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Abstract

Pinus rigida Miller leaf extract (PRLE) showed antimicrobial activity remarkably against food pathogenic and spoilage
bacteria at concentrations of 100~250 pg/mL. Alcohol-soluble PRLE had higher antimicrobial activity against
Staphylococcus aureus and E-coli than any other-soluble PRLE such as butanol, ethyl acetate, ether and water.
As PRLE concentration increased, alcohol-soluble PRLE increased the remarkable inhibitory zone of microbial growth
on the microbial media. PRLE showed good stability against temperature and pH in the range of 40~150C and
4~11, respectively. This may indicate that PRLE can be a potential anti-microbial agent for industrial application.
In addition, SEM of Listeria monocytogenes suggested that its antimicrobial components would perturb the fucntions
of microbial cell membranes synergistically. In the feeding experiment, the formaldehyde content in the serum
of formalin-fed and PRLE treated rats decreased remarkably due to the lysis of formaldehyde and the rate of hemoglobin
biosynthesis was recovered to the orignal state within a short breeding time.

Key words : leaf extract, alchohol-soluble, stability, SEM, lysis of formaldehyde, hemoglobin, biosynthesis

MoOE

AR, FhGE, WehgE, AokRunts S5 ge Ag
oA 23 essential oil A F- HH 9 Mo WA=
ol disl dH 3 Faee Jehldn1-4), 427 3H5,6)
3 DPPHAA 5@ AFH Ut 2nd vl gk &g,
©] 5 essential oil J¥-& E% cholesterol F =2 #|3}HA])
3, FUA IF EHE deERll= QS0 E Hols A
2 VeIt AR R AEYE terpenedl B o
TAF=7] ol wel monoterpene -, sesquiterpene -9} diterpene
2 g F 3lon, o] 3d¢EdE alcohol, aldehyde,
ketone, ether, §7]4F 2 oxide59] E43717} o] Q=

Aoz deix Y. obeel, AGSe) shiel Zuppn

*Corresponding author. E-mail : sunghcho@gsnu.ac.kr,
Phone : 82-55-751-5478, Fax : 82-55-753-4630

o] JFEo 2= phenolic compound 2 benzoic acid, salicylic
acid, p-hydroxy benzoic acid, vanillic acid, coumaric acid,
photocatechuic acid, gallic acid, ferulic acid, hydroquinone,
caffeic acids-¢] %11 heterocyclic compounds 2 kojic acid
2-furan carboxylic acido]®| fatty acid®+= malonic acid,
maleic acid, fumaric acid7} <1 ¥ % 2% (9). a-pinene 5
30¢] £2] monoterpenoidsA] £-0] GC-MSEA A3 AZx)
71%= StATH10). TEE, AFTE AA TFuAbe Feldt
248 45T 5 9t 4L vdn Aok <7
@S EUE, Fevet o8 x9q g At e
G 27t do 2 RE RS 5311,
ke

=i =)
B3¢ =52 (Pinus rigida Miller Leaf Extract : ©o]3}
Pk



630

st

M

HU

9wy
2l7|cta S A FEE9 A

H Ao A3 Al s A shew gl A3t
2 gl eItk Qe A3eled ALSSII PRLEE
ohe 2e WyoR ZAsT 3, AR vtk
T 942 B AT F, 50CAA 793 EFARAIA oF
2 om AER AR T, Arlckerky o 200ge) 77} 2R
9} 2% gvll(butanol, ethyl acetate, ether, water, ethanol)
1 L2 37 dzdo] B34 branched round-bottom flask
ol 91 beating mantleol 4 6412+ F<t 349 712 FE
Sk 2L 5% oI on] eI 5
FAZT 5 A S 4TColsloA BAstHA I %
= AFst Ao &ulE A7 EAE FAHAER

Al ARk

0K
Zz
el
-4

i
>

o
i

=
2

19o)4 PRLES] G2 A4S 9o AR 35T
o2 BRAFAE, FeIIBAE, $1BAE,
4% 2 7% $a4F9) Wd elsh Gram
2]}, Gram &3 dhel2lol, Yeast, Molde] o

W, st A EF AT BEFolAY B
AsolA Bepol 7ol AT Bl % &
FLT potato dextrose agar, Al T2 brain heart infusion agar
(BHIA), tryptic soy agar (TSA) 5-2] AFull=| o] Alt) wjek
ato] 4ol EAstdA ALgstArt

N
N
jlj O
i

Jz

Lo}

—_

ofN Ml 0% ) rlo
f %JL 4N o
I

T

PRLE®S| &2 ZA}

gt AP o7 2] PRLEE ¥3}4)7] paper disk
€ brain heart infusion agar plate’dol] I ZA|AH ZA|TF9]
ZAEE v udt] ASAHY TS =35t paper disk
At (agar diffusion method)(11,12)& o] &34t =
tryptic soy agar®] APl M FAITES 1 HFo|E H3}
o] 10 mL TSBel| BE35}3 30CoNA 24 A|7F Bl k3 =,
QYEe2 G99 5 01 mLe Lol S Axg
77} 5~8 mm BHIA vjx] E9d] HFsln 2B o=
LA =23 o3, Ed¥ 10 mm filter paper
disk(Advantec. Toyo Roshi Kaisha Ltd., Japan)E z}2}e] &
2 dAH|EE 54 A7) 100, 250, 500 pg/mL FEL
PRLEZ ¥3}A)71 paper diskE brain heart infusion agar plate
el 213531 30Tl A 48 A3 wj et - disk 919
A&A NP =& &% 3k paper disk 41 (agar diffusion
method) S ©] &3t T

M

A o

PRLES o % pH ob&M A}
PRLES] S FH387] QAstod, A4 - 44e
potato dextrose agar %=+ tryptic soy agar 3 oj|, PRLES

ZAEAZHERIA A13Y ASE (2006)

40, 60, 80, 100, 120, 150 C= z}z} 308 B+ EA 3
PRLE 250 pg/mL %59] A& -&dd] 2|3} diskE SHE
1, paper disk&APH © 2 Listeria monocytogenes®] -S4
S =% - vtk E3F pH HEA2 FAtol v
AFIES 02 PRLES pHE 494 11747 2338 3,
U7 %S paper disk’doll HET the, GE 9T FLI
WP © 2 Listeria monocytogenes®] LA 8|82 =4 - 1]

w3t

PRLEOI 2|3t o|ME Mzo| HAl SnjdSE HEefHS AL

gt o] Holyk PRLES] X2 Q18 nAEe] A3
g 2 7)sA WEkE dotrr] Y3l FAPAE R (SEM
: Scanning electron microscope, DS-130C ISI ABT)Z: o83}
o] Z}z} Pyliotis W (13)]] F3l] A2)dFe] n|PE AE
o] gesls RSt &, FAAFE PRLE FA 2T
ol 9 7, 500 ngmLs=2] PRLEZ} 714 zhzt
9] Fraser base brothol| A 36~48A17H5<t v ak3t vh-g, vk
ol 1 mLE eppendorf tubeo]] 27! %= 5,000 rpmoi] 4] 1083+
AN Esle AedE AASL 1 mLe 4% neutral
buffered para-formaldehyde(NBP)E 7}3le] thA] Q41 #-g
3 5 A8 Aekalma] 23] AASATh 7)o 1 mLe]
NBPE thA] 7}81e] 4TellA] 48A13 51t 1 A17] AL 0015
mM phospate buffer solution(PBS, pH 7.2)& 1 mL7}3}3L
Al 23] AHE T 75 GER A"t ot
AAA AF7|2 AZE T, U279 3 nAEA 2
geistes #Est)

PRLEQ #2505 A3 =29 AU formaldehyde
A5 ¥ hemoglobing2t Bsl 2A}

B A AHEE SE-L ICRA mouse(d, 202 9)5
AHBI T AEEE(D, 45%)S (PAELE ZejojolA
Fol3le] £2(20+2C), FE(55:2%) 2 " A(light : 08:00
~19:00, Lux : 180~250)0] ZA = SE2AH A A
A7 AGAZ] F Ao o] 83lF L, AR B S5 A
Alg AE 2 q3E FEFE AT A8 A3 F
o] PRLE (1 g/kg, D.W.)#} formaling 200 mg/mL ¥%=7}
HEE ZF0 gAMse ATFE FAg T, HEAY
A=) ulgl @A formaldehyde 2 hemoglobin £44-&
AR BT Ao AL RE BB gl A8 Fo
T AU AEENY A HEEES 259 ¢ oF 52
A #EsA

A aj
=

M

L)

H

z&200 PRLES $8

F&8v¥ PRLEY FZE48& Table 13} 2T =,



et o ddes

Y7 IGauT Aol S 32 F82 BolA 245%2
7} &9k, ethanol 22.3%, butanol 12.8%, ethyl acetate
6.9%, ether 3.5% <<.2 Jelygt)

Table 1. Extraction yields(%) of Pinus rigida Miller leaves by the
use of several solvents

Solvent Distilled Butanol Ethy]

water acetate Ethanol Ether

Extraction yields (%) 245 12.8 6.9 223 35
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Table 2. Comparison of the inhibitory zone of microbial growth
caused by various kinds of extract from Pinus rigida Miller
leaves.

(unit : mm)
Extraction sofvnt Inhibitory Zone of Microbial Growth"
Staphylococcus aureus Escherichia coli
Butanol 123 112
Ethanol 176 170
Ethyl acetate 104 109
Ether 121 124
Water 128 143

DAIl results are presented as mean of triplicate.
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Table 3. Comparison of the inhibitory zone” of microbial growth
caused by ethanol extract from Pinus rigida Miller leaves

(unit : mm)
Concentrate (11gfml)
Microorganism
0 100 250 500
Bacillus cereus 100 122 13.6 147

Listeria monocytogenes 100 12.8 149 18.0
Candida albicans 100 10.7 121 134

Fusarium sp. 100 114 133 139

"All results are presented as mean of triplicate.
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Fig. 1. Thermal(Left) and pH(Right) stability of ethanol-soluble
PRLE on the inhibitory growth of Listeria monocytogenes,
respectively.

(Lefty a : 40C, b : 60C, ¢ : 80C, d : 100C, e : 120, f : 150C.
(Right) a : pH 40, b:pH 350, c¢:pH 70, d: pH 90, e: pH 110
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Fig. 2. Scanning electron micrographs of Listeria monocytogenes
not-treated(control, top) and treated with 500 pg/mL of PRLE
(bottom).

(Magnification: x10,000)
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Table 4. Changes of formaldehyde and hemoglobin in the serum
of rats fed with ethanol-soluble PRLE

Time after Formaldehyde  Time after feeding ~ Hemoglobin
feeding (days) (ug/mL) () (mole)
1 260 10 72
127 20 60
3 65 30 65
4 29 40 70
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