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Production of Gluconic Acid from MolassUsing
Aspergillusniger Fungi and Optimization of
Production Conditions

SHaima Wadi* Sabah Yazgi **
Nsreen Naksho™**

Abstract

During the past fifty years, gluconic acid and its derivatives have gained
increasing interest in the food, pharmaceutical, textile, and construction
industries, so this research aimed to produce gluconic acid by fermenting
molasses using Aspergillus niger and optimization of production conditions,
10 isolates have the ability to produce acid after testing 20 isolates of
Aspergillus niger taken from the National Commission for Bio technology.
Results showed that the most productive isolate was (An6), with122.3 g /
Igluconic acid. Then this isolate was used in the optimization of production
conditions (aeration speed - temperature - pH - sugar concentration -
incubation time) using the Minitab statistical analysis program. The optimal
parameters were: aeration speed of 150 rpm- pH: 6 temperature:°C 30 -
sugar concentration: 234g / | sugar- incubation time: 6 days

Key words: Gluconic Acid, Aspergillus niger, Molasses, Surface liquid
fermentation.fermentation
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43:‘34/&)3" %
1 200 30 5 6 32 109.7
: 300 30 5 6 24 109.7
1 200 40 5 6 24 88.8
- 30 40 5 6 32 995
1 200 30 7 6 o 92
1 300 30 7 6 32 122
1 200 40 7 6 32 106.8
1 300 40 7 6 24 91.1
1 200 30 5 8 24 90
1 300 30 5 8 32 107.8
1 200 40 5 8 32 110.2
1 300 40 5 ) Y 82
1 200 30 7 ) 32 1055
1 300 30 7 ) o 109.7
1 200 40 7 ) o 93
1 300 40 7 ) 32 1238
: 150 35 6 7 28 98.9
1 350 35 6 7 28 948
1 250 25 6 7 28 939
1 250 45 6 7 28 106
1 250 35 4 7 28 104
1 250 35 ) 7 28 97
1 250 35 6 5 28 99.8
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1 250 35 6 9 28 54.2
1 250 35 6 7 20 76.7
1 250 35 6 7 36 1145
1 250 35 6 7 28 101.6
1 250 35 6 7 28 101.5
1 250 35 6 7 28 101.6
1 250 35 6 7 28 101.6
1 250 35 6 7 28 101.4
1 250 35 6 7 28 101.6
2 200 30 5 6 32 109.3
2 300 30 5 6 24 109.7
2 200 40 5 6 24 88.5
2 300 40 5 6 32 99.3
2 200 30 7 6 24 92
2 300 30 7 6 32 122.2
2 200 40 7 6 32 106.5
2 300 40 7 6 24 91
2 200 30 5 8 24 90.2
2 300 30 5 8 32 107.5
2 200 40 5 8 32 110
2 300 40 5 8 24 84
2 200 30 7 8 32 105.4
2 300 30 7 8 24 109.8
2 200 40 7 8 24 93.3
2 300 40 7 8 32 123.5
2 150 35 6 7 28 98.5
2 350 35 6 7 28 95
2 250 25 6 7 28 99
2 250 45 6 7 28 106.2
2 250 35 4 7 28 104.2
2 250 35 8 7 28 96.9
2 250 35 6 5 28 100
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2 250 35 6 9 28 54
2 250 35 6 7 20 76.5
2 250 35 6 7 36 1145
2 250 35 6 7 28 101.5
2 250 35 6 7 28 101.6
2 250 35 6 7 28 101.6
2 250 35 6 7 28 101.5
2 250 35 6 7 28 101.4
2 250 35 6 7 28 101.6
3 200 30 5 6 32 109.6
3 300 30 5 6 24 109.8
3 200 40 5 6 24 88.8
3 300 40 5 6 32 99.7
3 200 30 7 6 24 92.2
3 300 30 7 6 32 122
3 200 40 7 6 32 106.6
3 300 40 7 6 24 91
3 200 30 5 8 24 90.1
3 300 30 5 8 32 107.7
3 200 40 5 8 32 110
3 300 40 5 8 24 84
3 200 30 7 8 32 105.5
3 300 30 7 8 24 109.6
3 200 40 7 8 24 93
3 300 40 7 8 32 123.6
3 150 35 6 7 28 99
3 350 35 6 7 28 94.9
3 250 25 6 7 28 98.9
3 250 45 6 7 28 105.9
3 250 35 4 7 28 104.1
3 250 35 8 7 28 97.2
3 250 35 6 5 28 99.9
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3 250 35 6 9 28 54
3 250 35 6 7 20 76.7
3 250 35 6 7 36 114.3
3 250 35 6 7 28 1015
3 250 35 6 7 28 101.4
3 250 35 6 7 28 1015
3 250 35 6 7 28 101.6
3 250 35 6 7 28 101.6
3 250 35 6 7 28 101.4
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ol LS Aalaal) 4408 (Say
Y=99.716+1.828X1-1.478X2+1.261X3-3.633X,+8.406X5+0.642X,*+2.051
X2 4+1.572X3>~4.324X ,24+0.313X>—3.271 X *X,+2.917X ;*X3+0.054X ;* X ;—
0.583X,*X5+1.242X,*X5+2.838X,* X 4+2.492X,*X5+2.233X5* X, +1.104X5*

X5+0.858X,* X5
g sl pana ) (b dungjaad) Jalgad) il 2(4) Jsand

lhaall Coef SE Coef T P
Culll) 99.716 1.816 54.918 0.000
FEPVALl 1.828 0.929 1.967 0.043
3l -1.478 0.929 -1.590 0.016
Llagaalida 1.261 0.929 1.357 0.039
Cppanillp e -3.633 0.929 -3.910 0.000
Sads s 8.406 0.929 9.046 0.000
EEPVAA R FPVE 0.642 0.841 0.764 0.047
(SN R SN 2.051 0.841 2.440 0.017
diagaalia s * A gaalidn 1.572 0.841 1.870 0.042
Omaailidaa * udaailsaa -4.324 0.841 -5.145 0.000
Sl 5 ¥ Saliis 5 0.313 0.841 0.373 0.010
Sl x4 gl -3.271 1.138 -2.874 0.005
Lagaalliiagy *iyeenll 2.917 1.138 2.563 0.012
Oplanilif e *4yeql) 0.054 1.138 0.048 0.962
SalliS i *a e -0.583 1.138 -0.513 0.610
L ganlidia, *3))al) 1.242 1.138 1.091 0.279
Omaailid e *3 Al 2.838 1.138 2.493 0.015
Sl 5 50l 2.492 1.138 2.189 0.032
OpaailBae *Aua gaalida 2.233 1.138 1.962 0.054
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DSl *Aa gaalida o 1.104 1.138 0.970 0.335
SadliaS 5 * pmanills e 0.858 1.138 0.754 0.453
R? = 94.90%

tpaanl) 7 L) Cigyl AL 3.3

tpaaal) g ) & olsal) Ao 5806 1.3.3

Olysal Ae pus aaail aedll (550 Cpiand die 3)5ed) dialall dilide Cile s Crediiin
555150 (s Aepu e OIS aeall £ el of Laagl . paeall Z LY 4G
z WY (2005605335 Singh) Wahal Al duhall ae G5 1305 (2)JSEL Gae 58 LS
e il cw)la WS cAspergillus niger hd aladiulueall (e el Selall (aen
Aspergillus  lad (y el z ) dul) 2ie(2012 03Dy Purane) 4d) dasile
235553180 (90 Aepus pladind vie G ) el of a5 Cus niger

toaand) U b 5l a5l 2.3.3

i) B ogsme il @iy plall dap o (2l (4)dsal e B
o Gilsi a5 C°30 (o meal) Y Bl shall days o il iy el
O el Al Gl ae bl oda g (2005 o3dle)s Singh) gl
alazinl xic Aspergillus niger ki (1 C°30 5 da)s die (aeall dlact) oy
Jos Lo ao bl o34 amuisiy LS (201503335 Ahmed) 5SS (sl
Gl LS sl sda e aeall z) el oS Cua (20040535 Znad) 44
(2012¢05>)5 Purane) ity ¢(2016,Purane and Lohar) ¢ JS @il aa gl
s phadll (e @l Selall Gaea ) Ay xie

tpaand) g ) B Adgaad) A0 5333

b g pmell pY B Laseal) da of (2)dSa b il cuy
ay (meall 2l o gsina il @) diamgand) dapn o LS pHB 2ic & Ayl
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Aspergillus sk seaainl cps (2006605535 Shindia) 4l deasi Lo pe G5y
QG A ganl) da s CulSd 9 () 2 G ol PH 520 ana ans]) z Y niger
ia o s Gim (2004e3disZnad)  As e Aagll Cyls LS 6 b
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tpaeal) ) b sl 585 80433

oy Ol 1 Gaeall Z LY Slansl 5l lgle Jany S 8RS s S 50a))
Oe Adlide 385 Ceadtial LY e jhdll Cad g5 anliall 3850k Jausl)
LS S Jf5234 s 585 Jedl IS5 Gmeal) Uy Sl g i) ddps sie S
il el &y Cum (200500535 Singh) 4] daasile coyldy 1aay ¢(2)JSal o
(JJg250) 385 xie aeall

tpaeal) @) & Gudaadl) 5aa 51533

530 530y OF VI (4) Jsaall Gaun Lgina 1l (meal) 2] 3 cpaatll 500 i
Lol B ) slsall aaS pRliady asay lldy Z Y1 ok A a5 (el
Opanl) sae o Wby & Lasg awdi pladll (e daiiall dafidll Sfsdl ) dil)
Joasile g Aagill o34 Calilg Cum ((2) SN 3 Gue 58 LS LU 6 calS b
Ahmed)whal Al duhdll ae dagill Gl s 3 (2005 «oidles Singh)d)
DEl A vie bl asd) 4 oS Gameall 2l def of any Cum (201500533
oo iRl pmeal ) adl ) (2006033sShindia) Jeas WS
Cinglf yedd il (meall ) die AL 7 i s 2ic Aspergillus niger ki
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el A by peadal oy cliSe el ) cldial) sda s

il
New Aeration Temperat pH Time Brix suoar concent
D Hi 350.0 450 8.0 9.0 36.0
Cur [150.0] [30.0] [6.0] [6.0] [32.0]
0.00000 |, 150.0 25.0 40 50 20.0
Yield
Maximum
y = 99.7438
d = 1.0000
ligSolall (naa cL‘u‘i u.ﬂd\ gl :(2) Jséd)
elalinuy)

C30 sl days = 35353150 (ysall epus vie culS maal) LY Hiall gyl
6 Cpemaill 520 — (S Jf§234.84 ) (8232 JSudl 385 —pH 6 dumges Ay

AN
tilua gil)

507



:References galal

1. Ahmed,A. S., S. S.Farag,A.Hany and W.Botros.(2015). Production of
gluconic acid by using some irradiated microorganisms« J. Journal
ofRadiation Research and Applied Sciences. 8 :374-380.

2. Anastassiadis,S.«  A.Aivasidis and C  .Wandrey. (2003).
Continuousgluconic acid production by isolated yeast-like mould
strains ofAureobasidiumpullulans. Applied Microbiology
Biotechnology.61¢110-117.

3. Anastassiadis, S. Anastassiadis, A. Aivasidis, C. Wandrey and H.J.
Rehm.(2005).Processoptimization of continuous gluconic acid
fermentationby isolated yeast-like strains of
Aureobasidiumpullulans<Biotechnol. Bioeng. 91 :494-501.

4. Amberkar, S. B. Thadani and Y. M. Doctor. (1965). ProductionG.
R.of calcium gluconate by  Penicilliumchrysogenum in

submergedculture. 13« 731.

5. Bekers, M., A. Vigants, J. Laukevics, M. Toma, A. Rapoports and P.
Zikmanis. (2000). The effect of osmo-induced stress on
productformation by Zymomonasmobilis on sucrose. International

Journalof Food Microbiology 55¢ 147-150.

6. Botros,H. W., A. S. Ahmed, S. S.Farag and I. A.Hassan .(2012). Study
on ethanol production from sugar cane molasses by using irradiated
Saccharomycescerevisiae. Isotope and Radiation Research¢ 44(3)«

711.
7. Climent, MJ., A. Cormaand S. Iborra.(2011).Converting
carbohydrates tobulkchemicals and fine chemicals over heterogeneous

catalysts<Green Chem. 13:520-540.

508



52022 oo — AN 23adl — (S 5 il alaal due )0 o slall (Bked Faals Alaa

10.

11.

12.

13.

14.

15.

16.

Food Chemicals Codex.(2010).seventh ed.c United Book Press

Inc.<Baltimore< MD United States.

Ganguly,S. S.K.Patra and S.K. Mandal.(2010). Optimization of some
physical parameters for the production of gluconic acid by a mutant
gluconobacteroxydans GPM 60, International Journal  of
Biotechnology Applications, Vol. 2, pp-01-04.

Hustede ,H., H.J.Haberstroh and E. Schinzig. (2012).Gluconic

acidUllmann’sEncyclopedia of Industrial Chemistry« vol. 17« Wiley-

VCHVerlag GmbH &Co.KGaA« pp. 37-44.

Kundu,P. and A. Das.(1984). Utilization of cheap carbohydrate
sourcesfor calcium gluconate production by Penicilliumfuniculosum

mutant MN 238. Indian Journal of Experimental Biology 22:279-281.

Lee H. W. , J. G. Pan and J. M. Lebeault. (1998). Calcium
gluconateform glucose substrate. Applied Microbiology and

Biotechnology«49¢ 9.

Milsom,P. and J.L. Meers.(1985).Gluconic and itaconic acids¢ in; M.
Moo- Young (Ed.)<Comprehensive Biotechnology: the
PrinciplescApplications¢ and Regulationsof Biotechnology in
Industry<Agriculture and

Medicine«vol.3<PergamonPress<Oxford«pp.672—700.

Purane, N.K., Sh. K.Sharma,P.D.Salunkhe, D. S.Labade and M. M.
Tondlikar.(2012).  Gluconic  Acid  Production Syrup by
AspergillusnigerStrain Using Semiautomati Stirred-Tank

Fermenter.Microbial&Biochemical Technology«(4): 092-095.

Purane,N. K. and P.S. Lohar.(2016).Evaluation of Potential Activity
of Fungi Isolated from Bagasse for Gluconic Acid

509



17.

18.

19.

20.

21.

22.

23.

24,

Production<International Journal for Innovative Research in Science

&Technology. Vol: 2.
Ramachandran,S. , P. Fontanille, A. Pandey and C. Larroche.(2006).

Gluconic acid: properties« applications and microbial production<Food
Technol. Biotechnol.44 :185-195.
Roehr, M., C.P. Kubicek and J.C. Kominek.(2001).Gluconic acid« in:

H.J.Rehm« G. Reed(Eds.)«Biotechnology Set< second ed.c Wiley-

VCH Verlag GmbH<Weinheim«Germany« pp. 347-362.
Rogers, P. , J.S. Chen and M.J. Zidwick.(2006).Organic acids and
solventproduction«Partl: Acetice lacticcgluconic succinic

andpolyhydroxyalkanoic acids¢ in: M.Dworkin< S. Falkow: E.

Rosenberg« K.H. Schleiferc E. Stackebrandt (Eds.)c The Prokaryotes:
A Handbook on the Biology of Bacteria.
Symbiotic Associations« Biotechnology« Applied Microbiology<vol

1«thirded.« Springer< New York« pp. 511-755.
Singh ,0.V. and R. Kumar. (2007).Biotechnological production of
gluconicacid: futureimplicationsc Appl. Microbiol. Biotechnol. 75

:713-722.
Singh ,0.V., N. Kapur and R.P. Singh.(2005).Evaluation of agro-food
byproducts forgluconic acid production by Aspergillusniger ORS-

4,410« World J. Microbiol.Biotechnol. 21:519-524,

Shindia,A. A. G. A. El-Sherbeny, A. E. ElI-Esawy and Y. M. M. M.
Sheriff.(2006).Production of Gluconic Acid by Some Local
Fungi,Mycobiology 34(1): 22-29.

Znad,H. , J. Marko$ and V. Bales$.(2004). Production of gluconic acid
fromglucose by  Aspergillusniger: growth and non-growth

conditionProcess Biochemistry« 39: 1341-1345.

510



