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AR, W RRMREE A . R B — AN 52 & B A F Ve R
IR o A= RS ) i A SRR OB R AR AR KN — E 5%
matsl, FEEERI R | MRS TR K LR A,
HEGELAN 17, R SCREEm BT G a2
i S AR, R R AR S, TERE A — e
RA LM ZNE E R Ve by R BE, 2 MR 20 S 18 1 P AlE e
YEGIETE AR NE 731, A SCREVE R IRV AL PR PRI, 2
3T RINTERAE R BER Sk AE s YR 3R 2 o AR B W
TH R IR AEE AR Tl ) B . DURE I B VE R e I AS
1A Z21E 52 BRI 2 ()53 . Fanta 1S i 2573 155 SR
okl & TOHKEMERER-HREED.
Marinopoulou 5! BV L7261 4% T BELBEVEAD 5 25K
W E R AHER B AW . Le Bail 2P0l ikHl 4 1
Rt 1) B BE T - 28 R LA R B RSP I B 59 o Zhu 5121
DAY BB AR 1 1) v BB ROKIE R IR & T 5 o-2%
WA . Ades SR A B0 A T M,
Tar B o

5L i b 45 B o SR -2 R B SIS AL
B, Bl EYRAR R ORI FE N3 24 B HT R
X BMEARIBGSE . T RAH RN 220 E
HEVE R E 0 BEM 030 22 58 R D AR AE B R, 1 OCAE
il g 7 R RN - L R A S L & g K FL
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FRVRLARS T8 3 5% e e E0L 33 1) 23— 7 15 M v 1 R B I )



304 flk TR (http://www.tcsae.org)

2019 4¢

ViR 13 3 R A T8 1) A D SR 5 T o 0 1 41 1) A PR
A e RO - 22 3 R K R ORI ARAE 150~
300 nm, BEALIEIK SR WA T IHALIT A, 75 DLRE A R
T AN E LS LARIF . BL OSA(octenyl succinic anhydride)
AR PEVER A, XS RIS TE DI RE R B FE R AIAS 5
VSRR E TR R B B E . Rk A TR
KA (O/W) BIGRRILK. by 3 %Pl TR iE
K M S I BRI R R A VM I A s S s T b 0, 38 T R
T I A I 2 o ARG ] % 2 10 A B T SR -2 B
FH GV Y5 BRI T VA % K FLIR, &
EEE VIR S &, W) EAR T e, U
[T IR I 2T

1 MR5ERE

1.1 RIEAR

KR (R , &8 (1000 Ulg,
WS , EHER (ZU%EEORGE, =80%EER
U &, Sigma) , ZEEIAMEM (Sigma, ksl ,
80 (HZKFARAF, 4Hral) , el CREXY
) B R TIRBEEIRAR, ohd) , —K
EERR, BERE M, KR (HZ (i) W)
HRAR, oHra)

1.2 {UBEE

A M (TGA, thermogravimetric analysis, Q5000
IR, EE TAEARD « Fi 7R (HASH
HE(ENL T« BOCKHLE A (Zetasizer Nano ZS, 5
IRICAH (P ED HFRAF) . Nano Homogenize Machine
(3[H ATS Engineering AFR2AA]) « PC RUELAMAT WL 73
JeEE T (UNICO A®]) . Hishear 844 B AL
(LU & EHRARD .

1.3 F &
1.3.1 44 Ak 5 &

VEFR B R R R OK SE R H 43 NN 200 mL Z&R
(pH {H4 5.0 MIBFRREN — K AR M) » i
R EIREE N 10%. 15%. 20%- 25%HITER VAR . J6ii
FEY2T, RIS KIS gk S A £ 30~40 min B2
TEMDER R A LS IR FERE 2 58 °C, A& =
(1000 U/g) , f&iE 8 h FEAMHiHE, < /EthidEE.0
(10000 t/min, 2 min) , HCEJEHEFFLE 100°C Tk
30 min, VHBREE ZEERENE, 4 CUKAR BAEAF 6~8h 2
JEAGRTE 72 h, RIS JERERIRNE . JHBEE R AR
A9 SGC1, SGC2, SGC3, SGC4.

1.3.2 REFRRBE-LHFEZHARLRNH &

IR 1 AR S H R R - R R AR, 3L 6
AKbE ., HARHI SRR 1) 15% (SGC2) HIfHEE
HRNESE W e, HAR e MRy, Mok Ay
LWRBEM, I8 5 mg/mL B9 R E B 100 mL
WG %R 1 O R IR 80, #EA 15 min fii %
HIRBER A EE RS, 90~100 Chn#y 30~
40 min B 2RI ET . 2) 43R 1 Bl RREEE iR
KT 2mL TAKZE (B b, I OGS S K e B 4

) 22 B 2R VA TR 12 T I N b 25 o) 4% 1) e B T SR B VA
W, 5 25 CHN#EEE 2 h, JE#] 2 L8, 7 Hishear &
BB (DAY, 5 min) o EKIEHILE 50 MPa
JEJ R s RS RA YY) 2 Ik 0L R 19 e SR -
WRYPKIAM . R RE-Z RS IIH &R L,
D BRI SR BT 1)

*1 TAMBREEARE-ZEZWRARLS
Table 1 Formulas of blank and SGC-CUR (short glucan chains
-curcumin) nano-emulsion

[EE RS R R FETAK mhiE 80  UPWEAE EHE TeK

oo saCmg DU ome  omg CURme M

Blankl 500 100 300 300 0 25

Blank2 0 100 300 300 10 25
1 500 100 300 100 10 25
2 500 100 300 200 10 25
3 500 100 300 300 10 25
4 500 100 0 0 10 25

1.3.3 4 HRE-EHERALNRILROIZEf KA
MR

ARSI FH 2R A0 3 6 6 BE VR S F B A TR - R
G R AR AR A R A &, W TR D
cxif| LR bRt 2. IR ER AR K SR B
WL 0.598 mg/mL [PV, £ 250 mL (45 =i 25
SR JE AL 2/3 ARF AT A I I E 4R B 3 R
RS . s BRI 43 7 2 B 5.000. 2.500.
1.250+ 1.000+ 0.625. 0.500 mL )22 R AR E T 100 mL
HEMH, HTKOEESR, RSN 29.90,
14.95. 7.48. 5.98. 3.74. 2.99 ug/mL ¥ R bR EETR
W 6B A R VR RO A, AR —
IR bR e 2. 2) TR ERRMNE: N—EE
I H R SR MR- E M R EAY, K CRERC B SR BN
0.2 mg/mL MIEEER, HAEIRZZEE 2 min, HEG
HCEIEW, R0 e FAE B KRS A e B, AR
FRUE T FXT N E R EIRE. 3) ZERERAEMN
Mg - BRI 7 VR B IR N 0.2 mg/mL (¥R, H
EE B (10 000 r/min, 20 min) 45 58 AR,
FM AW R, [FRE O B 5 0 25 3 2 B K
WAL IR B, AR B v fh 2 T B0 97 32 3 IR

£, I F = (1 b i 20 22 3 B IR T /R TR R

B ) x100% (D
B R =R P 22 B IS T /R L R R B R
&)< 100% 2)

13,4 R RAB-L R FNRILRLE W RIE

1) JE B ] TR -2 S R AR LI B S S

LI F AT LMV AN R 25 4132 7 I IR
HASMEMERRE R ERCEE, Rt AR
FRE T, B RIS K, U
i AR LA AT 4y RN L B A



1 !

VoS REBE R B ARFL I ) % e 5 R R A 305

2) B -2 R YUK FLIR B AL EUN (dynamic
light scattering)

425 i« PDI (particle distribution index) Fl Zeta
LA E T Zetasizer Nano ZS BYGHLEE 70 A1 A 2 1]
MERT, SeRAEmic B B35 e R, Frattme
I 0.45 pm PITRALIEIE, DA R 25 B KRORE 1) SR A1 . H4
FE SV T A 2 ABCE 1 AN 7 d e 9K FLR
Zeta FEAT. 8 B RLAR AN FELA Jth 25 R B 20 i R 2K
W) 1/3, PR ENE 3 KIHAFIIE.

3) K RE-EHRAEWN X HEATH (X-ray
diffraction)

HEE R RO EY) . MAE - RES
AN 2B FR ) 4G h B AN A T X5 2R AT SOOI E
XRD JARACAE ) LR A 30 KV, BN 30 mA, 13
LA 50~50°, FAREHEEEY 4(°)/min, [AFEIS 9 0.4 5,
[) B B BN 0.02°, R BIUBREE 58 BN 0.2 mm, ATHI Ak 4% %8
FE29 0.6 mm, AR TEE N 0.2 mm, WA HHA R T
PRLFHIRE S 1~2 mg B TR & BB .

4) YORFLBEFHHE 7 EMBIMEL (scanning electron
microscopy,SEM)

L T SR - 22 T R K LR I IO T 3R FH A
TR L. BL0.1 mg £ 2 T 10 mL &2l /K 7351,
AR ALEE 10 min, HU 1 SEFE & T 5 HUR B IR 2 BIRE
& b, JEHE AT AN, SRS AE IR 3 mA, IIE
HE 15 kV &4 MRS RIS .

5) PRI AE DT (thermogravimetric analysis,
DSC)

N D SR - 22 B R K ST e iR T B R A
LRG3 AT Gl i s o e oK LR B BE AR IR RE MR o K
mn B BT R LIPS S 5 s DABR LA 14, FREL
3~5 mg MFES THR T, BETRESTARS . HEX
AR 20 mL/min, FHEEZJY 10 C/min, FEELE 30~
600 “C i AT R M

6) Gitsriirik

IR EARE P L Ebr i 2 TR AR R, KR SPSS
18.0 Givt Bk B E HEAT BN 3K T 250 H (ANOVA)
B KT P<0.05.

2 HRE5R

2.1 REERE-ZEZRNRAGNERENMBELE
XA

1 FERBIGEANEE 7 R BUEDL . 223 FKIE
WA S EmEZE (-1 A, EREGRER KRS
LHRVE TR, &F 082 T /KB . Aditya
LR SRR GE 1 FrERrg RN, RAREER
FRIVE FR FEARAG, A 0.39+0.05 pug/mL. 5 FAXHIE 2 (I C)
W23 R SN TR IR e AR, X U AL I 80
HTGR T IR 258 2R B TR AR, IFdem 1%
RNV Hd 4 Efl R R AR, XU
BH 22 18 2 VAR R I e AN HOR e S5 iR 80 AN B A AR 1 7L
ARSI, R R R i s 1%

TR AR RS o X 0] B8 A2 HH T 0T R oK e K ) 4 B

EHr RN A RS Z MR T A EAER, H
IE 7 EERAGRNAEK, FHAREIE ARG, M
R HOKEYE, X5 Gomand 5P Ky il 4 BN K Bk
TE UK = A B 7L — 2, 9K FLI DO 3/ 91 % g
=300/100)« E( ™M i/ 57 5% A5 =300/200) . F( - 3L/ 51 % A
=300/300). GULH-IRAMOIBENR), ME 7 TELEH, F 4
LA T RRUTHE, 1X A2 BT BE A IF 8 A B2 i 3
RIAI I 7K ST P B o

a. Wik
a. First day

b. TR
b. 7% day

H A GEEZUKEBD , B CEAXNE 1, EEEMEREREALTD , C (A
X 2, FIFR/AMAD , D (BEJ7 1D, E2 (At 2) » Fi3 (it 3)
G4 (FH4) .

Note: A(CUR aqueous solution), B(Blankl, SGC/emulsifier), C(Blank2,
CUR/emulsifier), D(Formula 1), E(Formula 2), F (Formula 3), G(Formula 4).

B 1 A E 7RSS

Fig.l Stratification of samples at first day and 7™ day
2.2 EHBARE-ZEZRENKRIBREZE. HEH
IEH (PDI) . Zeta AL, BIEE. HAZNE
2.1 HHEFRB-LHFTOEMOER. BESH I
4 (PDI) . &32% . HHFNE

M 2POTRT U Y, R 2 MK AR 2R R —
A M G A AR AR AN =, 202 28.46% 1 1.27%.
N T SO R R - S K B ) B R 3 24 i {1
e, AT FR = 2 R A AR NE, a8
WIFFE K o ] SR 2 B X S W ) 5 R K LV

R2 AHARE-ZERESUNLSH
Table 2 Physical and chemical parameters of
SGC-CUR inclusion complexes

. IR ITE (=
S U i s y .
T ity En%)i%ji—n Wi Rz PDI(particle
Sample g Drug loading/% Particle size/nm  distribution
rate/% .
index)
1 26.27+0.31a 0.61£2.04a 4 639+3.31a 0.71£0.05ab
2 27.32+0.79ab 0.83+2.13b 3 025+6.1a 0.83+0.03b
3 28.46+1.13¢ 1.27+4.03¢ 2 394+7.3bc 0.87+0.03bc
4 27.82+4.30b 1.04+2.73¢ 1 779+9.30cd 0.94+0.02d

e A SRR T REOR BEEZER, P<0.05, FFH.
Note: Different letters in the same column indicate significant differences,
P<0.05, the same below.
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2.2.2 BERRBE-EXZNRILRGERZ, BERESA
Fe# (PDI) . Zeta ©f5. &32F . HBLZINL

LW FOKFRAIRE BT AR 2 NI, mrok
TR0 B TRRE- I R YK AL R AT A AL S TR
RE X R FE D, W5k 3 fo. RS
LGN 2 B 20 wm T i # 8 BK FLZ
Ja BIRLAR AR AE 150~300 nm, FEAEHLE 200 nm A4,
5iXIG15 H 1 SEM B2 R AT . Zeta A RRPUK I
AR a e P . Marsh ZEB R BEk T & H 2. EA
KaJEETFE, M SEGEMACKIARE Zeta HALINAT
TE. M SR E MM, BEEEMC. WK 3
AL FTE R Zeta FAZE/NT 20 mV, KB
R, X5 2.1 #MFLIES 7 KA It B
Mg R—. IR 3 s AR R AL Zeta FAT

N, IR DR AR P A S A e R R A R KA R R T
i) Tt £ 3 GeRALBFES 1. 24 3 1) Zeta HLAL
E BE NN R i 1 38 g A2 K, 3R B O sl i mT DAER
e P % LR R e M, kAR e 238.33 PR E] 170.87 nm,
XAl BE A T REE LTI R R 2, B K /i ST
i SCHE T HE/NBGR I P, X 2.0 B A 45 SR
—#. PDIMEM/DN, KR Aiis —, T R P s
Eo MEIHWLIEH, ME 7d /5, #d Blank 1. 1.
2.4 (1] PDLEII KT 0.3, Ut B AT A5 FLRAE 0 A A3 —,
¥t Blank 2. 3 1) PDI /N T 0.3, UiHIRTSFLIRAE 7
it —. AR 2 R 3 WLLE & AN KA 2 5 %
TR MEMRMER TR, AR ME A EMA 1R
Kiiem, HARMBREL RN EEAR LSS
Ak, AR RAE .

R3 EHARE-ZERESMARILRINSE

Table 3 Physical and chemical parameters of SGC-CUR nano-emulsion

K#L Days Ff il Sample Kiff Particle size/nm itz A e 4L PDI Zetazggieiiil\jl/m\/ £33 Embedding rate/%  #(Zj#& Drug loading/%
Blank 1 218.77+0.75¢ 0.35+0.01¢ —15.19+£0.04¢ - -
Blank 2 185.07+2.14b 0.284+0.01b —18.00+0.02de - -
. 1 238.336.70cd 0.29+0.13bc ~12.03£0.03b 52.77+0.13b 2.43£0.52ab
First day 2 209.07+5.21c 0.3020.02bc ~13.09+0.12b 62.8320.07bc 5.05£3.32¢
3 170.87+4.70a 0.15+0.14a —17.01£0.02d 71.11£1.04d 12.07+0.04d
4 1700.21£16.80f 0.79+0.02¢ —3.02+0.06a 34.254+5.78ab 1.024+5.99a
Blank 1 220.83+4.41b 0.31+0.01bc —14.28+0.02¢ - -
Blank 2 179.9748.1a 0.284+0.03b —17.05+0.02de - -
HTR 1 484.80+14.68¢ 0.3540.05¢cd —10.01+0.05b 52.01+0.13b 2.13+0.52a
7" day 2 331.60+12.30bc 0.33+0.02cd —11.01£0.09bc 61.43+0.07bc 4.94+3.32b
3 166.37+£3.30a 0.20+0.03a —16.93+0.02d 70.01+0.04d 11.76£1.04¢
4 2 932+28.85¢ 1+0f —1.05+0.12a 33.44+2.34a 0.98+4.49a

2.3 EEEREE-ZEZGSYAIXRD S

TR R R E-Z R R ORISR A R s
I X GHERATHREFAE . B 2 AT, KB R SC2
ST IAE 14.0°, 16.8°, 19.42°, 22.0°, 23.9°4:HIIATHS
W, wTLLAI AN B+V B, & 2b S R AIAT SIS
RE, UHHERRMGE RN, M REERRR
BTSSR A b 0 R R 2 B R AT g
Tne FEEEH RHE- M R AW 4 MR AL 14.100,
16.93°, 21.93°Fffir HHILATHI IS, Horb 14.10°52 V 245 5
SERIATETIE, 16.93°, 21.93°% B RI4E S fiT %, IX
VLA AL A SR T A5 My B+V B, MR AR H, A
)5 0 T SRR AT S 0 L 07 A (R LV R I
B ()220 R AR AT S0, U0 BR R B SR - 2 R
EUI I HEZ B Z WA 2 e BIRES. NE
SAfI] £ AR LR AL A Y ER A LAt
2.4 HMBTFRHENE

TR R ME-Z TR YOI A SEM Wik 3
Fizn. FEdh Blank 1, 1,2, 3 WA ML ERIEAZAE, 1AL
4 MR T 38 5 HR /NS — B ER s AR R o AT A A2

TUE R0 W A 2 S5 AR R L SERE, kiR, SR
HR IR, K2 2IHARN TR, RS,
A G BEAR R FF Y SE R TEAS, JU0RL 2 [6] 358 43 Kl
11 LA 7R AR 0 P A AR K /N E — o Kiim 25
WRIL T MR B RENILR, X5 Sihem %
B FEUE R GRS BAH SR AR IR 45 R ARL. 534,
EH T B T 26l 1 R B BERE AR Ve R A5 A XA
TERKEEE, S EEm KRR BEAR S, X5
Gomand 2PV 5T 1) 3 B 40 K BURLE b VSR HLR 51
P SV
2.5 MEHI (TGA, thermogravimetric analysis)
T B A SR AR L S XTI TGA AT DTG
Klfrs. H1E 4 B0, Blank 1 AGIMIALFI R, H
JR R LR LR 18 N %, 5 20~104°CIERIN, HBL 1 KR
W, KIFERICN 1.15%, 1% B EZEAE S K1
BURBUN D TRV MEC . 3 HTFE S HGE 28
3, £ 200~358°CYL [ N, Blank 1 HIZL AL TAEM 1. 2.
3T, B B A2 B BT B R B A SR P R O i
RRTAEY. WRIEE 4+ DTG im0, 5654w R hE
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B KRR B R AR LN 302 °C, X 5P
FH TGA W3 (1) K GE R 1R 5 K 2K I 2 ol e 0T o PR
—EH, AR 1. 2. 3 ATREE R TR RS
LW RN TR T SR S% 1 6 B8 SR 1 0 it ik
JE o X5 L SEM Hr ek i K ks 2 A i isk S B B AH Y
gl R—5. I DTG M LAEH, M 366 CHIFEM
Blank 1. 1. 2. 3 } Blank 1 3 HEL T 1 MRFEIE, &
KRB E RN N IR E LN 405 °C, keSS 4 R HBL
B, FAPRER 1. 20 3 5 4 IR XA 1. 24 3
TER SRR I T F A7k i 80 FORWEAR, 1M 4 7E ]
iR O R AR IR 80 MM EAS N 0, XUl T Uk
o B AT Be A FLAL R ) R P . 7E 358~600 C,
i 1s 24 3 B AL T Blank 1 (R 77, ATHER NEER 4
FE RN RS, WEME N ER R IR

58 J¥ Intensity

1 1 1 4
5 10 15 20 25 30 35
st
Diffraction angles 6/(°)
a. 1~5FE S
a. Samples No.1~4

z

g

k|

i FEH#E Curcumin

juiss)

= SR

EHRRREY
Short glucan chain-

A . . A . , curcumin mixture
10 15 20 25 30 35
iE iy
Diffraction angles 6/(°)

b ZHE ., ERREHEWREREY
b. CUR and SGC-CUR

B 2 RE fes A b X 4 K47 B 3
Fig.2 X-ray diffraction patterns of samples in different formula

B3 KRR AR 6424 2R E A
Fig.3 SEM images of samples in different formula

100 3

i Mass/%
B
(=]

R B
Mass loss rate/(%-C1)
=)

1 1 1 1 1 1 1 1 1 1 1 J 1 1 1 1 1 1 1
100 200 300 400 500 600 —01 0 100 200 300 400 500 600
{5 Temperature/C {5 Temperature/C
a. TGA b. DTG

B 4 R B #5249 TGA (thermogravimetric analysis) #=
DTG ( derive temperature gravimetric ) W £,
Fig4 TGA and DTG curves of samples in different formula

3 & i

ARG FH Hishear 5 H 2L 40 BY VI 17 7 7200 J e 6 5
PE-Z R R AV & K IR, bR i SR e
i 6 1) B A 3 22 0 R S 1 B A HR ) O AR 1 T AR
%, MHRKEENIRS T 2R RN ARG E,
fFEIHAr A 28.46% 1.27% 3 IEE] T 71.11%- 12.07%.
X TR RS- R YUK, R KR
(150~300 nm) . Fif2rFitEE (PDI< 0.3) . Zeta Hi
I (<20 mV, FEMELF) , 15 R R-2 Rk
FLB ARG, B AR R, KRS A —, ki
/N300 nm. [H]E45A ELU RIS R B TR 1) TS I
RE, WHEARWBEMERERKEE LIEa T, A
= 2 ANk S R A 22 B SR R R AL T 1 AN B E IR AR,
A B i AT A P A 4 ARR) P 22 8 R A A (4 L
2%, W) SR e R B TR R ERA M 7L

(& % X #
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Preparation and structure characterization of short
glucan chain-curcumin nano-emulsion

Feng Tao', Zeng Xiaolan®, Wang Ke?, Osvaldo Campanella®
(1. School of Perfume and Aroma Technology, Shanghai Institute of Technology, Shanghai 201418, China; 2. School of Food Science and
Technology, Jiangnan University, Wuxi 214000, China; 3. Biological Engineering and Whistler Carbohydrate Research
Center, Purdue University, West Lafayette 43845, America)

Abstract: In order to solve the problem of curcumin’s low biological value in food and drug, the helical space structure of the
short glucan chains with a short DP (degree of polymerization) was induced to embed the water insolubility curcumin and to
enhance its biological value. This article introduced a way how to make short glucan chains and use short glucan chains to
encapsulate with curcumin to make inclusion complexes and nano-emulsions. Short glucan chains were obtained by
pullanase’s enzymatic hydrolysis, which came out successfully by the verification of XRD (X-ray diffraction) results. The
inclusion complexes were made by mixing, but its poor encapsulation efficiency and loading content were about 28.46% and
1.27%, separately. Short glucan chain-curcumin nano-emulsions were produced by emulsification and shearing to improve the
embedding rate and drug loading, using the Hi-shear dispersing emulsifier with D-speed shearing solution for 5 min to get
SGC-CUR nano-emulsion, and the nano-homogenizer was used to homogenize the sheared emulsion twice under a pressure of
50 MPa to prepare the emulsion. High embedding rate and drug loading were produced by making curcumin-short glucan
chain into nano-emulsions, and we got a good result of embedding rate and drug loading: 71.11% and 12.07%, respectively.
Popular methods as SEM (scanning electron microscopy), TGA (thermogravimetric analysis), Zeta etc. were measured to
analysis stability, water solubility and structure characterization. Curcumin’s solubility was not only increased by adding
emulsifier but also by interaction behaviors between short glucan chains and curcumin, which stop crystal’s growing and kept
amorphous state to enhance its solubility. From SEM we knew that the short glucan chain-curcumin had rough surface because
of the enzymatic hydrolysis, partially cracked and stuck together, this phenomenon was almost the same with former studies
that starch nanoparticles were adhered. As for nano-emulsions’ Zeta potential were below 20 mV which means it has a low
stability and has a room to improve, this result was same with the picture showed at the 7" day that the emulsion slowly began
to stratify. The nano-emulsion particle size changed from 238.33 to 170.87 nm when fewer emulsifier were added, probably
because of more water/oil interface had produced, which supported the formation of smaller droplets. The PDI (particle size
distribution index) of nano-emulsions was all less than 0.3, which means the particle size distribution followed a uniform
distribution pattern. The process greatly improved the solubility of curcumin, increased the stability of curcumin, and provided
a suitable way for the medical field to find better embedding of curcumin wall materials.

Keywords. emulsions; nanocomposites; microstructure; waxy corn starch; short chain glucan; pullulanase; curcumin;
nano-emulsions



