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ABSTRACT

Ganoderma lucidum is a traditional medicinal mushroom that has many therapeutic applications. However,
the application of this beneficial fungus has been limited due to its secondary metabolite’s low production. Many
investigations have been carried out to improve the production of G. lucidum as well as Ganoderic Acid (GA); however, prior
studies suffer from the lack of sufficient monitoring platform. A real-time monitoring study could be useful to find more
information through cultivation and evaluating secondary metabolite production.

In the current study, aerated shaken flasks (AF) with different culture mediums were used for
online measurement of the respiration activity of G. lucidum in small scale bioreactors. Then, to find more information
through G. lucidum growth, four factors, including biomass formation, GA, residual sugar, and gene expression were
evaluated on different days.

m Online monitoring of cell proliferation demonstrated that GA starts to synthesize in the second growth phase as a
partially growth-associated metabolite. High maximum biomass and GA production were obtained at an initial glucose
concentration of 35 g/L with vitamin and KH,PO,. During fermentation, the Yo,/6a and Y oy/x the rate of oxygen consumption
rate per GA production and biomass formation, respectively, were introduced as beneficial parameters to scale-up the
process.

A novel monitoring strategy was suggested which can be beneficial for future investigations.
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Introduction

Ganoderma lucidum is widely used in Asia to treat including immunomodulatory, antitumor,
health problems and increase vitality and longevity. antibacterial, antiviral, anti-diabetic, and anti-oxidant
These mushrooms offer various health benefits, properties [1, 2]. Ganoderic Acid (GA) is a type of
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triterpenoids produced by G. Jlucidum and s
considered a secondary metabolite [3]. Some GAs can
inhibit cholesterol synthesis and tumor growth, which
can effectively cure cancer [4, 5]. However, due to the
low efficacy of GA production from G. lucidum, these
useful metabolite applications have been limited.

Therefore, investigations are growing to enhance
the GA biosynthesis’ efficiency by evaluating diverse
conditions, in desired parameters such as pH, oxygen
pressure and shear stress [6-8]. Furthermore, several
studies have been performed to find suitable culture
media for optimizing the production of mycelial
biomass and secondary metabolite. Although
available studies suggests that the more complex
media are superior in cell growth and production of
secondary metabolites compared to other media,
such as semi-synthetic [9], further research is needed
to improve the efficacy of production. It has also been
reported that the biomass and secondary metabolite
yields are increased by improving the oxygen supply
[10, 11]. On the other hand, before scale-up studies,
the traditional cultivation process has required the
screening of large numbers of samples, and
consequently, a vast number of development
cultivations should be performed. So far, many
investigations have been done to enhance G. lucidum
production; however, in all of these studies, the lack
of an efficient monitoring system is apparent. In fact,
we can find useful information through the cultivation
and obtain the necessary data for process
development by monitoring the procedure. Several
small-scale platforms have been developed for high
throughput screening and process development.

Nevertheless, one of the most efficient and useful
platforms is miniaturized bioreactors. They are widely
used as tools for drug screening and discovery,
optimization of media, strain, and production [12].
Miniaturized shaken bioreactor systems are also
applied to measure the Oxygen Transfer Rate (OTR)
during fermentation. OTR is an essential factor in
obtaining more data by culturing the strains [13].

In the present work, for the first time, online and
offline monitoring using miniaturized bioreactors was
used for G. lucidum production concurrently as well as
GA biosynthesis. Many different media were used in
earlier studies; however, we tried to evaluate their
different components in this study.

Moreover we examined the effects of these media
on the growth of G. lucidum, level of oxygen
consumption, and GA production. In practice, G.
lucidum and secondary metabolite production’s
growth behavior using a miniaturized shaken
bioreactor system suggested the best culture medium
for maximal production of GA. These data are so
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beneficial for find a better idea to increase G. lucidum
yields, and it would suggest solutions for challenges.

Materials and Methods
Strains and Cultural Conditions

G. lucidum (Sp. GIRAN17) was obtained from
bioscience faculty, Shahid Beheshti University,
Tehran, Iran. It has been screened from Carpinus
betulus L. (Corylaceae) from Mazandaran, Iran [14,
15]. The strain of G. lucidum was cultured on potato
dextrose agar (PDA) plates according to prior study
[16]. The optimum conditions for this fungus growth
were temperature (25°C), aeration (130 rpm), and
initial pH (6.5). Due to the effect of media pH on the
stability of GA production and cell growth, the pH of
media was kept constant during cultivation.

Studies show that high concentrations of primary
glucose lead to increased biomass production and GA
biosynthesis [17]. Adding vitamin B1 to the culture
medium also increases productivity [18]. The aerated
shaken flasks (online) and ventilation flasks (offline)
included 20 mL broth culture [15, 17]. Four broth
culture media were chosen to evaluate the growth
kinetics of G. lucidum (Table 1), and inoculum size was
10% v/v for each broth flasks. In addition to online
monitoring of the OTR during cultivation, we
performed offline monitoring to measure biomass
formation, residual sugar, and GA production using
parallel flasks in given intervals during the
fermentation time course. All the conditions of the
online and offline flasks for each broth culture were
kept constant.

The Miniaturized Shaken Bioreactor System

For online measurement of the respiration activity
of G. lucidum in small scales bioreactors, aerated
shaken flasks (AF) were used (Figure 1A). In this
modified 250 ml Erlenmeyer flasks, all of the
conditions except the culture medium were the same
[19]. Each AF contained a different culture medium:
AF; contained PDB (basal medium), AF, contained PDB
and vitamin By, AFs contained YPG, and AF4 contained
complex media (Table 1). Briefly, on-line monitoring
based on OTR was performed and the partial
pressures were monitored using an oxygen sensor.
The OTR was calculated by the following equation:
Apo; Vg

At RTVL

OTR =

Equation 1

Where ApO; is a difference of oxygen partial
pressure (Pa), Vg is the gas volume (L), V. is the liquid
volume (L), R is gas constant (L.Pa/K.mol), T is the
temperature (K), and At is the time of the measuring
phase (h).
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Table 1. Operating conditions of aerated shaken flasks

Flask Working Gas Flask
. Flow rate
Number Culture medium volume volume volume (L/h)
(AF and VF) (mL) (mL) (mL)
1 Potato dextrose broth (PDB) 20 240 260 1.2
2 PDB+ 0.05 g/L vitamin B, 20 240 260 1.2
3 Yeast extract 2.5 g/L, peptone 5 g/L and glucose 35 g/L 20 240 260 12
(YPG).
Complex media (glucose 35 g/L, peptone 5 g/L, yeast extract
4 2.5 g/L, KH,PO4 H,0 1 g/L, MgSO,4-7H,0 0.5 g/L, and 20 240 260 1.2

vitamin B1 0.05 g/L)

VF,, VF,, VF; and VF,: offline monitoring

250 mL Erlenmeyer shake flasks, called ventilation
flasks (VF), were also cultivated simultaneously under
the same condition as used in the aerated shaken
flasks system [20]. There are several VFs that have
different gas transfer resistance of the sterile closure
as described and modeled [21]. Since the aeration
value of online monitoring flasks or AF is 1.2 vvm, VF
type (diameter, D=2.80 cm; height, H= 2.12 cm) was
used for offline monitoring which has the same
aeration value as AFs (Figure 1). Equations 2 and 3
relate the Oxygen Transfer Rate of the plug (OTRpig)
and the gas transfer coefficient (kpig) in VF where V. is
the filling volume, Pays is the absolute pressure, Po; is
oxygen partial pressure in headspace of the flask,
Poz,0ut is OXygen partial pressure in the surrounding

Acerated shake flask (AF)

[ Monitoring Unit ]

P OZin i
P cozin
~

Oxygen sensor

p 02,0ut Sampling
- p €COZout

AF,, AF,, AF; and AF,: online monitoring

environment and a, b and c are fitting parameters
(dimensionless) of Eq.3.

OTRpiug = Kpiug * (1/V1 - Pabs) - (P02, out = pO2)

Equation 2

_ a * OTRpiug
plug — OTR2
1

b + OTRplug+ C" ue

for VF type 1; a:22.4x10°, b: 6.95x103, c: 19.97 [21]

Therefore, to find more information through G.
lucidum growth, four factors, including biomass
formation, GA, residual sugar, and gene expression
were evaluated on days 0, 2, 4, 6, 8,9, 11, 13, and 14
by 35 pcs of VFs. Each run was performed at 130 rpm
and the temperature was set at 25°C for fourteen
days.

k Equation 3

Ventilation flask (VF)

OTRplug

H
w

Figure 1. Miniaturized shaken bioreactor system. (A) Schematic drawing of gas transfer in an aerated flask (AF), (B) ventilation flask
(VF) with sterile closures as offline technique which used in this research.
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Determining dry biomass, residual sugar, specific
growth rate, specific GA production rate, and oxygen
uptake

As mentioned earlier, an offline monitoring flask or
ventilation flask was used to measure four parameters
namely dry biomass, GA, residual sugar, and gene
expression. The selected ventilation flasks have the
same aeration value (1.2 vvm) as the aerated flask
used in online monitoring. Mycelium was isolated
from liquid media by centrifugation and was dried by
a freeze dryer (Alpha 1-2 LD Plus, Christ, Germany) to
measure dry cell weight. Residual sugar concentration
was also measured by the phenol-sulfuric acid
method [18]. The average specific growth rate (i) and
the specific GA production rate (qsa) were obtained
from the following equations:

Ln( Final biomass )

Initial biomass

H= fermentation time Equation 4
1 dpP .
== — E ion
G6A=3 4t quation 5

When X is cell concentration. Oxygen consumption
during cultivation was also determined by the
integration of the OTR profile as follows:

Oxygen uptake = fot OTR.dt Equation6

Assay of Ganoderic Acid

According to literature [18], GA was extracted after
obtaining dried mycelium. Briefly, to extract GA, 100
mg of dried biomass is added to ethanol 50% (v/v)
twice for one week, and then biomass was isolated by
centrifugation (25 min, 12,000g). Additionally, the
supernatants were dried at 50°C under vacuum
conditions, and the residue was dissolved in a few
milliliters of water besides extracting the aqueous
solution with 2 mL of chloroform. The GA extraction
from chloroform is performed with 5% NaHCOs (w/v)
and the pH of the solution is adjusted by the addition
of hydrochloric acid (below 3). GA residues were then
extracted by chloroform and in the next step, the
remaining chloroform was evaporated at 40°C. The GA
content was dissolved in absolute ethanol and
measured at 245 nm in a spectrophotometer (T80, PG
Instruments Limited, London) as standard [22].

RNA Isolation and Quantitative real-time PCR

A 0.1g Aliquot of mycelium was separated from the
culture medium and frozen by liquid nitrogen. Total
RNA was extracted by RNX plus (Sinacolon, Iran). cDNA
synthesis was performed by a synthesizing kit
(Amplicon, Denmark). The random primer was used
for cDNA synthesis. Then, transcript levels of hmgr and
sqs were determined by quantitative real-time PCR
using SYBR Green (Applied biosystem, USA). The 2 22
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T method was employed to analyze relative gene

expression [23]. 18srRNA primer was used as an
internal control and to normalize the data for the gene
expression. The sequences of the hmgr and sgs
primers have been described in the literature. The
primers sequences were as follows: hmgr forward: 5'-
GTCATCCTCCTATGCCAAAC-3', hmgr reverse: 5'-
GGGCGTAGTCGTAGTCCTTC-3', sgs forward: 5'-
ACAGTTGTCAGCGAAGAGC-3', sgs reverse: 5'-
CGTAGTGGCAGTAGAGGTTG-3', 18S rRNA forward: 5'-
TATCGAGTTCTGACTGGGTTGT-3', 18S rRNA reverse:
5'-ATCCGTTGCTGAAAGTTGTAT-3' [24, 10].

The expression level 1 was selected for samples for
the PDB culture and fold changes were done in
comparison with it. An initial denaturation stage were
at 95°C for 5 min, the amplification conditions were in
a three-step procedure: 30s at 94°C (denaturation), 30
s at 56°C (annealing), and 30 s at 72°C (extension)
followed by 40 cycles.

Statistical analysis

Experimental results were analyzed statistically
using Student’s t-test (S). All runs were carried out in
triplicate. A probability (p) value of less than 0.05
(P<0.05) was taken as the level of significance.

Results

Online monitoring

Miniaturized shaken bioreactor system provides a
rich source of data by studying the OTR profile in each
fermentation period, such as physiological responses
of aerobic microorganisms to specific culture
conditions, inhibition of the product, diauxic growth,
and other biological phenomena. The OTR evolutions
of AF;, AF,, AFs, and AF, during the cultivation of G.
lucidum are shown in Figure 2. At first, in the first 100
hr of cultivation, no fundamental changes were
detected. The OTR for AF; and AF, achieved their
maximal values of 2 and 3.2 mmol/Lh at 150 hr and
160 hr, respectively. Although by culturing under AF;
and AF; the growth behavior of G. lucidum was the
same, the maximal OTR of AF, was more than that of
AF;, which can be attributed to vitamin B;. By
analyzing the AF; OTR profile, we found that two
maximal values of 3.5 and 4.9 mmol/Lh occurred at
140 hr and 210 hr, respectively. Furthermore, with
fermentation in complex media (AF,), maximal values
of 3.8 and 10 mmol/Lh occurred at 155 hr and 220 hr,
respectively.

The OTR evaluation results also indicated that with
culturing in AF; and AF,, the OTR curve sloped
downward after achieving their maximum value.

Iranian Journal of Medical Microbiology
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Figure 2. Evolution of oxygen transfer rate, expressed in mol/L’h using aerated shake flask (AF) and GA production expressed in
mg/mL using ventilation flask (VF) during culturing of G. lucidum with different media culture; AF1 and VF1: PDB; AF;and VF2: PDB +
vitamin B1; AFs and VFs: YPG; AFaand VFa: complex medium (n=3).

Offline Monitoring

Cultivation of G. lucidum using offline monitoring
was also carried out to examine the biomass
formation, GA biosynthesis, residual sugar, and gene
expression during certain times. The combination of
an offline and online monitoring can be beneficial for
kinetic analysis of biomass formation and GA
production.

Figure 3 shows the biomass production of G.
lucidum during cultivation. After 48 hr, the biomass
formation increased under VF;-VF4, and the maximum
cell concentration was achieved after 192 hr. Then,
the biomass almost remained constant until the end
of the period despite the corresponding depletion of
sugar concentration. During cultivation, a lag phase of
two-day was considered for all the flasks. It is also
observed that the culturing of G. lucidum under VF,
yielded the maximum biomass (18.5 g DW/L)
compared to other flasks. The maximum biomass
accumulation under VFs;, VF,, and VF; were 15.25,
12.25, and 11.25 g DW/L, respectively. Evaluation of
the total cell concentration during fermentation
demonstrated that biomass production in a more
complex broth culture (VF;) was 1.6-times higher than
that in the basal medium (VF;). The sugar
consumption profiles in all flasks have the same
permanent declining trend. Further analysis shows
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that on the thirteenth day, residual sugar was almost
depleted for all cases. Moreover, more complex media
(flasks 3-4) that contain richer carbon sources
experienced higher cell growth than less complex ones
(flasks 1-2).

GA production analysis demonstrated that GA was
produced after 144 h in all flasks and then by the rest
of culturing this substance was accumulated
continuously (Figure 2). Maximum GA production of
VF,was obtained equal to 270 mg/L 4 times more than
the VF1

Further analysis demonstrated that by culturing G.
lucidum under different media (flasks 1-4), gene
expression of hmgr and sqs had been experienced a
sharp increase after 96 hr (Figure 4), which coincides
with the starting of GA biosynthesis (Figure 2). For
more complex media (flasks 3-4), another increase is
observed after 192 hr. Also, gene expression of hmgr
and sgs at the end of cultivation were 1.45- and 2-
times higher than their initial value at beginning of
culturing, respectively. The final gene expression
analysis under different culture media demonstrated
this parameter was increased 1.25 and 1.81 times in
VF3, and 1.2 and 1.6 times in VF, for hmgr and sgs,
respectively. In all cases, the gene expression of sgs
was higher than that of hmgr.

Iranian Journal of Medical Microbiology



72 Growth Kinetics and Ganoderic Acid Production from Ganoderma lucidum GIRAN17

40
35
30 —4—R53 —4=RS4

—4+=RS1 —@=RS52

5
20
15
10

5

Residual sugar (g/L)

) +—r—r—r—r—r—r—r—r—r—r—r—Tr—r—

0 24 48 72 96 120 144 168 192 216 240 264 288 312 336

Cultivation time (h)

Figure 3. Monitoring of residual sugar and biomass formation expressed in g/L and g DW/L, respectively using ventilation flasks (VF)
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Figure 4. Comparison analysis of gene expression of hmgr and sgs in flasks 1-4 (*indicates P < 0.05 compared to PDB culture).
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DISCUSSION

Kinetic Analysis of Biomass Formation and GA
Production

The kinetic profiles of the mycelial growth and the
GA accumulation of G. lucidum in the miniaturized
shaken bioreactor systems in addition to residual
sugar and gene expression were monitored and
shown in four different media simultaneously.

According to the OTR profile of AFs through
fermentation, the oxygen consumption for AF,, AFs,
AF,, and AF; were calculated to equal with 1.47, 0.76,
0.40, and 0.17 mol/L, respectively. It is concluded that
the oxygen consumption of AF; including more
complex media is 8.6-fold higher than that of AF; as a
basal broth culture. Residual sugar analysis suggested
that reducing in OTR values can be attributed to the
depletion of carbon sources from media cultivation.

Measuring the average specific growth rate (u)
indicated that the p for VFs4, VFs, VF,, and VF;, was
0.237, 0.211, 0.190, and 0.175 d*?, respectively.
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Culturing under VF; was approximately 1.4-times
higher in growth compared to VF;.

With culturing by a more complex carbon medium
(flask 4), the specific cell growth rate (u) achieved two
maximal values of 0.276 d* and 0.247 d*at 6 d and 8
d respectively. Moreover, culturing by using more
than one carbon source (flask 3) the specific cell
growth rate (u) of VF,; obtained two maximal values
equal to 0.252 d?! and 0.190 d! at the same time.
However, with fermentation under VF, and VF; (basal
medium), the specific cell growth rate (u) achieved
maximal value of 0.190 d! and 0.175 d'at 8 d. At
maximum GA production, the growth curve can be
divided into two phases: growth and production. Each
phase has a specific growth rate ().

Also, by cultivation under VF,4, the maximal specific
GA production rate (qsa) was obtained 1.84x103 (g
GA. g/DW.h), which was almost 2.8-times higher than
VF; 0.65x10% (g GA. g/DW.h). Consequently,
compared to VF, and VF;, the growth rate of VF, and
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VF3sharply increased, and the main GA was produced
between 144-216 h.

Transcript levels of hmgr and sgs indicated that the
maximum gene expression is accessible when GA
starts to produce and after that, they have a steady
trend, until the end of fermentation. Furthermore,
more gene expression levels of flasks 3-4 can be
attributed to enhancing in GA production.

Table 2. Growth behavior of G. lucidum under AFs and VFs4

Time range (h)

Monitoring el SR

0 increase
AF OTR up to 3.5
(online) (mmol/Lh)
> T
biomass increase up to 11.3
5 -1
(2DW/L) Hy :0.276 (d?)
/P
VF GA almost no production
(offline) (mg/L) -
LS almost steady depletion
sugar
(s/L) >

The Yield of Oxygen Consumption per GA
Production, Biomass Formation, and Productivity

As shown in Figures 2 and 3, the ratio of biomass per
GA production rose in 216 initial hours; however, it
reached its lowest value afterward. Further, between
hours 216 and 312 of fermentation, no cell growth is
observed despite GA production. It can be argued that
in this interval the GA production is partially growth-
associated. To obtain more information about this
interval, we measured the vyield of oxygen
consumption per GA biosynthesis (Yoy/6a), the yield of
oxygen consumption per biomass production (Yoz/x),
and the productivity (Yx/ca) (Eq. 7, 8, and 9).

Oxygen consumption (mol.L™1)

Y mol.g71) =
(?_: ( 8 ) GA production (mg.mL~1)

Equation 7

Oxygen consumption (molL™1)

Y mol.gDW™1) =
% (mo g ) biomass production (gDW.L™1)

Equation 8

biomass production (gDW.L™1)

Yx (gDW.g7)
GA

GA production (mg.mL~1)

Equation 9 For this purpose, a more complex medium
(i.e. flask number 4) was chosen due to its high cell
growth and secondary metabolite production. Based
on oxygen consumption, GA production, and biomass
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134-168

Table 2 presents the growth behavior of G. lucidum
in flask 4 during fermentation. The critical time
courses are highlighted. It seems that the interval
between hours 134 and 312 when the changes of
biomass and GA production coincided with the OTR
evolution, was the crucial time for G. ludicum.
Therefore, this interval is suggested as the critical time
for G. lucidum growth.

168-216 216-312 312-336

constant Increase up decrease to constant
35 to 10 ) )
’ OTR max: 10
> ™ N2 ->

increase up to almost constant

W :0.247 (dY)

T >
increase up to 270 constant
T >
main sugar consumed I
& exhausted
N N

formation, desired parameters such as Yoyea, Y ozx,
and productivity during fermentation were measured

at given times (Figure 5).

The maximum Yo2/x was obtained in 264 h while no
increase in cell growth is observed at this time (Figure
3). So, it can be concluded that a large portion of
oxygen has been consumed to produce GA. Also, the
highest amount of oxygen per GA biosynthesis is seen
at 144h in which GA starts to produce (Figure 2). In
fact, at the beginning of GA production, the majority
of oxygen was consumed. At this time, culturing G.
lucidum has the highest productivity. As a
consequence, these results could approve OTR trends

(Figure 2).

Since most GA was synthesized between hours 192
and 312, this interval was further analyzed to obtain
more useful information. Between these ranges,
oxygen consumption was not specified, and, this value
should be subtracted from the amount of oxygen
consumption by biomass formation to determine a
better estimation of oxygen uptake by GA production.
Therefore, two intervals were chosen; interval one (0-
144 h) in which there was no GA biosynthesis, and
interval two (192-312 h) with the main GA production.
In the first interval, oxygen consumption was

Iranian Journal of Medical Microbiology



74 Growth Kinetics and Ganoderic Acid Production from Ganoderma lucidum GIRAN17

calculated to be 0.225 mol/L. This value for the next
interval, when GA began to produce, was 0.986 mol/L.
Based on biomass analysis (Figure 3), the main mycelia
was produced in the first interval (0-144 hr). On the
other hand, the cell growth rate decreased in the
second interval, suggesting that by secondary
metabolites (GA) consumed most of the oxygen.
Therefore, to measure GA’s oxygen consumption

600

500

N
[=]
o

300

Y X/GA (eDW/g)

200

100

amount of oxygen consumed by mycelia in interval
two. Finally, the actual oxygen consumption by GA
production and Yo,/6a Was calculated to be equal with
0.761 mol/L and 3.81 mol/g, respectively. It can be
concluded that after reaching maximal biomass
accumulation, most of the oxygen has been consumed
by secondary metabolite, and consequently GA
production was partially growth-associated.

Y osx x100 (mol/gDW)
Y oxGa (mol/g)

0 24 48 72 96 120 144 168

216 240 264 288 312 336

Cultivation time (h)

during the second interval, we should obtain the

Figure 5. Yield of oxygen consumption per GA production (Yoz/ca) (m), Yield of oxygen consumption per biomass production (Yoz/x)
(A), and productivity (Yx/ea) (®) of culturing G. lucidum under more complex media (flask 4). The error bars show the standard deviation
(n=3).

Conclusion

On-line and off-line G. lucidum cultivation
monitoring provided insight into its growth kinetics
during fermentation. Production of valuable
metabolite, i.e, GA in various cultures media indicated
that maximum  oxygen  consumption, cell
concentration, and GA production occurred when this
mushroom was cultured under a more complex
medium (flask 4). High maximum biomass and GA
production were obtained at an initial glucose
concentration of 35 g/L with the presence of vitamin
and KH,PO,. Under these conditions, the growth curve
was two-phase and oxygen limitation did not occur. A
high cell respiratory activity, superior cell growth, and
secondary metabolite production were observed
under the cultivation of a more complex medium and
as a result, this media can be suggested as an
optimized media for G. lucidum. The start time of
secondary metabolite production can also be
estimated by using the OTR evaluation. It was
indicated that GA production was partially growth-
associated. Additionally, overexpression of hmgr and
sqgs genes, which are involved in the GA’s biosynthesis

Year 15, Issue 1 (January & February 2021)

pathway, confirmed the results of monitoring. Earlier
investigations have tried to examine different factors
and conditions to enhance the production of G.
lucidum. Despite prior research on G. lucidum, this
study has introduced an online monitoring strategy
that is more efficient, unsophisticated, and cost-
effective than conventional methods. Finally, since
finding cell growth behavior during cultivation is
always considered a challenging issue, this method
can be beneficial for studying the growth kinetics of
other mushrooms.

Acknowledgment

The authors would like to thank the Faculty of New
Science and Technologies, University of Tehran. The
authors also are so grateful to Mr. Ebrahim
Amoabediny for his kindly efforts.

Conflict of Interest

The authors declared no conflicts of interest

Iranian Journal of Medical Microbiology



Ol Sy (wlabog S alxo

AR sl § cyot = ) 05losds = 18 JLu

Journal homepage: www.ijmm.ir

oo

GIRANIT gt of Lo o iS5 31 ol S 39538 s g5 g iy Snus

289 Ole g sl a Sy, S

JT Salegos uold M so 5 il wloludl & il ML juus Slole 6 pdao

f‘ssdba govy )‘T&,:l.g.)o ts‘L‘" )‘5..\39." J “oé‘}w gs‘“".‘.""‘)'." Ry

Ol e0ld (Ol SRS (g 938 5 polle 0aSails s psle (dige 05,5 )

Olpl el oyl s ol Ny ra}Lc (SR 5O (g s sld oladss 55 e Al
ol K> Wlio Sle b/
i iy

@ aied )l g B cpl 5l esliiul ( Jlocnll o ls Slol 3 slas ST s b 18 mgtiws) Lo)0a S oig)ls 7,8 i Blanl g aduoy
LSS5 5 it o ks e s S oy o i celm e ol s
&l 2lgs o 2Bl loj 50 Gial Axdllae .l satioslitil (pulio (5,Ua5 yivs Sladllae ol 5o Lol .l saisaisls y (GA) ol
il i 4yl Clplia s s g a2 3oyl ity D iy

3 omlie S sl 5 by Lay3pF s ol T (6ol sl wtallle (2l 3 5,05 b 9 oo
oiba g3l 08 (GA w0355 Cums5 JoSid yeiio oz il e popms b 03biias] cilizen slacatS Lao b (AF) _aolgn o clocSdls
35 8 ) 990 o) Lopopi 0, a8 il slags, 55 05 ke s

P Eo oy & il Loy plie Glsie 4 0 pss alose 10 GA ol (Las sk 0y (T () bl
5 YO2GA yo3s Jsb ;0 ool KH2PO4 g sling g0 ;0 55505 Y0 @/L (GA 5 o055 odgs sly aigs Lol 0iS o
S5 ol Gl sl (oot Sl sloiie 5 008 0055y JSt5 5 GA sy )3 (5T B pao (e i 2 Y 02X
VLN

258 18 solatl 850 0] Slalllae (gl il o 5 HUa (6351 il o3l 2 yuS Aot
G5l 555 5 e O3eneST JEI 253 ) St (2l gty Lo)0pi i 0 S1g wuls

sl 5T e K3 L (o,lalnud sl (sl i 5 s esMue (oS WIST (peasiens i) (S sl g Sao dlae © ol S

WAANY/Ne bl yo
VL VAT IR
S CVARYA SRR H S
(295540 SIP S g (E gdgo

o Sukinny

0555 ss0l3 oleai o LI il 35
O3 g pole 0aSaily ((fasj pole (pwiige
Olnl el ol olsils ingi

oy |

hatamian_a@ut.ac.ir

FPRV-P)

packs) L0553l Sl S p0955 b wdgs s & (Jlocnl
Cowl 00 gdte Jious ) ) Cdgilie (ol 5l oolazul
shedlZe slasie Sl Sllllas 5o 09, cnl
g Gl jekiie 4 Gy A 5 O3St jlid PH alex
el podle (A=) Coud 43,5 15 o)y S y50 ol Sy 0535
Sl olie iS e i3l jslite souaie Clalllas

28 nl sl Clalio 5 porlucs 009l ; olsi (55luatge
3 Pt b oo oo lis Sladsd ax STl suls plxl

Sloyd slp Ll 5o (lod yiuS j5bots pgitenns/ Loj0giS & 6

oz 5l 0,05 oo 8 eslaiul 9550 see Jsb (Rl 5 o Lo
22 ¢ 2l Sk 2 (5905 WS Clld 4 g o0 7,8 (nl Ple>
855 o)l sl pitancns oalitd 5 SlaenST T ¢ ld 0S¢ g 9
Olpe 4 o8 Sl 089 56 5 (29 (GA) sl Sy 095 (T 1)
S (V) 098 o0 a5 ptess/ Lo)0s 5 langs a5l ol gulie
S5 ol hgesi 0D 5 Jo el yiw 5l il o laael S 5095
(B F) w8 18 eolaiwl 0y90 Gl oy sl g 00 )S

Ol (S ulis G5 Sue 4l Majallah-i mikrub/shinsi-i pizishki-i Tran.,

N


https://ijmm.ir/search.php?sid=1&slc_lang=fa&atcl=1&abst_subject=17
mailto:hatamian_a@ut.ac.ir
http://ijmm.ir/
http://www.ijmm.ir/

GIRANTT pganwgd oyogiS i sl 0 50935 dudgi' g sy Soeas | 315508 9 (3l joe> Sl 0 oo

Silwlos olpl oolya5ke o Carpinus betulus L. (Corylaceae)
Sladllas bl p padews) Lo, a9 (10 NF) il ool
(7)) 0 ool S (PDA) BT 55,58 gt e 40 s
(g 4250 YO) Lo 7 )B cpl a6l collas Lalyl
PH 36 & 4255 L o (P10) adgl pH 5 (Y« 1pm) (aolsa
CeiS )90 50 Lae PH  Jsho 0y 9 GA oy » cuiS o
4 e adgl S5 (YL clale vas o lis Sl
V) 958 o0 sl 0,095 Fitsn 5 0395Cim ) Sl Sl
Gage e Gl s CutS lazme 4y By (aling (0938 iz
Sl 4 (w)m) 2olgr Sl slacsdld L(VA) 845 oo
AV D) sy mle cutSlae Yo mL Jolis (0pMT) ayg05
CiS e oz gogidis) o)osll Al ) Sl (s yskaiod;
VIV Sy 50 il il Jlade 9 (V Jauz) ol Sl mbe
il S 090 ;0 OTR Slade (oMl Lol p ogdle 0g V7.
355 5 oailaly 435 0355 ms sS5 5 uS0l csl o0 0]
Sty slaojl y3 (silge SaSdl 5l ooliiul b sl 4,095
Sl S Ll pla b ol SIS 0,5 s 5o e
o 4l a5 ol S ya (gl Dl g O]

olio S 95 S 5935 ygm

2 oy Lo)25i5 (s3lgm Zollad (T (g pSejlal ol
(AF) (2olga ol slacsedls | iuliie S8 sl 93T 50
3o CuiS s a4 clS bl il den (A ) SS) ol eolaul
Lol AF ja.(13) 595 ey YO+ ML sy > (sl ple o))
AF; (&l L) PDB (g9l> AF 0y Dglie S lasme S
s> AFs 5 YPG gsl> AF; Bl (palys s PDB (gsl>
2 oK1 Gl aodls jsboa () Jsaz) o5 ooz ceiS b
i g 3 o3l b S5 slaylid 5 b plowl OTR Ll

b dasls 5 aolas L OTR s 1S oy

ApO 14
OTR = 2%z 6
At RTV

VG (Pa) ;5] 3t JLed DS ApOs dolra ol yo
Lo T «(L.Pa/K.mol) )lf < R (L) é{Lo N VL «(L) )lf >
Sl (h) g S o3lail 51 les At 4 (K)

Equation 1

\4

8 5o St da Lo aiile laciuiS Lame plo b 4slie

el 83 (6 s Oladss Wy

Sy 003 ¢ Sy y5enST dguge b Cnl o (3155 wire

53 S () 10) aboo Gl gl Colglio g 0dgicem
a5 5 T A2 S ol il Sl 5
Gl (oSS GlacitS Wb S (o el ladiges 5l g0k
LoyosiS adsi ial33l (sl 6 s i y5iSTh 395 ALEIS
s 5y s Slllas ) e 5 sl 0 ol spctiass
pelgiee Sl Gl b b o sl ST sl )5 gl
anwgs sl ly Y slaosls 90,5 o 7,8 iS5l gunae Sledbs|
bt sl ol S8 ailolas (i 05l s a1 8
5 el )5 51 (G dal il 00l Sl 01,8 amwgs 9 YU ol
) s e S (slaSl batlls o ade
iS5 6 S Gl )l Glpredr Sloo S jobods 93T 5
g o 00l Ogi g g iS Jae (5 jlwdings ¢ 29,1 Slge
Jul 25 gxSelul sl i SzsS slayeSThsn (1)
Jole OTR 045 o0 oolail 35 a5 (> 10 (OTR) (y50S]

5 DT el ajed s5be b ol sl il allas o
lo,0s5 0dgr gl wlide S>g8 sl g5 5l oolawl b Qﬁ)@T
3 hd Sldllas o s solaiul el S5 j0458 s 5 pactaws/
@sdllas (pl )0 ¢ Jlpll gy ool oolaiwl alise sbocuisS lase
05....4 ‘Sul)))l ;SLL..?LA 6Lb)...u.a ).v‘ w‘ o o

LoyosS z B o, » catSlase Ol b puioy Slalllas o
a2 0390 Sl S0 50988 W g 3enST B a0 Glie ogdins/
Cdglio adg 5 pacins/ Loj0pls 0y a0 Hlaiay (285 I3
e liie SsST Kb (slaygiST e 5l ooliiul b o] 456
Hokaiedy Wools pl.abl duwl 08 iSlas odgs sl Lo,
Gl Wedgas Sl pgckissf Lo,055 005l iulidl (ly ol 8l
.\.wl.: LQ:L)‘JB » 4.».19 ‘5‘).1 le?o‘) .\.5‘5.:‘50 9

Lo 59, g ol
oS by po g 1 guw
o) pole 0aSiils 51 (GIRANILT) jagctews/ Lo,055 )8
2o 5l @B il b e Glnl Ol (e aped oSl


https://ijmm.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%DB%8C%D8%AF%D8%B1%DB%8C%D8%A7%D9%86

Waq wiad = cage | b 10 Ul ol Ko oolitos S Ao

2lgn Sed Glacldl Ll ) Jgux

Working Gas Flask
. Flow rate
Culture medium volume volume volume (L/h)

(mL) (mL) (mL)
1 Potato dextrose broth (PDB) 20 240 260 1.2
2 PDB+ 0.05 g/L vitamin B, 20 240 260 1.2
3 Yeast extract 2.5 g/L, peptone 5 g/L and glucose 35 g/L 20 240 260 12

(YPG).
Complex media (glucose 35 g/L, peptone 5 g/L, yeast
4 extract 2.5 g/L, KH,PO,-H,O 1 g/L, MgSO,4-7H,0 0.5 g/L, and 20 240 260 1.2
vitamin B1 0.05 g/L)
VEF,, VF,, VF; and VF,: offline monitoring AF,, AF,, AF; and AF,: online monitoring

L

OTRplug = kplug . (I/VL . pabs) . (]702 out — p02) Equation 2
_ a - OTRplug .

kolug = TR Equation 3

b+ OTRplug+ z

for VF type 1; a:22.4x10%, b: 6.95x10%, ¢: 19.97 (YY)

lojoas w3l jiis Sledbl 8L gly ooplpls

25 GA L ssgien; B85 Jobd e ez st/

Vo WWAY QAL SN e slajs, o 05 ol g oalesl

YO sbes jo ialej] o 0iads wyp VF i YO lawgs
Al (6,045 5g, 00,lp G 4 VY TPM g Lwgaadis 4z 0

A~ Aerated shake flask (AF)
—e

J

[ Monitoring Unit ]

Oxygen sensor

7 -~
P O2in p Ozout

5 .
cozin . e p COZout

h L2

A

wged Sl o] @ a5 ple ), YO ML glacsiudls

alie Julys 50 glojen joba 55 web e aS (VF)
VF g5 ootz (Vo) auzd S 15 aolsn St slacsiodls
lopl oyl abiize 58 5 Sloulr Caglia a5 508 392
Ol Sl molse lade oS il 51L(VY) ol glite
gyl « YA+ em =D« had) VF 5|l VY vvm AF L 53]
Jlade les a5 o ol (M il sl (YNY cm =H
Olie 4 Loy ¥ g ¥ c¥sleo () JS2) o)l |y AF aslga
5 Kpug) 38 Jsl o 30 5 (OTRpg) bls )l 5T Jla!
Sy 5Lad Poy «3llae [Lid Pabs oy o> Vi a5 csl VF
Lo 1o 5SSz Lad Pozour «Seodd slad jo 5ST

Ventilation flask (VF)

OTRplug

Sampling

o & b (VF) a55 Kbl (B) (AF) (ool 1S Sudls 5 55 5187 JUil Seslod sy (A) ol SzsS S5 1955900 s ) S
A oolatl Gz ol j0 (T gy leie 4y s el alaase

\Al



GIRANTT pganwgd oyogiS i sl 0 50935 dudgi' g sy Soeas | 315508 9 (3l joe> Sl 0 oo

G oS S ey DNA s (plpl (odlsS )
S slp ol Silel 5l ol pll (S Lls AAmplicon)
5qs g hmgr  owgs, ghaw s ol ol cDNA
Applied ) 5 ,ule 5l oolew! L Real-time PCR lawgs
Jedoigas 525 (6l s puend (150 0] samie YL| biosystem
Solel 5l ol oo solanl 2788CT 5g 0 5l 5 oed Lo
oo slp bosls giluJley o (Jls a8 olgicay 18sTRNA
o5 Sldlas ;o 595 ¢ hmgr sla,55lel g .ol solasul 5
hmgr 39 5 750 4 bS] Gl Jlg sl sl sols
hmgr  forward: 5'-GTCATCCTCCTATGCCAAAC-3'
sqs aeverse:  5'-GGGCGTAGTCGTAGTCCTTC-3'
sqgs  forward: 5-ACAGTTGTCAGCGAAGAGC-3'
18S  aeverse: 5'-CGTAGTGGCAGTAGAGGTTG-3'
aRNA forward: 5'-TATCGAGTTCTGACTGGGTTGT-3'
18S rRNA reverse: 5'-ATCCGTTGCTGAAAGTTGTAT-
(e 7H) 3

bl PDB cuaS o gl bdiges slp V ole zdaw
Oyl Jol alyo ol gy T b dglite )5 Dlpis g 0
Lyl g dado O Goe 4 (ugedis a0 0 glos o adl
Ovgedes 4z 30 AF o adl Ve g de e aw jo ol
4l ¥e g (JLail) Gugamabos 42,5 0F )0 4l ¥+ o((gesly9500)
A plmil az > Fe o (ol Jogb) Lwgaedis a0 VY j0

olel Juxs

Student’s t-test (S) (yg031 5 ool b b yiole;l mulis
Pl 85 4 b b talejl aam axsd S 518 Lloxigay s 9 90
chas Slgis 4y P<-1+0) /48 3 yaS (P) Jlozm e o
Al 4SOl s (6 lo e
>asly

OTR Slatin aslllas b (wlidie S5 S 595550
SOdnd Gagel e lmeE ey a0 e
dyame oo (o i Lalyd 4 g3l SlapeaslE g e
ol 2 1) ool 5l (o ate ((Famy sloosuy plo 5 (s3lgs 03,
ciS b AFy g AFs AF; AF| jo OTR &l i 5
Celu Ve jocaload ool HLas Y JSE 5o gy Lo,058
SAF) (sl OTR i ounlice ool yoi et euS iz
Y polae iSlas @ celw V90 g Celu V00 o s 5 4 AR

YA

Ol3wo Ay 0319 € 3 coilogBly w0395 L § e
T ke 3 GA s
SoMB b M1 ol S G s Lo a5 jghailen
oilodly w8 (GA w03y pito Jlozr 503wl s 1505
Oled oads Gl asg05 SlaSldd Lasuls eolaul 5 ol g
Ol jo oolatul 550 2olsa LB (VY vvm) aolse jlade
3 jeen il 5l eolaiwl b oz B padacse il 1) oSl
Alpha 1-2 ) (solazsl oS Kis Lawg b iz cuiS baome
00 ) Sl (459 g o i (led] (Christ (LD plus
—J gy b eaileddl wB cdile ab (g nSojll
() 2 o525 75 5eSilee -(VA) 0l (5 5503l 0l S y5al s
1wl 0] Cawdds 3y SYolas 1 (GA)e33 GA og (s 5

L (Finalbiomass
— n Initialbiomass)

— Equation 4
fermentation time
1 dP .
=-— Equation 5
d6A= 3 q

0,90 ;0 (S 1 B e el Joluw cdalé X alolas o jo
WD sl s 4 OTR Slasiie r:li:ol b S

Oxygen uptake = fot OTR.dt Equation 6

el S0 50935 i

z 5ol GA ((VA) Sis poadicce (3,55] s 4 5l
30,k g0 S 00y Voo mg GA glseinl gl ol
Lsgh 0095} (0 W3l BT VIV el 4 azan SO
e conlpodle al las (VY e v 02 ad 3o YO) jeuiy lu
bl s Sz gl a0 00 lod o M Wyl s o
RS Y ML L G 5 0 o O e aiz o (]
w/v) NaHCO; b p,84,I5 51 GA zl,5uul .ol plxl zl,5el
el Sy IS al 039381 b Jslne PH 5wt plosil (10
gl ol 089,05 by GA oilagBl ()1 51 (g (¥ 25) 08
az,0 Fooogles jo oniledl p,8,15 (gum Al> e 0 0l
Jsibl o o lslinl &yge 4 GA (gleie 0l poed wgaadas
yogidg mSewl olSws lawgs YFO nm yo 4 ol J> 5llas
(T80, PG Instruments Limited, o plxil (g ,50;ll

.(YY) London)

Real-time PCR ¢ RNA ;lulu>
039y awgi g lax ctS e 3l porae <1V g laie
o zlseisl RNX plus Lawgs S RNA 0 demie mbe


https://ijmm.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%DB%8C%D8%AF%D8%B1%DB%8C%D8%A7%D9%86

Waq wiad = cage | b 10 Ul ol Ko oolitos S Ao

w5 4 (AFY) ooz sladazs )3 50035 L ecnl pogdle

el YV 5 el V00 jo V- mmol/Lh ¢ Y/A sSlas> o5 5
5o S bas ol flas e OTR gl oL, olal 5lasl
de5 lade iSlas 4 Slows 5l o OTR s (AF2 5 AF)

Dbor ol (b o 4

0.012 4 —+—OTRL
0.01
0.008

0.006

0.004

oxygen transfer rate
(mol O, L Th'h)

0.002

Ay L,k8) AF) gAF jo cuiS L ax )81 0w, mmol/Lh Y/Y
3l i AF2 ;0 OTR jiSlos Lol el LSy pacbws/ L0085
Lol ool cowd Bl by 4 wilgs oo a5 09y AFy

Slade 90wl sawlive AF; 0 OTR Slasive Jud=igds joi

g el V- o i 4 ¥/ mmol/Lh 4 Y/ Sl
ol 00ldl 5lasl el VY -

- 03
+ 0.25
02 E
S~
oh
E
L 015
<
&)
- 0.1
0.05

144

168

192 216 240

Cultivation time (h)

Sodé 5l ool Lmg/mL o ouis b GA udgs 5 (AF) eslga bl 5l ooliiwl L MOVLh )5 oo oylo ¢yl JES! e s (cany 0 ¥ S5
9 AF4 ¢ YPG :VF; s AF3 ¢ Bl pulug+ PDB :VE; g AF; PDB :VF; g AF| calize glocaS bume b podews/ lo,055 S by (VF) 4503
.()l)_i.}' ) oduZry o= :VF4

byl e g DW/L WVIYO § VYYD NOIYD o5y 4 VF
58 008y adgi ols plis e by Joke J5 cdale
al Lase o 515l iy ol V/F (VFS) oduomy coiShase
XNy u&u [FYS W\ LR NS 59 )iw d}m 6[.%‘).'[35)4 Oy (VF)
J“‘l’”f“)"u SRS (o0 QL*-M-' ‘) (5"5“‘“ (;5)9 Xy, 9 bl d.yl.......,q
plai sy L.:).OS 0XlaBly A3 (00 s J9,y 40 B oo Sl oo
-V sl M) oauzms slalaxe «pl pogdle Lol 8 pan o)lge
ol b anylis )0 witus 558 ()5 mle syl o5 (F

(Y=Y sl SCdd) Wi la 1y (g ien Joko o) oduzen yieS

el VEY 5l s GA ol Las GA oy Judogay o0
S b Lawgi GA gozd g 098 o0 g ASDLE aen jo
9 VF4 ;0 YV mg/L (GA oy yiSlas (V JS8) ol o anlol

A

ST sl
&y 55 GBI il 5l eolil b gty Lo,0piS oS
O ol 9 0aileBl 08 GA Fiwgn 00t ) JoSid (o)
T g T ol 5 oS 5 o plal asie slagle; 4o
S5 g 0093y oS St el 25 (sl Wl oo

A5k aas GA

0,95 Jsb ) pockes) Lo)0siS 00gicunn s adgs ¥ S0

39 0385 j oSS el FA 5l o a0 o lid | cuns
chle gSlas a4 celw VAY 1 o g a8l oli8l VF-VE,
b cetS 0,90 0bl b Loji adgicom (pmmm yion Jsko
Al a8 b o S den lp 0jg, 90 U Al
VFs o pgcws) Lo,0si8 ciS oS Sl ool ondlice iz
plo L oawlic ;0 1, (8 DW/L YAID) eogcens; ySlas
5 VE2 V3 ;0 00g5Cun ) gazs ST 0,10 of jon 4y LoD



GIRANTT pganwgd oyogiS i sl 0 50935 dudgi' g sy Soeas | 315508 9 (3l joe> Sl 0 oo

a4 VF3 5o o5 olo ol slad cuas iz slolaxe (o o5
\Vig 3)3‘).3 \IY wa).: d.sVFz 5 s).g|).g VAN 3)3‘).5 VYO wa).:
O Ole )10 der )5 .l @Bl uslidlsgs ¢ Amgr gl ol

g hmgr 31 YL sgs

—+—R51 —@—R52

=—&—RS53 —#=R54

Residual sugar (g/L)

0 24 48 T2 96 120 144 168 192 216 240 264 288 312 336

Cultivation time (h)

biomass (g DW/L)

20
184 ——wdl —m—Wwd
16 ——Wd3 —e—Wdd

S R o

3 ) o338 S5 | s (5 it by

3 8gs 9 hmgr 5 olo (F-) ) alize slalosxe
Slezen il ol (F JS2) aib oo s il sl 47
oz slabae j3 (Y JS2) Cowl GA yiwse 95 L
oddlice b (6,550 Lol cel VAY 5l ass o(F-Y slasu))

iy ClS Ly sgs g hmgr (5 Gle (eiz e Sgb e

T

0 24 48 T2 96 120 144 168 192 216 240 264 288 312 336

Cultivation time (h)

Loy S Job 10 (VE) w505 Seodli 5l ooliiwl b s b a0 @ DW/L 5 g/L j0 o0 oylo sog5cams ) JuSKits 5 oniloudl 0id ol ¥ s
N =Y) dlize slocaas e b gty

- hmgr BFlaskl  BFlask2
* BFlask3 O Flaskd
*
2 B
Y *
:: 7 X
5 15 8 T * * [ p
= v A tel% (A 1
ol 5 ’ v “‘ 7
¥ u’ ’ vi u’
: d By Ea7 ElY Al 7
v ¥ = B 7|
v v Y el 7 v
v v HI ¥ 7
oA EEE R
v 1 EH Bl 7 4
7 0 ElY el Bl 7
JIEMY B EiY BN ERY HIE

48 96
Cultivation time (h)

Fold

sQs
BFlaskl  DEFlask2

BFlask3  OFlaskd

192 216 264 336

Cultivation time (h)

144

a8 9% 312

(PDB cueS e 45 caws P <0.05 amo o o)Lis ®) F-1 a8 j0 508 o hmgr o5 o\lo awolie Judowga o0 . F JSis

wd oo slid gl b acwloe mol/L <NV g «/F o /VF
St plp MF 09y jodzmy (oo a5 AFs 3 (50uST O pa
a8 Jlodga s el aly S he S ploie 4 AFL
cle (2als 4 ol o |, OTR polis rals ols ylis sailendl

Bl s csS lama 48 0,5

VF, 6‘)‘.’ pools QL.MJ (W) A&y o5 @) u,‘f_'Luo 6)"5")‘“‘“
dT VO 5 +/VA+ /YVY VYV 55 4 VE 5 VE2 VFs.
gl VF Lo, VE b avslie 0VF; CoiS o 03, .59

& =
.

GA sy 90095 Camn § JuSild St Judoxi gy 3225

&S g packews) Loy0siS porducs 0l St hlég

g oxlenBly w8 oljan 4y Lulde SzeS Sl H5iSTy5m ;0 GA

9 8 I8 sy 2 0yge e Sl Jlar 0 O ole
A ool ylid ylejen eboay

B yas ymasd b o LAF ;0 OTR Slasic 4 ax45 L

NIfY L) ﬁ‘ﬁ ;MS); d.gAF] 9 AF, AF; AF, 6‘)‘. L)J‘“‘“‘S|


https://ijmm.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%DB%8C%D8%AF%D8%B1%DB%8C%D8%A7%D9%86

Waq wiad = cage | b 10 Ul ol Ko oolitos S Ao

UMA.JVF3 5VF4M)U.C)M:‘VF15VF2LMLM)O‘4M

b adgs el YVPVFF (0 GA 5 il (a3l

O ole SSlas ol las sgs ¢ hmgr sy, gl
S5 (o 9 950 £9,5 GA Odgi a5 widl e 51 e
gl Olgise nlpogdle Wls jadS (UL U sl W, o]
ol Cod GA ad g ol a0 1) -V SLdld 50 05 ol SV
P )3 ¥ SLdld )0 gty Lo)0p5 0, )18, ¥ Jgur
4.l asie wles Sl sleo,ge ams oo lis |y pesd
Sy oot s oloy Cel YAVYY JSlej o5 oy oo i
0355 Hlate Ol b lojes 4 Sl podews) Lo,058
ol by Glsie 4 o3l cpl plplo .cwwl OTR ¢ GA o Jgs
Dgb n Slpiing potewy) lo)0gi5 0,

Time range (h)

519 5 ) sty 5,5 L 5 a5 |

SIVEY gd! IYYE iSlas lade g0 4 oo 5 A () ok o,
are S Gl B85 L alpegdle i 59, A 5 s d
dl e IYOY ESlas Jlade 5 (W) A, o9 &5 (V) Sedld) (S
o35 b ool o gl cawods VE4 b ylejen |, d <N
Al Jlade (W) 0l ohg F 5 (b Lae) VF g VF2 o
SSTas )0 0,9] Cawddy 59, Ay L, dT e AYO 5 dT oA
&3S oS Al e g3 @ Olgoe [) 085 (Ge GA wlg
ohy 5 S 5B e ol o)Ll adg 4 (6,500 5 ab) 4 (S

Sl () wl,

o9 GA odg e jiSlas VFy o cus' b SYSTONS
Lo, 45 e, VAT x TV - (2 GA. /DW.h) 500 44 (qGA)
30 .09 (+/#0 x V- g GA. g/DW.h) VF; 5l jis ol YIA

VF, AF,4 5O packewy) boy0aiS 0, L3, Jeuar

134-168 168-216 216-312 312-336

Monitoring

increase up to

OTR 0
AF 35
onine) (mmol/Lh)
- 1
increase up to 11.3
biomass u; :0.276 (dh)
(g DW/L) '
GA almost no production
VF (mg/L)
(offline)

Residual sugar almost steady depletion

(/L) N
Equation 7
—1y _ Oxygen consumption (mol.L™1)
Y% (mOII & ) GA production (mg.mL~1)
Equation 8

Oxygen consumption (mol.L™1)

Y 02 (mol.gDW™1) =
%( g ) biomass production (gDW.L™1)

Equation 9

__ biomass production (gDW.L™1)

-1
Y% (gDW.g™) GA production (mg.mL~1)

S Jlie (lgiean) Soduzm baume S jshaie o
ol Clgplie 0y 5 Joho oYL al; Jds 4 (F ojled
St 5 GA odsi o] Gran olul » as sl
Slagle; o a5 (b )5 (55905 5 Youx Yoraa 03gice
(O JSi) 0l (6 S o5lal oo asuie

M

increase up to

constant 3.5 decrease constant
v to 2 2
OTR pax: 10 °

increase up to almost constant

Wy :0.247 (d)
1 =
increase up to 270 Tl
1 -
main sugar consumed almost
¢ exhausted
! !

JSdd GA g lil @ (PBrae pieeS] edjl
(5290 9 099 o §
G el 00l oaly LS ¥ o ¥ S 0 aS jshiles
asly goliel olaml celo Y2 0 GA oy 4 cogicu)
O odleds Sy 395 ke pieS ol 5l e Lol Lol
odalie Jolw 0y (GA adgi 9529 b juasss sl YIF-YIY
a4 g U GA o dg aold :pl 1o 0,5 leol 4l co 098 coi
3yg0 0yt Sledbl 9] Cans 4 (gl ol bad e a,
(Yorca) GA yowss ;0 (B#ras 5T o33k ¢ Sboj o3l oyl
S 9 (Youx) eogicumss alg ;o (Bpae (5enST o3k
(A gAY dobes) w6 505105l (Yxiga)



GIRANTT pganwgd oyogiS i sl 0 50935 dudgi' g sy Soeas | 315508 9 (3l joe> Sl 0 oo

600 -

500 -+

400 +

300 4

200 A

Y x/Ga (gDW/g)

100 A

=
[a]
e
e 3
S =
x 8
%o
>

0 24 48 72 9 120 144 168
Cultivation time (h)

216 240 264 288 312 336

(@) (YX/GA) 5,50 520 5 (A) (YO2/X) odgicns; odg 10 Bran Sl 005l (M) (YO2/GA) GA sdg 1o (Bran (iS00l .0 S5
D= ¥) st e ol |y o lastias] Gl ool U slaaloo (F CSdlb) oo oS Lo 15 pgds) Loy3giS

SYEV Ll GA adgs b (xdly 3 pae y5enST e cplonil
mol/g YA Jaie YO2/GA s ;5 0 apwlne mol/L
&0 PS4 e 5l ey S85 a2 g om oD dslone
odd Brae 45l Culplie bawgi (5euST Ll w00gilens;

Dgr ad, b lad e gu> U GA adgi el j0 5 ool

=

I it s Loposf iS5 T il

Celslin sl el 00,8 ol 8 a3 o] 05, St
ASlas ol lid canS aliee sl b [0 GA seds))|
lso Cusday (Sloy GA wlgi 5 Jobo cile o Byan (5]
Al (F SLodld) 09 S (5 Foduory s o z,B (plas
sya> FO g/l S5 adgl cdale 1o GA oy 5 oo
93 Wb,y Fove ooyl ol o el Cewsas KHPOy g sl
Al Vb ot cdld ol F) ST Cosgaome g oy 5B
Fodey CaShze 3 45l codplie Wy 5 e Jole
S olgre @ Ol 1) ciSlarme (al a0 g ol onmlie
Ole 255 o gesf o055 (5l 2 00 aingy e aroms
S el b e 3 ] st Syl s g5,
awly ol 4 gu> U GA oy 0l astin ) ez OTR
30 &S 8qs g hmgr sy o> 5l o Gl (plpegdle ol
Sk Sliizs 55 0,8 anli |y gl wiyls (a5 GA 0 Jg e
LoyosiS adgs Gl 3l (sl calizes Lylyds 5 Jalge 09y 00y nes
Lojosis d)90 4o (b Dlidod o8, e 05l (o) ptins/
Sl 0ls &1 T ol (635 il SO asdlas ol (ogctows/

AY

ol 5o a8 I o sel casods cels YEF 50 Youx ,iSTas
(7 JS8) 09 ood odmlive (Jobw 0y )3 (ol @ea (o)
GA oy Gl adsl (5enS] €85 ams lgioe conlple
Fmogm )3 eS| Glie G2 e iz Cesl 0dd B pas
Sed oo gy GA 0 dgi a5 090 o0 oyd celu VFF 5 GA
GA oy LT 0 5enST 5l ok lads gy (Y JSS)
OVL ki) Lojops” 2l pley cnl o ad Bpan
Al |, OTR wig, ales co guls pl cdomad j0 0,015 (6590 40
(Y S8 ass
oads adsi el YAY LAY (o GA iy a5 ool )
Sy90 yden Sy o3l ol i Sledbol 4y Slows (6l el
At eS| B yan daojl (ol (o 2855 )13 Jelodge o5
FS25 b (Bras G5eeST laie 51wl lade (nl g g oais
GA 055 b (y5mST e 51 5 e 9551 b 0l o5 0053y
(el YFE-2) sl o3b o Sl o5l 90 el by 09 (yunss
aS (el YAYVAY) o0 03L g 058 c0b odgs GA g oS
e 5l e als] 5 Sy iy GA ssae i
oS Slej g o3l sl Hlade cpl ol aiulee mol/L < /YYD
oolol 5 g mol/L </AAF oS adg a4 g4, GA
Jol o3t 5 ol pralin (F JS8) oogicans; Jabxiyn 25
30 Jekw oy Cae i 00 By 5l oy (el -V FF)
sladdsalin lawss ams o lis a5 ol o JualS peo o3l
slp nlply edoe Brae (ST i (GA) 49l
e nilpss ojl ;5 GA (Brae (50T e (5505l
is] Cewdar pgd o5l o |y parhs Jansgi 0ol a5


https://ijmm.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%DB%8C%D8%AF%D8%B1%DB%8C%D8%A7%D9%86

Waq wiad = cage | b 10 Ul ol Ko oolitos S Ao

Jyare slabs, | jadro a4 e 5 Jodezm sl lS &S
X VN RIS CERCH Pt BN | IV

Al dae 5 g, B sl ol g dslllas
L v oW

28 05 5 pale 0aSiiils o iome wilul plod l Al naa
Sloyad g Sas Woges )b ) Loas lpl ol olKasls

solegas palpl GBI Ol Sl )l fized 05,5 o
23,5 50 &l )l
&L 5 (p,

S coles g 85 ol Jiias ags e ol
iy ol ddlae sll 5 sl o alawl lesle
Al oxdlie olas aigS g

Referance

Comparison on characterization and antioxidant
activity of polysaccharides from Ganoderma lucidum
by ultrasound and conventional extraction.
International Journal of Biological Macromolecules.,

1. Kang Q, Chen S, Li S, Wang B, Liu X, Hao L, Lu J. 8.

Papinutti L. Effects of nutrients, pH and water
potential on exopolysaccharides production by a
fungal strain belonging to Ganoderma lucidum
complex, Bioresour Technol., 2010; 101:1941-1946.
[DOI:10.1016/j.biortech.2009.09.076] [PMID]

2019; 124: 1137-1144. .

i R 9. Zhao W, Xu J, Zhong J. Bioresource Technolo
[DOL:10.1016/.ijbiomac.2018.11.213] [PMID] Enhanced production gof ganoderic acids in staﬁ}c/
Sanodiya BS, Thakur GS, Baghel RK. Ganoderma liquid culture of Ganoderma lucidum under nitrogen-
lucidum: a potent pharmacological macrofungus, limiting conditions, Bioresour Technol., 2011;
Curr Pharm Biotechnol., 2009; 10: 717-742. 102:8185-8190.
[DOI:10.2174/138920109789978757] [PMID] [DOI:10.1016/j.biortech.2011.06.043] [PMID]
Frisvad JC, Andersen B, Thrane U. The use of 10. Xu P, Ding ZY, Qian Z. Improved production of
secondary metabolite profiling in chemotaxonomy of mycelial biomass and ganoderic acid by submerged
filamentous fungi, Mycol Res., 2008; 112:231-240. culture of Ganoderma lucidum SB97 using complex
[DOI:10.1016/j.mycres.2007.08.018] [PMID] media, Enzyme Microb Technol., 2008; 42:325-331.
Kalantari-Dehaghi S, Hatamian-Zarmi A, Ebrahimi- [DOI:10.1016/j.enzmictec.2007.10.016]
Hosseinzadeh B, Mokhtari-Hosseini ZB, Nojoki F, 11. Zhang WX, Zhong JJ. Effect of oxygen concentration
Hamedi J, Hosseinkhani S. Effects of microbial in gas phase on sporulation and individual ganoderic
volatile organic compounds on Ganoderma lucidum acids accumulation in liquid static culture of
growth and ganoderic acids production in Co-v- Ganoderma lucidum, J Biosci Bioeng., 2010; 109:37-
cultures (volatile co-cultures). Prep Biochem 40. [DOI:10.1016/].jbiosc.2009.06.024] [PMID]
Biotechnol. 2019; 49(3):286-297. . . .
[DOI:10.1080/10826068.2018.1541809] [PMID] 12. Wei Z, Duan Y, Qian Y. Screening of Ganoderma

strains with high polysaccharides and ganoderic acid
Gao JJ, Min BS, Ahn EM. New triterpene aldehydes, contents and optimization of the fermentation
lucialdehydes AC, from Ganoderma lucidum and medium by statistical methods, Bioprocess Biosyst
their cytotoxicity against murine and human tumor Eng., 2014; 37: 1789-1797. [DOI:10.1007/s00449-
cells, Chem Pharm Bull., 2002; 50:837-840. 014-1152-2] [PMID]
[DOL:10.1248/cpb.50.837] [PMID] 13. Kirk TV, Szita N. Oxygen transfer characteristics of
Wu GS, Lu JJ, Guo JJ. Ganoderic acid DM, a natural miniaturized bioreactor systems, Biotechnol Bioeng.,
triterpenoid, induces DNA damage, G1 cell cycle 2013; 110:1005-1019. [DOI:10.1002/bit.24824]
arrest and apoptosis in human breast cancer cells, [PMID] [PMCID]
Fitoterapia,, . 2012; 83: 408-414. 14. Wagner R, Mitchell DA, Sassaki GL. Current
[DOL:10.1016/j.fitote.2011.12.004] [PMID] Techniques for the Cultivation of Ganoderma
Fang, QH, Zhong JJ. Effect of initial pH on lucidum for the Production of Biomass, Ganoderic
production of ganoderic acid and polysaccharide by Acid and Polysaccharides, Food Technol.
submerged fermentation of Ganoderma Ilucidum, Biotechnol., 2003; 41:371-382.
Process Biochem,, 2002; 37:769-774. 15. Keypour S, Rafat H, Riahi H. Qualitative analysis of

[DOI:10.1016/S0032-9592(01)00278-3]

AY

ganoderic acids in Ganoderma lucidum from Iran and
China by RP-HPLC and electrospray ionisation-mass


https://doi.org/10.1016/j.ijbiomac.2018.11.215
https://www.ncbi.nlm.nih.gov/pubmed/30481533
https://doi.org/10.2174/138920109789978757
https://www.ncbi.nlm.nih.gov/pubmed/19939212
https://doi.org/10.1016/j.mycres.2007.08.018
https://www.ncbi.nlm.nih.gov/pubmed/18319145
https://doi.org/10.1080/10826068.2018.1541809
https://www.ncbi.nlm.nih.gov/pubmed/30821564
https://doi.org/10.1248/cpb.50.837
https://www.ncbi.nlm.nih.gov/pubmed/12045343
https://doi.org/10.1016/j.fitote.2011.12.004
https://www.ncbi.nlm.nih.gov/pubmed/22178684
https://doi.org/10.1016/S0032-9592(01)00278-3
https://doi.org/10.1016/j.biortech.2009.09.076
https://www.ncbi.nlm.nih.gov/pubmed/19846292
https://doi.org/10.1016/j.biortech.2011.06.043
https://www.ncbi.nlm.nih.gov/pubmed/21742489
https://doi.org/10.1016/j.enzmictec.2007.10.016
https://doi.org/10.1016/j.jbiosc.2009.06.024
https://www.ncbi.nlm.nih.gov/pubmed/20129079
https://doi.org/10.1007/s00449-014-1152-2
https://doi.org/10.1007/s00449-014-1152-2
https://www.ncbi.nlm.nih.gov/pubmed/24577738
https://doi.org/10.1002/bit.24824
https://www.ncbi.nlm.nih.gov/pubmed/23280578
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3790518

GIRANTT pganwgd oyogiS i sl 0 50935 dudgi' g sy Soeas | 315508 9 (3l joe> Sl 0 oo

16.

17.

18.

19.

20.

spectrometry Food Chem., 2010;
119:1704-1708.

[DOI:10.1016/j.foodchem.2009.09.058]

(ESI-MS,

Heydarian MS, Hatamian-Zarmi A, Amoabediny G,
Yazdian F, Doryab A. Synergistic Effect of Elicitors
in Enhancement of Ganoderic Acid Production:
Optimization and Gene Expression Studies. Applied
food biotechnology. 2015; 2(3): 57-62.

Anderlei T, Zang W, Papaspyrou M, Biichs J. Online
respiration activity measurement (OTR, CTR, RQ) in
shake flasks, Biochem Eng J., 2004; 17:187-194.
[DOI:10.1016/S1369-703X(03)00181-5]

Fang, QH, Zhong JJ. Submerged fermentation of
higher fungus Ganoderma lucidum for production of
valuable bioactive metabolites - Ganoderic acid and
polysaccharide, Biochem Eng J., 2002; 10:61-65.
[DOI:10.1016/S1369-703X(01)00158-9]

Tang YJ, Zhong JJ. Fed-batch fermentation of
Ganoderma lucidum for hyperproduction of
polysaccharide and ganoderic acid, Enzyme Microb
Technol., 2002; 31:20-28. [DOI:10.1016/S0141-

0229(02)00066-2]

Amoabediny G, Rezvani M, Rashedi H. Application
of a novel method for optimization of bioemulsan
production in a miniaturized bioreactor, Bioresour
Technol., 2010; 101:9758-9764.
[DOI:10.1016/j.biortech.2010.07.009] [PMID]

AY

21

22.

23.

24.

25.

. Amoabediny G, Ziaie-Shirkolace Y, Biichs J.

Development of an unsteady-state model for a
biological system in miniaturized bioreactors,
Biotechnol Appl Biochem., 2009; 54:163-170.
[DOI:10.1042/BA20090141] [PMID]

Amoabediny G, Biichs J. Modelling and advanced
understanding of unsteady-state gas transfer in
shaking bioreactors, Biotechnol Appl Biochem.,
2007,  46:57-67.  [DOI:10.1042/BA20060120]
[PMID]

Xu JW, Xu YN, Zhong JJ. Production of individual
ganoderic acids and expression of biosynthetic genes
in liquid static and shaking cultures of Ganoderma
lucidum, Appl Microbiol Biotechnol., 2010; 85:941-
948. [DOI:10.1007/s00253-009-2106-5] [PMID]

Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and
the 2(-Delta Delta C(T)) Method, Methods., 2001; 25:
402-408. [DOI:10.1006/meth.2001.1262] [PMID]

Ren A, Qin L, Shi L. Methyl jasmonate induces
ganoderic acid biosynthesis in the basidiomycetous
fungus Ganoderma lucidum, Bioresour Technol.,
2010; 101:6785-6790.
[DOI:10.1016/j.biortech.2010.03.118] [PMID]



https://ijmm.ir/search.php?sid=1&slc_lang=fa&auth=%D8%AD%DB%8C%D8%AF%D8%B1%DB%8C%D8%A7%D9%86
https://doi.org/10.1016/j.foodchem.2009.09.058
https://doi.org/10.1016/S1369-703X(03)00181-5
https://doi.org/10.1016/S1369-703X(01)00158-9
https://doi.org/10.1016/S0141-0229(02)00066-2
https://doi.org/10.1016/S0141-0229(02)00066-2
https://doi.org/10.1016/j.biortech.2010.07.009
https://www.ncbi.nlm.nih.gov/pubmed/20719500
https://doi.org/10.1042/BA20090141
https://www.ncbi.nlm.nih.gov/pubmed/19681756
https://doi.org/10.1042/BA20060120
https://www.ncbi.nlm.nih.gov/pubmed/16939414
https://doi.org/10.1007/s00253-009-2106-5
https://www.ncbi.nlm.nih.gov/pubmed/19578843
https://doi.org/10.1006/meth.2001.1262
https://www.ncbi.nlm.nih.gov/pubmed/11846609
https://doi.org/10.1016/j.biortech.2010.03.118
https://www.ncbi.nlm.nih.gov/pubmed/20395130

	04-OA-ART-1069 (English) 64-74
	10.30699/ijmm.15.1.67
	Introduction
	Materials and Methods
	Assay of Ganoderic Acid
	RNA Isolation and Quantitative real-time PCR

	Results
	Online monitoring

	DISCUSSION
	Conclusion
	Acknowledgment
	Conflict of Interest


	04-OA-ART-1069 (Fa) 75-84
	مقدمه
	مقدمه
	مواد و رو‌ش‌ها
	سویه و شرایط کشت
	بیوراکتور شیکر کوچک مقیاس
	تعیین زیست‌توده، قند باقیمانده، نرخ ویژه رشد، میزان تولید GA و جذب اکسیژن
	سنجش گنودریک اسید
	جداسازی RNA و Real-time PCR
	تحلیل آماری

	یافته‌ها
	پایش آنلاین
	پایش آفلاین
	پایش آفلاین
	پایش آفلاین

	بحث
	بحث
	بحث
	تجزیه‌و‌تحلیل سینتیک تشکیل زیست‌توده و تولید GA
	بازده اکسیژن مصرفی به ازای تولید GA، تشکیل زیست‌توده و بهره‌وری

	نتیجه‌گیری
	سپاسگزاری
	تعارض در منافع


