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Table 1. Descriptive statistics of Ganoderma lucidum mycelium growth indices affected

by magnetism treatment

Treatment Average growth (mm) Biomass content (g.I"%) Specific growth rate per day
M20T30 82+0.021 9.28+0.115 0.0029
M20T60 7610.011 7.58+0.092 0.0021
M20T90 77+0.056 9+0.11 0.0028
M40T30 81+0.11 9.42+0.0113 0.0030
M40T60 79+0.013 9.41+0.181 0.0030
M40T90 79+0.017 8.71+0.121 0.0027
M60T30 80/01+0.012 7.14+0.13 0.0018
M60T60 78+0.014 8.28+0.036 0.0019
M60T90 83.1+0.002 9.57+0.08 0.00321
Control 80.5+0.028 9.55+0.014 0.00312

M: magnetism levels (mT); T: magnetization time levels (min)

b like ,gb < Ganoderma lucidum GJLB Pt 03 50y 5 M, oS lE G Do 6(....@ =Y Jsas
Table 2. Pearson correlation between growth indices and mycelium biomass in Ganoderma lucidum

affected by magnetism

. - . Amount of
Pearson correlation Specific growth rate Biomass .
mycelium growth
Specific growth rate 1 1** 0.53
Amount of mycelium growth 0.53 0.54 1
Biomass 1** 1 0.54
**: significant at 1% probability level.
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Figure 1. Average of daily mycelium growth in Ganoderma lucidum affected by A: 60 mT magnetization for
90 min and B: control
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Table 3. ANOVA of magnetism and magnetization time treatments on mycelium antioxidant percentage in

Ganoderma lucidum

S.O.V. d.f. Mean square
Magnetism (M) 2 1011.23™
Magnetization time (T) 2 30.07ns
MxT 4 7.36"
Experimental error 20 15.24
C.V. (%) 19.66

n.s. and **: non-significant and significant at 1% probability level, respectively (Duncan test).
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Figure 2. Means comparison of antioxidants percentage in Ganoderma lucidum mycelium affected by

magnetism treatment
Similar letters on columns indicate the absence of significant differences between treatments (Duncan test).
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Table 4. One-way ANOVA of secondary metabolites content in Ganoderma lucidum in different treatments
(natural fungus, 60 mT magnetization for 90 min treatment, and control)

S.O.V. d.f. M.S. C.V. (%)
Between treatments 2 0.510%*
Ascorbic acid Within treatments (Between replications) 6 ' 4.15
0.001
Total 8
Between treatments 2
. . - 7193.914**
Total polysaccharides Within treatments (Between replications) 6 6.8
0.001
Total 8
Between treatments 2 0.002"S
Total ganoderic acid Within treatments (Between replications) 6 ' 2.09
0.002
Total 8
Between treatments 2 0.401%
Astaxanthin Within treatments (Between replications) 6 ‘ 3.64
0.000
Total 8
Between treatments 2
. - - 174074.358**
Betulin Within treatments (Between replications) 6 1.66
0.232
Total 8
Between treatments 2
. . . - 191983.73**
Betulinic acid Within treatments (Between replications) 6 9198373 3.01
0.172
Total 8
o _ _Between treatments 7 2 113.453%
Antioxidants Within treatments (Between replications) 6 6.82
0.154
Total 8

n.s., *, and **: non-significant, significant at 5%, and 1% probability levels, respectively (Duncan test).

il sl leg s Ganoderma lucidum gz, & 5l sbed sl s Ske amylie =0 Jsix

(»U;M&n?o ch.wa wbb&ﬂ @3 9. JLA:; L&:’b E‘)G)

Table 5. Means comparison of secondary metabolites content in Ganoderma lucidum in different treatments
(natural fungus, 60 mT magnetization for 90 min treatment, and control)

Secondary metabolite Natural fungus 60 mT magnetization for 90 min Control
Betulin 243.7°+0.205 614.72+0.301 162.2¢+0.315
Betulinic acid 532.6% + 0.298 127.2° +0.049 66.9¢+0.284
Ascorbic acid 1.322+£0.023 0.74° +0.003 0.53¢+0.025
Total polysaccharides 0.35°+0.002 1.772 £0.005 1.812+0.30
Astaxanthin 1.772+£0.014 0.006° +0.009 0.004% + 0.003
Antioxidants 75.1° +0.002 74.8° +0.005 85.92+ 0.060
Total ganoderic acid 1.88 £ 0.002 1.87 £ 0.003 1.83+£0.030

Similar letters in each row indicate the absence of significant differences between treatments (Duncan test).
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Abstract

In biotechnology processes, increasing the production of biomass and secondary metabolites
is one of the economic factors of such projects. The present study was conducted to investigate
the effects of magnetic field as an abiotic elicitor on increase of biomass and secondary
metabolites of Ganoderma lucidum. Mycelium with a diameter of 1 cm of pured fungi was
exposed to magnetism at four levels including 0, 20, 40, and 60 mT for 0, 30, 60, and 90 min
with three replications. The best treatment was selected based on growth rate and antioxidant
activity. The amounts of secondary compounds in mycelium under selected magnetic field (60
mT for 90 min) including betulin, betulinic acid, ascorbic acid, astaxanthin, total
polysaccharide, and antioxidants were measured and compared with control and natural fungi.
The results showed that magnetization increased betulin (a potent anticancer triterpene) more
than 2.5 times compared to natural fungi and 3.7 times compared to control mycelium.
Polysaccharides concentration in the treated mycelium and control media was obtained 5.05 and
5.17 times more than natural fungi, respectively. Ganoderic acid content was measured in the
treated mycelium (intracellular) and PDB medium (extracellular). The highest amount of
ganoderic acid (1.9 mg.mlt) was obtained in the treated mycelium. Natural fungi and PBD
medium had almost the same amount of this compound (1.87 and 1.86 mg.ml). The amount of
betulinic acid (an anticancer compound derived from betulin), ascorbic acid, and astaxanthin
was obtained high in natural fungus followed by 90 min magnetization at 60mT level treatment
and control, respectively. Antioxidants percentage was about 85% in control and about 75% in
natural fungi and treated mycelium. According to the results, there seems to be a good prospect
to use in vitro cultures of Ganoderma instead of using natural fungi and also constructing costly
farms.

Keywords: Betulin, betulinic acid, ascorbic acid, astaxanthin, ganodric acid, total
polysaccharide.



