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The genus Aspergillus and Neurospora are exceedingly useful fungal groups
utilized in both solid and liquid waste management for maintaining the ecological balance.
In fungal system it is very difficult to measure the growth due to their filamentous and
non homogeneous nature. In the present comparative study we examine the cell growth in
terms of cell dry weight (g/1) of Aspergillus niger and Neurospora crassa. Batch experiments
were performed with taking 50 ml pure potato dextrose broth (PDB) and M, broth growth
media alongwith replaced potato and M, broth media containing lactose, xylose, sucrose
and maltose, separately rather than dextrose as carbon source, at 30°C and 180 rpm.
Samples were taken at every 6 hr intervals till 90 hr.The maximum cell dry weight
attained by microbes in PDB, M, and replaced media were also investigated and evaluate
the effect of various sugars in the growth of respective microbes.It has been observed that
xylose, maltose and sucrose were found as consumable sugars as glucose by Aspergillus
niger strain compared to lactose sugar, whereas strain of Neurospora consumes maltose
and sucrose much easier like glucose compared to lactose and xylose. This kinetic study
may be helpful in knowing the growth rate, growth characteristic and the growth pattern
of individual microorganisms under different conditions for better industrial and
environmental applications.
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Aspergillusand Neurospora playsavital
and significant rolein environmental applications.
Aspergillus and Neurospora have also been used
inawiderange of commercia enzymeproductions,
namely, cellulases, hemicellulases, proteases, and
B-1,3-glucanase. Theability of fungi to secretelarge
amount of proteins and the ability to invade
substrate has motivated their extensive usefor the
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production of industrial enzymes. Aspergillus sp
are also known to be a good producers of
B-glucosidase and widely used in the fermentation
industry? Neurospora crassa (the common pink,
red bread mould and mesophilic fungus) is a
filamentous ascomycete and true cellulolytic
producer, secrete high levels of all the three
enzymes components involved in the cellulose
degradation®. Enzymes produced by filamentous
fungus have a high industrial and environmental
interest. Therefore it is necessary to study the
growth and morphological pattern of these crucial
microbes. Objective of the present paper is to
evaluate the growth rate and pattern of Aspergillus
and Neurospora on PDB and M, medium
respectively and also to investigate the effect of
various sugars such as lactose, sucrose, maltose
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and xylose, used as carbon source rather than
dextrose in the potato and M, broth based
cultivation media on the growth of respective
microbes.
Background information

In the present section we are trying to
point out the fungal growth as well as role of
various sugars utilized in the experimental process.
Owing to the filamentous and non homogenous
nature of the moulds growth, the analysis of the
growth characteristic and the growth curveisvery
difficult. Although determining the rate of colony
extensionwill provideus, measure of fungal growth
but it will not necessarily be equivalent to the
increase in the biomass of the fungus because
hyphae will be growing down through the agar
medium as well as across its surface®. Due to al
these complications, it is better to estimate fungal
growth (cell biomass) interms of cell dry weight.
Thefungal morphologica formsvariesfrommycelia
pulpy to pelleted structure.As the literature
reported that filamentous growth characteristic
creates anumber of process engineering problems
attributed to the morphological change accounted
during the fermentation process in large scales.
Excessive hydrodynamic shear stresses are known
to damage mycelial hyphae and form pellets. In
such fermentations, the mass transfer of oxygen
and nutrients is considerably better and the
subsequent separation of the pellets from the
mediumissimpler. Therearevariety of sugarshave
been incorporated in the pure cultivation media
such as maltose, sucrose, lactose and xylose.
Maltose or malt sugar is a disaccharide formed
from two unitsof glucosejointed with o linkage.
The addition of another glucose unit yields
maltotriose further additionswill produce dextrins
and eventually starch. Maltose can be broken down
into two glucose molecules by hydrolysis. Plant
maltose has a sweet taste, about half as sweet as
glucose and 1/6 as sweet as fructose®. Sucrose is
also one of the vital sugar sometimes called
sacchrose. It is a disaccharides derived from
glucose and fructose. It is a non reducing sugar
since it not contains anomeric hydroxyl group®
Whereas|actose consists of galactose and glucose
fragments bonded through B-1-4 glycosidic
linkage. The glucose fragment can be either inthe
o or B-pyranoseform, while the gal actose fragment
can only have the p-pyranose form’.
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Xylose(C,H, O,) is an aldopentose type of
monosaccharide containing five carbon atoms and
including an aldehyde forming group. It isaso a
reducing sugar with free carbony! group®.

MATERIALANDMETHODS

Aspergillus niger NCIM 777 and
Neurospora crassa NCIM 1021 strains were
procured from National Chemical Laboratory
(NCL),Pune. Fungal spores from a stock, kept at
4°C in 20% (v/v) glycerol. Aspergillus and
Neurospora cultures were grown on potato
dextrose agar (PDA) slant and M, agar slant at
28° C for 4 days respectively. Slants were
maintained at 4°C and subcultured about monthly
intervals. For the growth and morphological study,
two separate set of experiments have been
performed with each culture.

First set of experiments have been carried
outina250 ml Erlenmeyer flasks containing 150 ml
of Potato Dextrose broth (PDB) (In g/l Peeled
Potato,200; Dextrose,20; and Yeast extract,0.1) and
M, medium in which 5 loopfull cultures of fungal
spores or mycelia conidia were transferred and
shaken at 180 rpm at 30° C in anincubator shaker
for 4 days®. While other set of batch experiments
were performed in 250 ml Erlenmeyer flasks (total
16 flasks for each sugar and each organism)
containing 50 ml of pure potato dextrose based
(PDB) and M, based media separately while in
other flasks sugar replaced potato broth and M,
broth media have been taken, containing lactose,
xylose, sucrose and maltose separately used as
carbon source rather than dextrose by Aspergillus
and Neurospora respectively at 30°C and 180 rpm.
A definite volume of freshly prepared respective
cultures, maintaining 0.56 g/l cell dry weight were
added to each flask .Samples (As whole flask
containing 50 ml, due to nonuniform nature of
growth in fungal system) weretaken at every 6 hr
intervalstill 90 hr.

Samples of 50 ml werefiltered on adried
and preweighted whatman no -1 filter paper and
washed thoroughly with cold distilled water and
50 ml of 0.9% NaCl (sdine) Solution. Thefilter with
mycelium and pellets were than dried for 24 h at
105°C and weighted . The determination of growth
by dry weight were expressed as the mean of 3
independent readings.
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RESULTSAND DISCUSSION

For the morphological and the growth
Kinetic studies separate sets of batch experiments
have been performed at 30°C and 180 rpm.
Aspergillus niger grown in pellatized form of
morphology whereas Neurospora showed thick
mycelial pulpy nature of growth. In submerged
culture, alarge number of factors contributeto the
development of any particular morphological
form®. Astheliterature reported that the filamentous
growth characteristic creates anumber of process
engineering problems attributed to the
morphological change accounted during the
fermentation process in large scales'®. Due to the
thick and pulpy nature of growth morphology
organisms suffers mass, heat and O, transfer
limitation which might be affects the overall
productivity of the product produced by
fermentation using Neurospora crassa ,whereas
in pelletized forms heat transfer and mass transfer
of nutrientsand oxygen is considerably better than
other morphological forms™. It isevident from Table
and Fig. 1, that lag phase observed upto 6 hr in
most of the sugars containing cultivation media
by Aspergillus niger as has been closely reported
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by Favela-Torres et al., and Bizukojc and
Ledakowicz!?®3, As in the lag phase microbes
acclimateto food and nutrientsin their new habitat.
As the time proceed after 6 hr, exponential phase
has been started ,which was almost similar in the
glucose ,maltose, lactose and sucrose based potato
broth medium although Aspergillus growth was
faster with higher biomassin case of xylose based
culture media. As in this phase substrate
conversion and cell massreached to their maximum
values. After 36 hr, steep increment in the growth
have been observed till 42 hr, in case of sucrose
and xylose based culture media as observed from
Table 1. Themaximum cell dry weight(g/l) attained
by Aspergillusniger was11.26, 11.93, 10.58, 10.36,
9.34 at 78, 42, 54, 42 and 48 hr in glucose, xylose,
maltose, sucrose and lactose based culture media
respectively, which indicatesthat growth rate was
much faster in xylose, maltose and sucrose based
media with respect to glucose and lactose based
culturemediaasshown by Fig 1. Margariset al.,*
have investigated the Aspergillus growth under
different carbon source and observed that maltose
supported growth substantially more than sucrose
asobserved by Table 1. The maximum growth has
been observed in case of glucose and xylose based

Table 1. Biomassin terms of cell dry weight (g/l) of Aspergillus niger and
Neurospora crassa in PDB and M, media alongwith replaced sugars
containing potato broth and M., broth media respectively

Time Biomassin terms of cell dry weight(g/l)
(hr) Glucose based Xylose based Maltose based Sucrose based Lactose based
Aniger N.crassa Aniger N.crassa Aniger N.crassa Aniger N.crassa A.niger N.crassa

0 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56 0.56
6 0.87 0.66 0.85 0.58 0.75 0.62 0.72 0.60 0.60 0.58
12 1.68 434 2.00 1.02 1.36 4.20 1.30 4.00 113 2.32
18 2.02 5.82 3.46 2.10 1.96 5.22 1.93 5.66 1.90 3.86
24 252 7.04 4.32 312 2.26 6.63 2.60 6.96 212 4.00
30 3.86 7.12 5.10 3.26 3.78 6.98 421 7.82 3.42 4.13
36 5.12 7.42 7.36 3.28 5.00 7.02 5.98 8.24 4.89 4.45
42 6.64 7.66 11.93 3.16 6.50 7.10 10.36 8.20 6.02 4.80
48 7.78 8.16 11.80 2.98 8.60 7.90 10.20 8.02 9.34 5.00
54 8.50 8.86 11.68 293 10.58 811 10.00 7.98 9.00 5.25
60 8.94 8.42 11.20 2.83 10.46 8.02 9.96 7.63 8.98 5.20
66 9.60 8.16 11.02 2.76 10.31 7.98 9.88 7.34 8.76 5.02
72 9.94 7.02 10.90 2.59 10.02 7.33 9.72 6.98 8.70 4.98
78 11.26 6.92 10.60 253 9.98 6.83 9.42 6.75 8.10 493
84 10.91 6.76 10.23 241 9.62 6.59 9.30 6.32 8.03 4.83
0 9.42 6.55 9.25 2.40 9.32 6.43 9.21 6.20 7.98 4.80
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media. Prathumpai et al., > have reported that the
activitiesof the key enzymesfor xylose metabolism
increased only when the effects of glucose
repression had been relieved.Chiang et al.,’® also
stated that A.niger preferentially utilized D-xylose
inthe mixture of xylose and xylulose,which proves
the easier uptake of xylose sugars by thismicrobes.
Therewasno significant increment in cell biomass
have been observed after 42 hr, in xylose and
sucrose based culture media, probably due to the
depletion of nutrients and carbon source in the
media therefore booming growth stop whereasin
case of lactose, maltose and glucose based culture
mediathis phase has been started 48,54 and 72 hr
respectively, as has been observed by Table 1.
After that cell growth was moves towards
stationary and death phase .As in death phase
toxic waste products build up, food is depleted
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and the microbes begin to die. When compared
the growth of Aspergillus under various sugars
containing growth mediathan we observed that in
xylose, maltose and sucrose based media growth
rate was faster and closely resemble to growth in
glucose containing mediawhich indicatesthat this
strain of Aspergillus having much faster xylose,
maltose and sucrose exhausting capacity, asalmost
similar to glucose whereasin case of Neurospora
distinctive situation has been observed, as shown
by Fig 2. The stable lag phase has been observed
in Neurospora crassa which indicates that this
microbes takes much more timefor reaching their
active state .Afterward asharp inclination has been
seen in sucrose, glucose and maltose based M,
media whereas much lesser growth observed in
xylose based culture media. Exponential phasewas
observed upto 36 hr in maltose and sucrose based
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Fig. 1. Batch growth curve of Aspergillus niger in glucose, xylose, maltose,
sucrose and lactose containing potato broth medium at 180 rpm and 30°C.
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Fig. 2. Batch growth curve of Neurospora crassa in glucose, xylose, maltose,
sucrose and lactose containing M., broth medium at 180 rpm and 30°C
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culture mediawhereasin glucose based mediathis
was observed till 54 hr. Onthe other handinlactose
and xylose based culture mediaexponential phase
wasmuch smaller with lesser growth. Themaximum
cell dry weight(g/l) attained by Neurospora crassa
was8.86,3.28,8.11,8.24 and 5.25 at 54,36,54,36 and
54 hr in glucose, xylose, maltose, sucrose and
lactose based culture media respectively, which
indicates that growth rate was much faster in
glucose, maltose, sucrose based culture mediawith
respect to xylose and lactose based culture media
asshown by Fig 2. After 36 hr in xylose and sucrose
based culture media no significant increment in
the growth has been observed probably due to
the depletion of nutrients and carbon source in
the media whereas such condition has been
observed, after 54 hr in glucose, maltose and
lactose based culture media. After that cell growth
has been shifted towards stationary and death
phase. It has been observed from Fig 2. that growth
rate of Neurospora crassa was much faster in
maltose and sucrose based culture media which
closely resemble to growth in glucose based
culture media hence we can say that sugar uptake
capacity was much faster in Neurospora crassa
for maltose, sucrose and glucosein comparison to
lactose and xylose.

CONCLUSON

The morphological pattern and growth
kinetic studies of Aspergillus and Neurospora in
their respective cultures medium, might be hel pful
in knowing the growth patterns of microbeswhich
ultimately beneficial for their mass scale
production. The information about the microbial
growth rate and maximum growth in terms of cell
dry weight, gives the detailed knowledge about
the nature of microbial growth which ultimately
beneficial for the industrial and environmental
application of these industrial strains. It can also
be concluded that microbes have distinctive sugar
uptake capacity for various sugars used asacarbon
sourcefor microbial growth.

REFERENCES
1. Seidle, H.F. and R.E. Huber, Transglucosidic

reactions of the Aspergillus niger, family 3 -
glucosidae qualitative and quantitative analyses

10.

11.

12.

and evidence that the transglucosidic rates is
independent of pH. Arch. Biochem. Biophys.,
2005; 436: 254-264.

Perrone, G, A. Susca, G. Cozzi, K. Ehrlich and
J. Vargas et al.,.Biodiversity of Aspergillus
speciesin someimportant agricultural products.
Stud. Mycol.,2007, 59: 53-66. PMID: 18490950
http://www.ncbi.nlm.nih.gov/pubmed/
18490950PMID 18490950

Perkins, D.D. and R.H. Davis,.Evidence for
safety of Neurospora species for academic and
commercia uses. Appl Environ. Microbiol .2000;
66: 5107-5109. PMID: 11097875 http://
www.ncbi.nlm.nih.gov/pubmed/
11097875534599ja

Tariq V,2006,Fungi on line,An introduction to
fungal growth kinetics, sponsored by the British
Mycological Society., http://www.fungionline.
org.uk/5kineticg/kinetics_summ.html

Wearst, R.C., CRC Handbook of Chemistry and
Physics. 62" Edn., CRC Press, Boca Roton,
F.L., 1981; 367.

Lemieux, R.U. and G. Huber, A chemical
synthesis of sucrose. J. Am. Chem. Soc.,1953;
75: 4118-4118. DOI: 10.1021/j201112a545 http:/
/pubs.acs.org/doi/abs/10.1021/
ja011128545534577ja

Baron, M., A. Charmayou, L. Marchioro and J.
Raffi. Radicalar probesto measure the action of
energy on granular materials ,Adv.Powder
Technol, 2005; 16(3): 199-212.

Domingues, F.C., JA. Queiroz, JM.S. Cabra
and L.P. Fonseca, The influence of culture
conditions on mycelial structure and cellulase
production by Trichodermma reesei, RUT
C-30. Enzyme Microbial Technol.2004, 26:
394-401. 534556ja

Papagianni M ,Fungal morphology and metabolite
production in submerged mycelial processes,
Biotechnol Adv,2004; 22: 189-259.
Hermersdorfer, H., A. Leuchetenberger, C.H.
Wardsock and H. Ruttloff,Influence of culture
conditions on mycelial structure and
polygal acturanase synthesis of Aspergillusniger.
J. Basic Microbiol.,1987; 27: 309-315. PMID:
3443911

Parcel, EEIM.R., J.L.C. Lopez, J.A.S. Perez,
JM.F. Sevila and R. Christi, Effects of pellet
morphology on broth rheology in fermentations
of Aspergillusterreus. Biochem. Eng. J., 2005,
26: 139-144. doi:10.1016/j.bej.2005.04.
011534594ja

Favela-Torres.E, Cordova-Lopez.J, Garda-
Rivero,M, Gutirrrez-Rojas.M, Kinetics of
growth of Aspergillus niger during submerged,

J. Pure & Appl. Microbiol., 5(1), April 2011.



252

13.

14.

VERMA et a.: EFFECT OF SUGARS REPLACEMENT ON FUNGAL GROWTH

agar surface and solid state fermentations,
Process Biochem, 1998; 33(2):103-107. http://
www.ncbi.nlm.nih.gov/pubmed/
3443911534562ja.

Bizukojc M and Ledakowicz S, A kinetic model
to predict biomass content for Aspergillus
nigergerminating spores in the submerged
culture, Process Biochem, 41: 1063-1071 (2006).
Margaris, N.S., K. Mitrakos and S. Markon,
Carbon sourcesfor the Aspergillusniger growth
under different shaking programmes. Folia
Microbiologica,1974; 19: 394-396. Doi: 10.1007/

J. Pure & Appl. Microbiol., 5(1), April 2011.

15.

16.

BF02872826 http://www.springerlink. com/
content/2462h80410080579/534585ja
Prathumpai, W., M. Mclntyre and J. Nielsem,
The effect of CreA in glucose and xylose
catabolism in Aspergillus nidulans. Appl
Microbiol. Biotechnol.,2004, 63: 748-753.
PMID: 12920487 http://www.ncbi.nlm.nih.gov/
pubmed/12920487534609ja

Chiang L.C, Hsiao H Y, Ueng PP, Tsao G.T,
Enzymatic and microbial preparation of D-
xylulosefrom D- xylose, App Enviro Microbiol,
1981; 42: 66-69.



