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ABSTRACT

Phytase production by thermophilic filamentous fungi was evaluated in solid state
fermentation. A total of twenty strains belonging to Rhizomucor spp. (9), Myceliophthora
thermophila (6), Thermoascus aurantiacus (4), and Paecilomyces variotii (1) were screened.
Sugar cane bagasse was used as support for assessing the effect of different carbon and
nitrogen sources, as well as mineral salts. Solid state fermentation parameters (initial moisture,
initial pH, aeration rate) were also studied. Myceliophthora thermophila showed higher phytase
activity and was selected for further studies. Synthetic culture media containing different
carbon and nitrogen sources were tested for phytase production by this species in solid state
fermentation. M. thermophila showed the highest phytase activity after 36 h of  fermentation,
when grown on a synthetic culture medium (glucose 10 g/L; phytic acid 2 g/L). (NH4)2HPO4,
CaCl2, and MgSO4 favored high phytase activity in M. thermophila. Optimal initial culture
conditions for phytase production were determined (pH, 6.0; moisture, 75%; aeration rate, 25
ml/min/column). In comparison with Aspergillus ficuum, the phytase activity of M. thermophila
was 2.5 times higher. Phytase was most active at pH 5.5 and 45-50 C, but it was also active at
70 C. Optimization studies resulted in a 4-fold increase of phytase activity.

Key words: Phytase, thermophilic fungi, solid state fermentation, Myceliophthora thermophila,
carbon source, nitrogen source, CaCl2 , MgSO4.
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shaken vigorously under aseptic conditions.
Appropriate dilutions were carried out for
optimal inoculum concentration.

Solid state fermentation conditions. SSF
was carried out in column fermentors using
sugar cane bagasse as solid support. The
column bioreactor used was composed of a
small glass column, 4 cm in diameter and
20 cm in length, with an effective reaction
volume of 250 ml. Sugar cane bagasse was
sieved to reach a particle size of 0.70-2 mm,
washed 2-3 times with distilled water,
adjusted to 50% moisture with distilled
water, and sterilized at 121 C for 20 min.
For 100 g of sugar cane bagasse (dry
weight), 100 ml of nutritive solution
(glucose, 10 g/L; phytic acid, 2 g/L;
KH2PO4, 0.1 g/L; NH4NO3, 2 g/L; CaCl2,
1 g/L; MgSO4.7H2O, 1 g/L; pH= 6) were
mixed with 100 ml of  2 x 108 spore
suspension (equivalent to 2 x107 spores/g
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Table 1. Culture media used for studying the effect of substrate composition on phytase production by
Myceliophthora thermophila growing at 45 C.

Culture media  (g/L) A B C D E F G H I J K L M
Carbon sources

Glucose 10 0 0 0 0 10 10 10 10 10 10 10 10
Sucrose 0 10 0 0 0 0 0 0 0 0 0 0 0
Starch 0 0 10 0 0 0 0 0 0 0 0 0 0
Phytic acid 2 2 2 10 2 2 2 2 2 2 2 2 2
Myo-inositol 0 0 0 0 10 0 0 0 0 0 0 0 0

Nitrogen sources
Peptone 0 0 0 0 0 2 0 0 0 0 0 0 0
(NH4)2HPO4 0 0 0 0 0 0 2 0 0 0 0 0 0
KNO3 0 0 0 0 0 0 0 2 0 0 0 0 0
NH4NO3 2 2 2 2 2 0 0 0 2 2 2 2 2

Mineral salts
CaCl2 1 1 1 1 1 1 1 1 1 1 0 0 0
NaH2PO4 0 0 0 0 0 0 0 0 0 0 1 0 0
MgSO4

.7H2O 1 1 1 1 1 1 1 1 1 0 0 1 0
NaCl 0 0 0 0 0 0 0 0 0 0 0 0 1
KH2PO4 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1
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Table 2. Phytase production by seven, out of 20,
thermophilic filamentous fungi studied, growing
at 45 C, 77% initial moisture, initial pH= 5.5, and
25-30 ml/min aeration rate.

Thermophilic fungi Strain code   Phytase

 (EU/ml)

24 h 48 h
Rhizomucor spp. Lomy 586 15 14
Rhizomucor spp. Lomy 587 24 31
Rhizomucor spp. Lomy 594 33 24
Myceliophthora thermophila Lomy 603 32 37
Myceliophthora thermophila Lomy 633 46 38
Myceliophthora thermophila Lomy 710 29 38
Myceliophthora thermophila Lomy 713 50 42

EU= Enzymatic units.

Table 3. Phytase production by Myceliophthora
thermophila on different culture media studied
growing in SSF at 45 C, 77% initial moisture,
initial pH= 5.5, and 25-30 ml/min aeration rate.

Notation* Culture media Phytase
(EU/ml)

Carbon  sources
A Glucose 165  ± 6.3
B Sucrose 28 ± 2.2
C Starch 73 ± 4.1
D Phytic acid    0
E Myo-inositol    0

Nitrogen  sources
F Peptone 106 ± 4.8
G (NH4)2HPO4 156 ±6.1
H KNO3 142 ±11.4
I NH4NO3 79 ± 3.7

Mineral salts
J CaCl2 163 ± 1.9
K NaH2PO4 11 ± 0.2
L MgSO4

.7H2O 116 ± 6.8
M NaCl 19 ± 0.9

* Codes correspond to those shown in Table 1. EU=
Enzymatic units.
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Fig. 1A-C. Influence of initial moisture (A), initial pH (B), and aeration rate (C) of culture media on
phytase production by Myceliophthora thermophila growing at 45 C, 75% initial moisture, initial pH=
6, and 25 ml/min aeration rate. EU= Enzymatic units.
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Fig. 2. Phytase activity by fungi studied.   =
Myceliophthora thermophila;   = Aspergillus
ficuum. EU= Enzymatic units.

Fig. 3. Evolution of intracellular proteins and
glucose during phytase production by
Myceliophthora thermophila.   = Proteins;   =
Glucose. EU= Enzymatic units.
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