Journal of Korean Society on Water Environment, Vol. 33, No. 1, pp. 8-14 (January, 2017)
pISSN 2289-0971 eISSN 2289-098X https://doi.org/10.15681/KSWE.2017.33.1.8

o

M

ATEMZ 0|Z St Microcystis aeruginosa M|7{ A

=3y’

722l Ststn oluix|etd S eEtn

Removal of Microcystis aeruginosa using Pine Needle Extracts

Hee-Jeong Choi'

Department of Energy and Environment Convergence, Catholic Kwandong University
(Received 2 September 2016, Revised 22 December 2016, Accepted 29 December 2016)

Abstract

Microcystis aeruginosa (M. aeruginosa) is a cyanobacterium species that can form harmful algal blooms in freshwater bodies
worldwide. The use of pine needle extract (PNE) to control nuisance algae by allelopathic inhibition will be environmentally
friendly and promising. PNE removed successfully upto 98% of M. aeruginosa at the following optimal conditions: pH 7, 25

°C of temperature, 100 rpm of mixing rate, 5 min of mixing time. These results was indicated that the amount of 1 g/L PNE

was removed 1g dryweight/L of M. aeruginosa. The kinetic data showed substrate inhibition kinetics and maximum growth

rate was obtained when the M. aeruginosa was grown in medium containing 0.5 g/L of initial concentration of PNE. Different
substrate inhibition models were fitted to the kinetic data and found the Luong model was best. The model predicted kinetic
parameters were in agreement with the experimental findings. The natural extract, PNE, can be a promising inhibition due to

its high efficiency and low dose requirements.
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1. Introduction

ZRH(Algae)e F@EFLE VAL SHISFAE
A2 Eolm, FFTS 3
20 a]le] AFE eS|
(Choi, 2015). WA LAs}= 2FH
H E7He TEF, 55 EH 2983 527 2
AgolA 7HedE BEF7E $8E o]Fa ATHChoi, 2016).
SEyete] #FNY G2FE Microcystis, Anabaena, Apha-
nizomenon, Oscillatoria 4Z°]1, o] FoA & xZE
do7le UdRHQA GRFE Microcystis & Anabaena ©|th.
OJFZ 2 25°C oA F2lo] mjg s, 59,
Microcystis aeruginosa (M. aeruginosa)= RHZHOZ 313
ol o4& § EFolA A= Cyanobacterium®] ™, Micro-
systinZ 2MAExlo)ge 54& S FHGu et al, 2016).
FE YA e ofF mlo]ARAIAH Y FXo tid A
Hel FeAtdl7E Ruga A GAE, 1878d FF A
Agod Hx7 Qs FEC| HAGITL Biglon, o|F
AA AR A wto] AZA AR Y] F4 dZof 7hEouv of
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a7F B FHol ArhPaerl, 2012). £ X
Aol F/HEFE 5279 FTFY &5 st FF
&7b Fast, o2 st E37|¢ FE A E
ol 39S uE F AthPei et al., 2014). wEkA M.
aeruginosa ¥ Aol= AEHAY AZF BHES H5to ¥w=
Al agt Fa3 olfpolth
APAF] et sHEZDS WA, 5%
H

HEEErh FHE Bals] 52 flole W (Paerl, 2012),
Yol dRuEAEY sy SHAE o8I HxE
SAAASE= HH(Chen et al, 2012; Qi et al, 2016) L
g AE3d 239E ol &st 2R/ AEE FYTFo=

ZE AAS = 229 o] &¢H(Meullemiestre et al.,
2016) 5°] Aok 28y o) YHES B2 oYX H|
2r= 35 SIAE QA HAE =4
Ao v aEa We AYe mE w2 AA
ojtt. ol#d wHE RSzt FAEo|Y,
= A Holak&g o)&std Microcystiss A At
s 13AE AP 7% 535U THChen et al., 2012).

7]
=2E Holz ¥t %z EAY 429 248 d940
2 59 522 AA%E P4 %2 242 A A9
T+ vk 3 92 715 BHAA Y 95
=z AA D g A& B3 ok APy A9H0
= =z 4 4% qFoz % 4% W8T F 9
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= 2AH & A metr] A AHALE ZU1H
SO =2 o at7] WEol B2 AH HE&S ZoE Ik
IFHAA 7HE Bo] AMgste BHS §E ZXsd, &
E g el EAste mAZIZ 52E A7 9
FEAF A ER 58 FHAA A AA = ol
tH(Choi, 2015; Sengoco and Anderson, 2004). 2184 HE
FEY THL SASE ¥ Qo] SAFE Hi Y= A
Az7F9 AA&Ee] G, A% a7} mvsy &%1‘701
T4 #9 2 =X Aoyl =@ AFolrh wEA =
Agg dAskL 22 o 9 AEEF0] Yl ?ﬂﬂ
FAAA €] Aol I gttt
mE B AFE £UFZ9(Pine needle extract; PNE)
o] &3t M. aeruginosa & 4ZAE At HF 23
Zi, AFHLARE It sk o) E fshd
, A& &3 ]L PNES] &o] M. aeruginosa
FEFS ARSI oH, ISt AR S
o] &3la] PNEE ©| &3 M. aeruginosa Ao1S B39

N4

KX
=
KX
=

2. Materials and Methods

2.1. Microcystis aeruginosa HH ¥

M. aeruginosa & FFHFH3t 7oA 15 mLE &
&utol Jaworski's Medium (JMH]A)E o] &3] 25+ 1°C
259 &7l 597 S5t ARgstAT Al ER W
e st wigr1e] FYLS LED (Light Emitting Diode)
AHESFA AL, LEDO F3EHE A9 29 FP-60-12 o
4 EFF71(AD & nghtlng, Suwon, Kyonggi-Do, Korea)E
ARESIATE BE BES folA o2 F&F8kl o™, LED
= white A4, £EE 120 pmol/m’S, ¥F7]= 16L:8D L
g3l pH 7oA s sttt FAAQ WA IMEA
9] JE2 Table 19 YeERA ST

i

22. &2 =&

£d2 AAE BN 24 Aol Aot v
9 &£Y4& AAstd ALEAT AHSF &4 LHER
AAE st FFFE FaE AAS F 2 em 7|2

Agsle] 105 °Ce) AZ7](SIP-125D0, M E3743t Korea)oll
A 8AIZE xS § BT Ax B £ 10 g5
100 mLe] 80% ol&&s} EIdF F 259 FEA7|E
(JYD-USO1, Shenzhen Jiayuanda Technol. Co., Ltd, Guang-
dong, China) ©]&3ta] 20-kHzZ 1208 E¢ FZ39th
F23 £JNAL 045 um (Whatman, USA)E ZEFslo]
¥F B@ste] Al AHgsiith

o

Table 1. Culture medium and cultivation conditions

Al

[
w

]

ME =

AP L Jartestd] P20z APsgon, It v=

(0-4 dryweight g/L)®] M. aeruginosa S8 500 mL$}
¥t L] (0-25 g/L) PNES AFA Zo| wal Egsle]

SHIAN L)l Fh8ke] merEE0-300 rpm)9t AL EHA]

7H0-30 min)S ZE3te] HFSE A

< 2500 rpmeE 2083t FAEES F FEAS AEY

St M. aeruginosa &) AALEE 3

2 0.5 mol®] NaOH$} HCIE o]g&3te] ZHEPoH, &

S M. aeruginosa 7t F= E5ZNA 7}%7‘401] A

ARt Z2FYS At 15-40 °CEZA] % :

EE AL vy miAdbsy $3E fstd UHR g

s 2GS

24, EMHH
Chlorophyll-a (Chl-a)< 500 mLE GF/F (0.45 pm, Whatman)
ZHE AFHG g, F715 AASL 90% oMHESR

B stellA 12 A1 Bt MAE FEIFT FEF 4
24 FFEAT|(TD-700, Turner Designs)E o83t &
3= 549 ¥, Chla goz &siglth Chlad 5%

= ollY 4 ()& ol&sty At
Cehta = 13.95 X ODsgsom - 6.88 % ODg49nm (D

M. aeruginosa & A&
£ ol &3ty ALtstAth

< Chl-a F733% & ol 4 (2)

R = {(Chl-a; - Chl-a;)/Chl-a;} x 100% 2)

o714 Chl-a; &% Chl-a, & 247 ¥kg A
S F9 sxoltt uHZF AFE®L)
v e=y

9 %7 =% W
< ot et 2ol Al

= In(Xy/Xo) / (ti - to) (3)

ue AZEON), Xi 2 e 27 2 93 ag

9 HAZRF FE(L), 13 t= WFAT ( = LPE}
o M. aeruginosa @l 7 TFL 10 mLY AEZS GF/C
(Wahtmann, §=)2 T3 T 105°Col A 24A17F AxS
F I d%s F459h

M. aeruginosa® AZEE HAYT F Ue AJRd
Haldane, Double exponential, Edwards, Luong, Webb, Moser
2]l Teissierd] EW-& o]&ste] A4t PNEY A

EY r\‘

Microorganism Cultivation conditions

Culture medium

M. aeruginosa 20 °C, 72 h

M

Culture mediums

Compositions

IM medium

Ca(NO;)2H,0 4.0 g, KH,PO4 2.48 g, MgSO47H,0 10.0 g, NaHCO; 3.18 g, EDTAFeNa 0.45 g, EDTANa, 0.45 g,
H3;BO;3 0.496 g, MnCl,-4H,0 0.278 g, (NH4)éMo07024+4H,0 0.20 g, Cyanocobalamin 0.008 g, thiamine HCI 0.008 g,
biotin 0.008 g, NaNO; 16.0 g, and Na,HPO4-12H,0 7.2 g in 200 mL deionized water
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EE4 2 Gas Chromatography (GC-2010AF, Shimadzu, Japan) s &0l Bol TR ] M. aeruginosas A
£ o] &3t B35l en, pHE pH-meter (ISTEK, pH-20N) Asted E84Y AoE AgHT)

o

2 olgate] Zadth BE QWL 59 o) w3 3
stel B dlolEE AHgedth

3. Results and Discussions

31, sYSEA0| S5

&9 FEA9 Y-S BYT 29 pHe 4.5-5.1 0%
a-pinene, [-pinene, camphene &% FHHEZ quercetin,
kaempferol & flavonoid¥, X I8 FE 58.1%, G2

19.6%, s 13.3%, 9HE 3.75%, & AT 2.93% I
2 0.6% F=7F FHH UTKTable 2). ol YRS
< FHEH 2 A E 894 837 vkl BaEof
Atk 2 Qo] FEyIHRoZ ZFo| 53450 mg%, ZE
329.01 mg%, "TFIdlES 88.65 mghIHHo Utk HAE
A= FQo T4 HEL a, B-pinene, B-myrcene, limo-
nene, phellandrene, @ bornylacetate ©]®, ©]<]o|| terpenoid,
poly terpenoid, phenoliF & FA 7IA9 wFHES TH
£ ESHEEA ol A&l T, AFAES 5 A
A4S A3tk Hwang et al, 1995; Lee et al., 2005).
Ao FF HE FHFL 0.13-1.3%°1H, AZSFH F
AlZle] wet Sl ztol7b ok AR Fa HEQ
pinene= PIAE9 LS
limonenex= gHlo]# &,
o} }\L%s“:':l x]-,g_

J&%ﬂlbﬁ&ﬂ

A3, terpinene, camphene$}
FHALS sl phellandrenet
SlaL, bornylacetatex FXFo], 9=t
& St FeE ¥EA Uth(Zeng et al, 2012). £
E9& ol &5ty T AP S o AFAF] 9std &
FEEo| 289 F(Bacillus subtilis, Listeria monocyto-
4t (Escherichia coli,
Shigella sonnei, Salmonella typhimurium)° W3sle] o4 &
5°] At RS THKim, 2012; Krishnaswamy and
Orsat, 2015; Wu et al., 2015). =3 Nakai et al. (2000)<
94X ZFHE & 7.5 mg/Lg °ol&3tY M. aeruginosas
61% AASATHL Bt £do FHEA e F
A FHFS &4 FHF H2 100 g 5 1.305 go]
1™ tannin< ellagic acid®} catechin 52 FJ&o] &
= AE 100 g F 0.69 g(F 0.7%)°] EAsI=H), o]
BEL AEAY HAE ol AxY FFe A=
Zrgol e Aoz &geA JYtHChoi, 2009). PNEd = &

3~[N‘_I

genes, Staphylococcus aureus)™ 185

o
:10 o

Table 2. Components of pine needle extract

Components Content (%)
Moisture 58.1
Carbohydrate 19.6
Cellulose 133
Protein 3.75
Crude fat 2.93
Inorganic components 1.72
Crude ash 0.6
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3.2. Ctst DH7HH =T} O|R|= Het

3.21. pH

pH7F M. aeruginosa & AAE v TS Lolru
ZF HC19 NaOHE o] &3l pHE 3%E 1070 -3
M. aeruginosa & AAEES AG3ATE pH 39AE 30%2
g2 AAES YeEIAoY pHYY Fadel we AAE
T A5ste] pH 74 E 100%2 AAES Uehidh
pH 84 98%9 AAES Ul o pHIF 8042
2 SUHsl wet FA AAgo]l ZAidte] pH 1004 &
51%9 AAEES YehlAtkFig. 1). ]2 &9 PNEE
o183t M. aeruginosa @ AAE I3 HAY pHe 7-8
g & AT L]l S49) pHIF 7.35-9.439] oF
g7 HE #ZAIFTE PNEE AMESte 549 M
< pHY =& glo] AT 5
S Ao Algdrh é'ﬂ o2 pHe "AZR 549 @

aeruginosa & AAL 4

AAQ Wl B2 dFS vAe Fo gEFAAI vA
ZF AAEZES AHgAlY pH - dFS @A g1
AHEE F dte A2 @FHEl Thesithe AS @<l

olgle F&olH, 49 7ts

= z8s A A
a9 *@EHZ“’J fé‘r%‘Oﬂ nAs ¥FS 6
st PNE°l EiFH e Z4
o pHOlA 7bg &&stA F+&
8}9“;E}(Kong et al., 1995). & A
A3} PNEE ©| &3l M. aeruginosa & AAZ 735 PNE
of §fHY = F8 FHFE EZ «, B-pinene,
-myrcene, limonene, phellandrene 18] i bornylacetate &
< A 2REGE SAHY FEZE 9 pHAAA ¥l
gisto], 49 pHAAX 2 AAEES JeRRA

fo
&)
_[O
il
>
oo
2,
_E, -
lo r

oX,
He
rlo
R O{N
A_,

2
& she Ao u

100

pH

Fig. 1. Effect of various pH on the removal of M. aeruginosa
in PNE (PNE concentration: 2 g/L, M. aeruginosa
concentration 1.852 dryweight g/L, mixing rate: 100
rpm, mixing time: 10 min, T: 25°C).

322 2%
2E& pHY Zo| M. aeruginosa®l AAL F&FS 7
Ae 8% AAF ot} 2= WE M. aeruginosa A A

o
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Fig. 2. Effect of temperature on the removal of M. aeruginosa
by PNE (PNE concentration: 2 g/L, M. aeruginosa
concentration 1.852 dryweight g/L, mixing rate: 100
rpm, mixing time: 10 min, pH: 7).

AFAF 15°Coll A= 58 WA 43%9 AAES
Y om w2zt 608 = 100%Y AASS YeRd
o], M. aeruginosa & AAEL & =2 %EQ} H) 2 5}
AAEE7F =t 20°ColA & 3089 &A1z 93%9]
AAES YeEMIALSY, 25°CAAME= 105_'—91 HEGA 7t
99%9] AAES Y en, 2089 H&%A]{Poﬂ 100%9]
AAES JerlAth 2571 5l et AALEESL Al
AgL FFHA2Y 30°C o]l e A z}°17} %101
HSAIZE 5B ZEE W 99% o) AAHAS

T ASATHFig. 2). FEF7L &t AFN s4u %91
T7t 25°C AR AS FEe AAATHE 1089 ¥HSA
A

Zl'oi M. aeruginosa & 99%°14 AMAZ F Ut} Choi
(2016)2 71H1S o] &35t M. aemgmosa%L
15°C, 20°C, 25°C, 30°C L8] 35°CN A Z+Z 23%, 46%,
78%, 80%, 81%E YEtfo] 2E7h *c}éc%ﬂ ek M.
aruginosa @ AAE] AL, 25°CeH 30°CoNA<]
AAgd= 2 zol7F Atk gy oz gFE nAx
e 25°C A $9 2594 7Hd &dsA S4& o,
23S 4o EE2F “:5_ AFE 7]20] 25°C °]
L=z H—Lﬂ‘ﬂﬂ—l— Ak
(Nakai et al., 2000). WA P Et 25°C A =
£ Yehlo, dEE 92/ FolA SH& '@%‘35’— Ae
M. aeruginosa & A A=t A, dd4&o| 7t
o7 A"

3.2.3. PNEQ| &

pHe 2%9 HAs 4P L ALY 7t F BAH
BEAAN FQ9t FEJAASE, M aeruginosa & AAS
#15te] PNEY Foste &g L7l A2 FAFH
Aol wl$ 2% 2<9lo|th Fig. 39 PNES ©]&35}
M. aeruginosa S 98%°1 A AT HoHE H AT
19 pHe &7 PlA= €% AAZHE Fxsto] pHE
7, 25 25°Co| %o AF3Ah AFEH M. aeruginosa
o &&= PNES 4] Z#HAA= 099228 e
o] - *“"‘31’0“1 M. aeruginosa 8 =7} FoHdS+E PNE
9 F= FHEESS € F AT FRAFRHE ol %

y=0.9899x +0.0917
R*=0.9922

Concentration of Microcystis
aeruginosa [dryweight g/L)
N

Dose of PNE [g/L]
Fig. 3. Relationship between M. aeruginosa concentration
and PNE dosage (mixing rate: 100 rpm, mixing

time: 10 min, pH: 7, T: 25°C).

8t M. aeruginosa AAS LR3I PNEQ &S AL 2
I 1 g dryweight/Le] M. aeruginosa & 98% ©1% A|As}
=8 ¢F 1 g/L9 PNEZ} ZRHTh M. aeruginosa & A3
HA 2 S48 mAe S42 ov A AAFHeE ZA
7t F3 glen, olo uwa thgst AA walo] AFE I
Atk Li et al. (2016)2 A &R Sagittaria trifolia & F
EES °l 83t M aeruginosa & AO1E ATt 6A1ZH
o 90%9 AMAEE BIFPOH, Chen et al. (2012)2 F4
2 EG o] &3 Microcystiss Aot 23 198 Bk
75-82%9] AAES Btk ES Sengoco and Anderson
(2004)= 1000 mg/Le] HEZES &3ty oy =
28 YFEFS Microcystis AAE Sl Ae A}
22.9%9 & AALEL BASFReY, Liu et al. (2010)
F2 AEFES Microcystis AAES B3R} hexadecyl
trimethyl ammonium bromideE ©| &3ty FEFES 712
SR LH, o]E ol&3te 03 gLy FOoE 92% AALES
B3tk PNES ol &3t M. aeruginosa AAS A
2 d7= MAd Bash SEerEd 71 Algte] 2a 2 &
A gomn, MAED U= "}%@' T %o #F AsH
ola, MYP=EH vt 2 AAES YA S &

Az ZAIF awrEEY HFH xS FE A2
M. aeruginosa & AAsHe AZAA A HE&S H
At FolA A8y Lol o a]lojth
Fig. 4o AlE9 PNE9 &A|Zre| M2 M. aeruginosa®)
AAES FAHA AF2AHR A del ek d4<1
PNEZ &4 4A =] 1 min® EFAIZ 76%
o] M. aeruginosa AAE&ES YERN S 5 min Foll= &
As] £ 100%9] AAES JeRATth SFAITo|
Zal AALge]l E&7E wyle] ME o v 8 Hok
HH, 24 BE FFY &% AZE 5+ At PNEC ¥
59 e F2 FJEXNE JERQ oB-pinene, B-myrcene,
limonene, phellandrene 12 3L bornylacetate 5< A#2H-&
o] st wE WEEEE UEhln, o mE A AE0
s =

u
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Fig. 4. Effect of mixing time on the M. aeruginosa removal
using PNE (PNE concentration: 2 g/L, M. aerugi-
nosa concentration 1.852 dryweight g/L, mixing rate:
100 rpm, pH: 7, T: 25°C).

100 *—‘)'(—,‘ = 5 T
A m
80 XAD . 430 rpm
nt M50 rpm
% 60 1 A A 80 rpm
e L 4
° | X 100rpm
£ 40
& ¥ 150 rpm
L 4
200rpm
20
250rpm
. 300rpm
0 & T T T T T
(o] 5 10 15 20 25 30
Time [min]

Fig. 5. Effect of mixing speed on the specific growth rate
in PNE cultured M. aeruginosa (PNE concentration:
2 g/, M. aeruginosa concentration 1.852 dryweight
g/L, mixing time: 10 min, pH: 7, T: 25°C).

APEEY HHs o %’%L/‘V]'-"]' QO] A=A H&&
= 8 v &ko] w2
M. aeruginosa & AAEE YER 2}\:]— L}/_‘T}j} (=R
g g2 At 52 AAEES JehAdTh 30 ipm o2
WHRE A 10 £ F 100% AAES Yo, 150
pm &2 WHS o= 38 T 98%%] M. aeruginosa
AALEES YeERAAT 100 pmo 2 38 5 Zw3e o
o= 95%01d9 AALS HehH UL 100 rpm o] FANA =
AAgl A W7t glo] vlzsdth wEtd PNEE
83t M. aeruginosa & AAET AL AAHA Rrg 7
orgthA 100 rpm 9] WEFEETL HHQ Ao AlgdT)
PNES @A &AM e HEde F39 A8 ol w
2} Batch-test®] Z#E ©]&3td HAHIE

o]
a3

g ok st
3.3. M. aeruginosa M0 T2 2N

PNES] o] w2 HF4 $% (9 5719 #4E A
Abata] Fig. 691 YERAATE 0.5 gL AR = p7F S716H
S4y 1 Fol& PNEY wE7F I7bgel wet Ak fg4s)
o 2 gLelAE 0.08 (1/h) &I 10 gLAAE 0.0 (/h)
9 M. aeruginosa 9 ¥E4 £&EE YeERfTE o] PN
5% 0.5 gL7MA = M. aeruginosa Aol ZA 4

N

l‘ll‘wtI

o0

%‘ﬂ

[olI
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0.25
0.2 :§
_ 0151 @
=
= 0.1 ;: *
+
0.05 - *
+
. . .
0 T T T -
0 5 10 15 20 25

PNE concentration [g/L]

Fig. 6. Effect of PNE concentration on the specific grow rates
of M. aeruginosa (standard deviation varying +3%).

A B3k ASZ HolH (.5 g/Lo]de] PNEEZ=AAE
2} M. aeruginosa 9] A|ojo] Z&3F Aoz BwITh AHZ
I} ps 0.5 g/L8 PNE BEZ1A4 021 (1/h)E YeRAATh
PNEE ©] &3t M. aeruginosa 3°FA o1E Moser, Tessier,
Webb, Haldane, Edwards, Double exponential ZZ2] 3 Luong
modelsS ©]&3le] B3R oH AL Ho]HE Table 3
o]] ;Qﬂo}orh:]_ oJE]]o]E = H)\-l 7‘—3}4‘ Luong 1:!1:-110 R
£ 09761 Yehfo] ©& EdET PNES ©]&3td
Microcystis sp.& A7 Adel o AFSAS. 1, = EE
EA 2dA 0.174-0.231 (1/h)E YeERI2H, K& 0.3394-
1.140& Yelfo] PNES &% < 1 g/LolX+ Microcystis
sp. A3l AAHASE FAE + YA Gokulakrishnan
and Gummadi (2006)= 7HHAE& o] &3t Pseudomonas
sp. & AoE AP A oF 2.5 gL 0117‘11?“3 7h| Q1o
Pseudomonas sp.2] Ao A& AL 3elsd
©oH, Kim et al (2016)2 TFL3F Glucose-f] TEE o &3}
¢1 Klebsiella oxytoca® dZAAE A} A3 Glucose
X 50 g/L ©ol*35-El Klebsiella oxytoca®l ‘37&0] Ao]H
= AL IS E AF AT PNE+ oF 1 g/Lol|A] F-F
M. aeruginosa 73S AAF F o] FHH Aol Glucose
Boe vAEF JgAold a3H] AR AtsdH
M. aeruginosa AAE HA £84, g3t § g2 &
Hol AFH oy, EFHA PEE B2 dquA g
AlZte] 4qEo] AgFolA E5tH, shehHQl Wy o
o] setekE] Ao R Qlete AHAY GITFE F
Rem, 53 AFR ALE F de e JFHA £
sttt wEba HZodl= &4 HshH ol A A olH AEA
o Fald AAA AT AFHIL U} Xiao et al. (2010)
< Ha ol M aeruginosa AAE Y EEF Ee @
A A F&F oige] E F Uvkr HIudHowH,
Aget F95 FEA(Park et al, 2006), g A2 2
‘4'13 o] wlyy ZAZA(Chen et al, 2004), ¥ ZZ(Park et
., 2009) 52 °|&3lY9 M. aeruginosa & SE&EFOZ A
01 g g At Bausignh ol# e AEY FAES o
&% M. aeruginosa® GZAA = F2 A& FFFH
e Bdie T ETH =S FER] allelochemicalsdl
7]1@13HcH(Chen et al.,, 2004; Nakai et al., 2000; Park et al.,

+
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Table 3. Estimated parameters of various substrate inhibition models

Model Equation Parameters R2

Moser 1= 1S" 1 (K+S") n=0.6721, K,=0.8287, 1, =0.207 0.9612
Tessier 1= [ 1-exp(-S/K;)] K;=10.5312, 11,=0.172 0.9248
Webb 1= {nSH(SIK)} | {K+SHSTIK)} Ki=1171, K;=0.3394, 1,=0.174 0.9321
Haldane 1= S/[(K+S)+(1+S8/K3)] Ki=1.141, K,=1.140, u,=0.203 0.8941
Edwards 1= [1nSIK+S)] exp™™ Ki=4512, K,= 09173, z,=0.228 0.9547
Double exponential 1= 1y[exp(-S/K;) -exp(-S/Ky)] K;=5.623, K,=0.687, 1,=0.231 0.9532
Luong 1= 11,SIKAS) (1-S/S,)" Sn=20.11, K,=0.6012, 1,=0227, n=2.857 0.9761

where u and 1, are the specific growth rate and maximum specific growth rate, respectively. S, K; and S, are the limiting substrate concentration (Pine
needle extracts in this study), the Monod half saturation constant and the maximum substrate inhibitory concentration at which no growth was observed,

respectively. n is the constant which accounts the relationship between gz and S.

2006). & AToNA A& PNEx ©dAS X3 Z7
Hzst@dEe] W Ao 729 AARY gol AAE
Fom &£42 Add @Al 8T F 3o tE HE
o] FAEES ol&ste ART EE8E7F £ PNEE | &
3t M. aeruginosa & AA+ AALEC] 1
olH, FAHo|A ¥, thE 2} H| Lt ‘ﬁ%% gFs Z8
2 3t BHo] jlen, ol¥7tA] PNEE AHEst shalel
U 329 M. aeruginosas AAE A% A9 o2 w4
3 QA v e dFS ZAEA Eurh wEA &
BHEE YA ASHA AF ZEZ st

4. Conclusion

PNEE ©]&3l9 M. aeruginosa & 43S Aol 95t
2 A9 AFE offig Btk PNEE ©]&3t M aeruginosa
2 AASY A E 25°C, AHEE 100 pm, EFAITH
10 min, pH 7°] HZA x7olgem, 1 g dryweight/L
AAS7] A= 2k 1 g/LY PNEZ} 2
LIL pume 0.5 gLY PNEBEAA 021 (1/h)E YE
WAew, PNEE ©] &% M aeruginosa 3784 °1E Moser,
Tessier, Webb, Haldane, Edwards, Double exponential 2]
3 Luong modelsg ©]&3te] EAS AT Luong BE2
R’E 09761UERfo] tf2 =dro PNES o]&sts] M.
aeruginosa & AF 4@ o HFstHth PNEE €4t
< XS EFHEsEEe] W Aoy 429 FAEY
ol AAEe] goH ’\‘/}1'%94 Qe A-ol BAGCl
g3 ¢ Qo] tE HEY FAES ol&ste AET &8
=7F wskon, A& 7}*5’23% glstgtt. PNEE ©]
83 M. aeruginosa &) AAE AALEe] 1 34 st
Zolw, ZAA Aol

M. aeruginosa &
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