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Abstract — The present study was carried out to evaluate the potential of lignocellulosic byproducts for the production
of citric acid through solid-state fermentation by Aspergillus niger NRRL 567. A sequential optimization based on one-
factor-at-a-time method was applied to optimize fermentation conditions and media constituents. The results obtained
from the optimization indicated that 30 °C, 70% moisture content, 0.5~1.0 mm particle size, pH 5.5 and 4% methanol
were found to be the optimum condition at 72 hr fermentation. The application the optimization resulted in an improve-
ment of maximum citric acid production from 74.5 to 206.0 g/kg dry material (DM) from wheat straw. The optimal con-
dition was used to produce citric acid from A. niger grown on different lignocellulosic byproducts, including wheat
straw, corn stover and peat moss. 4. niger produced the highest citric acid levels of 231.8, 213.8 and 240.2 g/kg DM at
120 hr fermentation, respectively.
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2-1. X2

A. niger NRRL 567:= American Type Culture Collection (ATCC,
Rockville, MD, USA) ol|x] Z&efdo} Alehu]efsto] ARgsioint. 4.
niger®] XA} (spores) A3k $13l] potato dextrose agar (Sigma, St.
Louis, MO, USA)IA 731 30 °C A vjJsaATt. vijeF & 744
A A (plate)ell A 0.1% Tween 80 (sigma, Sigma, St. Louis, MO,
USA) &40 IXE 3lato] 3]4)s T3l ol AHE-silth
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yAME AES S8l McGill th8t 5o 2 E] WA} S
OE Algtol Gt (5 H7kete] aAZ1d® ARSSIGiTh 1A
7146l 271 H J3 A5 A48 71 I ERA(Schultz Company,
Ontario, Canada)g ©]-8-3F 7-A4F AAE A3} H3elx] =59 4
Fpof] A 01 71k o}l e} ZThH(/kg DM): 967.9 g glucose,
154 g (NH,),S0,, 43.9 g KH,PO, and 4.0 g NaCl [12,13].
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3l 7 g9 A% A Al 242} 4.7, 7.0, 10.5, 16.5, 28, 62 ml2] Y
AR5 H7lste] RS 4090%% A5k Pudh 3
121 °CollA] 1537+ B33t

Tween 80 353t 1 ml9] EA} £4(1.0x10° spores/mlyS FE
afo] AL EE TRt AN SFAeA S flE 7
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filtrationd}o] A B& AFESIGTE =414 HA 3= 93 7|2 ez
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87H column (7.8x300 mm, Bio-Rad, USA)°| 25 Waters HPLCZ
AREBISIEE. o F < 0.005 N /385 ARgsiglom el &
A& $13F HPLC 1% 732 o9} 2t} 0.6 ml/min flow rate;
50 °C column temperature, 20 pl sample injection.

i

-
0

I} W pE

3.

31 SRS 0 B3

1 [HE ARG dAle] 27] Gshe] Ak Alel] mix)=
QS 7P Sl 7] TS 30~90%E RISA HA3S
F8J810itt. Fig. 19] Ao}l o] UAle] 27] ko] 7aik
ke WA= o] 2 5 9lom, gk 70% ol5tellA
FEs Sl wet rodat Aate] A FUKERS & 4= Qi)
53], 551 50% olate] 7 grInk Aite] I R4sl 162 gke
DM ©Jaiqls gRIgt 4 ‘%E}. AT B} S FEEERS 31
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Fig. 1. Effect of the initial moisture content of solid substrate on
citric acid production from wheat straw at 72 hr. The other
variables were fixed at: fermentation temperature 26.5 °C,
particles 0.5~1.0 mm, solid substrate pH of 4.4.
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Fig. 2. Effect of fermentation temperature on citric acid produc-
tion from wheat straw at 72 hr. The other variables were
fixed at: fermentation temperature of 30 °C moisture con-
tent 70%, particles 0.5~1.0 mm, solid substrate pH of 4.4.
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Fig. 3. Effect of the particle size of solid substrate on citric acid
production from wheat straw at 72 hr. The other variables
were fixed at: moisture content 70%, fermentation tempera-
ture 30 °C, solid substrate pH of 4.4.
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T RS S5 oY ALY 0.1~0.25 mm R A}
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ollA] rdat o s 106.7 ghg SSD7F ER1E| G101 91t
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Kim[18]f w2 A7 o] k=17 fhaes 4k 324 571
w2 1A E STk o] s S7MIA LE SRR o
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o} 9hA Q121171 0.2 mm o gl = B8 TA, B8l (clogging),
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F7AE RS Slgh aApelA A7 1AL 2] A fr At
Aol Q3 Mg A A vk [21,22]. TAIZ|A L 7] A W
Sp7b AN Aatel] v A= S Thetsty] 918l ol (salt
solution)®] A5 NaOH$} HCIS: H7lsto] 2483t & gz}
E3sto] IA|A L] APEE WS ZITE HE 271 ok A3
HoAAE 2790 a2 % 30 °C, 8 70%, A7) 0.25~0.5
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158.8 g/kg DMl =23oiet. kA o 2 g whagl vAtas
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Fig. 4. Effect of the initial pH of solid substrate on citric acid pro-
duction from wheat straw at 72 hr. The other variables
were fixed at: moisture content 70%, fermentation tem-
perature 30 °C, particles size 0.25~0.5 mm (Mixed particle size <
2.0 mm).
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Fig. 5. Effect of additives (Methanol M, Ethanol [J) on citric acid
production from wheat straw at 72 hr. The other variables
were fixed at: moisture content 70%, fermentation tempera-
ture 30 °C, particles size 0.25~0.5 mm, solid substrate pH of

5.5.
Chan ek o2 G5 pHostar 4L 913t mAlkagA o] 9
Sole} sk,

3-5. A7l e Het

TAAE AARS- methanol, ethanol, phytate, vegetable oil, oximes,
n-dodecane¥} fluoroacetate®} -2 7ol &) S7letiar Bl
=31 QIEH19,21]. ©1F F, olleh, wlgh&s} Aato] -axk Ak
7+ A% AR 7P de ARSE e ekt s ol
O 1~8%(wiw) F7F Al, TR AAto] Fuletta R s Qi
2 A= 7 7 7R Tkl mlAE QERS getstr]
2131 0~10%(w/iw) NEEE3 viRkE-& 212 1714l Z7kste]
AAL ABAtel] m A= IS HIIISAT Fig. 504 B vk} 2],
27| F 7} 4% S7Fe whet ANt = vldlete] S8t
w ofgk&of v]&] wigkEo] A AL T aI ES L 3
ok 28] S5 4% ol delA] TR kS A EAaske =
SJi=dl, ©]i= Roukas[19]°] X 373} carob podE ©]&-3F A kg o
A W[EREe] Hrbs 9l dxshs AHlE G184 gtk A7
s HA3LE Bl HHs} ol el vlal 27.1% SR S
gelgk 4= QIQlth dutd o2 wghE HIhe AEe Tk
(permeability) 571l e GUET AHES] FHE folstA st
o] FAAE A Frllefl 71ofgithar & A gk B mEkE-- TCA
32 A A acethyl-CoA pools S7MAIA FAAF Al
S SopARITkaL s 3 Qe wh, olekee] F- FAAKTCA)
2 AT Artel] 7]od8= citrate synthetase E-S STIA]
7|31 aconitase®] SIHHG-S THAAA FAAE ks SOisitha &

24 QIri22].
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Fig. 6. Time course behavior of citric acid production and residual
glucose under the optimal fermentation condition (@: what
straw-citric acid, ll: corn stover-citric acid, A: peat moss-cit-
ric acid, <: wheat straw - residual glucose, []: corn stover -
residual glucose, A: peat moss-residual glucose). Moisture
content 70%, fermentation temperature 30 °C, particles size
0.25~0.5 mm, solid substrate pH of 5.5, 4% methanol.
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DMZ &g <= QJSith ok Ade] n2d M ERAS o] 83 114
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TZH Ao 71Agthar skt FERAL] A9 AR shgo]
66% OVFORE FEEEo] B 5AS Ad o Uiy S5t
thH] A. niger 3783} T-AAE Aol H Q3 RS XK 07 I
Shof] Fedat Aato] E9kA A0 F S ETH23].

o

il

i

&

mzogkgm

o &

.48 E

Tl Fg e Skl wE AN Z1e] mel, 712 oA
HHAL obd R B8] ZRsska §50) ARgol 4 mAk
E¥o] WA A MEF YO Fue Wil gk,
A A ERIA G ARl B AR WA &
Tl AP ARG Ste] WA} WA HAekE )

Korean Chem. Eng. Res., Vol. 52, No. 3, June, 2014



406

4

TR A
R

F

o
)
>
ri
2

SIS
Al

ol
©
; r
,
2

o
=2
)

oo

PN
()

3FS 1Al

st o, &5 WAy Sroh 22 sAkEelA lignocellulosic
enzyme YA (Trichderma reesei 52t T4} A T(Aspergillus
niger 5)2] Z3H %K (co-cultureyS ©]-g310] 2ROl FFF A9}
B2 dbad o] Haske vAda AxE feE ks 5t
et

References

. Hag, I, Khurshid, S., Ali, K., Ashraf, H., Qadeer, A. and Rajoka, 1.,
“Mutation of Aspergillus niger for Hyper Production of Citric
Acid from Black Molasses, W. J. Microbiol. Biotechnol., 17(1),
35-37(2001).

. Betiku, E. and Adesina, O. A., “Statistical Approach to the Opti-
mization of Citric Acid Production Using Filamentous Fungus
Aspergillus niger Grown on Sweet Potato Starch Hydrolyzate]
Biomass Bioenerg., 55, 350-354(2013).

. Vandenberghe, L. P. S., Soccol, C. R., Pandey, A. and Lebeault,
J. M, “Solid State Fermentation for the Synthesis of Citric Acid by
Aspergillus niger) Bioresource Technol., 74(2), 175-178(2000).

. Dhillon, G S., Brar, S. K., Kaur, S., Verma, M., “Bioproduction
and Extraction Optimization of Citric Acid from Aspergillus
niger by Rotating Drum Type Solid-state Bioreactor,’ Ind. Crop.
Prod., 41, 78-84(2013).

. Honda, Y., Hattori, T., Kirimura, K., Alvarez, V. F., Gonzalez, A.
C. and Torres, N. V., “Visual Expression Analysis of the Responses
of the Alternative Oxidase Gene (aox1) to Heat Shock, Oxida-
tive, and Osmotic Stresses in Conidia of Citric Acid-producing
Aspergillus niger) J. Biosci. Bioeng., 113(3), 338-342(2012).

. Kim, J. W., Barrington, S., Sheppard, J. and Lee, B., “Nutrient
Optimization for the Production of Citric Acid by Aspergillus
niger NRRL 567 Grown on Peat Moss Enriched with Glucose?’
Process Biochem., 41(6), 1253-1260(2006).

. Angumeenal, A. R. and Venkappayya, D., “An Overview of Cit-
ric Acid Production; LWT-Food Sci. Technol., 50(2), 367-370(2013).

. Barrington, S., Kim, J. S., Wang, L. and Kim, J. W., “Response
Surface Optimization of Fermentation Parameters for Citric
Acid Production in Solid Substrate Fermentation] Korean
Chem. Eng. Res., 50(5), 879-884(2012).

. Kim, J. W. and Barrington, S., “Response Surface Optimization
of Medium Components for Citric Acid Production by Aspergillus
niger NRRL 567 Grown in Peat Moss,’ Bioresour. Technol., 99(2),

Korean Chem. Eng. Res., Vol. 52, No. 3, June, 2014

oy
p
o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

368-377(2008).

Wen, Z. Y. and Chen, F., “Application of Statistically-based Experi-
mental Designs for the Optimization of Eicosapentaenoic Acid
Production by the Diatom Nitzschia Laevis, Biotechnol. Bioeng.,
75(2), 159-169(2001).

Kim, J. W., “Effect of Buffers on Citric Acid Production by Aspergil-
lus niger NRRL 567 in Solid Substrate Fermentation}’ Korean
Chem. Eng. Res., 50(5), 874-878(2012).

Ellaiah, P., Srinivasulu, B. and Adinarayana, K., “Optimization
Studies on Neomycin Production by a Mutant Strain of Strepto-
myces marinensis in Solid State Fermentation, Process Biochem.,
39(5), 529-534(2004).

Barrington, S., Kim, J. S., Wang, L. and Kim, J. W., “Optimiza-
tion of Citric Acid Production by Aspergillus niger NRRL 567
Grown in a Column Bioreactor, Korean J. Chem. Eng., 26(2),
422-427(2009).

Mahadik, N. D., Puntambekar, U. S., Bastawde, K. B., Khire, J.
M. and Gokhale, D. V., “Production of Acidic Lipase by Aspergillus
niger in Solid State Fermentation] Process Biochem., 38(5),
715-721(2002).

Kumar, D., Verma, R. and Bhalla, T. C., “Citric Acid Produc-
tion by Aspergillus niger van. Tieghem MTCC 281 Using Waste
Apple Pomace as a Substrate] J. Food Sci. Technol., 47(4), 458-
460(2010).

Rezaei, P, Darzi, G. and Shafaghat, H., “Optimization of the
Fermentation Conditions and Partial Characterization for Acido-
thermo Philic a-amylase from Aspergillus niger NCIM 548
Korean J. Chem. Eng., 27(3), 919-924(2010).

Kim, J. W,, “Response Surface Optimization of Fermentation Param-
eters for Citric Acid Production in Solid Substrate Fermenta-
tion) Korean Chem. Eng. Res., 50(5), 879-884(2012).

Roukas, T., “Citric Acid Production from Carob Pod by Solid-
state Fermentation) Enz. Microb. Tech., 24(1), 54-59(1999).
Nampoothiri, M. K., Baiju, T. V., Sandhya, C., Sabu, A., Szakacs,
G and Pandey, A., “Process Optimization for Antifungal Chitinase
Production by Trichoderma harzianum? Process Biochem.,
39(11), 1583-1590(2004).

Betiku, E. and Adesina, O. A., “Statistical Approach to the Opti-
mization of Citric Acid Production Using Filamentous Fungus
Aspergillus niger Grown on Sweet Potato Starch Hydrolyzate
Biomass Bioenerg., 55, 350-354(2013).

Jianlong, W. and Ping, L., “Phytate as a Stimulator of Citric Acid
Production by Aspergillus niger, Process Biochem., 33(3), 313-
316(1998).

Lotfy, W. A., Ghanem, K. M. and El-Helow, E. R., “Citric Acid
Production by a Novel Aspergillus niger isolate: 1. Mutagenesis
and Cost Reduction Studies) Bioresour. Technol., 98(18), 3464-
3469(2007).

Dhillon, G. S., Brar, S. K., Verma, M. and Tyagi, R. D., “Utili-
zation of Different Agro-industrial Wastes for Sustainable Biopro-
duction of Citric Acid by Aspergillus niger; Biochem. Eng. J.,
54(2), 83-92(2011).



