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Nigerloxin (2-amido-3-hydroxy-6-methoxy-5-methyle-4-(prop-1’enyl) benzoic acid) is a Lipoxygenase 
and Aldose reductase inhibitor produced by Aspergillus niger MTCC 5116. It is produced only under 
solid state fermentation (SSF) and the inoculum required for the inhibitor production is developed in 
submerged condition. As this is a newly discovered enzyme inhibitor with potential commercial 
success against diabetic complications, such as neuropathy and cataract, its complete fermentation 
process parametric study is not reported.  In this study, the role of physical parameters (spore suspen-
sion, initial pH, incubation temperature and agitation) in spore germination and pellet size in inoculum 
development broth in submerged fermentation for the enhanced production of nigerloxin through SSF 
has been studied. It was concluded that 500 µl of spore suspension in the inoculum development broth 
at pH 7, incubated at 30C and 200 rpm gave an ideal  pellet size 1.23 mm resulting in 6.0 mg of 
nigerloxin/g dry weight of wheat bran in SSF. 
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INTRODUCTION 
 
Inoculum development is one of the major unit operations 
in a fermentation process, involving production of 
required quantity of viable desired microbial biomass in 
its most productive state (Hockenhull, 1980). There are 
successful commercial fermentations using pellets and 
others use dispersed forms. Much information exists on 
inoculum development for submerged fermentations. In 
fungal solid state fermentation, the thin line between 
success and failure of a productive fermentation process 
is the quality of biomass produced as inoculum. Unlike 
bacteria, fungal inoculum can be manipulated to required 

pellet sizes or suspension forms through physical 
fermentation parameters to subsequently yield large 
quantities of the product in the main fermentation 
process. Further, not many reports exist on the influence 
of physical parameters on the fungal morphology in 
inoculum development broth on the production of desired 
metabolites through solid state fermentation. 

Nigerloxin, produced by solid state fermentation of 
Aspergillus niger MTCC 5116 on wheat bran medium, is 
a Lipoxygenase and Aldose reductase inhibitor (Rao et 
al., 2002). It shows beneficial effects against diabetic 
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Figure 1. Structure of nigerloxin 

 
 
 
complications such as oxidative stress and cataract 
formation in vivo (Suresh et al., 2012; Suresh et al., 
2013). Production of nigerloxin is associated with the 
sporulation of the organism in SSF. The fermentation 
process is not completely reported for this potential 
commercially successful inhibitor against diabetic 
complications. While we have earlier described 
conditions for its optimum production (Chakradhar et al., 
2009), here, we report the effect of physical parameters 
on inoculum by submerged fermentation and its 
subsequent production of nigerloxin in SSF. 
 
 
MATERIALS AND METHODS 
 
Culture 
 
Aspergillus niger MTCC 5116 used in the present study was 
maintained on potato dextrose agar (Hi Media, Mumbai, India), at 
4C and subcultured once in every three weeks. 
 
 
Solid state fermentation  
 
Experiments were conducted in 500 ml Erlenmeyer flasks 
containing 10 g of wheat bran supplemented with 5 % (w/w) 
trisodium citrate with an initial moisture content of 60%. This 
medium served as a control wheat bran medium. After a thorough 
mixing, the flasks were autoclaved at 121C for 1 h, cooled to room 
temperature and 2 ml of A. niger MTCC 5116 cell suspension was 
inoculated and incubated at 30C for 6 days (Rao et al., 2005).  
 
 
Extraction and determination of nigerloxin 
 
At the end of fermentation, 100 ml of ethyl acetate was added to the 
fermented bran and kept on a rotary shaker at 200 rpm for 2 h. The 
bran was then filtered through cheesecloth followed by Whatman 
No 1 filter paper. The solvent was evaporated to yield a crude 
extract. 1.36 g of crude was suspended in 25 ml of chloroform and 
centrifuged at 2000 rpm for 20 min to obtain an orange precipitate. 
This was resuspended in 50 ml of warm ethanol to which 200 mg of 
activated charcoal was added. This content was filtered through 
Whatman No 1 filter paper and concentrated to obtain nigerloxin, 
which was used as standard. The nigerloxin concentration in 
samples was determined at 292 nm in UV-VIS spectrophotometer 
(Shimadzu UV 1601) (Rao et al., 2002) 
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Spore germination count 
 
The spores from three day old slant were scraped and suspended 
in 4 ml of 2 % Tween 20 (v/v) solution for several minutes to 
facilitate wetting, and centrifuged for 1 min at 4000 rpm. The 
supernatant was then poured off and the spores resuspended in 2 
ml distilled water. This suspension was then added to 5 ml of 
inoculum broth. Germination was determined based on the number 
of empty spore cases counted at 12th hour of growth using a 
Spencer Bright-Line Haemocytometer (American Optical Company) 
under magnifications of 10X and 40X and expressed as percentage 
spore germination (Braun, 1971). 
 
 
Fungal pellet measurement 
 
Fungal pellets grown in inoculum broth were collected and the 
measurements of fungal pellets were done either directly under 
microscope or a centimetre scale on a digital photograph projection 
(Pazouki and Panda, 2000). 
 
 
Optimization of inoculum development parameters  
 
To optimize the inoculum development parameters several media 
components and cultural conditions were altered in submerged 
condition. The inoculum produced was inoculated to controlled 
wheat bran media and observed for the enhanced production of 
nigerloxin: 1) The effect of various standard media like potato 
dextrose broth, oatmeal broth, czapeckdox broth, tryptone yeast 
extract broth, modified egg yolk broth, yeast extract malt extract 
broth, potassium tellurite broth, and glycerol asperagin broth on the 
production of inoculum was studied by inoculating loopful (5 X 105 

spores) A. niger CFR-W-105 to each broth and pellet morphology, 
media pigmentation, spore germination and biomass production 
was studied. Nigerloxin production was evaluated by using 
inoculum developed by each standard medium and inoculating on 
to controlled wheat bran media; 2) the effect of initial pH of the 
inoculum development broth on biomass production, pellet size and 
spore germination was determined by altering the initial pH of the 
fermentation media with the addition of acid or alkali. Nigerloxin 
production was evaluated by using inoculum developed by each pH 
range and inoculating on to controlled wheat bran media; 3) effect 
of temperature was studied by incubating the organism at various 
temperatures ranging from 10 to 50C in inoculum development 
broth.The nature of pellets, rate of spore germination, biomass 
production and nigerloxin production was studied; 4) The effect of 
agitation condition on the development of pellet size, spore 
germination, biomass production and nigerloxin production was 
studied by incubating the inoculated flasks at various agitation 
conditions on a rotary shaker. Nigerloxin production was evaluated 
by inoculating the inoculum developed under all temperature 
ranges. 
 
 

RESULTS AND DISCUSSION 
 

Nigerloxin (2-amino–3hydroxy-6-methoxy-5-methyl-4-
(prop-1’-enyl) benzoic acid) (Figure 1) with a molecular 
weight of 265 and molecular formula C13H15NO5 was 
discovered in our laboratory as a potent inhibitor of rat 
eye lens aldose reductase and lipoxygenase  with a free 
radical scavenging property. The inhibitor is produced 
only   by   solid   state fermentation and not in submerged 
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Figure 2a. Effect of spore suspension on pellet size.   

 
 
 

 
 
Figure 2b. Effect of spore suspension on biomass of inoculums and  nigerloxin 
production by SSF. 

 
 
 
fermentation conditions and the production of the inhibitor 
is directly related to sporulation of the culture 
(Chakradhar et al., 2009). 
 
 
Optimization of physical parameters of inoculum  
 
For these studies, Czapekdox broth with 6 g/L yeast 
extract was used as the inoculum medium since it 
showed good production compared to other nutritional 
media and solid state fermentation using wheat bran 
medium with 5% trisodium citrate, for the evaluation of 
nigerloxin production. 

Effect of spore suspension 
 
The amount of spores provided to a particular media in 
submerged fermentation condition has a direct impact on 
the morphology of pellets developed (Papagianni and 
Moo-Young, 2002). Increasing spore suspension from 
100 µl/L inoculum broth to 800 µl/L inoculum broth 
showed a steady decrease in pellet size (Figure 2a).  
Spore suspensions below 400 µl/L media showed pellets 
sized above 2.1 mm which were not ideal for nigerloxin 
production in SSF (Figure 2b) perhaps as these yielded a 
biomass below 50 g/L. Spore suspensions greater than 
700 µl/L  produced  smaller pellets perhaps due to lack of  
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Figure 3a. Effect of initial pH of inoculum development broth on the spore germination, 
and pellet size.  

 
 
 
space and did not translate into more amount of biomass 
and saw a significant decrease in Nigerloxin production 
(Figure 2b). In fact, the biomass produced above 500 
µl/L, at around 50 g/L, was the same till 800 µl/L, 
whereas nigerloxin fell below 2 mg/g dry wheat bran. 
These results are in agreement with that of Van Suijdam 
et al. (1980) and Calam (1987) where higher 
concentration of spore suspension failed to produce 
pellets and suspension form of inoculum was produced. 
The highest Nigerloxin concentration was produced by 
using 500 µl/L inoculum broth spore suspension which 
yielded 5.81±0.04 mg/g dry wheat bran. Hence, 500 µl/L, 
from the stock of 7 x 10 9 /ml spores concentration was 
standardized for the rest of the experiments.  
 
 
Effect of pH 
 
The effect of initial pH of inoculum medium on pellet size, 
spore germination and biomass production was studied 
by adjusting the pH of the broth from 2.0 to 9.0 (Figure 
3a).  It was observed that spore germination was less 
than 20% below pH 5 and above 8.5 with the highest 
germination of 92% at pH 7. Further, as pH increased 
from 4 to 7, there was an increase in pellet size but 
interestingly, the pellet size over the entire pH spectrum 
tested was less than 1.5 mm, except for pH 6.0 where it 
reached 2.4 mm. Production of biomass of 40-53 g/L was 
seen between pH 5.5 to 7.0 with a complete absence at 

pH 4 and a slight increase between pH 4.5 to 5. There 
seems to be a correlation between spore germination and 
biomass production rather than with pellet size. The 
phenomenon of pellet formation being strongly influenced 
by pH is in agreement with the result of Galbraith and 
Smith and Carlsen et al.  (1969, 1995). There was a 
complete absence of nigerloxin production by SSF when 
inoculum was developed below pH 5 (Figure 3b). The 
highest nigerloxin production of 5.7 mg/g dry wheat bran 
was observed at pH 6.5 after which it fell drastically.  
 
 
Effect of temperature 
 
Temperature plays an important role in the development 
of pellets in inoculum medium and spore germination in 
solid state fermentation (Estrada et al., 2000). It was 
seen that spore germination below 20 and above 40C 
was less than 30% increasing to 91% at 30C (Figure 
4a). A similar pattern was observed with pellet size 
formation in the range of 1.2 to 1.3 mm between 25 and 
35C and around 0.4 mm at the extreme temperatures 
tested. Unlike the results seen in initial pH of the medium, 
biomass produced correlated to both spore germination 
and pellet sizes. The highest biomass produced was 58 
g/L inoculum broth at 30 C. The absence in nigerloxin 
production was seen in both extreme ends of 
temperature and the highest nigerloxin was at 30 C 
which produced 5.76±0.07 mg/g dry wheat bran (Figure 4b).  
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Figure 3b. Effect of initial pH of inoculum development broth on the production 
of biomass and nigerloxin. 

 
 
 

 
 
Figure 4a. Effect of incubation temperature of inoculum development broth on 
spore germination, and pellet size 

 
 
 

Effect of agitation 
 
Agitation is the by far the most important physical 
parameter  in  inoculum  development  for  SS. Hence the 

effect of agitation condition on pellet size and spore 
germination was studied in inoculum broth and nigerloxin 
production in SSF. 

Interestingly, the spore germination remained almost the  
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Figure 4b. Effect of incubation temperature of inoculum development broth on 
biomass and nigerloxin production.  

 
 
 

 
 
Figure 5a. Effect of agitation condition of inoculum development broth on spore 
germination, and pellet size 

 
 
 
same in all agitation speeds employed with the highest at 
93% at 200 rpm, whereas pellet sizes fell steadily from 
the highest of 3.2 mm at 50 rpm to 0.5 mm at 350 rpm 
(Figure 5a). Further, biomass produced was more than 
40 g/L under all ranges of agitation conditions. The 

highest production of nigerloxin was observed at 200 rpm 
which yielded 6 mg nigerloxin/g dry wheat bran (Figure 
5b).  

The optimized inoculum condition for the better 
production of nigerloxin was at 500 µl of spore
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Figure 5b. Effect of agitation condition of inoculum development broth on biomass 
and nigerloxin production. 

 
 
 

suspension in the inoculum development broth at pH 7, 
incubated at 30 C and 200 rpm gave an ideal pellet size 
of 1.23 mm resulting in 6.0 mg of nigerloxin/g dry weight 
of wheat bran in SSF.  

Production of secondary metabolite from micro-
organism is a complex task as they require a number of 
optimal conditions. Inoculum is one of such factors, which 
if not optimized, may lead to poor or absence of desired 
product yield. The successful production of a fungal 
metabolite requires knowledge of the growth 
characteristics and the physiology of the fungus in 
question. Thus, for each fermentation, the precise 
physiological condition and optimised media for inoculum 
development must be established. The present work was 
an attempt to understand the type of inoculum conditions 
required to enhance the production of nigerloxin in solid 
state fermentation using controlled wheat bran medium 
by A. niger CFTR-W-105. The data generated in this 
study would be helpful in producing nigerloxin on large 
scale and has the potential for further developing it into a 
powerful therapeutic molecule against diabetic 
complications.  
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