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ABSTRACT: The mycelial morphology during submerged cultivation of Ganoderma ludium using by airqift fer-
menter system were analyzed by image processing system and the characterization of mycelial morphology were
investigated. In submerged culture using medium with different ammonium phosphate concentrations, the various
morphological forms of G. lucidum mycelium were observed. The filamentous forms such as non-branched long
filamentous myceliam, non-branched short mycelium, branched long filamentous mycelium, branched short myce-
lium, entangled mycelium and clump were observed, and also, the pelleted forms such as smootb pellet, rough pellet
and hollow rough pellet were observed. The mycelial morphology was changed from the filamentous to the pelleted
forms by addition of ammonium phosphate. The fractal dimensions of pelleted and filamentous forms were 1.05
and 1.3, respectively, while the fractal dimension of mixtures of pelleied and filamentous forms was 1.16. Therefore,
the fractal dimension was found to be more effective index for the detection of the mycelial morphology and mor-

phological change during batch cultivation. The circularity was also found to be useful for evaluating the surface
growth of pelieted mycelium.
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Whittaker®} Long(1973)°] Aspergillus candidus®] T3<
[IAY olF, AFA FFY WeE 2 AP FFeo)
At B2 A7) s, FA ol TR B §
HE 9 A% A ARRAE s Qe By
Hel, 2 F8A40) A} g2 A7)l o] =T (Whitaker
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Aspergillus niger®] gl =7\l E8= ¥bH, Penicil-
lium chrysogenumel| 23t slARA AL gl 9 Jepd
E A o] 2% FQ3}T Asp. nigerdll 28 H™ 4 A
A 9 Rhizopus arrhizusdll 218t fumaric acid A=
QP E QFFo] o Fohe= 5, B2 Xt ek 19
v olE AT T2 3 el dEiX o Feii T,
5 TFel #AAFAAE 8 A7) = 9 EsiH
5], A eF A Ganoderma lucidum TAFAL] e o
5t Aol dsidE Bad vl glvh

UubH o el ES Fagole] AAujofelr] 48 3
ol 28-S FE AASEE HFSE, ADH, wiAZ2A
9 pH 5% Z3lX|%t(Fatile, 1985; Hannson and Seifert,
1987; Braun and Vecht-Lifshitz, 1991; Shin and Byun,
1991; Byme and Ward, 1989), A$4E ¢ AL =2
YA FAEHEZZE wiA] £A D pH7t TAF Sl 7}
A & e o 53], AR F A vt F
83 Aoz dFEx ¢EdH, Plrt-?—]- Callow(1959)+= P,
chrysogenumel] A3 ¥ F (NH),SO7F AR A5<E o
27)= kg, A4Y9 2242 com steep liquor:= HIF
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A Aol dAlgt MRS ALy Ee] e A Aol
A IZ%5E(100~500 mmol NHNO,)®] AAUL ggsx
FE2d S PAR v, B2 FE(1~5 mmol)l M=
W5 €T fluffydt 2] YAAGT B g ¥ gld
(Darby$} Mandes, 1954).

%Y, Byme? Ward(1989y= R. arrhizus®] 37} peptone
9 X 10~20g/1 R 1-5g1Y & clumpd) A Fej2
Hehde, ALde s Ao w47t unlggiew
Bastgiet. o] §(1999)e 13hw oA} A wjokel M
< ammonium phosphate”} “3A}2} HA wjoF F FAMA)
3 AE g YAkl gle} F87 J3}S 3y, weky
ammonium phosphate F7} %2 A zAF HA FA}
A5 A AT oF Aate) JPsdt Aee ¥we w9l
o 2 dTelME 9A9 94 Wi £ o] ammonium
phosphate®] 7l @h2 FAAS) Tlokgt el WS 3}
AEHNB MR, o2 RE x| FAuwjF Fo] T
A Heisty §AS wgstasl shgd

e o YUY

ZF Y BE

2 979 M 75 520 abied B
I 5 G. lucidum ASI 70040)t}, PDA(Difco) B wj
Aol A 30°CE 7UZE wiokst 3 4°CollM BEBIGT, W
dult Al wjoFstmA Age) ARl

Ui K| =N

F ol A8 WA= G. applanaum®) Zehu)oks-
W&} o} (Sone et al., 1985), ¥ wjoFoll= o] E(1998)0]
G. lucidum®| HA ol 3 Al E9) ohd Yake] HAu)
A2 Rug wix)olr}. wjR|= 121°Cell A 1587F 71qF A
T F AT, AN A 99 FAE A s sk
244, A9, WI9FE 4 B A 3 a2y
o] AM-Elc). pHEe ANF F 0.1 N HCl 3= 0.1 N NaOH
2 233494

Hi ek

AuikE PDA HhiA|dN 88 FAAS A 5
mm®] stainless steel pipe2 mycelium diskS WE oF2,
o] disk 4~570F 50 mie] WA S ¥ 250 mi V7 Zelx
3o AFsl AA A, 30°CAM 797 Wk o
A FEE WA SomiE AR 250 mie) A7 Sekam
o s%vivyel AuigRE HEHT, 30°CAM 100 rpm
22 547 Aebekaigich. A Wl TR (FUHGF),
model 0820)F. 302 3t TAFAA £ wjoke] 334
22 AR, B Afuld ARo] wiokstel AME-81%]
o 2w o] F(1998)e] AbA A)|=Hat 31 S8 (work-
ing volume :2 9] air-lift fermenterS AH2-3le] HEF 5%
(W), €% 30°C, pHS, 7145 2.5 vwme] 2Z3A A

Algtgict. old|, 712 Qlele] WAt AFL Antiform
289(Sigma)yZ AR&-sled AAsI T, wWiA % ammonium
phosphate:= 0~11 g/I¢] =9 oA] wistA7|wA] A3}
s+t

X 3 M=o ciet

TA L wiFN S 10,000xgol A 1587 AA4-E=lska
AR FAA S filter paper(No. 2, Advantec)E o33} o}
=, FRTE 2-33d A PAEIEI, 70°CAA 24417
AxZ F, desiccatordll Al dFe] @ wj7bx] whAslHA
ZAxZF(mycelial dry weight; MDW)S 33X 3le] A eks]
CAES T 4482 (10,000xg, 158)3t FAMA]
g F A2 wiok Aol 29 =2 acetones 713}
S dglen, o]F 70°CAlA 24A|17F A EJ o
ZA]8le] £ v} (crude exo-polysaccharide, EPS)S.
Fodet.
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TAAe] HElEY
#FAH) $e)= image capturing boardE AH8-3te image
analysis system(Optimas Ce., USA)S.E FA 3%t A

+ CCD camera(Panasonic, wv-CP410) = microscope
(Olympus, CHS-213E), PCI video frame grabber(FlashPoint

Ver. 3.11, Integral Tech. Inc), image software{(Optimas 6.1,

Optimas Co)Z TAHAUTE. A e #FE ¢35}
AR 1mE T2 8 95, glacial acetic acid S ml/
2} 50%(v/v) ethanol 200 miZ- &3k 13 mi®] 40% form-
aldehyde® TR A|A 20012 3438 F, slide glassol] 34
g AR 05 mis BARI §7] ZE39 L, absolute al
coholZ 4418 t}2-, methylene blue2 Gl el A
£ A82 sl cH(Packer and Thomas, 1990). Glass cubic
I 4cmxAZ 3 emxEe] 1.5cmplA B2 AS=
AR ool a2 A5 3¢t AlRe] EAE S%
camera®] 2, %<}, arithmetic operation ¥ threshold *#
9 29 IARA 2712 Table 13 2o ¥4 A camera
2 #J3 A 640x480 pixels I 256 grey level®] @
Axg Fosiglom, o5 FHAdEr] $iskd 400x400
pixels® A8t} Image software(Optimas 6.1)5 ©]-&
st} mA, o}, AA, 9Y¥=E F 4F JAFE 7319
o fractal AL AA R WA 2 HE L 4
(& o)-83ted AL TH(Aratani er al., 1988).

Table 1. Conditions of parameters for an analytical image of
Ganoderma lucidum

Parameter Condition
Camera control Brightuness 0
Contrast 130
Intensity Window 256
Level 160
Arithmetic operation ‘Multiply
127~200 threshold

Conditional dilate .,
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short mycelium, entangled mycelium % Z& clump®] 3
g7} F2= ¢ oh(Suijdam and Metz, 1981). Non-branched
long filamentous myceliumE FAP}F A3, 7}A)71 2.8 g
giolr, ol wioFe] 27| pH4~6 AN F2 HFHg
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7WA7E AL Ful2 B pH, Wi} F7)o F2 & S 8l
¢3t}. &= branched long filamentous mycelium- -2 it
g, 298 gopa], £ 37 24 2 %= ammo-
nium phosphate 37} A]¢} pH4~622 pH ZA A9 wi%
Z7)d] F2 E 4 9l uhd, branched short mycelium-
# %9 ammonium phosphate 7} A&} M E9] GFe]
AAko] A3 wjof rlo] F2 E 4 . Entangled
myceliume FAZF ZE3 N3] 2 Q{3
ammonium phosphate®] 2R A2} pH3~74A 2] wjek 5
7] o)Fol F2 Jeld, clumps TAF 5419 core 7]
7b 2, g 92 AR} Aol e deluiwiA
pH 4~6oM 2] Hj) F7)e)] F2 el

g4, Fig. 2= 29 FdE Jebd 2=, smooth pel-
let, rough pellet ¥ hollow rough pellet JelE HAZ 4
9)%dth(Braun and Vecht-Lifshitz, 1991). Smooth pellet<
HPo Fo] wjmelE A=, I FX ammonium pho-
sphate 87H1 2 pH 214 pH 79X FE veldet. Rough
pellete ] 7iAxle] Ewo] A ez, A &
Ate] A-g-olut pH 3~4oll M2} Wi} 27)~F7) e dehd e
w, B3] I %% ammonium phosphate®] H7}A)el] ¥
314 Yydel. Hollow rough pellet2 rough pellet®] 7]

7} ANEA FG Rl AL Abdst Tl A3 F

Wz, FAk ASEA] B wjo} 2] o ¥l F2 o}
e,
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Fig. 1. Various filamentous forms of G. lucidum in submerged culture under different medium compositions and culture conditions.
(a) Non-branched, long filamentous mycelium, (b) Non-branched, short mycelium, (c) Branched, long filamentous mycelium,
(d) Branched, short mycelium, (e) Entangled mycelium, (f) Clump
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Fig. 2. Various pelleted forms of Ganoderma [lucidum in submerged culture under different medium compositions and cuture

conditions.
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"L dxslgonz o9 Myl ¥=T gistd #At
BHell2) oiF FAAES BBk, 2 AAE Fig. 39
gl AE F ik 19e: 0~11g7% ammonium
phosphates A7FsF & AelFoiA A gefo] FAA
Sl F2HNUS. Ammonium phosphate®] A7} X7t
FE A (<3 golls WiSF Alzbe) AataA) "] =
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oA A AAFY T Q& Treskatis S(1997)2 W& 2 F
Ab floct @7 oY w)go) A Wizl BE 2Ilde
AL flocZ 70%, AL 30%10 2}, H47] F rough
pellet?] W& 50%2 F7}3t wbd, T4} floc 30%2

7¥a-8191.em, smooth pellet?] ¥|-8o] 20%7kA] Z7}sie]
o2t slgic}h. = AA 7| A smooth pellet D TFA} floc?)
F7kel EA rough pelletd] ZAvt AAFLGT s
Je} B AFo)AE ammonium phosphate®] H7} X
7} 3 g/l )22} 7ol wiokol ARl we} 2 A
Hej2o] FAF Afo] AU, FAA L Wixg =gt
Z7VE9e. = 7/l ©]4F2] ammonium phosphateS 7}
3t 739 pellet®] Z71= AXE= v, 2 N EFLE o
Ho} Y& =59 ammonium phosphate F7} A B} w2
AE AFY $ U AT LB 71EE ofA]
s waiAA dskerm g, ojs}t o] IFE ammo-
nium phosphate A7}7-olA2] dl P4 9 " =7)9)

ZThel WE olfe & & Aok sRE AR wba

oivt B4 A AA WAV AEL FAFO fdgw
Azyakar gl = (Vecht-Lifshitz 5, 1990), Dik 5(1992)¢))
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SR st o2t B a7 ASx o9 AW

Fig. 3. Morphological forms of G. lucidum mycelia grown in the broth with different concentrations of ammonium phosphate.
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Fig. 4. Effect of ammonium phosphate on mycelial growth and
exopolysaccharide production after 8 days cultivation in
the submerged .culture of Ganoderma lucidum.
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Fig. 5. Calculation of‘fractal dimension for projected morphologies of G. Iucidum mycelium (D and n present fractal dimension and
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Fig. 6. Changes of fractal dimension for G. lucidum mycelium
cultured in the absence and presence of ammonium
phosphate.
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Fig. 7. Effect of ammonium phosphate on the circularity (top) and mean circularity (bottom) of G. lucidum mycelium during batch

cultivation.
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Fig. 9. Effect of ammonium phosphate on circularity of pelleted
mycelium after 4 day of batch cultivation,

Fig. 8. Effect of ammonium phosphate on the morphology of entangled and pelleted mycelium (Samples were taken at 4 days of
cultivation).

(A) : 0g/ll, B) : 3¢/, C) : Tg/l, ©) : 11 g/l

goll vtehiet. 2 ellA 9} 22|, ammonium phosphate
3g/ A7IEIES o, D ] IS Ao} I s
A7 B TS BEY 4 %R Fig. 8278 43
EF BA% ZAQ Fig 9l A A$, 3g/elA
A= Fpo] ¥ FE ¥ Fig 89 Ads} & UdX|eg]
ot e Ayl Eye] A ARE wege] gled
AY=E v f8st Aoz 4=

o] Ake] Al © 2 RE| ammonium phosphate:= A <] §
A3t wi$- LA AA7E A5 4 4 UL, fractal X;
A e ey o A3 FAAS Je B vk F
o e Wishl], 183 Q¥EE WY TP A A
Az wA AR2 83 AHEE 4 s Aoz A
xap2bvis

¥ g

wAle] eAulofo] 23t FAMA @ MES] ot HF
A I WA Z712 BRIV Y3, o R(Ganoderma
lucidum ASI 7004)] HAWF F, WX 2A(0~11 g/1Y)
ammoniumyg ZE|ste] TAH el Y E3}e] A3
£ GAEA AR o83l BASIHY. wix] 24
wioF 7ol whE AR Hele] wiFREAEE AR

L



98 THE KOREAN JOURNAL OF MYCOLOGY, 29(2), 2001

A% A7, non-branched long filamentous mycelium, non-
branched short mycelium, branched long filamentous my-
celium, branched short mycelium, entangled mycelium ¥
Z+E clump®] "EPE 3e 2}, smooth pellet, rough pellet
" hollow rough pelet®] 2l el 5, kst e &
2% 4 sldvh. Ammonium iono] W& 7ol Hapl
E Yejo] 22 Afo] Tl ui, ¥ 552 A4S 9
A P FA} AKo] T2 ABHY . ol2jst uje) A
e $X)3) = LT fractal YL o] 83} FS
F53 29, 11g/¢] ammonium phosphate FEAM F2
veh e A2 fractal 332 1.05 ojl ok R),
ammonium phosphate®] A Alo} F2 jehi= FA} ¥
B9 fractal XL 1.3°)9ich@EMIES) = el E
2 Ay FARA T 99 fractal AL 11622,
ol &9 7t #& vehigich. e, fractal A4S FAL
Hello] WEle S5 AR PoE vl F42 sz
AAARS. = 495 293 A FhlM F4F
A% AEE WA F-43 A= ey

HAlel 2

B Re QAU ARAaA S TAES 9 a7
8] A|Y(97-K3-0407-02-020 1A S8R A7 BHSPIeh

=t
=

ok

i

Aratani, T, Fujii, T., Morikawa, T. and Miyanani, K. 1988.
Evaluation of floc form by fractai dimension. J. Chem.
Eng., 14(3): 395-400.

Braun; S. and Vecht-Lifshitz, S. E. 1991. Mycelial morphology
and metabolite production. Trends in Biotechnol., 9: 63-68.

Byme, G. S. and Ward, O. P. 1989. Effect of nutrition on pel-
let by Rhizopus arrhius. Biotechnol. Bioeng., 33: 912-914.

Charles, M. 1978. Technical aspects of the rheological prop-
erties of microbial cultures, Advances in Biochemical Engi-
neering, 8: 1-62.

Cox, P. W. and Thomas, C. R. 1992. Classification and mea-
surement of fungal pellets by automated image analysis.
Biotechnol. Bioeng., 39: 945-952.

Dik, T. B., Ozilgen, M. and Bozoglu, F 1992. Salt, EDTA,
and pH effects on rheological behavior of mold suspen-
sions, Enzyme Microb. Technol., 14. 944-943,

Edelstein, L. 1983. A model for pellet size distributions in
submerged mycelial cultures, J. Theor. Biol., 105: 427-452.

Fatile, A. 1985. Rheological characteristics of suspensions of
Aspergillus niger: Correlation of rheological parameters
with microbial concentration and shape of the mycelial
aggregate. Appl. Microbiol. Biotechnol., 21: 60-64,

Hansson, G. and Seifert, G. 1987. Effects of cultivation tech-
niques and media on yields and morphology of the basid-
iomycetes Armillaria melia. Applied Microbiol. Biotechnol.,
23: 468-473. '

Konig, B., Schiigerl, K. and Seewald, C. 1982. Strategies for
penicillin fermentation in tower-loop reactors, Biotechnol.
Bioeng., 24: 259-280.

Lee, K. M., Lee, S. Y. and Lee, H. Y. 1999. Effect of ammo-
nium phosphate on mycelial growth and exopolysaccharides
production of Ganoderma lucidum in an air-lift fermenter.
J. Microbiol. Biotechnol., 9(6): 726-731.

Lee, S. Y, Kang, T. S. and Lee, M. C. 1998, Condition of
exo-polysaccharide production from submerged mycelial
culture of Ganoderma lucidum by wusing air-lift fermenter
system. Kor. J. Biotechnol. Bioeng., 13(5): 1-7.

Metz, B., De Bruijn, E. W. and van Suijdam, J. C. 1981.
Method for quantitative representation of morphology of
molds. Biotechnol. Bioeng., 23: 149-162.

Metz, B. and Kossen, N. W. E 1977. Biotechnology review:
The growth of molds in the form of pellets - A literature
review. Biotechnol. Bioeng., 19: 781-799.

Pace, G. W. 1980. Rheology of mycelial fermentation broths.
Pp. 95-100. In Smith, J. E,, Berry, D. R. and Kristiansen,
B. Eds. Fungal Biotechnology. Academic Press, London.

Packer, H. L. and Thomas, C. R. 1990. Morphological mea-
surements on filamentous microorganisms by fully auto-
matic image analysis. Biotechnol. Bioeng., 35: 870-881.

Patankar, D. B., Liu, T. and Oolman, T. 1993. A fractal
model for the characterization of mycelial morphology, Bio-
technol. Bioeng., 42: 571-578.

Pirt, S. J. and Callow, D. S. 1959. Continuous flow culture of
the filamentous mould Penicillium chrysogenum and the
control of its morphology. Nature, 184: 307-310.

Roles, A. J., Verg, V. and Voncken, R. M. 1974. Rheology of
mycelial broths. Biotechnol. Bioeng., 16: 181-208.

Ryoo, D. H. 1994. Analysis of filamentous fungal growth and
pellet formation by fractal geometry. Korear J. Biotechnol.
Bioeng., 9(5): 512-517.

Shin, Y. C. and Byun, S. M. 1991. Effect of pH on the elabo-
ration of pullulan and the morphology of Aureobasidium pul-
lulans. Kor. J. Appl. Microbiol. Biotechnol., 19(2): 1993-199.

Sone, Y., Okuda, R., Wada, A., Kishida, A. and Misaki, A.
1985. Structures and antitumor activities of the polysaccha-
rides isolated from fruiting body and the growing culture of
mycelium of Ganoderma lucidum. Agricultural Biological
Chemistry, 49(9). 2642-2650.

Suijdam, J. C. V. and Metz, B. 1981. Influence of engineering
variables upon the morphology of filamentous molds. Bio-
technol. Bioeng., 23: 111-148.

Treskatis, S. K., Orgeldinger, V., Wolf, H. and Gilles, E. D.
1997. Morphological characterization of filamentous micro-
organisms in submerged cultured cultures by on-line digital
image analysis and pattern recognition. Biotechnol. Bioeng.,
5§3: 191-202.

Vecht-Lifshitz, S. E., Magdassi, S. and Braun S. 1990. Pellet
formation and cellular aggregation in Streptomyces tendae.
Biotechnol. Bioeng., 35: 890-896.

Whitaker, A. and Long, P. A. 1973. Fungal pelleting. Proc.
Biochem., 11: 27-31.



