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ABSRACT

Nutritional and physical fermentation conditions are considerable factors
for gibberellic acid production by Fusarium moniliforme. Four strains were
investigated to produce gibberellic acid, i.c. fermentation process was carried out
on three media to select the belter one, different concentrations of SUCTO5E,
different nitrogen sources, pH levels, temperature range, inoculum size and
fermentation period. Also, the effect of gibberellic acid concentrations on
Saccharomyces (bakers' yeast) was also studied,

Results indicate that Czapek's medium was the best for gibberellic acid
production by Fusarium moniliforme (Fs) and (Fi). Fusarium moniliforme (F))
was found to be superior in gibberellic acid production than the strain {Fi).

The maximum yicld of gibberellic acid was obtained in the presence of
40 g/L. sucrose, NH,Cl as a nilrogen source, 2% (v/v} inoculum size, incubation
temperature of 25°C, pH 5.5 and 12 days fermentation period.

Results alzo show that 10 ppm of gibbercllic acid is the most effective
concentration in increasing the growth of Succharomyces.

INTRODUCTION

The gibberellins are a considerable group of hormones that regulate
plant growth (Bozhkova ef al, 1991; Rachev et af, 1993: Gulewicz ef al, 1995,
Vanaps et o, 1995; Tuomi and Rosengvist, 1995 Tudzynski, 1949; Gelmi et al,,
2000) and have many applications in agriculture and brewin g industry (Martin er
al, 1995), The gibberellins are oblained industrially from the culture media of
Fusarium moniliforme (Gibberella fujtkuroi). It synthesizes differcnl types of
gibberelling, the most abundant amongst them is gibbercllic acid GA;. In
addition, GA; is also used in a variety of research work and pharmacological
application in animals (Kumar and Lonsane, 1990),

Several investigalors (Gohlwar ef af., 1984: Sunder and Salyavir, 199§
Bruckner and Blechschmidt, 1991) had been reporied the imponance of
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nutritional factors (carbon and nitrogen sources) and physical factors on
biosynthesis of such secondary metabolites.

Also, the influence of gibberellic acid on the growth and proliferation of
microorganisms has been reported (Fasidi and Olorunmaiye, 1994; Paul ef af,,
1994; Mohanty and Sethi, 1997).

The purpose of this investigation is to improve the pibberellic acid
production conditions and to predict the precise values for different cultural
conditions particularly, nilrogen source, carbon source concentration,
temperature, pH, inoculum size and fermentation period, The effect of gibberellic
acid concentration on the proliferation of Saccharomyees (bakers' yeast) as a
factor for reducing bread batch fermeniation period was also investigated.

MATERIALS AND METHODS

This investigation was carried out 1o study the effect of different factors
on the gibberellic acid production by Fusarium moniliforme strains, ic. high
producer of gibberellic acid, suitable growth medium, suitable concentration of

carbon source, suitable nitrogen source, pH level, temperature range, inoculum
size and fermentation period.

The effect of gibberellic acid on Saccharomyees cerevisiae (bakers®
yeast) proliferation as an attempt to diminish bread batch fermentation period was
also studied.

Seurce of microorganisms:

Four strains of Fusarium moniliforme were obiained from different
sources, Fusarium moniliforme NBTMCC 349 (Fi) was obtained from National
Bank of Industrial Microorganisms and Cell Cultures, Bulgaria. Fusarinm
moniliforme 52 (F2) was obtained from Plant Discases Dept., Fac. of Agric.,
Moshtohor. Fusarium moniliforme 299 (Fy) and 305 {Fq) were obtained from
Tissue Culture Lab., Bahteem Agric. Station.

Strains maintenance;

Fusarium strains were maintained on potate dexirose agar medium al
4°C. For subculturing and propagation, the same medium was used, incubation
was carried out for & days at 28-30°C,

Inocula preparation;

The inocula of Fusarium strains were prepared by growing the
organisms in glucose medium (Atlas, 1995) for 8 days at 28-30°C on a rotary
shaker 240 rpm. Inocula containing of 107 spore/ml. were added 1o {he
fermentation media in a ratio of 1:10 (v/v).

Culture media;

Glucose medium, Crapek’s medium and Armstrong medium (Adlas,
1995) were used as gibberellic acid fermentation media 1o select the best one for
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gibberellic acid production. Also, malt extract glucose medium (Shapton and
Cooper, 1994) was used for growing Saccharomyees cerevisioe (Bakers’ yeast)
to study the effect of gibberellic acid concentrations on the proliferation of
Saccharomyces cerevisiae, as well as, the possibility of using gibberellic acid for
stimulating the growth of bakers’ veast and consequently reducing bread batch
fermentation period,

Fermentation procedure:

Shake flasks (500 ml) containing 100 ml fermentation medium were
inoculated with 10 ml (x197 spore/ml) of 8 days old culture inoculum of each of
Fusarium strains. The shake flasks were incubated on a rotary shaker (240} rpm
at 28°C. After fermentation period, the mycelial biomass and liquid phass were
oblained to determine mycelial dry weight and pibberellic acid percentage,
respectively.

Mycclial dry weight:

After fermentation period the growth medium was filtered on weighted
Whatman No. | filter paper. The fungal biomass and filter paper were dried in an
oven at 80°C until reaching a constant weight.

Gibberellic acid detcrmination:

Filtrated liquid phase was oblained after fermentation period to
determine the gibberellic acid by wsing spectrophotometer according 10
Holebrook et af. {1961).

Allso, reducing sugar was estimated according to Miller (19549).

Saccharomyces count:

The aim of this experiment was to study the effect of different
concentrations of gibberellic acid on the counts of Saccharomyces for using
gibberellic acid in order to reduce the bread batch fermentation period.

Plate count method was used lor counting of Saccharomyces to
determing the most suitable concentration of maximizing Saccharomyces
proliferation,

RESULTS AND DISCUSSION

Effect of the different media on gibberellic acid production:

Drata presented in Table (1) show the growth density and gibberellic acid
production activity of the four Fusarium moniliforme strains on three various
media. The maximum production of gibberellic acid was obtained by Fusarium
moniliforme (Fa) with different media {232, 384, 217 mg/L) on glucose, czapek’s
and Armstrong media respectively. This was followed by Fusarium moniliforme
(Fi) in its ability to synthesize gibberellic acid. The variation in gibberellic acid
production may be due to the variability among Fusarivm monififorme strains in
biosynthesis of gibberellins (Candau et of.. 1991; Sunder and Satyavir, 1998),
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Data also indicate that increase in gibberellic acid production and
increase in consumed sugar were with Crapek’s medium, particularly with
Fusarium moniliforme (Fy) and (F,). This result may be attributed to the ability of
Fusarium moniliforme (Fy, F;) to assimilate each of carbon and nitrogen sources
and its C/N ratio desirable level (Kumar and Lonsang, 1987, 1990). On the other
hand, the lowest production of gibberellic acid and lowest consumption of sugar
were observed on the glucose medium with Fusarium maniliforme (F,). Sa, the
strains (F;) and (Fs) were selected for further studies,

Table (1) Mycclial growth and gibberellic acid production by sirains of
Fusarium monitiforme on different media after 12 days,

Micro Mycclfal dry Residual Consumed Gibberellic
organisms _weight sugar gf100ml|  sugar % acid mg/L
; | (g100ml)
(Glucose medium )
F1 0,845 0.53 73.5 275
F, 0.854 0,86 57.0 206
Fy 0.962 0.44 8.0 232
F, 0.793 1.07 46.5 153
{(Czapek’s medium )
F1 0.930 0.85 7l.6 i34
F; 0.792 1.18 ol.6 246
F; 0. 986 0.83 723 384
Fy (1.861 1.2% 57.0 231
{Armstrong medium )
Fl 0823 0.42 79.0 297
Fa 0.706 0.91 54.5 193
Fa 0.885 0.53 735 217
Fy 0817 072 64.0 187
Fy = Fusarium moniliforme NBIMCC 349 F, = Fusarium moniliforme 52
Fy = Fusarium maoniliforme 229 Fy = Fusarivm moniliforme 305

Effect of carbon source concentration on gibberellic acid production.

Initial concentration of carbon source (sucrosc) in basal medium
(Czapek’s medium) was 30 g/L, which replaced by various concentrations (20,
40, 50 g/L). Data in Table (2) clearly indicate that the maximum production of
gibberellic acid was obtaised by Fusarium moniliforme (Fs) in the presence of 40
&L of sucrose. Fusarium moniliforme (F;) assimilated sucrose more than
Fusarium moniliforme (F)) particularly in the presence of 40 g/l sucrose in
fermentation medium (Gancheva and Dimova, 1991). The mycelial dry weight
increased and the maximum value observed was in the presence of 40 /L sucrose
for Fusaritm monififorme (F,) and {F3). This result is probably duc to the C/N
ratio which was the factor that considerably influenced the production of biomass

and gibberellic acid, i.e. changes in sucrose concentration led to C/N ratio
changes (Escamilla ef al., 2000),
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Data also indicate that 20 g/L sucrose concentration in fermentation
medium gave the minimal production of gibberellic acid. Also, concentration of
50 g/L led to a corresponding decrease in gibberellic acid production. The fact
that not only productivity with regard to the subsirale consumed, but also absolute
production of gibberellic acid, which inferior in the presence of the high level of
carbohydrates (Pastrana ef af., 1995),

Table (2): Effect of sucrose coneentration on gibherellic acid production by
Fusarium moniliforme after 12 days incubation,

Sucrose F, F3
concent- | Mycellad | Residanl | Consu- | (Aibbere- | Mycelial| Residual | Consu- | Glbbere-
ration dry ‘sugar med 1113 dry supar med 11
(g'l) | weight |a/100md | sugar ack welght | g/100ml | sugar acld
(/1 00ml) % Mp/l. | (g/100mi) Yo mg'L

20 (0450 [ 072 | 533 | 205 [0415| 056 | 427 | 243
*#30 | 0863 | 047 | 823 | 352 | 0770 | 038 | 80.2 | 361
40 {0905 | 035 | 879 | 387 |o0793| 030 | %93 | 397
50 {0720 066 | 785 | 271 |o7s2| 053 | 717 | 2388
Refer 10 footnotes of Table (1)

*#* Control, 30 g/L sucrose = Initial carbon source concentration in basal medium.

Effect of nitrogen source on gibberellic acid production:

Data in Table (3) show that gibberellic acid production ranged from 155
to 363 mg/L. Different nitrogen sources were applied 1o determine the mos
suitable one for gibberellic acid production and substituted (on N-basis) with
initial nitrogen source in basal mediwm {0.003% NaNO,), Data indicate that the
maximum production of gibberellic acid was observed by NH,Cl (363 mg/L GA)
with F. monififorme (F3). Data also indicate that NH,Cl was the more effective
nitrogen source in gibberellic acid production. This resull is in agreement with
those obtained by Escamilla et al. (2000},

The finding that high gibberellic acid production was achieved with a
wide range of nitrogen sources, which demonstrated by Kahlon & Malhotra
(1986), and Bruckner & Blechschmidi (1991). On the other hand, the minimal
gibberellic acid production was observed in the presence of NH.NO; with <
monififorme (Fi). This result may be attribuled to that increasing of ammonium

concentrations led to suppression of gibberellic acid production (Hollmann et af,
1993).

Effect of incubation period on gibberellic acid production

From data recorded in Table (4), it was found that the production of
gibberellic acid started from the sixth day and comtinued 1o the 12 day of
incubation. However, the gibberellic acid production continued even at the 12
day incubation. The mycelial biomass stopped to increase from the 8" day of
incubation with both of F moniliforme (F,, F1). These results are in agreement
with those obtained by Kumar and Lonsane (1987). The gibberzllic acid
production starts to decrease after the 12™ day. This is due to chemical
decomposition and, perhaps, biodegradation of the produced gibberellic acid by
the culture itself {Hollmann ef af.. 1995),
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The gibberellic acid production reached its maximum level at the 12
day of incubation period. F. moniliforme (F3) gave gibberellic acid production
rate higher than that of F. muni{?r’arme (Fi). The lowest rate of gibberellic acid
production was observed at the 3" day of incubation.

Table (3): Effect of nitrogen source on gibberellic acid production by
Fusarium moniliforme after 12 days incubation,

- F, F,
N"mw Mycelinl | Residual | Consu- | Gibbere- | Mycelisl | Resldual | Coma- | Gibbere-
source dry SWRAr med Hic dry wgar Fied (1173
(0.00395) | weight | pldoml | sugar acld welght | gfi0dml | sugar achd
10l o mg/L | (g/l0Bml) % mg/l.
MNH,; Nos 0.351 1.19 524 155 | 0447 | 1.60 44.3 220

KN, 0.610 | 0.63 2.5 215 | 0710 | 080 | 422 288
NH, 80, | 0415 | 0382 436 207 | 0620 ) 08T | 362 262
NH,CI 0.932 | 042 | B66 | 352 | 0753 033 | 88.3 363
** MaNOQ, | 0.802 | 0.53 824 340 | 0Ba0 | 042 | 752 352
Refer to footnotes of Table (1).
** Control, NaNO; = Initial nitrogen source in basal medium,

Table (4): Effect of incubation period on gibberellic acid production by
Fusarinm moniliforme (Fyand Fy)

) ¥y F
I“I‘i"a:" Mycelial | Reidual | Consumed | Gibberellic] Mycelial | Residual | Consumed [Gibhereiie
Perlod! dry sagar SUEAr mcid dry sugar sugsr achd
b weight | grignml % mg/L. weight | w1iMiml v mgfL.
{g/100mIy (g 00l
i 30 30 -

3 0.205 2.4 2000 67 0.196 2.1 00 83
[{] 0.374 20 333 109 0.41% 1.46 51.3 132
9 0.621 1.31 56.3 243 0.593 1.07 643 228
12 0.60% 0.7 6.6 364 | 0601 | 052 | 226 395
15 0.622 0.4 36.6 329 | 0615 | 031 B9.6 361
Refer to footnotes of Table (1),

Effect of inoculum size on gibberellic acid production:

Data presented in Table (5) show that inoculum levels (1.0, 1.5, 2.0,
2.5% viv) with a density of 107 spore/ml of F. moniliforme (F,, Fy), considerably
affect gibberellic acid production. An increase of the product was attained in the
case of inoculum from 1.0 to 2.0% (v/v), Maximum rate of gibberellic acid was
obtained by F. moniliforme (Fi) when 2.0 % inoculum was used in fermentation
medium. Data also indicate that the mycelial dry weight increased while the
gibberellic acid decrcased when 2.5 ml inoculum size was used. This result may
be due to the exhaustion of medium components and biodegradation of the
product by fungal biomass (Hollmann et af., 1995).

Effcct of pH level on gibberellic acid production,
The results in Table (6) show the influence of pH on gibberellic acid
production by F. moniliforme (F,, F3). Data reveal that the changes in pH levels
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was the most important for gibberellic acid production, ie the greatest
production (416 mg/L) was found at 5.5 pH level with F. moniliforme (Fy). The
pH 6.5 and 7.5 decreased gibberellic acid production, while increased the biomass
of fungi. These results are in agreement with those obtained by Gohlwar et al,
{1984) who mentioned that a maximum yield of gibberellic acid was obtained at

3.5 pH.

Table (5): Effect of inoculum size on gibberellic acid production by Fusarium
moniliforme (Fand F,)

F, Fs
Ineculum | Myeelial | Residual {Consumed | Gibberellle | Mycelial | Residual | Consu- | Gibherellic
shie (¥/¥) dry sugar mugar acid dry Migar wed scid
weight /1 O] L mgfL vl ht w1 il NLELAN mg/l.
(RA00mI} (/1 8k} o)

Lo% | 0735 | 132 | 56.0 247 | 0681 | LIB | 606 285
1.5% | 0.942 | 0.65 TR 3 296 0837 | 0.52 82.6 310
2.0% | 0,955 | (.43 B5.6 325 0.842 | 0.30 §8.0 348
2.5% | 0,990 | 0.60 B0.0 283 0823 | 0.42 6.0 312
[noculum density x 107 spore/ ml.

Refer 10 footnotes of Table (1),

Table (6): Effect of different pH levels on gibberellic acid production by
Fusarivm moniliforme (F, and F;)

F Fs ]
pH Mycelial | Hesbdual [Consumed | Gibberellic | Mycelial | Resldual | Consu- | Gikberellic
levels dry Jugar sugnr achd dry AU md scid

weight | 100wl Y mg'l, welght 2 100ml SUgar mg'l.
(g/10mI) (/1 M) %

45 | 06431 084 | 720 179 (0712 0.93 | 69.0 282
55 | 0876 | 051 | 830 3| 0852 | 046 | B840 416
6.5 0890 | 005 8.3 116 0877 | 058 | 106 382
1.3 0.924 | 1.01 66.3 246 0883 [ 1.20 | &b 271
Refer to footnoles of Table (1).

On the other hand, the lowest level of gibberellic acid was observed at
pH 4.5 with both fungi.

Effect of incubation icmperature on gibberellic acid production:

It is obvious from data presemted in Table (¥) that incubation
tewperaiure  considerably affects the ability of F. moniliforme o produce
gibberellic acid. Five different temperatures (15, 20, 25, 30 and 353°C) were uscd
in this investigation. It was found that maximum amount of gibberellic acid (391
mg/L) was produced at 25°C by consumplion of 88% sugar. The yield decreased
at 15, 20, 30 and 35°C to 216, 293, 283 and 187 mg/L, respectively with £
maoniliforme (Fa). This resull may probably duc to the change in enzyme aclivity
al different lemperatures or denaturation of the enzyme at high temperature.
According to Kahlon and Malhotra (1986) the proteins fold tightly at lower
temperature and thus decrease the calalylic activity.
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A similar trend was observed with F. moniliforme (F\) at different
incubation temperature degrees.

Table (7): Effect of incubation temperature on gibberellic acid production by
Fusarium moniliforme (F; and F,)

F1 F;
.::_: L Myeekial | Reskdusl |Consumed|Gibberellic| Mycellal | Residunl | Conar | Gibberellic
p:(, oy sugar nagar woid dry sugar med miid
3 welght | gfl0dml a gL welght | g100mi | sugar g/l
(! 100mI} (z/100mI) e

15 037 | 126 58.0 164 0611 1.52 493 216

20 0519 | 073 T5.6 236 0.782 | 0.89 0.3 293

25 0,925 | 047 | 843 361 1126 | 0,36 | H8.0 391

30 0807 | 090 70,0 ns 0924 | 1.04 65.3 283

i5 0,536 | 169 | 43.6 219 | 0507 | 1.84 | 386 187
Refer to footnotes of Table (1).

Effect of gibberellic acid on Saccharomyces growth,

Data presented in Table (8) show the effect of five concentrations of gibberellic
acid (0.1, 1.0, 5, 10, 15 ppm) after 24, 48 and 72 hours of incubation on
Saccharemyces counts,

Results indicate that the higher and lower concentrations were found to
be slightly increased Saccharomyces counts. These resulls are in line with those
obtained by Fasidi and Olorunmaiye (1994). The highest counts of
Saccharomyces were resulted with 10 ppm gibbercllic acid concentration.

Table (8): Effect of different concentrations of gibberellic acid on

Saccharomyces growth i
Count x 10°
Incubation Gibberellic acid concentrations {ppm)
"f;'r‘;d Control | 0.1 1.0 50 10.0 15.0
24 0.86 1.35 1.56 234 3.92 2.23
43 1.17 1.82 2.08 21 429 203
72 1.38 1.96 225 297 4.45 1,93

Initial counts 35x 107 cfu /ml,

This result is nearly similar to that reported by Mohanty and Sethi
(1997). Also, Paul et al., (1994) reported that gibberellic acid increased biomass
production of the yeast Kiyyveromyces fragilis. On the other hand, the lowest
counts of Saccharomyces were resulted with 0.1 and 15 ppm gibberellic acid
compared to other treatments. All recorded data emphasized that gibberellic acid
increased the biomass production of yeasts. From these data, it can be expect thal
adding gibberellic acid with bakers’ yeast for dough purposes may resulted in
shorten the bread batch fermentation period.
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