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ABSTRACT

A Study on the Liquid Culture of
Pleurofus nebrodensis Inzenga

Using Engineering Technique

Hyung-Gun Nam
Advisor : Prof. Wol-Suk Cha Ph.D.
Department of Chemical Engineering,

Graduate School of Chosun University

The objective of the present study was to determine the optimal culture
conditions and medium composition for production of mycelial and exo-
polysacchride in liquid-state fermentation from /Aleurotus nebrodensis Inzenga.
Optimal culture conditions for mycelial growth and exo-polysaccharide
production in flask culture were determined in this research. The optimal
temperature and pH were 25C, and 6.5, respectively. The optimal culture
volume was 50 mL in a 300 mL flask and shaking speed was 150 rpm. The
optimal inoculum age and volume percent were 7 days and 5%(w/v),
respectively. Among the 10 carbon source tested, glucose was the best
carbon source. The maximum mycelial growth and exo-polysaccharide
production were achieved in a 5%(w/v) glucose. The best nitrogen sources
were polypeptone and yeast extract, respectively. The optimal concentrations
of polypeptone and yeast extract were 1.0% (w/v) and 08% (w/v),
respectively. KoHPO4 (0.12%(w/v) and MgSO, + 7H,O (0.12%(w/v) were the

_Vi_



most effective inorganic salts for mycelial growth and exo-polysaccharide
production. In summary, the optimal medium composition was glucose 5%,
polypeptone 1.0%, yeast extract 0.8%, KoHPOs 0.12% and MgSOs - 7H,O
012% (w/v). Jar fermentations were carried out to optimize the culture
conditions for mycelial growth and exo-polysaccharide production. The
optimal agitation speed and aeration rate were 150 rpm and 1.5 v.v.m,
respectively. Under optimal culture conditions, the maximum mycelial
growth and exo-polysaccharide production after 11 days with a 5 L jar
fermenter containing the optimized medium were 12.84 g/L and 4.85 g/L,
respectively. However, the fundamental information obtained this study is
insufficient in the development of a efficient process for mycelial growth
and exo-polysaccharide production from 2. nebrodensis Inzenga. To meet the
requirements of large-scale mycelial and exo-polysaccharide production,
therefore, further studies are needed, including configuration of suitable
reactor, optimization of culture conditions and characterization of

exo-polysaccharide produced from 2. nebrodensis Inzenga.
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P e g o A Aol Fo ATH[9-14].

Y YA T (basidomycetes) N F-E-S A A (fruit body)E ©] &3tH, 1L
Auf kel s Auf 2 ALAHT oy @S =FH AFS aHstEE o
Al kol o3k Hax WelAe dAMA mMidS T3 a&H<Q Aibo] npd2 s
TH15,16]. B3, AA] vl Fgoldl o3 LFTA] fFe] ddt
T &S Azl FARA g AL oS ZHAIAL IH17]. 2
AFAEC] A FY HAEZRE dAMA LA AYEA=HAHEL] °F

TS st A HA AAu S 23S 27 HAsted B2 A7 A
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of thate] FEASA o] FA XA &S FFel JvH[18-23].
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Fig. 1. Pleurotus nebrodensis Inzenga (fruiting body)



o £39+

I1-1. =€}2| & (Plenrotus spp) WA Ak
I1-1-1. 3 uj ¢

Pleurotus osteatuse= SrPQI GFsH 71x7F =& AEWALZ “Oyster
mushroom", = “Hiratlke"Z% 2 & A AT Pleurotus osteatus= | A A
7FE wol AuiEa e WASd SIT25]. o wWAle ke 19861 3
19901 Atelell 4mi 2 Frbstla @A Gz duivE ARz FAHIL Q)
[26]. 199613 F=9] A5 < 709E AX At 3, vl e FFol
WA (Agaricus  bisporous) Bk 2 Fol eI Utk 1995 W= 9
Pleurotus osteatus A 880FFE AT AR EH olv 1994959 U AE
S 7Fsy RAo\Th[27]. Pleurotus osteatus= 7= %] (calories), YEF(sodium), A%
(fat), 18]31 ¥ 2H E(cholesterols)e] Y2 ®HHA, @ A (proteins), @53 E&
(carbohydrates), A -r(fiber), BIE}H](vitamins), 18] 3 F 7]& (minerals) 5°| ¥
Tt £ AAAFLR HrhEL U
et & ok FE IVl Plewrotus eryngir®l A FLA4L wol A4
o AedH, 2 ALAY stH Fr)e EALS UE =EEEY HARG §o
Aoz FrrEal vh28]. Maus (291 Pleurotus eryngiil i ¥ F714 %

o &3t A =d 15 HFEES 3¢ (volatiles) B w7 RS AL

Plenrotus spp= Cotton Stalks, ®/¥ &, 28l Fy 53 22 7|do] &

fr¥ lignin?} Cellulosedl Al A8l &= AL= 71 A (saqprophytic)d 7ol th. o] &g 7]

i

S o837 HAMAN = peoridases, laccases,  cellulases,  hemicellulases, R
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xylanases 2 84 EES EHIstAok st=Hl, Pleurotus sppe ©lE g &
S wHlete SEAS AU UAY. Plurotus sppe oA Fo stu= FHHIE

(composting) ¢} Casing layer’} Z 2 §lo] lignocellulosic 7] &l A A ujj &

i)

= Holth. olest DAt F/(busidomycetes)®] ’FHA A7 lE &

FHZ AuEIL Ae AR A bisporous®] 7359k Bl uLs}
W vlwA @3 5A4S AU UATHB0]. Pleurotus sppe 3A e AES
2 HAP glo] E& 40 F lignocelluloseE #3& 4 A7) wiFol thgst
lignocelluloseZ] FA=55 o8& B ANE&L 5 Uvk. Plurotus sppol 712 =
A AFER FYFAEZ = coffee pulp, flax shive, corn cob, sugareane
bagasse ¥ rice hullss o] Slt}.

Cottone AAIH o2 Fag AEF stvolr A FHFA=FTAA 7+
wo] wAsty gtk WA E 93k 7|22 A cotton stalksE Al&3t=d 7}
T E ANES EREY EAACH. o5& Y& (wheat straw)®] 0.4 - 1.4%

W, 2 - 4% F8&4 BdFIES TR Ja, FETFo] v
¢ =71 WEolth31]. ARLS F58A AT (mold)e] FASA At A= F
ol N4 BEHE HAHA At Silage A Silanikove S[32]9] <3k
AF7F olFolH e, oldd B2 T2 T INLENA FRA pleurotus B

2 93l AHea & 9

I1-1-2. A v &

Pleurotus sppe fungal protein, & (spawn) T+ F7|FE] LS 93t
FAFS T3t TAMIYES & 4 Utk Hadar?} Cohen- Arazi[33]<
cotton strawol Al AAYE P ostreatus AHEA Y AA|Hj kA AHAE FALA Y

Se1a 4ee 2ASAT AUASG FAAS F @R, opule, AP 5



Zol 1l-octan-3-0l& WA EH29 FnE 4

=
Bull= 783 sighEolzta A AT[34]. AAujFe] o) A" FAA

v W A2 AR FuAFES AL Y] o]y e AHAs] Fask
A7} =3 ATH[35]. A Belinky [36]> 2. pulmonarius®] {A | FAA 3%

v Z]o  Soybean flour®} Soybean oil& H7}ste  AAA A AAHE

l-octan-3-ol $FHFFHT FAF WA ¢ & HAE2 l-octan-3-ol S F7HA]

o,

AT}, Lipoxygenase= =LA H4HFZ linoleic acid)®] hydroperoxides®] 3
S ot v AEY I Fog 5AE IFFHIL JT. AssafF[37]
P pulmonarius®  wAA T A H(homogenate)dl] ]3]  linoleic  acid”}

13-hydroperoxylinoleate$} 1-octan-3-olZ H$H Tl B 313} T



I1-2. Pleurotus spp o %&l3d 5A

flo

HAFEZEE &t 4 (antibacterial), & 9 8} 4 (hematological), ¥ nlo]g 2
(antiviral), ¥4 (antitumor), LY TERET EHE 7IAD e ASZ H
a5 o] ATH38,39]. Pleurotus spp= kel SA 545 AU 9lof el ¥

o] &=l gt & g FE&EHA o] ThH40]. Waserst Weis[39]= 1T A

TH(E HA)ZEE &0z AMgo] 7t EZS #8 2 43I A
FNAES Pleurotus sppS HIE3 FATFY ALAZRE B HEE0] B
dE gy 5SS /AT Jde HOE YEFSTH41]. Table. 1 & &

N

TF7Y Pleurotus sppd &FEstd a9 5SS Yehd Aoltt
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I1-3-2 PelletB 3} filamentous®d wALA vIF 2 &%

HA T Zo]l AEZ /AR &, dZ25 o dAHmycelia)E F8st= P&
< A EEE FE B TAHAVE "olg] FEE Hol SAH=H MY
z9 gt F¥(Pellet)? 47 (filamentous) FEl 2 S H T A/23 Al

b
N
N

PelletS FAT wjo] F2& A&7 AXxF AAFeE vl 3ga
3 oH[80].

AR F] QoM FAAY FAEE GFL vAE AREA FAA F

By
2

I

>

21 ] (Pellet =+ filamentous)$} AHAFFEAES 1T 4 Atk Table. 29
Al BE uie} o] Pellete 2 F2Asl= TAMAMET AF4

H| 5 2] 4 5 (cell specific growth rate, p, g/g - hr)7} =4 Yy o ot
A PelletF el 2 F2tA E TAMAAAME o &3} (homogenation)stAl =™ o
A BAVEEIZE Ho] A ERNAAAEE (u)s S7FSHA EH

R CIEE
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Table 2. Cell specific growth rate of Lentinus edodes mycelium.

Cell specific growth rate(y, hr™)
Cultivation Homogenate of Homogenate of
. Pellet type
time (hr) filamentous type Pellet type
mycelium
mycelium mycelium
24 15.8x10” 9.7x10° 1.0x10°
48 14.0x10° 8.1x10 1.0x107

& B0l WA oA LW FA

. Pelletd #1419 9% (mg/mm’)

: EFEEA T (mgO2/mg cell min) ©] .
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II-4 3FY%A 943+

Aol 44ste FYTAE FHAolL FHL AT A Aol B
e Zo] sl Aotk gARF ALY BA el g wol A7d
Ao ogFolth Aol AFWATRY A5FEEol A

m 0
i
ol

Sarcoma-180° + & Aoz UEyY "ATF Fd OEFY A=

A=) S FEW AN (Coriolus versicolon)®]l Psk, XTI AN (Lentinus edodes) )

iV}

Lentinan, 2 vt A (Scizoplyllum commzme)ﬂ Schizophyllan, $IA1H A1/} <
AWMAFY GFFEL Zu dArgojgon, o]F Psk9 Lentinane X o

=

{r

s[82]S FF YA HFFE I4sls FAEFE A

i
ExRog A sl BT };\q-(Table. 3. 28y dFE Y gIHe 384

ol

AR BYZL $E% B BaAE AT Bol o] FoAA @t AE ol
.

g tuRe FE We RuAed oadn doh Wele wude

AEZe F2 AR} Macrophageol ™. BIFoll A= B-celldt T-cello] o™

rr
>

BAIZE ZFoA] FAE YA AR WA FA7 Aok TAEZ

A AfEel Welewe] Bolst Helper -T2 Af FHAEE FAdt

ile
()
filo
X

Kill-TS o8 E7/7F o] A=xAd WA FA oItk Macrophage= ©
FHE So7HA A=dtes &Fol Atk oldd AEe HE F7IFHSE A
o thete] HAA2H S &35t 7] 1 A Th(Fig. 2)[18].

AT dFRe TAZE FE8AA F4 g4 dgurs s IJHIda o
ARt ool Wt Corynebacterium 2 7Y BCGE macrophages 74
slate] M9l endotoxino|t} lipopolysacchatide(LPS)= BAZE HEA]7]|=
28-S 7FA 2 A 9H18].

Psk 2 lentinan®] TIHAM= BL FEAIO o|Fo|H PO Krestine 7

P

FRANNE FEFL 4 2o Aoz dedc 3%
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oly gt AL AAA FA A e ANMY AT W AR F
&34, Lentinan helper-T2 A X F&EFdoln, Pske THE F&o]efe 7]

5o o5y MRl 44 GHMEES FASE BHS Wb wATY GIFRE
2

-

A AN A FESEY ol B TAAANNE FEHE AoZE dl#FA4tko]
7bsstth @Al A AAdste dE A Fol= Suppressor-THZE F&3=
AE At o] Afe 9oz HAYH WY ®vFE A= Aoz gd =7
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Table 3. Anti-tumor activity of basidiomycetes

Mushroom Extract Inhibition (%)
Auricularia auricula-judae Hot water 42.6
Ganoderma appalanatun Hot water 64.9
G. lsegae Hot water, NaOH 77.8
Phellinus linteus Hot water 96.7
P. ignuarius Hot water 87.4
Coriolus versicolor Hot water 77.5
C. Jursutus Hot water 65.0
C. pubescens Hot water 59.5
Daedaleopsis tricolor Hot water 70.2
Fomes fomentarius Hot water 5.7
F. pinicola Hot water 51.2
Hirshioporus fisco-violaceus Hot water 45.5
Lenzites betulina Hot water 239
Piptoporus betulinus Hot water 49.2
Piptotorus betulinus NaOH 72.4
Trametes gibbosa Hot water 492
T. dickinsit Water 80.1
Flammulina velutipes Hot water 81.1
Lentinus edodos Hot water 80.7
Pholiota nameko Hot water 86.5
Plenrotus ostreatus Hot water 75.3
P. spodoleucus Hot water 72.3
Schizoplhyllum commune Medium 100.0
Tricholoma matsutake Hot water 91.8
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Fig. 2. Possible immune mechanism: -D-glucan biological

response modifier (BRM) [18].
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Fig. 3. Primary molecular diagram of mushroom beta-D-glucan [83].

_17_



Fig. 4 Molecular model of the right-handed triple spiral helix

of antitumor-active-beta-D-glucan (Schizophyllan) [84].
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Fig. 6. Effect of temperature on the mycelial growth of Pleurotus

nebrodensis Inzenga on YMGA medium
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Fig. 7-1. Effects of inoculum age and inoculum volume on Plenrotus

nebrodensis Inzenga mycelial growth and exo-polysaccharide

production.
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Fig. 7-2. Effects of inoculum age and inoculum volume on Plenrotus

nebrodensis  Inzenga mycelial growth and exo-polysaccharide

production.
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Fig. 7-3. Effects of inoculum age and inoculum volume on Plenrotus

nebrodensis  Inzenga mycelial growth and exo-polysaccharide

production.
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Table 4. Effect of initial pH on Pleurotus nebrodensis Inzenga Mycelial

growth and Exo-polysaccharide production

pH Mycelial growth (g/L) Exo-polysaccharide (g/L)
4.0 1.84 0.59
4.5 221 0.60
5.0 3.41 0.76
5.5 4.75 0.86
6.0 5.58 1.79
6.5 6.35 2.07
7.0 5.95 2.09
7.5 5.55 1.85
8.0 5.10 1.58
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Table 5. Effect of surface aeration on Pleurotus nebrodensis Inzenga
mycelial growth and exo-polysaccharide production with

flask culture

Volume (mL) Mycelial growth (g/L) Exo-polysaccharide (g/L)

50 6.69 191
100 5.05 1.24
150 4.78 1.27
200 1.43 0.46
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olgigt AI = Mikos[105]0] Schizoplyllum commune®] AL vl ol LA
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Table 6. Effects of carbon sources on Pleurotus nebrodensis Inzenga

mycelial growth and exo-polysaccharide production with flask

culture

Carbon source | Myecelial dry weight (g/L) Exo-polysaccharide (g/L)
Control(none) 2.89 0.77
Glucose 6.48 2.64
Mannose 4.59 1.20
Galactose 2.96 0.59
Fructose 5.68 1.39
Arabinose 2.25 0.64
Xylose 3.54 0.72
Maltose 527 1.29
Lactose 3.01 0.60
Sucrose 3.05 0.53
Manitol 3.62 0.56
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Fig. 9. Effect of glucose concentration on Pleurotus nebrodensis Inzenga

mycelial growth and exo-polysaccharide production with flask

culture
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Table 7. Effects of nitrogen sources on Pleurotus nebrodensis Inzenga
mycelial growth and exo-polysaccharide production with

flask culture.

Nitrogen source Mycelial dry weight (g/L) Exo-polysaccharide (g/L)
Control(none) 1.14 0.49
Ca(NOs)2 2.20 0.81
NaNO; 0.01 N.D.
(NH4)2504 0.75 N.D.
NHiNO3 0.71 N.D.
NH4H,PO4 3.68 1.07
(NHg4).HPO4 3.01 1.02
KNO; 1.09 0.36
Malt extract 222 1.44
Peptone 3.04 1.59
Tryptone 4.65 1.79
Yeast extract 6.19 2.45
Polypeptone 6.84 3.55
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Fig. 10. Effect of polypeptone concentration on Pleurotus nebrodensis Inzenga

mycelial growth and exo-polysaccharide production with flask

culture
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Fig. 11. Effect of yeast extract concentration on Pleurotus nebrodensis Inzenga

mycelial growth and exo-polysaccharide production with flask

culture
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Table 8. Effects of mineral sources on Pleurotus nebrodensis Ilnzenga

mycelial growth and exo-polysaccharide production with flask

culture

Mineral source Mycelial dry weight (g/L) Exo-polysaccharide (g/L)
Control(none) 7.15 1.90
MgSO4 6.84 251
CaCl2-2H,O 7.30 0.54
ZnSOy4-7H20O 0.16 N.D.
MgCl, 8.57 1.48
MgSO4-7H,O 9.69 3.34
NaxHPO, 7.32 1.27
FeSO,-7H20O 6.64 1.02
KoHPO, 10.92 3.75
KH>PO, 8.31 2.64
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mycelial growth and exo-polysaccharide production with flask
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Fig. 14-1. Effect of agitation speed on Pleurotus nebrodensis Inzenga myecelial
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