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Analysis of Filamentous Fungal Growth and
Pellets Formation by Fractal Geometry
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Biochemical Engineering Lab., Department of Microbiology, Jeonju University, Jeonju 560-759, Korea

ABSTRACT

The morphology of fungal growth, which is an important variable for separability and rheological
property of fermented medium, was quantified with fractal geometry. Fractal dimensions were deter-
mined for submerged growth of two industrially important fungi, Aspergillus niger and Aspergillus
oryzae. The tendency of pellet formation was related to the fractal dimension of fungi.

A B stel= o] AFHAD(2, 6, 14, 17, 18, 19).
aept F% Hele Bk el A A3
TF= FAA, &4, AFPH 5 B3 T/ model ©] 7 % HLof] o] At FF ¥
A ES Aabsted FHA ARSHAYY # Bjo] ExAdS Aekslslr] fsted olA7tAE “FAt
FE AR olgsle AL, ¥FY dAA ¥ 7 A, 22 “IHA7) g 59 e Edol
= 9 Fag #Hgon dRe AabulA A F2 ALEAY, FALY] Ao, FAF] A, 7R 9
AAste A4S, M2 FAEA ¢ °L" TALEe R 7“ NG 5ol T2 AHEso] gich(9, 14). FF7F 74
FEAY, 74 3}04 T3 (pellet) & FAsAY, £ £ A8 Af, TR 44 A, ARAE,
< A 2 A ERYE FAT FARA Y ‘JEH A&, A AA, 25, Hx Fo] 2o
© LEMA Y fA EAdol d3ks FH, ks, o4t Agshe e odux oddh(13). 2 FAb
Sek4 5o ERAYN wFg Ao AA B AdL Aol Helol] 713 F A% FE AR el
o]}, S AH R o]8d o gTEE ul HAE A7 A¢e AT *a‘zé It
BT FAF] Hefs Aol wet o2} Peaicil g0 EH AAFNE FHsln o|F A%
lium chrysogenum& ©|4-3to] F A E AAbsl= 7 Ao 2 wAglety] gl 4o dste 2 fractalo)
, FAYFERGE FAHEY A97F AaA o] o, ARE-5 %tk Mandelbrotel] ofa wobsl a4 7|8t
EAE AAlE ASs AHYE 42} gA=E A gho] ol Fql fractale zdAl o] F-AMg ZESA
$7F fEishd e ey Qloh(13). S HAE}7] Ysted AREEo] ghoh(16). o o]BE&
7Y AR 715 FHEe 25E sl A T4z Ao, AE 34, siokd & A¥HE
TS WAE] fEt AEE AR mdg oy Al, +89 84, AdA A 3—2‘ 9 S84

119



120

3 slshe) Tz, e 2 S 4T Lol
AR gs} Aee Hpae s Aesgn
(16).

B oM Aspergillus oryzae®} Aspergillus
niger 5 £52] Fhol tlstol WAl ZAT 4F
o] Wstal= A #AHY HHE GAEMAAE
o] &3te] BESLY, AEHoZE fractal dimension
S Axbsted FAF] Ml S Astsie wh S g
shoich. =&, FA+Y fractal dimension} 25
Ao el S Austsied AbSdlald ety
ABRAE AH Btk 7R FAY A v]F]
£ fractal Ao 2 FHY F4} Helo Jgx 4
] Bkt

AE Uy

o ¥ EZX M=

ZTHAA B AL FAZE Aspergillus oryzae
(ATCC 1003)2} Aspergillus niger(ATCC 9029)
£ A E AF23ke] 30°Coll A 1047F petridish
A ARAA EAE AZseTh AR A
zAe 145 71£22 sucrose (160g), KHPO,
(400mg), NH,NO,4(1600mg), MgSO0,- 7H,0(1200mg),
FeSO, - 7H,0(0.26mg), ZnSO, - 7TH,0(0.67mg),
g (1.5g) |t}

5 % ujy

Tween 800] H7}8 =F2(NaCl, 0.09% )=
7hete] EALLAS Azstolnt. Awd] s
hemocytometerg ARg-slo] IAbeT & odopll
A3le Bro ZagAo B A Zahed)

300mle] Abzt Fepaze] 100mle] wixlg Y3,
Yot EApE JEY F, 30T, pH 6.,
150rpmell 4] 484]7F F<b A&k wiekstoich. Ab&-d
¥l 2= sucroseZ} 10~160g/0 o|3 ghxo] njA%l
A ooldell= T AlZ2g wix|e} A Aol A}
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Morphology Z+E

Nikon Optishot-2 #u]A]| Sony video recorder
(CCD-55)% #zkslo] image capturing board
(Video Blaster, Creative Labs, U. S. A.) & A3}
o 37" IBM-PC& tjAet AR AZRE Al4
Blod 640x 460 AL 2] ArS FEF ¢ 9EE
TFAstoich, odal8l S program(]-photo, Creative
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Table 1. Conditions to capture images of myceli-
um and pellets.

Mycelium Pellet
Shutter speed 1/100sec 1/4000sec
Light source 0 4
Zoom maximum macro
Filter u.v. U. V.and yellow
Subjct lenz X 4 X5

Labs, U. S. A)& AHgs}o] odojxl edabg, odaty
A4 programg AR&-3te] F4, Hejskg{o)

ofg] 2oz duAddE ¢ 27, T4 74
9 =¥, FAY =Z7], BEE WHHI] Hddo
Table 19] 270 7W T A2 AHFH o]
T 34 =74 Agstoich Table 12 FAke}
TATA Y B 7] At AM-E video cam-
era®] 221704 wig, dvlA FA9 A7) o fil-
tere] F5, A=z Wigs ehic

Fractal 2| H|AH

110 grey level2 #AME binary image (&-9
AR Ag £, gride) =Z7|E HskA7|HA F
Ay EEle gride] /l4E EAs: digitizing

methodE  AME-3le] fractal 2dg  Abstgdct
(14).

2Aube Zgshe gride) 2012 wsAsle
At EAUde Soeke gridd igE oo 2
2 FAE Jebid

N(L)=d."* (1)

AolA N gatsigo) Eishe 248 2719
gride) JE ehi, L gridd i
4t B S G4 ANE e, &
A A% 24 ol Aestelos dge 2
olch. = duch 2o kel 4oolw, ok Hlegs
olh. A% d— 2 thest ol BAST Babdo
2 fractal dimension (D)2t #2Jgic}.

D=d-3 (2)

(DA<} pie 222 Astel theat o el
& 4= qioh.

log N=loge~+D log L (3)
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%, fractal A9 7A$, grided Z7H(L)Y log
$E WA EA EANALE S gridd]
(N) 9 logzhe zalz2 2" Aded 7 7)e
717} fractal z}¢do] =}

Fractal #jA+4 program-& gride] 371 <A
o2 WAl EARE gride) A4E AFoE
=HSES ST S e W4l 2
7 F4% SAsted 2 Alte] ngsglew,
350X 350pixel =719 dAE FAM%e= A 1E
ojui7} &g =t Fig. 1. (a), (h)9} (c)& As
pergillus oryzae FAFS fractal 24948 AALE7] 9
gk JAxE] AL HodF. Fig. 2= Fig. 19 o
Aol djeted gridel =79k Al dagke T
3, ARBAE bl Aot ojd ipghe 73}
7] 913 grid9] =7]E mmE #Abd ghoidh. #Ab
o] Hej7} fractald] 54& vebd7] Hstodxe 2
4 grid®] @77} #Ake] ARk Aol gt o}
A Ake] A7) S o]Aake] gride] Ao of
st} Ay AR AR g2 FAke
A AY diolete] FHE F AN osted A
HEe #HEel AAde vEE Jepie AMAS
(coefficient of determination) ¢l R*7} 0.95 o]4k2]
F2 AT BAE et

THel 27| &Y

TAE ZPste RIS HPs) FHEF F,
petridishel] Y1 colony counter $jol] €8 T2 %
video camera®] macro 7)5& AR&EFe] A gAb
& g=3slgirt. ThresholdE A}34ed binary <3
o2 uhEy, A 3H F A (grey level 0) o
2 el ode FE9 WA A F e 9l
£ 4A Y pellet $F ol&st] P #AFo= A
e b AlE o] 835t

&=2 J(total pellet area/7) 4)

TH el AL

Table 18] =702 dojzl FA9 <AL bina-
ry dae® H#stolch. FA9 roughness(r)el
compactness(c) = Z+z}F t}2-3} zho] Aol =r}(11).

r=nperimeter| ./ (47 areaf ) (5)
C:al‘eal ]3n/area| 180 (6)

3ol A areal,w, areal & binary d4e g A%
& o 7z} grey level 1303} 180%ch g 7 T
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(a)

b)

Fig. 1. Image processing procedure with A. oryzae
mycelium; (a) Captured image of a myceli-
um, (b) Binary image, (c) Digitized method
to obtain the total lenth of mycelium.
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Fig, 2. Relationship between grid length (L) and
grid number (N) ovelapped by mycelium.
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Fig. 3. Image processing with an A. oryzae pellet;
(a) Captured image of a pellet, (b) Filtered
image by grey level 130, (c) Filtered image
by grey level 180, (d) Perimeter of filtered
image by grey level 180.
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o2 7133 d-eE owlsta, perimeter] s
grey level 180Rth: Ag A& FAHZE 53
Ao AAEE AolE viebct. Roughness
g A A 2 gke] Lol FFe] Sle
A3 FAY A & g& zrerh. Compactness
TAZF dept 2HEA FAEA S vER
A A Azoln, FH F AE7F HAE A
A vhebbe B2 (grey level 130)9] vshol 247}
ZAgcty A= AA e dd(grey level 180) 9
Hlgo] S5 FAF JAEA FAEHY deE
epict.

Fig. 3 (a)& 79 def d4& vehliz, (b)
9} (c)+= 130, 180 grey level 2 F-A| & filteringdt
oJakel W38 Jeldich. Filteringol+ threshold
utalo] Ab2-x|glr}. LdAJE grey level2 threshold
e A, A" 9 F grey level et 97)7)
o F& & (grey levelo] A7ut & #2)& A
9lgh Yoz RHo] A=} 13022 threshold g
73% 18022 thresholddt 7Z-¢-Hth AHx2] Hey]
5o pERe FAZ A 2E ¢ 5 Ao

e

e o g oe o rle 2t
e N

A 9 w3

g x7of w2 Fractale Y3}
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Aspergillus oryzae, Aspergillus niger 5 730l
tiste], Fig. 4(a), (c)9F 7ol HFEAS 5 10°
~10 EA/m® ¥ 3 A7) = A-¢ 7 A fractal 2} 4
o] o33k Fabstgdct. A. nigerd] 4% 10 EA/m?
o 2552 EAZ 4ESE A4S T 948
dgtz, 1.2 AT @& fractal 2}Ae Yehigl
o =, 24 gt sesn AN S AL
A%Y Yool T B4, AFEANY 5=

W3o) ajg} fractal 21 27)dlE F7ksichrt
$ de AFFE0 EA/m® o) olilE )
7rastadch. A, oryzeed 7% 10" EA/m*Y A}
FEAAE ohy e FA AHsE AL ol
o FA7E AEHA de HEEAY FRe 107
EA/m’¥c}h o7t & 712 fdxch. Iz A
nigers) 742} o] HELAS ¥ES Hiol I
2}t fractal 3}slo} F7lstcirt B E£219) F ol A
oA Zage o 5 At

Ad 2 9 5k A% EAE, 9l ¥E,
pH 5 Aejshd 223 mi4s, ¢5 5 THE4

K<}

A
=
=

J

o

As} =] sioh(l, 12, 14, 17, 18, 19, 20).
o3 adFellde FAMY HelE Akslslr] st
of 7}x19) &, F FAY AHol, AT FAMY Hol,
A A AR 5 AEE WFEo| Teksd
AHEEAE. 23y ol A WigEL FA
o diA el mokg Addsteds LEss} A4
2 ¢ glgden, A g IR wsle] 02 ¢
Ab Hejo) wWistg Askslsle dlols Asba) 4k
t}. Fractal 2481 ofa] 2719 #4F ool digt
J3Fg HAs] THY § 9o, TAE olgste T
Ao g 2 HAse| 71284 AeE $ glod
g} sohE),

Fig. 4(b)ell A vehd vle} Zo] A, oryzaecl A,
10" EA/m’e] dAZ 27] Zate] FEd4 su-
crose?| ¥EE 10g/¢ ~160g/4 2 W3A|7)e= A
* T2} 71l wet FAkY fractal A}<do] &
7etetr) Zhastedo), v, A nigere] A= 7%
o] F2is}A) ¥okch(Fig. 4(d)).

HExH0| W2 FH sHeho| His)

A. niger® A% HZ2IAY %y} 10° EA/m’
o] - FAZt PAHA Witk AHEEA
TR il wet AV YA, FAo F
T A7l AA Frteksick(Fig. 5). F 7/ ZF
27 AFEA9) 27} 10°EA/m’ oj8tql AS- 7



Vol.10, No.2
1.8 60
1.6
50
% 1.44
L9
£ b 40
c
H
3
€ 1.2
c
“
2 F3c
f=
£ 1o
H
L%
__E 20
— 0.8
s N
: /
= t10
0.6
0.4 - v v 0
6 8 10 12 14
Inoculated spores (log EA/m?)
(a)
1.8 60
1.6 Lso
@ 1.4
L
g b 40
S ./_‘/\\.
3
£
E 12
3
& 30
s
@ 1.0
=
L
E
© 20
= 0.8 1
<
o
Q.
F10
0.6 1
0.4 T T T 9]
6 8 10 12 14

Inoculated spores (fog EA/m*)

(c)

Fig. 4.

Roughness

Roughness

1.8 60
1.6
50
a 1.4
v
€ 40
o
3
a,
E 124
u
< I 30
=]
c
‘A 1.0
=]
g
E
5 F20
= 0.8 1
S I
3
N
49
10
0.6
0.4 T T T T T Y T T 0
Q 20 40 60 80 100 120 140 160 180
Sucrose Concentration(g/¢)
1.8 60
1.64
50
v
g
g
g 144
K I 40
g - a—
]
é
N 1.2
L
g 30
B
4 1.0
v
£
'E 20
s
° .8 1
s
& by
0.6 ; F 10
0.4 T T T T T T T Y 0
O 20 40 60 80 100 120 140 160 180

Sucrose concentration (g/€)

(d)

123

Roughness.

Roughness

Relationship between fractal dimensions and morphology of mycelial pellet; (a) A. oryzae at differ-

ent inoculations and 80g/¢ of sucrose concentration, (b) 4. oryzae at different sucrose concentra-
tions and 10% EA/m® of inoculation, (c) 4. niger at different inoculations and 80g/¢ of sucrose con-
centration, (d) 4. niger at different sucrose concentrations and 10° EA/m’ of inoculation. (l), (a)
and (OJ) are for fractal, roughness and compactness, respectively.

Aol HwF AAo| 2mm o]4474A] ik
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Fig. 5. Variation of average pellet size; (a) A
oryzae at different inoculations, (b) A.
oryzae at different sucrose concentrations,
(c) A. nigerat different inoculations and (d)
A. niger at different sucrose concentrations.

fractal 244& zZte= Fabe
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Ftolch. 2t olgf e AAE FAL FA7) 8t
vhe] Eap} whoste] gAste) HAEA| 9w, o
2l Zajell o3 FA™ A M2 7l dAd

& 3Rk wet shtel FAb T} st 24
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4% 3, 7t B 20 g FAUsE
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A FAR o]Fz FAY YA Aol thste] o
d ZAo A Wwolstod HAEE 7] F (non-
coagulative type) 2} ojg] EA}ol| 4] Wolgt & Fa}
7ol 338k AY 471 A =E 7]+ (coagulative
type), = %9 F 7hx9 By A4 Fo7
FZ=90tH(13, 15). o|2d FA9 ¥4 77 F
A FRol oste] AA =y dgsel s 2
v} Yol Aba & owpe} o], Fold £R9 TR
T o] #Ho] #sd] gl A9 A 7)) &
gAlE & g doh o)9} 7o) FAL9] fractal 244
# F7 9 compactness= FH 2 A 7)1FE 3
£ dl Al 7|Fe] 2 5 gl

g fractal a}sdo] F7Fstd FA9) roughness
Ao, &, #AHY fractale] xpgle] agts
A A7) e A AFs A FA) A
b 3712 b FAY o R FAZ HA
TALY Aol E&stod A9 roughness
7}ghe}.
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