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ABSTRACT
Solid-state fermentation (SSF) was carried out for the production of extra-cellular rifamycin B by Amycolatopsis Mediterranean MTCC 14 using four
agro-industrial substrates, coconut oil cake, groundnut oil cake , ground nut shell and rice husk. Coconut oil cake and ground nut shell showed the
highest antibiotic yield compared to groundnut oil cake and rice husk. Maximum rifamycin B titres were produced when SSF was carried out with
60% initial moisture content of the substrate, 8% (w/w) inoculums, substrate particle size 1.4 and 1.6 mm, initial pH 8, 32oC as incubation
temperature, and day 10 of incubation period in all four substrates. External supplementation of fermentation medium with various carbons,
organic and inorganic nitrogen sources was benefit for antibiotic production.
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INTRODUCTION
Rifamycins are clinically important ansamycin antibiotics, composed
of a naphthalenic chromophore spanned by a long aliphatic ansa
chain. The rifamycins derived from them exert their antibiotic
activity by specific inhibition of bacterial DNA-dependent RNA
polymerase of different microbial species1,2,3. At higher
concentrations, these antibiotics also inhibit the RNA-dependent
DNA polymerase of retroviruses as mono-therapy or in combination
with other drugs4,5,6. Therefore, antibiotics of the rifamycin class
such as rifampicin, rifabutin and rifapentine have been employed on
a global basis in a number of well established combination regimes
for the clinical treatment of tuberculosis, leprosy, AIDS-related
mycobacterial infections and many other enteric infections 7, 8, 9,10.
Organisms known to produce rifamycins include Nocardia
mediterranei 11 and Amycolatopsis mediterranei-CBS-42575 12.
Solid-state fermentations(SSF) is generally defined as that in which
microbial growth and product formation take place on solid
substrate in absence of free water. Several reviews are available
describing the techniques. In recent years, solid state fermentation
technology has received increasing interest. This is partially
because, as a fermentation technology, it has lower energy
requirement and produces less waste water than alternative
technology such as submerged technology. In addition, there are
increasing environmental concern regarding the disposal of solid
waste, and there use as substrate for the commercial production of
microbial metabolites is becoming an alternative position 13.

The production of antibiotics by SSF has gained much attention in
biotechnology studies for production of cephamycin 14, 15,
oxytetracycline 16, 17, iturin 18, 19, neomycin 20, 21, cephalosporin C 22,
penicillin 23 and rifamycins 24, 25. The use of low cost agricultural
solid residues, higher productivities, low energy requirements,
lower wastewater production, extended stability of products and
low production costs are some of the main advantages of SSF 13, 26.
The selection of a suitable microorganism is an important aspect of
SSF for production of antibiotics 23. The microorganism should be
able to grow at low water activity, to be GRAS (“Generally
Recognized as Safe”) 27.
In the recent past, many agro-industrial byproducts such as wheat
rawa 14, corn cobs 16, okara 18 barley 28 etc. have been screened as
low-cost solid substrates for production antibiotics in SSF. A perusal
of literature shows that some of the solid substrates possess higher
potential as compared to the other solid substrates for
supporting/inducing the rifamycin production by Amycolatopsis sp.
RSP 3. For example, wheat bran, corn husks and corn cobs are
reported to be superior as compared to the other tested solid

substrates for optimum rifamycin production by many
microorganisms under the identical SSF condition 24. However, the
exact reason(s) for such a higher antibiotic production by microbes
while growing on some specific substrates has never been explored
and till date no logical explanation has been provided for the above
observed effect.
MATERIALS AND METHODS

Microorganism maintenance and seed preparation
Amycolatopsis mediterranei MTCC 14 29 used in the present study
was obtained from the Microbial Type Culture Collection and Gene
Bank, Institute of Microbial Technology, Chandigarh, India. The
culture was maintained on Q/2 agar slants. This medium consists of
(g l-1): yeast extract, 4.0; malt, 10.0; glucose monohydrate, 4.0; oat
flakes, 20.0and agar, 20.0. The pH was adjusted to 7.6 before
sterilization and the slants were incubated at 28 °C for8 days.
Surface growth of the selected slant was harvested in flasks
containing 100 ml of vegetative medium. The flasks were incubated
at 28°C in a rotary incubator shaker at 100 rpm for 56 to 72 h. Flasks
showing the following parameters were selected for inoculation of
the fermentation medium: pH, 7.6-7.9; percentage packed mycelial
volume 30 9 – 12%; color, intense orange to red; time for methylene
blue decolorization, 50 – 70 s.
Selection of the substrate

Various oil cakes such as coconut oil cake (COC) and groundnut oil
cake (GOC) was obtained from an local oil mill, Dharwad, India and
traditional agro-industrial residues such as ground nut shell (GNS)
and rice husk (RH) was obtained from the local market of Dharwad,
India were screened as substrates for rifamycin B production. These
were ground in a mill to a particle size between 0.8-2.0 mm and
dried at 55-60°C for 12 h.
Solid State Fermentation

Initially, the fermentation conditions reported by Mahalaxmi et al
2011 were used. Solid substrates were dried in an oven at 50 oC for 5
h. Five grams of the dried substrate was taken in conical flask and
supplemented with (in mg) soya bean meal 250, calcium carbonate
75, potassium nitrate 100, barbital 20 and magnesium sulphate 1
with predetermined quantity of water 24. The initial moisture level of
the substrate was adjusted by adding adequate amount of distilled
water. The thoroughly mixed substrate was autoclaved at 121 oC for
20 min and cooled to room temperature (28 ± 2 oC) before
inoculation. After cooling, the substrate was inoculated with 1 ml of
seed culture (4 % w/w), thoroughly mixed with glass rod and
incubated at 28 ± 2 oC for 15 days.
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Effect of moisture content
Effect of moisture content for the fermentation process was
analyzed by using the above defined medium added to solid
substrates for achieving varying levels of moisture (35, 40, 45, 50,
55, 60, 65, 70 and 75 %) . The process was carried out for 12 days at
32 oC. The moisture content suitable for maximum production was
followed for subsequent set-ups 25.

Estimation of moisture content

Substrate moisture play an important role in SSF 32. Solid substrates
were soaked individually with desired quantity of water and the
weight was noted. The soaked material was then dried (105 oC) to a
constant weight and the weight of the dried material was recorded
21. The percent moisture content was calculated as follows.
Percent of moisture content (initial) of solid medium = (wt. of the
wet tea waste - dry wt.) X 100/dry wt.
Effect of incubation period

To study the effect of incubation period on rifamycin B production,
flasks were incubated for varying periods (2–14 days). Other
parameters were kept at their optimum levels.
Effect of initial pH of the culture medium

The effect of initial pH of culture medium on production of rifamycin
B was studied by varying the pH of salt solution from pH 4.0–9.0.
The pH was adjusted using 0.1 N hydrochloric acid or 0.1 N sodium
hydroxide. The pH of culture medium was measured as reported by
Mahalaxmi et al 201124 and Venkateswarlu et al 2000 25. About 1 g of
solid culture was stirred in 10 distilled water and pH was measured
after settling the solid matter. The initial pH of culture medium
supported maximum rifamycin B production was used for
subsequent experiments.
pH Measurement

Five milliliters of distilled were added to 0.5 g of fermented material
and the mixture was agitated vigorously. After 10 min, the pH of the
supernatant was determined with a pH meter 31.

Effect of incubation temperature

While deriving the incubation temperature the fermentation was
carried out at various temperatures ranging 24–36 oC. The optimum
incubation temperature attained by this step was utilized for
subsequent study.
Effect of inoculum level

To define the suitable level of inoculum for rifamycin B production,
various levels of inoculum (2–8 w/w %) were used. Fermentation
reaction was incubated at 32 oC while following the other conditions
as described 24,25. The inoculum level achieved by this step was
followed for subsequent evaluation.
Effect of supplementary carbon sources

Different carbon sources: glucose, galactose, sucrose, lactose,
maltose, sucrose and soluble starch were supplemented separately
to a final concentration of 1% (w/v) in solid media. They were
dissolved to required concentrations in 15 ml of distilled water,
which was used as moistening agent per 25 g of solid substrate.
Effect of organic and inorganic nitrogen sources

Different organic and inorganic nitrogen sources: yeast extract,
peptone, tryptone, glycine, urea, ammonium chloride, ammonium
sulphate, sodium nitrate and potassium nitrate were supplemented
separately to a final concentration of 1% (w/v) in solid media after
dissolving them in distilled water used for adjusting the moisture
content.
Antibiotic extraction

After incubation, 100 ml of distilled water was added to the flasks
and the antibiotic was extracted from solid substrate by shaking at
200 rpm for 1 h. The extract was passed through muslin cloth and
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centrifuged at 10,000g for 5 min. Supernatant was stored at 4 1C for
antibiotic assay.
Antibiotic assay

Supernatant containing antibiotic was diluted and stabilized by
acetate buffer and was made collarless. This solution of antibiotic
was determined spectrophotometrically as described by Pasqualucci
et al. (1970) 33 using a Schimadzu UV spectrophotometer, Japan.

RESULTS AND DISCUSSION

SSF is a culture system that has been used in several countries since
antiquity. One of the major advantages that SSF offers is in the
utilisation of agro-industrial residues. India is one of the leading
producers of oil cakes and husks is an easily available cheap
commodity which finds use only as a animal feed and fuel in rural
areas. Oil cake, especially coconut oil cake and ground nut oil cake,
being rich sources of carbon and nitrogen, can thus serve as a
suitable substrate for the growth of micro-organisms by SSF. Paddy
and ground nuts are an agronomically versatile crop grown in many
countries all over the world. Dry milling of rice in the separation of
husk from paddy, the process in which husk is by-products. Coconut
oil cake and ground nut oil cake find use as traditional animal feed,
whereas ground nut serves as a rich source of oil. But by-products
like ground nut oil cake and shell are utilized for any useful purpose.
Effect of various solid substrates

SSF offers a number of advantages over conventional submerged
fermentation for antibiotic production 15. The production medium is
often simple, using agro-industrial by-products like wheat bran, rice
bran or wheat straw as substrate 34. Because the moisture level is
low, the volume of medium per unit weight of substrate is low.
Hence, antibiotic is usually very high yield 28. Thus to achieve a given
antibiotic productivity, fermentor volumes can be much smaller than
in submerged fermentation systems 34. Here in this study, we are
reporting for the first time use of COC, GOC, GNS and RH s as solid
substrates for the production of rifamycin B by Amycolatopsis
mediterranei MTCC 14.
The selection of the substrate for SSF process depends upon several
factors mainly related to the cost and availability. The substrate that
provides all nutrients required by the microorganism growing in it
should be considered as an ideal substrate. Since no substrate was
reported for production of rifamycin B by Amycolatopsis
mediterranei MTCC 14 using SSF, different solid substrates viz, COC,
GOC, GNS and RH were screened for production of rifamycin B by
Amycolatopsis mediterranei MTCC 14. The results presented in Fig. 1
showed that rifamycin B production by Amycolatopsis mediterranei
MTCC 14 varied with type of the substrate. All the substrates
supported the production of rifamycin B however, COC and GNS
were found to be the best substrate giving a maximum yield of
1.46±0.073 mg/gds and1.32±0.066 followed by GOC and RH.

Effect of substrate particle size

The nature of solid substrate is the most important factor in SSF.
This not only supplies the nutrients to the culture but also serves as
an anchorage for the microbial cells. Therefore, the particle size and
the chemical composition of substrate are of critical importance
35.The particle size and there for the specific area of the substrate is
of importance in SSF 36, and usually smaller particles stimulate
greater growth 37. Maximum rifamycin B production was obtained
with substrate particles of average size 1.4 and 1.6 mm, irrespective
of the inoculum type. With smaller particle, the surface area for
growth was greater but the inter-particle porosity was less. With the
larger size, the porosity was greater but the saturated surface area
was less. These two opposing factors probably interacted to give the
value corresponding to optimum growth and product formation 36.
However, all other particle sizes started production on the third day
of fermentation. The influence of substrate particle size, which
determines the accessible surface area to the micro-organisms on
product formation has been, emphasized earlier 38,39.
In the present study, the effect of all four type substrates particle
size on rifamycin B production, with seven different sizes (0.8, 1.0,
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1.2, 1.4, 1.6, 1.8 and 2.0 mm) were tried. The results indicate in Fig 2,
that the intermediate (1.4 and 1.6 mm) size of the substrates were
the best substrate for rifamycin B production (1.79-3.96 g/Kgds)
than the fine (0.8, 1.0, and 1.2mm) size, which yielding (0.69-2.97
g/Kgds) and corse (1.8 and 2.0 mm) size substrates, which
yielding(0.67-2.92 g/Kgds). The intermediate size of COC was found
to be optimal size of the substrate for higher rifamycin B production.
In the subsequent experiments, therefore intermediate size was
used for the production of rifamycin B.
Effect of initial moisture content

The initial moisture level is one of the most important factors in SSF
media. Five moisture levels ranging from 35% to 75% were established
to study their effect on rifamycin B production and the results obtained
are shown in Fig. 3. Significantly, the highest production was attained
when the initial moisture levels were 55%–60%.

For solid state fermentation, moisture is a key parameter to control
the growth of microorganism and metabolite production 40,13. In SSF,
the intensity of microbial growth generally depends on the initial
moisture level and it indirectly affects the production titre. This
result was similar to the findings of Mahalaxmi et al 2010 24 who
reported that initial substrate moisture content less than 40% gave
less rifamycin B production, but that of 50–56% could give the
highest rifamycin B production. Higher initial moisture in SSF leads
to suboptimal product formation due to reduced mass transfer
process and decrease in initial moisture level results in reduced
solubility minimizes heat exchange, oxygen transfer and low
availability of nutrients to the culture 41.
Effect of incubation period

Initially, a time profiling of rifamycin B production was studied in 250 ml
flask using all four substrate independently. The profile for rifamycin B
production passed through a maximum on day 10 of the experiments.
The highest rifamycin B production observed was 4.89g/Kgds for COC,
3.78 g/Kgds for GOC, 4.45 g/Kgds for GNS and 3.33 g/Kgds for RH (Fig.
4). The loss of organic matter followed a typical saturation curve
indicative of its relationship with biomass formation.

COC and GNS both served as good substrates for rifamycin B
production. However, in view of easy availability, we used all COC,
GOC, GNS and RH as the substrate. Maximum yield of antibiotic was
obtained after day 6 of incubation at 28 ± 2 oC. Decrease in
production after 12 day may be due to accumulation of end product
which hampers rifamycin B production or may be due to
accumulation of toxic metabolites secreted during fermentation 24.
Venkateshwarlu et al 2000 25 reported maximum production after
day 3 of incubation with Amycolatopsis mediterranei VA18 under
solid state fermentation.
Effect of initial pH

The initial pH of the fermentation media may change during
fermentation because the substrates employed in SSF usually have
the least buffering. Data in Fig. 5 indicated that rifamycin B
production was significantly affected by initial pH variations, and
Amycolatopsis mediterranei MTCC 14 was capable of producing
rifamycin B in the initial pH range of 6.0–8.5, optimum being 8, with
the yield of 4.89g/Kgds for COC, 3.98 g/Kgds for GOC, 4.32 g/Kgds
for GNS and 3.74 g/Kgds for RH.

Rifamycin B production by microbial strains strongly depends on
the extra-cellular pH because culture initial pH strongly influences
many antibiotic production and transport of various components
across the cell membranes, which in turn support the cell growth
and antibiotic production 25. Because the metabolic activities of
microorganism were very sensitive to initial pH changes, the
rifamycin B by Amycolatopsis mediterranei MTCC 14 was found to be
affected when initial pH level was deviated from the optimum value.
Similar initial pH trends have been observed by others using
Amycolatopsis mediterranei VA18 on Corn husk 24.
Effect of incubation temperature

The results showed that the most suitable temperature for rifamycin
B biosynthesis of Amycolatopsis mediterranei MTCC 14 was in the
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range of 28–32 oC (Fig. 6). It was found that the growth was very low
when the temperature of the medium was below 26oC. However,
when the temperature was higher than 34 oC, rifamycin B activity
decreased considerably.

Incubation temperature was shown to effect rifamycin B production.
It was another critical parameter that has to be controlled which
varies from organism to organism 25. Higher temperature had some
adverse effect on the metabolic activities of the microorganisms and
it has been reported by various scientists that the metabolic
activities of the microorganisms become slow at lower temperature.
Hence, incubation temperature and its control in SSF process is
crucial as the heat evolved during SSF processes is accumulated in
the medium due to poor heat dessipation in solid medium. This
results in reduced microbial activity, thereby decreasing the product
yield 42,40.
Effect of inoculum level

The effect of inoculum level on the production of rifamycin B was
observed using 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11% and
12% (w/w) of inoculum in the production medium. Maximal
rifamycin B yield was obtained with 8 (w/w) % of inoculums level
(COC for 4.89g/Kgds, GOC for 3.47 g/Kgds, GNS for 4.56 g/Kgds and
RH for 3.37 g/Kgds ), however, decreased rifamycin B activity was
observed at lower and higher inoculum concentrations( Fig. 7).

Inoculum level was also an important factor for the production of
rifamycin B. Lower levels of acid production were observed when an
inoculum level higher or lower than the optimal inoculum was used.
However, augmentation in biomass formation was attained by the
increment in inoculum size. It is important to provide an optimum
inoculum level in fermentation process 24, 25. A low inoculum density
may give insufficient biomass causing reduced product formation
whereas higher inoculum may produce excessive biomass and
deplete substrate for the nutrients necessary for product formation
43.
Effect of supplementary carbon source

The effect of various supplementary carbon sources on rifamycin B
production was studied by employing these at 1% w/v level to the
substrate. Results are presented in Fig.8. The results indicated that
glucose showed maximum rifamycin B yield (COC for 4.94g/Kgds,
GOC for 4.75g/Kgds, GNS for 4.7g/Kgds and RH for 4.75g/Kgds).
Rifamycin B production with the addition of other carbohydrates
was found to be low when compared with the control.

In the literature, contradictory evidence exists for the effects of the
nature and concentration of the carbon source on rifamycin B
production. Carbon rich conditions enhanced the production of the
rifamycin B in Amycolatopsis mediterranei VA18 (Mahalaxmi et al
2010)24. Glucose supplementation gave the highest rifamycin B
production in Amycolatopsis Mediterranean MTCC 14 for all four
substrates. The role of these carbon compounds in the regulation of
antibiotic synthesis depends not only on the physiology of the tested
microbes but also on the medium composition, especially on
presence of agro industrial by products 22 showed that some species,
Acremonium chrysogenum produced the highest antibiotic
production in a medium containing high carbon conditions.
Effect of supplementary organic and inorganic nitrogen source

Nitrogen can be an important limiting factor in the microbial
production of antibiotics 44.Supplementation of medium with
organic as well as inorganic nitrogen source resulted in improved in
antibiotic production compared to control. It may be due to the fact
that the substrate is already rich enough to supply the nutrients
required for micribial growth and rifamycin B production.
Mahalaxmi et al 2010 24 has reported similar results for rifamycin B
production under SSF using corn husk and wheat bran as the
substrate.
Among the different inorganic nitrogen sources tested, ammonium
chloride (1% w/v) was the best source for maximal antibiotic
production (COC for 3.56g/Kgds, GOC for 3.65/Kgds, GNS for
3.12/Kgds and RH for 3.75/Kgds) (Fig. 10). Further, the inorganic
nitrogen sources, compared to organic nitrogen sources, at the given
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concentrations of nitrogen, promoted higher antibiotic yield, where
a maximum production (COC for 4.98g/Kgds, GOC for 4.56/Kgds,
GNS for 4.79g/Kgds and RH for 4.46g/Kgds) was observed with
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Yeast extract (Fig. 9). Probably the presence of additional nitrogen
sources in the medium promoted enhanced growth and consequent
antibiotic production.
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production by Amycolatopsis mediterranei MTCC 14 under SSF.(CL, Con
-trol only substrate; AC, Ammonium Chloride; AS, Ammonium Sulphate;
PN, Potassium Nitrate; SN, sodium nitrate)

CONCLUSION
The results of the present study pointed to the importance of
utilization of natural substrates, viz. coconut oil cake, groundnut oil
cake, ground nut shell and rice husk for the production of rifamycin
B antibiotic, which has therapeutically importance. The yields
obtained in the present case would have to be further increased for
its industrial importance but it has proved the feasibility of SSF and
agro-industrial residues for rifamycin B production.
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