC DERKS
RN EET 2 7-0121%, pH % 3T
ZUEND B L REIR L2, AEETIX, 10HH
DRIz 2 &, 5 2 RICENICEERE R 07 D FE
L, LObHENpH B3I UTICKR > Tl s, b
HORIGEREL 2 D LEEEI NS,

%72, EERBAMRI6HHIC, 5 1 KIS pellet D}
SEE LRI LI 2 itk v, TOC BERIZS
SIZEED, EEBRTEIZIZHT5% OEBE S NIz,
IhiE, BRIGHEN pellet DREIBZRL kol &

i

1=

o
1

Y
009 90900 %00

N
o
T

I
10 15 20

TOC removal efficiency, strach decompositionrate [ %]
o

Cultivation time [d ]

Fig.14 Time-serial variations of TOC removal effi-
ciency and starch decomposition rate
O TOC removal efficiency, @ Starch decom-
position rate
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&, a7z pH &7 & TN pellet DIRFEIZ & %
bDrEZLNS,

PEDZ Ens, REBRTEM L ESE 2 BRKICHE
W& BT UREKROMEIZ, 1 KIGED pH % 4
HREBEL, 22 TF i Iva—Ra @&,
BORIBEIIBWT, SVa—AnSEEBIZ, &5
AR R EI - HRINIE, R EER D A RE
ThbdIEBbdrol,

ZZTW, HE pellet Tk 3T V7V EAMEDH
BEtE 2 HRET L, pellet DL, BEFEE R OHFIEL £ DM
HEESHS M e o720, BT Y 7V REAKILE
ADHFEHADABEE RS Z LT &2,

4. B #

Aspergillus niger O H CiER: pellet 2 Fv 727 >
7 B O RRENE B IRET S 2 o, KEOREISE
BERB X EREREERR T IER, UTORR
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7 75 EQHMANEDBEK T 2B & 2B R DLIRERE R B S 2012 T 5 78, AKEMY O EEHIR
R T, REEVHPHIEL TEVREEIMET T 2L b &0 T, BHICEBROEFERIATHAL T2
I 2 AR & LT, 19864F 3 B4 519904 2 A £ T 4 e b 7o o TR O AE SRS 2 FH8 L 720
BN DWW A AR R LB S OFWHEL S5 5 2 AEHMOFYKEE L, BODIS%, COD80%,
TOC85%, T-N67%, T-P771% TH -7z, ZH(1 A~ 3 B)ic B 2 %fkEE1E, BOD2.2g-m2-d™}, COD0.81
gem?-d”', TOCl.lg°em=?-d™', T-N0.10g-m™2-d™*, T-P0.023g-m=2-d'& T-N 2k} IFEFIHE
EREREDRD HNR P07z, BHIC BT 2L HOERFLAENMET T 2 A L LT, WAKFONH,
-N, MAKF OHEREEER B TR SN NH,-N B8 L OEE» 5 H L7z NH,-N s h iz,
ZOFERB L1270 LHE SN2,

A pellet IZ& 2 7> 7 ERAKNE
BREH IERE* E¥E B NA—ERr Bl R
*  KRARFELFMERETLER o @TRIBE *** =HWED
OREVEEIIYE Vol 14 No.10 (1991)  pp.682~690>
Aspergillus niger O E TSR pellet % FV> 727 > 7~ Bk DO FREME R a3 2 728, SO ESEEHRE
Bk & EFEREEERR R T o 1R, UTOHR 2B,
1) pellet b L7z A.niger TT ¥ 7V Bk 2 L 12456, Bifn T ¥ 7 v HREES & O TOC BrFEAE %1%
DT EEFLI,
2) ESEEEERICLD, TrTr02EBEMRBCBY S, SEBREOEMpH 2R LT,
3) EGRIEHARMF, pellet 1X, BMRZEOHMBIC L VBRSNS 2 L2, OB BENSHERS N, 0%
BERA IR E SR L T2,
4) 2BRRIGHC & 23l E» 5, T2 7 VA ERI%BLLL, TOCBREFETS% &I ERIEB SN,
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