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Abstract: Adopting the shaked flask and laboratory bioreactor cultivation techniques, the growth and

riboflavin production by A. terreus were markedly affected by the composition of the culture medium,

incubation period and agitation speed. Among the different tested fermentation conditions, maximal vitamin

productivities (1054 and 1200) mg/l were achieved when the fungus was allowed to grow on synthetic

medium fortified with glycine, oleic acid and ferric chloride. The adjustment of the composition of this

favorable medium at pH 6, as well as the agitation of the culture flasks at 250 rpm afforded riboflavin

yield 140% higher than the value obtained with the basal medium containing no additives. 
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INTRODUCTION

Riboflavin, a yellow and water soluble solid, is

widely distributed in plants and animals. It plays an

important role in the growth and normal health of

many living organisms as well as man. Lack of

riboflavin causes ariboflavinosis . Furthermore, the[1 ,2]

vitamin is used as animal feed supplements .[11]

Riboflavin is the precursor of flavin mononucleotide

(riboflavin 5`-monophosphate) and flavin adenine

dinucleotide, which function as coenzymes for a wide

variety of metabolic enzymes. In addition, its role as to

producing antioxidant agent by scavenging damaging

particles in the body known as free radicals . At[4]

present, the amount of riboflavin production is

speculated to be more than 300 ton/year. Riboflavin is

produced commercially by chemical synthesis or

biological synthesis, the latter being preferred because

it costs less . Moreover, the benefit of microbial[12]

production of riboflavin is to reduce some waste

products which are used as resources for fermentation

procedures. Many Aspergillus spp. had been used for

riboflavin production using a variety of cheap

byproducts containing media . [9]

In the present communications, the effect of

different production media and cultivation conditions on

the growth and riboflavin formation by a local isolate

of A. terreus were studied.

MATERIALS AND METHODS

Microorganism: A. terreus used in this work was

obtained from the Center of Cultures of the Microbial

and Natural Products  Chemistry Department, National

Research Center (NRC), Cairo, Egypt. 

Maintenance of the Microorganism: The tested

fungus was maintained on agar slants at 4°C using

potato dextrose agar medium. Subcultures were carried

out every 4 weeks. 

Media: 

Medium 1: Consisted of (g/l) glucose, 10, peptone, 5;

and corn steep liquor, 10.

Medium 2: Consisted of (g/l) glucose, 20, peptone, 5;

2 4 4 2yeast extract, 2; KH PO , 1.5; Mg SO . 7H O, 0.5, and

corn steep liquor, 10. 

Medium 3: It has the same composition of medium 2,

3but supplemented with FeCl , 0.005 mg/l, oleic acid 1.5

g/l and glycine 0.2g/l. 

4 2 4Medium 4: Consisted of (g/l) (NH )  SO , 3.75;

4 2 4 2 4 2 4 4NH H PO , 3.75; KH PO , 2.5, K  HPO , 2,5; MgSO .

27H O, 0.5; and solar 5% (v/v). 

Cultivation: The tested medium was initially adjusted

to pH 6, 50ml portions of the medium were dispensed

in 250 ml Erlenmeyer flasks. The flasks were sterilized

by autoclaving at 121°C for 15 min, inoculated with 2

ml spore suspension of 72h old culture and incubated

at 30°C on a rotary shaker for the desired fermentation

period. 

Cultivation Using the Laboratory Bioreactor: The

fermentation process was performed in Bioflo

ferementor (NW Brunswick scientific, Edison, N.J.,

USA) which adopted bench-scale cultivation, under the
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following conditions: liquid volume, 3 Liter, inoculum
size 2% (v/v), agitation rate (200 and 400), aeration 1

v/v/min, the temperature was controlled at 30°C and
the pH of the medium was automatically controlled at

6.5 by addition of (0.1N) NaOH or (0.1N) HCl.
Samples were daily collected for analysis. 

Dry Weight Estimation: The fungus growth was

separated by centrifugation, washed and dried at 60°C
until constant weight. The culture filtrates were then

analyzed for their contents of riboflavin.

Riboflavin Estimation: 0.8ml of the culture filtrate
was mixed with 0.2 and of 1 M NaOH. A volume of

0.4 ml of the resulting solution was neutralized with
1ml of 0.1M potassium phosphate buffer (pH6) and the

absorbance of the produced color was measured at ë
444 nm was measured. The amount of riboflavin

produced was calculated from a previously prepared
standard curve . In addition, the fungus biomass[5]

(obtained at the end of the incubation period) was
heated for 30 min at 75°C in order to liberate the

vitamin bound to the cells and the vitamin yield was
then collectively estimated . [7]

RESULTS AND DISCUSSION

Effect of Cultivation Technique and Medium

Composition: The present work was started by
investigating the ability of the tested fungus to grow

and produce riboflavin on different tested media using
both static and shaking fermentation conditions. Four

different media differing in the nature and/or the
concentration of some constituents were used. 

The results given in Table (1) showed that
relatively better fermentation activities could be

achieved with shaked culture technique. The tested
fungus survived well on all cultivation media with

some limitation of growth on medium 4. As far as the
riboflavin production was concerned, A. terreus was

particularly distinguished by its ability to produce
different amounts of riboflavin under the experimental

conditions employed. It was intended to select the
proper fermentation medium supporting promising

riboflavin yields. Medium (3) proved to be most
suitable for both growth and riboflavin production.

Relatively high riboflavin output was obtained adopting
the shaked-flask culture technique. Similar findings

were recorded by Sabry & Ghozlan . Foaad & Afifi[7] [3]

proved also that A. terreus could utilize glucose as

carbon source and yield 0.6 g/l riboflavin. The results
also revealed that the tested organism could markedly

utilize the formulation of medium (4) which contain
solar as a carbon source and produced 604 mg/l

riboflavin. This result was in agreement with those
reported by Sabry et al. . [8]

The superiority of the fermentation productivities

recorded with the formulation of medium 3 as

compared with those attained with medium 2 was

3clearly due to the presence of FeCl , oleic acid and

glycine. Therefore, it is safe to conclude that these

additives promote the fungus growth and vitamin

production through their role as energy sources (oleic

3acid, glycine) and as trace element supply (FeCl ). In

harmony with our findings, Schlee and Straube[10 ,6 ,7]

reported that such supplements stimulated the

flavogensis process.

Effect of Agitation Rate: The role of the rotation

speed on the growth and vitamin biosynthesis was

investigated using medium 3 as cultivation medium.

The results given in table 2 revealed that the vitamin

production increase with the increase of agitation

speed. The maximum vitamin production (1054) mg/l

was obtained after 8 days at 250 rpm.

Kinetic Investigations: The increase in maximal

priboflavin production rate (Q ) with the increase of the

agitation rate in medium (3) supports the investigation

of the influence of agitation speed on the kinetic of the

vitamin production in stirred tank bioreactor (Table 3).

The yield of the vitamin production based on the

plxbiomass [Y ] was higher in medium (3) at 250 rpm.

Since the composition of medium (3) yielded maximum

values for riboflavin production, the bioreactor

experiments were carried out using this medium in a

trial to improve the production process. 

Riboflavin Production in Stirred Tank Bioreactor:

Since the agitation speed showed a significant influence

on the production of riboflavin in shaked flask, the

fermentation productivities were investigated using the

laboratory bioreactor at different agitation rates.

Maximum riboflavin production was attained at 250

prpm (1200 mg/l) after 5 days which expenses (Q )

maximal vitamin production rate of 240 mg/l/day. The

increase in rpm to 400 markedly decreased the

pmaximal vitamin production rate (Q ) to 170 mg/l/day

this presumably due to the damage of the fungal pellets

upon using high agitation speed. This was in

accordance to that reported by Lim et al.  who[5]

showed that higher agitation speeds didn’t improve

riboflavin production using Ashbya  gossypii. Evidence

has been given that great vitamin product rate 9240

mg/l/day) was achieved on using the stirred bioreactor

which implies 80% increase in riboflavin production as

pcompared with (Q ) of riboflavin in the shaked flask

fermentation. This may be due to the increase of

oxygen availability in the stirred bioreactor. 
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Table 1: Riboflavin production by A. terreus cultivated on different culture media using the shaked and static culture techniques. 

Tested media* Culture technique

-----------------------------------------------------------------------------------------------------------------------------------------------------

Static culture Shaked culture**

------------------------------------------------------------ --------------------------------------------------------------------------------

Dry weight(mg/50ml) Riboflavin (mg/l) Dry weight (mg/50ml) Riboflavin (mg/l)

M edium 1 450 453 600 601

M edium 2 502 605 552 750

M edium 3 656 653 709 906

M edium 4 331 454 351 604

*The composition of the tested media was given in the methodology part; **Shaking rate 150 rpm.

 The estimation was carried out after 7 days incubation. 

Table 2: Fungus growth and riboflavin production during the cultivation of A. terreus on medium  (2) at different agitation speeds using shaked

flasks.

Incubation Agitation rate rpm 150 Agitation rate 200rpm Agitation rate 250rpm

period (day) --------------------------------------------- ------------------------------------------------ --------------------------------------------------

Dry weight Riboflavin Dry weight Riboflavin Dry weight Riboflavin

(mg/l)  (mg/50ml) (mg/l)  (mg/50ml) (mg/50ml)  (mg/l)

6 0.53 668 0.50 601 0.55 503

8 0.62 756 0.56 704 0.58 646

10 0.66 701 0.51 670 0.55 574

Table 3: Effect of agitation speeds on the growth and riboflavin production by A. terreus grown on medium (3) at different incubation periods

using shaked flasks.  

Parameters rpm 150 200rpm 250rpm 

period (day) --------------------------------------------- ------------------------------------------------ --------------------------------------------------

Dry weight Riboflavin Dry weight Riboflavin Dry weight Riboflavin

(mg/l)  (mg/50ml) (mg/l)  (mg/50ml) (mg/50ml)  (mg/l)

6 610 854 600 801 612 804

8 786 906 656 914 632 1054

10 663 874 553 903 602 960

Table 4: The Kinetic parameters of cell growth and enzym e production during the cultivation of A. terreus on medium 3 at different agitation

speeds.

Parameters M edium (2) M edium (3)

-------------------------------------------------------------------- --------------------------------------------------------------------------

Agitation speed rpm Agitation speed rpm

-------------------------------------------------------------------- --------------------------------------------------------------------------

150 200 250 150 200 250

maxX 13.2 11.2 11.6 14.1 13 12.6

maxM 0.066 0.072 0.072 0.087 0.081 0.07

maxP 756 704 646 906 914 1054

pQ 94.5 88.1 80.5 113.2 114.2 131.7

pixY 57.27 62.85 55.6 64.2 70.3 83.6

max max m ax p X = M aximal cell dry weight g/l; M = specific growth rate [day ]; P = maximal vitamin product mg/l; Q = maximl vitamin production-1

p/x rate mg/l/day; Y = Specific vitam in production based on biomass mg/g. 

Table 5: Riboflavin production by A. terreus in a stirred tank bioreactor at different agitation speeds using m edium 3. 

Incubation period (day) Riboflavin mg/l (250rpm) Riboflavin mg/l(400 rpm)

2 650 600

5 1200 850

7 1150 600
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