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Aspergillus niger NRRL595 Biomass Recycling in Citric Acid Production
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Abstract: The production of citric acid frommethanol (3%, v/v) treated crude date syrup (24%sugars, pH, 6.5)
by Aspergillus niger NRRL595 biomass recycle was investigated. By reuse of the biomass for 5 cycles (75
days), the citric acid concentration, the citric acid yield, the citric acid productivity and consumed sugars
decreased initially from the 2ndcycle until reached the minimal values at 5thcycle. The A. niger biomass dry
weightproduced from5 recycles (75 days) was 100.0 g L1, the insoluble chitosan-glucancomplex wasisolated
in 25% yieldof the biomass. The extracted polymer was fractionated to its constituents (chitosan, 3.65% yield
andβ, 1-3 glucan, 80.85% Yield), whose infrared are reported. Copper ions are chelated by chitosan- glucan
complex with higher binding % from 81.7 to 88%.
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INTRODUCTION

Despite various advances in process development,
the surface and submerged batch culture techniques are
still being used for production of citric acid; however, in
the batch techniques a significant amount of productive
biomass is discarded each time. Cell recycling techniques
have advantages over batch techniques because the
biomass is conserved, batch downtime is mostly
eliminated and productivity is often increased[14]. The
waste fungal myceliummatsproduced as by– products of
fermentation industries represent a promising potential
source for the isolation of chitin and /or chitosan[11].
Nowadays, Aspergillus niger is almost exclusively used
for industrial scale production of citric acid. More than
600,000 metric tons are produced annually world wide[1].
No information is reported on the ratio of citric acid to
mycelial waste but it is reasonable to assume that it is
5:1[11]. Since most of the fungal biomass produced in
industrial fermentations is currentlydisposed of either by
landfiling or incineration, employment as a biosorbent
would offer an attractive potential use of this waste
material[8,11,17]. Specifically, about 1/3 of the myceliumof
Aspergillus niger is an alkali- resistant, association of
chitin with a glucan containing 1-3 (85-90%) and 1-4
linkages[16] . Chitosan is currently obtained by the
deacetyla t ion of chi t in (po ly- β-1 ,4 D-N-
acetylglucosamine).Deacetylated chitosan is produced
by treating chitin in concentrated alkaline solution
(40-50%,wt/vol) and boiling it for several hrs[11,13].
Chitosan has advantages over chitin because of its high
solubility in acidic solutions and its polycationic nature.
Inthe last two decades, applications of chitosanhave been
developed in many industries; chitosan has emerged as a

new biomaterial for food, pharmaceutical, textile and
other industries, as well as for waste water
treatment[5,7,11,15]. In the present study, the extraction of
biopolymers from A. niger NRRL595 biomass recycle
technique for surface fermentation of date syrup to citric
acid are involved in the binding of Cu2+.

MATERIALS AND METHODS

Organism and culture conditions: Aspergillus niger
NRRL 595 was obtained from the culture collection of
Northern Regional Research Laboratory, Department of
Agriculture, Peoria. Illinois, U.S.A. The fungus was
maintained on potato dextrose agar (PDA) slants at 4NC
and subcultured at intervals from 15-30 days.

Inoculum: The culture was incubated on potato dextrose
agar Petri dishes at 30NC for 5 days. Circular mycelial
plug (4mm in diameter) was transferred to each of a
sterile methanol (3%, v/v) treated date syrup flask.

Preparation of date syrup: Semi-dried dates were
obtained from the local market. Dates were chopped into
small particles and heated in distilled water (solid/ liquid
ratio, 1:3) at 80NC for 2h. and the mixture was maintained
at room temperature for 24h. after that the mixture was
homogenized in warring Blender for 3 min. The extract
was filtered in a filter press and it was diluted with
distilled water to obtain 24% sugars, pH, 6.5.

Citric acid production and biomass recycle: The
fermentationwas performed in 250 ml conical flasks each
of it containing 50 ml methanol (3%, v/v) treated date
syrup. The medium was sterilized at 121NC for 15 min.
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and inoculated with one disk of the inoculum. The flasks
were incubated static at 30±1NC under stationary
conditions. Methanol was added on the thired day of
fermentation. When the fermentation was complete (after
15 days), the original medium was withdrawn from each
flask and replaced with 50 ml of freshsterile medium (pH
adjusted to 6.5 with 1N NaOH). The fermentation was
stopped at 15 days and the fermented liquid substrate was
removed from each flasks, replaced with fresh substrate
at the appropriate pH and a new cycle started. Five cycles
were carried out in total.

Harvesting of fungal biomass: Mycelial mats were
recovered from the 5th cycle after 75 days by filtration,
washedseveraltimes with distilled water, plotted between
filter paper.

Preparation of chitosan- glucan complex: The
method of Muzzarelli et. al.[11] was used. Wet biomass
(325 g fresh wt=100g dry wt.) was refluxed with 40%
NaOH solution for 6h. at 100NC. Such a treatment
simultaneously deacetylates the chitinous fraction,
dissolves the protein, removes the soluble glucans and
hydrolyses the lipids. The mixture was filtered and the
residue was washed several times with distilled water
untilneutral and once with ethanol (84%), then twice with
distilled water. The product was dried by lyophilization
for 72 h. and the dried powder was weighed and
characterized by IR-spectroscopy.

Chemical fractionation of chitosan-glucan complex:
Chitosan-glucan complex was broken into pieces and
refluxed with 1N acetic acid at 1:100 (w/v) for 30 min.,
the procedure was replaced for four times with fresh acid
used for each step, as the method described by
White et. al.[18] and a modified method by Arcidiacono
and Kaplan[2]. After centrifugation of the mixture, the
insoluble fraction as β-1,3 glucan was discarded and
washedseveral times with distilled water and lyophilized.
The acid soluble supernatant was adjusted to pH8.5 with
3NNaOH and a base- insoluble precipitate (chitosan)was
collected by centrifugation at 4,000g for 20 min. The
precipited fractionwas washedseveral timeswithdistilled
water and lyophilized. The lyophilized materials were
characterized by IR-spectroscopy.

Copper chelation by chitosan- glucan complex in
continuous flow system: Biosorption of Cu2+ from its
solutions (1 μg and 10 μg/mL) was achieved in a
continuous flowsystem,200 mg chitosan-glucancomplex
(100-200 mesh) were placed on a layer of glass wool in a
glass column (2Cm-ID and 40 Cm height), rinsed with
distilled water. Aqueous solutions of Cu2+ in appropriate
concentrations (1μg or10 μg mL1) were passed through
the columnat flow rates of 10 mL /5 or 10 min.Fractions
(10 mL) were collected and analyzed for their Cu2+

content.

Analytical techniques: By the end of each fermentation
period (15 days), fermentation flasks were removed and
the contents analyzed. Citric acid, pH and residual sugars
were determined. Citric acid was determined by the
method of Marier and Boulet[9] and residual sugars were
determined as glucose by the method of Dubois et. al.[4].

RESULTS AND DISCUSSIONS

Citric acid production by Aspergillus niger NRRL
595 biomass recycle: In our a previous work[10] the
highest values of citric acid concentration, citric acid
yield, productivity and biomass dry weight (31.1 g L1,
12.54%, 0.0836 and 30.2 g L1, respectively) were
obtained in culture grown in 3% (v/v) methanol treated
crude date syrup for 15 days (360 h).As can be seen from
Table 1, by reuse of the biomass, for 5 cycles (75 days)
thecitric acid concentration, the citric acid yield, the citric
acid productivity and the consumed sugars decreased
initially from the 2nd cycle until reached the minimal
values at 5th cycle, consequently, the pH of cultures was
increased. This means that the organismlost their activity
to produce citric acid. The low citric acid concentration
observedmay be due to the high concentration of biomass
in fermentationbroth. These resultswere agree with those
obtained by Roukas[14].

Preparation of chitosan –glucan complex from the
biomass: The A. niger biomass dry weight produced
from 5 recycles (75 days)was 100.0 g L1. The insoluble
polymer was isolated in 25% yield of the biomass. The
treatment of mycelia with 40% NaOH simultaneously
deacetylated thechitinous fraction, dissolved the proteins,
removes the soluble glucan and hydrolyzed the lipids[11].

Chemical fractionationof chitosan-glucan complex:As
shown in Table 2, the total amount of chitosan extracted

Table 1: Citric acid production from methanol (3%, v /v) treated date
syrup by Aspergillus niger NRRL 595 biomass recycle.

Citric Citric acid
Final acid Citric acid productivity Consumed

Cycle pH (g L1) yield (%)* (g/L/h) sugar (%)
1 1.51 31.1 12.54 0.0836 90.21
2 2.38 26.26 10.94 0.073 82.5
3 3.69 16.55 6.9 0.046 65.42
4 3.68 16.72 6.966 0.0464 69.13
5 3.79 14.73 6.138 0.041 50
Initial sugar concentration = 240 (g L1),
Initial pH = 6.5, Process time (h) =360
*Citric acid yield (%), expresses % citric acid formed of initial sugar in
medium., Each value is an average of results from two individual
determinations and four experiments.

Table 2: Isolation of chitosan from 1.0g of chitosan- glucan complex.
No of trail Chitosan yield (mg) Chitosan yield (%)
1 30 3.0
2 4.8 0.48
3 1.7 1.7
4 0.0 0.0
Total 36.5 3.65
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Fig. 1: Collection of Cu2+ from Cu2+ -solution 1 mg
Cu2+/l and 10 mg Cu2+/l at ph by200 mg (100-200
Mesh) chitosan-glucan complex

with 1.0N acetic acid was 36.5 mg (3.65%). To determine
thetime of extraction1.0g of theisolated chitosan- glucan
complex was extracted four times, with fresh acid used
for each step. The chitosan yield was high during the first
30 min., after that the yield was little. No additional
chitosan was obtained after a total 2.0h. The insoluble
fraction (β-1, 3 glucan) was discarded and lyophilized.
The amount of this fraction was 808.5mg (80.85%).

Cu2+-chelation by chitosan-glucan preparation from
Cu2+-solutions in continuous flow system: Since
microbial polysaccharides are known as potent metal
adsorbents[11], it was of interest to investigate the relative
Cu2+-binding of the test polymer. Cu2+adsorption by the
respective fungal polymer was monitored over a wide
range of metal concentration(1and 10 mg Cu2+ L1

solutions) (Fig. 1). It was observed that the percentage of
cation binding by the chitosan-glucan rapid during the
first 5min.(55.77%) for 1.0 mg Cu2+ L1 and 50.41% for
10 mg Cu2+L1) and then increased with the passage of
time until reached the maximal at 30 min(88.46% for
1.0 mg Cu2+ L1 and 81.7% for 10.0 mg Cu2+ L1). No
additional Cu2+ - binding was occurred after 1 h. These
resultswere similar to that for Cu2+collection by extracted
chitosan-glucan complex from A. niger industrial
wastes[11], it is seen that copper is relatively collected
(87-99%).

Infrared analysis of the isolated biopolymers and
metal ions contact chitosan-glucan complex
preparation: Figures 2-4 shows spectra of chitosan-
glucan complexbefore and after Copper contact, chitosan
as a reference, chitosan preparation, laminarin as a
reference andβ,1-3 glucan preparation between 4000 and

Fig. 2: Infrared analysis of extracted components (a) chitosan –glucan complex, 1mg l-1 Cu2+ -binding, (b) chitosan-
glucan complex and (c) 10mg l -1 Cu2+ binding chitosan –glucan complex.
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Fig. 3: Infrared analysis of chitosan standard (a) and chitosan preparation (b)

Fig. 4: Infrared analysis of laminarin (a) and Extracted B1-3 glucan preparation (b)
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400 cm1. Such observations are based on the identical
natureof major absorption peaks of polymer samples. An
intense peak at around 1428-1427 cm-1 region indicates
the absorption of γ(O-H) groups, while other beaks at ~
2900 cm1 and at the finger print region (i.e. below
2000 cm1 ) denote the characteristic absorption of
γ(C-H) group due to the presence of carboxyl
(1444-1400 cm1) or carbonyl (1640 and 1240-1000
cm1) compounds (Fig. 2a) indicating the present
preparation is contaminated by chitin. The second amide
peaks at approximately 1660 cm1 (C=O, amide 1) and
1550 N-H amide II may be considered to represent the
proteinfraction ofthe isolatedchitosan-glucan. The amide
andamine bands are more significantto theunderstanding
metal ions sorption[3,11,12]. The shift in spectra between
chitosan-glucan preparation and metal ions contact
chitosan-glucan is related to an evolution of copper
species accumulation on the extracted polymer: the
hydroxylated form or organic complexed form (Fig. 2b).

Spectra of chitosan and laminarin used as references
shownin Fig. 3,4. The peak at 1380 cm1 is probably the
strong O-H group stretch peak. Between 1000 and 1100
cm1 is the C-O stretch peak, which may be considered to
represent the carbohydrate component (i.e., the oxygen in
the glucose ring). The vibration at 1635 cm1 1658 and
1381 cm1 can be attributed to NH- C = N and –CH2

indicating a chitosan polymer (Fig. 3). However no
absorption bands at 845 and 820 cm-1 were observed
character of β,1-3 glucan (Fig. 4). The spectra reflected a
close chemical similarity of the extracted biopolymers
(chitosan and B,1-3 glucan) with the reference polymers.
These bands are evident in the spectra of the isolated
polymers by Kanetsuna and Carbonell[6,11].

Conclusions: Mycelial mats from citric acid production
plants are suitable for the production of chitosan
derivative.Chitosan-glucan complex is easily obtained by
simply treating the prewashed mycelia with 40-50%
aqueous NaOH, preferably at boiling temperatures for
4-6 h. It has high ability to collect transition metal ions
from solutions.
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