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ABSTRACT Extract of Japanese red pine needles has been used in Asia pacific regions since long periods
believing its valuable properties as tonic and ability of curing diseases of unidentified symptoms. Some selective
compounds present in the extract and their effects were analyzed. Carbohydrates and vitamin ¢ were identified
using HPLC; terpenoid compounds by GC-MS; anti-bacterial analysis by paper discs, plates count and gastroin-
testinal motility by whole cell patch clamp. The extract is a mixture of compounds therefore its diverse effect
was expected. Self-fermentation in extract proceeds after spontaneous appearance of yeast strains without
inoculation. Effects and composition of the extract vary with varying period of self-fermentation. Extract inhibits
the growth of bacteria dose dependently exhibiting its antibacterial properties however effectiveness increases
with increase in fermentation period. The extract also can modulate gastrointestinal motility in murine small
intestine by modulating pace maker currents in ICC mediated through ATP sensitive potassium channel.

Introduction

Pinus densiflora Siebold & Zucc. (Japanese red pine), a
medium sized tree and a member of family Pinaceae, occurs
either naturally or planted in the hills of Asia pacific region.
The plant is believed contain highly valuable constituents there-
fore, its extract is in traditional use as a nourishing agent since
long time in oriental systems (Cheong et al. 2005). Natural
products have been used for millennia for the treatment of
multiple ailments. It has been reported that pine needle extracts
improved unidentified clinical syndrome such as fatigue, depre-
ssion, anxiety, sleeping disturbance, etc. (Ichikawa et al. 1998).

It is used as liquors like tea or some alcoholic beverages for
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tonic and the health-improving agent (Chung et al. 2002).

In many areas, peoples adopt traditional methods in pro-
cessing foods to increase its effectiveness or longevity during
storage. These practices follow open storage systems to obtain
alcoholic beverage, pickles and other products of desired tastes
since unknown period with considering storage conditions like
temperature, humidity and light. Timing and micro-environmental
conditions influence greatly in producing quality products. Micro-
organisms are expected to play a key role in changing compo-
sition and quality in targeted food, which is stored. To answer
which organisms play the vital role in open system of fermen-
tation is still a matter of search.

Pine contains several different organic compounds including
carbohydrates, proteins, lipids, terpenoids, alkaloids and several
others. Among the compounds available, some of them play

crucial role in human health. Plant not only supplies food but
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also provides tonic and medicinally important products, there-
fore being utilizing since unspecified periods. Not only useful
but also some slow to highly toxic or poisonous constituents
are also existed in the plant with varying concentrations.

Pine leaves have essential oils (0.3-1.3%) including a and
(3-pinene, camphene, borneol, phellandrene, etc. (Kim and Shin
2005) that are helpful in reducing cardiovascular diseases and
possess anticancer properties (Kim et al. 2006). Some terpenoid
compounds like eucalyptol have been demonstrated to be capable
of reducing inflammation and pain. It has also been found to
be able to kill leukacmic cells (Moteki et al. 2002).Flavonoides
and other plant phenolics such as phenolic acids, stilbenes and
tannins are important for normal growth and defense against
infection and injury (Jerez et al. 2007).

It was found that volatile compounds present in pine extract
can completely inhibit the growth of bacterial strains (Kim and
Shin 2005). The compounds isolated from various parts of Red
pine are also found effective in inhibiting human intestinal bacteria
(Dupont et al. 2006; Jeon et al. 2001; Koukos et al. 2000;
Watanabe et al. 1991). In general, it is assumed that the plants
products possess low side effects, nutritious and improve human
health effectively therefore, they are consumed since long period
of human history.

Traditional methods of processing foods and liquors are
widely used since unspecified period. Self-fermentation of the
pine products is one of such traditional food processing pro-
cedures practiced in asia-pacific regions. It is found that self-
fermentation of the pine products improves its effectiveness
(Park et al. 2006). Duration and storage conditionalso determines
the major volatile compounds composition in the stored pro-
ducts (Perez-Prieto et al. 2003).

There is 2 myonteric movement of bowls that helps the
downward movement of food in alimentarycanal where the
continuous contracting and relaxing cells are occur (Thuneberg
1982; Sanders 1996). Such cells are called the Interstitial Cells
of Cajal (ICC), small spindle-shaped or stellate cells having
numerous mitochondria capable tomodulate the gastrointestinal
movement through the alteration of the spontaneous inward
currents generated throughinfluences of external agents (Thomsen
et al. 1998; Koh et al. 1998; Tokutomi et al. 1995; Ward et

al.1994). The current generated is called pacemaker current that
enables the tissues producing continuous rhythmof contraction
and relaxation in the smooth muscle tissues of bowl. These
cells are affected by the chemicals and regulate the bowl motility.

Overall assessment of the product is still lacking therefore
the present study intends to express the many aspects of the
experiments to verifywhether the Fresh Pine Needle extract
(PE) and 3 and 7 years old Self-Fermented Pine Needle Extract
(SFPE) have diversified and useful effects. Also, we intended
to explore whether some toxic compounds present in PE dis-
appears during the course of self-fermentation. Traditional users
prefer old extract than fresh therefore, studies also aimed to

explore the reason behind it.

Materials and Methods

Plant Materials

Preparation of pine needle extracts: Ten kilograms of
fresh pine needles were selected and harvested from Japanese
red pine tree (Pinus densiflora Siebold & Zucc.) in Changseung,
Korea. The needles were washed with distilled water. The
washed needles were squeezed with high pressure to obtain a
juice extract. The juice obtained was then settled for 3 hours
at 4C and the supernatants were isolated. This procedure was
repeated three times and all the extracts collected were
combined. The liquid extract was then centrifuged at 3000
RPM for 10 minutes and supernatani was obtained. The
supernatant collected was then called Fresh pine needle extract
(PE). PE was stored in room to allow self-fermentation for
years in ambient condition without regulating heat, light and
temperatures. The sample was further experimented after 3 years
of self-fermentation (SFPE3) and 7 years of self-fermentation
(SFPET) taking at least 3 batches from each sample type for
composition analysis and more than 10 batches analyzed for
microorganism studies. The extract was freezing dried to
obtain solid sample. Freeze dried sample was used only for
electrophysiological studies whereas all other experiments were
carried out from liquid sample. Our next goal is optimizing
environmental parameters in accelerating spontaneous fermentationand
effectiveness of the pine product.
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Chemicals Composition

Carbohydrates: Carbohydrate (soluble sugar) present in PE
and SFPE was determined using HPLC. A 10 ml sample was
dissofved in 5% H;POs to make 50 mi. The mixture was
filtered in 0.45 pm filter and examined in HPLC (SCL 10Avp
Series, Shimadzu, Japan). Flow solution was acetonitrile 40%,
0.05M KH,PO4 and 60% isocratic with the flow speed of

Iml/min NH, column, using 254 nm UV detector.

Fatty acids: The amount and type of fatty acids were
determined by using total fat determination B-815/B-820
(Buchi, Switzerland). The 35 ml of sample was compressed to
10 ml and kept in the solvent vessels adding Potassium
hydroxide and n-butanol to the solvent vessel accompanied
with ascorbic acid when the determination of fatty acids is
involved using tridecanoic acid C13 as standard. The extraction
and simultaneous saponification were done in 30 minutes at
boiling temperature. The potassium salts and fatty acids were
converted to free fatty acids by addition of aqueous reagents.
A two-phase system arises with organic phase containing fatty
acids in the upper phase was separated.

Operation conditions were: instrument: Fat determination sys-
tem (B-820, Buchi, Switzerland), carrier gas: Hydrogen, injec-
tion temperature 220°C, detection (FID) temperature: 260°C,
baking temperature 130°C increased by 6.5°C/min final steady
temperature was 260°C for 4 min; hydrogen gas pressure 225

kPa, mixture gas pressure was 48 kPa used for obtaining data.

Terpenoid compounds: Terpenoid compounds were analyzed
by using GC-MS. The GC-MS analyses were performed using a
HP-5973 MSD instrument. The data were obtained on a 5%
phenylmethyl silicon fused silica capillary column, 30 m x
0.25 mm x 0.25 um film thickness installed in a HP-6890 GC
gas chromatograph. Other devices used were 25 mi frit sparger,
gas-tight syringes, purge and trap concentrator (Tekmar 3000).
Operation conditions were: cartier gas: He Iml/min with a
linear velocity of 36 cm/s; purge time 11 min; dry purge time
2 min; desorb preheat temperature 175°C desorb temperature
180°C (4 min); trap bake temperature 180°C (7 min); sample

injection port temperature 230°C; ion conversion-El, ionization
voltage: 70 eV, ionization current; 60 pA; Detection mode:
Scan (m/z 35-700).

Antibacterial Effect Assay

Bacterial specimens: Bacterial culture was maintained in
nutrient agar medium that were kept at 4°C. Six bacterial
strains were used in this study. The bacteria were Salmonella
typhimurium KCTC1925, Micrococcus  luteus ATCC9341,
Staphylococcus aureus ATCC6538P, Escherichia coli KTCCI923,
Pseudomonas aeruginosa ATCC15692, and Bacillus subtilis
ATCC6633.

Antibacterial activity: Nutrient broth (bacto beef extract-3g,
bacto-peptone Sg) agar culture of the test organisms was
prepared as described (Ahmada et al.2005). Two different
concentrations of the PE and SFPE sample (40 ul and 80 ul)
to test the antibacterial activities were loaded onto each
Whatman No. [ fiiter paper discs (¢, 6 mm) and placed on the
previously inoculatednutrient broth agar. The plates were
inverted and incubated for 24 hours at 37°C. The clear
inhibition zones around the discs indicated the presence of
antimicrobial activities.

Antibacterial effect of pine needles extract on Bacillus subtilis
was also analyzed using total plate count. A colony of Bacillus
subtilis was inoculatedinto 3 ml LB medium in a culture tube.
The tube was incubated for 12 hours at 37°C in a shaking
incubator. Three micro liters of the 12 hours cultured bacteria
was diluted to | ml LB medium and incubated for 10 minutes
at 37°C in a shaking incubator. 100 ul of bacterial culture was
spread on to each LB-agar (2%) plates pre-added 10, 20, 30, 40
and 50 ul/ml of PE, SFPE3 and SFPE7. The plate was cultured
at 37°C for 12 hours and the number of colony was counted

taking LB agar plates as negative control.

Electrophysiological Study

Preparation of cells and tissues: Balb/C mice (8-13 days

old) of either sex were anesthetized with ether and sacrificed by
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cervical dislocation. Small intestines from 1 cm below the pyloric
ring to the cecum were removed and opened along the mesenteric
border. Luminal contents were removed by washing with
Krebs-Ringer bicarbonate solution, tissues were pinned to the base
of a Sylgard dish, and mucosae were removed by sharp dissection.
Small tissue stripes of intestinal muscle (contained both circular
and longitudinal muscles) were equilibrated in Ca™-free Hanks
solution for 30 min. The cells were then dispersed in an enzyme
solution containing collagenase (Worthington Biochemical Co,
Lakewood, NJ, USA) 1.3 mg/ml, bovine serum albumin (Sigma)
2 mg/ml, trypsin inhibitor (Sigma) 2 mg/ml and ATP 0.27 mg/ml.
Cells were plated onto sterile glass coverslips coated with murine
collagen (2.5 ug/ml, Falcon/BD) in a 35 mm culture dish, and
cultured at 37°C in a 95 % 0,-5 % CO, incubator in SMGM
{smooth muscle growth medium, Clonetics Corp., San Diego, CA,
USA) supplemented with 2% antibiotics/antimycotics (Gibco,
Grand Island, NY, USA) and murine stem cell factor (SCF, 5

ng/ml, Sigma).

Patch clamp experiments: The whole-cell configuration
patch-clamp technique was used to record cultured ICC membrane
currents (voltage clamp) and potentials (current clamp, and
Axopatch 1-D (Axon Instruments, Foster, CA, USA) amplified
membrane currents and potentials. Command pulses were applied
using IBM-compatible personal computer and pClamp software
(version 7.2 Axon Instruments). Data were filtered at 5 kHz and
displayed on an oscilloscope, a computer monitor, and a pen
recorder (Gould 2200, Gould, Valley View, OF, USA). The cells
were bathed in a normal solution containing (in mM): KCl §,
NaCl 135, CaCly 2, glucose 10, MgCl, 1.2 and HEPES 10,
adjusted to pH 7.4 with tris. The pipette solution contained (in
mM) KCl 140, MgCl, 5, K2ATP 2.7, Na;GTP 0.1, creatine
phosphate disodium 2.5, HEPES 5 and EGTA 0.1, adjusted to pH
7.2 with tris. All experiments were performed at 30°C.

Results

Traditional methods of pine needle extracts processing involves

an open system of storage in ambient temperature, humidity and

other microclimatic conditions. Peoples believe that as long as
the extract is stored, its effectiveness increases along with the
taste. They also believe that the spontaneously fermented pine
needles extract improves overall health and is effective over
multiple ailments. Initial light-greenish color of the extract gra-
dually turns into dark red with aging. Previous studies revealed
Saccharomyces cerevisiae, several species of Candia and Pichia
are the key yeast strains that play crucial role in self-fermentation
process (Park et al. 2006). To explore the pattern of change
effects and we tried to analyze the composition and their different

biological effects.

Composition and Pattern of Compound Dynamism
During Self-Fermentation

Carbohydrates: Carbohydrates are major components of any
plants that occur in different forms. We have tested three
different simple carbohydrates in PE and SFPEs viz. glucose,
fructose and sucrose. A total carbohydrate presented here in PE
and SFPE represents the sum of these three different simple
carbohydrates. The concentration in SFPE7 was surprisingly
increased to 10,648.56 (£158.13) from 7,253.63 (+138.112) ppm
in PE (Figure 1). Carbohydrate shows increasing in aggregate

with aging. Glucose and sucrose showed inconsistencies while
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Figure 1. Trend of carbohydrate dynamics in PE and SFPE.
Interchange in carbohydrates occurs and finally increases the
total amount of carbohydrate due internal reactions during spon-
taneous fermentation. Glucose concentration decreased during 3
years old SFPE, which retained to its original level, but the
fructose shows continuous increasing trend during spontaneous
fermentation PE: Fresh Pine Needle extracts; SFPE3: Self-
fermented pine extract 3 years old; SFPE7: Self-fermented pine
extract 7 years old.
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fructose showed gradual increase causing increase in aggregate.
Yeasts might be the chief players in such concentration change
in open fermentation system. Glucose concentration decreases
from PE to SFPE3 (2,855 + 56.72 to 395.2 + 15.47 ppm)
while increases in SFPE7 (2,765 + 55.3 ppm) might indicate
the microbialled degradation of other complex biomolecules

however; it would need the further sudies.

Fatty acids/lipids: Fatty acids components in PE and SFPE
were assessed. Saturated as well as unsaturated are present in
all aged samples distributing among 9 known fatty acids. In
terms of the total concentration percents, 9 known fatty acids
possess 50.8 + 4.56, 45.1 £ 2.77 and 373 + 3.60% in PE,
SFPE3 and SFPE7 respectively. Remaining unknown contributes
to 40.9 £ 2.45, 51.2 + 3.91 and 54.8 + 4.78in PE, SFPE3 and
SFPE7. Nearly 13% of the known fatty acid amount was
_ changed to unknown fatty acid (Table 1) leading to disappear
individual fatty acid or changed in its concentration.

Palmitoleic acid, lauric acid, and myristic acid were common
in all aged samples. Myristic acid, a rare component of dairy
product and a component of the membrane lipid, was increased
in SFPE (4.50 + 0.35% in PE and 22.9 + 2.54% in SFPE)
(Table 1). Linoleic acid, a two double bond fatty acid, found
in PE was completely disappeared while a new mono-unsaturated
Oleic acid was appeared after 7 years of spontancous fermen-
tation. Two acids viz. lauric acid and myristic acids had shown
opposite but remarkable pattern in their concentrations change.
Higher concentration of lauric acid in fresh extract as 31.8 +

3.37 was reduced to 6.07 + 0.13 in three years and finally to

Table 1. Lipids present in PE and SFPE

3.82 £ 0.15 at 7 years. While myristic acid from 4.50 + 0.35
in fresh was increased to 25.9 + 1.41 in 3 years and finally
reduced to 22.9 + 2.54 in 7 years.

Volatile terpenoid compounds in PE and SFPEs: There
were 17 different volatile terpenoid compounds detected from PE
and SFPEs. Out which 7 were detected only from PE, 7 from
SFPE3 and SFPE7, only one was common between PE and
SFPE3 and 2 were common in all (Table 2). The result indicated
that the volatile compounds are sensitive and change rapidly
within 3 years of fermentation with emerging new sets of

compounds leading to change the odor of the extracts.

Antibacterial Properties of PE and SFPEs

The PE and SFPEs were tested for whether they have
antibacterial properties. It was found that PE and SFPEs can
retarded the growth of tested bacterial strains. The antibacterial
test with Bacillus subtilis, Salmonella typhimurium, Staphylococcus
aureus, using paper disk method revealed the strains are highly
susceptible with SFPEs depending upon the dose. Similarly,
Escherichia coli, Micrococcus luteus, Pseudomonas aeruginosa
were also susceptible to SFPEs. Bacillus subtilis showed the
highest growth inhibition (2.1 cm) to SFPE7 (80 wl) among
the tested bacterial strains. This strains showed its growth
inhibition even by 40 wl SFPE7 (Figure 2A).

Treatment of 40 Wl on Salmonella showed growth retar-
dation only with SFPE7 however, 80-ul treatments showed
inhibition by SFPE3 also and then effect was high with SFPE7.

Similar trend have been seen in Staphylococcus, Microcystis

No of carbon

S. No. Name of Lipid . PE SFPE3 SFPE7
/Saturation

1. Caproic acid 6:0 412 + 0.02 1.47 + 0.02 1.16 = 0.05

2. Caprylic acid 8:0 2.05 + 0.13 2.14 + 0.02 0.70 + 0.10

3. Capric acid 10:0 0.97 £ 0.03 1.37 + 0.15 0.0 £ 0.01

4. Lauric acid 12:0 31.8 + 3.37 6.07 £ 0.13 3.82 + 0.15

5. Myristic acid 14:0 450 = 0.35 259 + 1.41 22.9 £ 2.54

6. Stearic acid 18:0 0 1.35 £ 0.52 0

7. Palmitoleic acid 16:1 6 +0.2 6.81 + 0.11 6.75 + 0.15

8. Oleic acid 18:1 (0 -9) 0 0 1.10 + 0.05

9. Linolei¢c acid 18:2 (w -6) 1.38 + 0.19 0 0

10. Unknown 40.9 + 245 512 + 3.0 54.8 + 4.78
Total Fatty acids 50.8 + 4.56 451 + 2.77 37.3 + 3.60
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Table 2. Volatile terpenoid compounds and essential oils in PE and SFPEs

Extracts (%)

S. No. Compound Nature of compounds PE SFPE3 SFPE7
1. a -pinene Bicyclic terpene + - -
2. B -myrcene Monoterpene + - -
3. B -phellandrene Monoterpenes + - -
4. Camphene Bicyclic monoterpene + -

5. & -3-carene Terpene + - -
6. Styrene Phenolic + - -
7. 3-pentanone Aromatic ketone + + -
8. Toluene Phenolic + + +
9. 1,8-cineole/Eucalyptol Monoterpene + + +
10. 2-methyl-1-butanol Active amy! alcohol - + +
11. 3-methyl-1-butanol Alcohol - + +
12, 5-isopyrenyl-2-2 methyl-2vinyltetrahydrofuran + +
13. Bicyclo[2,2,1]heptan-2-ol Terpene - + ¥
14. Camphor Terpene + +
15. Herboxide second isomer - + +
16. Hexanoic acid, ethyl ester Fatty acid + +
17. Isocineole Terpene - + +
A
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Figure 2. Antimicrobial property of PE and SFPEs were analyzed. A. shows the effect of PE and SFPE to different bacterial strains
on paper disc. B. shows the effect of PE and SFPEs to Bacillus subtilis using total plate count method. PE and SFPE suppressed
the bacterial growth in dose dependent manner, self-fermentation petiod dependent and strain specific. Effect was increased with
increase in self-fermentation period. DW: Distilled water; PE: Fresh Pine extract; SFPE3: Self-fermented pine extract 3 years old;
SFPE7: Self-fermented pine extract 7 years old.

and E. coli. In these strains PE and SFPE3 showed no growth
inhibition by 40 ul, while the bacterial growth was inhibition
by 40 ul SFPE7. Treatment of 80 ul extract showed inhibition
of bacterial strains. Bacillus subtilis showed high level of sus-
ceptibility with SFPE3 as well SFPE7. In paper disk test, PE

showed no inhibition to all bacterial strains however, PE as

well as SFPEs showed inhibitory role to Bacillus subtilis in
total plate count. Amongst, SFPE7 showed strong inhibition to
the bacteria, which is followed by SFPE3 and finally low effect
by PE. In the test in LB agar plates pretreated with 20 l/ml
and above concentrations of SFPE7 completely inhibited the
growth of Bacillus subtilis. The SFPE3 showed complete
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inhibition by 30 l/ml and above concentrations. Similarly, PE
showed complete inhibition by 40 ul/ml and above concentra-
tions. The effect was shown in dose dependant manner (Figure
2B) revealing PE and SFPEs have antibacterial properties.

Effect of Liquid Extract in Murine Small Intestinal ICCs

ICCs cultured from the murine small intestine are cKit positive
cells that have distinct morphology containing spindle shaped
structures and form a network within smooth muscles. Recording
from cultured ICC under current clamp mode (/=0) showed
spontaneously pacemaker potentials. The resting membrane po-
tential was -53 £ 3 mV and amplitude -23 £ 5 mV. In con-
version of the amplifier to voltage clamp mode at a holding
potential -70 mV, ICC generated spontaneous inward currents
called ‘pacemaker currents’. The average frequency of the currents
was 14 £ 2 cycles/min and the amplitude averaged -436 + 62 pA.

SFPE7 has been tested for the analysis of the effects on
alteration of pacemaker activities in the ICC. In whole cell
patch technique at 30°C, ICC generated spontaneous pace-
maker potential under current clamp mode (/=0) and inward
currents (pacemaker currents) under voltage clamp mode at a
holding potential of -70 mV. When treated the SFPE7 (200 ug/ml)
in ICC, under currents clamp mode it hyperpolarized the mem-
brane potential and under voltage clamp mode decreased both the
frequency and amplitude of pacemaker currents, and increased the
resting currents in outward direction. Also, SFPE7 inhibited the
pacemaker currents in a dose-dependent manner (data not shown).

Glibenclamide, a blocker of potassium channel, reversed the
effect developed by SFPE7 indicating the SFPE7 cause the
opening of the potassium channels during modulation of pace-

maker current (Figure 3).

Discussion

Natural products are useful in various aspects therefore are
being used since unspecified periods of human history. The
Red pine, an evergreen needle-leaved tree, is considered as one
of the natural resources contributing to human health in EastAsia
{Chung et al. 1996). Natural products have been used for tonic

SFPE7 200 pg/mt

A ww Y

30sec

SFPE7 200 pg/mi

c Glibenclamide 10 uM
SFPE7 200 ug/mi

mmm bl H”!’f ’ ”H‘ G Ut

Figure 3. Effects of SFPE7 on pacemaker potentials and pace-
maker currents recorded in cultured ICC from murine small
intestine. (A) Shows the pacemaker currents of ICC recorded at
a holding potential of -70 mV exposed to SFPE7 (200 ug/ml).
(B) Shows the pacemaker potentials of ICC exposed SFPE7
(200 pg/ml) in the current clamping mode (J=0). The pine needle
extracts induced membrane hyperpolarization. (C) Shows the
effect of SFPE7 on pacemaker currents after pre-treating cells
with glibenclamide. The frequency and amplitude of pacemaker
currents were decreased and the resting currents increased in the
outward direction by SFPE7. Dotted lines indicate zero current
levels. [SFPE7: Self-fermented pine extracts 7 years old].
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as overall health improving agent, among them pine extract is
one such products that have been used traditionally. Various
parts of the pine tree, such as needles, cones, cortices, and pollen,
have been widely used for promoting health as folk medicine
or as food. Pine needles are used in folk medicine to treat liver
disease, gastrointestinal diseases, nervous system disease, cir-
culatory diseases, and skin problems (Yoon 1997, Hong 1999).
Various studies have investigated the physiological functions of
pine needles. Pine needle extracts have been found to lower
blood lipid levels, to exert anti-oxidative, anti-tumor, anti-
mutagenic and antibiotic effects (Moon et al. 1993, Kong et al.
1995, Choi et al. 1997, Kim et al. 1998).

Concentration of carbohydrates in the extract was found
increased with the increase in period of self-fermentation (Figure
1). It is well known fact that carbohydrate is a chief food for
many microorganisms, which they exploit and grow. In spite
of the fact that the increased carbohydrate concentration with

increased period of storage indicates certain other activities
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existed during self-fermentation process. Possibly other complex
form of carbohydrates might have degenerated by yielding a
simpler one.

In analysis we found that PE and SFPEs contains terpe-
noids, lipids and carbohydrates in-varied concentration. Existed
terpenoids, essential oils and unsaturated fatty acids in pine
needle extracts are useful compounds to play a vital role as
antioxidant to anti-microbial function. Also such substances are
regarded to reduce oxidative stress or damage in cells. Addi-
tionally, various experimental evidences showed that the dietary
anti-oxidative substances are effective in reducing various coronary
and cardiac problems (Tribble 1999, Esposito et al. 2003). From
literatures it reveals that palmitoleic acid and linoleic acid are
anticancerous fatty acids found in plants. The omega 6 and
omega 9 fatty acids are designated as essential acids. Also mono

or di-unsaturated fatty acids are considered good ingredients

for functional food that are present in pine. The total amount

of fatty acids decreases with increase in period of fermentation.
Perez-Prieto 2003 also found that esters and fatty acids reduced
with increase in the storage period of wine. Also fatty acids
are taken as indicator for characterizing cider quality (Blanco-
Gomis 2002). The decrease in concentration of lauric acid and
increase of myristic acids (Table 1) may indicate the age of
storage and quality of however needs further clarification.

Compounds like a-pinene, [3-myrcene, [3-phellandrene are
volatile (Kim and Shin 2005; Petrakis et al. 2005) that may escape
easily even at low temperature. Absence of these compounds
from SFPE3 and SFPE7 (Table 2) indicated their possible escape
or degradation or conversion to other form.

Results reveal that the compounds existed in fresh extract
were under gone concentration and composition change (Table
1 and 2). Biological activities in spontaneous self-fermentation
must have facilitated the conversion process. Emergence of
several new terpenoid compounds, Linoleic acid, Stearic acid,
Oleic acid, in SFPE3 or SFPE7 must be the resultant product
of biologically mediated conversion. Complete disappearanceof
toxic compound styrene in SFPE3 and SFPE7 are highly bene-
ficial changes occurred during fermentation period.

Pine extract is effective in growth inhibition of some bacterial
strains (Kim and Shin 2005), thus reflects the PE and SFPEs

might be safe from bacterial contamination. S. fyphimurium, S.
aureus that cause serious health hazards in human, also lost its
growth in SFPE treatment (Figure 2A). Also of the complete
inhibition of growth of Bacillus subtilis by PE and SFPEs (30 ul/ml
above) indicates their possible antibacterial properties (Figure
2B). It was found that a-pinene, G-3-carene, eucalyptol con-
taining essential oil from plants has anti-microbial activity to
Pseudomonas putida (Oussalah et al. 2006).

Pine needle extract plays vital role in physiological process
(Cheong et al. 2005). Electrophysiological studies imply that
SFPE7 has role in modulating pacemaker current in ICC of
murine small intestine. The extract caused reduction of frequency
and amplitudes of pacemaker current and also it caused the
hyperpolarization of membrane potential (Figure 3A and 3B).
The test with glibenclamide (a closure of ATP sensitive potassium
channel) reversed the effect of 200 ug/ml SFPE7 (Figure 3A
and 3C) indicate that SFPE7 has function on opening ATP sen-
sitive potassium channels and can modulate the gastrointestinal

motility in murine small intestine.

Conclusion

Various aspects of ‘analyses of PE and SFPEs reveal that they
contain several useful compounds that are additive as nourishing
agents. Monounsaturated fatty acids, essential oils and terpenoid
compounds have been found in PE and SFPEs. The toxic sub-
stances like styrene in fresh extracts are also gettingremoved
after self-fermentation. PE and SFPE possess antibacterial pro-
perties where effectiveness increases with increases in self-
fermentation periods. Similarly, SFPE may modulate gastro-
intestinal motility through modulation of ICCs by activation of
ATP dependant K’ channel.
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