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< SUMMARY >

| EAES D-02

Purpose&
Contents

Development of export purpose beverage for immunity enhancement using the enzyme
treatments of sea swallow nest(SSN) and fermentations of red ginseng.

- Antioxidant activity effect of the enzyme treatments of SSN and ferments of red
ginseng.

- Effect on immunity activity enhancement of the enzyme treatments of SSN.

- Fermentation condition of red ginseng and effect on immunity activity enhancement
of ferments.

- Acquisition the data for ginsenoside of fermented red ginseng main component and

sialic acid of enzyme treated SSN main component.

Results

- Development of prototype beverage for the purpose of export to Vietnam : export
purpose beverage to enhance the immunity activity and the antioxidant
characteristics based on enzyme treatments of SSN and ferments of red ginseng as
main material (beverage preparation and formulation through sensory evaluation of
the natives and Vietnam students in Korea).

- Deposition of isolated lactic acid bacteria : identify the optimized strain for
fermentation of red ginseng and then deposit to official recognition deposition
institution for patent application.(International deposition authority : KCTC
13411BP).

- Manual development and providing : manual to product beverage using this results
to participation company.

- Patent application : related technologies to product beverage using this results as
to prduct enzyme treatments of SSN and ferments of red ginseng, etc. (Patent
application No. :10-2017-0184744, Patent application title : Complex fermentation
composition of sea swallow bird's nest enzyme hydrolysates and red ginseng using
novel Lactobacillus plantarum strain DU.LAB.HO1 and manufacturing method
thereof).

Expected
Contribution

- Expectation the export to Vietnam it after development of beverage combined the
fermented red ginseng and enzyme treated SSN.

- Collaboration launching with domestic major companies, stores at major market and
sales

- Co-ownership and related subsequent research of technology through MOU with
[PTC public enterprise of Vietnam

- Technology development to improve the digestibility of sialic acid and ginsenoside

Keywords

) Sea swallow Immunity
Red ginseng Enzyme o Beverage
nest(SSN) activity
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[ el A1 d=
]

- A AAMY Ay Edss n¥s FoR sl ABVSYAF U FoE
A&Aow Frhsa Q.
- W@ Al A 500 e AE S A 13 AEsk AEd don Fa

719 2 2+ Royal Numico, GNC, Herbal life, NBTY, Wyeth 5°] 2t}
- Kellog, Heinz, Quaker, Unilever, Dupont, Novartis, Abbott laboratories, Glaxo
smith kline 52 2&F3AF D A kA7 AEstE 2 4US Hola Qi)

() S8 A TR

(29 94
- & A Y AR (20149) o Al ZTFE(20154)
AA AFTE 50,967 53,057
) AT 15,535 16,312
“Global supplement & nutrition industry report”, NBI, 2
ArE A "Global nutraceutical industry”, frost and surlivan, 2010
"7 A E Tl AL, 2ok, 2012
9Ed 4y 75448 ABdEE
METR2(Emil) S48
5450,000 0,00%
S4010,000 3.00%
350,000 _LW/_,A-’_.M &.00%
£300,000 T
6.00%
£250,000
5.00%
$300,000
1.00%
$150,000 (-
S100,000 1.00%
550,000 Fo1.00%
] n.00%
2000 2001 2002 2005 2004 2005 2006 2007 2008 2009= 2010= 201le 2012e 201%= 201im
B Cale s —M— Growth

A : NB](Nutrition Business Journal), 2010
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H Ao AFEE AW HEL 201699 HIEWOA FUE AS @xd s oA AT
Hhol Ao ALgston, TS A (dstsisE9d, 60 °Brix, 4 100% (63 =
Ab Bk Ab=6:4)S (F)A1- 39 @ o] A (ShinWoo Co., Ltd, Anyang Korea)ol| A
dg Ao ® 4T YR AstAAM AHEsHA

| AF&gt A AlmE diTet AAA] B 7 2 A HA T
A FS FAse ARZ AMEAoH, 7 A AAAS PAASFHFEZ 10!
Bl .004% Bromocresol purple(BCP)7} H7F¥l MRS agar HjA <l

E4 22l colony

jic)
ol
ol
k=l
w
@)
2 o

| 24A17F vleF & YEld 5-HE colony &
= &5 B3 = 293 542 MRS agar plateo] HEsko] 37TColl A 244 7+
4 %

B-Glucosidase 84 #F A

B-glucosidase &4 & %%-'E e A
1.8%, ferric citrate 0.1%, agar 2%)% V< Fo] esculin®] % esculin agar Hj Aol
T2 HEste] A Welel Az wsls A2tk Esculine B-glucosidase©] 2]
3] glucose 9 esculin® @ #8 %™ esculine ferric ammonium citrate®} HF-S-3}o
colony 9l black complexE HAsHAl Frh(Fig 1). wWEkA colony Tl black
complexE A slE= T2 B-glucosidase FA S 74 = 52 Adsty

3] esculin agar(esculin 0.196, peptones

S

1t

o
L

o

&

[«

r

HO -
Esculin

( LY
O e L

Ho oH A ,f-j--.‘ ,.-1._\
e b - s

l B-glucosidase

—i
> V‘} -C) + S e

HOs l
> \ HO™ ~F o g

Hch CH

B-glucose esculetin

Fig 1. Decomposition of esculin into B—glucose and esculetin by B-glucosidase.
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B-Glucosidase &4 =A% 1% CMC(carboxymethyl cellulose)”} #7Fg MRS Hj =]
of 12A13F Mkt w55 FFsko] 37CoA 2443 v 5, wjgeds 4Tl 5000
mmez 1583 ARSI AXE AAS, A5 05 mlE FHe 1 mle 5 mM
p-NPG €7 &gt & 37ColA 3027 RESAI AT w2 1 ml9] IM NaxCOs&
NS Hbste] wb&S FAA171aL, A4 ¥ p-NP(p-nitrophenol) 405 nmel A F3%=&5 =
gt & p-NPe HAHFHAES o] &3t =& kst

AddFo G7I4E8ENH ATER
Akt 9] 16S rRNA genes sequencings &3Fo] #4319 2™, NCBI data baseZE

o] g3le] BEl®l 75 type strain® similarity(%)& g1,

HgEEs A3

welE T UlgEAd2 MRS dAw Ao 0.3% bile extractS #H7bstal, & E o
TES 2%% HEoto 37TColA 244 widston, Mkds = BCP gk uf = o A
AE5LE S8

WA Al

welg wFe) WAy Age IN HOIE SR+l 843te] MRS 44 broth (oH 1,
2, 3, V& FHIsHaL % 10" CFU/ml %o &

37C MRS brotholl Al 24413+ v ¢
]_

HEste] 37CAA 347 Bk vjeFaha, BCP @AM ANA AR5 S5

T4 w39 fA%E PE

9 AR fare A4S 2] 98 5% FA sEAL 5% FAb BEel 3F
$HAL 1% Arhstel FA-0E ERRS AWGow Agetglon], 85TA 3081
Mt F, 12403 AN FFE 3% HF F TTAN 1297 wR

pH % A= w3

pH*= pH meter(Metter Toledo Group, Switzerland) S A}g3td o, A4 EE= 0.1 N
NaOH& o2 pH 830 = 3} AA3e] AHlE 01 N NaOHE < lactic acid $H#
(%)% 2H1ks it

A =ALol = FHF W8

AN w=Artole e Alg gHS 045 pm membrane filter®= o338 3 Alliance
e2695 HPLC System (Waters Co., Milford, MA, USA)Z &A1&ttt ojwe] HPLCY
B2 Table 19 YEMHAT. EFF2 ginsenoside Rgl, Re, Rbl, Rd, Rg3,
Compound-K(ChromaDex Co., Irvine, CA, USA)S o] &3le] HF AHFHS A &
7z 7o) geks ALket
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Table 1. Operating conditions of HPLC for the analysis of gallic acid

Instrument Conditions
XBridge™ C18 column
Column ) .
(150 x 46 mm ILd., particle size 5 pm)
Mobile phase A Water
Mobile phase B Acetonitrile
Flow rate 1.0 ml/min
. . Profile
Time (min) A B
0 80 20
5 80 20
20 77 23
. 25 70 30
[0
Gradient(%) 20 60 10
35 50 50
60 15 85
62 15 85
65 80 20
70 80 20
Injection volume 10 pl
Oven temperature 30C
Detection PDA 203 nm

ANA AR &

Ao Alg3E dwmlAE R F42E  Alcalase 24 L(Novozyme, Bagsvaerd,
Denmark), Flavourzyme 500 MG(Novozyme), Neutrase 0.8 L(Novozyme),
Protamex(Novozyme)E AFE3lSth A g A&t 7teis] 49 HAE9 pHE
Alcalase 2.4 L(60C, pH 7.0), Flavourzyme 500 MG(0C, pH 7.0), Neutrase 0.8 L(507C,
pH 6.5), Protamex(50C, pH 6.0)°] %1t}

TA RS FHFT 100mel] EAEAIZL 5 90Tl A 303 dAe 5 Yzet

QLN "]6
ATk BAaAYE AT ZaY Fe 71 Y] 20%E stloen, T
3 e

= G HAH L pHAA 90+ &< Atk Agrt 83 A aaA T2
85TCNA 1513 €A st 45 BdAsstn dAFEE o) &ste] e s &
Fsds FHAste] sialic acid &% S48 AEE AMESAT
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Sialic acid &% &4

Sialic acid 3EHYe Alg gAS 8 mM 1,2-diamino-4,5-methylenedioxybenzene
dihydrochloride (DMB), 1.5 M acetic acid, 14 mM sodium hydrosulfite and 0.8 M £
-mercaptoethanol) reagentE® &3 § 80T <] heater blockollA 60% ®WHs & Ao=
Wzrsle] 0.45 pm membrane filter® o33k 3 Alliance 2695 HPLC System (Waters
Co., Milford, MA, USA)Z #A3dth. #4272 Table 20 YEMYATL ZF=EF2
sialic acid(Sigma Chemical Co.)& ©°]-&3dle] BT AHFAES A & 779 &3S A

et

Table 2. Operating conditions of HPLC for the analysis of sialic acid

Instrument Conditions
Venusil XBP C18

Column . )

(250 x 4.6 mm Ld., particle size 5 pm)
Mobile phase Water : Methanol : Acetonitrile = 85 : 7 : 8 (v/v/V)
Flow rate 0.9 ml/min

Injection volume 10 ul

Oven temperature 33T

Aexc = 373 nm, Aem = 448 nm, gain 1, attenuation 64,

Detector
response bs

Avigel  aaxxdgzds HAgsrl 9t wEg WA Y (repose  surface
methodology, RSM)”& o] &3ttt & el xS A3 4 g ¥ (Central Composite
Design, CCD)?& ¢]&3}e] EAEE(7~23%), WSS %(40~60TC) 2 ¥H-8-A17H90~210
min)e] HYAE HAASAT FHHTEA T42FEX, %), 22X, T) 2 73 A
ZHXs, min)S AAs 2EHEAFE G488 3 YA E sialic acid(Ysa, mg/100 g)&2 A
Aot AFS AASFor Table 33 49 YepWTh =3 g4 7o AvH =
/\—‘T'—?‘SH%Q sialic acid &l v A= IS e RA2E vlE o= Mathematica

[e}
program”& o] &3t 429 WS uHEAM o2 FA e

Table 3. Experimental design of enzyme hydrolysis condition for bird’s(Sea swallow)

nest
Parameter -2 -1 0 1 2
X; E/S (%) 7 11 15 19 23
X5 Temp.(TC) 40 45 50 55 60
X3 Time (minutes) 90 120 150 180 210
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Table 4. Central composite design for the optimization of hydrolysis condition for

bird’s(Sea swallow) nest

Hydrolysis condition

Experiment
number” E/S (%) Temp.(T) Time (minutes)
1 19 95 180
2 19 55 120
3 19 45 180
4 19 45 120
5 11 95 180
6 11 55 120
7 11 45 180
8 11 45 120
9 15 50 150
10 15 50 150
11 15 50 150
12 15 50 150
13 15 50 150
14 15 50 150
15 23 50 150
16 7 50 150
17 15 60 150
18 15 40 150
19 15 50 180
20 15 50 90

UThe number of experimental condition by central composite design.
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FHe] FAadaxds HAS 7] st FAFA
central composite design)ell w2} Table 59 Z& HFAI X)) FF5=d H
7 sEX)E F—?a‘ﬂ“’?i AAs 2 (response surface methodology,
RSM)!Vell o]3te] AA3 137}4) Hazx7 FHE g } A tH(Table 6). 2t &
SR ol gk 3 ‘j'o”q/“g ol HrE H
S P wax7el FAAd g3 9= SAS(Statlstlcal Analysis System)
programs AHESEA T SAFAAA A = T
s=q H7 T2(0~2%, Xo)olH AdATLe -2 71 0, 1, 2 g4 ‘4741i -3} 5} 5} o

&

Aeze Jehith H3 Haxdas #dy FH5EA5Y)eE2EE A8 %, pH, 2tE, X
AiAbol= ek Bl f7)ak o & Zhz JER Sl

Table 5. Experimental design of fermentation conditions for red ginseng extract

Parameter -2 -1 0 1 2
X, Time (day) 4 8 12 16 20
Xz Sub material 0.0 05 1.0 15 2.0

concentration (%)

Table 6. Central composite design for the optimization of lactic acid bacteria

fermentation condition for red ginseng extract

Fermentation conditions

Exp. No" ] ) .
Time (day) Sub material concentration (%)
1 16 1.5
2 16 0.5
3 8 15
4 8 0.5
5 12 1.0
6 12 1.0
7 12 1.0
8 12 1.0
9 12 1.0
10 20 1.0
11 4 1.0
12 12 2.0
13 12 0.0

YThe number of experimental condition by central composite design.
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IR

5% TAtEEAS 712 X ZE st AgA g wet JFEHA(62 °brix) HI7MEFS
g2 3le], MRS broth HiX| 12A17F AujSd HF:EZHH FAF  Lactobacillus
plantarum DU. LAB. HO1S F o & 3o 3% HF T HaAS EEste] 2asty
=

2

A&%=, pH B 2
fakite] A
Kol

= %3

=3 Spectrophotometer(Optizen 2120UV, Mecasys co., Ltd., Korea)=
660nmell Al &% Attt pH= pH meter(Metter Toledo Group, Switzerland)E
Ar&ste], HA + 01 N NaOH&Ho =2 pH 83°= 3 HAse]l Auvld 01 N
NaOHE 45 lactic acid 33 (%) o2 32131

Mo e
Jm

L
-
j
~1-
5

714 B8 98] AlEE 045 pm membrane filter2 o] 348t HPLCZ #4819t}
F712F BAZAL AminexHPX-87H(75%300 mm, 9 pm, BIO-RAD Laboratories,
USA)E AFE3Fe] 5 mM sulfuric acidE % 06 ml/min® 722 PDA 214 nmolA
2. e ZFE 4L Sigma-Aldrich Co.(St, Louis, MO, USA) A Fo 2 AL4

H=A stg= 32 Folin-Denis ‘?.jwoﬂ o3 )l MAEsGTE AlE 1 ml
o phenol reagent 1 mlE 7}sle] 3w3F A & 10% NaxCOs; 1 mlE &§3sta 1A]7F
Ao wAEe] 700 nmolA FREE SASAT FEFAL gallic acid §9o=

2H7d 8l .

DPPH &Y d &A%

A8 AARE %L a,a'-diphenyl-B-pycrylhydrazyl (DPPH)™®& Ab&3 oz =
A3ttt =, DPPH A 9F 12 mgS absolute ethanol 100 mlol] £33 & 50% ethanol
g Hlete] DPPH 919 F3E2 517 nmol A o 1002 z4a F %9 05
mlel DPPH &9 5 ml& &33a}o] %‘—%u% Attt

A E H) g
= Ao AREE A AEZEFQ] RAW 264.7(KTCC No. 40071) A3E<} TAHIEZFQ0 Molt-
A(KTCC No. 21582) A= st A 72 (KTCC, Seoul, Korea)oll Al &4Futol AR5
t}. RAW 2647 A= DMEM wjx]o 10% FBS¢} 1% penicillin/streptomycin = 3 7}3
Rb= A& AREske] 37T, 5% CO, 2xolM wiFskltt. B3k Molt-4 A= 10% FBS
¢} 19 penicillin/streptomycing $H+3F RPMI 1640 WX & o]&3sle] 37T, 5% CO.= %
A incubatorol A B &kl eH?.
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g gt Au R 7hgERElEo] RAW 2647 AlEe YellE AEXs5A §2 a9E
ol 7] 9t 7 AR AEH5AHS MTT assays &3l 54
(1 x 10* cells/wel)E 96-well plated] 100 pl® EF8a 24A7F Sk A3 271 5
g sy Auy heRdlEs wE™(25, 50, 100 pg/mh=E A glste] 37T, 5% CO, i
ncubatoroll A 24A17F vkl Bl & 5 mg/ml =2 MTT A eFS 20 pl® H7lste]
2A17F F7befEstar MTT Aok A AT 2 3 ZF wellel]l dimethyl sulfoxide(DMSO)
=2 H7bsle] AAE formazang 59 ©]= Microplate reader(BioTek Etx 800-PC, Winoo
ski, VT, USA)E ©]&3te] 540 nmollA FFEE S4eAh LS gzt g A
g FEE HE NEEE FAISH ALts

ol
22
=

Sl
=

2
DN
[@p
NG
N
=

THAE 52

s Auy Tt TAHXEA e S245S syl $18te] Molt-4
AZE 96-well plateo] 1 x 10? cells/well 5%
(Con A) Hpg/mlet Ta AN Any 7Fris=S 25 50, 100 ng/ml= 7+7F A2 &
T 96A17F v Fste] MTT assaysS AAsHETH vlY 3 5 mg/ml 552 MTTE Y1
2S zpekst AEoA] 4A]3F 59k 37T incubatoroll A ¥E-EA1Z1 & DMSOE H4 ¥ forma

Mo
N
o
=
BN
M
o

= concanvalin A

e Skl 510 el SAEE SATG, AT 5L An 9 5ee]

2 9o gxze FRE o A o et

Nitric oxide(NO) B4 %F &4
Griess HHS198 o] & 31o] wjckol o] EA|5tE nitrite 35S =434t RAW 264,
7 NEE DMEM HIAE o] &35l 25 x 10° cells/mlY TEZ 96-well plated] & Z3s}
, 5% CO incubator (MCO-15AC, Sanyo, Japan)l /\120/\]{} A st AlE 1
pg/mle] LPSe} g ’%%%ﬁﬁr A7l es 28 s 2 Agsto] 2443wl
GtA ). wjgde] AFAS A T AZAT griess A 2F(1% sulfanilamide + 0.1% n
aphthylendiamine dihydrochloride, 1:1)= A9 4 10&37F ¥F-$-A] 7] 31, microplate reader
(Model 550)& ©]&3ato] 540 nmolA F33%=E SASHAT AX wjdFd il NO9 s+

sodium nitrite (NaNO»)9] =5 ZTF23H 37 vl st A=381

Cytokine A =

Cytokine?! TNF-a, IL-2, IL-6, IL-10¢] A% =472 RAW 2647 AES 96-well
plated]l 25 x 10° cells/mle] TE2 B3 2447 5 7 A8 S S22 gl 244
o] AL o]g3te] ELISA kit(Komabiotech Inc., Seoul, Korea)E ©]
o}

=
He GdAdZFE2E A7 - E micro plateE Al FH 3 & ABEE
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N:
r

go s Aeoa] ¥reAlZl & A F¥E washing solutionO & A &t} o]o] thEF
24 dAE do] 479 cytokineS plated] F-FAIZI & Ao HESA]T| I Al ZH T
wa

Z=A3slaA} = cytokine®] conjugate £NME P WEEA AT HES A1
shing solution® 2 TtHA] A& 3}al color development reagent@ 2 -of A

} A
stop solutiong 2ol WARESS AR A7]AL 450 nmoll A F3FE=E SASHA T

4. 2% 2 13

TIHFOEZRY FAE £
=
o

MR A 2 A SH A R 2 A ARE HaSFTE o83t 100
1-10° o2 34 3}01 MRS agar plateoﬂ ‘:“Lﬁ}‘# 37TCol A wjgst & 2] Z7], A
= } g =

Fig. 2. Screening of lactic acid bacteria on MRS medium from fermentation food

B-glucosidase &4 T F Screening

B-glucosidase+= esculin® beta—glucose% Asta olw] AAE esculetine] wiA] U
o] 19 ferric ammonium citrate®} WF-&-3Fe] plate 2] colony Tl black complexs

HAstA @, BFEAEqA e FATFFES esculin agarg o] §dto] wgS A
Alg Zcolony FWoll black complexE #A% #FE B-glucosidase &4 TF= 5
sttt BEgd #F 165 &, 12594 colony FWel black circles #Adte] B
~glucosidase &/d°ld+= Aoz YETH(Fig. 3).

N
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Fig. 3. Esculin agar to screening lactic acid bacteria producing G-glucosidase

activity.

28 F47F2 B-glucosidase 845 =3

Esculin agarE ©|&3lo] colony FWol| black complexE ¥4 oo wat B
~glucosidase &4 < &218 #FZ in vitro Holl wel &3t gA2d4Pe gr =435}
Atk 1 A= Table 7014 ¥i= #\ke} o] DU. LAB. HOl 1336 U/ml, DU. LAB.
H16 11.56 U/ml, DU. LAB. H05 10.04 U/ml, DU. LAB. H13 991 U/ml 2% 16 ¥
T =2 84S B29om, 1 % LAB DU. LAB. HOl°] 7Hg =& &4 vebi.

Table 7. G-Glucosidase activity of screening lactic acid bacteria

Sample Activity(U/mL)
DU. LAB. HO1 13.36£1.73
DU. LAB. HO02 0.61+0.05
DU. LAB. HO3 1.12+0.13
DU. LAB. H04 5.99+1.46
DU. LAB. H05 10.04+2.71
DU. LAB. H06 9.82+1.89
DU. LAB. HO7 5.44+0.66
DU. LAB. HO8 3.82+0.51
DU. LAB. H09 0.33+0.02
DU. LAB. HI10 6.70+0.67
DU. LAB. H11 6.24+0.99
DU. LAB. H12 6.11+1.40
DU. LAB. H13 9.91+1.39
DU. LAB. H14 4.36£0.96
DU. LAB. H15 0.10£0.01
DU. LAB. H16 11.56+1.19
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B-glucosidase &A@ F9 H7IANEEA T ATEF

HE Held 77 T B-glucosidaseFd 5] 7MY =2 13755 16S rRNA gene?] ¢
71 E8S #238to] NCBI blast DBe} vt A3 (Table 8) Lactobacillus plantarum
strain JCM 1149 9 100%2] A S Kol Bel¥ 55 Lactobacillus plantarum
o8 A3 Lactobacillus plantarum DU. LAB. HO1 2 " 3} 9]t}

mr

Table 8. Result of 16s rDNA partical sequencing

Standard strain Difference/compared Similarity

Lactobacillus plantarum
strain JCM 1149
Lactobacillus plantarum
strain NBRC 15891
Lactobacillus plantarum
strain CIP 103151
Lactobacillus plantarum
strain JCM 1149
Lactobacillus pentosus
strain 124-2

0/1435 100%

1/1435 99%

1/1435 99%

1/1435 99%

1/1435 99%

— 20NR 1094521 566085410 Lactobacillus yonginensis strain THK-VE

18 MR 112738.1 631251542 Lactobacillus odoratitofui strain YIT 11304
16 NR 125561.1 6722380972 Lactobacillus mudanjiangensis strain 11050
15 NR109000.1 566085196 Lactobacillus xiangfangensis strain 3.1.1
13 MR 136785.1 1024974738 Lactobacillus plajomi strain NB53

14 NR 136786.1 1024974741 Lactobacillus modestisalitolerans strain NE446
17 NR 145899.1 1146059167 Lactobacillus herbarumn strain TCF032-E4
11 NR 1133391 631252141 | actobacillus fabifermentans strain DSM 21115

| 12 MR D42676 1 343202390 Lactobacillus fabifermentans strain LMG 24284
08 NR 025447 1 219878308 Lactobacillus paraplantarum strain DSM 10667
01 DLLLAB.HOL
02 NR 115605 1 636559545 Lactobacillus plantarum strain JCM 1149
03 NR 113338.1 631252140 Lactobacillus plantarum strain NBRC 15891
08 NR 112690.1 631251493 Lactobacillus plantarum strain NERC 15891
06 NR 0423941 343201668 Lactobacillus plantarum strain NRRL B-14768

I— 10NR 0422541 343201528 Lactobacillus plantarum subsp. argentoratensis strain DKO 22
04 NR 104573.1 558508650 Lactobacillus plantarum strain CIP 103151

05 NR 1178131 645320660 Lactobacillus plantarum strain JCM 1149

07 NR 029133.1 265678828 Lactobacillus pentosus strain 124-2

—— 10 NR 116854.1 636560794 Lactobacillus koreensis strain DCY50

o] 001235 00247 0.03705 0.0494 0.06175

Fig 4. Phylogenetic tree based on 16S rRNA gene sequence, showing the
phylogenetic relationships among strain DU. LAB. HO1 isolated and related species.
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Fig. 5. Change of pH in fermented 5% red ginseng extract using Lactobacillus
plantarum DU. LAB. HO1
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Fig. 6. Change of acidity in fermented 5% red ginseng extract using Lactobacillus
plantarum DU. LAB. HO1.
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saponin(Rgs, compound-K)¢] & &2 W gAj7te] dojd4= Hd F71s)

= A = Ao E e
ot webA Lactobacillus plantarum DU. LAB. HOlTF+5 o] &3] E45 ad 7

%o A wmAbol = ko] dojde & 4 AT

_33_



Table 9. Change of acidity in fermented 5% red ginseng extract using Lactobacillus
plantarum DU. LAB. HO1

Fermentation time (Day)

Ginsenosides T

Materials
(ug/ml) 0 3 5 7 9 12
5% RGC 83.16 6790 4483 3812 2202 1781

Rel 5% RGE +
80.63 31.06 4539 3539 2034 1211

1% FC
5% RGC 12855 11807 67.22 5202 3589 30.92

Re 5% RGE +
151.17 4566 7234 5312 35.07 22.79

1%6 FC
5% RGC 450.02 381.84 37527 371.68 32159 294.33

Rbl 5% RGE +
47072 34190 37835 328.12 300.96 281.06

1%6 FC
5% RGC 108.82 112.86 106.33 100.18 90.38 82.02

Re 5% RGE +
8056 9312 9401 91.36 9753 9593

1%6 FC
5% RGC 6451 74.04 6367 6542 61.10 56.79

Rd 5% RGE +
7746  63.89 6271 9205 6340 63.37

1%6 FC
5% RGC 32716 5531 6475 6898 7052 6993

Rg3 5% RGE +
36.31 4405 6477 72771 9759 108.45

1% FC
5% RGC 7492 116.34 144.06 170.55 19846 209.27

Compound-

K 5% RGE +
99.99 140.96 150.83 170.31 221.84 249.34

1%6 FC

YRGE : red ginseng conc. (62 °Brix)
FC : Fruit conc. (62 °Brix)
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AH R ZtEAE A3 24 AE

Anigel 4% 7heEsle fg &4 d9s 9ok, AYAe=E J&“Hﬂ Ab-&-3}aL
AT 4% 9] proteased Wt F&gFS FALSH A= Table 1039 2o 845 A2 ste] A
2 AuH TR ES sialic acid $FHS &4 TR weEl Flavourzyme 500 MG
(0.32 mg/ml) > Protamex (0.29mg/ml) > Nertrase 0.8 L (0.23 mg/ml) > Alcalase 2.4
L(0.22 mg/ml) o2 #olE HYPor TE AFoA dFET(011 mg/mhEt €%
3l =2 RS UEUSITh ol ABE FAAE Ad EE FAA giRTET
sialic acid $F#o] =k o W sialic acid S 13RS W Flavourzyme 500 MG=
7 Azl AHFH TR Ee] e Ao Ay o] HA X EAARE AdHstd

g @Al Aol Abgsia

Table 10. Comparison of degree of hydrolysis and sialic acid content in bird’s(Sea

swallow) nest by different enzyme

Enzyme Sialic acid (mg/mL)
Control 0.11
Alcalase 2.4 1 FG 0.22
Flavourzyme 500MG 0.32
Neutrase 0.8 I 0.23
Protamex 1.5MG 0.29

HERHENHS o] 83 AMP 2488 A

AuAVogRE HA airAz 271 AAGY] Y EAEE, B 2 ukg ]
He SEWESR st FAAAAIGA o8] AAE 2079 EaAE A Ao
sialic acid %2 Table 113 2t} Sialic acid 3% =4 A3} E o] g5l WS- FHEA]

M

S AAstal, F5WUS ) sialic acid ol st 31A A4S AATHTable 12). 3
g z7 LR E EAGS o=8to] Table 150 YEHA O H,
FE "

[}
A ZAaA =
i Bhe2e B WS AS SHEsR Sk Fig. 79

SEE e
e QL
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Table 11. Experimental data on sialic acid content

of bird’s(Sea swallow) nest

under different hydrolysis condition based on central composite design by response

surface analysis

Hydrolysis conditions

Sialic acid

Exp. No" :
B/S () Temp(T) M€ (mg/ml)
1 19 55 180 0.46
2 19 55 120 0.37
3 19 45 180 043
4 19 45 120 0.39
5 11 55 180 0.39
6 11 55 120 0.36
7 11 45 180 0.43
8 11 45 120 0.40
9 15 50 150 0.39
10 15 50 150 0.37
11 15 50 150 0.36
12 15 50 150 0.39
13 15 50 150 0.40
14 15 50 150 0.40
15 23 50 150 0.36
16 7 50 150 0.24
17 15 60 150 0.39
18 15 40 150 0.44
19 15 50 180 0.41
20 15 50 90 0.36

UThe number of experimental condition by central composite design.

% Control’s sialic acid content : 0.09 mg/ml
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TAGEAG ] wet Table 33 22 24 Sy¥se WeE AAF 5, Design
% ]

ExpertE ©]&3}e] Table 49} Zo] 207149 aA2AH8 =4S H S a48
3 gt Flavourzyme 500 MG E£45 Alg3sto] 27d= g9 Auy gAhEHE
9] sialic acid %2 0.24~046 mg/mle] HHZE YESE O (Table 11), & HIEH o=
& 3]7] 48 Table 129} #Zt}. Sialic acid 8HeFel] thak R*gHS 0.84720. 2 =& A

aaws Az ud G

Yo P-valuexs 1% ol F94+S HAh )

Table 130149} o] GaAe] = EFolAd JgS wu e Aoz yeyton 3
ATFESWSANSTERES] o7 x5k 9o 7 an, g2k g
7 vbe Ho® e $h9d lack of fit(A A HA) gk modeld A=
st BAFSE Pgrol 0.05HTH ZH& wf model®] A Aol EA7F dom, o
W modelo] #&altta Aetets A ghol v, Sialic acid 3% 7t¢] modeldl] t3l |

of fite] P-value= 0.1063°. 2 e modele] A §e 3102 yERyETh(Table 14). E4
Ao wet HERHUEDR oS 3T ?é'_TJr Aol HEHoE Yeytow X
S AES 23 sialic acid €3] H a2 045 mg/mlLola ol E AR

EER 1437%, &S5 40.10C 2 WS AR 140.33 mino & e TH(Table 15). 4
Jzxo] wet 4L FLEHEY sialic acid o] I v EHL Fig. 79 UYEh)
oM, AA¥E 10~-20% WA WL mT} I ubg A zto] ol A Feo] F7)
= A4S eyl

Table 12. Polynomial equations calculated by RSM program for hydrolysis conditions
of bird's(Sea swallow) nest

. Significanc
Response Second order polynomials R?
e

Y = 2213997 - 0.007956X; - 0.056077X, -
0.005418X3 - 0.001178X;* + 0.000688
XiXo 0.8472  0.0044
+ 0.000396X5° + 0.000093750X;X5 +
0.000025000X>X5 + 0.000011966X5*

Sialic acid

content

Table 13. Regression analysis for hydrolysis conditions of bird's(Sea swallow)

nest
F-Ratio
Response
E/S (%) Temp.(C) Time (minutes)
Sialic acid content 7.971 %% 2.714% 3.26%

xSignificant at 10% level;, *xsignificant at 5% level; **xsignificant at 1% level.
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Table 14. Analysis of variance for response of dependent variables

Degree

Respo Sum of Means
Sources of F-value p-value
-nses squares squares
freedom

Model 9 0.032432 - 6.16 0.0044

Linear 3 0.013736 - 7.83 0.0056

Quadratic 3 0.016059 - 9.15 0.0032
Stalic o o product 3 0.002637 150 02730
acid

Residual 10 0.005848 0.000585 - -
content

Lack of fit 5 0.004498 0.000900 3.33 0.1063

Pure error 5 0.001350 0.000270 - -

Total 19 - - - -

Table 15. Predicted levels of optimum hydrolysis conditions for the maximum

responses of bird’s(Sea swallow) nest by the ridge analysis

Predicted response

Response E/S Temp. Time Result Morphology
Response (o) ()" (minutes)  (mg/ml)
Min 7.33 52.86 136.45 0.25

Sialic acid )
saddle point

content Max 14.37 40.10 140.33 0.45
Before .
" Predicted Observed g ax100%)
spons nzym 0
esponse cnzyme condition(A)”  condition(B)?
treatment
Sialic acid
0.09 0.45 0.43 95.56
content(mg/ml)
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Time (min)

Fig. 7. Response surface for sialic acid content in bird’s(Sea swallow) nest hydrolysis
0.40-0.44-0.48 mg/ml) according to enzyme

at constant values (sialic content
concentration, temperature and time
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Chromatogram of sialic acid by HPLC analysis
1. Standard
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2. Sialic acid chromatogram in bird’s(Sea swallow) nest before enzyme treatment
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3. Sialic acid chromatogram in bird’'s(Sea swallow) nest after enzyme treatment
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HEEAEAE S o83 IAFFYY FATERA HAH 3

Sibs S Ao HE A Alol= RS 93 HAY Haxds AAsr] 8 daA
7t BE R Hb FEE SHHMSR st TATAAY? g8 A" 1379
MEg A dojx HEgH EA = ASE pH @ A5 Table 167 2}l zhzte] 2
g ol gt WhEEWEAS HAAStA, 7} FEWMS S ASE, pH, AtEd ek 39
21 AAHTable 17). =3 ®4d HA daxzdy 72b dagde] 5X4zS oS53

Table 18 e ATh.

Table 16. Experimental data cell growth, pH and acidity of red ginseng concentrates
under different fermentation conditions based on central composite design by response

surface analysis

Cell growth

Exp. NoV (OD. 600 m) pH Acidity (%)
1 1.658 3.92 1.16
2 1.546 3.90 1.10
3 1.457 3.93 1.10
4 1.418 391 1.05
5 1.618 3.90 1.12
6 1.647 3.90 1.14
7 1.632 3.89 1.18
8 1.624 3.90 1.16
9 1.635 3.90 1.14
10 1.611 3.88 1.14
11 1.204 391 1.06
12 1.546 3.93 1.12
13 1.314 3.97 0.91

UThe number of experimental condition by central composite design.
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T ARl wel Table 59F #2 2t Sy¥se] RS AAT F, Design
ExpertE ©|-&3}o] Table 63 #o] 137}# ¢ daxds A 1
T et HEEd mE A daEY] A5Es 1.204~1.658 0.D. 600 nme]

Ho 2 L}E} yom(Table 16), ©] 2 wtgroz 3 A{ LS 394L& Table 173 il R
e 09891= 1% ool oA fFoldo] FlH 3t ANOVA #4415 &3 2o
st d3td S A58 $1d1A4 = Lack of fit®] P-value’t 0.0592% e R3] A3}
ol AAH AT (Table 17). HEFx] wet SR HRELARE o Fd 34423 A
Aol A or yewtow, waxyde g J3F Table 1894 ¢ o] WE A X}
FAEQ FFss BEFd & dFS ve AoE YT HAHS AHES 49 HY
@2 1693 O.D. 600 nmol™, ojuwe] g FHS TFAZF 1591¥ ¥ 35 % 1.34%
= UEsktH(Table 19).

Table 17. Regression coefficient and ¢value of the predicted quadratic polynomial

models on cell growth, pH and acidity of fermented red ginseng concentrates

Term Cell growth pH Acidity
Coefficient #-value Coefficient  ¢-value Coefficient ¢value

Intercept

Bo 0.645312 8.81 3.972292 80.13  0.766042 8.67

Linear

B 0.098710 12.40 -0.000665 -0.12  0.022381 2.33

B2 0.396121 5.82 -0.111322 242 0.339368 413

Quadratic

Bu -0.003501  -13.72 -0.000041756 -0.24 -0.000750 -2.44

B -0.201560 -12.34 0.052328 473 -0.133017 -6.75

Cross

product

Bz 0.009125 1.87 0 0.00  0.001250 0.21

R* 0.9891 0.8052 0.9338

Lack of fit 0.0592 0.0078 0.4268

ezl s Agd Sesd $aE9 pHE 3.83~3979 HAAZE UEY ow(Table
16) o5 wgro =z & 3722 Table 179} Zth pHol dieh R°ZLS 085028 %<& 413
=8 HYow, Pvalue: 5% olUl fro&Es B E} daxzdel te Gl pHe
B HEE R dFS e dow yrwou, AAE 19 WolA E At
g FdFE A YERA %L 2t Table 18). 3% lack of fit(A A1 4) gL model ]
AR s HAAS = FAHSZ Pgro]l 005K 22 uf modele] Aol =A7F e
W, o]Eitt & W model°l 31% stthal desh= S A gholtth



pHY modeloll thdF lack of fite] P-value™ 0.0078% EFY modele] #gtalx] k&

o2 Yelyti(Table 17). g xol we vtgxarnds o5 3|A84 47 d

2 FHdoz yelyton, HHHS 4Ed A pHe Hulgk2 3.96°] 1 O]“Hfﬂ T
7

=
27112 FagAzk 11.08Y ¥ FU95 F% 0.01%=Z YESH(Table 19). 2@z whef
Qe FawZel waEel pHol e WLEWS Fig. 991 tpehfRlom, wEAge] 2
% pHI} gashs Zow ey,

Table 18. Regression analysis for fermentation conditions of red ginseng concentrates

F-Ratio
Response - :
Time (day) Sub materials conc. (%)
Cell growth 158.92% %3 79.45% %
pH 1.03 7725
Acidity 5.63%x* 29 2()sk sk

xSignificant at 10% level; **xsignificant at 5% level; **xsignificant at 1% level.

Table 19. Predicted levels of optimum fermentation conditions for the maximum

responses of red ginseng concentrates by the ridge analysis

Predicted response

Sub
Response Resp Time ) Morphology
(dav) materials Result
e

ons a conc. (%)
Min 4.07 0.86 1.213

Cell growth Maximum
Max 15.91 1.34 1.693
Min 19.98 1.05 3.88

pH Saddle
Max 11.08 0.01 3.96
Min 10.91 0.01 0.92

Acidity Maximum
Max 15.91 1.34 1.17

Lo

gz wE FawEd wg e AL wWEE 091~1.18%¢ WYE UEeyto
(Table 16), o] & nlgto = g 374 Table 173 20w, o] wdlo] gt 372 <] R
2 0.9338% 1% ol frelidol A4St ANOVA A= Table 172 2t} A=
= 93 2EaZA modelol ™3 lack of fite] P-value: 0.4268% YEY modelo] 23t
Ao 2 e

ol
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Aot wEere) $U8 RO HEEA ERoM dFS vn e A
W (Table 18), 398 S %7} =3 BHgAzte] A4 w7}
(Fig. 10). Table 199} #*o]

olw MEAZ 15919 L #-g)

1.651

1.4566 1

1.220

Cell growth (2.0 600 nirm)
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Fig. 8. Contour map(top) and response surface(bottom) for cell growth of fermented
red ginseng concentrates as a fermentation condition of time and sub material

concentration.
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Fig. 9. Contour map(top) and response surface(bottom) for pH of fermented red
ginseng concentrates as a fermentation condition of time and sub material

concentration.
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Fig. 10. Contour map(top) and response surface(bottom) for acidity fermented red
ginseng concentrates as a fermentation condition of time and sub material

concentration.
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s EHAorRy HA Harxds dAs] A 2EAR FARd dF5vEE
SHHEFR o] FAFAEAGA e AR 1378 TREAAA Dol A=Al =
e Table 203 2. zHzhe] A3kE o] &3ho] ‘i%%‘ﬂv‘i‘—@.% AAstaL, zh FEHHEE
5, A Aol = kel wigh 374 S AAtH(Table 21). 3 W 4 2gxs)
24 HEEe AAeitel= S Fgs o55ke] Table 239 ‘/}E‘HHM—H# olg¢ 32
HEREHS AN B FYR FEE SH¥TE §to] Fig. 11~16°] YER At

Table 20. Experimental data ginsenosides content of red ginseng concentrates under
different fermentation conditions based on central composite design by response

surface analysis

Ginsenoside content (pg/ml)

Exp.

No" Rg, Re Rby Rd Res Compound-K
1 22.24 24.66 217.64 53.45 159.11 96.10
2 19.82 22.33 203.80 ol.11 150.73 95.33
3 39.12 52.52 251.82 54.81 147.29 66.35
4 35.54 51.91 246.11 55.00 146.39 14.27
5 27.32 29.52 221.29 53.90 161.26 81.20
6 27.14 27.04 230.96 56.34 165.52 83.49
7 28.01 2167 227.81 54.76 168.39 85.62
3 28.80 33.93 234.45 56.79 169.09 86.22
9 21.52 26.77 232.02 55.79 169.42 83.33
10 1561 16.22 196.30 49.50 124.11 106.93
11 50.42 103.94 310.80 51.14 126.67 54.70
12 31.62 38.93 243.50 57.03 162.09 81.31
13 30.25 36.90 243.04 55.92 133.42 76.88

UThe number of experimental condition by central composite design.
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Wk Fig. 113 Zom, Wgagte] o] 74 aw, thgo= ¥ 98 %9 o
= Aoz YeltH(Table 22). Wa ol wel vtgxundz o35 AA4H
3l 9L, A=A = Rgio] HA S 1573 pg/mlo] L, ojuje] g
2 HEAZE 1999Y, 95 % 097%= YESTHTable 23).
g2 A w=Alo]= Re 3F#-E Table 2001 WENRQL 1L, ]S 3] A4 sle] 2 2
218 Table 213 2th 39249 R*= 0982302 1% oo FaolA 3]
Attt ANOVA 242 %3 Lack of fite] P-value’} 0.05910] 22 =&
A EAH(Table 21). FEF7H2 4> Table 220149} o]

Il 7

=<
o) FRolt JPe WA g

vy

oot ok

[y
o fZ AL 2 o of
2
z |0
il
-

o

il
o oX

_

0

A= =
ze] W2 A=Al Re §He]

Abel= Reol HAFE 1912 ug/mle]
T 0.42%°] A H(Table 23). A=A}
L

Azrel A5 el st A

B ¥ o) X o M
Mo Lod
2
rok
M
fols
>
o
)
)

o
il
off
ol
lo,

,olmo] WrEaxAL WFAZ 1852Y, U=
= u
° 2 YErstH(Fig. 12).

Table 21. Regression coefficient and ¢value of the predicted quadratic polynomial

models on ginsenoside of fermented red ginseng concentrates

Rg; Re Rby

Term Coefficient #value Coefficient ¢value Coefficient ¢ value

Intercept

Bo 64.778333 1674  166.941458 8.52 412.217083  22.02
Linear

B -3.938204 -936 -16.697518 -7.83 -18.514828  -9.10
B -3.062644  -0.85  -19.114540 -1.05 -63.605747  -3.66
Quadratic

B 0.081401 6.04 0.484619 7.09 0.354550 543
B 3.129655 3.63 8.850603 2.02 12.411207 2.97
Cross

product

B2 -0.145000  -0.56 0.215000 0.16 3.266250 2.61
R? 0.9920 0.9685 0.9823

Lack of fit 0.0976 0.0591 0.0725
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Term Rd Rgs Compound-K
Coefficient z—value Coefficient ¢value Coefficient ¢value

Intercept

Bo 49.551042  11.08 51.66042 2.80 46.448750 5.07
Linear

B 1.476893 3.04 14.819774 7.39 3.305287 3.32

B2 -4.865460  -1.17  37.952126 2.21 -3.140690 -0.37
Quadratic

Bn -0.082119  -5.27 -0.646866 -10.06  -0.048198  -1.51

Bao 0.899397 0.90 -19.034397 -4.63 -1.804655  -2.35
Cross
product

B2 0.316250 1.06 0.935000 0.76 1.086250 1.78
R? 0.8257 0.9453 0.9802
Lack of fit 0.0459 0.1295 0.2391

Rb; &S =43 A3t= 196.30
o] &3+ 3]AAL Table 219 e}

/\-] S B3}

gz i FAEEd TaEY] WA A=
~251.82 pg/mle] W2 eyt om(Table 20), ©l &
3724 ¢] R? gk 0.8527= el glon, ANOVA &2
EH EY um 34 01 A4 = A H(Table
AL B3 Haxe] w = Rb; &% W3}

=
el 2 FFe

21). "kS

Fig. 133 #Zow wgA

b= A o7 e THTable 22).

o2 Fstal, XA w=AFe] = Rby 9
W F A7 10149, Y98 FE 055%% UrE}MDHTable 23).

g e W TS wEEe FAxAte]l= Rd ke 4950~57.03 pg/mle)
HAZ velskow(Table 20), °l& wlEgo=z 3t HAx=Ato]l= Rd §Heo 3722
Table 213 1 R® e 0852702 1% olWeo] FFolA fFeAol FeHu)
ANOVA A48 E3 o] g3t AgAS H=387] Yl Lack of fite] P-value”}
0.0459% e 2 A== kkrH(Table 21). %izmﬂ ﬂ%f‘ﬂ BF>
Table 22042} 7o)

[e)

[e]
JGe

Nt
2
A\
i, off
o
~
2
T of
(5 rlo ot

2 A ZhS

N B o

AL 2
rlo i)

rJ

0.

EEP
T
N
t
X,
o

TEe S

A QAo HjHo] ofd | ,
Ay g 5695 pg/mlelH, ojuje] wgzHe

1.99% %2 el tH(Table 23). W3S 3 daxpe mE T4
A w=Atol = Rd shaFe] W3l Fig. 149F 7o) @A 7to] Aojd=E 3

ddE eI
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Table 22. Regression analysis for fermentation conditions of red ginseng concentrates

F-Ratio
Response
Time (day) Sub materials conc. (%)

Rg:1 content 284.36% 6.48+*

Re content 71.80%3 1.42

Rb; content 128.54 3% 0.23%*

Rd content 11.055%3%x 1.02

Rgs content 34.09ssk:% 12415
Compound-K content 113.91 %3 291

xSignificant at 1096 level, **significant at 5% level; ***significant at 196 level.

Mgzhade Ay FAEEY BFE JAxmAlel= Rgy I HS 124.11~169.42 1
g/mle] W= YESE o™ (Table 20), o] & vlg o2 gt 3742 Table 213 2t} A
Aol = Rgy ol thih RS 0945302 =8 AEE Hlow P-value: 1%
ol FoFFEe HIY. A xAlol= Rgs S 39 modeld] ™3 lack of fit9]

P-value= 0.12952 YEIY modele] A3st Aoz et Table 21). &g x719 o
Sk g A =Ao]|= Rgy 9 A9 HEA>REYAdE T £o2 F 2 BT
o] ek Wil 9= Ao ®E YERRTH(Table 22). Waxdo wal ySEHER AR o
S8 AR Ay AdHe] HudozE yvelyor, HAHFES AEs Ay A x=Alo]

T Rgs &3 ozt 16824 pg/mlLe]al o] uj e ‘ﬂaé‘_}_{% kg Al 7H
FE 1.29% % YERSTH(Table 23). A3d x| ug A
o]= Rgs 3tako] thdt wkS-% W& Fig. 150 et

g zde g2 T dWgLEo A xAlo]l= compound-K d#Ee] 5470~
106.93 pg/mle] HH = YEIG S H(Table 20), o] & wlEOo 2 3t 3|7 2] Table 213
om o] wdo] i3 7ol R* L 098022 1% oluel FelAdel AAFH
ANOVA A3}, A x=Atol= compound-K %S 93 W& %7 modele] ™3t lack of
fite] P-value= 0.2391=2 YEFY modele] A3t o2 el tH(Table 21). A=A}
o]= compound-K &S g A7t A o} F o e Ao E UEhoH,
AdE WA FdEe] v dFS A & Ao = YEYTH(Table 22). Table
233} 7ro] ZA| Aol = compound-K &#e] =8 AAHE ckgHor HTHARXS
gk A3 FHojgke] 108.30 ng/mlol A, ojwf FFEAZE 19.71Y, FUE F% 1.26%°]| .

e 2aEe] A=Al = compound-K#HdFe] @Exze] wE RES el

2

&
o FEAFEe] dojdeE o] Frkske A o= e tH(Fig. 16).

rlu
off
.8‘1_1‘
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Table 23. Predicted levels of optimum fermentation conditions for the maximum

responses of fermented red ginseng concentrates by the ridge analysis

Predicted response

Response Time Sul? Result  Morphology

Response (dav) materials (11g/mml)
a m
Y conc. (%) ve

Min 19.99 0.97 15.73

Rg; content Minimum
Max 4.05 1.12 49.97
Min 18.52 0.42 19.12

Re content Minimum
Max 4.00 0.99 98.50
Min 19.14 0.55 190.87

Rb; content Minimum
Max 4.34 0.71 309.65
Min 19.79 0.77 48.22

Rd content Saddle

Max 12.66 1.99 56.95
Min 4.02 0.92 123.14

Rgs content Maximum
Max 12.38 1.29 168.24
Min 4.37 1.30 53.93

Compound-K content Saddle

Max 19.71 1.26 108.30

_51_



5556
&
% 4228 1
=
5]
=
(=]
L]
DE-T 290
16574 L
20.00 L Q
1467 ¥ )
8.33 S g
Fermentation time (day) s %0 {Q@@
&
20
17,73
. 1B
]
: 23N
Lik]
E
=
P - 29,6
|
|2
g 35,65
s = I :
g a4 '52________-3__
P
= T 5357
i e A e e
0.0 0.5 1.0 — |

Sub material concentration (%)

Fig. 11. Contour map(top) and response surface(bottom) for ginsenoside Rg; content
of fermented red ginseng concentrates as a fermentation condition of time and sub

material concentration.
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Taesde] HA FATE 248 dAs] A8 TaARd RdE sRE 53N
F2 ot FAFAAG g AAE 1379 FAdazdda Aozl {1k
< Table 243 v}, z4zke] Asg o] gsto] WERUTHE AAsta, 7+ THUF =,
F712 ghakel Mk 39 4S AUAH(Table 25). T3 W4 HH fadazdsy 7 @
o] 713 FFE AFste] Table 2791 YeEpiglon, o]59 wHERwS HE Azt
2 B w52 ZeWEE o Fig 17~22¢] YeERy At

Table 24. Experimental data organic acid content of red ginseng extract under
different fermentation conditions based on central composite design by response

surface analysis

Organic acid content (ug/ml)

iii Oxalic Citric Malic Succinic Lactic Acetic
acid acid acid acid acid acid

1 41.43 44.69 716.11 121.91 7565.38 350.79
2 43.85 18.08 699.03 127.34 7299.66 333.95
3 37.04 29.16 586.73 115.14 7103.99 334.56
4 33.52 12.10 538.97 103.25 6571.44 287.33
5 38.28 14.32 631.86 113.96 7288.07 312.54
6 37.80 16.86 614.61 117.66 7255.15 317.66
3894 18.25 629.41 119.48 7343.32 323.40

8 39.35 19.34 632.39 118.15 7250.35 320.76
9 37.88 20.61 621.28 115.07 7304.11 319.98
10 48.31 18.34 807.97 125.01 8274.04 400.21
11 29.68 6.91 481.97 106.44 7096.06 317.43
12 37.46 101.75 628.49 110.10 7026.32 323.63
13 34.91 16.56 566.62 118.13 5880.36 295.56

UThe number of experimental condition by central composite design.
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TAFGAGHA wel Table 49 2 7} SHWHSTY WHOE AAe F Design
ExpertE ©]-&3}o] Table 59} o] 13749 Ha x-S AAsta ZAS Fakbd
g St waxde E AT Ed w3 5ol oxalic acid $FES 29.68~48.31 ng/ml
o] M2 Yest oW (Table 24), ©o]& vIES=Z 3+ oxalic acid 59 3+ 22 Table
257 Al R® b2 097182 1% olule] FFelA frejde] s dth. ANOVA #41&
goll g AFAE HAZF87] 8= Lack of fite] P-valueb 0.11102 e}
Fdel <l @Q ) TH(Table 25). ©ta 7o) ek 93-S Table 26004 9} o] Bt
Foll & 9% “&% Aoz yepgrh, #agxyde wel vkg-i
v‘f—/‘ﬁﬁﬂr oxalic aicd $#29] AL HFH oz YEgon, FHA
I FH A 4872 ng/mlo]tt] ojujeo] g L HFAT 1967¢ #
71% %2 YEbst(Table 27).
Aol 2 Tats=d B EO citric acid %9 6.91~101.75 pg/mle] HI =
S (Table 24), °o]& Hl"g o2 3t 3|22 Table 259 Fom o] wdo] st
o] R? & 0.9543% 1% oJule frelAdo] AAFATY. ANOVA Z 3} citric acid
a7 modelol Wgk lack of fite] P-value= 0.0092= b}E}b} model ©]
102 el tH(Table 25). Citric acid 3H#& F-¢ oA 2
U AR yeigom AAE WY oA dEA gt =
E}sttH(Table 26). Table 273 #+o] citric acid $F#e
A& 3 Ax Hgke] 95.63 pg/mlol A ar, ol vFE A
N B E9| citric acid & wa 27
=
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= g 59 malic acid 32 481.97~807.97 pg/mle]
(Table 24), o]& wlgto = 3 3]# A& Table 259 #t}. Malic acid
%k% 098%5% =& AFRE BoH, P-valuew 1% oW fFolFES
alic acid &2 modeldl W3 lack of fite] P-valuet™ 0.1407= Y E} model
Ao ey tH(Table 25). wra&zAd 3k g oA malic acid g2 7
TES>WEAZE Fow JES W Zo g e tH(Table 26). a7
ARER oFd A A ZdFe] tFHewE yewdon, HAAH
7} malic acid $F=F2] FH ozt 805.89 pg/mielal ojuwje] wgF7LS whg A

U5 TE 1.00%% UESTHTable 27). Adxe met 42 Sk

g 5 9] malic acid kol thedk WS- WS Fig. 199 Yetd o, g Agte] 2
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Table 25. Regression coefficient and ¢value of the predicted quadratic polynomial

models on cell growth, pH and acidity of fermented red ginseng extract

Oxalic acid Citric acid Malic acid
Term
Coefficient ¢-value Coefficient ¢-value Coefficient ¢value
Intercept
Bo 14.942917 3.94 14.450000 0.56 333541875  8.12
Linear
B 1.596731 3.88 1.722392 0.62 15.984702 3.58
B2 14.343678 407  -61.087241 -256 132473966  3.47
Quadratic
Bn 0.009529 0.72 -0.082990 -0.93 0.310985 2.17
B 2200172  -2.60  41.218621 7.19 -27511983  -3.00
Cr o s
product
Bz -0.742500  -2.94 1.193750 0.70 -3.835000  -1.40
R? 0.9718 0.9543 0.9895
Lack of fit 0.1110 0.0092 0.1407
Succinic acid Lactic acid Acetic acid
Term
Coefficient #-value Coefficient #value Coefficient ¢value
Intercept
Bo 70.681250 045  5522.793333  22.07 277407708  10.37
Linear
B 3.982464 2.83 -40471889  -149  -6483552  -2.23
B 29.737586 247 2591.007701  11.14  83.629943 3.36
Quadratic
Bu -0.016700  -0.37 6.153820 7.06 0.624271 6.70
Boz 2678793  -093 -837.865517 -15.01 -9.271638  -1.55
Cross
product
Bz -2.165000  -2.50  -33.353750 < -2.00  -3.748750  -2.10
R? 0.8509 0.9911 0.9607
Lack of fit 0.1053 0.0609 0.0616
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g FzA e FAEE=N T FE 9 succinic acid €% WH3EE 103.25~127.34 ug/ml
o] W9 E e O™ (Table 24), o]& vlEo=Z g 3|42 Table 259 Zow, o] &
dofl ek A4 R® e 085092 1% olule] fejAdel A=Atk ANOVA 2,
succinic acid %S 91 FEF7 modeldl Wg lack of fit®] P-value= 0.1053= o}
Elt}t modelo] % ‘%‘JL} Aoz YeERYtH(Table 25). Succinic acid $H#Fe WAl 7tol] 2

A
qeFs Wy glE Ao 7 yEy o (Table 26), W& A 7ko] 242 succinic acid 3+

2ol
7 st Ao= UrE‘r‘)fD}(Flg 20). Table 27¥ #o] succinic acid ¥He] o=H A4
e obgHo HAdgke] 13389 ug/mlol AL, ofw) WA 1863Y L FUR FE
0.44%°] At}
Table 26. Regression analysis for fermentation conditions of red ginseng extract
Response . F-Ratio .
Time (day) Sub materials conc. (%)
Oxalic acid content 76,4053 6.1
Citric acid content 1.61 44,393
Malic acid content 207.01 sk 11,8753k
Succinic acid content 12.86%3%x 2.59
Lactic acid content 96.21 33 135.92s%s
Acetic acid content 44, (8% 10.21 s

*Significant at 10% level;, *=xsignificant at 5% level; **x*significant at 1% level.

Table 27. Predicted levels of optimum fermentation conditions for the maximum

responses of fermented red ginseng extract by the ridge analysis

Predicted response
Sub

Response Time ‘ Result  Morphology
Response (day) materials (ug/ml)
' conc. (%)
Oxalic acid content 1\1\/1[;?( 1823 8;1(1) Zggg Saddle
Citric acid content 11\\/[/[;2 1;1(2)2 (1);; 9;);1;1 Saddle
Malic acid content 1\1\/1[;2 1238 (1)33 gg;;g Saddle
Succinic acid content 1\1\/1[;1 123? 8212 lgggg Saddle
Lactic acid content 11\\/[/[;2 12;3 (1)82 Zggfig Saddle
Acetic acid content 11\\/[/[;2 123;1 8519; gg?ig Saddle
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g zAd e A EE $aE9| lactic acid ¢HS SA3 A= Table 249 2
o1, 5880.36~8274.04 ug/mle] M2 FAGHAE o W& FhES o] 83 lactic acid
374 Table 259 Zow, o] mde st 3|74 9
] ol ] et AgErt =kon P-value: 1% oW #2

st Lack of fite] P-value®= 0.0609% A& o] wb-gx™ Eo| st 3ol
AtH(Table 25). HE x| we} WhgEHE AR A
WS =23 TasEd g E 9 lactic acid &% W= Fig. 219 o,
ol 7bg An, o2 WEAZ FEFFs e ZoE Yy
(Table 26). Lactic acid®] o) &= 8271.10 pg/mlo| i, ojwje] LagxAL UF A
7F 1997, ¥ 85 F% 1.08% = “ESTHTable 27).

g 21 acetic acid &3> Table 249 YER S AL, o] & 3] #Aw2A 5l
AA e R 0960702 1% o] oA 4o O]ﬁﬂ‘}qf’l_ 3] 2] Table 259}
ol ANOVA #2418 53 Lack of fite] P-valueZ} 0.06160] =2 =& th3k = gHA o]
AE QM (Table 25). Acetic acid &9 Wazx7dd wE Wb TH A B o 93§ A

] 3

> o °
Pm

O

ot ot

k1
10
o2

4e L 0 1 oZ moh
(o ¥ ox o oX oﬂ;‘,
b Ji] _\ﬂ
off [T

o

oN

m\l

2l 2l

rol A F FreFo]l FUkste Ao® YEWtHFig. 22). axz e 32 Table 269l
Aop ol MEANY F U8 v EFoA 2 %S v e AoE YEWT B
g A7y 98 R waFxAdo wE acetic acid ol wEEZWHEA A (Fig.
22) o|Z® AAHo] ek H o R geetic acid el H S 397.18 ug/mlel AL, o]
o] g2 TaAZE 19.97¢, Y5 T 0.92%°] 2 thH(Table 27).
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Fig. 17. Contour map(top) and response surface(bottom) for oxalic acid content of
fermented red ginseng concentrates as a fermentation condition of time and sub

material concentration.
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Fig. 21. Contour map(top) and response surface(bottom) for lactic acid content of
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material concentration.
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Table 28. Experimental data total phenolics compound content and DPPH radical
scavenging ability of red ginseng concentrates under different fermentation conditions

based on central composite design by response surface analysis

Exp. No” Total phenolics compound DPPH rad.i.cal scavenging
content (mg/100 ml) ability (%)
1 57.61 6729
2 56.05 63.13
3 55.39 71.33
4 55.77 7151
5 56.05 69.75
6 57.07 70.07
7 56.91 63,85
8 56.45 60.42
9 56.55 63,85
10 59.13 68,97
1 54.84 7203
12 58.14 63.83
13 56.25 7055

UThe number of experimental condition by central composite design.
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Table 29. Regression coefficient and ¢value of the predicted quadratic polynomial
models on total phenolics compound content and DPPH radical scavenging ability of

fermented red ginseng concentrates

Total phenolics compound DPPH radical scavenging
Term content ability
Coefficient t-value Coefficient t-value
Intercept
Bo 57.039583 25.99 78.216042 33.35
Linear
B -0.137162 -0.57 -1.041131 -4.08
B2 -3.172644 -1.56 -0.332701 -0.15
Quadratic
Bu 0.005229 0.68 0.031766 3.89
Boz 0.544655 1.11 0.298017 0.57
Cross product
Bz 0.242500 1.16 -0.082500 -0.53
R? 0.8507 0.9226
Lack of fit 0.1221 0.2907

daxde] mE s FasEY F s IgE dEE 4% A3e 5484
~59.13 mg/100 ml¢] WM =Z YE o™ (Table 28), o] & o]t ﬁ 212 Table 29
et ok whgEw mde) 874 R? e 085072 el
F3t Lack of fit®] P-value’} 0.12210] 22 ¥H-g-3xWH = U

@

Eis ﬁ%“éol OVéE]‘”ﬂr

(Table 29). RbgxHS 3 Lz e SHdexd daee F =4 st &
& WSk Fig. 2339 2om, gt & dFS T ddoen, e FUd8 vk
o] Y& e Zew yEtwti(Table 30). Waxdd] we} U EdR o598 A
G e E yEwen, A2 S st HAAHES AET 2y F odAsd 5
T2 TEARE 1813, 4

& greFo] HYzke 59.75 mg/100 migg o, o] we
8 % 164%=2 YEFFTH(Table 31).
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Table 30. Regression analysis for fermentation conditions of red ginseng extract

F-Ratio
Response - -
Time (day) Sub materials conc. (%)

Total phenolics compound

11.00s: 3.32
content
DPPH radical scavenging

26.45%#x 1.55

ability

xSignificant at 1026 level, **significant at 5% level; **xsignificant at 196 level.

Table 31. Predicted levels of optimum fermentation conditions for the maximum

responses of fermented red ginseng extract by the ridge analysis

Predicted response
Sub

Ti h
Response Response Hme materials Result Morphology
(day)
conc. (%)
Total phenolics Min 4.44 1.32 o471
(mg/100 ml)
compound v e 1s " 59.75 Saddle
ax . :
content (mg/100 ml)
DPPH radical Min 1736 1.74 67.54 (%)
scavenging Minimum
. Max 4.00 0.98 74.19 (%)
ability
dazdel we T4bsS LaEES DPPH &)z 4752 67.29~7393%°] W=
bt ow (Table 28), o] vlg o2 3 DPPH @tz 4£7%9 3742 Table 29¢F
3l R* k2 0922802 1% o] FFold freade] #eE 9t ANOVA 48 %
I &l

il
ofl

ek A3HAS AE37] Y8l Lack of fite] P-value’} 0.2907= e

A
A grd o] QA TH(Table 29). WFS-

U

z

Els

LR EHS 53 wdaxdo e Fawso
E&° DPPH #ttd 4759 W+ Fig. 243 2 ] 1 g A ko] Bol A2 dlafo] =
7hehe A4S veEhdeh wazded dd 92 Table 3001]/\1% o]l WE At &
FEFS T Jde AoE vEgen HAAE HY el Fds wRole dFS A
v o= Yt daxd me SR HEdR d3d IS AT dAH]
Hojzlo] ofd HAHom yEytow, HAHS A& A9 HAHE 74.19%°]H, ©]
of Wwagxyd 400, #9515 F% 098%°o2 YESTH(Table 31).

i

_71_



s1o2-"

£8.40 |-

BB.87 |

Tatal phenalics compound cantent (ma %)

e " r
14.67 — : &
9.33 i B
Farmentaﬂﬂnﬁme{daw 400 ﬁ{::a-
o°

20

167
=
1]
=,
Lk}
=
T 12
=
@
I=
i
£
i
w 51

181 0.5 1.0 1.5 20

Sub material concentration (%)
Fig. 23. Contour map(top) and response surface(bottom) for total phenolics compound

content of fermented red ginseng concentrates as a fermentation condition of time and

sub material concentration.
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Fig. 24. Contour map(top) and response surface(bottom) for DPPH radical scavenging

ability of fermented red ginseng concentrates as a fermentation condition of time and

sub material concentration.
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Fig 25. Superimposed contour map for the optimization of cell growth, ginsenoside
Rgs, ginsenoside C-K and lactic acid content as function of fermentation time and sub

material concentration of fermented red ginseng concentrates.

Table 32. The optimum fermentation condition of fermented red ginseng concentrates
by superimposed response surface

Fermentation conditions

Range of predicted condition

Fermentation time (day)

12 ~ 16

Sub material concentration

(%)

1.0 ~ 1.8
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Table 33. Comparison between predicted and observed condition for physicochemical

qualities of fermented red ginseng concentrates

Physicochemical Predicted Observed
.. . . . B/Ax100(%)
qualities condition(A)”  condition(B)?
Cell growth (O.D. 600 nm) 1.673 1.752 104.72
pH 3.90 3.88 99.48
Acidity (%) 1.16 1.12 96.55
Rg; 25.00 27.33 109.32
) ) Re 23.92 217.76 157.85
Ginsenosides R, 223,61 241,67 108.07
content Rd 55.50 49.62 89.40
(ug/ml) Rgs 166.09 109.92 66.18
C-K 97.32 90.63 93.12
A 591.44 546.93 92.47
Oxalic acid 40.14 46.37 11552
Citric acid 47.12 82.01 174.04
Organic acid Malic acid 674.53 1027.11 152.27
content Su,ccmlc 116.28 98.80 84.96
(ug/ml) acid
Lactic acid 7463.22 9258.51 124.05
Acetic acid 334.86 606.32 181.06
Total phenolics compound
57.70 58.14 100.76
content(mg/100 mi)
DPPH radical scavenging
68.31 69.48 101.71

ability (%)

U Calculated using the predicted equations for response variables.

Given optimal condition of independent variables : fermentation time 14 day and sub

material concentration 1.5%

* Cf. Ginsenoside content 5% red ginseng concentrates before fermentation

Ginsenoside content (jig/ml)

Rg; Re Rby Rd Rgs Compound-K

Con. 128.03 151.87 366.60 S7.75 99.71 43.13
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Fig. 26. Cell cytotoxicity of FRGE, BNH and FRGE+BNH in RAW 264.7 cells. Each
cell was treated with 25, 50 and 100 pg/ml of various sample for 24hr. Cell viability
was measured using an MTT assay. Control : Only treated with media. (A) FRGE
Fermented red ginseng extract, (B) BNH : Bird's nest hydrolysate, (C) FRGE+BNH :

Fermented red ginseng concentrates + Bird’s nest hydrolysate
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Fig. 27. Effect of FRGE, BNH and FRGE+BNH on proliferation rate of T-cell(Molt-4
cell). Cells were treated with the indicated doses of the fermented red ginseng
concentrates and bird’'s nest hydrolysate for 96 hr. Cell viability was determined by
MTT assay. Control : Only treated with media. Con A : 5 pg/ml concanavalin A. (A)
FRGE : Fermented red ginseng concentrates, (B) BNH : Bird’s nest hydrolysate, (C)
FRGE+BNH : Fermented red ginseng concentrates + Bird's nest hydrolysate
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Fig. 28. Effect of FRGE, BNH and FRGE+BNH on LPS-induced NO production in
RAW 264.7 cells. RAW 264.7 cells were treated with LPS (2 pg/ml) and combined
with FRGE, BNH and FRGE+BNH for 24 hr. Nitrite was measured by Griess reagent.
LPS : 2 pg/ml (A) FRGE : Fermented red ginseng concentrates, (B) BNH : Bird’s

nest hydrolysate, (C) FRGE+BNH : Fermented red ginseng concentrates + Bird's nest
hydrolysate
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Fig. 29. Effect of FRGE, BNH and FRGE+BNH on LPS-induced TFN-a production
in RAW 264.7 cells. RAW 264.7 cells were treated with LPS (2 png/ml) and combined
with FRGE, BNH and FRGE+BNH for 24 hr. TFEN-a was measured by ELISA for
TFN-a kit. LPS : 2 pg/ml (A) FRGE : Fermented red ginseng concentrates, (B) BNH
. Bird’s nest hydrolysate, (C) FRGE+BNH : Fermented red ginseng concentrates +
Bird’s nest hydrolysate
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Fig. 30. Effect of FRGE, BNH and FRGE+BNH on LPS-induced IL-2 production in
RAW 264.7 cells. RAW 264.7 cells were treated with LPS (2 pg/ml) and combined
with FRGE, BNH and FRGE+BNH for 24 hr. TFEN-a was measured by ELISA for
TFN-a kit. LPS : 2 png/ml (A) FRGE : Fermented red ginseng concentrates, (B) BNH
. Bird’s nest hydrolysate, (C) FRGE+BNH : Fermented red ginseng concentrates +
Bird’s nest hydrolysate
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Fig. 31. Effect of FRGE, BNH and FRGE+BNH on LPS-induced IL-6 production in
RAW 264.7 cells. RAW 264.7 cells were treated with LPS (2 pg/ml) and combined
with FRGE, BNH and FRGE+BNH for 24 hr. TFN-a was measured by ELISA for
TFN-a kit. LPS : 2 pg/ml (A) FRGE : Fermented red ginseng concentrates, (B) BNH
: Bird’s nest hydrolysate, (C) FRGE+BNH : Fermented red ginseng concentrates +
Bird's nest hydrolysate
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Fig. 32. Effect of FRGE, BNH and FRGE+BNH on LPS-induced IL-10 production in
RAW 264.7 cells. RAW 264.7 cells were treated with LPS (2 pg/ml) and combined
with FRGE, BNH and FRGE+BNH for 24 hr. TFN-a was measured by ELISA for
TFN-a kit. LPS : 2 ug/ml  (A) FRGE : Fermented red ginseng concentrates, (B)
BNH : Bird’s nest hydrolysate, (C) FRGE+BNH : Fermented red ginseng concentrates
+ Bird’s nest hydrolysate
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Table 34. Formula for preparation of beverage added lactic acid fermented red

ginseng concentrates and bird’s nest hydrolysate

Ingredients Mixing ratio (%, v/v)

Bird’s nest hydrolysate 15
Lactic acid fermented red ginseng 16
concentrates

Persimmon concentrate 2.0
Appel concentrate 1.0
pear concentrate 1.0
High fructose corn syrup 8.0
Vitamin C 0.01
Citric acid 0.05
Xylitol 0.5
Paecrlomyces tenuipes concentrate 0.01
Lingzhi mushroom concentrate 0.01
Jujube concentrate 0.01
Red ginseng flavor 0.01
Nuroong-gi flavor 0.01
Refined water 96.39
Total 100
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Fig. 33. Flowchart for beverages production using lactic acid fermented red ginseng

concentrates and bird’s nest hydrolysate
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Fig. 34. Photograph of prototype beverages producted using lactic acid fermented

red ginseng concentrates and bird’s nest hydrolysate
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3-1. 2%
. 7+ A A3 E ¥ 9 7HHE
2] 7.8 2 Tt} o Al 31 B2 o A] =
O'L]_J_—l il 'l;l O‘L]_‘_IE (%) EOE }\]tg_%._
2| A" HPLC
1. A¥E f8 -
915247 % data
2. Ha s z 5 mg/ml 2}
Awafols &g s 25 | 100 | (WA HPLC data
o (A A A o] = Z8 ) 9| F-EA 71 ¥ data
| A (A ) 23 AT
7] Z A E %
3. Wela % here 95 | 100 | in vitro test o
12096 0] 4+
oF HE7t AF
w5 T
4, Bad3e | A oAbt 1E 10 | 100
A T (3917157] 3
5. 573 A =49 14 10 100 |53 =95(53%)
o OFA] K. 74/\} or
Al Al 2= %_‘EJ_ = S0 ool T
6. NAE(SR) % 1 5 100 el
BEFEECEEEEER
o AFm AGitd 1, AN £, 2. R B
- A¥H F2 sialic acidsr®F 2 W& T A Aol = SheF o HEA 7] data.
- WA JRAFT} data A5

3-2. B2E Mo

1)
e

AW F 2 sialic acidg =

1 A7 (B3 37-39¥] 0] A], data & chromatogram) : 2% A7 45 mg/ 100
mlZA g3 5H3E 10 mg/100 ml o] F o= WEskE. ofF 47|l B4 T A
% A3gH(Fig. 35-39, A 97-10150] X)L 68 mg/100 mlo 2 e}y A A E
A7 Fo Aew AFHNJT A HEE 100% 24 3

2) WEFAEE] WA wAbo] =3

DA A AlY Ay (RaA 74-453 0] A], data & chromatogram) @ A& A3} 60 °Brix &

A w5969 Hg Mo Fgensenoside HEFo] 591.44 pg/ml °]lH °o]E 100% = 3F
AbebE 11,829 pg/mlE 9F 11. 83 mg/ml o]t} & FEA 713l B3 A|d A}
#(Fig. 40~44, B34 102~1109 0] #])>  1,1175 pg/mlel AL o] & 100%= 3H4ks)
W 22350 ug/mlE °F 22.35 mg/ml= e, A A@ AR F93% Ao HEY
Aok A HE= 100% €4 g
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3) WggA ¢ EATY AdAN Wddd s 100% EA
P TAESA S 54 - DEaEAdn gaisE Avyds £33 AEd 50 ng/ml A
2 AN ETQA 5 pg/mlel concanavalin A2 A3} FAFSHS S
5l - LPS @Al A9 96.71 pg/mlo] o) kg g 4hol
T %= 7378 pg/mle] AAES Hol LPS @A s diH|
o)
2]

L

A 5 7}
123.7% ©]%+2] .
D IL-2 A4 ‘%*M‘d LPS WA gt 232 pg/mlelA oy wE g4t at Aln] g7t
Lal el Z3kES 171 pg/mlE YERY LPS ds5A 2w v ¢F 125.9%0°]7%4¢]

As S Eoc]:.
CIL-6 A AAAE - LPS ©5A g o] 7320 pg/mle] MAHS Hon) g gt
N} A 7bpEe] ko] E3tE2 53.38 pg/mle] A TS Hol LPS @A T o
H] ¢k 127.08% 9 ATS B9,
CIL-10 A4 AdAAE - LPS ©EAgate] 12312 pg/mle] A HFS 2oy, ¢as
Abelal AW 7R o] EFHES 97.28 pg/mle] A HEHS Ho] LPS ©EA T
iH] 9F 120.99% Al HY.

S
i

12 4

o) B AT Astel] d@ ARk AFe| AshFig. 45) B AT We] o] st
@ oz AFHAT A FEE 100% 94 .
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<Sample Information>

Sample Mame . glalic §
Sample ID ;
Data Filename :sialic &.lcd

M ethod Filename © sialic acidh.

Batch Filename  : sialicB. Ich

lcm

2018-03%23 4:14:38 Page 171

s Analysis Report

Wial # -3 Sample Type . Btandard
Injection Volume 10 0L Level 1
Date Acquired o 2018-03-23 11:48.14 Acquired by By stem Administratar
Date Processed  © 2018-03-23 413,42 Processed by - System Administrator
<Chrom atogram>
m
] % Detector & Ex 373nm  Em:44 8nm
125 q
100
75-]
50
25 L
D- P f\_
L T B T I R o A B | o B F = e [ 2 B
] 4 10 15 20 25 30 35 40
min
<Peak Table>
Detector A Bx: 373nm, Em 44 8nim
Feak¥ Ret Time Area Height Cane. Unit M ark Hame
1 20344 3363406 133644 5173 [ mefL sialic acid
Total 3353406 133699
DADATAVZO1BV02256 \sialic 5.led

Fig. 35. Sialic acid standard(5 mg/L) chromatography(2|§&447|2 data)
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<Sample Information>

2018-03-23 4:14:39 Page 141

Analysis Report

Sample Name : sialic 10
Sample D 5
Cata Filename gialic 10.1cd
method Filename © sialic acidi lcm
Batch Filename  : sialicB.lch
“ial # S 1-32 Sample Tvpe : Standard
Injection VYolume 10Ul Level o2
Diate A couired ©2018-03-23 12:38:40 Acguired by . Systern Administrator
Diate Processed © 2018-03-23 4:13:42 Processed by : Bystern Administrator
<Chrom atogram >
m
250_: % Cretector & Ex 3730m, Em:44 Snm
1 &
200
150
100
s
G_ Fas
e e L 1 Y i [ e D e B OO (1L S L
o S 10 15 20 25 30 35 40
min
<Peak Table>
Dietector A Ex: 373nm, Emc448nim
Feak¥ Ret Time Area Height Conc. Unit Mark Mame
1 20.354 FZ254885 250531 9747 [ g/l sialic acid
Total FZH4885 250531
DoDATAVZ01 02256 ialic 10./cd
. . . . =H e -
Fig. 36. Sialic acid standard(10 mg/L) chromatography(2/F=4{7|2&t data)
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<Sample Information>

2018-0323 4:14:39 Page 171

Analysis Report

Sample Mame :sialic 20
Sample 1D :
Data Filename : sialic 20.0cd
Method Filename : sialic acidi .lcm
Batch Filename  : sialicB.lch
Wial # :1-33 Sample Type . Standard
Injection Yolume 10 UL Level 03
Date Acquired C2018-03-23 1:149:05 Acguired by . Bysterm Administratar
Diate Processed  : 2018-03-23 4:13:42 Processed by - Bysterm Administrator
<Chrom atogram>
mh
] § Detector & Ex 37 30m Em:448nm
500+ 3
] =
400
300
200
100
0]
L B o I o T B B T o
u] 5 10 15 20 245 30 35 40
min
<Peak Table>
DetectorA Ex 373nm, Ermc448nm
Peak# Ret. Time Area Height conc. Unit Mt ark Marme
1 20,354 12957270 514637 20,086 | mofL sialic acid
Total 12957270 514637
CODATAVZO1EL02256 \gialic 20.0cd

Fig. 37. Sialic acid standard(20 mg/L) chromatography( 2|5 247|& data)
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2018-03-23

4:14:04 Page1/1

==== Shimadzu LabSolutions Calibration Curve ====

1D# 1
Name : sialic acid
Quantitative Method

Function

: External Standard
: f(x)=643969*x+22213.1
Rr1=0.9995519 Rr2=0.9991039 RSS=4.339321e+010

MeanRF: 6.493444e+005 RFSD: 2.063620e+004 RFRSD: 3.178005

FitType : Linear
ZeroThrough
Weighted Regression

Detector Name

None

Area
[*10°7]

: Not Through

: Detector A

1.4
12
1.0 ~
0.8 #

06 el

0.4 S

0.2 o

1.0

1.8

2.0

# Conc.(Ratio) MeanArea Area
1 5 3353406 3353406
2 10 6294885 6294885
3 20 12957270 12957270

2.5

Conc. [*10M]

DADATA\2018\02256

\sialic acidM.lecm

Fig. 38. Sialic acid standard chromatography calibration curve(2l&&4
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<Sample Information>
Bird's nest hydrolysate

Sample Name
Sample ID

2018-0323 4:14:37 Page1i1

Analysis Report

Data Filename : JAed
method Filename © sialic acidh.lcm
Batch Filename  : sialicB.Ich
Vial # 11-358 Sample Type : Sample
Injection ¥olume 10 ulL 3 ir
DateAcquired 2018-03-23  2:39:55 Acquired by - System Administrator
Diate Processed @ 2018-03-23 412158 Frocessed by  Bystern Administrator
<Chrom atogram>
mh
: § Detector & Ex 373nm Em; 44 8nm
1500 &
1000
500
0
] e e B LT P S L e [ B | BRI B
a 5 10 15 20 25 30 35 40
min
<Peak Table>
Detector A Ex:373nm, Emd48nim
Feak¥ Ret Time Area Height Conc. LInit hilark Mame
1 20.404 44053566 16317492 BE.37H moil sialic acid
Total 44053568 1631792
CoDATAZOTEN02256 1

Fig. 39. Bird’ s nest hydrolysates chromatography(2l§&47|2 data)

- 102 -

cd



<Sample Information>

2018-03-26 4:42:28 Page1/1

Analysis Report

Sample Mame CBTDAE0
Sample 1D 3
Data Filename :5TDA0.Icd
Method Filename : gin.lcm
Batch Filename  © ginsenoside.lch
“Wial # S 1-B1 Sample Type . Btandard
Injection ¥olume 400Ul Level |
Diate Acquired D 2018-03-23 64706 Acquired by : Systerm Administrator
Date Processed @ 2018-03-26 53230 Processed by » Bysterm Administrator
<Chrom atogram >
m A
] § 3 5 > POA MUt 1 2030m, d4nm
30—: gm ] 5 g
204
1 o
104 %
i A,
D___L
B e o e EE) LS Ee) i i o PR o i S ) B S LR F e Bt B e s e P e e
o 10 20 30 40 a0 B0
min
<Peak Table>
FDA Chl 203nm
Feak# Ret. Time Area Height Cone. Linit Mark Mame
1 19.012 184025 0356 a0, 735 | mofL Fal
2 10.826 143324 7290 50556 | mofL i Re
] 33,342 117256 21682 a0 868 | mogfl Fb1
4 33.852 128058 23614 0027 | mogfl Fc
] 35.4499 1454596 254249 S0.028 | mofl Rd
4] 41.181 213691 28075 50336 | mofl Ro3
T 46.879 23376BT 21550 50,039 | mofl K
Tatal 1154657 136846
CADATAVZO1 02256 VSTDS0.cd

Fig. 40. Gensenoside standard(50 mg/L) chromatography(2|5-&4]7| &
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2018-0226

Analysis Report

<Sample Infermation>

Sample Mame L STD100
Sample I ;

Data Filename STO01 lcd
M ethod Filename gin.lcm

Batch Filename ginsenaside.lch
1-62

“ial # : Sample Type : Standard
Injection %olume 10 ul Level 2
Drate Acquired 018-03-26 3:17:58 Acguired by Svysterm Administrator
Diate Processed 8-03-26 5:32:30 Processed by Svystem Administrator
<Chrom atogram >
mAL
il '@ ﬁ g FOA MUt 1 203nm ,4nm
i o= =
S0
i ]
25+
] =
=1
o]
T T T T T T
a 10 20 30 40 S0 B0
min
<Peak Table>
PDA Chl 2030nm
Feak¥ Ret. Time Area Height Conc, Uinit [T Marne
1 18.858 J63753 18584 98.897 | mo/L ol
2 19 RRS ZHAESE 14504 S99 166 [ mg/L W e
3 33.258 232084 43174 99.147 | mgfl Fh1
4 33766 258723 47163 99.959 | mo/il R
& 35 405 2EGT22 s0188 99958 | mo/L Fd
[5] 41.064 426193 55558 99. 496 | moiL o3
T 46.751 447087 42075 99 941 | molL ]
Total 2303215 271246

DADATAVZON B0 2256

Fig. 41. Gensenoside standard(100 mg/L) chromatography (2| £&£4{7|
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2018-03-26 5:42:28 Page 111

Analysis Report

<Sample Informatien>

Sample Mame CSTD200
Sample 1D 5

Data Filename : BTDZ200.lcd
Method Filename © ginlcm

Batch Filename s ginsenoside.lch

Wial # C1-63 Sample Type : Standard
Injection“olume 10Ul Lewel i
Crate A cguired D 2018-03-23 9:08; 02 Acquired by » Bystem Administrator
Date Processed @ 2018-03-26 5:32:30 Processed by » Bystem Administrator
<Chrom atogram>
m AL
B g = PLLA Rulti 1 2030m, 4nm
] = =
100 B ® & 2
] ] 2
75
50 %
] @
25
I AT
———r— T T T T — T[T — T
0 10 20 30 40 50 [=ta]
min
<Peak Table~
PDA Ch1 203nm
Feak¥ Ret Time Area Height Cone. Unit hark Marme
1 19.009 7424149 37247 200368 [marll HogT
2 19.823 281710 29007 200278 [mall W Re
3 33.2H8 471143 SER03 200284 [mall Rb1
4 33.806 520470 94549 200,014 [mafL Rt
5 35.452 578737 99529 200.014 [mafl Rd
[ 41.111 BE1363 111849 200168 [ mafL Ry3
7 46.7593 396957 84847 200.020 [ ol K
Total 45527389 544531
DADATALZON W0 2256 \WSTDZ200./cd

Fig. 42. Gensenoside standard(200 mg/L) chromatography(2|5-&4{7| &
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Fig.
data)

==== Shimadzu LabSolutions Calibration Curve

ID# 1

Name :Rg1

Quantitative Method : External Standard
Function - f(x)=3731.77*-5307.93

Rr1=0.9999189 Rr2=0.9998378 RSS=2.635484e+007
MeanRF: 3.676708e+003 RFSD: 3.742465e+001 RFRSD: 1.017885

2018-03-26

5:32:38 Page1/4

FitType : Linear
ZeroThrough : Not Through
Weighted Regression : None
Detector Name . PDA
Area # | Conc.(Ratio) | MeanArea Area
[*1075] 1 50 184025 184025
80 2 100 363753 363753
: @/ 3 200 742419 742419
70 /
6.0 /
50 /
40 /
30 /
20 /
1.0 /
0.0
0.0 05 1.0 1.5 2.0 25
Conc. [10%2]
|D# 2
Name :Re
Quantitative Method : External Standard
Function : f(x)=2928.00*x-4704.90
Rr1=0.9999536 Rr2=0.9999072 RSS=9.278957¢+006
MeanRF: 2.877185e+003 RFSD: 2.761460e+001 RFRSD: 0.959778
FitType : Linear
ZeroThrough : Not Through
Weighted Regression : None
Detector Name . PDA
AFES # | Conc.[Ratio) MeanArea Area
[*10"] 1 50 143324 143324
2 100 285653 285653
6.0 o 3 200 581710 581710
50
40
30
20
0
00
0.0 05 1.0 1.5 20 25
Conc. [10%2]
DADATAR018\02256

43-1. (Gensenoside

- 106 -
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ID#
Name
Quantitative Method
Function
Rr1=0.9999515 Rr2=0.
MeanRF: 2.340561e+00

Eo

: Rb1

: External Standard

: f(x)=2863.72*-2273.20

9999031 RSS=6.317343e+006
3 RFSD: 1.788153e+001 RFRSD: 0.763985

2018-03-26

5:32:38 Page 2/4

FitType : Linear
ZeroThrough : Not Through
Weighted Regression : None
Detector Name : PDA
Arsa # | Conc.(Ratio) MeanArea Area
-+ QNG 1 50 117256 117256
el 2 100 232084 232084
’ @/ 3 200 471143 471143
45 e
4.0 e
35 o
3.0 //
25 -
=
2.0 el
7
15 e
10 A
os|
0.0 <
0.0 0.5 1.0 1.5 2.0 25
Conc. [*1072]
|ID# 14
Name :Re
Quantitative Method : External Standard
Function : f(x)=2616.05*x-2775.51
Rr1=0.9999999 Rr2=0.9999998 RSS=1.755489e+004
MeanRF: 2.583847e+003 RFSD: 2.040846e+001 RFRSD: 0.789848
FitType : Linear
ZeroThrough : Not Through
Weighted Regression : None
Detector Name : PDA
Ated # | Conc.(Ratio) MeanArea Area
1 OAS 1 50 128098 128098
[ ] — 2 100 258723 258723
8.0 7 3 200 520470 520470
S
5.0 A2
e
#
4.0 ///
S
A
3.0 e
//g
20 2
s
1.0 //Q/
S
A
0.0
0.0 0.5 1.0 1.5 2.0 2.5
Conc. [*1072]
DADATA2018\02256
Fig. 43-2. Gensenoside standard chromatography calibration
data)
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|D#

Name

Quantitative Method

Function
Rr1=0.9999999

B

:Rd

: External Standard

: f(x)=2888.54*«+988.501
Rr2=0.9999998 RSS=2.248789e+004

2018-03-26

MeanRF: 2.900273e+003 RFSD: 8.534243e+000 RFRSD: 0.294257

FitType : Linear
ZeroThrough : Not Through
Weighted Regression : None
Detector Name : PDA
Area
[*10°5]

6.0 /

A2
/
5.0 e
v
/
o
4.0 ///
7
S
o
3.0 /p
7
20 e
P
1.0 s
g
0.0%
0.0 0.5 1.0 1.5 2.0 25
Conc. [*1072]

|D# 16
Name : Rg3
Quantitative Method : External Standard
Function : f(x)=4322.65%x-3893.96

Rr1=0.9999831

MeanRF: 4.280856e+003 RFSD: 2.325511e+001

FitType
ZeroThrough

Weighted Regression

Detector Name

Area

Rr2=0.9999661 RSS=7.383088e+006
: Linear

: Not Through

: None

: PDA

[10%5]
9.0
8.0
7.0
6.0

5.0
4.0

3.0 /

2.0
10, 7

0.0

0.0 0.5

Fig. 43-3.

data)

Gensenoside

20 25
Conc. [*1072]

5:32:38 Page3/4

RFRSD: 0.543235

# | Conc (Ratio) MeanArea Area
1 50 145496 145496
2 100 289722 289722
3 200 578737 578737
# | Conc.(Ratio) MeanArea Area
1 50 213691 213691
2 100 426193 426193
3 200 861363 861363
DADATA\2018\02256

- 108 -
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Fig.
data)

ID#

Name

Quantitative Method
Function

FitType

ZeroThrough
Weighted Regression
Detector Name

Area

7
K

: Linear

: Not Through

: None
: PDA

External Standard
1 f(x)=4495.19*-2167.97

Rr1=0.9999998 Rr2=0.9999995 RSS=1.083907e+005
MeanRF: 4.470332e+003 RFSD: 1.472718e+001

RFRSD: 0.329443

5:32:38 Page 4/4

[*105]
9.0
8.0
70
6.0
5.0
40
3.0 /
2.0 el
10{

0.0

0.0 0.5

43-4.

1.0 1.5

2.0

Cone. [*1082]

25

2018-03-26
# | Conc.(Ratio) MeanArea Area
1 50 222767 222767
2 100 447087 447087
3 200 896957 896957
DADATA2018\02256
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\gin.lem

Gensenoside standard chromatography calibration curve(2|%



<Sample Infermation>

Sample Kame
Sample 1D

Data Filename

M ethod Filename
Batch Filename
Wial #

Injection Yolume
Date Acguired
Date Proceszed

dod

: gin.lcm
3 gin?‘enuside.lcb

S10ub
;2018-03-23
$2018-03-26

2018-03-26 6:04:59 Fage1f1

Analysis Report

10:12:30
G:04:52

Sample Type

Acouired by
Processed by

- Linknowen

: Systermn Administrator
: Systern Administrator

<Chrom atogram >

m ALl

200

P& Multi 1 2030m 4nm

0 10 20 30 an 50 50
min
<Peak Table>
PDA Ch1 203nm
Peak# Ret Time Area Height Conc. Unit Wark Mame
A 18.760 357483 17112 a7 217 |mo/il Fgl
2 19,592 277114 15223 96 248 [ mg/L Re
] 53,282 1049571 1508495 444 995 | mogfl Fh1
4 33778 530038 71831 203671 [ mgfl R&
5 35419 248573 38714 85713 mo/L Rd
[ 41.070 285403 37731 B 926 | gl Rg3
T 46576 549544 53555 122734 | mogfl Il ke
Total 32097726 415065
DADATALVZOT 802256 ! dcd

Fig. 44. Ferment
data)

broth of 5% red ginsen concentrates chromatography(2l5
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o
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L. 5 pg/mlY
concanavahn A9l &gt [AFSE ZuE Hol ZAlL0] Qolst Autz Atggl

2. TFN-OL A3 IRAIFAIA LPS TEX2]Fo] 96.71 pg/mlQ] AiZo|giort
[e)i k)

3. IL-2 A3 AAAE
117

AT AU A7t 2 %@ T‘i 73.78 pg/mle] AHkS Wo] LPS oF
b Blawste] oF 120% o]%fe] AAlaits Hole ZutE ®o TFN-o
olAIe] &dol fo)Ft Aukel o=z ekt
oA LPS ©EX2]3 232 pg/mlc]glol} wha s atom)
75l 2&E0] 171 pg/mlez e} LPS WEx2]Zat v]mste
‘41“] 125%01/¢2] AA|5g o, [L-2 A Ax] o) 7347} ool Hoa
TeEcH

4. IL-6 A3 AR EolA = LPS TEA2 7ol 73.20 pg/mle] A4 ciu], 2t
&

5.

A ARt dare] &
EA2T ofe] o 127% olde] <A
o3t Zlog wokEch

IL-10 7d AA|A]FoflA] LPS &=

EAPOHJ} 7{1]\3]7(17]./\ HBHOHJ_'-]’QI 'é'—?j}

& a]Z thH] oF 120% o]4e] AAls

5
= 53.38 pg/mlo] /93 Ho] LPS ©
< 29 IL-6 88 Al &/d9 2t &

mel 9lo] 571A AuE AES At A 2
wroe

e

285l o

r_clw'
Jo
1)
<
il
D(Jl‘
i)
Y
B
i)

Fig. 45.Verification for data of immune activity(QEME7})
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