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Abstract — In the submerged fermentation of fungi, it was known pH had significant effect on the citric acid produc-
tion. Various growth conditions were applied with different buffer on citric acid production by Aspergillus niger NRRL
567 grown on peat moss to find the optimum pH and most effective buffer solution. The initial pHs of different buffer
solutions significantly influenced on the citric acid production and 4. niger NRRL 567 produced citric acid more effi-
ciently at high pHs. A phosphate buffer and a carbonate buffer with pH 8.6 and pH 10.0 were identified as suitable
buffer solutions for citric acid production. The maximal citric acid production of 564.3 g/kg solid substrate was achieved
employing carbonate buffer at pH 10.0.
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Aspergillus niger NRRL 567& o83t TAMNIoIA ¢hg-glo] Fit Ailel] mixl= &k 875
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2-1. M=

A. niger NRRL 567 American Type Culture Collection (ATCC,
Rockville, MD, USA) ol woRbo}l AME-51IT). A. niger?] spores
RS §13l AMIA] Q] potato dextrose agar plates (PDA, Sigma,
St. Louis, MO, USA)°lA] 30 °CoflA] wljeksISitt. PDASE 25 7+
OF Ak glom, vk & 79% plate Al 0.1% Tween 80
(sigma, Sigma, St. Louis, MO, USA) 8-91-8- Al4510] PDAS] ¥
ol sporeE 3|31tk 3|55 Tween 80 ¥ HHSFr5 9|
£5}10] 3]4310] 4x10° spores/mlE HEFES FA810] Ak

of] ARE-3ISATH10].

2-2. JHEEE HHX]|

TAEE AFS A FFF A9} YIS 35S peat moss
(PM, Schultz Company, Mississauga, Ontario, Canada)ZS- inert 1|
WA 2 ARESISITE 713 peat moss (DPM)2] =214 818k B4,
ghrshe, T84, THU2, 219, pH, NH,-N absorption
capacity)ys Table 191 2|83t

oA $F-&-Ne] pH7E AN ABtell mIRE anE sk 9
3| phosphate, acetate®} carbonate $-5-8--8- A& o] ARg-515TE A
el AMEE 580 2pA9) pHE} E8-NS ST peat
moss2} 33t 0]F2] pHE Table 20 EAISIIT). 2129 o5&
Nof| o}gj9} 2 T FFH A9 YU ES 715107 peat
moss®} E§+ate] A A2 A3 THkg peat moss): 967.9 g
glucose, 15.4 g (NH,),SO,, 43.9 g KH,PO,, 4.0 g NaOH.

2-3. OAHeE

FFIEE 7let 8- 7} 28 g= 7+ 7 g2 dried peat moss
(DPM)el| E3tste] AR = ARESISITE. 250 ml Erlenmeyer flaskel]
AR E 538k foam stopper® DH| S $- 121 °CollA 15%-3F
W31 Tween802 2 3|53 1 ml2] spore 29 (4x10° spores/
mly& 353107 35 °C vi7]elA] 192 AlxE Bt AL EE T3t

Table 1. Physico-chemical characteristics of the sphagnum peat moss
after drying

Property Units Value
Bulk density kg/m? 276.4
Moisture content % 52.7
Carbon % DW 53.1
Nitrogen % DW 2.1

Phosphorus % DW 0.01
Potassium % DW 0.15
Ash % DW 2.8

Volatile solids % DW 97.1
NH,-N absorption capacity mg/kg 275
pH 4.38
Coarse fibre, (> 2.00 mm) % DW 14.3
Medium fibre, (1.00-2.00 mm) % DW 18.4
Fine fibre, (0.5-1.00 mm) % DW 20.5
Very fine fibre (< 0.5 mm) % DW 46.8

Note: All analysis are reported on a dry weight basis; the carbon content
was calculated from {(100%-ash%)/183} [26]; DW=dry weight.
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3-1. OMHHXIS] =7| pH7} 714 Al OlXl= FEt

Z-8-9°] pH (B)} 5897 S kst A= <]
pH (BNP)Z Table 2¢ 2|3}t $5-8-912] pH = 4.4~11.0
Q1 ¥bd Hit & AR pHE 4.5~6.992 & 5= AT} O]+ peat
moss AHA| pH7F 44902 714 458 7} Al pH7F 24 2
ARE & = ek Aol AMEH 87H1] AFEAe] 27] pHf
AL ABate] T R]= S kg 48, 96, 144, 192 A7t B w3}
STHFig. 1). &Z-89°] pH7} 57Feel wef 7-1xte) Arbdo] =
oA = B3-S Holu, pH 119 carbonate $HF-8-92] 73-9- 7
Ab ABAFdo] pH 109] carbonate $Hs-3-2¢]] H]&l o= Z1oF
Kol wAMIX 2] %7] pH7} 6.9 (BNP) oAdolali= Fredat Aake]]
A7t e o 5 Stk 53], dF8NS AR ¢l 1714
el NaOH W& o]-&8] 7] pHS &3t 7-9-(pH 4.4, pH 6.8),
A=golS A3 £ 7] pH Z7(PB 4.7, CB 10.0)°] 13} 192
ARRE 7o ® FAnt AL o] 22t 1selgl 1.3v) SR &
AT}, o= FALt Akl whE vl 2HISHE eks-g-ollel] o)) 7F

Table 2. Experimental buffer solutions and their effect on medium

initial pH
Treatment Buffer pH
Buffer notation strength Buffer ~ Buffer+Nutrients+
B) Peat moss (BNP)
pH 4.4 - - 442
NaOH*
pH6.8 - - 6.80
PB 4.7 02M 4.68 448
P hz’;g;ate PB6.1 02M 609 5.67
PB 8.6 02M 8.60 6.43
Acetate AB 49 0.1M 492 4.80
(AB) AB6.1 0.1M 6.05 5.48
Carbonate CB 10.0 02M 10.00 6.76
(CB) CB11.0 02M 10.92 6.94

Note: *NaOH- control; pH adjustment using 1 N NaOH (or 1 N HCI).
(B)- pH of buffer solution.

(BNP)- pH of peat moss with buffer medium and nutrient solution after
autoclaving.
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Fig. 1. Effects of buffer solutions on citric acid production by A. niger.
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Fig. 2. Variation in PM pH with fermentation period.
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Fig. 3. Effect of various buffer solutions on residual glucose concen-
tration.

70  —E—pH44

-0~ pH 10.0
60 I _e—pB.47
<50t ——PB.6.1
< —%—PB.86
] L
S Y0 —a—aB4o
>
I —A—AB.6.1
R —e—CB.10.0
2]
E 20 [ —e~CB.11.0
Q
10}

0 50 100 150 200
Time (h)

Fig. 4. Effect of various buffer solutions on citric acid yield.
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