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{ SUMMARY >

| ZENF | D-02

1. Purpose

1. Establishment of manufacturing technology the edible fim using HA

2. Optimize the extraction condition of substance stimulating salivary
gland from food materials, and the mixing ratio of hyaluronic acid
with the substance

3. Optimize the edible film formula using HA as main material

4. Establishment of commercialization technology for HA edible film &
Technology Transfer

Purpose& II. Contents
Contents 1. Establishment of HA film manufacturing technology
- with various HA molecular weight
- with checking physical properties of HA edible film
- with appling to several film manufacturing methods
2. Searching for salivary secretion promoting function material and optimal
extraction condition
3. Check the optimal HA edible film formula
4. Establishment of Commercialization technology for optimal HA edible
film
5. Technology Transfer
Patent application 4, PCT application 1, Patent registration 1,
Results Paper(Non-SCI) 1, Academic presentation 4, Job creation 1, Human
resource training 2
1. Commercialization
— Check the raw cost for HA edible film by pilot test
- Secure IP
- Check the regulation
Expected .
Contribution 2. Marketing
- Export

= (Cowork with Chinese Partner and Agent in US and Europe
- Domestic Launching
= Cowork with Professional Trade Agent for edible film

Keywords

. Stimulating
Hyaluronic . . . Natural Food .
. Xerostomia Edible film salivary
Acid Extract .
secretion
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[e]]
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7t HAZ T8 k= H4 743 435 AY 849
O HZF & uld71(20t) 71 thFAAL

- L3 8~12g02 QA 1

- 20t & Wi 71+ WA 200~220kg HA A4k

O FAF B 2709 #5F 5 KFCC 11860P (F## HA AAHg) A&

- Yeast extract 59 A=A WAE FH5 ALt FEA HA A4k

O T74&/7MHA BgozA 4 A5 Ze TEAHE (056~08Da) HA A Ak 34 3

H

- % 19 dFEAA T A8

- 39 12 AA Al EAE Aret HF wdstE 9% 59 23 A3 & A ATk =
AE B3 TEAH (05~0.8MDa)e 2= HA A7 &R

O A A &<l

- T W AFEE S% HH EAE HAG A #EE 98] HA wAES v Wi ¢
a =4 #d

[e=>)
BN
A
Jot
i

- A AR FA o3 BEAY A4 (A A" gl o8 54) — 10~15dL/go =
e

- Laurent method
[n]=3.6%10-4xMw0.78 ([n]= dL/g)

- HPLC ¥45 &7k A 2l
HPLC &4 W'y
HAA & 40T ol A 5AIZE &&fl & &4
Column OHpak SB-803HQ(8 x 300mm, Shodex, Japan)
Detector Refractive index(RI) detector(Shodex RI-71, Japan)
Flow rate 0.4ml/min
Eluent 0.5M NaCl
Injection vol. | 100uL
Standard Pullulan STD 180, 5900, 11800, 112000 (4%)
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7h A g fFEaed 9y
1) et ulel g37F slvka e Eds 2] 98 53 2 =4
O “FAAF, A, A0 T key word® £¥ % 59 @A
O =3, 53], L2 TEAR 5& AMste] vdx 3 gL #d AR ¢4
O FHEH 14
%

Ay
)ng X]]_,E,_
B Ao A ALE-3F %ulH(Ixeridium dentatum), Z<-(Pueraria lobata Ohwi), 7] *HLycium
chinense Miller):= A&EWA] SoiEo Y3 AEA Ao Fdstdr Axd AS 74

sto] HMAM7|2 24 F 150meshA & S A2 F WE Bysto] Abgsalvh(Fig 1).

24}7] a2 7R}

Fig. 1. Ground samples before extraction

F& x7

7b e el wube, A, 714 5 g 500 mL BlACl Wi Siet FAHS A vl 1%
o] FER WEI &0 BH7E ARESte] 50, 0% ZH7he] e FolA 30% 3 3AXHEd
FZE3t9 vt % ¥ filter paper 150 nm (Whatman)& ©]§3le] Ze& F conical tubedl]
of Wi nuslvt

A w4

oy FEES AAAE o4 L, a b 2 FASAT old FFE WA #eo e L
96.86, a:+0.27, b:+1.94 ©| AT},

HPLCE ©| §3 &% 24
b, A<, 7712e] HPLC #4]% 53](Chae et. al, 2016)& Filste] 43tk 919 %
WOR FEW AR F 1% FER 247 FHFG FHNA 0TAA 3080 FEE

]_
7)
membrane filterol] o #A|71 3 HPLC FAo] A3ttt HPLC ¥4 =48 vt} (Table 1)



3} 2o,

Table 1. HPLC condition of extraction

Items conditions
column Acclaim™ C18 (5um 120A 46 X 150mm)
Time (min) DW (%) Acecitrile (%)
0 a5 5
05 95 5
Mobile phase Gradient 19 5 i
13 50 50
16 5 5
185 5 5
21 3 5
Flow rate 1 mb/min
Injection volume 10uL
detector 210nm

UPLC-QTOF-MS #4] =z

2ul7] FEARE F7b4 0% UPLC-QTOF MSEA &

AdsAch 2AE FRFG 7
off ] Zt7} 1% FLEZE 50T 304, 70C 30+, 70C 3AIF F=3 Alg& Z+7F 0.45um
membrane filterell ¢ #A]71 & UPLC-QTOF-MS 4o ARE3IY T #4271 Table 29
2},

Table 2. UPLC-QTOF-MS condition
LC Condition (Waters®* ACQUITY™ UPLC)
CORTECS™UPLCEC18 1.6 pum (2.1x100mm)
Column Temperatre : 40 °C
. A :0.1% formic add in water, v'v
Mobile phase B - 0.1% formic acid in acetonitrile, v'v
Time (min) A (%) B (%)
] 95 5
0.5 95 5
10 75 85
Gradient 13 50 50
16 5 95
18.5 95 5
21 95 5
Flow rate 0.35 ml/'min
Injectionvolume 5 ul
MS Condition (SYNAPT™ G2)
Ionization Mode ESI+
Capillary 3.1 kv
Sampling cone 35V
Extractioncone 4.0
Source 120°c
Desolvation 350°C
Cone gas 100Lh
Desolvationgas 800LMh

5 A4}

Al AlE Fuk], 1A, 2 1% FEEL] g E8] 235 g53 2ol S48 WA
gE el A kel A= ERAES o AT F 1% FEES 1Y ol B 537
AAE FASH e ROoxF &3tk 1§ 50ml conical FE O & WA F F el
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4 Fof

304, 70°C, 5 ¢

30&, 50°C, 5 ¢
e»

308, 50°C, 05 g
3AI7H 70°C, 5 ¢

3AIZE 70°C, 05 ¢

42,109

24A|ZE

3A1ZH 50°C, 5 g

3A1ZE 50°C, 05 g

,05¢g

rfo

k

o>

24A|7H A2 5¢
Distilled water extract of Ixeridium dentatum

24| 7h
Fig 2.

3AIZt, 70°C, 500mg

30%, 70°C, 500mg

30, 50°C, 500mg
Fig. 3. Ethanol extract of Ixeridium dentatum
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® ®© & = . '

Fig. 4. Color value of extract by conditions

2) 28 A

Ae 54 A%

2 G A el o] A= 919 Table 13 Figure 1S %3] WeEFWHY. L (lightness)
ol M= 7127 7HE =& e BAa #ukvE 7P e s Btk a (redness)oll A
AAl F7IATE b w3 FukA v HE Stk b (vellowness) @t 1A 7HE e gk
How o] b e ks HAATH

tlo ki

Table 3. Chromaticity values of powder

L#* (lightness) a* (redness) b* (yellowness)
& Hk 87.4480° -12.1460° 3.6100°
= 97.8450P 0.2875P 0.8825¢
T71 2} 111.1440°% 24.2500? 24.2500?

Table 4. Chromaticity values of extract

FEL) A5 L* (lightness) a* (redness) b* (yellowness)
Rl 76.4700° -0.7340° 8.4920°
DW e 73.8360% -0.0420% 5.1020P
T2k 74.1120° -0.4220¢ 14.4000¢
&k 74.0540° -18.4980% 27.9220°
T4 -t 76.3640° 0.3060° -1.6060"
7712 79.0920° -9.8260° 34.1020°
2 A, v FEEY A EE Table 29 Figure 2~49)] YebUth 23 7] Ao
Me TFF FF 2o 4 FE9A4 Lxightness)#ko] Edoy &EnlAs FAFEFRY &
F4 FEolA Lx(lightness)gkol =9kth a*(redness)it &vF9] FAHAFZFNA 71 e
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Fig 6. Peak in HPLC of lxeridium dentatum in various condition

_30_



-l bl e A

RO WEE T
300+

i<

w0} e

s+

2A0= 3=

o WA A

i | D__L‘

) a0 s
_ oo 50 0o 150 00 =op o0 s 0e e o 20
Fig. 7. Peak in HPLC of Ixeridium dentatum
B ] o WaTEe O 2EZR T

430
LE gy
00|
75
00 =
g \\_';/\,—k “”_-
uﬂ .
200 S— P ] g ; , ' : =
L1 1] 0o me g 259 oo A (1] AL 200 =
Fig. 8. Peak in HPLC of Pueraria lobata Ohwi
s AT e T INBEF
o ]
Rl
il o
-
w00
==
. Rl
54 . ; e — . - : - —-
(-] 1] R0 (1) Fde] =9 (-]] 1] 1] 180 =05 p

Fig. 9. Peak in HPLC of Lycium chinense Miller
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UPLC-QTOF-MS #4 A3

ok FEE 4 49

O %u} (Ixeridium dentatum)y= 2§ B olyg} k807 ALgHH AdAY A3EHE 53
28 2 Fof AMSE = o3t A &2 A aliphatics, triterpenoids, sesquiterpene glycoside

2]
= i =RKe] 3 &= o
T AES XS Qe Ao dHA AS.

O UPLC #4433 &+ 5 21 d Aol AA 18R &8k, &nk7 20t 4+
S Luteolin W@ A2 cynaroside(F A& 44837)% d#x o, HAZAI A 6828 o
o m/z 463% base peak 2 3+ m/z 449.100] A= J o} AP A2 luteolin®] m/z 286
7F SQ1H A FF o ® massol ol F7F £4lo] o Aow WS

O E& 19 F3 FEAIRAA 72453 tiek &vk4 70C FEAIE 7318 of g0% #4
=2 Y% mass spectrumes YERW oW, 50T FEEAA Ao FR1¥A Fd+

O 9 Az

=

Ao glE B FHA A G2l #go] QSR B m/z
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Fig. 10. Peak in UPLC—-Mass of Ixeridium dentatum
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Fig. 11. Peak in UPLC-Mass of Ixeridium dentatum

_33_



extraction solvent

retention

time

S grain alcohol
0.66 min -
e
- ;;463) 6.82(463)
7‘3! T SS—— - (551_)": E. .

Fig. 12. UPLC-MS spectra of Ixeridium dentatum
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T FEE A A3
é (Puerarza lobata)% %’—49] AEZ Y, dA 2 FE g3lgaE ASE, BxAdE

om I AES=Z  isoflavonoid, triterpenoid
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=, 2 el el AgEE A,
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Table 5. Salivary secretion effect of extracts

Samples Salivary amount
W=7 (FF7FF) 2.2500°
Rl 2.6578°
z 2.4444P
712} 2.8235¢
¥ 22Pd %
7. HA-AJAFZEE9 95 Ax HAxA g9 2 544 54 H7}
(1) Ay
/\]JE,_

Agstgon, ARt AF JHE Feo] nistel ALY

AE5JAAS Qg 99 Ax

wAeo] The 3% 9] HAS00, 1200, or 2300 kDa)E iAoz &817 7153 7 A 8e] Ao
FEE dolE Ay gart bedt e EAE H ZF 30, 15 1.0%% LERsEh whebA],
10% o g 3 STl 2 ol sdsts S Wi wstHA 4As] 83| AF
A5 Ax

HES Automatic film-coating apparatus (COAD 411, Ocean Sci., Uiwang, Korea)E ©]-8-3}
o] Ax3A Tt Film apparatus 8% (45cm*30cm) 9 ol OHPZ & (297mmx*420mm)S &8
45 g9 BA"HE FAE 2 3% 258 wEY] 8 ¢ EAEF T &9E 150,

100, 50mlS o] 3 mm/sec®] £XEE coatingdte] A FEAct LES Axsr] s =3
% 71(TH-PH-065, Jeio Tech. Seoul, Korea)& AF&3tAom 2% 40T, AUls5% 60% =
sholl A3k

A =
B o] vl (Ixeridium dentatum, SS)2F 71 AH(Lycium chinense Miller) 5g2 500mé
S HAd Y1 FAL Yol 1%9 vLE wE I 223 EH7|IKA® T25 digital
Ultra-Turrax, Germany)g A}F-83to] 70TC¢] &30l 4 ol FEFIATY. FE 5T o
2] (150nm, Whatman)& ©]-§3ste] A#E & oF 4 W Baste] ARg-skth

(]
=)
off
Ay
ol
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A AEE AX BAE 800 kDa2l HA %= 3% = A3 AEo] A7lste 559 vt
Table 13 #Zo] MAsA L, 247 800F-3+GG2.5+SS1, 800F-3+GG2.5+SS1+CA1, 800F-3+
GGB.0, 800F-3+GG5.0+SS1+CA1= g 3t T

Table 1. Addition ratio of Ixeridium dentatum (SS) and Pueraria lobata Ohwi (GG)
for HA film preparation

Sample d enéii%d{%g %) chm%g]é n]lqli]]er Cl(téllf %/S)id
(GG, %)
800F-3+GG2.5+SS1 2.5 1 0
800F-3+GG2.5+SS1+CA1 2.5 1 1
800F-3+GG5.0 0 0
800F-3+GG5.0+SS1+CA1 1 1
25 #2411
e =4
&5 AxE 98 A=l g2 HAE o] &3sto] Ax3k &de HX=+= 50ml conical tubedl
40mY 9 ¥ AE=A(RVDV-II+Pro, Brookfield, USA)E 0] 3} o] pmdle 7, 50rpm =719
Al 53] whEste] SA A
A 54
Zy A5 FA= 001me] AUEE zke= Ay (DISHA 505-685, Mitutoyo, Japan)2 AF-&
ste] A3t 7 259 HAE gt F TH A4S H bF 2 3 A2 e A9
stal v SAgke] Fts AREsEiTh
FHE 54
59 FYx AL 98 ZEL 150mx100mm= 72 Aeste] FH|HG, 23 F=A
(UV-160A, Shimadzu, Japan)S ©]83}e] 600nmolA ZE° ¥ F34&S #4353y FHE
= T A o8] ALtE AT FEE = (log %T)/b, 91714, %T+= 600 nmell A ¢ & F

J&olal, bz BF2 F/ (mm)olth

AFRE =4

59 A%+ Texture Analyser (TA-XT2, Stable Micro Systems, UK)E o] & }Oﬂ =
AR o] %7] gripzte] AeglE 40 mm, cross-head®] &%=+ 1.00mn/sece] At} H &2
A== dFo] Bold w714 7159 HAYe FES 25 279 dHAo=R ‘/]r“roi Al
st om AL thga 2

max/ sz

(Fnax® EE° wC’V“ W7hA] g3 Hd A=)
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Fig. 2. Sensory evaluation with Schirmer test strip
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Fig. 3. HA film with different molecular weight.
weight of HA; F means film, 1 and 3 means application thickness.

0

800, 1200, 2300 means molecular

2300F-3

800F-3+GG2.5+5S1+CAl

800F-3+GG2.5+SS1

800F-3+GG5.0+SS1+CA1

al

B00F-3+GG5.0
A 5l

=
=

Fig. 4. HA film with extraction of Ixeridium dentatum (SS) and Pueraria lobata
3 HA6 A&

Ohwi (GG). CA means citric acid, numbers mean % concentration.
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oA 7hF A FAHHJT ol EAHE AU Hrbbesmrt 747 3%, 15% 1%E
hyaluronic acid 3 7}&o] tf27] wjEolgta AlgH )

ALY

Table 2. Viscosity of HA solution for film preparation

Samples Viscosity (cP)

800F-3 23101.5°

1200F-3 10092.3°

2300F-3 7073.3°
800, 1200, 2300 means molecular weight of HA;, F means film, 3 means application
thickness.
AF9 7, F9% R A4 EAQZAR) 54 43
AEo 7/, Fyx AFAE =4 d3E Table 39 YERHTE AT 2309te2 A 23
2300F-3 A&F9 F77F 24m= 7 ekkar, vhao] 1200F-3, 800F-3¢] =AM Atk =, &4
of ALTH H& F AT HAY %7l 7kt 7HE B2 849 4& =Y F AME &0
WA dEe] FAVE M FAL Aew FAHAY (Kim et. al, 2015). 59 FHEEE
WA Eol U FrEel Al 94.85~94.982 AlE I o3 AolE Holx ¢r) AL
S800F-3Al&oll A 7 =l SR 2300F-3A 5ol A 7Hd WAl SAHEHJT. o= #AFE
A H7M s %7 3%, 15%, 1% % hyaluronic acid H7F#o] @ A% & HE9 A7}

[}
800F-37} 7H 7 aL 2300F-3¢] 71 QF7] wiizoletar Ats ¥t

Table 3. Tensile strength values of HA film with different molecular weight

Samples D Thickness(um) Opacity Tensile strength
800F-3 57 + 2.1°2 94.98" 621.2¢
1200F-3 33 + 2.0 94.97 452.0°
2300F-3 24 + 1.5° 94.85 355.1°

800, 1200, 2300 means molecular weight of HA; F means film, 3 means application

thickness.

Focus groupsd Ao & testdt &9 HAxA

A5 37 A & V|ex FJ7F 43

AE 3z Ao wE 7|Z% H7FA 3= Table 40 UElWLh £ FEoE AES 9
of F&3ls W 7HE Sttt stom, A & A 7HE Astvha HUEE AT B
A #H AEe QR dES FHASGES W AU eR M W gdo] #ujfva &
Ko, EREe] & Al 7P AE Aow yeutth AWAQl VSk R 3ol
55 FFsR S W7t 7HE =2 VISR E e d3AEY] VE gAdeRes o dF
S F&Ae9 S A9v 2o LagtEwA dxe =40 yw & gho] T A A =AA Y,
ol&Z7to]l 7HE Wol =AAAN Ao 2Y A9 o AA FEztol =AAW g &
ol 7]o Hatrh= ool AU EZF B ES EY AF A Aojd o] TA 1 E



ARu7}t @ sk o7l A ol AAES FHete]l HEHow Al AFL ¥
o B2 Qs

Table 4. Preference depending on film attachment position

palate tongue buccal mucosa
Inconvinence 6.9 2.6° 4.4°
Saliva secretion 7.12 5.4° 3.4¢
Overall acceptability 6.2° 3.5¢ 4.2P

AE A F 59 g goadnFF =4 A3
He Bz §32o w2 gAdBuZFe A= Table 59 YJEFUT 28-S 29 AE7-e] P
L 696g 0. F Holx e R el 456g BHUF FolHo R Be e Hrh o] &M,
HAZEo)] ol el BEu7} Zxgo] gelg

Samples E}ol -1 2 (g)
Control 4.56°
800F-3 6.962

800 means molecular weight of HA; F means film, 3 means application thickness.

Hyaluronic acid ¥ A} %ol w & €9
Hyaluronic acid #*}#o] w& gldiEu|= =74 4

o] el Eu| gk Wt 1.77go i 7P wokom 800F-3€ &S H335Y
o] fFoAHoR P =L FE YEHr o =
800 kDaS °]&, FAE 3m=E AFs= Zo

Table 6. Salivary flow depending on the MW of the Hyaluronic acid

Samples E} o F-H]| = (g)
CON 1.77¢
800F-3 3.37¢
1200F-3 2.56°
2300F-3 2.67%

800, 1200, 2300 means molecular weight of HA; F means film, 3 means application

thickness.

FEE J7Md B Vze 54 A%

FZ2E 7l W 7sx =4 A= Table 739 2u 9P A gjirio] LAk Abn) v}
A5 8RR vt SHEH3ATE T3 FUIAe] HIbgo] w8 A, FUIAe HYS
gro] = 7|Z%7F eka #ubde] HIbEo] =& AF w&S uto] A v|E=ETt sk

_45_



thoolY 3t o ES Tkl oF 40} =3 1A 25%SF wvkAl 1%6E HUMRE dEo®
oS WP

Table 7. Sensory test of HA film containing Ixeridium dentatum (SS) and Pueraria
lobata Ohwi (GG) with different ratio

Samples Appearance Taste ac c%\é?tg?)lillity
800F-3 6.00™ 5.98% 5.41%
800F-3+GG2.5+SS1 5.89 5.87% 5.65%
800F-3+GG2.5+SS1+CA1 5.86 4.92° 4.52¢
800F-3+GG5.0 5.64 5.63° 5.19°
800F-3+GG5.0+SS1+CA1 5.83 4.43° 4.72°¢

He

Ao delste] Axe HANES 774 U S3l=

a0}

Time (min)

WA FS gelstel Az HANES Ewls) oSy

HA ¥A% W& Azd 800F-3, 1200F-3, 2300F-3 R & Hwy vd 2 F72% SEMS %
a #as Av a9 69 2 WEe BW 24 A% PAY ¥ Azxd AL 74 AR
Me aad #4% dUE wolw meoly vHdA 2 FolZ Bl & 4 gy wue
x50000% FUige Wi BAge] AAFE wwe] ofk AelAE I nyh wAg
x500% ojste] F71E =4 A 800F-3, 1200F-3, 2300F-3 A& 0% 526, 30.8, 202

= 21 A}
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2300F-3

Fig 6. SEM images of the HA film (Mw 80, 120 and 230 HA films): Ysurface of the

film, “cross section of the film.
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Table 8. Effect of HA film with/without extraction on saliva secretion

=] = (mm)

€}

Samples

28.5+4.25°

Control

37.913.66%

800F-3
800F -3+ GG2.5+ SS1

38.7+£3.51%
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800 means molecular weight of HA; F means film; 3 means application thickness; GG 2.5

means Pueraria lobata Ohwi 2.5% addition; SS1 means Ixeridium dentatum 19 addition

HsAAE FF FEE A 5l wE A5 dsx 3JrF 4%

FEE A7 A7 O Vs ®WUke ZAd= Table 99 2k ZF 359 At 5~7H
o] A37F yEbskt. 800F-3A1 25 F#3kalS ek 800F-3+GG25+SSIA 7E F-2etls
EE @A & AolE Holx @gker &P A=E Afdstd v FEE2 53dA 6
Ade AE vebid. 359 718 oA FollA e stehar, Asta, A & shs A
ZHged FA0E ool g eHer Bol YEuY ole S 7= FEEY HAME F
3 g AWAQl V|axE B 9t lvka AlmEn

Table 9. Sensory results of HA film with/without extraction

800F-3 800F-3+GG2.5+SS1
Appearacne 6.00° 5.83°
Taste 5.22" 5.43
Inconvenence 7.41% 7.39
moistness 6.54" 6.74
Overall acceptability 5.41™ 5.72

800 means molecular weight of HA; F means film; 3 means application thickness; GG 2.5
means Pueraria lobata Ohwi 2.5% addition; SS1 means Ixeridium dentatum 19 addition
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