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ABSTRACT

Characterization of secondary metabolites from fer mented

needle extract of Pinus densiflora

Gayoung Park
Advisor: Prof. Hyeonsook Cheong, Ph. D.
Department of Biotechnology,

Graduate School of Chosun University

Pine needle Rinus densiflora Sieb. et Zucc.) extract has been used to improve
cardiovascular disorders, detoxification of nicofitiee infirmities of age and curing
diseases of unidentified symptoms. In this study hege identified various useful
components in extract including vitamin C, chlorophgmino acids, carbohydrate and
fatty acids. GC-MS result reveals that self-fermgataleads terpenoid composition
dynamics in the stored pine needle extract. Thefeetiented pine extract (SFPE)
inhibited the growth of some bacterial strains lil@&lmonella typhimurium,
Micrococcus luteus, Saphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa
and Bacillus subtilis. The SFPE (0.24/ml-0.3 wxl/ml) showed 90% NBT superoxide

scavenging activities, which is similar for all &t samples of different ages.
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Fibrinolytic activities of the extract indicatedathactivity depends on time and also
with aging of the product. It was also found that éxtract can lower the blood plasma
cholesterol and triglyceride in cholesterol fed k&hen SFPE 7 (20@g/ml) treated in
ICC, under currents clamp mode decreased both #wudncy and amplitude of
pacemaker currents, and increased the resting currentsvardudirection. Also, SFPE
7 inhibited the pacemaker currents in a dose-deg@nchanner. Glibenclamide, a
blocker of potassium channel, reversed the effeetldped by SFPE 7 indicating the
SFPE 7 cause the opening of the potassium chadngtsy modulation of pacemaker
current. We have isolated and identified 8 differgaast strains that spontaneously
grown and caused self-fermentation in the extractstMbundantly grown yeast strain
Candida sp. 2 possesses 99% sequence homologiesGaittida ernobii disappeared
within 4 years of storag&FPEs also showed antioxidant, anti-bacterial propentiag,
improve the blood circulation and act against amtbaerosis, therefore it fermented

pine needle extract could be a good source for functioodl development.
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|.INTRODUCTION

Pinus densiflora is an evergreen needle-leafed tree indigenous ta. Atural products
have been used for millennia for the treatment oftiple ailments. It has been reported that
pine needle extracts improved unidentified clinisghdrome such as fatigue, depression,
anxiety, sleeping disturbancecefichikawaet al., 1998).Biological activity of pine needle is
the essence for traditional medicine, which uses pgharmacological efficacy of natural
compounds present in pine needle for treating hudiseases. Furthermore, pine needles are
used in preparation of teas, extracts, some alcoli@ierages for tonic and the health-
improving agent (Chungt al., 2002) In connection with this, evidence has supportedohe
that antioxidants, including several compounds, playe prevention of anti-aging and several
chronic diseases such as cardiovascular diseasegrcaiabetes, antihypertension (Cheehg
al., 2005; Yeret al., 2007). Therefore, pine extract has been processed andadigdrially to
treat multiple disorders.

In many areas, peoples adopt traditional methodgrotessing foods to increase its
effectiveness or longevity during storage. Thesectjpes follow open storage systems to
obtain alcoholic beverage, pickles and other pradattesired tastes since unspecified period
through critical consideration of storage condisiolike temperature, humidity and light.
Timing and micro-environmental conditions influengesatly in producing quality products.
Microorganisms are expected to play a key role lianging composition and quality in
targeted food, which is stored. To answer which degas play the vital role in open system of
fermentation is still a matter of search.

Pine extract contains several different organic ponmds including carbohydrates, proteins,

lipids, terpenoids, alkaloids and several otherse R@aves have essential oils (0.3-1.3%)



including a-pinene,-pinene, camphene, phellandrene, limonene, borne@lo(6 and bornyl
acetate (3.8%) (Kim and Shin, 2005; Shin, 2005) #rathelpful in reducing cardiovascular
diseases and possess anticancer propertiesdikaim 2006). Especially pine needle and bark
are abundant in terpenoids. The essential oil wé pieedles has found in wide commercial use
(Leeet al., 2005) Some terpenoid compounds like eucalyptol have lEenonstrated to be
capable of reducing inflammation and pain. It has &leen found to be able to kill leukaemic
cells (Motekiet al., 2002). Plant terpenoids are aroma compounds thatiloute smell of
eucalyptus, the flavors of cinnamon, cloves and giagel the color of yellow flowers. They
may exist as vitamins, hormones, flavors and biopelyfhey play crucial roles in traditional
herbal remedies and are under investigation foir #etibacterial and other pharmaceutical
effects. They are also employed for medical purpdseaddition, presumably large numbers
of efficacious terpenoids are yet to be discover®dtimalarial drug artemisinin and the
anticancer drug paclitaxel are among such terpsnwith established medical applications.
Artemisinin is a drug used to treat multi-drug sésnt strains ofalcioarum malaria. The
compound (a sesquiterpene lactone) isolated frenshinubArtemisia annua is long been used
in traditional Chinese medicine (http://en.wikipedig/wiki/Eucalyptol). And paclitaxel is a
mitotic inhibitor used in cancer (used to treatigrets with lung, ovarian, breast cancer, head
and neck canner) chemotherapy (http://en.wikipedianoki/Paclitaxel.). Flavonoides and
other plant phenolics such as phenolic acids, sibeand tannins are important for normal
growth and defense against infection and injury (JereZ])200

Bacteria cause several epidemic diseases likeheéarmdysentery, tuberculosis, pneumonia,
and several other&aphyloccus aures andSalmonella typhimurium are food borne pathogenic
bacteria (Dupongt al., 2006) causing food poisoning (Leal., 1996) Some plants products

are being used traditionally in such complications as weilas found that volatile compounds



present in pine extract have antibacterial properhat can completely inhibit the growth of
bacterial strains likeBacillus subtilis, Salmonella typhimurium and Staphylococcus aureus
(Kim and Shin, 2005). Volatile compounds isolateahirvarious parts of Red pine are also
found effective in inhibiting human intestinal baca (Jeon, 2001; Koukoet al., 2000;
Watanabest al., 1991). In general, plant products assumed havesides effects, nutritious,
cure diseases and regularize normal physiologitalgsses especially acting against oxidative
stress.

Free radicals are constantly formed in the humaly bydegular metabolic action, and exert
oxidative stress and cause various diseases ingudiancer, aging, diabetes and
atherosclerosis. Reactive oxygen species (ROS) drgnaied ubiquitously in aerobic
metabolism, and are generally removed by antioxidarmth as a superoxide dismutase,
glutathione peroxidase, metal-binding proteins, vitafd, vitamin E, beta carotene, uric acid,
bilirubin, albumin, DNA repair enzyme, methionine gubxide reductase repair (Sebal.,
2004; Sunget al., 2000). Recentlyconsiderable attention has been paid on the ugatafal
antioxidants to scavenge free radicals or to presdamage from free radicals. Various reports
try showing the antioxidant effect in food. It isufad that red wine and green tea contains high
level of antioxidan{Maxwell et al., 1994).

Fibrinolytic enzymes dissolve the blood clots, whiake formed by the conversion of
fibrinogen into fibrin via the proteolytic actiorf thrombin. When clots are not lysed, they
accumulate in blood vessels and cause thrombasiknig to myocardial infarction and other
cardiovascular diseases. Intravenous administratiaurokinase and streptokinase, which are
capable of degrading fibrin, has been widely usedHis thrombosis therapy. However, these
enzymes have a low specificity for fibrin and vempensive (Benerjegt al., 2004; Jennings,

1996; Sumi, 1977). Therefore, it has been reportedtteae are some proteases of pine needle



showing fibrinolytic activity.

Hypercholesterolemia, resulting from cholesterokahelic changes, is a major cause of
cardiovascular disturbance, such as atheroscleaosiscoronary heart disease (Kanetedl.,
1971; Keys, 1970)Epidemiologic data showed that a high consumptibwvegetables and
fruits is consistently associated with a low riskcancer and cardiovascular disease (Kkrk
al., 1998; MJ., 1999).

Alimentary canal of mammals is the main place figedtion of food materials taken. There
is a myonteric movement of bowls that helps the downwangement of food in gut where the
continuous contracting and relaxing cells are erigSanders, 1996; Thuneberg, 19&)ch
cells are called the Interstitial Cells of Cajal @; small spindle-shaped or stellate cells having
numerous mitochondria capable to modulate the gagtstinal movement through the
alteration of the spontaneous inward currents geeérthrough influences of external agents
(Koh et al., 1998; Thomsest al., 1998; Tokutomgt al., 1995; Wardet al., 1994). The current
generated is called pacemaker current that en#ideissues producing continuous rhythm of
contraction and relaxation in the smooth musckuts of bowl. Therefore, these cells play key
role as basic regulators of gastrointestinal ntgtilmany hormones, neurotransmitter, and
various substances can modulate Gl tract motiltynifluencing ICC. Abnormalities in these
currents also cause gastrointestinal irregularitidsgch is also implicated in the use of certain
drugs.

The aim of this study was the assessimd general compositions, and effects pattersedf
fermented pine needle extract. The study also aitbedssess whether the extracts show
multiples response with bacteria, fungi, free radichblesterol, triglycerides and intestinal
motility. There is always lacking information in role of spmeous fermentation in compound

dynamics and functional efficacy of the pine needle exract



II. MATERIALSAND METHODS

[1-1. Plant materials

Fresh pine needles were selected and harvestedkiooean red pine tree®ifus densiflora

Sieb.et Zucc.) in Gokseong, Korea.

I1-2. Preparation of self fermented pine needle extracts

Pine needles were cleaned 3, 4 times with tap wdigped with charcaol water and dried
and ground for 1 minute to homogenize. The preparatias allowed to put for 3 hours at4
and the supernatant was recovered. This superrsteple was stored af4 for assays. PE

was stored for years that favored emergence of omiganisms, which finally enabled

spontaneous fermentation in extracts. The effecthefextract were examined after 3 and 7
years of spontaneous fermentation. The extract weezihg dried to obtain solid sample.
Freeze dried sample was used only for electroplogical studies whereas all other

experiments were carried out from liquid extract.

[1-3. Composition and pattern of compound during sef-

fermentaion



[1-3-1. General composition

General compositions present in SFPEs were detednising AOAC. Chlorophyll content
of the extract was determined using spectrophoticnetethod. Powdered needles were
dissolved in 85% acetone and ether was added in the mixtdigstdve fat-soluble substances.
Acetone was removed using a separating funnel &edigolated colorful mixture was
dehydrated using sodium acetate and the absorbaaseecorded at Qfgy and ORy, 5 to
measure chlorophyll a, b and total chlorophyll. Vilan@ present in SFPEs were deterined
using 2,4-dinitrophenyl hydrazine (DNP) method arRLB. Vitamin C was isolated with 5%
HPG;, while nonpolar ingredient remained in the mixtuvas removed by hexane. Flow
solution used was acetonitrile 30%, 0.05 MR, and 70% isocratic in NJolumn with the
flow speed of 1 ml/min, using 254 nm UV detector. Amacids content present in SFPEs was

analyzed using amino acid analyzer and atomic absorptemtrephotometer.

[1-3-2. Carbohydrate

Carbohydrate (soluble sugar) present in PE and SFPEseteamiahed using HPLC. A 10 ml
sample was dissolved in 5%, to make 50 ml. The mixture was filtered in 0.45 |ilberf
and examined in HPLC (SCL 10Avp Series, Shimadzuardap Flow solution was acetonitrile
40%, 0.05M KHPQ, and 60% isocratic with the flow speed of 1ml/miHNcolumn, using RI

detector.

[1-3-3. Fatty acids



The amount and type of fatty acids were determimgdising total fat determination B-
815/B-820 (Buchi, Switzerland). The 35 ml of sampkeswompressed to 10 ml and kept in the
solvent vessels adding Potassium hydroxide andtamblto the solvent vessel accompanied
with ascorbic acid when the determination of faityds is involved using tridecanoic acid C13
as standard. The extraction and simultaneous sagatioh were done in 30 minutes at boiling
temperature. The potassium salts and fatty acide e@mverted to free fatty acids by addition
of agueous reagents. A two-phase system arises wgitmioc phase containing fatty acids in the
upper phase was separated. Operation conditions steument: Fat determination system
(B-820, Buchi, Switzerland), carrier gas: Hydrogengdtipn temperature 220°C, detection
(FID) temperature: 260°C, baking temperature 13Qi€eiased by 6.5°C/min final steady
temperature was 260°C for 4 min; hydrogen gas pres225 kPa, mixture gas pressure was 48

kPa used for obtaining data.

I1-4. The effects and analytical assays of PE and SFPEs

[1-4-1. Antibacterial activity

[1-4-1-1. Bacterial strains

Bacterial culture was maintained in nutrient agadion® that were kept at 4°C. Six bacterial
strains were used in this study. The bacteria v&atenonella typhimurium (KCTC1925),

Micrococcus luteus (ATCC9341), Saphylococcus aureus (ATCC6538P), Escherichia coli



(KTCC1923),Pseudomonas aeruginosa (ATCC15692), andBacillus subtilis (ATCC6633).

[1-4-1-2. Antibacterial assay

Nutrient broth (bacto beef extract 3 g, bacto-peptdérg) agar culture of the test organisms
was prepared as described (Ahmatial., 2005). Two different concentrations of the PE and

SFPE sample (4. and 80 «l) to test the antibacterial activities were loadedo each

Whatman No.1 filter paper disc,(6 mm) and placed on the previously inoculatediewitr
broth agar. The plates were inverted and incubaie@4 hours at 37°C. The clear inhibition

zones around the discs indicated the presence of antiisitaxtivities.

I1-4-2. Antioxidant activity

The radical-scavenging activities of SFPEs weresumerm by using the NBT superoxide

scavenging assay. The 100 of SFPEs were treated in a solution: 20 of 10 mM
NaEDTA in buffer (50 mM KHPQ, / KOH pH. 7.4), 5040 of 6 mM NBT in buffer, 30x(
of 3 mM hypoxanthine in 50 mM KOH, 5@¢ of xanthine oxidase in buffer (1 unit in 10 ml

buffer). The absorbance was read against a bla®m?@tmm. The results were expressed as

percentage

I1-4-3. Fibrinolytic activity

Fibrinolytic activity of SFPEs was measured onifitplate. To prepare fibrin assay plates, 5



ml of 1% (w/v) fibrinogen solution in distilled wat was mixed with 10 ml of 1.2% agarose
solution and 20xl of thrombin solution (0.1 WYA). The solution was then poured into a Petri
dish and allowed to stand for 1 hour at room temperaturernoddibrin clot. 5 mm wide holes

were created with glass tubes on the fibrin pl&8sul of SFPEs was carefully dropped onto
the each hole in the plates. The plate was inculfated hour at 37 . And the diameter of the

Iytic circle was measured. In the fibrin plate metha clear region is observed in which fibrin

is hydrolyzed, and its diameter is directly propmiél to the potency of the fibrinolytic activity.

I1-4-4. Cholesterol and triglyceride

Male Sprague-Dawley rats (200 + 20 g) approximatE®yweeks-old were used in all
experiments. Animals were housed four per cage aidtained under control environmental

conditions (22 + 2C, 12 hour light/dark cycle). Food and tap water wavrailed in libitum.

All efforts were made to minimize animal sufferiagd to reduce the number of animals used.
For study, 15% cholesterol and 1% sodium cholateewsixed with 84% corn oil to get
cholesterol mixture. 12 weeks old male Sprague-Davats were taken for the cholesterol and
triglycerides examination. Rats were grouped intatrmd and the test groups where each group
contained 2 individuals. They were fed cholesteouitinuously at once a day for 4 weeks. The
control group was fed with 0.5 ml DW, and other mstups were fed with 0.5 ml cholesterol
for 2 weeks and then with 0.5 ml pine extract viith ml cholesterol except the last group that
was fed with 0.5 ml cholesterol and 0.5 ml SFPE #icaously for 4 weeks. Analysis was

done using Automatic biochemical analyzer, Hitachi 760t3dHi Tokyo, Japan.



[1-4-5. Electrophysiological assay

[1-4-5-1. M aterials

Glibenclamide and pinacidil were purchased from RBSA) and naproxen from Sigma
(USA). All chemicals were dissolved in distilled wator dimethylsulfoxide for stock and

stored at -2@C until they were tested.

|1-4-5-2. Preparation of cellsand tissues

Balb/C mice (8-13 days old) of any sex were andizibed with ether and sacrificed by
cervical dislocation. The small intestines from 1 loetow the pyloric ring to the cecum were
removed by washing with Krebs-Ringer bicarbonatetgm, the tissues were pinned to the
base of a Sylgard dish, and the mucosae were remwoyetharp dissection. Small strips of
intestinal muscle (containing both circular andgitidinal muscles) were equilibrated in“Ga
free Hanks solution (containing in mM: KCI 5.36, Nal225, NaOH 0.34, N®CO; 0.44,
glucose 10, sucrose 2.9 and HEPES 11) for 30 minte.célls were then dispersed with an
enzyme solution containing collagenase (WorthingBy-chemical Co., USA) 1.3 mg/ml,
bovine serum albumin (Sigma) 2 mg/ml, trypsin inhibitag®, USA) 2 mg/ml and ATP 0.27
mg/ml. Thereafter they were plated onto sterile glesverslips coated with murine collagen
(2.5 wt/ml, Falcon/BD) in 35 minute culture dishes, andunatl at 37C in a 95% @-5%CO,
incubator in SMGM (smooth muscle growth medium, @tws Crop., USA) supplemented

with 2% antibiotics/antimycotics (Gibco, USA) andurime stem cell factor (SCF, 5 ng/ml,

10



Sigma).

|1-4-5-3. Patch clamp experiments

The whole-cell configuration patch-clamp technigag used to record the membrane
currents (voltage clamp) and potentials of theuratl ICC (current clamp, and Axopatch 1-D
(Axon Instruments, USA). Command pulses were appli&dg an IBM-compatible personal
computer and pClamp software (version 7.2; Axonrlmsénts). Data were filtered at 5 kHz
and displayed on an oscilloscope, a computer momitw a pen recorder (Gould 2200, Gould,
USA). The cells were bathed in a solution containfilgMm): KCI 5, NaCl 135, CaGl2,
glucose 10, MgGIl 1.2 and HEPES 10, adjusted to pH 7.4 with Tris. Tipetfe solution
contained (in mM) KCI 140, Mg@GI5, K ATP 2.7, NaGTP 0.1, disodium creatine phosphate
2.5, HEPES 5 and EGTA 0.1, adjusted to pH 7.2 with Tilsexperiments were performed at

30C.

[1-5. Identification of strainsinvolved in self-fer mentation

[1-5-1. Culture media

GPYA (glucose 40 g/L, peptone 5 g/L, yeast extragtls pH. 5.0~5.2), YM media (Yeast
extract 3 g/L, Malt exteact 3 g/L, Peptone 5 g/L, Glucose 1)) Bennett's media (beef extract
1 g/L, glucose 10 g/L, N-Z amine A 2 g/L, Yeast extrhg/L, pH. 7.3), Nutrient agar (peptone

5 g/L, beef extract 3 g/L), Nutrinet agar + SFPE 2B¥%p{one 5 g/L, beef extract 3 g/L, SFPEs

11



was centrifugated at 5,000 rpm &€ 4or 30 min. The supernatant was autoclaved anddnixe

with media.)

[1-5-2. Growth condition, assessment of suitable media and

identification of yeast strains

To study the dynamic pattern of microbial involvermnduring the fermentation of PE, the
SFPEs were spreaded on a GPYA media by diluting th@0 times. The SFPEs spread plates
were incubated for 3 days at 28. Colonies obtained were then grown in GPYA, Yeasit ma
broth, Bennett's broth, Nutrient agar, Nutrinet aggsmied with autoclaved SFPE (25% v/v)
to identify suitable media and growth condition. determine suitable temperature for the
growthyeast culture was spread on to nutrient agadium plates supplied with 25 %
autoclaved SFPEs and grown at 28 andf 3Temperature and media where the yeast strains

were grown well was used for the further culture

[1-5-3. PCR and sequence analysis

Microorganisms present in SPFEs have been idehtiibe species present were identified
with the help of rDNA isolated using Qiagen PCRifieation kit and finally sequencing the
purified product. A universal primer 5- GCATATCAATRGCGGAGGAAAAG-3', 5'-

GGTCCGTGTTTCAAGACGG-3' have been used to detect the specisted in SFPESs.

I1-6. Composition assessment and variation in PE and SFPEs

12



[1-6-1. GC-M S analysis

Hewlett Packard HP-5973 MSD and HP-6890 GC for @Ghsomatrography — Mass
spectrophotometric device was used to detect congmwPurge and trap method have been
used to detect. Pretreatment of Sample was dill@etihies with distilled water and analyzed
with purge and trap methods. The 25 ml frit sparggs-tight syringes, purge and trap
concentrator (Tekmar 3000). The conditions wergg®urll minutes, dry purge - 2 minutes,
Desorb preheat - 175, desorb - 18T, desorb time- 4 minutes Trap bake - T80Trap bake
time 7 minutes. HP-5 fusion silica capillary colummaving diameter of 0.25 mm, length 30 m
and thickness 0.2%m were used. The carrier gas used was 1 ml heliuanrmnute with the

speed of 36 cm/second.

I1-6-2. The assay of some synthetic ter penoid compounds

I1-6-2-1. Antibacterial activity

Antibacterial activities of synthetic terpenoids redested against five bacterial strains.
Camphor and 1,8-Cineole were purchashed from siddnata and separately tested against
bacterial strains includingsalmonella typhimurium (KCTC1925), Saphylococcus aureus
(ATCC9341), Escherichia coli (KTCC1923), Pseudomonas aeruginosa (ATCC15692), and

Bacillus subtilis (ATCC6633). Bacteria were cultured overnight atC37n nutrient media

(bacto beef extract 3 g, bacto peptone 5 g). Antdvadt activities of the sample were

13



examined using paper disc method, 140 of 16 hours grown bacterial suspension was spread
on nutrient agar. Paper discs (6 mm diameter) wkreed on the plate. 2@ sample was
loaded on the center of the paper disk and incdbate87C for 24 hours using DMSO as a

negative control. Antibacterial activity was evakdhtby measuring the zone of inhibition
against the test organisms. Concentrations of theide®le used for the assay were 1, 10, 100,

500 and 1000 mM and for the camphor the concentration wasmMB00

I1-6-2-1. Antioxidant activity

The radical-scavenging activities of Camphor anddif&ole were evaluated by using the
DPPH radical scavenging assay. 150 uM DPPH (3 mg) dissolved in 50 ml of MeOH.
Samples (camphor and 1,8-cineol) were prepared @H1€.00 ¢ of each sample was added
to 150 w¢ of DPPH solution and incubated for 30 minutes @nr temperature. The

absorbance was read against a blank at 517 nm.eBuéis were expressed as percentage of

reduction of the initial DPPH adsorption by test samples.
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I11. RESULTSAND DISCUSSION

[1I-1. Composition and pattern differences durief-$ermentaion

[11-1-1. General composition

Crude lipid, crude proteins, moisture, crude ashaartohydrate present in the pine needle
extract were determined. The results of these gkoenaponents are projected in the table 1.
Chlrophyll content, vitamin C and amino acids conhtefpine needle extracts and powdered
pine needle were determined. Chlorophyll a and oployll b in pine needle extract was
recorded as 40.8 mg/100 g while the pine needle powohtained 178.5 mg/100 g. Similarly,
vitamin C content of the PE was recorded as 349..00gg while the pine powder contained
569.8 mg/100 g (Table 1). The pine needle contaihérigproportion essential amino acids
such as aspartic acid, proline, cystein and lysine.ctmcentrations of these amino acids were

found to be higher than 0.82 g out of 100 g powder (Table 2).

[11-1-2. Carbohydrate

Carbohydrates are major components of any plaatsatcur in different forms. We have
tested three different simple carbohydrates in RESFPEiz glucose, fructose and sucrose.
A total carbohydrate presented in PE and SFPEsdsstts correspond to the sum of these

three different simple carbohydrates. The conceatrah SFPE 7 was surprisingly increased
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to 10,648.56 (+158.13) from 7,253.63 (+138.112) ppm kn (Pig. 1). Carbohydrate shows

increasing in aggregate with increase the periodpaintaneous fermentation. Glucose and
sucrose showed inconsistencies in their conceotrathange; while fructose showed gradual
increase causing increase in total carbohydrateesdration. Microorganisms might be the

chief players in such concentration change in dpamentation system. Glucose concentration
decreases from PE to SFPE 3 (2,855 + 56.72 to 3953247 ppm) while increases in SFPE 7
(2,765+ 55.3 ppm) might indicate the microbial legychdation of other complex biomolecules

however; it would need the further research.

[11-1-3. Fatty acids

Fatty acids components in PE and SFPEs were ads&sirated as well as unsaturated
fatty acids were present in all aged samples Digirig among 9 known fatty acids. In terms of
percent, the total fatty acids present in the etdra&& known possess 50.8 + 4.56, 45.1 + 2.77
and 37.3 + 3.60 % in PE, SFPE 3 and SFPE 7 respgctReiaining unknown contributes to
40.9 + 2.45,51.2 + 3.91 and 54.8 £ 4.78 in PE, SFPE B&RE 7. Nearly 13% of the known
fatty acid amount was changed to unknown fatty #dding to disapear individual fatty acid
or changed in its concentration. Palmitoleic acidritaacid, and myristic acid were common
in all aged samples. Myristic acid, a rare compomémtairy product and a component of the
membrane lipid, was increased in SFPEs (4.50 + 0.85P& and 22.9 + 2.54 % in SFPES).
Linoleic acid, a two double bond fatty acid, foundHE was completely disappeared while a
new mono-unsaturated Oleic acid was appeared &ftgrars of spontaneous fermentation.
Two acids viz. lauric acid and myristic acids hadwh opposite but remarkable pattern in

their concentrations change. Higher concentratidawic acid in fresh extract as 31.8 + 3.37
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was reduced to 6.07 = 0.13 in three years and fitally.82 + 0.15 at 7 years. While myristic
acid from 4.50 + 0.35 in fresh was increased to 251944 in 3 years and finally reduced to

22.9+£2.54in 7 years (Table 3).
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Table 1. General composition, chrolopyhll and vitamin C contents of self fermented pine

needle extracts. P.powder: pine needle extract powder

pine needle extract (%) P.powder (%)

Crude Lipid 2.49+0.126 6.91+0.073
Crude Protein 3.35+0.015 11.92+0.812
Moisture 68.88+0.416 3.70+0.102
Crude Ash 1.01+0.041 1.01+0.041
Carbohydrate 4.20+0.375 14.22+1.208
pine needle extract P.powder
(mg/100 g) (mg/100 g)
Chlorophyll a 27.3+0.126 108.0+0.126
Chlorophyll
Chlorophyll b 13.5+0.015 70.5+0.812
oxidative vitarmin ¢ 146.0+0.416 180.4+0.416
Vitamin C
reductive vitamin ¢ 203.0+0.416 389.4+0.416
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Table 2. Amino acids analysisin self fermented pine needle extracts. P.powder: pine needle

extract powder; PE: pine needle extract

Aminoacids  Molecular Weight P.powder (g/100g) PE (g/100 g)

Aspartic acid 133.10 0.82 0.30
Threonine 119.12 0.39 0.14
Serine 105.09 0.34 0.13
Glutamic acid 147.13 0.55 0.21
Proline 115.13 0.83 0.33
Glycine 75.02 0.49 0.18
Alanine 89.09 0.58 0.22
Valine 117.15 0.67 0.25
Cystein 240.30 1.36 0.51
Methionine 149.21 not detected not detected
Isoleucine 131.17 0.58 0.22
Leucine 131.17 0.58 0.22
Phenylalanine 165.19 0.12 0.06
Tyrosine 181.19 0.13 0.07
Histidine 155.15 0.50 0.31
Lysine 146.19 0.84 0.12
Ammonium chloride 53.49 0.10 0.06
Arginine 174.20 0.49 not detected
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Figure 1. Trend of carbohydrate dynamicsin pine needle extract and self fermented pine
needle extracts. Interchange in carbohydrates occurs and finallyeases the total amount of
carbohydrate due to internal reactions during spoedus fermentation. Glucose concentration
decreased during 3 years old SFPE, which retainéd twiginal level, but the fructose shows
continuous increasing trend during spontaneousdetation. PE: Fresh Pine Needle extracts;
SFPE 3: Self-fermented pine extract 3 years ol®EF:. Self-fermented pine extract 7 years

old.
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Table 3. Lipidsanalysisin pine needle extract and self fermented pine needle extracts

No of
S. No Name of Lipid carbon PE SFPE 3 SFPE 7
/Saturation

1 Caproic acid 6:0 4.12+0.02 1.47+0.02 1.15+0.05
2 Caprylic acid 8:0 205+0.13 2.14+0.02 0.70+0.10
3 Capric acid 10:0 0.97 £0.03 1.37+£0.15 0.90+£0.01
4 Lauric acid 12:0 3.18+3.37 6.07+0.13 3.82+0.15
5 Myristic acid 14:0 450+035 259+1.41 229+254
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 18:14-9) 0 0 1.10 £ 0.05
9 Linoleic acid 18:2¢-6) 1.38+0.19 0 0
10 Unknown 409+245 51.2+391 5481478

Total Fatty acids 50.8 £ 4.56 451 +2.77 37.3+£3.60
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[11-2. The activities of self fermented pine needle extracts (SFPES)

[11-2-1. Antibacterial activity of SFPEs

The PE and SFPEs were tested for whether they dmatilgacterial properties. It was found
that PE and SFPEs could retard the growth of tdséeterial strains. The antibacterial assay
with Bacillus subtilis, Salmonella typhimurium, Saphylococcus aureus, Micrococcus luteus,
Escherichia coli andPseudomonas aeruginosa using paper disc methadvealed the strains are
highly susceptible with SFPEs and effect was dasgeddent. SimilarlyEscherichia coli,
Micrococcus luteus, Pseudomonas aeruginosa were also susceptible to SFPEs. Effect of SFPE

7 (80 L) on Bacillus subtilis was highest (21 mm) and 4@{ also inhibited its growth in
some extent (Fig. 2). Treatment of 480 SFPE 7 only showd growth retardation on
Salmonella typhimurium however, 80x! SFPE3 and 7 both inhibited its growth while

inhibition effect of SFPE7 was higher than otherémildr trend have been seen in
Saphylococcus aureus, Micrococcus luteus andEscherichia coli. In these strains PE and SFPE
3 showed no growth inhibitory effect by 4@, while the growth was inhibited by 40
SFPE 7Bacillus subtilis showed high level of susceptibility with SFPE 3nasdl SFPE 7. Pine
extract is effective in growth inhibition of somadterial strains (Kim and Shin, 2005), thus
reflects the PE and SFPEs might be safe from haktesntamination S, typhimurium, S.

aureus that cause serious health hazards in human, also lost itthgro®~PE treatment.

[11-2-2. Antioxidant activity of SFPEs
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NBT superoxide scavenging activities of SFPEs was atsessed (Fig. 3). PE, SFPE 3 and
SFPE 7 scavenged 90, 89 and 93 % radicals fromu)iBl concentrations respectively.
Superoxide scavenging activities of SFPE was nsamjar to all samples of different ages.

Therefore, PE and SFPEs might be the good source of rattiatidant in a functional food.

[11-2-3. Fibrinolytic activity of SFPEs

Fibrinolytic activity of the PE, SFPEs was assayeadgufbrin plates. 20#£ of each sample
was carefully placed on fibrin plate. The plate iasibated for 30 min, 1 hour and 2 hours at
37T and the diameter of the lytic circle was measuldter 30 min incubation, lytic circle
formed by PE, SFPE 3, SFPE 7 on fibrin plate wetel2land 14 mm respectively. At after 1
hour, the circles were 13, 14 and 18 mm respectilel2 hours of incubation, Iytic circle of
PE, SFPE 3, SFPE 7 were 17, 18 and 23 mm respecthigly4). It seems that fermentation
facillatetes fibrinolytic activity in pine extracAnd SFPEs can be developed and used as a

funcrional food (health related food) for thrombosis preion.

[11-2-4. The pattern of cholesterol and triglyceride contents

The levels of cholesterol in C-, C+ 4 weeks, C+ 2 weeks (SaBpl@ weeks, C+ SFPE 7 4
weeks after treatments are reported in Figure 5.aMeeage cholesterol level in C+ 4 weeks
(fed cholesterol continuously at once a day forekks) group was 50.5 £ 0.7 mg/dL. C+ 2

weeks (Sample C+) 2 weeks (0.5 ml cholesterol for 2 weekthandvith 0.5 ml SFPEs (PE,

23



SFPE 3, SFPE 7) with 0.5 ml cholesterol) group, thanmm@holesterol level in this group was
PE ; 34.5+ 2.12 mg/dL, SFPE 3 ; 35 £ 0 mg/dL, SFPE23 + 2.8 mg/dL. The level of
cholesterol in C+ SFPE 7 4 weeks (fed with 0.5 nallesterol and 0.5 ml SFPE 7 continuously
for four weeks) group was 29 + 1.4 mg/dL. The plastalesterol was decreased by 0.5 ml
cholesterol for 2 weeks and then with 0.5 ml PE.328, SFPE 3 ; 22.2 %, SFPE 7 ; 48.9 %,
fed with 0.5 ml cholesterol and 0.5 ml SFPE 7 comtiraly for four weeks ; 35.6 %,
respectively. And the average triglyceride leveCin C+ 4 weeks, C+ 2 weeks (Sample C+) 2
weeks, C+ SFPE 7 4 weeks after treatments are egbiortFigure 6. The average triglyceride
level in C+ 4 weeks (fed cholesterol continuouglpace a day for 4 weeks) group was 24 *
4.3 mg/dL. C+ 2 weeks (Sample C+) 2 weeks (0.5 mlesierol for 2 weeks and then with
0.5 ml SFPEs (PE, SFPE 3, SFPE 7) with 0.5 ml cho@stgnoup, the mean triglyceride level
in this group was PE; 13.5 + 4.9 mg/dL, SFPE 3; b mg/dL, SFPE 7; 14.5 + 7.8 mg/dL.
The level of cholesterol in C+ SFPE 7 4 weeks (&t 0.5 ml cholesterol and 0.5 ml SFPE 7
continuously for four weeks) group was 6 £ 5.7 mg/dL. Théytagide level was decreased by
56 % to rats fed with 0.5 ml cholesterol and 0.5 FPE 7 continuously for four weeks. We
discovered that SFPEs decreased cholesterol aglgicatide levels in cholesterol-fed rats.
Therefore, SFPE might be useful in improving bloadwation and could be a good source of

functional food development.

[11-2-5. Electrophysiological activity of SFPEs

ICCs cultured from the murine small intestine dfiitgpositive cells that have distinct
morphology containing spindle shaped structuresfarmd a network within smooth muscles.

Recording from cultured ICC under current clamp m@d0) showed spontaneous pacemaker

24



potentials. The resting membrane potential was <+ 83mV and amplitude 23 + 5 mV. In
conversion of the ampliter to voltage clamp modeaaholding potential — 70 mV, ICC
generated spontaneous inward currents called ‘paloemturrents’. The average frequency of
the currents was 14 + 2 cycles/min and the ampitaderaged — 436 + 62 pA. SFPE 7 has
been tested for the analysis of the effects omaditen of pacemaker activities in the ICC. In
whole cell patch clamp technique at‘@DICC generated spontaneous pacemaker potential
under current clamp mode=(Q) and inward currents (pacemaker currents) undiaig® clamp

mode at a holding potential of -70 mV. When SFPE2G0(xg/ml) treated in ICC, under

currents clamp mode decreased both the frequerttyamplitude of pacemaker currents, and
increased the resting currents in outward directidlso, SFPE 7 inhibited the pacemaker
currents in a dose-dependent manner. Glibenclamidiecler of potassium channel, reversed
the effect developed by SFPE 7 indicating the SFP&ause the opening of the potassium

channels during modulation of pacemaker current (Fig. 7).
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Figure 2. Antimicrobial property of pine needle extract and self fermented pine needle

extracts. Figure shows the effect of PE and SFPE to diffebawterial strains on paper disc.
PE and SFPE suppressed the bacterial growth in dependent, self-fermentation aging
dependent and strain specific. Effect was increag#dincrease in self-fermentation period.
PE: Fresh Pine extract; SFPE 3: Self-fermented pixteact 3 years old; SFPE 7: Self-

fermented pine extract 7 years old.
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Figure 3. NBT superoxide scavenging activities of self fermented pine needle extracts 1, 3

and 7. NBT superoxide scavenging activities of SFPE &n8 7 (0.2:4/ml-0.3 z£/ml) showed

90% superoxide scavenging activities which is similalteamples of different ages.
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Figure 4. Fibrinolytic activity of self fermented pine needle extracts. Fibrinolytic activies of

SFPEs increases with aging and it is the effect is time depén
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Figure 5. Assessment of total cholesterol in blood plasma of cholesterol fed rats. The level
of cholesterol was found lowered after administratof PE and SFPEs. C+: Cholesterol

administerd.
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Figure 6. Level of triglyceride blood plasma of cholesterol fed rats. Blood plasma
triglyceride decreases with administration of 0.5 RE and SFPEs. C+: Cholesterol

administered.
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SFPE 7 20Cug/ml

30 sec

SFPE 7 20Cug/ml

Glibenclamide 1M

SFPE 7 200xg/ml

Figure 7. Effects of self fermented pine needle extracts 7 on pacemaker potentials and
pacemaker currentsrecorded in cultured ICC from murine small intestine. (A) Shows the
pacemaker currents of ICC recorded at a holdingmiial of —70 mV exposed to SFPE 7 (200
pg/ml). (B) Shows the pacemaker potentials of IC@omed SFPE 7 (2Q0y/ml) in the current
clamping mode I€0). The pine needle extracts induced membrane pglagization. (C)
Shows the effect of SFPE 7 on pacemaker curretds @fe-treating cells with glibenclamide.
The frequency and amplitude of pacemaker curreet® wiecreased and the resting currents
increased in the outward direction by SFPE 7. Dditexb indicate zero current levels. (SFPE

7: Self-fermented pine extracts 7 years old).
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[11-3. Identification of strainsinvolved in SFPEs

To identify and characterize yeast strains from E$;Rve performed yeast strains screening.
Several strains of yeasts were appeared in theds@xtract without thier inoculation. There
were altogether 8 different yeast strains isolaiad identified (Fig. 8). Most of the yeast
strains were appeared during first year of sto(&f¢°E 1). The strains number was reduced to
2 out of 8 at third year and all strains were disgved at forth year of storage. The isolated
strains were identified aBichia galeiformis, Candida boidinii, Pichia sp., Candida sp. 1,
Candida sp. 2, Candida ooidensis, Saccharomyces cerevisiag, and Candida Karawaiewii.
Candida ooidensis was appeared at the second year of storage. Aliespeere seen in SFPE 2.
Only Candida sp. 1, Candida sp. 2 were found in SFPE3 while all the species were disappeared
after 4 years (Table 4A). We tried to determineel shitable media and growth condition for
the isolated yeast strains. The result showed tRatAGwas the best among the media tested
for the growth (Table 4B). It also revealed thgv@y of 25% autoclaved SFPE facillated the

growth of yeast strains at Z8 however no colonies could be seen in nutrient agtrout
SFPE supplement. At 37, non of the strains could grown in both types oflim€Table 4C).

Therefore, the result reveals that the nutrient agadia supplement of 25% autoclaved SFPE
provides the good substrate to facillate the groeftltultured yeast strains. Among species
presentCandida sp. 2 was having 99.65% similarities wi@andida ernobii. (Table 5, Fig. 9,

Fig. 10).
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Figure 8. Structure of colonies of 8 different yeast strains isolated from self fermented
pine needle extracts. They were identified as (from left to right). Richia galeiformis, 2.
Candida boidinii, 3. Pichia sp., 4. Candida sp. 1, 5.Candida sp. 2, 6. Candida ooidensis, 7.

Saccharomyces cerevisiae, 8. Candida karawaiewii.
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Table 4. Growth condition for isolated yeast strains from self fermented pine needle

extracts. A. Cell lines come out according to self-fermeiotatprocedure of pine needle
extract from 1 year to 4 years. B. Condition andaisal yeast strains from SFPE grown in
different media. GPYA showed best growth than othedia. No colony could be obtained
from nutrient agar media, however, colony could keEnsa nutrient agar media supplied with
25% SFPE. C. Screening medium and culture condatignicroorganism for self-fermentation

from pine needle extract.

A.
S.NO. Species SFPE1 SFPE2 SFPE 3 SFPE 4
1. Pichiagaleiformis 18 0 0 0
2.  Candida boidinii 5 3 0 0
3. Pichiasp. 3 0 0 0
4., Candidasp. 1 18 0 6 0
5. Candidasp. 2 27 14 43 0
6.  Candida ooidensis 0 79 0 0
7.  Saccharomycescerevisae 13 16 0 0
8.  Candida karawaiewii 28 0 0 0
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Nutrient agar

Medium Nutrient
GPYA YM BA +
cell agar
SFPE 25%
Candida sp.1,2 +++ +++  +++ - +++
Candida ernobii
+++ ++ ++ - ++
(Control)
C.
Culture condition — 2 days
Source Medium
37C 28T
Nutrient agar + Autoclaved SFPE (25%) - +
SFPE

Nutrient agar
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Table 5. Nucleotide similarity analysis among the yeast strains isolated from self

fermented pine needle extracts

nt differences

Strain Accession NGaimilarity

/[compared
Candida ernobii NRRL Y-17782T U94921 99.65 2/570
Candida karawaiewii NRRL Y-17784T70241 99.65 2/570
Pichia holstii NRRL Y-2155T u75722 99.30 4/568
Candida ishiwadae NRRL Y-17654T  U71067 98.07 11/569
Candida wickerhamii NRRL Y-2563T U70243 97.89 12/568
Candida wyomingensis NRRL YB-213F153673 97.36 15/568
Candida pomicola CBS4242 AF245400 97.01 17/568
Candida populi NRRL Y-17681T U70249 96.82 18/566
Candida anatomiae NRRL Y-17641T U70244 96.47 20/566
Candida peltata NRRL Y-6888T U71066 95.78 24/569
Pichia xylosa NRRL Y-12939T uU75718 95.22 27/565
Picha toletana NRRL YB-4247T U75720 95.04 28/565
Pachysolen tannophilus NRRL Y-246076346 93.63 36/567
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5'-AAACCAACAGGGATTACCTTCGTAACGGCGAGTGAAGCGGTAAAAG
CTCAAATTTGAAATCTAGCACTTTCAGTGTTCGAGTTGTAATTTGAAGA
AGGTATCTTTGGAGTTGGCCCCCGTCTATGTTCCTTGGAACAGGACGTC
ACAGAGGGTGAGAATCCCGTGCGATGGGGAGACCAATTCTATGTAAAG
TTCCTTCGAAGAGTCGAGTTGTTTGGGAATGCAGCTCTAAGTGGGTGG
TAAATTCCATCTAAAGCTAAATATTGGCGAGAGACCGATAGCGAACAAG
TACAGTGATGGAAAGATGAAAAGAACTTTGAAAAGAGAGTGAAAAAG
TACGTGAAATTGTTGAAAGGGAAGGGCTTTTGATCAGACTTGGTGTTTA
GTACTCTCTACTCCTTGTGGGTGGAGCTCTTGCTTTATACTGGGCCAGCA
TCGGTTTGGATGGTAGGATAATAGCATTGGAATGTGGCTTCATTCGTGAA
GTGTTATAGCCCTTGTTGATACTACCTATCTAGACCGAGGACTGCGTCTTT

TGACTAGGATGCTGGCGTAATGATTAAAAGCCGC-3

Figure 9. 26SrDNA D1/D2 region sequenced from Candida sp. 2
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Candida kavawaiewii NRRL Y-17784T (U04921)
Comdider emobis Y-177821 (U70241)
Candida sp. 2
Pichig holstii ¥-2155T (U75722)
Cemdida pomicola MRRL ¥-27083T (AF 245400)
Cemdide ishiwadae ¥-17654T
(U"?lﬂﬁ?t Cemdida anetomice NRRL V-17641T (U70244)
' Comdide popult NREL ¥-176817 (U70248)
| Comdide wickerhawii MRRL ¥-25637 (U70243)
Cemdida wyomingensis YB-2152T (AF 153673
— Pichig toletana YB-4247T (U75720)
4{_ Fichia xplosa ¥-12939T (U75718)

Fachysolen termophilus ¥-24607 (UJ76346)

Comdida peltata T-6855T (UT1066)

Sacchavormyces cerevisioe NERL Y-12632T (U44506)

Figure 10. Phylogenetic tree based on partial 26S rDNA sequences. It shows the positions
of strains 2 and some other related taxa, Gen Beggsaion number. Scale bar represents 0.01

substitutions per nucleotide position.
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[11-4. Ter penoids composition of SFPEs

Gas chromatography-mass spectrometry (GC-MS) wad ts identify and quantify the
volatile terpenoids in fresh and self-fermentecepieedle extract (Byuet al., 2007 ; Caningt
al., 2007).a — pinene$ — phellandrene, camphene, eucalyptol and camphaoscane of the
volatile terpenoids detected in the extracts. CampVas not detected from the fresh extract,
however it was found gradually increased with iasgeself-fermented duration. Similarly, no
1,8- Cineole detected in fresh was appeared andigitpdncreased from 1.816% to 2.003% in
aging. Camphor and 1,8-cineole are volatile organimpounds that share a common carbon
skeletal structure (Fig. 11A, B and C) and are lgially active. 5-isopyrenyl-2-2-methyl-2-
vinyltetrahydrofuran (4.021 to 7.555%), herboxidecaswl isomer (9.139 to 10.906%),
isocineole (15.947 to 19.915%) are the charactexs@mges occurred in the PE to SFPEs. The
result showed that the terpenoids are changedlyagiding spontaneous fermentation process
and also it makes the extract more effective amduligTable 6). Volatile compounds of self-
fermented pine needle extracts detected using GC-Ekpecially, peak a (11.03 min)
corresponding to 1,8-cineole, peak b (13.02 min) correspgnd camphor. The time and mass
spectra were compared with that of the standardooamds (Fig. 12). 1,8-cineole is natural
organic compound pronounced variously as eucalyptalalyptole, limonene oxide, cajeputol,
1,8-epoxy-p-menthane, 1,3,3-trimethyl-2-oxabicyclo[d@&;fane, 1,8-oxido-p-menthane,
cineol or cineole is  basically a terpene and an omgmt essential oil
(http://en.wikipedia.org/wiki/Eucalyptol). It is a ntipurpose compound widely used in
pharmaceutical products such as nasal decongestdichugh agent, aromatheraphy, dentistry
and in cosmetics (Madyastha and Chadha, 1986; Saetrak, 2005). Camphor is also

terpenoid, white or lucid solid with a strong, aroimacent. Camphor uses include as a moth
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repellent, as an  antimicrobial substance, in emba@minin  medicine
(http://en.wikipedia.org/wiki/Camphor.Yarious experiment tries showing the possible trend of
some compounds dynamics in fermented extracts. fidraaaof wines is secondary products
formed during the wine fermentation (fermentativenaas) and ageing (JH and Pretorius,
2005) The aroma complexity increases during alcoholionéntation by the synthesis of
important volatile compounds (Jet al., 2005). Self-fermented pine needle extract tries to
assess the functional perspective of the fermepteduct. Terpenoids of different sizes and
composition are found in all classes of living then and are the largest group of natural
products, and are biologically active. Terpenoids athér nutrient compounds of plants have
been recognizes as potential factors that can ékilus improve human health through their

antioxidant activities (Chang al., 2008; Leest al., 2001; Pietrit al., 1997)

[11-5. Effect 1,8-cineole and Camphor

[11-5-1. Antibacterial acitivity

1,8-cinoele and Camphor were tested for whether tieye antibacterial activities. The
experiment showed that 1,8-cinoele, Camphor carrdregowth of bacteriaSalmonella
typhimurium, Saphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa andBacillus
subtilis showed that the strains are highly sensitive tecih8ole and camphor. Treatment of
100 mM on 1,8-cineol&scherichia coli andBacillus subtilis showed 6 mm and 7 mm growth
inhibition. Treatment of 500 mM 1,8-cineole showetimonella typhimurium (20 mm),

Saphylococcus aureus (12 mm), Escherichia coli (20 mm), Pseudomonas aeruginosa (15
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mm) andBacillus subtilis (20 mm) inhibitions. Treatment of 1000 mM 1,8-cineskowed
high level of inhibition activities to all bacteliatrains. Salmonella typhimurium (25 mm),
Saphylococcus aureus (16 mm),Escherichia coli (25 mm),Pseudomonas aeruginosa (20 mm),
Bacillus subtilis (27 mm) have been inhibited by 1,8-cineole (Fig. Hjwever, treatment of
1000 mM of camphor orSalmonella typhimurium, Bacillus subtilis and Pseudomonas
aeruginosa showed equal (8 mm) inhibition to all the testédias (Fig. 14) Tested bacteria
were highly susceptible to 1,8-cineole and camphioe food and cosmetic industry at present
is facing an enormous problem from user for usihgnaical preservatives to prevent the
growth of microorganisms (Delshal., 2008; Kimet al., 2007) Antibacterial properties of the
terpenoids (essential oils) and a variety of extrdiom many plants have recently been of
great interest in both study, the food and cosmietitistry, because their potential use as
organic additives emerged from a increasing tremdeplace synthetic preservatives with
natural ones. A new approach to prevent the pralil@n of microorganism might safeguard
against biological invasion in various products, boer needs detail assessments. These
studies reveal that not only some compounds butgwtions of the compounds involve in

increasing antibacterial properties of the self-fernepiae needle extracts.

[11-5-2. Antioxidant acitivity

DPPH radical scavenging activity of 1,8-cineole vedso assessed (Fig. 15). 1,8-cineole
scavenged 46, 82 and 84 % radicals from 10, 100, @an®/ concentrations respectively and
it is dose dependant. Damage by oxygen free radi&lsown to be one of the mechanisms of
chronic disorders and ageing. Oxygen free radiceds caiginated ubiquitously in aerobic

metabolism, and are generally removed by antioxidamth as a superoxide dismutase,
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glutathione peroxidase, metal-binding proteins, vitafd, vitamin E, beta carotene, uric acid,
bilirubin, albumin, DNA repair enzyme, methionine $wpide reductase repair (Sebal,
2004; Sunget al, 2000) Various reports try showing the antioxidant effecfood. Red wine
and green tea contains high level of antioxidanet(8l, 1994) Self-fermented pine needle

extract contains 1,8-cineole and is good source for reuti@al product.
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Figure 11. Sructure of camphor and 1,8-cineole. Molecular structure of secondary
metabolites analyzed. A. Structure of Camphor; B. Siraatf 1,8-cineole; C. Structure of 1,8-

cineole
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Table 6. Volatile terpenoid compounds and essential oil contents in pine needle extract

and self fermented pine needle extracts. Interchange in compounds occurs and finally
increases the total amount of terpenoids (espgciaB-cineole and camphor) due internal
reactions during spontaneous fermentation. 1,8-athaat camphor concentration increased
during 3 years old self-fermented pine needle ektrBotal concentration shows continuous
increasing trend during spontaneous fermentation. FP&sh pine needle extracts; SFPE 3:

Self-fermented pine extract 3 years old; SFPE 7: Satfidated pine extract 7 years old.

Compounds PE SFPE3 SFPE7
Alpha-pinene 9.303
Beta myrcene 0.536
Beta phellandrene 1.370
Camphene 2.230
Delta 3-carene 0.630
Eucalvptol 0.334
Styrene 66.321
3-Pentanone 11.707 7.439
Tolune 7.586 7.175 7.843
1,8-Cineole/Eucalyptol 1.816 2.003
2-methyl-1-butanol 2.521 3.613
3-methyl-1-butanol 5.050 4.815
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5-isopyrenyl-2-2-methyl-2-vinyltetrahydrofuran 4102  7.555

Bicyclo[2,2,1]heptan-2-ol 38.645 17.962
Camphor 6.888 24.195
Herboxide second isomer 9.139 10.906
Hexanoic acid, ethyl ester 1.359 1.193
isocineole 15.947 19.915
Total terpenoic compounds (100%) 100 100 100
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Figure. 12. Gas chromatogr aphy (GC-M S) analysis of self fermented pine needle extracts.
Volatile compounds of self-fermented pine needkeaex detected using GC-MS. Peak a (11.03
min) corresponding to 1,8-cineole, peak b (13.02 mimjesponding to camphor. The time and
mass spectra were compared with that of the standard codgp@urFresh pine needle extract;

B. Self-fermented pine needle extract 3 years oldB&lf-fermented pine needle extract 7 years

old.
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Figure 13. Antibacterial activity of 1,8-cineole. Antimicrobial property of 1,8-cineole was
analyzed. Figure shows the effect of 1,8-cineoldfterént bacterial strains on paper disc. 1,8-
cineole suppressed the bacterial growth in doserdgmt manner. Effect was increased with

increase according to concentration. DMSO: Negative abntr
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Figure 14. Antibacterial activity of camphor. Antimicrobial property of camphor was
analyzed. Figure’s shows the effect of camphor fterdint bacterial strains on paper disc.

Camphor suppressed the bacterial growth. DMSO: Negativeoton

48



100 r

DPPH radical scavenging activity (%)

10mM 100mM 500mM

Figure 15. DPPH radical scavenging activity of 1,8-cineole. Free radical scavenging

activities of the 1,8-cineole. DMSO: Negative control.
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V. Conclusion

Assessment of pine needle is the essence foritmaaitmedicine using pharmacological
efficacy of natural compounds present in pine reéoll treating human diseases. In this study
we have identified various useful components imraettincluding crude lipid, crude proteins,
moisture, crude ash, carbohydrate, vitamin C, chlorgpagnino acids, terpenoids and fatty
acids. The self-fermented pine extract (SFPE) itdibthe growth of some bacterial strains
like Salmonella typhimurium, Micrococcus luteus, Saphylococcus aureus, Escherichia coli,
Pseudomonas aeruginosa andBacillus subtilis. The SFPE showed 90% antioxidant activities,
which is similar for all tested samples of differeges. Fibrinolytic activities of the extract
indicated that activity depends on time and alsih \aging of the product. It was also found
that the extract can lower the blood plasma chedesand triglyceride in cholesterol fed rat.

When SFPE 7 (200&/ml) treated in ICC, under currents clamp mode desgd both the

frequency and amplitude of pacemaker currents, macreéased the resting currents in outward
direction. Also, SFPE 7 inhibited the pacemaker aisrein a dose-dependent manner.
Glibenclamide, a blocker of potassium channel, rederhe effect developed by SFPE 7
indicating the SFPE 7 cause the opening of thesptm channels during modulation of
pacemaker current. We have isolated and identifiddf@ent yeast strains that spontaneously
grown and caused self-fermentation in the extractstMabundantly grown yeast strain
Candida sp. 2 possesses 99% sequence homologies @atidida ernobii was disappeared
within 4 years of storageSFPEs showed antioxidant, anti-bacterial propertigsy improve
the blood circulation and can act against anthézossis, therefore the fermented pine needle

extract could be a good source for functional faledelopment. GC-MS result reveals that
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self-fermentation leads terpenoid composition dyicarm the stored pine needle extract. The
study unveiled many aspects in the traditional weshof improving functional natural product

processing that needs follow up studies in assessing thaih de
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Pichia galeiformrs, Candida bordinii, Pichia species, Candida species 1, Candida
species 2, Candida ooidensis, Saccharomyces cerevisiae, Candida
karawaiewii & sl om, wrarv M Ho wel 2 AX}oli= Candda boidin
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