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SUMMARY

1. Title

Study on fermented ginseng seed as functional and high value-added food

II. R&D Purpose and Rationale

To draw a new functional material by developing products containing ginseng seed oil
and its extract as active ingredients using ginseng seed which has different ingredients
and composition compared to ginseng root and by verifying its cosmetic effect in the

ginseng market, which is currently limited to ginseng roots

Il. Details and Scope of R&D

O Evaluation of year-root characteristics of ginseng seed
- Year-root characteristics of ginseng seed
- Analysis of saponin, phytosterol, general composition, and nutrients by year-root in
ginseng seed
- Evaluation of year-root antioxidant activity of ginseng seed
O Optimal extraction method and characteristics evaluation of ginseng seed oil
- Selection of optimal extraction method for ginseng seed oil
— Analysis of fatty acid composition and phytosterol in ginseng seed oil
- Evaluation of shelf life of ginseng seed oil
O Changes in physiological activities according to different ginseng seed extraction
methods
- Evaluation of antioxidant activity of ginseng seed oil
- Effects on cell viability and melanin production in melanocytes
O Isolation, purification, and structure identification of phytosterol in ginseng seed
- Isolation and structure identification of phytosterol by chromatography
- Analysis of phytosterol
O Optimal fermentation condition for ginseng seed and characteristics of fermented
ginseng seed
- Selection of optimal fermentation condition for ginseng seed and characteristics
evaluation of the fermented products
- Measurement of total sugars, acidic polysaccharides, and total phenol content in

fermented ginseng seed



- Ewvaluation of antioxidant activity of fermented ginseng seed

Optimal extraction condition for fermented ginseng seed oil and characteristics
evaluation of fermented ginseng seed oil

- Extraction of fermented ginseng seed oil and its characteristics

- Analysis of fatty acid composition, phytosterol, and phenols in fermented ginseng
seed oil

Verification of safety and whitening effect of fermented ginseng seed oil

- Effects of fermented ginseng seed oil on cell viability and melanin production in
melanocytes

- Effects of solutions containing fermented ginseng seed oil extract on human skin

Development of dressing products using fermented ginseng seed oil

- Survey of salad dressings in the market

- Mixing ratio and package type of dressing products

- Consumer preference survey through sensory evaluation

Technology for developing new materials through the isolation and analysis of
phytosterol in ginseng seed

- Comparative analysis of phytosterol in ginseng seed

. Results of R&D

The characteristics of 3-year-root, 4-year-root, and b-year-root ginseng seeds showed
that size was bigger by vear, and that color was darker by year; no difference was
observed among 3, 4, and S5-year-root ginseng seeds, however. The color of ginseng
seed after pulverization generally showed higher L value than that before pulverization,
but redness (a value) was similar to that before pulverization. Yellowness (b value)
was higher than that before pulverization, which was considered to be attributable to
the fact that the brownish endosperm of ginseng seed was pulverized along with the

seed coat.

The analysis of saponin composition of ginseng seed by year-root showed that total
ginsenoside content increased by year. Likewise, the analysis of B-sitosterol and
campesterol among the phytosterol of ginseng seed showed a tendency to decrease by
the increase in years. In addition, the analysis of general composition (moisture, crude
ash, crude protein, and crude fat) and nutrients (free sugars, amino acids, free fatty

acids) of ginseng seed by year-root showed similar tendencies without significant

- 10 -



differences.

O In measuring the total phenol content in the extracts of 3, 4, and b-year-root ginseng
seeds, the highest value was found in the 4-year-root ginseng seed with 1.350 mg/g;
the DPPH and ABTS radical scavenging effect as antioxidant effect showed a
concentration—dependent result. The radical scavenging effect tended to decrease
slightly as the years increased, and SOD activity was higher in the 4-vear-root

ginseng seed at 100 ppm compared to other seeds.

O The extraction yield of ginseng seed oil following compress extraction, solvent
extraction, or supercritical fluid extraction after roasting pre—treatment showed that the
vield was higher in the supercritical fluid extraction at high pressure condition of 500
bar compared to compress extraction and solvent extraction. In other words, the yield
of ginseng seed oil extracted by supercritical fluid extraction at 500 bar and 65C was
17.48%, which was the highest. The color of ginseng seed oil extracted by each
extraction method seldom shows differences in L value (lightness) and a value
(redness) depending on the roasting condition of ginseng seed. However, the b value
(vellowness) increased in oils extracted by compress method and solvent method as

the roasting time increased.

O The analysis of phenolic compounds in ginseng seed oil as obtained after roasting
pre—treatment as well as compress, solvent, or supercritical fluid extraction revealed
gentisic acid, vanillic acid, ferulic acid, and cinnamic acid. Moreover, the analysis of
fatty acid composition of ginseng seed oil following each extraction method showed
not much differences in fatty acid composition; ginseng seed oil seemed to contain
over 95% unsaturated fatty acids. Phytosterol detected in ginseng seed oil were
campesterol, stigmasterol, B-sitosterol, and sitostanol, occurring in higher amount in

oils obtained by supercritical fluid extraction.

O The acid value of ginseng seed oil during 28-day storage at 60C did not change
significantly in oils by compress extraction and solvent extraction, but that of ginseng
seed oil by supercritical fluid extraction at 500 bar increased on the 7th day and
maintained a similar level since then. The peroxide value measured under the same
condition showed that the value of oil by compress extraction was lowest during

storage, suggesting the highest storage stability.

- 11 -



The ginseng seed oil extract did not show distinct radical scavenging effect and
greater tyrosinase inhibitory effect, but the ginseng seed extract by supercritical fluid

extraction greatly decreased melanin production without cytotoxicity in melanocytes.

The analysis of phytosterol in ginseng seed by GC/MS detected squalene, stigmasterol,
B-sitosterol, and lupeol, whereas the analysis by HPLC revealed stigmasterol and B

-sitosterol.

The strains used for the fermentation of ginseng seed were Gram positive
Lactobacillus gasseri KCTC 3162, Pediococcus pentosaceus LY 011, Bacillus subtilis
KFRI 1124, and Bacillus subtilis KFRI 1127.

The total sugars, acidic polysaccharides, and phenolic compounds of the extract of
fermented ginseng seed powder were all higher than those of unfermented ginseng
seed. In particular, ginseng seed fermented by the Bacillus subtilis KFRI 1127 strain
all showed higher values. The analysis of phenolic compounds in fermented ginseng
seed detected only p-coumaric acid, and its content differed significantly by
fermentation. Specifically, the ABTS radical scavenging effect and SOD enzyme
activity increased in fermented ginseng seed compared to the unfermented control

group.

The analysis of colors depending on the extraction method of fermented ginseng seed
oil showed that lightness (L value) differed slightly depending on the fermentation
treatment, but was similar without significant differences by extraction method.
Redness (a value) was lower in the fermented ginseng seed oil compared to the
unfermented control group, with the yellowness (b value) of ginseng seed oil by
compress extraction showing similarity to or tending to be lower than that of
unfermented oil; ginseng seed oil by solvent extraction and supercritical fluid extraction

tended to increase clearly compared to the control group.

The analysis of fatty acid composition and content by extraction method of fermented
ginseng seed oil showed that fatty acid composition did not differ greatly depending on
the fermentation and extraction methods of ginseng seed. The fatty acid composition
of fermented ginseng seed oil showed over 90% unsaturated acids such as oleic acid

and linoleic acid, particularly a higher ratio of oleic acid.

- 12 -



O The analysis of phytosterol in fermented ginseng seed oil by extraction method showed
great differences in campesterol, stigmasterol, B-sitosterol, and sitostanol contents
depending on the fermentation strain and extraction method. Supercritical fluid
extraction yielded the highest total phytosterol content, followed by solvent extraction

and compress extraction.

O The phenolic compounds in fermented ginseng seed according to different extraction
methods showed that ginseng seed oil by compress extraction had maltol, p—coumaric
acid, and trans—cinnamic acid ginseng seed oil by solvent extraction contained p
—coumaric acid and trans—cinnamic acid, whereas ginseng seed oil by supercritical fluid
extraction had maltol, vanillic acid+caffeic acid, p-coumaric acid, and trans—cinnamic
acid. In other words, phenolic compounds varied according to the extraction method

and fermentation strain.

O Fermented ginseng seed fermented by Bacillus subtilis KFRI 1124 and extracted by
supercritical fluid extraction showed not only excellent inhibitory effect on melanin
production in the cell but decreased skin color and increased oil content as well in

human skin.

O (Caesar salad dressing and balsamic dressing products were manufactured by adding
ginseng seed oil and ginseng extract. The consumer preference survey for each

product revealed higher preference for balsamic dressing product.

O The amount of lupeol, stigmasterol, B-sitosterol, and squalene was highest in ginseng
(GS-3) according to the cultivation years, particularly in Chunpung cultivar. Finally, by
cultivating nation, the amount of lupeol, B-sitosterol, and squalene was highest in

ginseng from China, with stigmasterol content highest in ginseng from America.

V. Research Outcome and Utilization Plan

This study was featured in SCI papers, non-SCI papers, patents, technology transfers,
and scientific presentations. For patent applications, six patents were applied for in 2012
and 2013: “A composition for anti-oxidative & anti—aging cosmetic ingredient containing
ginseng seed extract (10-2012-0130500)", “Cosmetic composition for skin whitening
comprising ginseng seeds extract (10-2012-0130501)", “Functional foods improved

- 13 -



antioxidant activity that comprising defatted ginseng seed meal and manufacturing
method of thereof (10-2013-0024609)", “Composition improved antioxidant activity
containing extract of ginseng seeds (10-2013-0037030)", “Composition improved
antioxidant activity comprising extract of defatted ginseng seed meal (10-2013-0037026)",
“Ginseng seed oils and manufacturing method of Thereof (10-2013-0037041)”. Five
patents will be applied for in 2014: “An anti-oxidative & anti-aging composition
containing fermented ginseng seed extract”, “An anti-oxidative & anti—aging composition
containing fermented ginseng seed oil”, “A manufacturing method for fermented ginseng
seed oil”, “A dressing containing fermented ginseng seed and its manufacturing method”,
“A whitening composition containing fermented ginseng seed oil”. In addition, five
papers were published in scientific journals such as J. Ginseng Res. (SCIE), Korean J.
Food Cookery Sci., Korean J. Food Sci. Technol., and Bulletin of Food Technology, with
one paper to be published in February 2014 in J. Korean Soc. Food Sci. Nutr. In
addition, one case of technology transfer was made: “Manufacturing technology for
ginseng seed oil extract and ginseng seed oil mixed with ginseng extract.” For the first
time in the country, ginseng seed oil products using ginseng seed are developed and
planned to be marketed using currently developed technologies. Export commercialization

1s also planned for export to Europe, where olive oil is largely consumed.
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19.54+0.69
19.03+0.01
18.41+£0.35

3.91+0.23
3.00£0.16
4.16£0.20

71.89+0.53
73.72+£0.55
70.45%0.42
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AR o A 24 BEAE Shioer al (20079 WS WAt AbgsAh 7 A

o 70% ethanol2 250 mL AHzZF=g} A= Yl ultra—sonicatorE AFE3Fe] 75T ol A

i 13 ¢
FEIAY. FEES WAAMA of#E F Abel 70% ethanols Wil &e] WRow 23] b
"ET %%6‘]—(}:’;\@ '(:Y §]Oﬂ 71——11‘ %%% /\é{%% _‘J:'__O]— rotary evaporator% O]%E‘)‘]_oq 7"]1—%]— l-:__ztr}\]
3
o

N

3
Azx® E-o| HPLCH water 25 mL-S 7}8] & &8k

SPE A2l W Kim et al (2008)¢] W& W3t AHEs3ivh. SPE Sep-Pak Cis
cartridge (Agilent Technologies, USA)S A 100% MeOH 5 mLZ AA38] &&FA|A 12
conditioning S 3}at, tA] dd-H:0 5 mLZ 2%} conditioning A AT FEAFEH 5 mLe
cartridge®ll loading 3l3 5 mL dd-H:0& A A3 &=3o IFE AAST 5 mLe 20%
MeOHE MAM3 &3kl AZATE AAG AT o] cartridged] 90% MeOH 10 mL& * ¢
3o A A% ginsenoside A¥-& ZAlAtt. SPE Sep-Pak Cig cartridgeE %33F
ginsenoside &AL NoE AMEsle] §vlE =25 <23, HPLCE MeOHOl =<l v 0.45n
m membrane filter2 o3} & HPLCZ 24319 T},

&
&

(2) AEA 2EHE 24 B4
A QAEAR BE 5 go WE EFE A< Sa-cholestane (in hexane) 0.5 mL (2
. -

mg/mL)¥} 6% pyrogallol (in ethanoD)&¢] 10 mLS ¥ ¥ 1%7F vortex & HA4z2 183
flushing 3FA vt 2 & 294 1083F sonications 7183t} of 7] 8 mLe 60% KOH
(in water)§ & 7 5 vortex F 13t thA] A4 2 flushingdte] HF- taE dam A%
3Tt o] & 1Az EeF 75T, 100 rpm O % shaking water bathol A #H3E F83t & &
& o] g3le] WHAAAT 2 F 2% NaCl (in DW)g9 20 mL¥} FZ&v(hexane: ethyl
acetate = 85:15, BHT 0.01% #7pHE 15 mL #7}3le] 1837 vortexE 28k & A5 HS
2]3t] 50 mL volume flaskoll & Z T} ©] W sodium sulfated] o] o] F 3w = 3t &
AlF e olE 3W WSS 50 mLW}X] A3 & 7 Pt FE54 T 20 mLe F

L Arz2 s dds A A3 & hexane 1 mLE 718k £l A AA 050 um filter® o 7}

N

r; i HE

(

st 9 GC vialell %71 phytosterol s oA B-sitosterol, stigmasterol, campesterols +2] %
A&E3. 717 48 gas chromatography (GC, younglin M600D, Korea)E AF-&3}o] #4
3ldar, o] w AFg3 Zr-& HP ultra-2 Crosslinked 5% PH ME siloxane (25 m x 0.25 mm

x 033 nm)E AHEERlaL, AHSEE 28T 2 wA8lal FH2E HE7] &5 300T=

SFATH SRR E NoE AFESFH A AlEw 2 ul Y8t e, 72 A5 3 5 44732 40
min®] At} EF=A] B (standard)= 709 B-sitosterol®} 5a-cholestane & 4-& ©]-&3}o] RF #2-
AAkslo] A 231 v
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Micro-Kjeldahl # 4
WEg= Ve QLT

‘ﬂ’%%—x} Y 10 g& H0% degEgAor FE3 AHE RS Sep-Pak Cis cartridge
(Waters Co., USA) ¥ membrane filter (pore size 0.2 pm, whatman Co., UK)Z &4 o2
oj3tsle] BAE Alg2 AE3AY. fElY 48 high performance liquid chromatography
(HPLC, RI-2031 Plus, Jasco Co., Japan)E AFE&T. oluw A}83t Z e asahipak
NH2P-50 4E column (4.6 mm x 250 mm, Sum particle size)©]3l, ©]&/4S acetonitrile-water
(7525, v/v)E& 1 mlL/min® $E=Z &F3AoH, A5E 20 uL FH3AT. #EFEHS
D(-)-fructose (F2543-100G, Sigma Co., USA), D-(+)-glucose (G7528-250G, Sigma Co.,
USA), sucrose (S7903-250G, Sigma Co., USA)E A3}t

(th) Aetv a2

ANAEAS] ofw it B4E AR 5 goll 6N-HCl 10 mLE 7tate] wwkgh &
Azl 3 105C heating blockell ZA)171 3= 244 3F Fot 7pR-3)5E & o 9kslo] 719}
=3k o]lE pH 22¢ FdAd=Ede 7iele] 10 mLE 3 ¥ 045 um® membrane
(PRFE; polytetrafluoroethylene) filter® o] 3}8lo] EXA 52 ARESIATE o] u] ofn|wit #
A28k ofu) AR E A 7] (AAA L-8900, Hitachi, Co., Japan)E& AFE3}SIt). ojuf A}-&3
column< Ion change column (4.6 mm x 60 mm)o|%l3L, 7=7]& visible detector(visible 1:
570 nm, proline ©]¢] peak.; visible 2: 440 nm, proline A&E)E AF&3l oy, =84 (PH:
Protein Hydrolyze 1~4)¢] flow ratex= 1 mL/min, column® <%+ 20~85T (in 1C steps),
Hh8-ew= 50~140C (in 1T steps)® 3t FAA 7L 30891, A8 20 uL 59
stk o] o AFEd FHEFEAES o eAEFEREN (AASIS-10ML, Sigma Co.,

°

USA)2. & stock solutions YA FTE== 343}

Eayd

mlm

£ o

O%F

AR EIAIR 10 g& FHolo] oH22 FF3e] A& FEAW °F 25 mgel 0.5N-H
B8 A AU E B2 R (NaOH-methanol) 2 mLE 718le] X8 sle] ¢4aldS e £ 14%
BF3;-Methanol &< 2 mL-& 7}3lal 71E3te] o ~H| 23} ste] AAHE X Wik &~

ko
ghol =50 ARG o] & FF Y ESE(NaSO, anhydrous) &2 @dte] A|H4ah 4
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ANaz AFEEAT oakERle] FEl Rl B4e AOAC official methodo] <3Fe] gas
chromatography (GC, Agilent 6890, USA)E AM&3te] #4390t GC #49 columne
HP-FFAP(polythylene glycol-terphthalic acid; 25 m x 0.32 mm x 05 um)E AM&3F5]a,
column®] =%i= 150TColAl 183F §X & 230C7HA 189 4TH S=23 1023 7231
t}. Injection =%+ 230C, detector =%+ 250C= 3l¥H o™, carrier gaste He (1.5
mL/min), Hz (30 mL/min), air (300 mL/min)& AF&3tth A5 HEgsAd FASUHERE
of o7 AHEste] FAEPE WE F EYUSFFOLR AW EE(BFS in MeOH)S 7hatal 714
slo] o ~E|23lsle] AFE AWt AHEE o]AaSE FHo] AERE AN AR

uLA Fhskg o, B2o] L3 AZE7](flame ionization detector, FID)E A}-&3}o] E243}9)
v}, x| HkAE ghelS 93 EEE AL Supelco 37 component FAME (fatty acid methyl ester)
mix C4~C24(Supelco, USA)E AF£3}9] retention time-S W] d}e] <1315t}

AiFAe] A APy 24E 248 dae 3 29 2 A3 A8 ginsenoside™
Rbl, Rb2, Re, Rd, Re, Rgl & 6F9 #EHa AMEdte] AT & 20 yebd At o
ol AE2} F ginsenosides™ WF7F S7184E % ginsenoside 3
Aol A F FheFo] 80.96 mg/gl. = 7HE =UTE Ginsenoside oA 7HE shako] kw4
Re® AA ginsenoside $tgF T 3yd: F Aol A 59.82%, 4 FA= 67.51%, Sl E A}
66.21%% ginsenoside W& *X3}H 3, 52 Rd7} ZH 3}% HlF o] %At} Rew

i

O

0,

iny

2
rE 2 oo
o o

B
fo
q,
e
=
=
o
=)
s
o
(e}
i)
o,
g
o
f
MS
2
2
9
:L
J
)
o,
2
=,
m
ni
i,
0,3,
5
w2
o
5
o)
u,
o
m
rir
=/
jtie]
—
[o
Hu e

# 2. d4ER] dFE ginsenoside A 2 gt B4

Ginsenoside 34 +-(mg/g) % AAHmg/g) % 5 Hmg/g) %
Rbl 4.03 8.01 0.04 6.48 0.21 6.43
Rb2 3.38 6.72 4,22 0.43 4.35 0.37

Rc 2.57 2.10 3.21 413 3.20 3.95
Rd 8.56 17.01 10.70 13.75 12.40 15.32
Re 30.10 09.82 52.50 67.51 03.60 66.21
Rgl 1.68 3.34 2.10 2.70 2.20 272
Total 00.32 100 T 100 80.96 100
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S
AaEAe] Aol HA2HE 2AS 248 A= ts & 3, 29 2% 2 el o
A

Bk A3 Zo] <lakEal Fo EA%E A EAAH S B-sitosterol¥ campesterole] HEH
Aot F2 AEAAHER dH 7 B-sitosterol®] A 3d FAHIY 2-A)9F 4d FA(L
2 2-B)7F 16.96 mg/100g, 16.80 mg/100g o= FAF3HA A=A, bdo FAH Y 2-C)&

1351 mg/100go.& 3d3 433 EA5ch tha @A vErstth Campesterol™ 3y 3 44
2 Z2k9] Treko] 77 1.08 mg/100g3 1.11 mg/l100g o2 FAMSE A& H A ur su &
A= 082 mg/100ge.z A A &0 A Aukd oz & A4EAF T2 phytosterol &%

< 39+t 1804 mg/100g, 4+ 17.91 mg/100g, 59+ 14.33 mg/100g o= AA4rEAe] A7}
255 gasts 392 ugh.

(mg/100g)
B-sitosterol Campesterol Total
3l 16.96+0.39 1.08+£0.24 18.04
A 16.80+0.65 1.11+0.22 1791
Syt 13.51+0.24 0.82+£0.11 14.33
A

i)

__vaJLL___U«J "'| A .

18 00
AN 2]
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3 A< Syl
T (%) 4.68+0.06 4.29+0.06 4.10+0.15
Z3% (%) 1.72+0.03 1.85£0.03 2.01£0.05
A (%) 12.53+0.10 13.61+0.41 13.37+0.30
ZA (%) 18.50+0.21 20.40+0.40 19.84+0.43
) +=19 &4

NEA Fol EARE FUPS B e E 5% 2w 9¥FA F AU9e
A

23 sucrose? AZFHACE e 3dFo] 205 g/100g, 4%

fructose®} glucose= 7A=Y A N A
211 g/100g, 5d 1.90 g/100g o2 uYel & 2o]lE Holx UX|qt 4dF EA7F v E
Z2}9] sucrose TEHHT o AE w9l

35 AER AT FEld 24 2 ek

3+ 4d - Sy

Fructose NDV ND ND

Glucose ND ND ND

Sucrose 2.05 2.11 190

Total 2.05 2.11 190

Y not detected

(5) T obv] it 24
QuFAL] Ay TS B4 Avke E 63 2k AWER FolE F 1659

3 w4k threonine, valine, methionine, isoleucine,
-

AEHATE QAEA] WDt Fol

ofu|:=ibo] AEEHASH, % Hol|

leucine, phenylalanine, lysine, histidine < 8% 9]
= glutamic acid7} A& FEgle] F ofv| x4t 3 F 23%E AHE wol T
Hgolu| 4t Fofl & leucine, lysine, valine 629 £o= Wol 3@ Ao = eyt Fgo}
v =4t 5 valine, methionine, isoleucine®] A% <14Exte] d 427} ko] =
S7tete] 5l Fxpel A el M =4 UEET & oopvwgt e 3dS FAL

11309.0 mg/100g ©.2 7} A vElya, 4d3 5l FAE Z47) 11834.2 mg/100g,

11886.3 mg/100g o.& F Al&5ZF Aol ALY AT 3d AlZH T ofv] it dhgFo] &7
UEheh Bioln gt $@e BE AR} 36%E Urh W 7} 71 B Aok
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A HolA &SkAINE 1 % valine, methionine ¥ isoleucine®] TS W Fo] we} =r)steE

E 6. 1akEAe] Ad FAo Al 24 B SHEF
3l A Sy
Amino acid Content N Content N Content N
(mg/100g) (mg/100g) (mg/100g)
Essential
Valine 028.6 467 o84.0 492 608.1 0.12
Leucine 1031.8 912 1090.2 9.17 1074.2 9.04
Methionine o97.3 0.51 77.0 0.65 89.6 0.75
Threonine 469.1 415 488.8 411 486.6 4.09
Lysine 796.5 7.04 787.1 6.62 7725 6.50
Phenylalanine 0195 459 o44.5 4,58 o44.6 4,58
Histidine 269.8 2.35 267.2 2.25 2717 2.29
Isoleucine 425.1 3.76 469.5 3.95 A487.7 410
Non-essential
Aspartic acid 1224.9 10.83 1277.1 10.75 1285.0 10.81
Serine 685.0 6.06 691.8 0.82 686.6 0.78
Glutamic acid 2656.2 23.49 2822.1 23.75 2808.4 23.63
Proline 433.5 3.83 431.8 3.63 4199 3.53
Glycine 686.2 6.07 684.6 0.76 689.1 2.79
Alanine 605.8 0.36 639.8 0.38 643.7 0.42
Tyrosine 90.3 0.80 89.9 0.76 100.1 0.84
Arginine 833.4 1.37 938.8 790 9185 773
Total AAY 11309.0 100 11884.2 100 11886.3 100
Total EAA” 4093.7 36.19 4308.3 36.25 4335.0 36.47
EAA/AA(%) 36.19 36.25 36.47

Y Total AA: Total amino acid

? Total EAA: Total essential amino acid

GEEEER!
QAEAY dEd AW 24 % G B A E Ty 2ok AHEA v e
X g|

TAARA T EEA



S ¥ 32 AES palmitoleic  acid(C16:1), oleic  acid(C18:1), linoleic acid(C18:2), linolenic
acid(C18:3), gadoleic acid(C20:1)Z Z 5F°] A& AT AdEAe] T8 F4 A v oleic
acid, linileic acid, palmitic acid <22 3grgko] wWtow 1 F oleic acidy¥ 3d F4F
80.0%6, 43 FAF 80.5%, bWl TAF 80.1% =2 ThE A WAitHoh A58 =4 YERT QIAE
ALe] FAA AL T EE A AR 97%0] 4 o2 XA HAH2.3~24%)% vwe ¢ gls A

2 %7 vhebdvh QEA W el whE Aol MelA Gk, AT FS FAEA

3l (%) A (%) 5 (%)
Palmitic acid (C16:0) 2.1 2.0 21
Stearic acid (C18:0) 0.3 0.3 0.3
Palmitoleic acid (C16:1) 0.3 0.3 0.3
Oleic acid (C18:1) 80.0 80.5 80.1
Linoleic acid (C18:2) 17.1 16.7 17.0
Linolenic acid (C18:3) 0.1 0.1 0.1
Gadoleic acid (C20:1) 0.1 0.1 0.1
TSFA" 2.4 2.3 2.4
TUFA” 97.6 97.7 97.6
Total 100.0 100.0 100.0

Y Total saturated fatty acid
? Total unsaturated fatty acid
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Folin—ciocalteu’s Wl weg} A3 on, EFEHZ+= gallic acidE AH&3F3 T}
(2) ks &4 Hrb Alged =&
Ol AtEA B AR 5 g8 TS =2z HEsla 50 mL 70% ethanols H7)dE &
80T YA FZE7|oA 1A FEATE 08T By & FE5248 o33k & 45T F3xoA
rotary evaporatorE ©]&3te] IFFEFH3AY. w53 IAFHELS 50 mg/mL(50,000 ppm)e]

SR fse] AFgRor A

ofo
Ol
L
2
v

(3) DPPH radical &~A &% 4
AEA FEE AF9 DPPH radical 2424 4L Blois(1958)2] W&
o ZAALE AL 28 mLol 79 FEE 80% ole&ol gk 7h7te] ikl
2SS 04 mL H7sEa o8& 2 4x10°M DPPH (2,2-diphenyl-1-picrylhydrazyl,
Sigma-Aldrich Inc.)& %S 0. 0%3F vortexing 3Fth o] A8 1087 A2 &
28] WgAlZl & 517 nmoll Al FFHE=E =4899t DPPH radical scavenging ability = A
5 A7bre AT FEEE S WEsRE Yo A dixae vE C

2 39tk QER FEEES AFEEIE 5000, 500, 50, 5 ppme] H == ArbEl).

g
oflt
_O|L

X
o

0
8
"
N
—_
_O|L
=
—

(4) ABTS radical 2A& 3} &4

14k AlE 2] ABTS radical scavenging ability:™ ABTS cation decolorization assay
Holl o]lste] A3t 7 mM ABTS (2,2'-Azino-bis(3-ethylbenzothiazoline-6-sulfonic acid),
Wako. Ltd.,, Japan)9t 245 mM K:S:0s5 A2 ol 2443 wh-&3te] ABTS #o]z-&
FA A A ABTS stock solutions A X3 oW, o] F 734 nmoll A FF% 0.70+0.022 3|4 A A
AREEEATE 0.1 M PBSell 521 zh7he] o] IMEA F5E 20 ulel ABTS' &4 980 ul
& 7Fske] Aol A 1023F WHEAIZ] § 734 nmell Al SHEE SASATE A diET vlE
7 C9 Trolox® (6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid, Sigma-Aldrich.
Inc)E AR oW Alm HI7bge A 8EE HUbeA 42 54 dxTY FEEE SAT

BEe2 YeEPHAY. A4S FE=2 HTT 2 1000, 100, 10, 1 ppme] HE= A7)

)

2y 72y o] QAER FEE9 E44EA0,) AALG THEE SOD (superoxide dismutase)
At S SABA T JIAEA FEES HEFFE7F 1000, 100, 10, 1 ppmo] HEE H 713}
SOD-assay kit-WST (Dojindo Lab., Japan)E& ©]&3}o] w--8-A171 & 450 nmeoll 4] microplate
reader (Thermomax, Molecular Device co.) & ©]&3lo] SA3F o I Uz oz= HE

W CE AHgshar
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SR E NI E"

f=1
(D ZF e FFE

= 1
DWFA 3, 4, 592 FEF) F AE FFS ST AAE E 85 ook 2L A
M 2 AolE MolXE AW M Fxe F % FYol 135 mge 02 MY B

A= (mg/g)

3d FA 1.125+0.087
4d FAL 1.350+0.027
S EAt 1.116+0.011

(2) DPPH radical &~A &3}

QlAkEAL 3, 4, bd FEES 5 50, 500, 5000 ppme] %% DPPH radical 24 &3
248 Ax= a9 33 2 2443 5, 50, 500 ppmel ¢ 10~20%9] radical &7 &2
B 7 A2 2ol AA A FUAR, FEEY $E7F & F radical AAEH
T A JEy FRo)EA HdHE Hth 5000 ppme wEZolAE 3dd 493 FA19
DPPH radical A~A&4d¢] 50%=2 e, 5l FA+ DPPH radical &~AZ7F 44% 2 3
W 4d S AR R A e T
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100

90 r a5 ppm

80 + 50 ppm

[ 500 ppm

g 70 F W 5000 ppm
2
2 60
o
9]
50 f
o
el
S 40 |
T
o
a 30
(@)

20 =

T T
10 | -
0
g2 44 5= Vit.C

18] 3. 91AEA FEE9 9 DPPH radical 27 &3

X

(3) ABTS radical A &3}
AAEA 3, 4, bl FEES 1, 10, 100, 1000 ppme s%=Z ABTS radical ~2H&3E
Ay g 49 2o A2 1 ppm sEAA = E3vF dE vEbdA &gka, 5
=59 FE7F JobdFH ABTS radical 27 &3 % %7 Yed DPPH radical 4-7] & 39}
A2 sroE&de AuE Btk 1000 ppmol A= A X2 vitamin C 10 ppm %
5, trolox 100 ppm FX9} H]=3F 85% o|4e] a3E etk 1, 10, 100 ppmelA = A+
of W& AAZTHVF YERLFR] UAXWE 1000 ppm Tl A= 3dEe AAEHIF 91%, 493
o] 89%, byd<tol 8% = WUl F4E ABTS radical AA &= AF TAseE Aoz 4y
Bt} DPPH radical 27 &3he} AR A && o3t

=

o
off

d
)
&
N
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100
01 ppm
010 ppm
@ 100 ppm
Il 1000 ppm

ABTS radical scavenging activity(%)

Vit.C Trolox

-20

a8 4 AAER FEES AEE ABTS radical &2 &3,

(4) SOD #AEA
SOD(superoxide dismutase) &4
o] Alxol sl=F FFS v A7) "ol SOD= ZHAkslo] &

Aoz dHA rh
AAEA 3, 4, bWl FEES 1, 10, 100, 1000 ppme] F == SOD EA4gdd s A% 4
W= a9 59 2o A A 493 FAe] SOD &4gd o] 100 ppmsEolA 18%, 1000
ppm XA 54% = ThE Fxe} vudte] o AME HYrh 3d A= 1, 10 ppm T
e Byl A48 yeiubA &ar 100 ppmoﬂ/ﬂ 1096, 1000 ppm & =olA 43% = F713F%
A3 5l FAFeh vlaske] 7P w2 3 S YEerdY 59T Fx9 SOD &
e 4dt FAY] SOD Eaggdur) A% Z}i%}—t— dde BoAFAT
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ol 2 A}

A 24

F=H

2k 2 (mechanical expression) 3}

o)

2% W (rendering),

al
A
!

%

o}

I

(solvent extraction)©o. 2 = A

()
Hin
o}
e
)

WA A

=
=

&

7 vk 2Ey §A FE

Fel 4~7%).

uto] o5
19 o

o]
T

(

of whebA =

A8

s

fsiz
=

=

S

KeN
=

AT
Rin

Z (supercritical fluid extraction)®]

=
=

oz zAHA

i

il

)
s

cE!

| critical point ©]¢] <F

Z] o
o

A A

o

fveel

7

14 8ol 2
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3
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=
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o
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& W

" N
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N

oy mh

°f

KeN
=

, n—hexane

ol

Ta

=0

al o
~

7} A8

(D A=

s

S

g 79

Aol A 2011 AabE 4d 1akEA

N

_EH

pelut.

bol Abgs

S

200°C ol A

ojy
iz
o

oF

QEAe] )

A A

, ol tha

= e ek

- 40 -



(3) &vl(n-hexane) F%

DEA 299§ FEE ABRHA FEol

Ak A5 AAYeE AFEY AR WA FLEA 200Te A 108, 207, 308 FeA
g A, dEzTE HeXE A &L ARR 39 AEE AASY 2 AdaEA b
FH5-5 150 gol n-hexane 600 mLS il 70ColA 3A37F FE3a o] 23] wHE3Heit}
FEES Aol dFAR o 5 50CAA sFdko] kA P& AL 2L FAE
SAst F&& AT oW 5 A AAT AAFAE FAbste] &S A4 AT

AAEA Fo 2dZdE F5& A4 3%174] o] Abs}EhA %%%‘](Greentekﬂ Co., Ltd.,
Anyang, Korea)E ©o]&3lo F&& & &olstA 3st7] #18ke] d4E
AE FeAd s 2 AHE %éﬂﬂ(FRITSCH Germany)E Abgate] A v

B 439, 942271 E 1 mm trapezoidals A A A A AT FEERE WEF
500 mLo=z EH3 daExa B 230 g& F9Ydle] energized seal® HEE3 oW,
extractor®] head H3 2 A= clamp A2 W& A3 CO: cylinderol] A b} COq
gasty condenserE Ax AFE o] CO, BEoA g=d 5 FEXE So|7HA A} FF%9
Al U2 oAbt Er A gt FEES fHo] AYom wopx|HA o4l

Hmn

KeN
=

)
au)

AF Yolrlal receiver

%2 150 bar/ 35T,

0
>
bl

[e]

(5) A==A

ol k22l 2.9 M= AxFA (Minolta, CR-200, Japan)E o] &3le] Z}7z} 5% 7AW =E L
Zt(lightness), agt(+: red, —: blue), bgk(+: yellow, —: green) L¥]3l 22} AE (Total color
difference, AE= VIL2+ 1023k =A% oAz 0o A8 35%10 mm =79 petri
dish (Falcon®, USA)el QA FHslo] 33 =4 'J FAE W Fgoz yeudon, ou
e WAL 97.83, ai -0.36, b 1.94)0.2 HAJlo] MEE FHA ST

\:,

6) Hs A& +4
iR o d Fo HEAH AE U 218 high performance liquid chromatography

(HPLC, PU-980, Jasco Co., Japan)& AF&3t%itt. #lEAd 49 HPLC #4-2 Waters C-18

o
M



Water (£v] A)
80% methanol

5

10 F+92 = maltol,
T

o
bele.

sl
i

<]

=

2 10 mg/mLe v== HE

°f

o] 0.8 mL/min¢]
UV detector (MD-2010, Jasco Co., Japan)

o)

=

Fel 296 acetic acid
s

=
[e)

}o] n-hexane 10 mLe] =¢1

<]

<]

AL
‘ZH

[o]
KeN
=

50% acetonitrile (&7 B)

g Ame A%

-

1.

J

S
A

1
AEv] 45%%= gradient

)
ANE 2 g A

way
1]

<]

kel
T

Sigma (USA), hydroxy benzoic acid: Junsei (Japan)®] A|#& A&

7}

1 2]+=

=

A
0.45 um membrane filter2 o] 3}

gto] 80T FFaEdAclA 2413

RS
A
<

i=
E

kel
T

Fol 280 nmoll A
coumaric acid, cinnamic acid, salicylic acid, vanillic acid, syringic acid, ferulic acid, gentisic

<]

]

[e]

REE
=
.

column (5.0 pym, 4.6x250 mm, Ireland)
AR-&

9} 0.5% acetic acidZE &

S 100%9 A 70+
acid, caffeic acid
At

20 mLE 7}
n-hexane 10 mL
=

stelov A

5

-

0
_ZTI
ojy

+

1o
i

o
of

-

N

TAe FeAeek sk

o] AF
R ]

KeN
=

o}

%1—

e &0l 16.53% =

o = et
2

AHEA] Bg AT )

12l st

A

-

1.

I

XH O
7

ol A
©] 150 bar

LERRIT A

LI =
o ol
-1

=

=

Ho
3+

200°C ol Al 205

At
2 35

o

=

Aol 2
gy

=
L

Q1 4+E A control) BLt} 23] ¢
o}

F&2 1370%° 434

I

o

s

a

Ny
N

—

N

i
"o

E

ojy

-

3L 500 bar, 66TCS] 7o =

[e]
X

=
=

R AR
% F&o| 1748%% 714 =4 vebuth

BN
T

I
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Extraction conditions Yield (%)

Control 13.90
200C, 10 min 16.00

Compress extraction
200C, 20 min 16.53
200C, 30 min 16.10
Control 10.20
Solvent extraction 200C, 10 min 12.00
(n-hexane) 200°C, 20 min 13.40
200C, 30 min 13.70
150 bar, 35C 4.30
150 bar, 656°C 2.40

Supercritical fluid extraction

500 bar, 35T 16.59
500 bar, 65T 17.48

() g 2de] e
AaEAte] FHaxe 2 b, & € 29 FEUH 9k edY HEE FAS i
¥ 1039 2k FE3 A4EA 29 M= Litlightness)¥ agh(redness)ol Al §1AFE ]2
A sk, ejv b%k(Yellowness)Fﬁ A AaEAe E S
=

Sdoll M B FUME Ao e

< FEoEe w9z Zolzt e 150 bar, 35T, 65T 9 78‘*? 57.24, 55.63& e
3

213 500 bare] A9 35T, 65CNA 57.675 e ‘jr AT hEE FEUHE W FE2ET)
=542 bgtol =4 YElskal, 500 bar, 65ColA FE3 ode] AT Zro] 156002 713
Lo S S A
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# 10. 4HE

DR

Extraction conditions L a b AE
Control 55.23+0.32  -2.33+0.13  1098+0.27  60.93+0.47
Compress | 20T, 10 min 5467018 -1.99+008  1750:0.26  6298+0.28
extraction | oo 20 min - 55.50+0.40  -2.20+0.08  17.91+0.24  61.96+0.57
20T, 30 mn 5523019  -1.96+0.11  20.49+0.20  63.04+0.22
Control 5651+0.09  -2.70+0.06  10.87+0.16  59.11+0.15
Solvent o007, 10 min - 57512018 -278+008  1158:034  57.38+0.30

extraction

(n-hexane) | 200C, 0 min  56.38+0.27  -25440.05  13.0240.17  59.65+0.40
20T, 30 mn  56.69+0.25  -247+0.06  14.01+0.35  59.42+0.40
150 bar, 5C  57.244021  -0.22+0.03 3.54+0.13 57.42+0.31
Supereritical | 150 bar, 65T 5563£0.19  ~0.03£0.01 5.11+0.24 59.76+0.26
exéiﬁion 500 bar, 35°C  57.67+0.39  -2.68+0.07  12.60+0.16  57.78£0.55
500 bar, 66°C  57.67+0.06  -2.89+0.03  1560+0.24  5841+0.06

‘ﬂﬁ%—x}"’ TeAy ¥ b, & 2 294 FEEHA o3 ede Asde 249 3
#S HPLCE 43 Ay= # 11~133% 2l B4o A3 maltol,
cinnamic acid, salicylic acid, vanillic acid, syringic acid, ferulic acid, gentisic acid, caffeic
acid, p-hydroxyl benzoic acid 10712] ETEZD T U4EA o doA HEH dAsAdES
gentisic acid, vanillic acid, ferulic acid, cinnamic acid ©] 1t}
2o A= ferulic acid$}t cinnamic acid’} AZEH A FEH ol w2 TFF 2ol= A ¢l

Aot fujdlH o g FE3 A4EA 2 YA cinnamic acid’} 0.007 ~0.029 ng/g AZEHA
=5 vk 2
2] H & w2 vanillic acid®} ferulic acid©]
STFE fAadte 4TS BT ol#d A= 74k

A7t shErE et F

p—coumaric acid,

7'_(_1'—1:11—1}] o o= F ?5]_

o}-N
_|>i

o) AF

o] A gentisic acid”} 1.438 ug/g 3

cinnamic acid, p-hydroxyl benzoic acid, vanillic acid7} 723 A3} FAFsk9Ath Ferulic
acide 2974 % 150 bar AZEH A &kar, 500 bar, 35ClA 0.012 ug/g,
500 bar, 65CelA 0.016 ng/g A% °F7k 9]
d=de Aoz ddH Ak

SERESE RS
ZHEE ol Ae A FEA B A

ferulic acid’} %
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Compress extraction

Phenolic compound (1g/g)
Control 200C, 10min  2007C, 20min  2007C, 30min

maltol ND" ND ND ND
hydroxy benzoic acid ND ND ND ND
gentisic acid ND ND ND ND
vanillic acid ND ND ND ND
caffeic acid ND ND ND ND
syringic acid ND ND ND ND
coumaric acid ND ND ND ND
ferulic acid 0.020 0.025 0.034 0.027
salicylic acid ND ND ND ND
cinnamic acid 0.039 0.040 0.041 0.038

Y not detected

S|

i 12, & f(n-hexane)5 & U4EA 2 L9 #H=4 A

i)

AL
AL

Solvent extraction (n—hexane)

Phenolic compound (1g/g)
Control 200C, 10min  2007C, 20min  2007C, 30min

maltol ND" ND ND ND
hydroxy benzoic acid ND ND ND ND
gentisic acid 1.438 ND ND ND
vanillic acid ND ND ND ND
caffeic acid ND ND ND ND
syringic acid ND ND ND ND
coumaric acid ND ND ND ND
ferulic acid ND ND ND ND
salicylic acid ND ND ND ND
cinnamic acid 0.029 0.007 0.011 0.017

Y not detected
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Supercritical fluid extraction

Phenolic compound (1g/g)
150har, 35T 150bhar, 656C 500bar, 35°C 500bar, 66°C

maltol ND" ND ND ND
hydroxy benzoic acid ND ND ND ND
gentisic acid ND ND ND ND
vanillic acid 1.286 1.064 0.025 0.08
caffeic acid ND ND ND ND
syringic acid ND ND ND ND
coumaric acid ND ND ND ND
ferulic acid ND ND 0.012 0.016
salicylic acid ND ND ND ND
cinnamic acid ND ND 0.003 ND

Y not detected

(1) A¥AF #4

ol oY =9 FyPAHAE BAS AOAC  official methodd] &3t  gas
chromatography (GC, Agilent 6890, USA)E AM&3te] #4390t GC #49 columne
HP-FFAP (polythylene glycol-terphthalic acid; 25 m x 0.32 mm x 05 um)E AFE3}S AL,
column® &%%F 150TCAA 183 X & 230CT7HA] 189 4THA 523k 1083F 7339
t}. Injection =%+ 230C, detector =%+ 250C= 3l¥H o™, carrier gaste He (1.5
mL/min), H> (30 mL/min), air (300 mL/min)E AFE&ATH A5 dHe2Ad P UEFS
of o7 AHEste] FAEPE WE F EYUSFFOLR AW EE(BFS in MeOH)S 7hatal 714
slo] o ~EH|23lsle] AR AW AHEE oS we Fo ARE AT AlEE
uLA Fhskg o, B2o] L3 AZE7](flame ionization detector, FID)E A}-&3}o] E243}9]
v}, x| HAE 3HelS 93 EFEE S Supelco 37 component FAME (fatty acid methyl ester)

mix C4~C24(Supelco, USA)E AF&3l9] retention time-S Y] dle] <139t}
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6% pyrogallol (in ethanol) €< 10 mLS ¥ § 1837 vortex & ZAA=Z 187 flushing 3F
Atk L5 Aol 10+7F sonications &8 TE 7)o 8 mLe] 60% KOH (in DW)&
B8 713k F vortex & 187 thA] AAZ flushingdte] WH AHAE A4=E X 3sg]c}. o]
Z N7 o 75T, 100 rpmC. 2 shaking water bathollA A3 E 33 & &S o] &34
WZAAZAY, 1 3 2% NaCl (in DW)E< 20 mL¥} F%-8 7 (hexane:ethyl acetate = 85:15,
BHT 0.01% H7HE 15 mL #71sle] 183 vortexE A3 & H54-S FE3o] 50 mL
volumetric flaskell &%t} o] W] sodium sulfated] o] fo] B3 o] Azl om o
£ 39 wkESth 50 mL7bA AEE F F E9tste] & T 20 mLe FHE 5 HAAE &
e ghds] AIAF ¥ hexane 1 mLe 7Fskel FSiAIAA 050 um filter= o2tk § GC
vialol &7 phytosterol o4 B-sitosterol, stigmasterol, campesterolE +3 2 &3t}
7171 4 gas chromatography (GC, younglin M600D, Korea)E Al&3fe] #2349, 9]
o] AFE-3 Zel2 HP ultra—2 Crosslinked 5% PH ME siloxane (25 m x 0.25 mm x 0.33 1
m)E A3t ey, Y2 E 285C, FYHeEY AEY] £5E 300CE Ak SWvtae

b
NoZ AME39 3 Al5E 2 ul %‘%3}919‘11], 7+ A

o

o

g 9 F B249A7FE 40 minel Ak EEA

H (standard)x 70% B-sitosterol®} 5Sa-cholestane & 942 o] &8} RF #2 Alxbste] A wks)
AT,
v Ay 9o

(1) EA Fo] AW =4

AirFA Y] Hexe E o, & @ 294 FEURel 9dk ode Aukgk x4 E 3
wS Ay B At E 149 2l Aukz oz ik Eoxe s} oA FE fv5E: 1
23 2UA FEo0 9 AAFTAY oY FF Wl wE AWAE 2449 HolE AA
v 3 AaE F BEX SR WAE daFo]l A yEhbeE RS 21t & Q4R oY
& B¥IAHARS 959% oA FHetar d%lal oleic acid(C18:1)E  °F 809, linolenic

acid(C18:2)Z °F 169, palmitic acid(C16:0)E <¢F 2%, Z1#]al YEF- palmitoleic acid(C16:1),
stearic acid(C18:0), linoleic acid(C18:3), gadoleic acid(C20:1)E -3 A vl Walnut,
pistachio, hazel nut, cashew nut, ginkgo, pecan %2 A7 % Fnielr] A, T4 52 A
Wb s AR =Fol A hazel nut? oleic acid o] 829% 12lil & B XX
gol 91% = Karskle ol# ek A aEA S do) A 24 54 A wig
Abekodth. el i QIaFEALS] oleic acid TS AE&FE FE @l AMRHE FTUE, AVE

(235%, 45.3%)3 nlaLske] 5= v o] ¥ Aoz e

B ot
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¥ 14, 23R e de ik 24 2 Sk
Palmitic  Palmitolel ~ Stearic Oleic  Linoleic Linolenic  Gadoleic
OWI1
Fatty acid acid ¢ acid acid acid acid acid acid
(g/100g) Total
& Cl60 Cl61  CI&0 CI&1  CI&2 CI&3 (201 -
control 1.9 03 03 800 161 0.1 0.1 02 | 100.0
21%0°C./ 20 03 03 798 162 0.1 0.1 12 | 1000
Ccompress min
extracion 200C/ o 03 03 798 162 0l 0.1 12 | 1000
20min
200/ gy 03 03 793 166 0.1 0.1 12 | 1000
30min
control 1.9 03 03 799 162 0.1 0.1 12 | 1000
200/ 9y 03 03 797 163 0.1 0.1 12 | 1000
solvent 10min
extraction 22%0°C./ 2.0 03 03 797 163 01 0.1 12 | 1000
min
200C/ 5 0.2 03 797 163 0.1 0.1 12 | 1000
30min
15305‘3?/ 25 03 03 791 164 0.1 0.1 12 | 1000
supercritical 15605‘3?/ 29 03 04 791 159 0.1 0.1 12 | 1000
fluid /
exraction gl 19 0.3 03 796 165 0l 0.1 12 | 1000
5%%12?/ 19 03 03 798 163 0.1 0.1 12 | 1000
(2) JNAFA 249 2 &4 2H Z(phytosterol) 4
HE 2EA 4= phytosterol ¥ tocopherol i+% ©# {313t 1+=4l, tocopherol A

—_>il‘4
s
o
>
t
e
r

A

AN FHo] e iAo AAAE AdA s dikE 29E e o
shobar 2 A vl ®3F phytosterole 3, A, AR,
= T AEAC dE daEo deow, 49 IEF, v, #y Fol

' A
3 @A Atk A7 QE A phytosterol& oF 2509 F1) FR, 7%
4

o2
)
o
fu
s
=
oy
ko
ot
18
ot
o

I
P
EN
Re

e

L)
o o
32
rog

oX,
B
iz}
9
>
rf

—desmethyl sterol¢! campesterol, B-sitosterol, stigmasterol, campestanol %
B-sitostanol¥ -2 5% 2] phytosterolo] F& FAUAFo= dHA Q)

AakExte] HEAE 9 ofF & 2 29A FEHHl o8 oY F 9 phytosterol g
% U 3EA<Ql stigmasterol, B-sitosterol, sitostanol, campesterol® &= #2433 A= E 1

5~173 vy I4EA 299 phytosterol ¥ EHZAI} HAFE 2de 273.0~2964
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mg/100g, Svi5EF3 o4& 411.4~4415 mg/100g, 183l <47 Sk
SheFe 667.9~746.1 mg/100g o= ZAA FE=3 2 Y9 phytosterol &aFo] HRFZ3F £n)
= = ™

i=

FZ 299 phytosterol $HaFy vluwste] 7+ A yERgT 4 Za

phytosterol®] 3reFxlol7} @A el AES &2l dal, &3] 2UA
o] FeFo] AA FUHe AL g
& 2 &3lske BEAS 7HA I 7] W
A Y2 Ao=

phytosterol &&o] 7} =7 YElw=d 244 74 5
o

-~

gl

3 2 el phytosterol &+
¢] phytosterol FA L B-sitosterole] 40~60% = ZAv|7F 713 =31
stigmasterol 10~209%, 18]3 A’-avenastanol®] <F 5%l

29 ARolw olsh A AHL

15 HAFE A4S 099 HEYraE 24 % §Y

B

F%& 7 F 150 bar9

Xt} phytosterol

ol&d

H T }—Zﬂoﬂ}ﬂ

=3 9. F 150 bar, 65 ColA ==
o] 746.1 mg/100g o2 714 A vEst dutdo=z AE §X
campesterol 10~30%,

Hazk S, dakEA

Compress extraction

Phytosterol (mg/100g)

Control 200C, 10min  2007TC, 20min 2007, 30min
campesterol 427 43.1 43.3 45.6
stigmasterol 43.8 44.5 49.2 47.4
B-sitosterol 45.3 46.5 48.1 47.6
sitostanol 141.2 1454 150.8 148.3
Total 273.0 279.5 296.4 288.9

R

¥ 16. &f(n-hexane)F & Ql4tEx 0.9 A EAHAHE A4 2 Sk

A

Solvent extraction(n-hexane)

Phytosterol (mg/100g)

Control 200C, 10min  200C, 20min  200C, 30min
campesterol 56.1 63.4 57.1 65.1
stigmasterol 55.3 61.8 b58.4 62.2
B-sitosterol 148.1 151.7 149.8 153.9
sitostanol 151.9 155.2 152.1 160.3
Total 411.4 432.1 417.4 441.5
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B

17. 24AFF T4 2949 HEd2EHE 24 R T

NE
e

Supercritical fluid extraction

Phytosterol (mg/100g)
150har, 35T 150bhar, 656C 500bar, 35C 500bar, 656°C

campesterol 103.2 105.6 804 85.1
stigmasterol 111.7 116.8 93.3 95.2
B-sitosterol 291.3 295.2 283.5 285.0
sitostanol 220.9 228.5 210.7 2154
Total 727.1 746.1 667.9 680.7

VEA 0] A F FA A ARE AWl Gste] b BrsEItE %45

(1) 2F7Hacid value) =4

AbE wr A BE, Ve EOﬂ olgte] Wal= WMEywA A 2 FAE RS AFe] F
Ao ok Foly, B A9 A ARE deds 7lEe] HE gtolv AAE 4
|rol A A7k A= 1.0 o] gfol T

A7 2L A5 5 g& 250 mL A=t~ Ae H3 £ etheriethanol=1:1 &< 100 mL&
7}eke]l FAE Ho]FE3l 1% phenolphthalein A A] ¢f(in ethanol)& 2~3%9< H713k & (01N

KOH - cthanol 402 243ttt ol o] v]Fso] & g FUH R 597, o}
How A7E AT

(V,— Vy) X5.611 X F

Bt = 5

(2) #}AE3FE 7 H(peroxide value) =74

BiEET7HE 7R Y 2T7|GA e oA AdHAEE YEE AR HE o
= fA9 Atdi7l e Aoem AFoRA FAYS Ao|th HAsELS fFA ¢ 4kslr 78y
)

o wel F7hskehsl carbonyl SFER HaAo] AT AL FasE S0 drk i

o
N

o] &

=
rlo
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FE7F= ddkd o 2 ICU(nternational chemical union)$ el o}
A8 X9 Ao HAkEEZIE 60~100 meakg, TEAH FAY AfdE 20~40
meq/kgel =E3= AZE AR A7|2 2o
HikstErE 42 AR 1
acid=10:15 &% 1 mL& 718k FA41& =53tk 7] KI 2389 1 mL& 78k 1+
<

mlL SFFE 7hete] whe-

g 250 mL A&~ =el| FH3F3l chloroform :  acetic
1k AsHA REsFa 5k dha
1

S AXA7]aL 1% starch £

} (V, — V) X F<0.01
A8t 7Hmeg/kg) = L0 S % 1000

(1) 2k7t

b F A Y 3f9 5L ol fAEAE bRl 9siAl FAE e AWk
ko] Aoty wkA AAHA FAY AAGHE B fAG o AMEEHAY AR
FAAA o, AV Z @ fFHAAAE 2] Wit o] AbbeE fA9 F4 EE 449
ul

s e A A Hree fatty acid value) #Hat% EHAIM, 1 g9 A4 Fol SRS
= .

BN
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¥ 18 tFEFFE edo AH F Atviw st
2717 (Y)
0 7 14 21 28
= (Control) 0.140 0.560 0.550 0.548 0.503
Control” 2.641 2.788 2.792 2.760 2.787
N 200C, 10+ 2.381 2.229 2.231 2.201 2.392
dAF=
200°C, 20+ 2.380 2.235 2.233 2.233 2.390
200°C, 30+ 2.237 2.194 2.229 2.202 1.941
Dy w4 we An
3 - o
—o— | = control
e —=— 9% control
25 —&— 2=} 200/10
M X 4<K —%— Q= 200/20
5 ¢ —%— Qb= 200/30
15
1
05 /
O 1
0 7 14 21 o8
XE712H (2)
Y 6 dEFEE oY AH F Abypwst
() &7i(n-hexane) & 9.¥
L 1r(n-hexane)F% 3+ 292 AY F A7E A A= E 19, 219 73 2uh A
Z719] AbE & FE 2o Avbel vk JER I B ord Ame HEe Xt
AR 25 A7 2 WslE A2 yER] ekkX R 200C, 208 He-AE 5 &%
e do] Avpi sl 7HY A A YES:
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0 7 14 21 28

o (Control) 0.140 0.560 0.550 0.548 0.503

Control” 2.100 2.227 2.200 2.168 2.204

o 200°C, 10+ 2.095 2.239 2.233 2172 2.206
52

200°C, 20+ 1.957 2.154 2.231 2112 1.979

200°C, 30+ 2.242 2.138 2.187 2.181 2.185

Vgeel A e Aw

25

%’?\dl —— 0% control

2 y Y —— hexane control
X

—&— hexane 200/10

—X— hexane 200/20
15 —¥— hexane 200/30

05 /

(th =974 % ¥

ZAAFE T 299 AF F AME 43 A= 7 20, 1Y 83 2ok YA FET
Sde HFAFE 2 d SvFEIH vuste] x7] AL A dEbwch EE FEE
of webA wzg A#E WAEH 150 bar st FE23 2dS x7] b 25 ARR
Ve, 60T 793 Ayt F 2528 ARE AR} A vElgta, 7Y o) F R
= 2 WEglo] fXHE A4S Wtk whd 500 bare] FEGHAAE 27 A7 SRR
150 bar®] St#elA F%3 A e AT A el 2 sk glo] ke A

u}b
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A7 (D)

0 7 14 21 28
= (Control) 0.140 0.560 0.530 0.548 0.503
150bar, 35C 2.001 25.399 25.731 27.351 217.396
%297  150bar, 65C 2.187 28.511 28.581 29.284 28.127
TE 500bar, 35C 8.424 8.370 8.176 7.992 9.112
500bar, 65C 8.238 8.748 8.637 8.696 7.328

35
—&— | =7 control

30 —— X217 150/35
/A/ —h— £ QA 150/65

25 —— 5% A 500/35

T

AntA o g AEFAY ARA AFolA ATt deojus AlY= AMAEFFERTE 45
Z7b8k= Al7]e1™, ] A7) hydroperoxides®] A& =7l F7MeE A7), Hi carbonyl
compound® A EE7E H5skE Al7Ie tiEf A A wEbA Absjrp EAskE AV e B
ArrEel oA Ao AAZQ AsE dol= FHAQ W o]folk 4hAae] FaSE
hydroperoxides®] A &, carbonyl compound®] A ZFS FAZ Ao =ZHN FAHI
o] r,]_

AEFAY A AEE Fo FAAEY At ST WA A7), & FR7EE

Ao M= Frldel ks Aol HEolng

1Y

o

=
ﬁ
(it
ro
s
e
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fvee]
_ZTI
o

4 1 kgoll &% #}AH3EE(peroxides) 2]

Al

-
it

Fech. ikt

5

BF LA}

5

]

5ol

=
ATE 3

F)
Y EF(mM), = Wy FdEH(meq) & 2EH

A
vl

1

)
R
=

%

Fe Aoz et ReAd

7] ket 77t 2.0 mea/kg ©2 M A UEREAL FEA 2

=7t

-
1.

pghol| wE} wHakskE Tt

&

0.9 mea/kg °lAT. A

At

o sirstElet §

=
=

7]

o}

I

H O

a1

Atk 104, 20+, 304

A}

21.2 meq/kg o & 7%

-

1.

iz
o]

A e

o]
T

Aol gho]

.

7k ol

Nfo

~o

_—

o
ﬁo

fol shabsiEel 4
$ A% 2894 3

o A5 7H10.3 meg/kg) M.tk

<]

SEERRE

=

R

saraE ol wAl Jend o

==
&

o A%

ﬁo

=

=

7]

il

°
pad

A

=

=

et E 717 94 meq/kg SR UETE AR

S

—

O

e

A7)

28
10.313

14 21
9.947

7963

1.961

0.981

= (Control)
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25

control
200/10
2t 200/20

=~

OFXF
=

—o— i &=/ control

|3

Kl
ol

F

21 28

14

‘4_/\

Xt 200/30

F

() &7i(n-hexane) & 9.¥

-

S

°©

=
=

A2

X O =
=]

.]

Ael &

o)A 3t 2¥s) Aol we
o) spatetE bRk A LhEA

3hiFsEvte] Aol
Qo) BarstE717} 20

5
o WarEET} ghuvh F7hEo] A7) et Aol
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=

12771 iz 37
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28
10.313

14 21
9.947

7963

1.961

0.981

= (Control)
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A3 A QAFTA FE2EH IE A=A W3

(1) ABTS radical ~A &3 =4
Sl AlEe Azl #E ENE A Y] 98] ABTS radical scavenging ability &
Pellegrini ¢ W& o] &3te] =43t 0.1 M PBS (phosphate buffered saline, pH 7.4)°
25 mM ABTS (2,2-Azino-bis (3-ehtylbenzothiazoline-6-sulfonic acid), Wako. Ltd.)¢} 1.0
mM AAPH (2,2'-Azobis(2-methylpropionamidine) dihydrocholide, Wako. Ltd.) & &33}] 6
8T, ¥adllA 12 &3 WA 7)ol Awe] Y47 ABTS' §4-& %=t 0.1 M PBSe| =
ol Zt7te] wx o] Q1AM FZE 20 pLol ABTS £ 980 uL-g 7}sle] 37°C water bathol Al
10 3 weAZ & 734 nm oA FHEE FASNAUY. FAH diE=TS Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman—-2-carboxylic acid, Sigma-Aldrich. Inc.) & AF&-3}% oW
ANz 7R A RE VA %2 54 dETe] FREE SAHS NEEE YErSld
S E A
(7F) ABTS radical 24 &3 =3

1A 29 ABTS radical 2A &Y A Ad= 29 129 24 443 Q44 +=

hexane, ZYAFEEL F83 ABTS g 274 2345 vehlr] &9t

o M
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100 A

o0

80

70 4

ABTS scavenging activity(3)
L
o

Caallanal |_;i_,l_:_i_,i;_|E_I_EI_:_i_:_l_:_i_,l5_-_j_;l_:_l_:_l_:_li_| I illiil“

1 |10 [too| 1 |10 10| 1 |10|100 1 |10|100 1 |10[100| 1 |10|100 1 |10|100| 1 |10 100 1 |10|100| 1 |10|100| 1 |10 100 1 |10 100] 1 |10|100

10min 20min | 30min 10min | 20min | 30min 35 | 65% 35 | 657 trolox
control 2007C control 200°C 150bar 500bar
SEERA screw hexaneF=E EUH O|MBEA FE positive

2% 12, Q4kEA A1 39 ABTS radical 2724,

2. Melanocytesol A 2] AxXFA 2 dAeld AAF VA= 9F AA

hoAlE %oy

(1) Tyrosinase &4 A &3

“‘E]F/}‘d?ﬁ AL tyrosine?] Ab3FE A1 FE o] L-dopa, dopaquinone % dopachrome”} A
A¥l % dihydroxyindole©] Y dihydroxyindole-2-carboxylic acid’} A H = #A4AS A A 23
H %7]9) tyrosinel Z5-E dopaquinone®] A 7FA = tyrosinase’} & 9 ee 3hu). o] 3k
tyrosinase @A AAEE 80 mM L-dopa (67 mM phosphate buffer, pH 6.8 ¢ *<) 120 uL
o} WErZo] =9 oy FRY 4N FEEAE 40 pLE 96-well microplatee] 2L
mushroom tyrosinase (125 U/mL) 40 pL-& 7}k & AA A dopachrome? S 492 nm A

o FEEE 25l s

(2 Wk APA LA ALAEE % ek el MA = 9%
QA HPE sk A3, AstxAe) A A Fo P glov oF 1P nhgo

A2ld-g AAA A 7] melanocytes?) £ 45} 3
melanin®] AL dod A M XS melanosome
Aol FojAn, AlzE 2zt <Ak AJE7F mouse FrEfel el AA A EQ] melan-a

AEFo A Ae] AEgat dAetd Al vA= S S48 98 10% fetal bovine

R S
E o
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serum ¥ 19 penicillin-streptomycin, 200 nM$2] phorbol-12 myristate 13-acetate 7} &%
RPMI 1640 ®ljA] = 37°c, 5% CO2 7oA wiekste] EtOHH:0 = 6:4 &) =1 z}74e] <l
A FEE AREE 1 ug/ml, 10 ug/mL, 100 ug/mLe =& 3 47+ At AF A&
2 HIX]AA & PBSEZ washingdlal well & crystal violet (CV 0.1%, 10% EtOH, YA
PBS)E 200 uL ®7lske] 5 #3F 204 incubationdt & EtOH 1 mLE FH7}sFal 2ol A]
10 #7F shaking3t % 590 nmolA] UV RS =43l AASArE w3k dAgd g e
Wi X AlA & PBSE MA33 well @ 1 N NaOH 1 mLE 7138te] @l =520 & 400 nm
oM UV F+rs A5t 4453 ‘jr.

A =23}
9] tyrosinase JAE A A= 29 1339 #Zoh SAA G A4

AN B F83 tyrosinase QA &S VR F &9kt

_4

(1) Tyrosinase &4 <
= AR

7 A FEE A

e
i

& hexane, =< A5

100

80 -

®
1=='* 60
=
17
~
=
c
b
£ 40
-
=
o
@
[}
=
"
g 20
=
I
g (A AN - A - I AN . mmm i ..i . ..._:.l.i__ .E.-.:I_‘E‘.,:__ .s'-";.'f'i-,' _li_!
HDDIHDD;HDDH_DIDHD;D:H D:DHD'DHDEDHD' —A (O |OoO| A O] IE=IE=1E=1E=10=1R=1 R =2 =]
| O | O L I =] Ll = Ll =] Ll =] - O i A =] - | O — | O | Ol | o Ll =] | O
— | — — — — — | — — | | — — in
10min 20min 30min 10min 20min 30min 35°%C 65°C 35 65°C
20 1 contral | 2007 control | 200C 150bar | 500bar |Kojicacid | Arbutin
QERELl crew | hexane &= | UM O] MEIEEA =E | positive

ppm

18 13, QlAFERF A1 H 9] tyrosinase A A A,
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1400

1200 -

1000 T I

—
800 -
60.0 - 1
m10
40.0 A W100
200 -
DD - — I i — S S I . _— i

10min | 20min | 30min

cell proliferation{3:)

10min | 20min . 20min 35°C B5°C 35°C | B5°C

control 200 | control 200°C 150bar 500bar Arbutin | Kojic
acid
SEERL] screw hexane &= YA o|LtEIEEA F=E positive

29 14. Melan-a Al ZAE &l ¥ A= ¥

o2
Ol

120 A

mlmmmnml mun|h|n||||mn

me lanin contents{% of control)

|1El \1UU| 1 10 |lUU 1 ‘1U|1UU 1 13 ‘muu 1 1U|1EIU 1 10 100' 1 10 |00 1 |1El 100 1 ‘1U|1UU 1 10 \100 1 |1c| lCIEI 1 10 |100| 1 13 |1UU 1 |1El ,100
10min 20min 30min 10min . 20min 30min 35%C 657C 357C 65C
control 200°C control 200°C 150bar 500bar Kojic acid Arbutin
PERA serew hexane =& EUH o] MElEE FEE positive

18 15, Melan-a A Zo A A2 A 5o dHad A A=
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LERH A ek9ko ™ tyrosinase oAl &3 I mA kvl L ¢

=
=

b4

O])\
RIS
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Alstdh LElan AEAAEHES] B4 9 e §ul5EF AEE high performance liquid
chromatography (HPLC)®} gas chromatography mass spectrometry (GC/MS)E AF&31e] =
A3} A T}

7ho A= H A

(D A%

N,
>
(o]
0,

h AEAE

Aol e AEA

stel ALgshsint.

rir
of
g
ol
>
:
S~

boQ1AAI A A 2011 AL 4d T AAERIE Y

(th) AleF & 717

B o] AR &= n-hexane, chloroform (CH:Cly), ethyl acetate (EtOAc), n—-butanol
(n-BuOH), ethanol (EtOH) (SamChun Pure Chemical Company, Pyeongtaek, Republic of
Korea)& AF£3F%1 o™, HPLC #vl#+= acetonitrile (ACN)¥} methanol (MeOH, J.T.Baker,
Center Valley, PA, USA)E A3t}

248 HPLCE Waters 2489 UV/VIS detector (Miami, USA)7} #&¥d Waters 1525
Binary HPLC Pump (Miami, USA)E AF&33om, ZH2 SunFire C-18 stainless steel
column (2.1 mm x 50 mm, 5 um thickness, Miami, USA)-S AF&3}] v}

ARl AAEAS 9dte] ALEI GCMSE  Agilent 7890 gas chromatography /
Headspace (Agilent, Santa clara. CA. USA)E AM&3l9ow, Z¢& DB-5 silica capillary
column (60 m 0.32 mm id., 0.25 pm film thickness; J&W Scientific, Folsom, CA)& A3}
At

2) W4

Oh AEd2EHE AE £HE AT EF FEE 2 2929 24
]_

i, =9 EtOH F&&E°% ZH 9 &8 38to], n-hexane, CH-Cls, EtOAc, @ n-BuOH & <

2H oz 7pste] Zhzhe] fuo)A] 23 H o7 BEAES 83490

—
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Dried Samples |

MeOH / reflux
7

MeOH extracts |

Water suspension / n-hexane

n-hexane fraction | Aqueous layer

CHCI,
[ I
Chloroform fractionl Aqueous layer |

EtOAc

| |
Ethyl acetate fractiod Aqueous layer

n-BuOH

| |
Butanol fraction | Aqueous layer |

1" 16, AEAe A FEH.

(W) Azveaae] o3 HEd2dHE A2 29

7y A 7T S71% F methanols ol &3 AS4H FE5& AAISH 33 o4 Ardo FE
3l methanol extract®S W 3Tt A E 9 methanol extracty =AY F7] 8 E Ea 3
EE& 753519 &7] extract?} vizt7bA R 7H oFg]EE HolE 2HES AASIY AEE
e A3t AARA B EZLS chromatographyE £8 228 2y AA S o] #ALE
E4E FostA 837 s ks s
A
Medicinal plants acion Extract(s) ~ractionation Fraction(s)
[Bioassay] [Bioassay]
chromatography
: Pure
Toxicology .
ﬁ constituent(s)
(‘%ﬁ‘ ) [Bioassay]
Y 17 75 9 P34y 2an
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19 18. Open chromatography +@ 34.

(th) Prep-HPLC 5-& ©]&3F AEAAHE AEo AA

T3k recycling prep~HPLC 52 7|AE o] &3l A= 548 #E3y A7&v= TLCE
A

Ea Helso] & v MAF ] AIS vt 9] RIEME A&7 dA
AEE579 database 758 38l T3 SAEYE HAAFA L

g 19. TLC &4,

(h zeeg 24

ﬂ! m mlo

Chromatography & =
Hegs ol Foskgrl. AbgskE E47)7]= IR, 'H-NMR, “C-NMR, DEPT, COSY,
HMQC, HMBC, MS, FAB-MS & ©|&3lH 7} ~¥9EZ Holy #F
Aey 2y ddEdo ¢

BN
(ld
uT
ol
=
@
id
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5009 100?0 150|00 20()'00 250‘00 SOOPO Wavelength (nanometers)

(vh) AEA2HEZ 4
AaFAel 50 = A=AzHEs 2437 fd 28d d2F 2HES GOMS ¥
Z

HPLC ¥4 o2 HAAEHa, 7 B2 ofgd YeRd

i 24. GC analytical instruments and conditions

GC model : Perkin-Elmer

Instrument
MS model : HP 5973 Mass selective detector
DB-5MS capillary (30 m x 0.25um) 0.25 um film
Column _ S
thickness, J&W Scientific, Folsom, CA)
Injection Volume 1.0 puL
Injector temperature 3207C

80C (4 min) — 300C(15.00 min)
hold 50.00 min Total 68.67 min

Column temperature

Carrier gas Helium
Split ratio 1000 : 1
Separator temperature 250°C
Ton source temperature 200°C
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i 25, MS analytical instruments and conditions

Type MS Scan
Tonmode EI+
Start Mass 30.

End Mass 550.00
Scan Time (sec) 0.20
InterScan Time (sec) 0.10
Start Time (min) 3.00

End Time (min) 68.67

¥ 26. Sterol 45 9% HPLC =7

Waters 1525 Binary HPLC Pump (Miami, USA)

HPLC
Waters 2489 UV/VIS detector (Miami, USA)
SunFire C-18 stainless steel column (21 mm x 50 mm, 5 im
Column
thickness)
Wavelength 208 nm
Temperature 30 C
Solvent A : MeOH
Solvent
Solvent B : ACN
Flow rate 0.5 mL/min
0 min 30% A : 70% B
Gradient S5min 0% A :100% B
Condition 23 min 0% A : 100% B

20 min 30% A : 702 B

=

2 23 o az

A

=

Oh AERmEIHu o A EHE 4T FE 2 724

B-Sitosterol?] 'H-NMR spectrum< 5719 angular methyl singlet?] 18-Me, 19-Me2] A|
dol A7k § 0.683 0.8200 A4 yerwtTE. L]l ar Al 78] methyl”](21-Me, 26-Me, 27-Me) 7}
doubleto. = Z}7} § 1.25, 0.83, 0.92¢14 A q o, H-62 AlZrdo] broad doubletoz 6



535014 YEeRESS ¥ 28 Edo] Fayduh oy 230 YEY G-Sitosterol
BC-NMR spectrum< E3A 27719 &8AE 9% 4 9o § 1417 1228 E3lo] C-5,
3

=
C-69) A1de] o] FAFAL FAT 5 UL

¥ 27. '"H- and “C-NMR Spectral Data for G-Sitosterol in CDCl3

1 1

Position & & Position & &
1 - 37.2 16 - 28.2
2 - 31.6 17 - 56.0
3 354 (m) 71.8 18 0.68 (s) 12.0
4 2.29 (d, 85 42.3 19 1.00 (s) 19.0
5) 5.35 (d, 5.3) 140.7 20 - 36.1
6 - 121.7 21 - 18.7
7 - 31.9 22 - 339
8 - 31.9 23 - 23.0
9 - 50.1 24 - 45.8
10 - 36.5 25 - 29.1
11 - 21.0 26 0.83 (d, 6.4) 19.8
12 2.00 (t, 6.6) 39.8 27 0.86 (d, 6.7) 19.3
13 - 42.3 28 - 26.0
14 - 56.8 29 0.82 (t, 5.2) 11.8
15 - 24.2

Form: White Crystal

Chemical Formula: CxHsoO

EI-MS(rel. int., %):

m/z 414 [M]7(44.8), 396 (60.3), 381 (2257), 329 (14.31),303 (19.5), 273 (13.8), 255 (35.53), 213
(34.9), 159 (30.2), 145 (43.8)

IR Umax(KBr): 3436 (OH) em™
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18 21. B-Sitosterold] &

v00° 0~

ppm

0.32 2.42 1.09 0.65
0.44 1.69 3.28

.35

"H-NMR Spectrum of B-Sitosterol.
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expz stdi3c

SAMPLE DEC. & VT

date May 23 07 dfrq 300.075
solvent CDC13 dn H1
file exp dpwr 40

ACQUISITION dof -500.0
sfrq 75.451 dm nny
tn Ci3 dma
at 1.815 da 10
np 68096 PROCESSING 1S
sw 18761.7 1b 1 PR IN
b 10400 wtfile ~le
bs 16 proc ft e
tpwr 53 fn not used
pw 18.0
di 1.000 werr
tof 0 wexp
nt S0000 wbs wit
ct 19376 wat
alock n
gain not used

FLAGS

1 n
in n
dp y

DISPLAY
sp -66.2
-p 15141.6
v 153
sc [
we 250
hzam 60.57
is 1250.00
rfl 7642.4
ofp 5825.6
th 8
ins 1.000

nm no ph

141.061
121,987
J— 72.002
56,918
AA:/£:11.2u1
50.268
- /f:;qs
/
v'fv /A
—

T T T T T

— T
100 80 60

T R P
180 160 140 120

28 23, ¥C-NMR Spectrum of B-Sitosterol.
(W) HEdagEe 24

eI4EAl el EtOH %%, n-Hexane 8%, 2 CHCl 8 &S GC/MSA ~HEZE A
S AAER oL, EtOH FE Lo v g5 ZHEo| gR1xa, Y] Fd&Eof 1
[e]

A
3
golu x| ekgktl. Ay oz ~HE2Q squalene, stigmasterol, B-sitosterol, lupeol©]
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PES1-1++ = Scan EI:—_‘
100 .{, 1 DEIieE
=3
=
=
%
=, |18 |F=58z3s88 SRYIRESREEE Z X 2 e g
Ss EEZESEs SS9 8 D SR S REE S dEEg
S S e e Pt R S e e e c Rty e A
Y 24, EtOH FE=EA¥xd3h)e] TIC A=vlE 13,
#* 28. GC/MSo| 293 EtOH ext.o] ~HE AE AAAEAM
Sterol Retention time (min) Area (%)
Squalene 19.28 0.7
B-Sitosterol 22.90 3.2
Stigmasterol 23.80 29
Lupeol 29.84 12.3
@ HPLCell ¢]3F phytosterol A # ¥4
A& EtOH FF&o tsle] HPLC upe} A Aig BAeAT <

MEAE EOHZE F&3d A4 F&=E3 A4

=

stigmasterol, B-sitosterol&

ol Fofglgltt.
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¥ 29. HPLCol ¢]3%F EtOH ext.o] ~HEZE A¥E Agiy
Sterol Reterggloig) time - Content (mg/g) |
Liquid Solid
B-Sitosterol 185 0.719 = 0.083 0.149 + 0.027
Stigmasterol 20.65 0.129 = 0.012 0.111 = 0.008
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2} 8 =
2 247 (FRITSCH, Germany)® AM&3te] 7
1 mm trapezoidals &3AA FL3HA AL

G‘:%—X} Wwgo AR FEE Gram YA Al Lactobacillus gasseri KCTC 3162 (1
374 7

AbZb1), Pediococcus pentosaceus LY 011 (5714 A4 w33 -3f), Bacillus
subtilis KFRI 1124 2 Bacillus subtilis KFRI 1127 (2714 ¥A84 130)S S g st
T AEALAE et A F A Aol Efdol 33 Aviwl kst ARSI AR T}
AbgH A 2 owjke == F 3000 "}E}‘ﬂ»\ﬂr-

E 30 AHEA TR AFH @, A D W Fe

[e] L

TR i I 2] i) -
RN L_';"IZ‘ Hiy A
()
) ) MRS (the Man, Rogosa and
Lactobacillus gasseri KCTC 3162 30
Sharpes) broth (agar)
Gram(+) [Pediococcus pentosaceus 1LY 011 MRS broth (agar) 30
Bacillus subtilis KFRI 1124 TS (Tryptic Soy) broth (agar) 30
Bacillus subtilis KFRI 1127 TS broth (agar) 30

(QB) PaFA L3

ol Ak Z 7} o] n

£ TFLFAS UE F od $22AY A WAY A SR
e vE=EA 3 & HEsHAvt. Bacillus w5 (KFRI 1124, 1127)¢] 4§

=]
o

Aol M= # HEr] witod FEEHFS HASAIL,  Lactobacillus,
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FEIFE A B U] 2~34]
Lactobacillus gasseri KCTC 31629 Pediococcus pentosaceus LY

-

Bacillus subtilis KFRI 1124¢} Bacillus subtilis KFRI 1127

-

1.
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S
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-

1.

5t

<]

Et
=
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galacturonic acidE AF&3}51 T

(W) T AssPdsE T 24

BEIdAR 1 go 80% WES 25 mL
AEES MY 23 FEoAY &
t} o] & 045 um membrane filter= o] ¥}t S
HE3E FF 42 Folin—ciocalteu’'s Holl wel SAHNoY, RTEA=E

gallic acidE AM&3F3H}.

w o o

ke
T

o =
e F AGEFAINT TR 10 mLel =9
&

o4 F slEshiE dw 4

o
o

E
t

o

wg g Fo HewAd AdEe e £48 high performance liquid chromatography
(HPLC, PU-980, Jasco Co., Japan)& AF&3sitt. #l&4d d#<9 HPLC -‘%QS Waters C-18
column (5.0 um, 4.6x250 mm, Ireland)-& AF§3}o] 2% acetic acidE 33 Water (solvent

A)e}F 0.5% acetic acidE T3k 50% acetonitrile (solvent B)-& ol &4 o= }%3}93 L=
M= A 9 E 100%0) A 708 & 45% % gradient® F¢] 0.8 mL/ming =52 & 8087 2
g3t oy AHEE 20 pL FYIAT AR HAEL UV detector (MD—ZOIO, Jasco Co.,
Japan)E AR&3Lo] 280 nmol A SAFA T B AFES FFEEAL F 10 F2Z maltol, p

—coumaric acid, cinnamic acid, salicylic acid, vanillic acid, syringic acid, ferulic acid, gentisic
acid, caffeic acidi= Sigma (USA), p-hydroxy benzoic acid¥ Junsei (Japan)e A% S Al&
sheach.
7 #55 Agste] WEAY AWEAS FAAx ] BARAL 5 AT B4 Y
s gdstA ARestel el gAY BEHY FF
] =3

o
=

ﬂJ

=
2l % 0.45 um membrane filter2 o] 33} 244 A

() ksl 24 Hrt A E 8 5%

W olaER B A8 5 g8 58 ZEaAe HEske] 50 mL 70% ethanol® 80T
W AFZE7AA 1AZE 5 F 3093 Wystal o HA3dth FERAS 23] wHESte] A
Aletdar of gk o 42 45T oA rotary evaporators ©]&3to] WFEHEAT TS

AFES 50 mg/mL (50,000 ppm)®] FEE 545te] AW G 0w ALEegIT)

(vh) ABTS radical &~A 2% &7

g ol g4l A9 ABTS radical scavenging abilityy ABTS cation decolorization assay
ukHoe|  2J3te] SAFAY. 7 mM ABTS  (2,2'-Azino-his(3-ethylbenzothiazoline—6-sulfonic
acid), Wako. Ltd., Japan)¢t 2.45 mM KoS:0sE A1 Aol A 24A17F w831 ABTS &oZd-&
FAA A ABTS stock solutione AZ3FH 0™, o]E 734 nmol4 SH % 0.70£0.02= 3] Al A
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ARG 0.1 M PBSOll =91 7h7he] e QA FEE 20 uLel ABTS' £9) 980 L&
71t AolA 1083 ¥HS-A1Zl & 734 nmollA FHEE SAIAY. FAH xS vERY
C9 Trolox® (6-hydroxy-2,5,7,8-tetramethylchroman-2-carhoxylic acid, Sigma-Aldrich, Inc.)
2 Agstgon A A7Te ARE Arle e &4 txrTe §RES SAste] wE
2 YUt e FEE2 HFF =7 100, 10, 1 ppme] HEH 348kl 7L
a1 k.

st aAad
Zyzy el g Qi A FEE EAA0:) AALY #HEHE SOD (superoxide dismutase)
= Aot AAEAR FEELS FHEF7F 1000, 100, 10, 1 ppmo] H == H7)3)
o] SOD-assay kit-WST (Dojindo Lab., Japan)E ©o]&3le] w-&Azl & 450 nmolA
microplate reader (Thermomax, Molecular Device co.) & ©]-&3lo] SA3F o &FA =+

oRr= H]E}U] cE /\}Q._ ]_ 1:]_

o

RE 4@ Ak 38 v 24 PYEAR dehia, 29PN A4z BARA
SAS (Statistical Analytical System, version 9.3) EEZ%% AFE-3}e] Duncan’s multiple
range testE AAIst] AlEZE Fo4d AAL p<0.05 FEolA AAEE T

UQL’

e

[ S U=

(1) s waE #57d 54
(V) Lactobacillus gasseri KCTC 3162
Lactobacillus i+ {AE, A=, 9F W3 Az 5 @
lactose®} sugar 52 S o]&de] WEA|A FHito gz HIEAY 2
I Qo B AFo| AMR3E Lactobacillus gasseri KCTC 3162+ 3t 3-8+¢d
Aol A FFol Adieto] AREsFITE. AaEAREEe] Wit F pHE 598% FAHAL,
TFE JEst TEAZ 59 pHe L01E vrolx|&= A&

(Y4) Pediococcus pentosaceus LY 011

Pediococcus 5 59 #A9 &9 saverkrawtEs Ve u] FE AIETHE #FE Y4

M 5 ol E 2 WEAA AFE Fol b shu AFHL
d
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KCTC 3162¢} vl L3}l Pediococcus pentosaceus LY 0119 pH7F ¢ =4 =A%t}

(Y} Bacillus subtilis KFRI 1124, KFRI 1127

szFo R e Bacilus subtiliss AAA] de s uHAA AFon 7,
_ A PAEAE Az 380 fEk A

ntEE, 314, B Fol EA3. wFrt A 4 AR
Felo] s, At FEo WAl glow wiA Fol vheke] whuiAs Rujgith A=
= S sk O FAFoR o a@43tES 2aEshe 4 A o,
A gvh. B Ao AMR3F Bacillus subtilis KFRI 1124, 11278 3F#2) 32 - o A] F ok
tfalo] AFESFG T QAEAE T Hit 3 pHYF 598 oA, Bacillus subtilis KFRI
1124 7% HE Zo|= pH7l 6.13 o2 e o9 thE2 #5359 th2 4 pHyF Lefrbs Ag
K93, Bacillus subtilis KFRI 1127 v52] A% @& $ pH7F 5112 vHA S45 o 2
Bacillus subtilis 75| 43 KFRI 11249} KFRI 1127¢] 98 E4o] Xo]& Holx A
o2 FeH A

o

>
o
o

2,
ol
rir

flo o

K3 & AAeteE =dE 2A JHEA reE
oA AE 2 cellulose, hemicellulose 3% 22 E&4 FFAdEC2 oty dukz o
2 Fabel FHrEel de FElY o2 glucose, fructose, sucrose R maltose 5 ©] KL% o]
o olg FYd AE2 Bl Tt TS vAAN Ft opn b ARV F 3
AlFe] Aol Fa3 J3FS vA= Aom & vk 9 Q4 o9 AR 59 3
el A AR d9dsl s 7 97 <l Panaxan A, B, C, D ¥ E”} Hikino ¢
os] Hxz Y€ olF WAL, FFFLY, FALHE 5= HE T3 AyddA

G RS ol Ay F= XA} 2bsldrH
]

glov, 1 stel oliel FUAY 5 o

9 sheko)l AL MrEAYstA 2o hE17F 31.94 me/gE WEN AL, Bacillus subtilis i
<1 KFRI 11249} KFRI 1127¢] 27} 3541 mg/g, 45.32 mg/g, Pediococcus pentosaceus LY
011°] 37.63 mg/g, Lactobacillus gasseri KCTC 31627} 40.14 mg/g ©.& yErET $F A7

AaFEAe] 3 shako] Y7t HY B A yerw=d, 53] Bacillus subtilis KFRI 1127
2 HaAzl I4ERe] 9 FEFo] toE R RS JAMFANY =2 3 93\‘:}. o]

ofr

ey &
= B53lES BaAA G WA I E Bacillus subtilis £39 A2 AARHa, 2o 1
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F<2l KFRI 112450 ] %2 9 &%S 5.9 KFRI 11279 waEFo] o Holuw Aoz 3
o ATk

AT A e W EEkR 2o thxTU 215 mg/g o R Uebga, W E I <l aEAe

T ETEY 25~4v & AU A s B Bacillus subtilis KFRI 11279 4
F 874 mg/g o= TE L@ oo vlasle] % FE& M9al, Bacillus subtilis KFRI
1124+= 5.72 mg/g, Pediococcus pentosaceus LY 0113 Lactobacillus gasseri KCTC 3162+%
Z+7y 505 mg/g, 5.08 mg/g o & YEY dlEx2F-HUuE of 258 AR FUF 3HS HA AR
A g dukrgow wiabuvy F4tel A A dElde Aol ed ol wheYHE 4
Aot g o] dglow vpA Aol rhEstHe dvEhY AaE dHA e, B AE
o] AE A &gk FUke o9k fARSE AR ddE gl

T A=stdee drolx 9 AEduA g datel vk R g x=-(0.81 mg/g)lﬂ_\?‘r
S7V8hs 4SS B3 Bacillus subtilis KFRI 1127 w52 HEAZ A4tEAe] F =3
= el 131 mg/g &= 7V =A YWetS Y. Bacillus subtilis KFRI 11242 %E’\]ﬂ 2
AEAE 1.28 mg/g &2 KFRI 11273 FAFHAl YEFSER| Y, Pediococcus pentosaceus LY
0113 Lactobacillus gasseri KCTC 3162= 2&3F o4#x+= 717t 1.08 mg/g, 1.05 mg/g &
= g wekA F HAmEstE dEe] AolE Wl ASE UEEy. dEbEow 14t
ANA FE=H= & dAwsste FFY B¢ st HYrRte] FrEFE A FUhskE
BEe dEtdo] 3t g4 e FUbshs Ao® Hada glow HAH = T A
wE Ao R By o 9}—‘5‘3], adA S dEAE WY HAHo] F

o= ¥

o oi
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& 32, aFAre RHEFo] wiE 9, AAUPA, & dAwddes FF

ELa <% (mg/g) A THEA (mg/g) & HAE3dE (mg/e)

control 31.94%2.15" 2.15+0.17¢ 0.81+0.02°
KFRI 1124 35.41£0.54° 5.72+0.18" 1.28£0.01°
KFRI 1127 45.32+2. 67" 8.74+0.12° 1.3120.04°

LY 011 37.63+3.78" 5.05+0.06° 1.08+0.02"
KCTC 3162 40.14+1.85" 5.08+0.05° 1.05£0.03

U All values are expressed as MeantSD deviation triplicate determinations. Means with the same
alphabet in each column are not significantly different at p<0.05 using Duncan’s multiple range
test

S

A EAAEA FEES dAsAdE ¥4 d9s ® 337 2o dubgo=z Qlike g o
AE HEAdTS ETHO=2 AFE3E maltol, p-coumaric acid, trans-cinnamic acid, salicylic
acid, vanillic acid, syringic acid, ferulic acid, gentisic acid, caffeic acid, p~hydroxy benzoic
acid 10E0] <& A Q=) LFIaER A= p-coumaric acid’} AEHAC}. &5 FE
ol whe} p-coumaric acid®] $FEFEfol7t A UERWLEU, & 334 uERG A¥ Zo] dixA
(0.069 ng/g)et vladte] LaAZl ANFAe HAEsde TS 2A F7He Aoz gAH3
ok HEAZ AEAY] p-coumaric acid®] TS WE AHT) Sujo A BAE 6¥] F71EHS
= M 28 e yet @& 7 F7F Pediococcus pentosaceus LY 0112 0448 ng/g &
LR
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B

33. LaRIAEA ==

i)
e
o,
M
M
i

} Fermentation strain
Phenolic compound

(ng/g) control B.subtilis B.subtilis  Ppentosaceus  L.gasseri

KFRI 1124  KFRI 1127 LY 011 KCTC 3162
maltol ND" ND ND ND ND
p~hydroxy benzoic acid ND ND ND ND ND
gentisic acid ND ND ND ND ND
vanillic acid+caffeic acid ND ND ND ND ND
syringic acid ND ND ND ND ND
p-coumaric acid 0.069 0.444 0.369 0.448 0.381
ferulic acid ND ND ND ND ND
salicylic acid ND ND ND ND ND
trans-cinnamic acid ND ND ND ND ND

Y not detected

(4) LEAiEAe] ABTS radical 47 &%
g oldEa FE5ES 1, 10, 100 ppme TE=Z ABTS radical 2A&EHNE A3 A=
E .42 1 ppm3t 10 ppm FEol A= A2t 2 Aol E HolA &
UA Y 100 ppm FEAAE LEIA| ke dlxTet 2 AolE yEMHTE dlET9 ABTS
radical &~A% o] 152% 0.2 e A3} v)alste] Bacillus subtilis KFRI 1124, KFRI 1127
31.6%, 32.7%, Pediococcus pentosaceus LY 011, Lactobacillus gasseri KCTC 3162% 22t
279%, 25.5%¢] ABTS radical A &4 S WEHH 9 vaste] L7so] S7hehs As
g ¢ Avk. &3] Bacillus subtilis 7572 2 a3 A4FEA 27450 Pediococcustt
Lactobacillus #F% a3 QAo A7l ¥ A4 dewa, aAEde] 7 F3d

g A2 = Bacillus subtilis KFRI 11272 g A 7] QakEzt= ey
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B

34. T EAAEAS] ABTS radical &2AH &3

control KFRI 1124 KFRI 1127 LY 011 KCIC 3182 vitamin C  Trolox®

1 ppm  2.86£3.78Y 54243355  A4.14+337°  3.974348°  4M£319° 2378+0.75° 12.60+1.81°
10 ppm 4.02+0.86° 590+092"  6.74+094" 6.34+066° 596+£1.52° 90.26+0.03" 89.68+0.62"

100 ppm  1523+1.05° 31.62+098° 327044.24° 27.92+0.44° 25.24+1.03" 9019+0.00" 90.05+0.13"

U All values are expressed as Mean+SD triplicate determinations. Means with the same alphabet in

each column are not significantly different at p<0.05 using Duncan’s multiple range test

100

Q0 r
O1 ppm

O 10 ppm
70 k Il 100 ppm

80

60
50
40

30

?AJJJJW

Control KFRI' 1124  KFRI 1127 KCTC 3162 Vit.C Trolox

ABTS radical scavenging activity (%)

Y 011
daFF

29 25, wEAAEAS] ABTS radical &A & 3.

(5) FFRAEFAS] SOD &4E4

SOD (superoxide dismutase) EAEAL Z3ibslo]2 0]
of Aol FELF FIFES vA|7] Wl SODE ZAjtstol &
2N HAoEREYH AEE Woldl= g gt Atk =EH= Ao BT AXolA oY
& SODell g gAksluboj7] o] FastH, A7 FATES] 4§ o2 o7 A& AR
Aoz defA vk

W E AT FEES 1, 10, 100, 1000 ppme] FE=Z SOD &4
35, ¥ 263 2o A4} 1, 10, 100, 1000 ppm =27 25 WHE Mg s AQaExte

o

SOD ZAgAo] waEslx e 1 AiEANY 2 48 Wl AL FAdAy
& o mEA = 1000 ppm FEOlA 1 Zol7F FEE A YEbsEd, tlETe SOD &4
grdo] 22.2%= WEMSEAL, Bacillus subtilis KFRI 1124, KFRI 1127 w32 &3 Q1 aEAl9)

o]
B AagAdo]l A7 39.9%, 34.2% % WEsEal, Pediococcus pentosaceus LY 01

et
N
ptt
i)
kol
rok
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NaE A= 41.7%, Lactobacillus gasseri KCTC 3162 o= &
SOD §A}EAS Yerlith, Avka o=z vrg sl o akExle] SOD &
Bacillus XY} Lactobacillus ¢ Pediococcus 52 &g

B

35, HEEAS] SOD EAagA

control KFRI 1124  KFRI 1127 LY 011 KCTC 3162  vitamic C

1 ppm  352+3.00°  1067+4.69° 6.84+0.29"  7.16+1.24"  817+049"  5.48+1.55%
10 ppm  1.76£352"  924+5.08*  6.68+1.31"  6.06+050™  7.13+0.35"  4.71£1.27"
100 ppm  1.414£4.49°  14.14+1.92° 11.48+1.49° 10.02+1.78"  9.20£0.99"  95.48+1.92"

1000 ppm 22.19+1.29°  39.97+0.11"  34.17£0.15° 41.68+0.51" 41.79+0.64" 94.65+1.80*

Y All values are expressed as MeantSD triplicate determinations. Means with the same alphabet in

each column are not significantly different at p<0.05 using Duncan’s multiple range test

120
100 p  HTeem
O010 ppm
H 100 ppm
—~ 80
? H 1000 ppm
2
= 60
(&)
]
5
%) 40 1
) ﬁgl ﬁLJ !‘F‘J
0 ,
Control KFRI 1124 KFRI 1127 LY 011 KCTC 3162 Vit.C
gHE 45
a8 26, HaaEAe] SOD A,
o %Y 12
AAEAE 7t7he) #EE WESt] 1 B4S AW A PE 5 pHE gadts 43S
T, B, AUEA, A FFe 2 Ay Bad QAEA FEES TEIA L
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A aRAAEA] A=A E-S £48 A3 p-coumaric acid7f
FHA, FE Fhe we 2 FRRlelE A vErskET R (0069 ng/g)e vl 3}
Ly ArEALS] HEmAAR S A FUFEE Ao R AT 4k Bte] A

= e, ABTS Aﬂ

AFEAAA TG A e 8

g sk QabEAe a9l HEsR e dlxT AAEARY
a29E AR Ay Bacillus subtilis TFE T ES AaEAte A7 %0 Pedlococcusb}
Lactobacillus 1% 2 a3k Q429 ~2AF5EY ¢ 74 YEeRs s, SOD 48449 4

Bacillus #FX.t} Lactobacillus 52 Pediococcus 52 iAol ] =& A

ATt
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o)

=
AL

=

=

3l 50T

5

°
pad

79)
)

(endosperm)

=

=

24

il

2

7] (W ol dA (57,

4 AakEA
=

B E 214k

St

3l 5
2
o]

&
Fel A st v

W A
[}

)

H A
A

o) =

=

Akl A 2012l

2 screw

2

3= n-hexaneg A}

A 71(FRITSCH, Germany)

(D A=

A FEO F2 AL

A

o

FZ8 2 L bottled] Zait

S A

0.
9k 200 goll n-hexane 800 mL

1 mm trapezoidal

-
1.

A =7

o
+

—
o

_ZTI

} 2] (Greentek21 Co.,
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AEAE EH71(FRITSCH, Germany)E AM&3te] A& wfjf2&S
27| 1 mm trapezoidals F3HA| A T L3A 9 FE22= U
LG oAREA B2 230 g& FU3Y] energized seal® 53¢ o.M

A= clamp A2 WS AFEsEATE CO» Cyhnderoﬂ/ﬂ U2 CO; gas= condensers A

w4 ]')J\»L R

6) LEALEA oo M
g oA oo Mri= MAA (Minolta, CR-200, Japan)E o] &3] Lzt(lightness), a
Zt(+: red, —: blue), bat(+: yellow, —: green) 18] 3 & M2} AE (Total color difference, AE=

i

VAL Ad®+ AHFES 23390 AE=42 six well plate (Nunclon™, Shanghai, China)
o NE YdAZFS ol AR, 247 53 v 2AHs FXE P@d oz Jehygle
0 (L 97.83, at —0.36, b: 1.94)0.2 HAsle] ML S =A319 )

_1

2
FH
MN

BE Aee HA 33 v =A% ot NaAda 2w o] TAEAE SAS
/\}%3}04 Duncan’s multiple range
o}

testE AAIFHe] AR FoAAd AL p<0.05 FEolA 25

\:
E
=
Bu)
=

Mo X2
H

>
il

(Statistical Analytical System, version 9.3) 2 =713

g A & x99 FE&o] 1668%= %A "}E}‘f}ﬂ, Bacillus T+
= =

>
Sl
N
f
=
N
-
r [0
e
ofN
_|>i
ko
©,
-
do
_>;
n
0
il
=
o
o)
NH
P
jaled
o



o
o
i3
boj
o,
e
ofN
>
o
A
i
ok
)
-3
i)
s
5
o

FRFE (%) = (%) 2AdAF=F (%)
control 5.2+1.09° 16.68+0.97° 4.87+2.60"
KFRI 1124 7.8+1.12° 13.53+1.05 3.68+1.84
KFRI 1127 T7+2.97° 13.83+0.93" 411£2.77%
LY 011 6.5+1.13" 14.80+1.08" 2.71+1.73°
KCTC 3162 6.7+1.83" 16.35+1.13° 3.85+1.87"

Y All values are expressed as MeanzSD triplicate determinations. Means with the same alphabet in

each column are not significantly different at p<0.05 using Duncan’s multiple range test

B ghe et FAE bgkel 4%
B gurh FASAL A
Azt wsste] EaistA Frbehe A

2 NG o] &3le] FHEI WalaEA ode M= ¥ 373 k. v L
AT agke] A9 Bacillus 7 (KFRI 1124, KFRI 1127)2 g Qibgxte] 2.9
Lactobacillus, Pediococcus T+(KCTC 3162, LY 011)& W &3] %3 o dutt @& ks
Ueba, HEex e edo]l b ve ks wdvl. E3), Lactobacillus gasseri KCTC

oY Ae uhy] Lito] 42697 ©E A9 wlwste] 713
HAME aghe]l A 7P w2 @l 0472 YErskvlh 1 2739 )

2 Fgdle] FEH3 odo] g AT
]

w3 B Lactobacillus gasseri KCTC 31
AT bzt HETF Bacillus 5% 9E

ey}

2 T

vjaste] wj- B Hole As ¢ F Ak &
sto] FEsE Yol Lactobacillus wFX.Y FA YEET. S8 E7F 26512 P e ds
QY& Bacillus subtilis KFRI 1124% & A 52 et Az AR AH-¢+
Ao ML gy BA yEsta, BRed T tix7G8.00ek 7
Bl 3+ AEFke] 55.14% YERY Lactobacillus gasseri KCTC 3162 =% W&

Tii=2

o
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B

37, 9PEE @

e
lo
it
o

A= L a b AE

control 39.80=0.05" 0.51+0.05" 2.41+0.03" 58.04+0.05"
KFRI 1124 40.97+0.07° 0.13£0.04" 2.51£0.00 56.87£0.07"
KFRI 1127 41.96+0.05" ~0.19+0.02° 2.26£0.01° 55.87+0.05°
KCTC 3162 42.69+0.02° -0.47+0.01° 1.57£0.01° 55.14+0.02°

LY 011 42.63£0.01° -0.28+0.03° 1.79£0.02° 55.20£0.01°

Y All values are expressed as MeantSD triplicate determinations. Means with the same alphabet in

each column are not significantly different at p<0.05 using Duncan’s multiple range test

subtilis KFRI 11279 bgte] 4.34% 7134

A LERRk

7w A v
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38 §FE D TEANEAL oY AR
Rl s L a b AE
control 40.92+0.05" -0.50£0.02° 2.99£0.01° 56.92+0.05"
KFRI 1124 42.30+0.03" ~0.73+0.04° 3.93+0.01" 55.5620.03"
KFRI 1127 42.18+0.09" -0.85+0.02" 4.3420.04* 55.70+0.09°
KCTC 3162 41.86+0.05° ~0.56+0.04" 2.5620.02° 55.97+0.05"
LY 011 42.27+0.10™ -0.70£0.03° 3.39+0.04° 55.58+0.10"

Y All values are expressed as MeantSD triplicate determinations. Means with the same alphabet in

each column are not significantly different at p<0.05 using Duncan’s multiple range test

i
ok
)
Fos

s
N
-

==
=
& =7
X

5|

St 4o Lk Wa Tl wel XolE B Like] 7t
A ® ¥ Lactobacillus gasseri KCTC 3162= thE1 7k w423k 421302 e
a#tel B¢ v £F =5 dsed FAE WSa, SR bk Aes dET
1.86¢1 A3 wjaste] wxAel 3 ede #He A Frtelevl 53] Bacillus
subtilis KFRI 1124 vt=2} Pediococcus pentosaceus LY 011 3592 bgko] 247+ 391, 3.82%
=2 ke HAY. AEZESY A$ Pediococcus pentosaceus LY 011 79 AEZto] 57.31% U
X7 249 AEFEQ! 55583 wluwste] 2 ztol & e

o2l
Hir

vl
e
o
it
b

—_

ko
IN
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ZAAF= L a b AL
control 42.25+0.14™ -0.13+0.08" 1.86+0.04° 55.58+0.14
KFRI 1124 40.91+0.12° -0.13+0.03" 3.91+0.09° 56.95+0.12"
KEFRI 1127 41.52+0.27" -0.12+0.04" 2.42+0.10 56.31+0.26°
KCTC 3162 42.13+0.01" -0.17+0.10" 3.73+0.04° 55.73+0.01
LY 011 40.55%0.07° -0.12+0.02" 3.82+0.01" 57.31+0.07°

Y All values are expressed as MeantSD triplicate determinations. Means with the same alphabet in

each column are not significantly different at p<0.05 using Duncan’s multiple range test

dgolaEa od Fo fFERHat B4E AOAC official methodoll <3le] gas
chromatography (GC, Agilent 6890, USA)E AM&3te] #4390t GC #49 columne
HP-FFAP (polythylene glycol-terphthalic acid; 25 m x 0.32 mm x 05 um)E AFE3}S AL,
column® &%%F 150TCAA 183 X & 230CT7HA] 189 4THA 523k 1083F 7339
t}. Injection =%+ 230C, detector =%+ 250C= 3l¥H o™, carrier gaste He (1.5
mL/min), H> (30 mL/min), air (300 mL/min)E AFE&ATH A5 dHe2Ad P UEFS
H(NaOH solution in MeOH)2.2 A g|3le] ¢Ze]dg e §F EfSF2 e e-E&(BF3
in MeOH)-& 7}efar 7k sto] o ze|=3kate] A E AWA 2HE2E ofAfE e ol Aln
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Z ARSI AlEE 1 A FYskg e, &3ol&3t 7E7](flame ionization detector,
FID)E AF&3lo] #4819t A Wik &90e %t 25522 Supelco 37 component FAME

(fatty acid methyl ester) mix C4~C24 (Supelco, USA)E AF&3}9] retention timeS Y]l d}f

=

(2) FEAANEA od T 2EA ~H Z(phytosterol) 4
goll W5 F=&E72 <l Sa-cholestane (in hexane) 05 mL (2 mg/mL)
£ 10 mLS ¥ & 187 vortex & HA4 2 183t flushing
shlvtk. oL & Aol Al 1083 sonicationg 3T o] 7)o 8 mLe] 60% KOH (in DW)
SRS 73 & vortex & 183 A HAAE flushingdle] WF A2 E A4z X33 h
o] 1A]7F Tt 75T, 100 rpm e & shaking water bathol A #A3E F3h3 3 128 o] &3}
of WZAIAY L F 2% NaCl (in DW)&9% 20 mL¥ F% &7 (hexane:ethyl acetate = 85:15,
BHT 0.01% H7HE 15 mL #71sle] 183 vortexE A3 & H54-S FE3o] 50 mL
volumetric flaskell &%t} o] W] sodium sulfated] o] fo] B3 o] Azl om o
£ 39 wkESth 50 mL7bA AEE F F E9tste] & T 20 mLe FHE 5 HAAE &
e ghds] AIAF ¥ hexane 1 mLe 7Fskel FSiAIAA 050 um filter= o2tk § GC
vialol &7 phytosterol o4 B-sitosterol, stigmasterol, campesterolE +3 2 &3t}
7171 £248 gas chromatography (GC, younglin M600D, Korea)E AF&3te] #4313, o]
o] AFE-3 Zel2 HP ultra—2 Crosslinked 5% PH ME siloxane (25 m x 0.25 mm x 0.33 1
m)E AHEetl e, A ekE 285C, FAES HE7] 25 300TE shlvh &xb7baseE
NeE ARESSIaL A 8E 2 ub FAsR e, 24 Alw 3 F 44X 40 mine| vt £F

=
= 3
A E (standard)¥ 70% B-sitosterol® 5Sa-cholestane § WS o] &3] RF S ALste] A=

AE-o ik B4L  high performance liquid
chromatography (HPLC, PU-980, Jasco Co., Japan)Z& AF&3t3v). dAlEA AHo HPLC 4
columnS Waters C-18 column (5.0 um, 4.6x250 mm, Ireland)& AF&3}o] 29% acetic acidZ
SHr-8k Water (solvent A)$} 0.5% acetic acidE 3= 50% acetonitrile (solvent B)& ol&
Aoz ALgEAT. Al ARME 100% A 708 $ 45%= gradientE F¢] 0.8 mL/ming]
SR F 80zt st ow AE+= 20 uL FAsT AlEe &S UV detector
(MD-2010, Jasco Co., Japan)E& AF&3e] 280 nmoll A Z=AEvh 4o A& T2E4&
% 10 £ 2% maltol, coumaric acid, cinnamic acid, salicylic acid, vanillic acid, syringic acid,

ferulic acid, gentisic acid, caffeic acid = Sigma (USA), hydroxy benzoic acidi= Junsei
(Japan)®] A%< AR&3ith
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HaEdaE edA 5] dAes 2 A E 2 g AE FH3e] n-hexane 10 mLol| =<l
802 methanol 20 mLE 7}3te] 80C #7FE=7A & =

o] FZF&o| n-hexane 10 mL& 73l &= FALEES Xﬂﬂ%}ﬂ Z +8 #@ 80%
methanol $& A% FF7IE ol&ste] &viE ¢Hds] A &

mg/mLe §EZ WE&o < = 045 um membrane filter= 0440}04 B8 AlBE ARE
ST

i

FA 2de] AuMAE 2AE B ¥ X HAE oleic acid(C18:1)E 78%, linoleic acid(C18:2)7}
18% A== A Argat ko] 90% o AR AS & ¢ A3, 53] oleic acid?] vF
of A uEtET). o
stearic  acid(C1&:0),

o palmitic acid(C16:0)E <F 2%, 283l ¥ F palmitoleic acid(C16:1),
~linolenic acid(C18:3, ®3), vy-linolenic acid(C18:3, ®6), gadoleic

L YJATh ol sk A= ©](1988)2] iAol wE 14 FA o A
Ab e AR A3l oleic acid>linoleic acid> palmitic acid>stearic acid <=9 2 ERG
AR Ag & F AT i 400 dERG A3 o] ¢AFEUR Y SriFEURoR
S oA A A2 At AL Aolrb YA &gkt whE 2 AT S
=3 299 A & FE:UH A vaste] E3A 4Rl palmitic acid®t stearic acid7F
ettt 53] Pediococcus pentosaceus LY 011 w2 Wil F=3 099 43
21

=7 F7reklal, ek Skl Wl oleic acid7f FrHd o2 A

a o

e &

CI S

N
N
N
N
o
2

ro,
Ol
S
o
i
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¥ 40. W s B AAEA o XuAE 24 9 gk
Fatty palmitic stearic  pelmitoleic oleic linoleic  y-linoleni  a-linoleni  gadoleic
acid S acid acid aid acid acid ¢ acid ¢ acid acid Total
, C183 (183
(g/100g) Cl60  CI&0  Clgl  CI81  Cl82 C20:1
(06) {03)
control 2.1 03 03 791 179 0.1 0.1 01 | 1000
@}f 21 03 03 792 178 0.1 0.1 01 | 1000
Coflpr:fss KR 21 03 03 789 181 0.1 0.1 01 | 1000
extraction
LYOIl 2.0 03 03 793 178 0.1 0.1 01 | 1000
I%SEZC 20 03 03 794 177 0.1 0.1 01 | 1000
control 2.1 03 03 785 185 0.1 0.1 01 | 1000
%ﬁl 20 03 03 802 169 0.1 0.1 01 | 1000
lvent
Sf Ve; KR 21 04 03 787 182 01 0.1 0.1 | 1000
extraction
LYOIl 2.0 04 03 787 183 0.1 0.1 01 | 1000
I%SEZC 20 03 03 785 186 0.1 0.1 01 | 1000
control 40 05 03 71 177 0.1 0.1 02 | 1000
S“peécfzmal @}f 25 04 03 793 172 0.1 0.1 01 | 1000
Ul
extraction %%1 27 04 03 779 184 0.1 0.1 01 | 1000
(150bar.
Ge) LYo 58 0.7 03 %2 176 0.1 0.1 02 | 1000
%ng 2.1 04 03 792 177 0.1 0.1 01 | 1000
(4) ZZuio| %301/};%—%} 2. 2] phytosterol &4

FEUH wE wgoliEa 2 Y2 phytosterol A® S % campesterol, stigmasterol, £
—sitosterol, sitostanol 54 shek 9 7 HEe e § 413 #u FEWHY uekA
campesterol, stigmasterol, B-sitosterol, sitostanol®] FrFe] T AolE  H Y I  total
phytosterole] 7HY =& F#ES UElY FEUWHLS 297
=, 9FFE o2 YEY

Zyzvol  FEW 2 29 phytosterol TH  AolE A¥ndH vy Zoh

Campesterol®] 4% 4&FZ3 S35 Wyow &

o
ko
tied
9
>
i)
ot
s
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L& 3 od AlagHY T o] AR FUFek Ao = YEYY. Stigmasterol, B-sitosterol,
sitostanol & HAFE GV FE<XUAFE ¥ Toz2 FIIA FUrsAEH, B
—sitosterol ©] 7} ZA F7FsE A S E UEGTH
wra ol w TR Aol E HeleH dAFEI EMFEUH R
FZ3 29L& Lactobacillus gasseri KCTC 3162% &3+ phytosterole] 3hako]
mg/100g, 445.75 mg/100g o= & w52 $ a3 92U phytosterol FFHT} 3
ot

Bacillus subtilis KFRI 1127

s

9.2 2] phytosterol

i

. T
2 x FEUH wh phytosterOH FEAER G AS A oy AagE 2
dAFZ ol =4 E4E & &dstE 548 7HA 7] wiel vE FEURo=

4 Aukd o 22 A& F3X| 2] phytosterol 48 B-sitosterole] 40~60%%= ZAdW|7} 713
=3 campesterol 10~30%, stigmasterol 10~20%, 123l A’-avenastanol®] <F 5% &3akt}
= HusEd, 2 A3 Aux vEIbA E phytosteol kol tha zpoli= UEREOL A
g FEH AdEglel  B-sitosterol  (sitostanol  EE)ol  60% oS AFAISF AL

campesterol 10~20%, stigmasterol 12~18% = fA}sk A3E el
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® 41, FEW o uE HadsEAl A2l phytosterol ¥ F ¥4
mg/100g
campesterol  stigmasterol  B-sitosterol sitostanol Total
control 42.70x0.77 44.18+4.82 45.34+0.26 141.21+£097  273.43
(%) 15.6 16.2 16.6 51.6 100
KFRI 1124  54.21+8.33 41.79+0.30 41.72+£354 146821613 28454
(%) 19.0 14.7 14.7 51.6 100
COMPIess KFRI 1127  49.11+4.86 41.84+6.72 41.37+£1.96 13851+£9.82  270.83
extraction (%) 18.1 154 15.3 51.2 100
LY 011 51.15+4.52 45.46+0.79 46.36£2.97 147.80+£752  290.77
(%) 17.6 15.6 16.0 50.8 100
KCTC 3162  59.41+9.26 49.66+1.24 45.61+0.15 141921811  296.60
(%) 20.0 16.8 154 47.8 100
control 056.09+0.47 55.31+0.89 148.09+7.00 151.90+£10.12  411.39
(%) 13.6 13.4 36.0 37.0 100
KFRI 1124  53.33+6.88 73.716x7.20 164.98+3.17 11357+5.30  405.64
(%) 13.1 18.2 40.7 28.0 100
solvent KFRI 1127  51.75£7.16 60.64+£659  154.83+10.08 151.68+0.57  418.90
extraction (%) 12.4 14.5 36.9 36.2 100
LY 011 02.38+8.61 64.69+11.29 16748+£25.86 155.90+4.31  440.45
(%) 11.9 14.7 38.0 354 100
KCTC 3162  56.95+5.12 54.68+0.23 17677789  158.32+b5.16 44572
(%) 12.8 12.3 394 35.5 100
control 105.59+18.45  116.76x4.08  295.21£1.23 22849+34.19  746.05
(%) 14.2 15.7 395 30.6 100
KFRI 1124  90.35+5.15 156.65+1.46 386.53+10.44 241.04£14.16  874.57
supercritical (%) 10.3 17.9 442 276 100
fluid KFRI 1127 11822+7.82 160.72+24.94 398.91+24.42 305.73+¥17.12  983.58
extraction (%) 12.0 16.3 40.6 31.1 100
(150bar,65 0 LY 011 112778294  12656+12.93  344.43£7.26  272.80%£4.44  856.57
(%) 13.2 14.8 40.2 31.8 100
KCTC 3162 120.82£3.50  140.00+£7.00 39191495 291.65+10.36  944.43
(%) 12.8 14.8 415 309 100
h AFE LEJMNEA Y9 phytosterol F49
A FZE W ow FE3 waoliER 2d9 phytosterol ¥4 Ay ¥ ARvlEIdEL
342, 19 30-349 2o dEFE ¢ ede A LERAY7E AxkEQl phytosterol T &
W& el A 9 Bacillus subtilis KFRI 1127 w2 W33k 2.2 phytosterol $FH=e 270.83

mg/100g o2 WF3HA ¢S thExT 27343 mg/100gH.th

A% sitostanol®] TaFe] A A phytosterol & HIt 50%
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dRFE=e AT AE T Aol AR HAEA S E Bacillus TRV Pediococcus
Lactobacillus = W &A71 299 phytosterol 3$FeFo] ©] =& Aoz eyt E3
Lactobacillus gasseri KCTC 3162 w2 WaAzl 2¢9 phytosterol o] 296.60
mg/100g ©.2 7Hd =4 YER
¥ 42. ¢ FEF HaolaEA 299 phytosterol #4
mg/100g
campesterol stigmasterol B-sitosterol sitostanol Total
control 42.770+0.77 44.18+4.82 45.34+0.26 141.21+0.97 273.43
KFRI 1124 04.21+£8.33 41.79+0.30 41.72+3.54 146.82+16.13 284.54
KFRI 1127 49.11+4.86 41.84+6.72 41.37+1.96 138.51+9.82 270.83
LY 011 01.15+4.52 45.46+0.79 46.36+2.97 147.80+7.52 290.77
KCTC 3162 09.41+9.26 49.66+1.24 45.61+0.15 141.92+18.11 296.60
z TS 33
‘.I; ™ o oY) ”‘\:lﬂl;“! 780 W00 EoTT e
18 30, shERFEE L EolAEA 299 phytosterol graph (Control).
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2.4 9] phytosterol graph (KCTC 3162).

() &r5Z BadaER Y9 phytosterol 4

SmFE WHog FE3 WEdsER 2 Y2 phytosterol ¥4 Ay @ A2vpEIHE
& 43¥% 9 35-39%F Al fEREE W vjwste] 7hd 5449 A2 B-ositosterol 9] FF
ol AA F7Fste] sitostanol I WSSk W =A WERWEIL, campesterol & Al 9] g
thE RS A ZF71skE 43S B9l Total phytosterol 3-8 Bacillus subtilis KFRI

= | T (411.39 mg/100g)H. v} & 40564 mg/100g .= 714
A el o, RS vbR UMK 2 Bacillus T 5.0HE Pediococcus Y Lactobacillus &
9] phytosterol ¥#o] o ¥& Ao=E YEYTH &ulFE 2He A I o]t

ety T waasrt

FEskA vebwed, olEdt Ayt A4bEAS AAEA ] Y F
matrix® A=3}le] phytosterol®] FFaFo] Ao]E HQl Aom FATEHUTE Y F  total

phytosterol $FaFo] 44572 mg/100g o2 7H4 =74 YEehd D323 F5 Lactobacillus gasseri
KCTC 3162 ©] 1t}

¥ 43. $vj5E HaoliEA 299 phytosterol #4
mg/100g
campesterol stigmasterol B-sitosterol sitostanol Total
control 56.09+0.47 59.31+£0.89 148.09+7.00 151.90+£10.12 411.39
KFRI 1124 53.33£6.88 73.76+7.20 164.98+3.17 113.57+5.30 405.64
KFRI 1127 51.75£7.76 60.64+6.59 154.83£10.08 151.68+0.57 418.90
LY 011 52.38+8.61 64.69+11.29 167.48+25.86 155.90+4.31 440.45
KCTC 3162 56.95+5.12 54.68+0.23 175.77+7.89 158.32+5.16 445.72
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¥ M. 2dAFE FaAMNEA 299 phytosterol +4
mg/100g
campesterol stigmasterol B-sitosterol sitostanol Total
control 105.59+18.45 116.76+4.08 295.21£1.23 228.49+34.19 746.05
KFRI 1124 90.35+5.15 156.65+1.46 386.53+10.44 241.04+£14.776 874.57
KFRI 1127 118.22+7.82 160.72+24.94 39891+24.42 305.73+17.12 983.58
LY 011 112.78£2.94 126.56+£12.93 344.43£7.26 272.80+£4.44 856.57
KCTC 3162 120.82+3.50 140.05+7.00 391.91£4.95 291.65+10.36 944.43
0.0 ? ]
0 oo lﬁ: é:
o0 o0 é
: 33 B
L %% 8%
a 50
| 85 J%
)r.u,__.l‘ DJL- S Y ﬁ“‘ 4 ";. 5 52
om s.00 000 1% 00 ”:;:i‘l 2500 30.00 20 |00
a8 40, 2YAFE L EoAEA 2. Y9 phytosterol graph (Control).
-
160 008 = §
% 120 .00 | E
5 E =3 B
w0od | & £ 2%
s g & I
- & Bu
8 |z g8 K s3f 3 £
i f L ALE | M SR8 Yoa g 2
o 10 0 A5 00 M";}Illé] 2500 o000 2500 00
a8 41, 2AAFE HEA4EA 2 d¢ phytosterol graph (KFRI 1124).
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(1) BEQFEA 299 AP 24
1AEA 0 Fo AEARS BN AY FH9
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e iz g
Mol dZEe sEdE 2 o gl QoA Folw etk 4ARE @ oo A
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L,

A2 maltol, vanillic acid+caffeic acid, p

o] FZHHo| uE zolE HYT E3

trans—cinnamic acid = FEWHo|U Ha e #AAGle] RE ABEAA FEHoE HAEH
[e]

NS Folgvh oA HFolsEA Ee] wisARS B8 A3 p-coumaric acid ¥ro] #

acid 9} trans—cinnamic acid, ZJAFZH 3 2

-1
—coumaric acid, trans—cinnamic acid 7} #AZEYH

H i

Al p-coumaric acid 7} EF AEIF A &gd, ol AiEA Y FEEAA AEFH

—coumaric acid %°] 0.069 ng/g o= mFola, W WFH S AlFE Aio|A

A o] 09 Fo HEARLE BY 2EHZoA vehd FEEc 24 ZadteE Aoz
Z 4

Bt A

AT
i)
3
o
o
O
@]
o
:
@}
8.
[N
O
> e
ot
rlo
oy
S
Q.
=
1€
[€5)
.y
o
=y
'

L o
FAFE WHoE FE 2de HedE 4 2ds 1 469 2o R FE =1
+ maltol, p-coumaric acid, ferulic acid, trans-cinnamic acid 7} &% 1t} Maltol®] 7
% Pediococcus pentosaceus LY 011 T2} Lactobacillus gasseri KCTC 3162
S o doll A A2t 0.072 ug/g, 0.054 ng/g © A=HAAL & Aol HEHA Fskh
p-Coumaric acid & WEFo] WE o7l =LA vetwked], WESA @ 2LdoAE A
=5 R 9Skal Bacillus subtilis KFRI 1124, 1127 w2 2383 2ddM= 0.020 ng/g,
Lactobacillus gasseri KCTC 3162 v+ W& 242 0279 ug/g °] A=Y, Pediococcus
pentosaceus LY 011 5 H&E 0dL2 £ FEEJAA HEHE 0448 ng/g FHT =2
0778 ng/g o= =AA S/ Ao w yewd. 5402 g FEUHAA A=A
ferulic acid 4%°] Lactobacillus gasseri KCTC 3162 w5 & Wask o doA] 0.045 ng/g 4
=9 AL F2A8A Y}, Trans—cinnamic acid & W7 293 Bacillus subtilis KFRI 1124,
KFRT 1127 w52 HEF 2de o]l 242k 0070 ng/g, 0.061 ng/g, 0.072 ng/g °l A=Y
o] F  zol7} QAT Lactobacillus  gasseri KCTC 3162 w5+ w&a o099 A
trans—cinnamic acid 7} 0.092 pg/g A=H ol Uz oY} vuwde AE FUFEY A,
Pediococcus pentosaceus LY 011 ¥ @& 242 0141 png/g o2 x4 2AduT F H)
AL F71s FAE By $FFEF 2 Ao A= Pediococcus pentosaceus LY 011 =2

Hag ede] Auds FFel BF = SAHAT

N

H

&2
rlo
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E 45 HFAFE EAAEA 2de AswdE Y
Phenolic compound Fermentation strain
(ug/g) Control B.subtilis B.subtilis  Ppetosaceus  L.gasseri
KFRI 1124 KFRI 1127 LY 011 KCTC 3162
maltol ND" ND ND 0.072 0.054
p~hydroxy benzoic acid ND ND ND ND ND
gentisic acid ND ND ND ND ND
vanillic acid+caffeic acid ND ND ND ND ND
syringic acid ND ND ND ND ND
p-coumaric acid ND 0.020 0.020 0.778 0.279
ferulic acid ND ND ND ND 0.045
salicylic acid ND ND ND ND ND
trans-cinnamic acid 0.070 0.061 0.072 0.141 0.092

Y not detected

FE ody nuste AEFHE AE 9 o] AA w2 Ao=Z yERIY. p-Coumaric
acid © ¢&+F o d3} w7 x =2 B FEIR &2 2T LddAE AFHR &k, 7

Hir
o
Y
o
u
rO
o
1ied
flo

Pediococcus pentosaceus LY 011 =2 T E3 Ao = 0042 ug/g
Atk Trans—cinnamic acid & Wz 299 =H0.009 ng/g)¥ LaAHg 3 oo 3

5 AR ke Blo] DRSSl 2 Aol gle Ao ® YRR

L 2

o
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)=
MRS

¥ 46. §715F(n-hexane) W ENAEA 2 D9 #H=A

i

} Fermentation strain
Phenolic compound

(ng/g) B.subtilis B.subtilis  Ppetosaceus — L.gassert

Control BRI 1124 KFRI 1127 LY 011 KCTC 3162
maltol ND" ND ND ND ND
p~hydroxy benzoic acid ND ND ND ND ND
gentisic acid ND ND ND ND ND
vanillic acid+caffeic acid ND ND ND ND ND
syringic acid ND ND ND ND ND
p-coumaric acid ND 0.025 0.018 0.042 0.022
ferulic acid ND ND ND ND ND
salicylic acid ND ND ND ND ND
trans-cinnamic acid 0.009 0.010 0.013 0.013 0.012

Y not detected

~ T =
< FFFEN EFE 3 oYy} vaste] BE
S7heE e gRleaid. 53] LR ol wEka 1 grEeatelrl 24 yekst=dl, Bacillus
subtilis KFRI 1127 vF¢} Lactobacillus gasseri KCTC 3162 ¢ =
AA F7Val9 k. Bacillus subtilis KFRI 1127 #52 283 Y2l 4% maltol 0.228 ng/g,
vanillic acid+caffeic acid 0.267 ug/g, p—coumaric acid 2.249 pg/g, trans—cinnamic acid 0.287
ug/g ©ol HEY 3L, Lactobacillus gasseri KCTC 3162 = wa3sk 2<d2 7% maltol

2 0Ed 2 Fol

AL

0.227 ug/g, vanillic acid+caffeic acid 0.411 pg/g, p-coumaric acid 1.311 pg/g, trans-cinnamic
acid 0.236 ug/g &2 YElJtl F 75 25 p-coumaric acid & 717} F=EHA A YERY

T FEEAAN HER FHEURE 27 F7FESl A, maltol®] R tixgt9F v]arske] 4w
ol = A YElstt). Vanillic acid+caffeic acid 9A] &7 249 #knvt =4 F713i=4),

Lactobacillus gasseri KCTC 3162 2 W& 3 o AoA txzFHU 64 o] =& s K
AT} Bacillus subtilis KFRI 1124 #52 w383 29 maltol 0.057 pg/g, vanillic
acid+caffeic acid 0.066 ng/g, p-coumaric acid 0.219 pg/g, trans—cinnamic acid 0.056 ug/g ©
2 WgEr %2 Y] maltol 0.052 pg/g, vanillic acid+caffeic acid 0.062 ug/g,
trans—cinnamic acid 0.118 ng/g 2.2 A=Y A} vuslo] W =AY ofF A Adh= AIEFS

G}, Pediococcus pentosaceus LY 011 = W &3 U2 maltol 0.117 ug/g, vanillic

d

acid+caffeic acid 0.125 pg/g, p-coumaric acid 0.094 ug/g, trans—cinnamic acid 0.182 ug/g ©]
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HAEH AR Z x4 LY¥teE F7tehes 488 B9 e p-coumaric acid & &
=]
=

F A 7o ulskel A1 B e melvl.

Qo] AP BA

ko

E A7 2YAFE LRAAEA

} Fermentation strain
Phenolic compound

(ug/e) Contral B.subtilis  B.subtilis  Ppentosaceus  L.gasserti

KFRI 1124 KFRI 1127 LY 011 KCTC 3162
maltol 0.052 0.057 0.228 0.117 0.227
p~hydroxy benzoic acid NDV ND ND ND ND
gentisic acid ND ND ND ND ND
vanillic acid+caffeic acid 0.062 0.066 0.267 0.125 0.411
syringic acid ND ND ND ND ND
p-coumaric acid ND 0.219 2.249 0.094 1.311
ferulic acid ND ND ND ND ND
salicylic acid ND ND ND ND ND
trans-cinnamic acid 0.118 0.056 0.287 0.182 0.236

Y not detected
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(1) datd BAAEANA L AExBEE B depd Al v 9T

AL R FZyek Ay, dstxAe Al U] Tom A doew oF sh mpze]
AAgE Fa) o] Q1 VAT AR A A Wepds A A 7]= melanocytes7t E A ghet ¥
-9 e F=Z melanind 9]3te] 2™ melanin®] A4S Welbd AHAEZ Y melanosome
oA o] o}, AlzxH 7o) MEJMNFALY AE7F mouse Y dEbd A MEQ
melan-a Al EFol|A Axe] AEE&I dHipd B wA= d3dFS SAH}] 98 10%
fetal bovine serum I 19 penicillin-streptomycin, 200 nM¢e] phorbol-12 myristate
13-acetate 7} ¥ RPMI 1640 #]X|= 37T, 5% CO, ZZo| A #j%ste EtOH:H0 = 64
fofo] mol zZhzhe] WMEAEA 0Y FEE AREE 1 ug/ml, 10 ug/mL, 100 ug/mLY *
T2 3 947 HYEAY. Ax AEELS HiX A 5 PBS®E washingdltal well 9 crystal
violet (CV 0.196, 10% EtOH, Y™ X PBS)E 200 uL #7}sle] 5 31 A9 A incubationdt
5 EtOH 1 mLE #H7}elar Ao A 10 #7F shaking?d % 590 nmol A UV E4E2E =43}
o ZAAstArt wek depd AR wjA] A A —? PBSZ Aﬂﬂﬁ}i well & 1 N NaOH 1

mLE 718le] dWeidg =91 & 400 nmolA] UV T2 =33 44359 q
u, A 4 oa g

(1) dapd A ENA o AZAAEE 2 depd gAol vjA = 43
obAl 12 Aol HAE melan-a AlEolA Q4kEA o de] Hed A oA
FA U

Al
Adg 7vtez g AdiEA
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(3 =84 BeRIHED

AEA 09 W7k =dAel Y A 5w %7}% AAZAGA, B type), BAE =84
A A ARE BEE, W @7 Agstel 47 Sy 25 AN F AARES a9
T Eiﬂl*&% e so] Wi @
SRR Av AwHon WAty =gl
WAy sdlgel HE g o, FFH 5% A8t A7 677, 6.9@, T2ge AR
A% 594, 6.77, 678X} =4 YEH =

oZ
o

Welsd, Ay grree webs o 23E Bt

A GEF AR, QAT AE 05% Wol Axd AA=HA Ad tid VEx "t 733
o2 72xe e WA =AdRT 25 =7 "7MET T =90 AlEe dubEql
715w FUHEE 6567 o2 Aumst W R ek $80] & Ao AZHAL,
AMAZw G ol I Ak 2w WA dEbd ol ek Heko] oW AoR AR
= Lot

352 =l =EA VIR WU e )

o ot 7%
AA=HY A 5.9+0.74" 6.7+0.67° 6.7+0.67*
Al =4 B 6.2+1.55" 6.7+0.95 6.9£0.99*
AR = A 6.7£2.21° 6.9+2.13" 7.242.04*

Y All values are expressed as MeantSD triplicate determinations. Means with the same alphabet in

each column are not significantly different at p<0.05 using Duncan’s multiple range test

53 U =dd 7lsx ErF A

o ut 7|E
ANA=GA A 5.7+0.95" 7.3+0.95" 7.3+1.06
ANAZHA B 5.9+1.29 6.8+1.03* 7.0£0.94*
Hha}e) = ) A 7.1+1.60% 7.4+1.26% 7.941.48*

Y All values are expressed as MeantSD triplicate determinations. Means with the same alphabet in

each column are not significantly different at p<0.05 using Duncan’s multiple range test
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A9 A JNAFAL HEALHE AE BEAE 8 44 AT Vs

Aol AFRE AFAE T2 AAN TS, A5, 53, ) Awe AT
kaL, A AE(GS—4, -5, -6)oll whE FA= T A4 Aol A 2012 7ol mE -9l E)
of dx & Add Apgstd o, YeHEH(KG), 55 (CG), vF(AG) "2 FHlste] A3t

2 24 98 98 Thin layer chromatography (TLC): silica gel 60 F254 (Art. 5715,
Merck Co., Germany)& AH& 3lH, &2 #gE 98 column chromatography + silica gel
(No. 7734; Merck Co., Germany)s AF&3}% T HPLCO| AF&3tE Water®l acetonitrile-

HPLC gradeo. & -mjdlo] A}&8F3 )

ri

Au] Am FFE, Yl wgE ZZbe] A4 FAE EA4UIE BEsie EES 200 g¥

#H3alo] 100% ethanol 500 mLZ 80TColA 33 W& 57 FH3t}. FHEHES 40T A

o)

ARsE=72 w530 FEELS methanold} &= &34 7 045 pm millipore filter= o 3} 3k
S HPLCel T8t #A3AY. #5:=22 Lupeol, Stigmasterol, B-sitosterol 13l

squalene = 3t} Ex}9] EtOH FEEo| Ude HPLC M%7 (% 55 o uwzt

Phytosterol-2 ¥4 33t}

(3) HPLC &2

HPLC chromatogram< Waters 2489 UV/VIS detector (Miami, USA)7} #&¥ Waters
1525 Binary HPLC Pump (Miami, USA)E AH&3k3le™, phytosterol #41& 918 AR&E
HPLC =7 (3& 55)¢l whe} #2413kt
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i 55, Determination of sterol constituents by HPLC

Waters 1525 Binary HPLC Pump (Miami, USA)

HPLC Waters 2489 UV/VIS  detector (Miami, USA).
SunFire C-18 stainless steel column (2.1 mm x 50 mm, 5
Column um thickness)
Wavelength 210 m
Temperature 30 C
Solvent A : MeOH
Solvent Solvent B : ACN
Flowrate 1 mL/min
0 min 309 A : 70% B
20 min 30% A : 70% B
. .. 30 min 0% A : 100% B
Gradient condition A0 min 0% A : 100% B
45 min 30% A : 70% B
50 min 30% A : 70% B

(1) A=d2eE AF vud+

Lupeol, stigmasterol, B-sitosterol and squalene®] t3d+ standard calibration curves=
wavelength 210 nmeoll &<1g =7} AACHE 56, L8 55). Lupeols A5 Aol qivta
a7 9l o™ (Geetha and Varalakshmi, 2001), Stigmasterol< 4Fst 344 gapiks)t
a3 AEggel gEAdo] gdvta M iaHE3 vk (Panda et al, 2009; Jamaluddin et al., 1994).
B-sitosterole &9 S, &, WAWg T3 A EARA] Aol vt ¢y A 2l e (Bouic,
2002), squalenes: #Absl et FElAHE A W s @Ado] dvkal HaH

2l th(Martinez—Correa et al., 2010; Smith, 2000).

3 56. Linearity of standard curves of Lupeol, Stigmasterol, B-Sitosterol and Squalene

Compound tr Calibration equation” Correlation factor, T
Lupeol 14.0 Y = 2539X + 20.301 0.9997

Stigmasterol  17.1 Y = 1037.7X + 29.186 0.9992

B-Sitosterol 195 Y = 1047.1X + 17.006 0.9993
Squalene 24.0 Y = 180227X - 75.779 0.9997

Y = peak area, X = concentration of standards (mg/mL)

b 42 = correlation coefficient for three data points in the calibration curves (n = 3)
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Squalene

19l 55, HPLC chromatograms of the Lupeol, Stigmasterol, Beta-sitosterol, and

from the seeds of panax ginseng.
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(2) AaFAe] A A5

3 57elAM e

et

=

£ phytosterol A& H]

24 A

Aol

WA
w2 HPLC At

Stigmasterol, B-sitosterol ZL¥] il squalene? §raFe GS-3°|A 713 wo] o

=M Lupeol,

1} 0.9 ol A=
a2 T

i 57. The sterol contents in seed of Panax ginseng cultivated in the various cultivation

yvears by HPLC

Content (ug/g)

Sample
Lupeol Stigmasterol B-Sitosterol Squalene Total
GS-3 0.10625 + 0.05570 =+ 0.12383 * 0.00490 + 0.29068 =+
0.00962 0.00416 0.00525 0.00069 0.01972
GS-4 0.038&88 + 0.03112 =+ 0.00895 =+ 0.00362 =+ 0.13257 *
0.00235 0.00250 0.00297 0.00033 0.00815
GS-5 0.08497 = 0.03638 * 0.08220 * 0.00026 * 0.20381 *
0.00387 0.00314 0.00730 0.00001 0.01432

Data are represented as the mean + S.D. (n = 3) in mg/g of the dried samples

(3) Q1aF Ex}9o] FEo| 3l phytosterold] A¥ v A

& 58l uERd S14

FA9 EF

oA 7 w2

1wl ek g & 4 k.

wE HPLC 2}l

wow squalene®| a2 ol A

Fagol v

w2 Lupeol, Stigmasterol,

i 58. The sterol contents in seed of Panax ginseng cultivated in the various varieties by

HPLC
Content (ng/g)
Sample
Lupeol Stigmasterol B-Sitosterol Squalene Total
A2 0.05497 = 0.03933 =+ 0.03909 =+ 0.00231 * 0.13570 =+
0.00551 0.00273 0.00243 0.00034 0.01101
ol 0.060443 + 0.03475 = ~ 0.00022 =+ 0.09940 =
= 0.00453 0.00365 0.00002 0.00820
-5z 0.00050 * 0.04630 * 0.03587 =+ 0.00310 = 0.13577 *
v 0.00456 0.00226 0.00356 0.00022 0.01060
BES 0.10502 + 0.05344 =+ 0.09353 * 0.00009 * 0.25208 *
= 0.00676 0.00374 0.00381 0.00001 0.01441

Data are represented as the mean + S.D. (n = 3) in mg/g of the dried samples
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(4) A4+ ##e] yed Phytosterol®] A& wjm o+

¥ 599 yEeRd A Ex] Y] wE HPLC Ao w2 Lupeol, squalene,
B-sitosterol o] SFaFe T EA A U1 we draFol yEl o™ Stigmasterol®] $FEFS-
gl A 7S ol UEHEe ¢ 7 AT

i 59. The sterol contents in seed of Panax ginseng cultivated in the various countries by
HPLC

Content (ug/g)

Sample
Lupeol Stigmasterol B-Sitosterol Squalene Total
KGSY 0.10102 =+ 0.04347 + 0.09115 + _ 0.23564 +
0.00266 0.00242 0.00834 0.01342
CGS 0.14151 + 0.10594 =+ 0.09541 + 0.00017 * 0.34172 +
0.01032 0.00957 0.00754 0.00001 0.27440
AGS _ 0.21330 * 0.03246 * _ 0.24576 +
0.01451 0.00330 0.01781

Data are represented as the mean + S.D. (n = 3) in mg/g of the dried samples
Y KGS: Korean ginseng seed

CGS: Chinese ginseng seed

AGS: American ginseng seed
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