
CHARACTERIZATION OF RESIDUES FOR THE PRODUCTION OF GIBBERELLIC ACID BY

SOLID STATE FERMENTATION

Abstract

Gibberellic acid (GA3) is a phytohormone and is involved in several aspects

of plant development such as induction of germination and sprouting of yolks,

development of stems and flowers, interruption of seed latency status. GA3

production can be performed by fermentation in solid medium, with aeration

through the growth of Gibberella Fujikuroi ascomycete fungi. After the growth

of the inoculum, in BDA medium (Potato–Dextrose–Agar), one of the forms of

GA3 production is solid state fermentation (FES) with different nutritive media

obtained from agroindustrial residues. These residues present promising

results not only as the extraction of an economically viable product, but also

becomes a way to maintain the conservation of the environment, since it

decreases the deposition of these materials in the soil [1]. The residues

characterized in this first stage of the work were; brewery residue (BDM), corn

residue (RM), sugarcane (BCA) and cassava (RBM). This first phase includes the

characterization of all residues and the subsequent selection of only two to

continue the next stage of the research (phase 2), which will be the

inoculation, production, extraction, purification and quantification of GA3. All

residues were quantified according to the percentage of proteins, organic

carbon, nitrogen, pH, moisture and total, volatile and fixed solids.
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Introduction

Plant hormones are seen as an important insum to increase the technical

and economic efficiency of agricultural production systems. Gibberellic acid

(GA3) stands out for its great economic and industrial importance, being a

natural phytomonium, belonging to the class of gibberelins, has as main

function the regulation of plant growth, and can be extracted from several

species of fungi, such as Gibberella Fujikuroi (RODRIGUES, 2010; PINHEIRO,

2015). In Brazil, a large amount of by-products such as bagasse, bark and bran

is produced. Considering the availability and high concentration of nutrients,

these by-products can be used as substrate/support in Solid State

Fermentation (FES) (CASTRO; PEREIRA, 2010). To obtain these

phytohormones, the fermentative process used worldwide presents a high

production cost, emerging solid state fermentation process initiatives (FES),

where the production cost is lower, solid waste, low-cost raw materials such

as agricultural and agro-industrial waste are used, these residues are rich in

nutrients, carbon and nitrogen sources. Thus, the objective of phase 1 of this

research is the characterization of agro-industrial residues to verify which

will be more viable in the production of GA3 by FES. Bringing a value to

agricultural waste, generating a product with high added value and reducing

the harmful effects that the deposition of these residues cause in the soil and

the environment.
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Fig. 1. Effects of (-)-β-caryophyllene (β-Cary) on the number of leukocytes in the
bronchial alveolar lavage of mice with LPS-induced acute lung injury. PMN:
polymorphonuclear cells, Dexa: dexamethasone, Zaf: zafirlukast.

*p<0.05: for difference of LPS from saline; #p<0.05 for difference from LPS.
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The amount of nitrogen in the medium is very important for the

production of gibberellins, presence of nitrogen at relatively low

concentrations, reached high GA3 productions. Nitrogen is also

directly related to carbon for GA3 production. Therefore, nitrogen

values should present a minimum amount to provide good mycelium

growth as well as the amount of carbon available, sufficient for the

production of the secondary metabolite. The C:N ratio is usually

between 6:1 and 45:1 (MACHADO, 2002).

0

Conclusion

The main objective of phase 1 was to characterize and identify

the two most promising residues for the cultivation of G. fujikuroi in

fermentative medium (FES). Thus, the residues that obtained the

best results were malt bagasse (BDM) and cassava biomass residue

(RBM). These residues proceeded to phase 2 of the research, defined

for the analysis of production, extraction, purification and

quantification of GA3.

Bruna Francini Lupepsa *,1 Wanderley Dantas dos Santos, ² Daniel Tait Vareschini
1Department of Biochemistry, Maringá State Universy, Maringá-Pr, Brazil; 2Department of Plant Biochemistry , Maringá State 

Universy, Maringá-Pr, Brazil; 3Department of Chemical engineering, Maringá state universy, Maringá-Pr, Brazil. 
*bruflupepsa@hotmail.com 

Results

The results obtained in the characterizations are found in

tables 2 and 3. For the variable humidity (Ideal above 65%), the

residues that presented the best conditions for the cultivation of

G. fujikuroi were BDM and RBM, respectively. The analysis of total

solids represents the set of organic and inorganic substances. For

this variable, BDM and RBM residues were the best results,

respectively, and for SV, the best results were BDM 21.64% and

BM 13.17%, according to table 2.

Table 2: Chemical physical characterizations of residues.

Average ± Standard Deviation.

For the levels of nitrogen, protein and total organic carbon and

total nitrogen, the residues that indicate better performance in

relation to the conditions of gibereline cultivation are RSM, BDM

and BCA, respectively. This is because there are predefined

conditions in literature for better GA3 production. PH is a very

influential factor in the selection of gibereline to be produced. PH

values in the range of 3.5 – 5.8 are generally favorable for ga3

production, while the increase will lead to higher production of

GA4 and GA7 and the decrease in pH, i.e., below 3.5 leads to

increased GA1 production (Kumar & Lonsane, 1989). For

Turdzynski (1999) the values were initially described for pH 6.0

used for the production of GA3 with cassava flour substrate

Table 3: Chemical characterizations of organic residues. .

Average ± Standard Deviation.

Fonte: Autora,2021.

Materials and methods

The experiments were carried out in the Laboratory of Management,

Control and Environmental Preservation (LGCPA), microbiology sector of

the Department of Chemical Engineering (DEQ) and in the Laboratory of

Plant Biochemistry (BIOPLAN) Department of Biochemistry (DBQ), both

located at the State University of Maringá - (UEM). For the

characterization of all residues, the initial analyses were performed after

collection, characterized by the percentage of total solids (ST), fixed

solids (SF), volatile solids (SV), total nitrogen Kjeldahl (NTK), total organic

carbon (C), proteins (P), carbohydrates (C) and pH. These parameters

recommended by VDI 4630 (VDI,2006). The equipment used and the

analytical techniques followed were performed according to the

determination of each regulation already established in the literature.

The microorganisms of Gibberella fujikuroi (NRRL 2278) used in this work

were kindly provided by Prof. Dr. Ione Tessari, belonging to the fungal

bank of the Molecular Biology Laboratory of the State University of

Maringá- (UEM). The preparation of potato-dextrose-agar (PDA) culture

medium is described in Table 1. Figure 1 shows the growth of the fungus

Gibberella fujikuroi in the PDA medium in petri dish.

Table 1: Composition of the PDA medium.

Font: Laborclin, 2019. Figure 1 – G. fujikuroi 

The residues characterized in this first stage of the work were;

brewery residue (BDM), corn residue (RM), sugarcane (BCA) and

cassava (RSM). This first phase includes the characterization of all

residues and the subsequent selection of only two to continue the next

stage of the research (phase 2), which will be the inoculation,

production, extraction, purification and quantification of GA3.

Component The amount

Potato 200g

Glucose 20g

Agar 20g

Distilled
water

1L

Parameter
(%)

(BDM) (BCA) (RBM) BM

Moisture (%) 77,55 ± 0,01 51,00±1,06 63,30 ± 24,55 60,68±65,20

Total solids
(ST) 

22,45 ± 0,01 49,00±1,06 36,70 ± 24,55 39,32±65,20

Volatile solids
(SV)

21,64 ± 0,00 47,81±1,14
22,12 ±

0,43
13,17±0,39

Parameter (BDM) (BCA) (RSM) (BM)

pH 6,33 4,58 5,31 5,93

Proteins (%) 13,87±
0,22

1,22 ±
0,88

0,59 ±
0,11

2,64 ±

0,15
Organic Carbon

total (C) (%)
39,06 ±

0,03
39,56 ±

0,10
30,87 ±
15,35

36,36 ±

49,44

Nitrogen total 
Kjeldahl (NTK) (%)

2,22 ±
0,07

0,19 ±
0,14

0,09 ±
0,02

0,42 ±

0,02


