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Summary

In order to produce citric acid from Mandarin orange waste, a useful strain was

isolated from field soil, collected in Cheju Island. The strain was identified as

Aspergillus niger 8501S. The optimum conditions of citric acid production from

Mandarin orange peel and the concentrated press liquor(citrus molasses) with

semi-solid cultivation were investigated, and the result were as follows.

1.

The optimum conditions of citric acid production was found to cultivate the
strain at 30°C for 4 days on the medium consisted in 6g of dried citrus peel and

14ml of diluted citrus molasse(sugar concentration ; 14%).

. The optimum pH for the citric acid production was pH 4.0-5.0, and pH

adjustment of media was not necessary as pH of the citrus molasse was 4.2.

. The highest citric acid production was found when the strain was cultivated

at 35°C for 48hrs firstly{growing stage of microbes), treated the culture at
10°C for 2hrs, and then incubated at 30°C for 46hrs(citric acid producing
stage).

. The addition of 2%(V/V) methanol or 1%(V/V) ethanol to the media

increased the citric acd production up to 109.2% and 105.0%, respectively.
The addition of nitrogen, phosphate and inorganic to the basal medium

showed no remarkable effect on citric acid production.

. Vacancy ratio of 75% on plate culture promoted citric acid production

compared with standard culture.



I. #8 B

e EEEEHEY £5e olFT v AEL 1960FR FEH AW AR
so] AEse A4 BEG AAREZA, A 200437 A A gl o} o}g-
2 o2 AEEs Hd Zorsn ook 2 A, FEEERES 1965F 1,083"/re
4] 198540l & 387,000/r (A F =, 1986)of ol Sivh

AFLe ks HRD WRSC o, £EES BT —He MIASE A
5o 198540 ZEFA, TS MIER 60, 000™/, (M F =, 1986)°] i
g5l o], wERel vlasled MTA #EL of S Aer of| A= o},

AET DA BESE BREE U Aitme B AAEEE 45~50%F
A2 she otol g oko g Fa —#h FEEA FMAHD JE Tolr KESE 53
g5 3 9 Adolc EMTAIEWHES %8S Pectin g ¥7Y FMMEHHE
A EREREC] o & gl Tebd fEMEEYelth oy AEmMIAIEY
RS &iEe B ERatehel S5l shdel o EREMES 7HAL Ut
o shAl

AEMTRIESCl S 20~30% 2fS @fstz glel, % REWoZ o
a3 o3 fIkHASCP (Single cell protein) #7& (B %, 1980) 2 Al wl ok
of ol3 ztEfmo e MBP(Microbial Biomass Product) ol & (FHE %,
1982). 7EMS HEY SEOELEE WEe o (FME %, 1984), TEREYS
Al 9 el B AT (ER %, 1979 %, BEHS M SRS dvEa
b oglr, TudldE E %9830l ESE hEFAsEAel MEAY, &
(1985) ¢ 7HEmMTAIESS Aaol&rt54 Aol A dF2u7h ek

17844 Scheel of <& “sel F9l4k"o] lemon juice & FE &2 AA
2l 5o Italy(=3| Sicily), California, Hawaii, West Indies o 4FE=HEUY, 2
%, Wehmer(1893)o ¢l&l Penicillium %2 HtkE ALg-8F FEIZ#E (Surface
Culture)oll 4 “EEB¥oll o1& Fol4” #£@ol #< 4=s59lx, Thom % Currie
(1917) = TFAALEERQ Aspergillus niger & 5y#EsHA Currie(1917) 8 WHHEHER
2 Ep2 19234 Chas. Pfizer & Co. Inc.(New York)oll 4 REZEES ol &3
T EES BWE T¥EAZAD % Karrow (1947) 9} Perlman (1949) 2]
# e #%E (Submerged Culture)oll o] gF i agEe]l A2 19514 Miles Lab.
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o] o] T T¥fr Alzlelel F2 HAEEE odd T H&EsSIT UTh AF
o o4l Asp. niger Wol ¥ 3ol o& Fol 44 (Hannan 5, 1973)%d AE &
o] &t n-Paraffins ol 4l Py Eikol o8 FAA4%AE (Tabuchi &, 1974
Nakanishi, 1972), Candida lipolytica @] ¥ o]+l ¢ 38 n-Paraffins o 2 2
o1 A4 7 fAkiama, 1973) 5 2% d77F A dsla gtk

Folabkfel glolM BEEAES REMEEE WANEE o FEEEERS
Ragesl ol o b, AR o HEEKk, BEEEA & 87, A4 Bl Rl
ae} ol S 4] ol thokg e FAAE AEsSIT e AAolh

Cahn(1935) & Beet Sugar & Cane Sugar pulp ol 87 ( pineapple—juice)i 5
4a)7 kEmEEEC R FAAEES AL Andded, FHE FATNE
#Ec o] pineapple bagasses & FkE & fEMEEIEEA AT ‘?“E*&i@c’ﬂﬂ.
TR} £ EE Lok SilEs vlnd & delx TAAMEE THE
v, mRE7| kel whE ) ffvl4bel A=A 9v HEel ddn 2 ashdlt

BT ARl fEsE BNEEE TEMLTEAMN BEsls Riget
mite BEEoZ  slod, A MM Felgt TAsbEEtEe] +5E
Aspergillus niger 8501S% AL&sle] FEREHIL o2 TAMEES o3 REEE
BEEMS HE ShlTt



MR 2 HE

. EHRS ARt

TAAEE EHS oY) e AFEulod KR 4F ok, A
ol Wput = EoEA R 504 4t 1g8 APl ¥ Fd4 SmlE
ma & ANelstod ASol 1mlE Eélel, BERAFE A7 Ysted B.C.G
d 7}l sy MEi (Table 1-A)ol AZ %, 30ColA 527k witsied AL
Colony & %2]gh%, 72 #ke] stioll A FHabejopdo s gm sHofsta &
A DA Filo] HHEERE LIEHS T4 Fasalth
gRgrEe M= 250 ml Erlenmyer flask o] #Aw&52#(Table 1-B) 60 ml
2 o] ZEME AFF, Abdeieksiod RakFel 1k SMEKE 2~33 A
ujorel ZaEEtl 1ml(Ex4 10°~100F HF A7 30CHH 587 vk
3o "H°k°“—°— $1 4] %] (3500 rpm, 20min) g ¥, TFAAHEKES FAsd 7
A o] 423 EHRE Awsla F R HHABEAKD A

iy
o
N

53
|

s

Table 1. Composition of isolation and screening medium

Constituents Isolation medium{A) Screening medium(B)
Glucose 30g 100g
NaNO, 2.0g 2.0g
K,HPO, 1.0g 1.0g
MgSO,-7H,0 0.5¢ 0.5¢
KCl 0.5¢ 0.5g
FeSO,-7H,0 0.005¢ 0.005¢
B.C.G 0.001g -
Agar powder 20g -
Dist. water 1000ml 1000m!
Initial pH 5.0 5.0

Sterilized at 120°C for 20 min.
- > Not addition.



2. dEmMIBEY HKHAR

MTH 22 —K BAHAT HETREAM BEES - 30~35%e RE (Outer
peel and Inner peel) 9} 4 HITTREANY 10~15%9] #Hitkol AlEHmE BEH
tt,

A Bl AE AFA LA ZAEMLIEAN e ZEmML 8lEwE 23
(1985, 11,28, 1986. 1.20)3ked 4°C Aol ®itsto] AbE3}oict,

REFE S TS #iP# (Hanil Stainless Co.) 2 HE#Es & #itHS 7}
o322 (70~75°C, 10min)3gk 7+ dal (citrus molasses) 7} HE#HES & kel
B S Byslo] ®ME Y43 72373 (Mandarin orange peel) & H¥E %A
o} (Figure 1 #2),

Satsuma Mandarin orange

Blanching

Peeling Peel

Juice extraction v Juice pulp

| l

— Pressing
Raw juice
and re-extract Press cake
Screening and finishing Press liquor Urying
screened juice Evaporation Pulverization
Concentration Citrus molasses Mandarin orange peel
Citrus juice

Figure 1. Flow sheet of citrus processing and preparation of Mandarin

orange by-product.



3. BRAE

Az, T 2ERAAL ERES EES RS 1eidted 10 mesh °]dkal
717} 10 mesh ©] 4 J Aoz ZHE hg oS FL vgR EY e
(Carrier) 2 A&3tedx, #H2¥ FEME7} gr2 s dg Edde —FRe ¥
o} £8%%, 27 9em petri-dish (¥ 100 ml)el Wsted ZF714E%, Koji &
aAbm Aol A 10987 sEEE Aspergillus niger 850159 MFoHEE 1ml(E
A4 1009 5 A Fatol ST,

Rt ERA 6goll HERE 14% (W/V)el 7z+gets M4mlE H7h
& s 30Col A 4 Az EHESEAT

4. DA E

1) B W RS Del —aitid (R TRERR, 1975)oll H3te] 5
Wetgia, mEE  Micro-Kjeldahl (et BEEW,  1980), A
Ammonium molybdate i ({E# 54T ER &, 1980), Fe, Ca, K, Mg & Atomic
absorption spectrophotometer (Model SP9, pye unicam Ltd.)oll 9l 3 st
o},

(9) 714 4% #E 80% Ethanol 2 F%F, 0.5ml & 2.5% Zinc Sulfate

o} 0.5mlel 0.15N Barium hydroxide & fmsted BREAT F AT
(3500rpm, 20min) stod 1 A5 S FEFHTEE stedi, wee FEPAAY &
o wyow BREMT T YRelsid AT SEHEE shodet,

@ BT R&Ed 1ml¥ E3tel Somogi-Nelson & (fetpsrth EREW,
1980) o 2 g

@ weE  REEN 4mlE sz ztae 2atg flask of Y3, 1% HCl &4
J0mlE fmated 100C 4&ZolA 2.547 mka#H AAF, 1IN NaOH &4 2
2 i o WEste Somogi-Nelson k2 & g mstact

(3) Fol A2 Ethanol & fnsted M SHEHE 5mioll wH#ted 10%
Trichloroacetic acid 1ml& msted BREBATF, £1 A1 8-2] (3500rpm, 20min) 3}



2 AbSol 1ml¥ HEtdtod Pentabromoacetone i (Pucher 5, 1936) 0] o &| B4
stdch, =, BREAYT AREHE 1mlE glass-stoppered tube ol @3 18N
H,SO, 0.1ml, IM KBr 0.4ml% fnétel Aol 1087k 4alstadet, olof 4} 5%
KMnO, Ilml& o] Kix#, 6% H,0,% e o] #}zke] KMnO, & A
Astedeh, 2%, 125mle) Ligroin$ kel 10870 ARG o5 LA¥ G,
500rpm, 20%) 3} Pentabromoacetone & st L, o710 4 %2l thiourea
5mlE fmahed LA A# 430mp oM FREE F Al Aekaile

2) sEEW T

>

(1) Folate wiokZ a5 3EHEHol 60T BAS 10002 fnsked 10E7F I
wla] 7] Fol AbS fhH, GBI RS R vlel ol HfEEst T REEHI
ol wHeEl FAAbeES WA ERE T ofalgko 2 3tgl+l,

(2) Oxalic acid = P. P. C.ez(f#psrth  ZEHEW, 1980) 2% 2 N %
Ninhydrin .2 2447 £RAERS slel sl dch,
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Table 2. Morphological characteristics of Aspergillus niger 85015

Colony character
rate of growth
texture
color above
color reverse

Conidial heads
color
form
size

Conidiophore
color
markings
length
diameter

Vesicle
color
shape
size

Sterigmata
color
form

Primary sterigmata
length
width

secondary sterigmata
length
width

Conidia
color
shape
size

ordinarily rapid growth
closely rough velvety
carbon black

orange brown

dark brown
globose
80-108u

dark brown
comparatively smooth
1.5-2.5mm

15-35u

pale brown
globose to subglobose
45-50p

commonly pale brown
biseriate

15-20u
35-4.0u

5.0-6.0u
25-3.0u

dark brown
globose
3.5-4.0u

The pH was adjusted at 5.0 before sterilization, and the incubation time was 5 days at 30C



ERol A EET BEEERE 11EhE HHlEkEe s T EEEC] Rk s
EEE 2k Awelod “The genus Aspergillus(1973)7, " 5% 2 (1978) 79 4
o} ujz} Tl on], Czapek’'s Agar sEitiol 4 30C, 57 s shul ket ol & ol
EE Y KFe ety E4e Table 29+ Fond Aspergillus niger 850182 %
Asholch 2 @kke Koji & fAbsismseld Aldiulek shdA fealimke A+
5+

Aspergillus niger 85015<¢ ulmA o] wEdole] REMFRES ok 2 7] of
s~ o] i wjokA| Zhel A zbol uwhel rEEEEMEO =0 BTrh FAS A
Sk T8 W EFY AL ofg wiEdelw, REEES o4 oz W
Fodot,

4

oli

2. EREHS 2

:r“’dﬁﬁé%ﬂl oglof 4 HEEEoLL HEE, M =1 BHHFENS ol &5&
. Rkl W ol 5 IS A A Abelvt dE Aoz odeid
oH(EPT. 1960,

Table 3. Chemical compositions of Satsuma Mandarin orange peel and citrus molasses

components Centents(% w/w)
Dry Total  Reducing Total .
Byproducts solids Ash sugar sugar nitrogen potasstum
Peel 86.2 1.45 256 14.4 1.07 0.42
Citrus 50.7 092 342 233 0.62 0.39
molasses
\Components Centents(% w/w)
Byproductx Iron Phosphorous  Calcium Magnecium C;g:jc pH
Peel 0.01 0.04 0.20 0.03 1.04 -
Citrus
molasses 0.01 0.03 0.16 0.01 0.85 4.2




EMTTANA BlEsls BRE o Mol sadsre 7Hge AEw, 8
A7), S| wfel zolst e, MEX W #ibwmel ¥R e N, P K
co e BEHE Y BEESOZA ol&xth MAEEEA A48 7d
Al BEEE wAEe BEE W EHWS EEe BEC el T4 FF Y
oxalic acid £ XA E A %L ol A, SEMEELCZE ol ALl o
& o3gke] Artn st dch(Usami, 1977),

ZAEgae 440l 2T ABEEE %°d*&)% 3hf3eted pH 4293, #
FAAL wE o AR vlad ol migzAel JTEar ohiet kYW &
Fo SEons #2g AL AL Y& AR 2t

FEA 2T A MEHE BEHET WERK HEHEE zAg HES
(Citrus molasses) % %277 (Mandarin orange peel) &) F& —#IAST
Table 33 7owl, & EEold 7ZERUS FFEMEZ ¥ $EMERES RN
al w srEAAe ety BT mEKY 542 2¢Y merkolat ¥ 5 alth

o 2

3, MHEEES A8 RBHEEM
1) kozE o FERE

Zol AMBEEE Mycelial mat £ A slE Al ZF4 o] Endoenzyme off 2] 3H
Zoj 4o 2 A 2% o} (Economic microbiology, 1978),

£k 7S, o Efo] Tolatel iR vzl IAALE A}
2ol 7io] FodAmREel F-elshch(Lewis, 1979). ol2d AolA A TTEH
o EERKRS FAAERA 3% FAHL

% Whol4 ZE2R2 6gol FH4E msted 30C, 33U wFIIAS ] 9]
BaAsass AEa Az, Table 49k 2ol Hauixel KoyaEol 57.5%%
gt Fol Al FAE Zhslr] Alasied Az ASER 63.5%N4 &
Zro] FolAlgAES oloith whebd szimel BEASTELE 5-T0% AL, ojuf ¥
WIS 649 olAbe] FelAbkfEol sEd Aoz Jehgeh o e TH F
(1980) 2] A2uts FiE ¥ Efamel od TAA MBrolM, el @K
SaRe 55~75%2 vag A Ay =lxstAo

Fig2oll e Zawade #zstste A4S, Hotd 22 FEmE el T AR E

—10_



%%91 T *IBIES WHRE 14%(W/V)e 2% 14aml§ H7tg @7h &
61.5% (wix ol =¥ atek 64.3%)2 7ha Eoboh MERECL W dE Rle] BE
g pmA slod Eetkmol Aslon, Aot el HEMESH 20% (W/V) o] 4

Table 4. Effect of initial moisture contents on citric acid production from Mandarin

oragne peel

Water mcl)?sitti:ge Citric acid
added(ml) contents(%) yield(%)
2 36.2 30.0
3 43.3 427
4 49.0 51.0
5 53.6 52.3
6 57.5 64.8
7 60.7 66.5
8 63.5 68.6
9 66.0 67.5
10 68.1 66.0
11 70.0 64.5
12 71.6 63.9
13 73.1 62.8
14 74.5 62.0
15 757 61.2
16 76.8 60.7
17 77.8 60.0
18 78.7 58.7
19 79.6 56.9
20 80.0 56.8

Fermentation was carried out in a petri-dish of 9cm diameter containing 6g of Mandarin
orange peel at 30°C for 3 days.
Citric acid yield(%)

Citric acid duction
B i id pro %100

Total sugar contents

_11_



oAl M FdAbEe] #A 8 o

Aol Azt Arbete PEwEe ey AEAR 6gol WEME 4% 2
i=2

ul 14mlE A A e] FFE2Aux

60 =~
O
\A

Citric acid yield(%)
—

Q o b

\

g

[

0

/
0 0.
7

30 §= D\

20 b= Q
[ I § 'l i [ |
11 14 17 20 23 26

Total sugar concentration in citrus molasses(% W/V)

Figure 2. Effect of total sugar concentration in citrus molasses added to a petri-dish
containing 6g of Mandarin orange peel on citric acid production.
Incubation: 4 days at 30C.
Symbols of molasses added : 1lml. o0 —a,
l4ml. A—2A, 17ml. o—C.

2) pH

TFolab o] 9ol wizle] pHY: #msls Beol M3 2 dmge T2 o
S olxiv], FAAEREA I pHv FHEKR, FHABE 2 2B HES5A o
g} iz}, Bernhauer 5 (1928) 2 uf=] ] pH7 AMA ZFoll A i Alg:gEo] A s}

_12_



o, pH7l & wl= Fel4to] 9ol oxalic acid 7} #msicta stadct, =iy ]
1 5(1930) & Asp. oryzae 5 ©| 3 +od Aol 2719 pHE 74 3+ 2
o] Zuii sbadch, =& Currie(1917) v+ 7ol AmBee] 2 pHe 3.4~3.52 3§
sia7, Doelger 5(1934)€ 1.6~2.2, Moyer(1953}-& 4.002} ativh, o9} 2o
oo pH= $foll4] 2] Fol AR Alte] 2odelu ohE AP TS AFHel o3l

1o

of

r

Wl ol sdHen fefdh doi ol

A EEol 4= 2rEdle] pHE HCl ®+ NaOHEHe 2 pH 2.5~6.0 ¥ ¢
2 o2xARF sbre FolabbES AR A, A pHYslE 4.0~5.000%
‘Fig. 3).

ufet ] EEREREERQl 7HEw e pHE 4.20/2% pHE 223 2ev glale

o] 8l %ol 4] oxalic acid © A &= 4 ¢tekol,

10§
o
100 b ST

oSS

Relative citric acid yield(%)

80 =

1 1 1 1 1 |
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0

Citrus molasses pH

Figure 3. Effect of initial pH of citrus molasses on citric acid production.
Incubation: 4 days at 30¢C.
The relative citric acid yield was obtained by taking the vield at pH 4.2(not
adjusted) as 100%.
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3) SEMBER] % BEEAE

Asp. niger o 9% TN A BEEEE 28~33C7H FEol, 0CTH
ol b wioh, el BBnmEET AWK AR W XS o
2} thech Doelger 5 (1934) 2 26~28°C 7+ @ielzt 342, Usami -5 (1977)2

2r -4 05

- -----‘

o 0 3

5

> 3
E 5
£ 2
U —
B &
— -l 7]
_'8 0.3 2
«© =
g =
B g
~ £
-

e

a

02
1 1 A 1 |

24 43 72 96 120
Incubation time(hr)
Figure 4. Effect of temperature on citric acid production and growth.
Fermentation was carried out in a petri-dish containing 3g of glass-wool and

14ml of citrus molasses(14% w/v sugar concentration).

------ Dry mycelial weight

Citric acid
o0—=0 :28C
A=A 30C
o0 . 32C
®—@ :35C
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30°Coll A FodAhigZEel 7FA wkoha st

A HEo| A= petri-dish ol glass-wool 3g7 ¥EBE 14%° #EYFE ldml
A7) shel 28~35C2 Sl fol A wiokstoi e, wiokrIzbel Aol wE Asp.
niger 850192 HH FoiAEES HAET A, Fig 49k 2ol Asp. niger
850159 HERB L 35CH, TFAAFHC 7t ¥& L5+ 0T

dhal, FFO(1967), FEES (1981 HEML (B 547D BREH® =
A7) vhro] HEEES xAse o] BE 2N AL =2 wiesl
Lo vl sl shelch aebd, wiokd 2EE wEAA wietd AAe
Fig. 59} 7towd, s#Figel 35C= wlakdh of2 A&H e (10C, 247H & stz
EEBRIE 0CE FAHS A4l RN —FREs TN Wi B

Citric acid yield(%)

35C 50.1 49.2
32°C 54.7 52.0
30C 59.7 58.7
3 28°C 48.2 50.0
(9]
5 N 35¢C 51.5 49.0
g C ]
2
[.9]
& 35C
I 30C 61.2 60.5
35C 30C 63.5 62.9
LI
*
35C 30C 63.0 62.9
L]
* &
1 1 | | 1
24 48 72 9% 120

Incubation time(hr)

Figure 5. Effect of incubation temperature on citric acid production.
Citric acid yield was determined at 96hr. 120hr.
+ 2hr at 10C.
+ + . 4hr at 10°C.
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o] BALS & & glodoh ol AL AFEEAAM WIT F, WREEETA
(Stationary phase)ol Al £x#3E Fo qAARE FAAA FAU4E FAHE
2 3t Aoz Bojxnl, olslzte] EMMAT TIALEEMES U=
o] FAAEE freld Aoz A7

Fig. 62 H#2HM< 30C2 FAHUS Al MBEANE vebd ez, o
e 24A7F ol £ E FAE Frheted 96412kl A el e T bikE

o §2.1%2 |Aob doles], 3 olFele ot Zaste Adoldt, =M T
of AltkE S 96EFRICI A 7ol ol FoiAl A= A7tsle], ol AL A Kol A48T
Agael e Wokis BEMES 7HAD glowd, Asp. niger £E ST

wl

Y

01
o

4 B 9
E 3= o E
: :
2 3
E £
-a U
4
o
D\ \A
D
0
1
120

Incubation time(hr)

Figure 6. Timecourse of citric acid production.
Fermentation was carried out in a petridish containing 6g of Mandarin orange
peel and 14ml of citrus molasses(14% W/V sugar concentration)at 30C.
o—o, Citric acid.
A—A, total sugar.

o —o, Reducing sugar.
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g& pEEel o] mEmEAS FRoln ol ART FAol AYeed, = o
W oy 2ERAGE Be Mol ©REH UL BT WMESL HMEQT.
59) o 41 £ swr estel, WAEEC] EHEELCH ol FAAZH] of
sojx)e oz Az,

4) Tmel BR

Tol AHEEEEol A MR A LS LT Aol EEKS mEAIFIZ] At K
o] FiE¥E =+ Methanol, Ethanol 59 B4 & REWES Hrbste A7 ol
on], 1 A7 HHY @M e #MEC et 2o, Moyer(1953) & cane
sugar bagasses = JHf%2 sucrose % molasses 5 FHZ 3 4 EMZEGE A,
ol BEEEE M E Methanol & #7bslol EkES F7HAz L, BO %(1962)
o chalsgiiol]l Methanol 2.5% S #71&t 7244 EEmel 33 FAs=gdn 3
ook 2T FEFE F(1977) = pineapple bagasses = FExtZ 3F 4 E ST ML
4] Methanol(1.5%)% #71E¢ 7% FAA4%Eke Frhsidddr =, F %
1978) & Sakaguchis'sZitiell Methanol 2% #7151 &« B4R ol F7l3lcin 3}
odt}, o]ehitol FolAbk FE 4 Carbon source 2] A7} o]l Asp. niger & 4
B Yste] BEE o ®@iEe] 252 238 d+=dl, Currie(1917) = A%
ol Al FHME F EHIES mBEL NHNO, 2~2.5%, KH,PO, 0.75~1.0%,
MgSO, - TH,0 0.02~0.25%¢°l . 2 LIk A7bsie @faEEL Sr7tshdt 7d4%
ES Aasieta siod

A EEolAMLE 7EFPAS Bea pEdasmo] fR%EE (Methanol =i
Ethanol), 2% (NH,NO,), ##i® (KH,PO,, MgSO, - TH,0)¢ H71s12de
B A 25 7 EsSIe] Table 59 o] A7bgol W FA4hikE S HH{ER
Ebfelvt,  Mthanol 2%, Ethanol 1% 5 A 7lst 2], BEKel 94 F7hshe
7ol 9lovt 1 [k 147%6“—3: W= 287 ARl AAs U, EFRE UK
BiEe Hoh Emol Aol dTe Fa gtov, @R MWL BERS o
Alstoich, ubebr] & EEgol A& ZEAA W ZEHE EHE 3 e B
Broll = 3h gk el daEla oo, HER REE EBFRE U BRES ¥

T

l° »o,

32

..17_



Table 5. Effect of additives on citric acid production

Relative citric

Additives Amounts(%) acid yield(%)
Control - 100
Methylalcohol 1.0(V/V) 106.5
2.0 109.2
3.0 101.3
4.0 92,5
Ethylalcohol 1.0(V/V) 105.0
2.0 100.0
3.0 94.7
4.0 91.0
NH,NO, 0.04(W/V) 100.2
0.06 100.5
0.08 99.2
0.10 97.4
KH,PO, ? ¢.10(W/V) 100.1
0.15 100.1
0.20 101.0
0.25 98.9
MgSO0,-7H,0 0.03(W/V) 100.7
0.05 101.3
0.07 1005
0.09 100.1

Fermentation was carried out on the standard medium containing indicated additives.

5) SLEELS THAE

wEgo 7S BEASY SHMAL ERKE EmEA o BN d%s
Zcoh, B BER 984 MR Solrln Amd M MBS A
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2)3lc}. Bernhaur % (1941) 9] #FS ZolE 13~23mmeolA H&Ee KES 23
ot shod e
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Petri-dish & #23z Mz FA4HkaEE HEF A7, Table 63 7o) ZERHE
75%0 2 7+ BedAE o] ket @%5%?5330] HEoll o] MRS ARG
mste] 2 Aold GelshAl: Taged obt zast: ARe itk ol
ko pEes <ad BREEA Adsel mEme sdHe Lw, HE
(Mycelial mat) 3l 3ol &#5 o] HEk7F 94A3] ol Fojxz] gL Aoz 3l
Hel, =3, FESMA] F ulv EMEES FEEEESA 2o vz et
2 BIRES Wk

Table 6. Effect of vacancy ratio of petri-dish on citric acid production

Vacancy ratio(%)* Citric acid

yield(%)
60 58.9
65 60.0
70 60.6
75 61.8
79** 60.1
85 54.7
90 525

*Vacancy ratio is the ratio of the space volume to the petri-dish volume.
Space voulume is the volume of water needed to fill the petri-dish containing medium.
**Standard culture condition.

Total amount of medium added to a petri-dish ranged from 9 to 39g.
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v, B )

BRI A MR el A TFAAMEREMCl 53 Aspergillus niger 85015
2ald %, FEME BINHE (Satsuma Mandarin orange) o ITEIEWS °183
o] fEmEEES 2 FAAEES BEEHS FESIAT

1. 7 EhA 6goll mEmE 14%e AEY 4mlE AT BHOKTER
64.3%) 2 30°C, 497 =EHAS o TdakEe bR o

2 Rl s pHE 4.0~5.0019iex, ERe] pH 4.284 pHE ¥
sz zdd A2t A

3 EmEEEERNS WEEZAlV e} BEEvE o] 2xxAdd s dWe, Bl
=417 35ColA wlekd, 28¥f A2 (10C) 5 3hel BFH 70 30C= uj oF
stol e wiz} wlmA Fod bzl Frbshaith

4. Rl o FodAbk#E 2AEE Methanol 2% &£+ Ethanol 1%%
Mobe o EMERS A7 109.2%, 105.0%% tha Forlen, ZRWE(NH,
NO,!, ‘E#i%(KH,PO,, MgS0, - TH0)& # a2 ufe FAAMERC] o 3ol
ol AR HHe BmEHET AAsh

5 BREZSS (petri-dish) o] ZSHIEL 75%°] gl TdiHkEFe] MR =
OLD}..
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