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Abstract: Red pine (Pinus densiflora) is widely used traditional medicine, pharmacological and nutritional values from
which the phytochemical compounds are derived. The present study was aimed to examine the antibacterial effects in the

absence and presence of a immature red pine cone extract against 13 microorganisms. The components in the aqueous
extract from immature red pine cone were identified by GC-MS. About 1.4% of total polyphenolic compound was
measured in aqueous extract collected from immature red pine cone. Also, the high concentration of B-phellenandrene, o

-pinene, limonene, bornyl acetate and aldehyde was detected in total ion chromatograms. Of total 13 microorganisms, 4

microorganisms including Pseudomonas aeruginosa, Vibrio cholera, Listeria monocytogenes, Klebsiella pneumonia were

effectively killed by aqueous extract of immature red pine cone. The highest anti-bacterial effect was detected in P.

aeruginosa, followed by V. cholera, L. monocytogenes and K. pneumonia. In case of P. aeruginosa, the largest diameter of
inhibition zone was maintained to 1/2 solution treated cells and slightly decreased at 1/4 and 1/8 solution treated cells.
Also, in test used V. cholera and L. monocytogenes, the inhibition zone was strongly formed in only 1 and 1/2 solution

treated cells, while K. pneumonia showed the very small diameter of inhibition zone in all concentrations. Therefore, these

results suggested that the aqueous extracts of immature red pine cone should be considered as a new and potentially

important anti-bacterial substrate to effectively prevent the microbial infection and penetration.
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Table 1. GC-MS condition for the identification of major component in aqueous extract of immature red pine cone

Category Conditions
Sampling path temp. 150C
GC column Aquatic 2 (60 mX0.32 mmX 1.8 pm)

Oven temp. program
Carrier gas

Ionization mode EI (70 eV, 500 pA)
Measurement mode SIM (Magnetic Field)

Ton source temp. 200C

Interface temp. 250C

40C (5 min) — 3C/min — 85C — 15C/min — 280C (5 min)

He (2 ml/min, constant flow)
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Figure 1. Total ion chromatograms of the aqueous extract purified from the immature red pine cone.

Table 2. Contents of major components in the immature red pine cone

Peak No Compounds Retention time (min) Area x 10° Height x 10°
10 Hexanol 16.058 332 96.8
11 Camphene 16.727 629 1334
12 a-pinene 17.695 2580 347.9
13 Benzaldehyde 21.645 118 335
14 Limonen 23.085 3960 365
15 B-phellandrene 30.609 5480 292
16 Myrtenol 31.689 336 39.5
17 Octadecanoic acid 35.365 200 15.3
18 Bornyl acetate 36.693 1770 25.5
19 y-muuroien 52.136 1130 15.0
20 Unkown 52.24 778 14.4
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Figure 2. Antibacterial effects of immature red pine cone
extract on the P. aeruginosa. The four kinds of disk con-
taining the different concentration of immature red pine
cone extract were placed on the bacteria plate spread with
P. aeruginosa. These plates were cultured at 37°C in-
cubator for 24 hr and the diameter of inhibition zone was
measured with ruler. Three samples were assayed in
triplicate via disk testing. The values are expressed as the
means+SD. *P<0.05 is the significance level compared to

the cells treated with vehicle disk.
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Figure 3. Antibacterial effects of immature red pine cone
extract on the V. cholera. The four kinds of disk con-
taining the different concentration of immature red pine
cone extract were placed on the bacteria plate spread with
V. cholera. These plates were cultured at 37°C incubator
for 24 hr and the diameter of inhibition zone was mea-
sured with ruler. Three samples were assayed in triplicate
via disk testing. The values are expressed as the
means+SD. *P<0.05 is the significance level compared to
the cells treated with vehicle disk.
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Figure 4. Antibacterial effects of immature red pine cone
extract on the L. monocytogenes. The four kinds of disk
containing the different concentration of immature red pine
cone extract were placed on the bacteria plate spread with
L. monocytogenes. These plates were cultured at 37°C
incubator for 24 hr and the diameter of inhibition zone
was measured with ruler. Three samples were assayed in
triplicate via disk testing. The values are expressed as the
means+SD. *P<0.05 is the significance level compared to
the cells treated with vehicle disk.
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Figure 5. Antibacterial effects of pine cone extract on the
K. pneumonia. The four kinds of disk containing the
different concentration of immature red pine cone extract
the
pneumonia. These plates were cultured at 37°C incubator

were placed on bacteria plate spread with K.

for 24 hr and the diameter of inhibition zone was

measured with ruler. Three samples were assayed in

triplicate via disk testing. The values are expressed as the
means+SD. *P<0.05 is the significance level compared to
the cells treated with vehicle disk.
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