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2. EBRAE
2.1 ##
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T 72 KB R % R 3 IR ME A FA D TV D Curcumin
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LT, &512, 7 ke L Tk-carrageenan (= ik
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AF L HFIVIEN DT 2 AF % F3 O Curcumin Jisc i
(252D EBIZOWTH~ %72, NaCl, KCI, CaCl,-

2H,0, MgCl,+6H,0 (& 7 ¢ /v ARtk s ) &
fEAL,

(@)
o] OH
H,CO O N | N O OCHg
HO OH
(b)
OH
O/WH
0—R
HO
0
HO OH \_ OH o
CHy 0-R
HO
OH
0—R
(©
&O
N
M
(d)
"H,OH H,
0350
0
0
OH OH n
Fig. 1. Chemical structure of (a) Curcumin, (b)

Transglycosylated stevia, (c) Polyvinylpyrrolidone K-30
and, (d) k-Carrageenan



2.2 ARAE

Curcumin 300 mg Z =% /—/ 1 180 mL HHIZIAfiESH,
Stevia-G 3,000 mg &% O} PVP 1,500 mg % ¥k 180 mL
RS, =2 — VIIREIBAL, r—F)—=
/N7RL—%— (Rotavator R-3, BUCHI) W\ Cx=4 /) —
VR E L Curcumin iR A 15972, £ 0%, Curcumin &&
LT 15 mg %5 H 3 5L5 Curcumin ERAZEEL,
k-carrageenan % 1 % (w/v) , &-FEH%E (NaCl, KCI, CaCl,,
MgCl,) 42 £ (0, 20, 40, 60, 80, 100 mM) L7225 55
INi%, 75°C T 15 SR el iisE, 4 € T
24 R RAFLBY — A28 7= (Fig. 2),
3. A&

AR 72 B UEHZ DWW, LT OFEICEVFHEL 72,
(1) Curcumin ;& fi# £ 0 574

7ov K &2 G 84 % Rl o Curcumin ¥ K
( Curcumin/Stevia-G/PVP ( 1/10/5 wiwiw ) IZ B 1T 5
Curcumin i1 2> T, HPLC (Waters, €2695) % v
TR, £/, & (NaCl, KCI, CaCl,, MgCl,)
% 100 mM ¥RINL7=B50> Curcumin ¥&f# &, T (5TC) T
7 B ETIRAELIZBR O Curcumin A, 51247 L5
FHELAEABEL, INEL(T5 C, 15 min) BELOWHI(5 T, 15
min) Z #8031 5 [B1f T 72F5 D Curcumin A fE &2 /I EL
7
(2) Curcumin /7° )L & & 0 4\ ER 5T

#MEH¥E (NaCl, KCI, CaCl,, MgCly) &4 % (20, 40,
60, 80, 100 mM) &72% 25 Curcumin YA ZHINGE, ¥ FT
TRAFLAASRL 727 VSR D AMB A BRI KD Rl L 72,
(3) Curcumin & £1{E 0 574

Stevia-G (3000 mg)
PVP (150/1500me) Curcumin/Stevia-G/PVP = 1/10/5

Curcumin (300 mg)

R (NaCl, KCI, CaCly, MgCl,) %45 (0, 20,
40, 60, 80, 100 mM) &725 5 Curcumin K RN,
LI NVAFNINSET 2 T 5 BB Curcumin
O B AL, £z, Z7VBENINE M OV
a1V LK T Dr-carrageenan % 5E B IIAfRSH
Curcumin 2L, & &EAZFHMHLZ,

(4) BEK RO FH

Bl K 2358 HALT= Curcumin 7 /L BLHENZBI LTI,
Curcumin 7 /L3I (AL & Te) OEBEEZRE L%, &
NEROERE, BERKOEEEZNEL, Fiillnd=RIcT
B BER LT,

Bt =R (%) = (BEK &7V S5 &) x 100

(5) 7 ILELEI DT H AF 51l

KRR 7= Curcumin 7 /LVEIKI DT 7 2T ¥ (1)
WO WTC, 77AF ¥ 7 F 7 A% — (EZtest-500N ,
Shimadzu) Z FHVWCHIEL 7z, 3UBHT, EA 40 mm &S
15 mm OFZRITFIEL, TV —lE 10 mm/sec &
T 10 mm OPERSET EIEML, —BH OEHE —2 5
SIEREEEL, ML,
(6) Curcumin it H T4 0 FF4ih

A FEFHHRLL 72 Curcumin 7 /LK 53500 Curcumin fik
PEIE, IR RBRES (NTR-8000AC, Toyama) & vy, /3K
JUE (50 rpm), ZRB47K (900 mL), JAIETREE (37 + 0.5°C),
CUR # 15 mg/~> /T IHIcf ikl <oz
A, BREREAT o7, RRRFRICEUBFAEEL, HPLC 12T
JZHL7= Curcumin & EE2 R EL 72,
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Fig. 2. Schematic representation of preparation for oral gel formulation containing curcumin.



4. BRBFIUVBEER
4. 1 Stevia-G & U PVP #HhNIZ&S Curcumin iFi& D
W7 e

Table 1 (Z Curcumin ¥ f# &I ERE LA~ 3, Stevia-G
TR BAIC, At bA% s Curcumin O K
TRV IRVE DD B, Z O, TN OHY
JMZHET T Curcumin O LT OFRMEE Of)_ERGERDHE
A1, Curcumin (Zxf L CE &Lk 10 50 Stevia-G Z RN
% Z &, Curcumin 5 R O K IZ K D IAMRE 2 0.3
pg/mL 2>5 10,000 15 2L ED# 3,243.8 pg/mL (2 ECHEN
L7, L L7235, Curcumin & Stevia-G @ 2 %5372 T
RSN EA NIRRT R AL ER T2, 1 BRI
I% Curcumin AR 1% 3,126.8 ng/mL (2, 7 B2
2,149.8 pg/mL £ TR L7z, 37 TIZ, Curcumin O¥ARNE
BCEICBT D A ISR T, AR IS L COKEE M &
DFERMTHIET, HAEEHSCES IR XD
ORIIBING /i [ RNV S| LY A I QYN 2
3 il B OB & LC, Curcumin EOFE AAERZ R

WEINTWDE ST CThD PVP ZUINLT-, 475kt
Curcumin/Stevia-G/PVP (1/10/5 wiwlw) T #LL 7= ¥R
T, Curcumin O FLNT AR, FIRLEIT 3,284.6
ug/mL, 7 HREMRAFE# ISV TS 3,240.9 pg/ml & &\
fiEVE L OREFERRO BT, UL EOEREREZ, &
#% OEHE Curcumin/Stevia-G/PVP (1/10/5 wiwiw) T
Curcumin ¥Rz L, FHmA ZEhEL 7=,
4. 2 Curcumin AREICRIZFTERBIENDEE

& BB L7 7V BFRERZFREL, Curcumin i
TR\ T 42 JE 5 (NaCl, KCI, CaCl,, MgCl,) 2 100 mM
ERRDIOUIN, TR TFEL Curcumin Al LEAARIC
52 %4 8 R o 5 B & v i B E I KD REAm L 72
(Table 2), WTHOUFTITINTS, M ELI-ISRMEE
HERFL QWD ZED RS LTz, ST EMER 2SS iR
FNC LS T E IR L BN RIS A L,
M3 & SR LS T AL ST 52
EWdDH, LL, A EIRINAILL THUZ Stevia-G &

Table 1 The amount of dissolved curcumin in aqueous solutions after removing the ethanol.

CUR solubility in aqueous solution (ug/mL)

Sample name
after preparation after 1 day at 5 °c after 7day at 5 °’c
CUR/Stevia-G (1:5) 20924 +54 1921.3+16.8 1172.7 £65.9
CUR/Stevia-G (1:10) 3243.8+12.7 3126.8 +8.2 2149.8 + 106.7
CUR/PVP (1:1) 31.0+14.0 195+17 241+4.2
CUR/PVP (1:5) 893.9+£80.2 852.9 + 1435 862.0+424
CUR/Stevia-G/PVP (1:10:5) 3284.6 £42.7 33128 £10.5 3240974

Table 2 The amount of dissolved curcumin in aqueous solutions before/after addition of salt (100 mM).

CUR solubility in aqueous solution (pg/mL)

Sample name - ~
before adding salt after preparation after 1dayat4 C  after 7dayat4 C
without salt 3284.6 +42.7 33128+ 105 32409174
NaCl 32400+11.2 32326 +35 3311.9£55.0 32748 £19.7
CUR/Stevia-G/PVP
KCI 3223.1+29 3274.7 £ 26.3 3215.6 +50.1 3200.7 £45.2
(1:10:5)

CaCl, 32758 +4.4 32376 £225 3232.3 +£86.3 3359.1 +£58.3

MgCl, 32524 +3.6 3229.0 £47.8 3258.0 + 26.4 32744 £54.2




PVP 1%, &BHERINICEEITIZLALBIISNT,
Curcumin O tHZFRD 72 -T2, B HE 5 [0
L7-B& Curcumin ¥R B ORIERE R% Fig. 3 1[ZR-7,
Stevia-G DA THHHRIL 7= Curcumin ¥RiE Tl 1 [ NER
(28D, P OERAR ED 30%IZF TIK F L7, ZO%NER
ZAEDIK S Z 22 Curcumin OHTHAFED BTz, —FH T,
=Sy B2 EACH T DKM E R 531D PVP Z RN
THZET, INEUCED Curcumin OYTHITEZHT, K5
4> J&H (NaCl, KCI, CaCl,, MgCl,) % 100 mM #&ilL7-
Ba B Th, Hritlidmdobivien o7,
4. 3 Curcumin 47" )LELEI 0 & & 5F

7 AR E LT k-carrageenan % 1% (wiv) , 45 Fl4: 8 Hi
(NaCl, KCl, CaCl,, MgCl,) Z 4% £ (20, 40, 60, 80,
100 mM) L7255 Curcumin ¥EWRICIRINL, FHELL7-47
NVERF OB E N KIE TR B OV TRF LT,
Fig. 4 | Curcumin # VEHI OB Z 7, W oL
FIZBWTHIREBIIERO V) Tz, Table 3 12 &1H,
B EY—HEORERERERT DT NOLIT BT
t, Curcumin 23 —1Z0 L TRY, GEREOK FHiEH5H
VRIS TZT28, B OEFRIEAHERF L COA T LD RS
Tz BHFZH1T DBEKEZ Fig. 5 127, BEKEIT
TMMOHFA AN TUEEALBRIS LT, WO
BREIZBWTHRERDOFE R Lo oz, — 05, —liDAF
A EUSINUT5E B 3MBLIE 1, NaCl, KCI 865
OIFFTI T 40 mM Tl KMEZBLIIL 72, W30
TR IZH\VTH, NaCl 1% KCI SEeig L, KSR DMEL MHE
W& o7z, Na TE K FE & A A, K3k s
WEAZ L THHZENEBEL TEZBND, £ D
HF A NI MDA TF A L, KA K
L, IRy FEKRKIAETCHDLZ L,
Kk-carrageenan 25 3 Dl ik L4 E 2 o<, Koy F Ak
FFLRoT WO ZE DR DD 72 B L L CHESRS U= @0
4. 4 5 )LEFIHSD Curcuminit 1% S

Fig. 6 (27 /VELFIZNS0 Curcumin i 288 O 4
AT, HEOWRMB NS IZ0 A LT, BB 5
SFZBOTIEIE 100% Curcumin UHERATRD LI,
120 73 £ THEFRFL T/, (a) NaCl #isImcdsv TR
1if 15 4312 Curcumin % 100%/cHH L, HERMZRL b,
DI DIRMSHUIHOEEIEATRD =, (b) KCI TIZ, RN
J£ 20 mM TIERABRIFHA] 30 77123V T, 100 mM T 120
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Fig. 3. Change in curcumin solubility after heating and
cooling.

Table 3 Curcumin content in gel formulations with
different concentration of salts.

Curcumin content Curcumin content

Samples in total (%) in gel formulation (%)
without salt 98.8 + 1.3 97.0 = 0.4
20 mM 100.0 = 0.9 902 *13
40 mM 999 = 0.1 877 %15
NaCl 60 mM 985 =03 940 =12
80 mM 99.7 £ 0.1 959 £ 0.7
100 mM 100.6 £ 0.2 95.8 £0.8
20 mM 989 £ 09 89.0 £ 0.3
40 mM 98.4 = 0.6 86.7 £ 0.3
KCl 60 mM 994 =038 88.3 = 0.2
80 mM 984 £0.7 93.0 £0.5
100 mM 99.0 £ 0.5 963 £ 0.6
20 mM 984 £12 989 £13
40 mM 98.6 £ 0.5 96.7 £ 0.6
CaCl, 60 mM 98.7 =13 984 = 1.7
80 mM 989 =02 97.0 £ 0.5
100 mM 984 =04 98.5 =04
20 mM 985 =03 98.7 = 1.1
40 mM 1003 £ 0.9 98.0 £ 0.4
MgCl, 60 mM 99.2 £0.7 982 £ 1.5
80 mM 99.5 £ 0.4 98.1 £0.7
100 mM 99.8 =18 98.4 = 0.2

AHZEWT Curcumin D52 AR, —FHF T {f
D¥HE ((c) CaCly, (d) MgCly) IZBIL Ti, FRAINEEE K
RO R B DR F A28 5 & 012, Rkt D



Fig. 4 Appearance of curcumin gel formulation with
different concentration (20, 40, 60, 80, and 100 mM) of
metal chlorides ((a) NaCl, (b) KCI, (c) CaCl,, and (d)
MgCl,).
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Fig. 6. Release profile of curcumin from gel formulations with different concentration of salts
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Fig. 7. The effect of salt on the hardness of curcumin gel formulations.
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Control of Texture Property of Functional Jelly and Release Rate of Bioactive
Component by the Addition of Salts
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Summary

This study aimed to develop a k-carrageenan gel formulation with a controlled release profile of curcumin by
changing the texture properties of the gel. We had greatly enhanced the solubility of the widely studied
polyphenol curcumin using the tricomponent system curcumin/a-glucosyl stevia/polyvinylpyrrolidone. The
tri-component system with/without metal chlorides maintained the high solubility of curcumin after five cycles of
heating-cooling operations through the interaction between the a-glucosyl stevia micelle-like structure and
polyvinylpyrrolidone. The release rate of curcumin in the k-carrageenan gel formulations was altered by adding
metal chlorides. Particularly, changing the concentration of potassium chloride allowed for flexible release of
curcumin. Importantly, the x-carrageenan gel formulation maintained the enhanced solubility of hydrophobic
polyphenols, which shows potential for ensuring flexible curcumin-release rates, by changing the texture
properties of the gel using metal chlorides.

The controlled release rate of curcumin may lead to improved outcomes by prolonging the antioxidant and

anti-inflammatory effects of the curcumin in the field of health care.



