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Mycelial Growth of Ectomycorrhizal Fungi by Different
Carbon Sources in Liquid Culture

Sung-Min Jeon, Ha-Saem Jeon and Kang-Hyeon Ka*

Division of Wood Chemistry and Microbiology, Korea Forest Research Institute, Seoul 130-712, Korea

ABSTRACT : Four ectomycorrhizal fungi were tested for their ability to utilize seven carbon sources in modified Melin-Norkrans
medium. After 60 days of mycelial culture, the highest mycelial growth in Hygrophorus russula (KFRI 1987), Sarcodon aspratus,
Leccinum extremiorientale (KFRI 1194), and Tricholoma matsutake (KFRI 1256) was observed with use of dextrin used as a carbon
source. H. russula, S. aspratus (KFRI 1676), and L. extremiorientale showed the lowest mycelial growth on nutrient medium with
pectin. The utilization of homoglycans (starch, dextrin) in seven strains (except for T. matsutake KFRI 1256) was higher than that
of heteroglycan (pectin). The final pH values of all culture media were decreased by pH 1.1~3.0 compared with the initial pH
values of culture media. The dominant color of mycelia was white and varied according to the carbon sources (yellow, brown,
and purple) in some strains. A single colony was observed in L. extremiorientale cultured in liquid media containing four or five
different types of carbon sources, whereas multiple colonies were formed in liquid media containing six different types of carbon
sources by six strains.
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Q7= facultative ECM fungi& 31712k 4] &2 A
o7 A7, 54 g@ao] SrE viAll A TS wll g
slod 71 to] Al 92 WEShe Bhel tig 248 A
Shal 84 WS T3 genome sequences HHEITHH
T sk SN 0|5 A ow THE =
US Aot

2] AT HAES LA Q] AL HjYRE- <l
SHIAIONA w G Al AT ol =2 A A 5430
Act. webA AH o 21 g T I T it
U A S F3817] SlsiMs 5 wiAIE ARSelof
3P, WEEA] B A]9] MMN (modified Melin-Norkran) Bl
A B17F 7P g8 ARHAL 3t o] viAlells dE T
o] & Bl e V1§ o8 F Qe X
P opue} F1EAAT 7]el mjRAEo] SHrE
o] AR thFEAE FAe] Aol F= AREET
[4]. TAF A7 QA Tte] Ak BAE 788] ¢
St LA FR TR FAMIYS AAISHH [5], MMN Hi
A5 7RO E Ahdoly I HRES wAst dAL
A7l Aeet Y= Adtsle d= dvte,7].
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R EITHS]. o] T FE- XEFo] o A 3L 3
homopolycan A|B] BAYO R, Fo] TAA|S] 75
AS FAlE 4 U= a-amylased] E4J0] o 159
AL Al o] 973 SR Algd JoE B
3 gler, Adio] g HAlANA Fole] TAF A
o] A vl o] HEgF Folok FARRE 71l 23 Ao
2 F3ATH9]. o= homoglycan A2 T TS Th
e P=Edo] St A R| M= HAF o] 5
et Zlo 7 BuEHRYH10]. WA (Amanita caesa-
rea)?] Y T FFF =A< sugar alcohol AlE

O 0%

o

Table 1. Ectomycorrhizal fungal strains used in this study
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o] RhEo] e A mjRolA TAF Aol 71 5
SFAAL[11], ©]FF< trehalose®} heteroglycanAlE<] H&l
=S Bl S0 (Tricholoma bakamatsutake)®] HAABIF Al
TAF A o] 9gt Ao g B aEITH12]. 0|9 2
< 7€ A5 xSt B Aol gAY 75 (gl-
cose, mannitol, trehalose, raffinose, starch, pectin, dextrin)
o Aesigr.

B Aol 41 2 o B e Rz del
SIS o] AR TRE MMN AAulA] o] 24z}
wjgste] AL Al AT Tage FA, FUE
o 75 7 gl o8 e wlasiglom, TSl e
52 4% 542 sttt

M= H 88

FFo| +H BB F|

U] B 29Rle|A st et el ol wEik
H3ho] HE FQ JATTIS dPdoZ AAE)A] U
ekl Hslel wE dAM 54S ZARIATH(Table 1).
218 7Fseb 44 7R vkl ddEE #E Y &
H e 5 S o5 1 dAME SA4S Blastr] Sls)
TRz AL, AL, FAAZEol 1AL, ol 55 7
TEEE 2054 ddste] F &/l T8 APl AH&st
Aok HEUOE A uAE 271 S8l potato
dextrose agar (PDA) AFAB|X]o] WAEE(4°C) Told Al
Y FFES 7 7EHE PDA B MMNA B A] (modi-
fied Melin-Norkran agar)oll &3} 25°ColA 1~271€
2+ ke st

Bta3 AEEiXI S| M=

TG QT2 WAL ] A Al gl
HX|= G3S ZARH] 98te] Modified Melin-Norkran
(MMN; sucrose H4] glucose 10 g, malt extract 3 g, (NH,),
HPO, 025 g, CaCl,0.05 g, KH,PO, 0.5 g, MgSO,7H,0 0.15

. KFRI strain
Scientific name

Origin of strains

No.” Forest vegetation Location Year isolated
Hygrophorus russula 818 Quercus mongolica Hongcheon, Gangwon, Korea 2006
H. russula 1987 Q. mongolica Pyeongchang, Gangwon, Korea 2012
Sarcodon aspratus 1676 Q. mongolica Hongcheon, Gangwon, Korea 2010
S. aspratus 1677 Quercus sp. Unknown, Korea 2011
Leccinum extremiorientale 1194 Quercus sp. Goseong, Gangwon, Korea 2009
L. extremiorientale 1195 Quercus sp. Goseong, Gangwon, Korea 2009
Tricholoma matsutake 1256 Pinus sylvestris Skelleftea, Sweden 2009
T. matsutake 1266 P rigida Sancheon, Gyeongnam, Korea 2009

YKFRI: Korea Forest Research Institute, Korea.
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g, NaCl 0.025 g, 1% FeCl, 1.2 mL, thiamine-HCI 100 pg per
1L) HiAIE 712iA 2 ARS-8FATH[3]. MMN HiA] W 7]
A4 (malt extract) @ F712 49 ((NH,),HPO,, thiamin-
HCD) B 7]e} v e IR FA7 A =32 &
2o k= ujA|$} o] F tiAlsle] AR AR o
£ 659 gads dYste] 10 /LY wiA] el SYsA #
7¥etd & 7570 AHIAIE AlZSth BREE D-
(+)-mannitol (FW 182.17)%} D-(+)-glucose (FW 180.16),
O D-(+)-trehalose dehydrate (FW 378.33), A+
+ D-(+)-raffinose pentahydrate (FW 594.51) 12|31 T}
2+ homoglycanA|E 2% (soluble starch, dextrin from
corn)¥} heteroglycan A8 1% (pectin from citrus peel)S
Z¥z} 7¥ste] Alzstdct. Zh viAlell 1 M HCL % 1M
NaOHE 71314 pH 557} H=% A% &, 2] W&
k30 20 mLA E55E] ST 1E T (121°C, 203)3}
At

Etagl AIEHIX|Of 2/ M7 2T i Y FAME S4 ZA}

gaiglo] MR OE 75 AIFWAIE £RIg 5, 2 )
2] 20 mL & AlAF (A4 6 mm Z719] HEA)YS VI A
30t BE A ETS 25+2°Coll A 60U ksl 3,
HjodAl| o] Feld S (TAM A, Hgt 78 VEo = g
A7 e, iR ZA)S BEste 7SSk =3 34
& 7= (27 110 mm, Advantec No.5A, Japan)©l| Bl
A S oAutsle] 70°CollA] 297 AZEE &, AR AFE
& (mg/flask)= S5t o)<} 7 vl FA] oJx}elS 3]
31l final pHE S35l A1l pH ¥sks At
Sto] AL AR A S AR

zm 2 o

QMR 7|8

Aol ARSSE QA o] TR U= (T, 3
Z, 1743)eF A A9 oA 33 Aot (Table 1). T
AAZZH A KFRI 8183} 1987, Al KFRI 1676, HAA
ZA0) 1B Al KFRI 11949} 11952 A ZUNE (Quercus mon-
goloca)t Quercus sp.0] A-3EdH= FHF-HollA, <5-0] KFRI
1266 27|10 (Pinus rigida)7} S8k 2FlollA
SR8tk 3 Al KERI 16772 Fh -l 83
Zro|t}. 0] KFRI 1256 2415l Skelleftea X121<] 1001
A THE (Pinus sylvestris)o| A AT dF=2, 2]yt
2K A99] g7 IokauT->ollA] @AgE o] KFRI 1266
o] FAY EAE vlwsly] Y8l Alg T2 dEs)

At

Etafio] ER0 [E MR TAMYE S
MMN HiA] ] &9 72 2asl] ATZTS 60
o 7t wlst Ax, Fo] 295 (KFRI 1256, 1266)9} 5°]

19 (KFRI 1677)F Al2Jg thi-Z9] #F52 pectine
el o2 g uj ol A TAFe] 71 A YRt (Fig.
1~4). o|e} @] F 879 AT F set (CHRHEEHA
KERI 1987, &4 KFRI 16763} 1677, A2 0] 151
A1 KFRI 1194, 0] KFRI 1256)F dextrin®] 3-8 #jjA]
oA Ao A S el ohdF 350 i3k o] 8=
H| w3t Ay}, $o] KFRI 12563 A3 7749 dF5s
heteroglycan == homoglycan A|E<] gtAollA A}
7o) o 95313t

Rz Ale] 49-) KERI 8183 KFRI 1987 A=
pectin®] E-rE HjR|oN HA TAFS JERIOH, F
= 1 gAEe] oF 28l AR 2ol B Y wdEolet
% pecting YO F o83k FEo] IF (o A=
U5 & = 0T (Fig. 1). KFRI 818% 7572 €49
% o] trehalose?} g%l HIA|oll A, KFRI 1987 4+
TSI raffinose (63.4+4.5 mg/flask)9} THEF<2] dextrin
(63.03.0 mg/flask)ell A TA} Z 2 ASIATH(p<0.05).
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Fig. 1. Effect of carbon sources on mycelial growth of two dif-
ferent Hygrophorus russula strains. "Cx indicates the culture
medium containing carbon source (10 g/L). CM, mannitol; CG,
glucose; CS, soluble starch; CP, pectin; CD, dextrin; CR, raffi-
nose; CT, trehalose. *Values with the same uppercase letters
on each bar are not significantly different (Duncan's multiple
range test, p<0.05). Values are mean+SD of seven replicates.



A S vy AR MR o B 23l o)
g TR AL 270 A AT S Wl 23, KFRI
8182 glucose (FW 180.16)2} mannitol (FW 182.17)0l|A] &
23 gA|E 2ol HolA] §AQkt}. KFRI 19872 7-%-oll=
glucose (53.2+2.0 mg/flask) 2T} sugar alcohol A|E <] man-
nitol (63.8+1.5 mg/flask)®] FH¥ B viR|ol|A T
251 o] AAsATHp<0.05). FHA 27+ Fig. 201
2} o] <l homoglycan AlB2] dextring gAY
O = k= AluiAeA TAFe] Hloll @3loH, F o
F 3 gAFE F 2folE HolA] AUTHKERI 1676:
67.3+3.0 mg/flask, KFRI 1677: 63.3+1.5 mg/flask). KFRI
1676 starch7} S8 MR E =& 74|23 el
<, dextrintl Ao X e] At FAZ OZ {93 A}o]
7} 10 o] 5 Ad&o] KFRI 16769 TAME7Eol 23 &

T w2 A ARES UeRllET, o] 7Y AS 9,
o], AFFETE homopolycan AlE S 7 TH3-RolA]
T o] ol thdFo] o8 sHo] s & 3

ATt HAAZ| =AM ] 7E72] B2 F pectin
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(a) S. aspratus1676
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Fig. 2. Effect of carbon sources on mycelial growth of two
different Sarcodon aspratus strains. "Values with the same up-
percase letters on each bar are not significantly different (Dun-
can's multiple range test, p<0.05). Values are mean+SD of
seven replicates.
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o] FHTE wiAelA o 7S HAE e O™, KFRI
11949} KFRI 1195 ZF T A 32 FAFSHATH (Fig. 3). KFRI
11948 B AL S-S B wsk A3}, dextrin, star-
ch, trehalose, monosaccharides (mannitol, glucose), raffi-
nose, pectin =02 AT A YERITE. KFRI 1195+
GEFY OFEY= raffinose} trehalose$) 22 B4
Lol Hol TAlHES JERY O, pectin@} dextrin®] &+
e BiA= O gAY 6300 vls)] dARe] d43] v
AT (Fig. 3).

AZRJo) 28 BRI SR chalaz AL,
B, AR BN A TS re dhaglow
pectin®] e HiA|olN dAPE & A= S B
<1 A (Fig. 1-3), FFFHAN F1T Fol9] 7w
pectin®] F-E IR A HA A RS YERIA] it
(Fig. 4). =9dle] 725X 53 KFRI 1256
glucose®} raffinose”} $Hr-E BIX|ANA, 2yt e A
o 7 e T - ol A =538k KFRI 12662 dextrin®] &
8 S wiRlolN i wAHS UERAT (Fig. 4).
31 KFRI 12567} KFRI 12662 Y3+ F5ol= B3}
a1, 7559 ©ads 159 dAF AT S8l o8dhs
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(a) L. extremiorientale 1194
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Fig. 3. Effect of carbon sources on mycelial growth of two
different Leccinum extremiorientale strains. "Values with the
same uppercase letters on each bar are not significantly differ-
ent (Duncan's multiple range test, p<0.05). Values are mean+
SD of seven replicates.
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Fig. 4. Effect of carbon sources on mycelial growth of two
different Tricholoma matsutake strains. "Values with the same
uppercase letters on each bar are not significantly different
(Duncan's multiple range test, p<0.05). Values are mean+SD
of seven replicates.

Yol MZ T 548 BT KFRI 12562 dextrin©]
S vl A Hoi AL A EE VR © 1 (70.640.8
mg/flask), starch (64.4+2.7 mg/flask)& BAYO R ©]-&
sk T8 U @R AP RETE =3k KFRI 1266

& KFRI 12659R= 28] dextrinol|A] TA|3o] HA0m,
starch®} mannitol & trehaloseo| A& FAZE EAZCE
gk xto]7} AT (p<0.05). TLEH FoldEUANE &
Talar o]e} o] F 7 IF §AY o] & F¥o] ME U
£ olfi= W3] ¢ 4 glovt T ot EAS A9
24o] M2 TE Hlof 7|Q1gk Anfz ), 1S AY
TEZF Ao AlgaTE59] AT} ek o] 8ate] At
AE FARSE A= ol v, 359 G5l
A S 5 7] e o] 8of Ao)rt e Ae=E
Hol 7|F21E9] T/} ATto] F2 o83 54
e Qte] AATAIE B8l A B_E Ao g A7)
H}.

MTIE Y £ EtARl AIEHiX|2| pH 3}

e AlFulAe] TS FEste] 32wl
(batch culture)S & 73-F-, AlZto] Z31}3te] whe} vljA] o]
© 19 255 RSl EAIEHA =M, o]Eo] F4x0]
T 50| W3tE THA el AL Al SFE 71E BoE
71T, o]of] B Aol AT 6043t S v staL 34
g 757 @A viAE WO E final pHE 57931
initial pH (pH 5.5)22] Zto]7} Q= A& ZALSIAT

Table 2= B4 AlFu]R|o| A A TIHS 60L7T Hl
Fet % wiAY] final pH 3te SHT A0 E BE AlAT
o] pHE= FH4 1.1~Ft] 3.07HA] 7HA8Hnt. ch s Al
< A& T A4S initial pHS} final pH %k
o] FRAE 7IFoE A WM9E AR 29, pHE
2= 1.1~FH 27704 743190k, KFRI 8182] 7% pectin
o] - Hij=|ollA] final pH 3to] 4.0°2 YER] t}E &
2 Al Aol B13] initial pH 5.59}F 4 AAE YER
TF. KFRI 1987 Hi%FgH 919 final pH % 44% 578
Ho] ghad AulA] F initial pHEF] AXP7} 718 S|
YERATE. Pectin® TRHREMA 7 o 25 7P w2

_—

Table 2. The final pH of culture media containing different carbon sources after 60 days of culture

Leccinum extremiorientale Tricholoma matsutake

Culture Hygrophorus russula Sarcodon aspratus

media 818 1987 1676 1194 1195 1256 1266
CM 2.8+ 0.0° 32+0.0° 2.9+ 0.0° 2.8+ 0.0° 2.6+ 0.0° 2.8+ 0.0° 2.7 +0.0° 2.8+ 0.0°
CG 2.8+ 0.0° 3.0+ 0.1° 2.6+ 04° 2.8+ 0.0° 2.6 + 0.0 2.8 +0.0° 2.8+ 0.0° 2.8 + 0.0°
CS 33+0.1° 33+02° 3.1+00 32+0.0° 3.0 £ 0.0° 3.1 £0.0° 3.1+00° 3.1+0.1°
Cp 4.0+ 0.0 44+00 42+ 0.0 44+00 40+0.1° 45+0.0° 43+ 0.0 42+0.1°
CD 2.8+ 0.0° 3.0 0.0 2.8 + 0.0 2.8+ 0.0 2.6 +0.0™ 50+0.1' 2.8+ 0.0° 3.6+ 0.8
CR 2.8+ 0.0° 35402 2.8 +0.0™ 2.8+ 0.0° 2.6 +0.0™ 2.8 +0.0° 3.0 + 0.0° 2.8+ 0.0°
CT 2.8+ 0.0° 33402 2.8 + 0.0 2.8+ 0.0° 2.5+0.0 2.7 +0.0° 2.8+ 0.0° 2.8+ 0.0°

"The initial pH of media was adjusted to 5.5 with 1 M HCI or 1 M NaOH.
?Values with the same uppercase letters in each column are not significantly different (Duncan's multiple range test, p<0.05). Values are

mean+SD (n=7).

Cx indicates the culture medium containing carbon source (10 g/L). CM, mannitol; CG, glucose; CS, soluble starch; CP, pectin; CD, dex-

trin; CR, raffinose; CT, trehalose.
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7891 pecting o8& F 3= THYo| F=3h FAL
Aol Az Haz, 2= fr1iteld o] 59 tiakt
Eol ujz] W= &astA 01| 9o} initial pH gko] 2
Al 8] g2 Aoz FHHET Pectine A3 U
e AlE vl A|olA9] final pHE pectin BT W2 473
2 KFRI 8182 pH 2.8, KFRI 19872 pH 3.0~3.5 %] <]
Hs Zte AoE AT oI Al A9} Zho]
A 27 BESF pectin®] FHTE AlAuRA|NA] final pH
Zho] 718 A YERH(pH 4.2~4.4) initial pHF] Ax}7}
71 A ATk, KFRI 1676 pectin®] S B =0l 24
TAZFES UeP o™, Y uiA|o)49] final pHEES 422
el AR F 71 =9keh W, KFRI 1677+ man-

HARF Al A

9] FRol We SFRe] T 54 155

nitol®] TFH iR A HA TAEHS JERIOoU 5
HiA|o 9] final pHZES 2.8% initial pHE.TF 2314 7+
2EAT). =3 FAlF] 7P =R dextrin AlFH|A]
final pHILE 2.8% S 5]o] A} viA]9] final pH 1t
FABAY Jvkal SR E olH stk FAAZo| 1E
HAS] 79, KFRI 1194 pectin®] 37 B XA final
pHZEo] 4.0+0.12 7Pg E9kom | o] o) FA|#e 72579
el A1EuA] T 7FF W4T KFRI 11955 pectin®|th
dextrin®] $HrE AlFuR|ol| A Bl A] B]A]] final pHAL
o] 4.5 EE 504012 ZAEo] ThE e A|Fu|=|o|
H|3] ¥4}, TS KFRI 11959 dAl3Re & F72 &
29 AR RS pectin®]Y dextrin®] $HE AIEHIA]
N oA wot Al Al AulA|9] final pHERO]

Table 3. Morphological characteristics of H. russula and S. aspratus strains grown in different culture media for 60 days

Strains Culture media” Mycelium color Growth type” Medium coloration
CM White Multiple colony No
CG White Multiple colony No
Hygrophorus CS White Multiple colony No
russula CP Light brown Single colony No
818 CD White Multiple colony No
CR White Multiple colony No
CT White Multiple colony No
CM White Multiple colony No
CG White Multiple colony No
CS White Multiple colony No
H. lr;t;;ula Cp Light brown Single colony No
CD White and pale yellow Multiple colony No
CR White and pale yellow Multiple colony No
CT White and pale yellow Multiple colony No
CM White Multiple colony No
CG White Multiple colony No
Sarcodon CS White Multiple colony No
aspratus Cp White and pale yellow Multiple colony No
1676 CD White Multiple colony No
CR White Multiple colony No
CT White Multiple colony No
CM White and pale purple Multiple colony No
CG White and pale purple Multiple colony No
CS Pale brown Multiple colony No
S c;sé);;tus CP White and pale brown Multiple colony No
CD Pale purple brown Multiple colony No
CR White and purple brown Multiple colony No
CT White and pale purple Multiple colony No

"The abbrevations are same that Table 2.

?The growth types of mycelial cultures were categorized into the two patterns according to the number of fungal colony per culture flask.
The presence of two and more fungal colonies per culture flask was determined as ‘multiple colony’
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9 T pectin®] G WiAONA 9] final pHREO] A YEF A ﬂ*@ﬁ%ﬁ% @%6}01 Hjget A, 2 uiA e

[}
[e}
ST}, L2y KFRI 12567} KFRI 1266914 A TA&-S final pH7} initial pHET 7A8ke o]fi= o] AshH
UERH ghAYS glucose®} raffinose, dextrin 522 A A A Y2 vk G7)kko] =g ¢lo)gk AzkET
@3} final pH 1t 732 IAI7F AR A] 93t
o}d} o] MMN HIAIS 7102 Thags 2ty ST Hi A S| HENEE SH

QTS HAIYFE A, i ¥dIdES T dAMYE 540l AR W ©haxle] F
A o] S7Hel whet vl final pHYZF HAske 54 Fub ool w2 A] vehe #] @7] 9f8l v
S Ve o= MMN iR = oheg Feje] 7712 W) TAKS] A A e 9 ulR] 2 o R 55
AgoE X3E MMN HEu)Rof 8wt vt 3] Table 37} 49 7153514}, 53] A FEl= fungal
A8y A ﬁf)rS’JrE ‘?Ai]fTF: AoR, o5 I HFE  colony®] =710l 3 glo] AIFHIA] W} ©AUE o838t
T5s o 3H 739 WA B final pH7F AR S ST FEIE AAR7E 4R o
3.0 B0 2 Yeh HHXH initial pH 5580 Z43h= ARSE Aol 7152 Fol Jo= vl 87] Yol A5}

=

Table 4. Morphological characteristics of L. extremiorientale and T. matsutake strains grown in different culture media for 60
days

Strains Culture media” Mycelium color Growth type Medium coloration
CM White and pale yellow Single colony No
CG White and light brown Multiple colony No
Leccinum CS White and pale yellow Single colony No
extremiorientale Cp Light brown Single colony No
1194 CD White Single colony No
CR White Multiple colony No
CT White and pale yellow Multiple colony No
CM White and pale yellow Multiple colony No
CG White Multiple colony No
CS White Single colony No
L extrelnf;osrientale CP Light brown Single colony No
CD White Single colony No
CR White and pale yellow Single colony No
CT White and dark brown Single colony No
CM White Multiple colony No
CG White Multiple colony No
Tricholoma CS White Multiple colony No
matsutake CP Light brown Multiple colony No
1256 CD White Single colony No
CR White Multiple colony No
CT White Multiple colony No
CM White Multiple colony No
CG White Multiple colony No
CS White Multiple colony No
L mlaztgzgtake CP Light brown Multiple colony No
CD White Single colony No
CR White Multiple colony No
CT White Multiple colony No

"The abbrevations are same that Table 2.



+ fungal colony9] 7l W2} 2&F= 39T, Fungal
colonyZ} 1705+ EA1E 739 Ssingle colony, 271 ©]/<]
colony” F &= 79 ‘multiple colony’= 718kt

ChAHZH AL KFRI 8189 AR 545 ZAKH 24,
pecting A|€J7F 650] T AJFHIA] HFo A wiA o]
TARAIZE A=A 0™, o] FAlE7E £ES - HiA|
el o8] 7= &4 fungal colonyE FAJe A= F
A== multiple colony®] 237 FEE YEIITH (Table 3).
TS AR RS ZPAA AR depd A4 T8 R
oAAT}. CHZIH A KERI 1987 GA] W35 283 starch
£ Ao Z Sslar e v oA A1) multiple
colony”} =] T}, Dextrin, raffinose, trehalose”} &t
H uljRellA TARE WA ~E-2 A D] multiple co-
lonyS F/dsi o, wiA] 24 FFe A HEHA] &
AT} Pectin®] ¥ WA A4= KFRI 8187 1987 &7
HEdS 4= o AAo] w9 #x3 single colony
FeiE AT FA 23T 7Y B A1)
Aol Al E5 multiple colony2] FEZ AJ3}3.01, vljA]
ZAe PR ko, FAMAIS] A2 KFRI 16767
KFRI 1677 3+ B2 A] YEFTH(Table 3). KFRI 16762 pec-
ting Al21EF 659 T AR A WA o] FAAE
/dg v, KFRI 1677 B4 wijAEE wida) 4o
A (e e 2o &9t o] Y e At
Zao] E3w]o] Qle T ThdRt AV wAAIZE Bty
ATH(Table 3). HA1AZ)T=HA 2705 B3 WAE 7]
2 ulgo R g gox 2, o ZA7tR] SetE o
T P Sae] SHEE gAY Aol tekeiaitt
(Table 4). F0]¢] B¢, pecting A|2]F LA 6572] &
29 AlEHIR]o) A KERI 12562 KERI 1266 55 W 42]
AR Z st e, wiA] 2 @3 BEeA] st
O}, F 7 B dextrin B A AT} single colony HEl
= st

9] AT e 757 ©AY T 53] pec-
tin°] e AARAANA v Al Fejsha] S4do] =
Al YERITH(Table 33} 4). B3 OlF-9] 752 pectin
= o g 3 As dAE ARl Axsidin. 54 ga
Ho] 2 wiAoNA v A AT TAR ] el
&4 B3 1AL A AREAlE 2] olEsl
Tk, 224, pectin®] 789 18] 24 5S4 =] =
Al e 54 T2)aL Aol o okE Az Al a1gst
A (gelling agent)H} 554 (thickner)Z ©]-8-Fth= S0l
A T gAY sk SA4o] 259 dA A
Foll s = 7FsAE o2t LS. Pecting B
Ao = 3 Ag, o] w52 TAKIE light brown
o] A5 ue o, o= 802 IE AL Q= pectin pow-
der®] A5 HHedst o2 HRAT} Pectine IA| FEFL
Aol A FESh=), ROl FE3 o] Aedlle
white, light brown, light cream, light tan 5-2] 2-& W=

A A
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HEA | Afjol| A =23 pectin ©|HTH o] FIgH A8 w]=
Aoz AR AJuH13]. T3 pectind E3} HE A HA
o] ZF7FstaL, w9~ W=A 3k o] clumpE Fs= 7
&ol 3ol 7Hd8 Al & Alxshe dHlell= ol8-=tH13).
B Ao M= AFESE pectine 2R AHoA F=3
heteropolysaccaride= , 2] 87tt9] TARA] Tl =3k
pectin AEAZ} FHSEAY EH 8] Alaze] AH 71
718E A ZMN light brown A|€2] single colony
2 9 | Ae® Bt ZAaZde|aEnle] + dF
+ pecting ¥E33F 3572 ThEH EFlA single colony
o] |2 TAR7| A= Hl, pectin Tt} soluble starch
U dextrinol| A 9] wA|FFo] -2181A] Bol heteroglycank.
T} homoglycan 7-22] TFdFoll tgk o] 8- =7} =34E 2
© g AztET 53] Fo)o] Z-9-o= pectin} starch BF
Rl &3k ghAdelZl SER|TE, pectin® .t starchel]
Ae] dAFo] B AR Ui Fol 2T BT 5
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A BFo 2 FHISHA] single colony®] FENE AI%AIZ]
Ao Helt},
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