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PRI 1% L B AR A1 e - YR 359 I ) 8 1) S 499 DK LV TR ART AT R iz R B B VR B 240 0.3 /100 mL i X
29 K FLE P B B R R B L 69.80 % 1 64.78 % . {HAE 100 ‘C/K¥# 10 min FIR [ NaCl ¥ Ji 31 55
T LAl T RUZ 9 K FLIROR AR B NA/WPT-e i 3 FEAK (P <C0.05) 760798 35 d J= - Al B2 T W02 94 K 3L IR0 1% 38030 T
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il Bz (Ll =98 %) . 1 3 o BB o A= 1 R
BIRA A FAE B E A (G =98%) ., W H 3£ H
Davisco B i [ BR 2 7] 5 A Bz 8 A5 o & 8% H o =
B BT RLAA G L R B W H b U AR R A
BT & A AN W F R R 4% RO ) A BR A
TJooK Sl A AAEN R IR B A AN BRI A
ST 1 o 4y B gl 1 1 2 4R AT Ak 2E R A R
NN

J-26 XP & % ¥k B 0 L, 3% B Beckman
Counter /A ; Zetasizer Nano-ZS90 Y6 ¥ & i #2 43
A, FE E Malvern 23wl 5 AL204 B4 81 K L A 45
-FCH Z LA A RA 75 UV-1750 £ 5843 6% i
i, BAREEA T ; Ultra-Turrax T18 & 4 #U#S »
PR TKA 23] 585-2 #E ) we kv % M E A2y 8% A
MR w s PHS-3C pH 43 M A%, b i & # 2 7l ; M-
110-EH-30 = WS i 4 K ¥ B bl . 28 [ MFIC 24
F) s Waters fm R A €355, € [ Waters A # .
12 RKEH*E

DFsfERZR M2, R HPLC Jik, @i 4
£ % Zhang F"Y WL S AS Ak A AE T
IK P R e KW WO K o 283 nm, A Al AR A
B 1.0 mg, JHH B 43 590 A 8 80 5T 2t 9 B Oy 025,
1.00,2.00,4.00,5.00,10.00 pg/mL (K45 i % .
DA it 5 WU B (X0 O B A b, e TET AR (YD) R
Ap i, FEAT MR A, BRI EIIH TR Y =
23669X +4839.6 (R*=0.999 1), &% K0, #h iz
R ETE 0.25~10.00 pg/mL N5 K 4R
PEXR,

2) Al K2 B2 RSUZ K LI A5 . )2
B A 9K FLI A i £ - BRI 50 mg b R A (4=
98 Y0 % 50 g HaE H il =R . S AL HE 20 min
BRI E M A, ¥ WPL T pH 7.0 1Y
0.05 mol/ LI B MR EE 2 vh i W P, E W M HiEHE 4 h
Ja T 4 CHBAORAE I IKIE 12 h B BUKAH . 76 &
FLAL BT 1AL 4 R (18 000 r/min, 5 min) , K Al
B A A 2208 i A KA L OB SO FLR . A
B 1 REL L VRO o 5 3 R e B I 40 DK 34 T AL i
— A A BIGOKFLW . T A BT HE 438 0.02%
B A ALEN AR A B i A . BUZ Al R T 9 oK
FLUE B ] B - E B2 9 K L A AL i A [R] B

VR B ) BT RAYT I RN R PRSI W AT IR
B 37 A1 S A = 7 e A 3L VR v e ¢ U VAR B 4 B
0.1,0.2,0.3 g/100 mlL,

DI T RAR L £ 5 R B(PDD Fl Zeta
RN . 2% X085 0ok, M IR S0
JERLARALAE 25 °C T I S Al B 0 oK FL Y F 340k
1 R AT R B Zeta BIA . FE S FH B PR £h 2% v
WA RE 500 A%, LAB 1k 2 WHUN RN . 308 ] 5 2
BOoh BRI RN 1,473 5 23 BRI T 5 2R 1,330,

DFE M EMBELREFRYNE, 2%
Wang 451 F1 He 51 W 07 k. SR F & AM-AT W5y
FEBEETHAE 500 nm U 2 F B 500 FF 19 40 K AL
R RE AR ST R 1 em B DE L B L, B R R
500 f%J5 »3 000 r/min B0 10 min, BUF JZ % %
FHEEAM-0] UL 435656 BE 11 AE 500 nm b W S B, Jf:
HHEEOREFR K. .

5) Ml B A R I L AR T S R
HPLC W5 B . ERRUCE 200 L FE 5L ARG
WKANA 2 mL BB BEA 2 mL B9 IE C %t R
L DIREG AT, 4 000 r/min & L
6 minfi . Bk 25 L3 OIE & BE, BU 1 mL #0550
(11 650 r/min,2 min) , £ A HLEE L U8 J5 F 47 W AR
LR v = MR G S et i ES TN E 8 - W N |
SRR MR EE . R AKX .

HIHE=C,/C, X100%

. Cy iy 90 oK FLOW b il B Y T v R
pe/ml;C, Al BT I B R, pg/mL,

6) B 5 LT B EE (CTEMD M4 RE &b FH 25480
IKARRE 20 A5 5 T AR i 22 7 56 A B Y AR L
Wi Vi A R A3 B 2 06 B S TR A IR AT R e (8 Ak
PR A XA TR S Gl T TEM ULEE 94 K LR Y
B,

1.3 HiEkE

W EE 3 W4/ EhriE 22" R
/R RH SPSS 20.0 #F47 & 3 M4y B, i A Origin
S.OBMFIATL B . 2 418 I 18] A 3 1 22 5 #om
i P<C0.05,

2 ZERE54HH
MBS EAKI BN &
TETUR I P % B, 41 i v SO 3 W 3 R

J1#8id 68.95 MPa B, 44 K FLIR IR & 7+ . WP1 £
B EE 2 18] BB AKAE R I m A E IR A L R E T
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B A Al BT AR FL AL A FR A g SRR E MR AT A 95

B, 51 A BOR R NI S B R RLAR L 2 51
AR (PDD 8 in B A e M F F . DLR 5 2y [
EHFE SN 68.95 MPa 43 3 k., o T WPI
FR A St R 2 75 A R 8 10 A 11 R R T 34 o o A
rhRT AR R IR 2 T X R TP RS A 9 K LR Y
TR (R A AH A B AT S 3 44 K FLR Y
PSRRI R S A AR 8 I FLARIR & L WF 9T WP
O B Y 85 RITIER 7K BR B T Al e T 4 0K 2L TR ) AR

PERYSZ A PR AL A5 L2
1) WPT J5 55 4 J32 05 il B 1 98 K S0 B 1 1Y
oM, 21 N [ E KRR Ry 10 ¢ 90, % 4 WPI
JOT VR B X Al B OK LI D B PR A R, 25 R
BN, WPI R B 258 0.5 F1 1.0 g/100 mL
I ) % LW 19 R AR L PDI 3 BE S 0 A iE B
(KO E & T HAFE S (P<<0.05), X &l T4
AR WPT 57 v B2 i {1, A 2 98 19 WPT I Fff
®1

T-K ST N 2 5T UKL AR B K B T
T LRk 8 5 43 3OAH 0 R A 28 1 A DG, 2L A ek
AR, R W R A28 A VRT3 A i 22 HLFLWR Y 43 AT
AN G5 )3 NI REAR T 2L AL TR B0 A 1
it R B AR AR, 2 WPT BT ik BE i 3 2.0
g/100 mL B, FLI Bk A2 PDLL i A K, 35 %
R (P<<0.05), WPI it 4 5.0 g/100 mL A,
R B RE AR R g AT, Al e ) A MR R A [R] B
AT R O R e v s — 1k R R Bk R
WPI 7EWR R I B 0y R, B 1 9l
KEFLIR R AR 43 A B, 24 WP st W Bl 0.5
g/100 mL B, B 1 v I8 7R ok 50 0 H A7 AE AU Y
WPT Joi & ¥ B 0 5.0 g/100 mL W 49 K LI A R0Ae
3 8 0 W Y Il AR A 3R WY LRV 114 43 A A
KT, L EE R EPE B S 5.0 g/100 mL
9 WPT ] £ il B2 1 49 K FLK

WPI 578 K FE xf FL 4L i 40 32 4% 1 ) 52 1

Table 1 Effect of protein concentration on the physical properties of emulsions

ne e S D/ SHMAK wig/mo g 0 EER
WPI concentration Average size Da; DI Turbidity Ke encapsulation ratio

0.5 325.2316.76a 0.3164-0.05a 64 654+978a 35.8713.74a 34.0244.90e

1.0 266.104+2.91b 0.22740.03b 45 445+404b 27.7042.63b 47.8141.50d

2.0 200.87+4.80c 0.1514-0.03c 26 139+£527¢ 2.42+0.78d 52.104-0.88c

3.0 190.27£3.29¢ 0.2064-0.03b 24 603+404c 6.247+0.33d 55.8141.47¢

4.0 182.40+2.17d 0.11840.01c 24 411+460c 2.57+0.78d 69.05+1.02b

5.0 179.60+2.41d 0.1434-0.02c 20 880+290d 3.77£0.33d 74.5142.56a

6.0 189.73£0.93¢ 0.18240.02b 24 027+958¢ 13.20£1.35¢ 71.9042.88b

W FRARRRZF AR EF(P>0.05); FHAE KRR 25 B3F(P<<0.05), FEIM,

Note: The same letter indicates that the

difference is not significant(P>>0.05) ; the different letters indicates significant difference (P<C0.05).The same as below.

WPI6.0 g/100 mL
WPI5.0 g/100mL ﬂ' '%'

WPI4.0 /100 mL,

WPI3.0g/100 mL_¥

V
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WPI2.0¢/100mL

WPI1.0g/100mL __go® "
WPI0.5g/100 mL, qa™ Bag,

10 100 1000 16000

RIS /nm Size
Bl WPIREREXNHARIABHZS M

Fig.1 Effect of protein content on particle size

distribution of nanoemulsion

2 I KPR FR L X Al Bz 44 K L ) B AR 14 5

M, 22 M E WP s E S 5.0 ¢/100 mL, %
S AR A 2 X6 Al Bz 40 K L R B AR ) R
A2 2 AT, MK R B LS 3 10 = 90 B, 2L
B REAE \PDI I B2 7 8AR Al Bz 4 38 3R A il K A4
Rl 10 ¢ 90 B dae iy » 2R B G 45 0 T 4l 4% 19 FLIR R
AR, YK AR KT 10 2 90 B,
FLUR A RLAR A PDT ¥ 5 8L F T+t #5O0F 5 30 80 ik
FE @RI (P <C0.05) , X5 AT e i AR R B 5 A4S
K AR K EE /T 20% . B KRB
Fery s, LW K. (HZ W8t @ . KRB
Hemz 20 = 80 M, H K AEZN S f . H 5 R AT
Al 2 Y FLW T WPT Jo dt ik B 3¢ = o 5.0 g/100 mL,
AR FLEL /N T 10 ¢+ 90 B, WPT 43 1 1] 78 43 #b 1%
B 9ot 90 2 T L T R e L SR 4 ) A T, AT
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T AR A R A . (H Y A AR B s
FEIBO™ A0 o0 WO i 22 3 4R Ry FL BT E 1
WPT & A 2, i 2 4 #8351 Ok A2
ThE s R B K EHiR . B2 Paksl
W ARLAR 73 A 55 PDI R A2 A HA L. 243l K AR
LR T 20 = 80 J& il BT 44 K FLIRCRLAR 2 A B ¢
{E AR 5 LA 2 B0, Ul W e 0 3ok AR 23 52 0 L 0

Pp—1k ., YK AR 10 £ 90 B 40Kk FLIBCRLAR
O3 W VAR Y B I 78 . SRR T AR 10 ¢ 90 YT
KA TR L Fe i Al Bz 1 40 K LW 4

25 ARl B R A K FLR I S A R A T
BN RO A B ) 68.95 MPa LR 3
K, WPI Ji & ¥k B 5.0 g/100 mL, i 7K & B 1
10 & 90,

R2 HAKREREI PRI BEDESE RN
Table 2 The influence of oil-to-aqueous ratio on the physical property of nanoemulsions
RIRIE gD shiR i /m momewny | MEFORE
ratio(V/V) Average size D3 PDI Turbidity K. ratio
5:95 194.4340.61d 0.188+0.01d 12 436£719e 10.164+1.44¢ 64.711+1.83c
10 ¢ 90 182.97+1.27e 0.167+0.01d 18 769+983d 12.50+0.31b 74.5042.56a
153 85 246.104+5.02b 0.27440.01b 34 391+937c¢ 16.42+1.68a 71.78+1.05b
20+ 80 230.6345.89¢ 0.24640.01c 48 670£434b 14.9440.30b 65.9840.67c
25+ 75 336.57+8.46a 0.32840.03a 52 938+960a 19.51+1.78a 63.914+2.33c

o L 5:95

10 100 1000 10 000
Rif/nm Size

2 KR AR L 3 K FL MR 4 Fa B B
Fig.2 Effect of oil-to-aqueous ratio on particle

size distribution of nanoemulsion
22 MHEAARSE -FH KX NE 9K I KRB
T B = Wi
BRI S 25 R R W] R Ml i T 2S5 5 )
il Bz B2 40 K FLI(NA/ WPI-e) (5 34 7 12 1F
145 nm A2 47, PDIFE 0.18 72 47 . Al f 17 A #L 5

75.5% . AT i — L8R NA/WPI-e iy fa e M, 7l
N5 WP Iy v faf A B2 1) 22 05 R il 25 U2 98 K
LUK .

M 3 MR A4 Frn, BN o B A B A B
(GA) J il B2 1 40 K 2L I8 14 R A2 s A5 1800, 3 A Rz
BT GA e HL A T W B R 10T 3R T 3 B
M e RPN GA BT 0.3 ¢/100 mL , 4
KPR PRLAR B T RE R IX 2 R B ES - 2 5 0
ATEREAFRFMERIER T —ZREZ2HER. 5
B YRR FLIBAH B A R A A 38 R A XU 90 K LR
HAT BT RRAR 24 R AT GA A6 FLI P o i vk 3
¥4 0.3 g/100 mL B, Al Bz 11 40 3 3R 05 5 L 43 5l o
69.88 %0 Fll 64.78% . 3 5 AI Al 7E pH 6 5T,
CRPIE AT GA BE I 9K FLI Y Zeta B 46 %
(B 235 38 0, R0 BR A — 14,40 mV 4 4 =
—45.70 mV fil—47.60 mV, X H FH i dE KL
14 0T LR R G DT A K FL Y A LR

PR

& 3 NA/WPI/i-carrageenan B! £ 3k 2L 7% B9 18 X ¥ IE 5 4%
Table 3 Relevant physical indicators of NA/WPI/1- carrag n nano
¢ BLBE R L B / (/100 mlL) T EAE Do /nm Py i # R 36
«-Carrageenan concentration Average size D3 PDI Naringin encapsulation ratio

0.0 148.30£1.36¢
0.1 154.68+0.24¢
0.2 163.3040.16b
0.3 171.00+£0.17a

0.1702£0.010c
0.19740.004a
0.18140.004b
0.1974-0.005a

75.5042.56a
62.8041.34d
64.17+1.19¢
69.884-0.63d

T PR R S 3 D5E 3 U 34 (6 ) — 8 B0 5 A T A ] 57 B AR B i (1] 22 52 3 (P <0.05) . R & [l Note: All samples were

measured 3 times and averaged,the same column of data was followed by different letters to represent significant differences among

samples (P<C0.05). The same as below.
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R4 NA/WPI/GA Bk 2L K BB X M IR 5 4R

Table 4 Relevant physical indicators of NA/WPI/GA nanoemulsions

GA it /(g/100 mL)

Gum arabic concentration

‘T‘ﬁ]*ﬁﬁé Dsz/nm
Average size D3

EZiR e
PDI

il B LR/ 5

Naringin encapsulation ratio

0.0
0.1
0.2
0.3

148.304+1.36b
161.43%1.46a
162.7722.96a
163.8343.61a

0.170£0.010a
0.164£0.006ab
0.160£0.005b
0.14040.010¢

75.5042.56a
55.232£0.20c
56.780.31c¢
64.7840.86b

&5 NA/WPI/GA 5 NA/WPI/\- carrageenan Zl 4k ZL i % pH 6 T Zeta Bk
Table 5 The change of Zeta potential of NA/WPI/GA and NA/WPI/1- carrag n na

under pH 6

R AL B VR R/ (g/100 mL)

«-Carrageenan concentration

Zeta L /mV

Zeta potential

BT 37 A1 J5E J55 4k ¥ 18 / (/100 mL)

Gum arabic concentration

Zeta L /mV

Zeta potential

0.0 —14.40£1.46a
0.1 —30.30£1.77b
0.2 —38.23£0.45¢
0.3 —45.7040.45d

0.0 —14.40£1.46a
0.1 —42.50+1.37b
0.2 —43.80£1.28b
0.3 —47.60£1.32¢

23 MIEEMNKIIBHERUR

XF 3 FhFLRE S AT TEM W%, d 1| 3A AT
I NA/WPI-e J H X2 94 2K ZL I8 1 2 8000 Bk
B ARZLIE R/ NA I —  IF A B /D B FLR A 5 R 4R
M. W 3B.3C AT E th, BUZ FL I W KN

¥]— ,NA/WPI/GA-e tb NA/WPI-e (¥ 43 #
B s NA/WPI/-carrageenan-e & i ) 70 80 P He
NA/WPI/GA-e ik, HAFE D RMTHREMERE .
& 3t a] LU 40Kk ZLIR R AR s R Z 800 T
0.2 pm, 50048 53 BT A 22 9 KL A% A Al B R /N2 R

A:NA/WPI-e; B:NA/WPI/GA-e; C:NA/WPI/i-carrageenan-e.
B3 HMEHFAKRIAANESTEFEREERR

Fig.3 The TEM images of naringin nanoemulsion

FEA—F,
24 MWEEMAKIULERNEENE

DM R T A0k FUAL IR R e S A F T i fs e
PE. ¥ mE T2 M i NA/WPLe 43l & T
60 CKW T A 30 min A1 100 C Fa#k 10
min, M 5E Al B 1 90 K ZLIBORLAR 1Y 28 A ok i i 94 K
FUILR R A2 e M IR RIS GA AN
[Fi) Jo 2 ¢ 88 %o L 0 52 e, pR L 4 AT AT R K A
NA/WPI-e KA H1,100 °C 444 T in# 10 min &
HA AR AL 60 C A& T I 30 min T30 KL
RAML . R R, ZLA Y WPT Y
FLAAAR 2 i B & A R AR RN A Bk, i AR 58 L
W RS A REUNL U NA/WPT-e }

HAUZ K FLW B BA — & 1Y & iRt 52 v, i &
AA ALHLLAE 100 CKWE 10 min &R S R
7 I e B o SEL g A L2 A K LB R AR
FEREAR(P<0.05) . MK FLW P o BB 5 it
WeREH 0.3 g/100 mL B, 7E 60 °C 7K ¥ 30 min
100 ‘C7K¥ 10 min J& » XBUZ 40K FL IR A R AR B AR
A U I 2LV o R R E R I 4R s (P <<0.05),
& 4B AT AL 7E 100 “C/K I 10 min B 41F R, 24
GA vk EE R 0.1 g/100 mL J5 . W2 40 K 2k
AR AR B R 1S K (P <20.05) , Ut B FL W 10 5 i e
MBI . XF b NA/WPI-e 7& & i T kL 48 A8
1t GA JEEWE N 0.1 g/100 mL B, XUZ 440K
FLR I B AT A s AR e 1 (P <<0.05) .
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320¢ Aa A M Unheated 350r = AP Unheated
230l 360 C 30min Aa 360 C 30min  Aa
E= 100 C 10 min 300r == 100 C 10 min
240F
s Bb Ab Aa 5 250
«» 200f Bce B BbCAaACAC 0 200k AaBC
A g 160}C Cc B g Ca
© 120t @ 150
& gl & 100f
40 50
0750 0.1 02 0.3 0.0
1L BB BEA(2/1 00 mL) Wﬂﬂﬁ&)ﬁg(’&fg/(g/loo mL)
1-Carrageenan concentration Gum arabic concentration

A RPLE -Carrageenan; B: FIIHL{A B Gum arabic, /NG FREAN R /R A BREANREE T A RZEEER; KEFHAERRE
[F— B T AR L A B 3% P22 5% (P<C0.05), The different lowercase indicates that the difference among the samples under the
same emulsion and different temperature conditions is significant. The different capital indicates that the difference among the samples
under the different emulsions and the same temperature conditions is significant (P<C0.05).

B4 BEXMHRIANERBEN 0

Fig.4 Effect of temperature on droplet size of nanoemulsions

DM R AR R EARFE FRERMFET KAEARFEE FIRE T Y EFEMKT NA/WPL-e
e M. ¥BERETZH &N NA/WPTe BT (P<<0.05), UtH] « RPLECAT GA #4825 T Al J 1 40
AN TR B (0~0.5 mol/L) By NaCl W b A B e KFLIIR R e . M SA AT H1, 2 o« RA0I
FLBRLAR (1 22 A6 K % 88 NA/WPle 76Nl 8 758 AIBTREEEIS INZE 0.3 g/100 mL B, Al Bz 15 X2 44
JETN BRRE M S - RPN GA BT il BEXT A5 KR FLME AR AR A A [R]85 3 B B o b 3 25 % (P>
Wi, RS AT, 24 NaCl & BEFE 0~0.5 mol/L i, 0.05), AR A2 ¥ K T NA/WPI-e, [F#th K& 5B /]
BT & X BHRmE AR AP AEN, W, GA BMBEWE S 0.3 g/100 mL Ml f 1 B2
NA/WPL-e HyHk: 45 b % £h 8 F W BE RO 38 mini i 2 OKRFLIR AR AR E AR FoR B F LA (H 2
M (P <<0.05), 4 NaCl ¥4 0.5 mol/L B, 44  —E Ry 25 5 (P <C0.05), Y W] GA BTk i h
KFLE A ARLAE R 333.7 nm., BIE 5 ATAL S0 0.3 g/100 mL A9 Al B2 3 XUZ 98 K 2L IR bt 6 % 1
A RPN GA J5 il e B BUZ R FLALIR R A TRE R AE T80 .

B0 /100 ML £=310.2g/100 mL

400 - 0 /100 L  E=30.2 g/100 mL 400
0.1 g/100 L E=0.3 g/100mL 3 250 E=0.1g/100ml. EE0.3 /100 mL 2
. B s = . . oz g

N 300F 2 P o N 300F 2 = . <= .

9 950t 22 M- 5 B2 el EE < 250¢ = K.s f-z o =2
g L oo g L

A Z 200 8552 B Z 200 23535

150 KH 150k
4 100 4 100p
50 50r
0 0

0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.1 0.2 0.3 0.4 0.5

NaCl #E/(mol/L) NaCl concentration NaCl #E/(mol/L) NaCl concentration

A RPHE ~Carrageenan; B: BT H7{A ¢ Gum arabic, 0 g/100 mL Hi£kft % NA/WPI B9 K FL# .0.1.0.2.0.3 g/100 mL {8 E BUZ 44
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Preparation and stability of naringin nanoemulsion system

CHENG Zhe PAN Siyi

College of Food Science and Technology . Huazhong Agricultural University/
Key Laboratory of Environmental Food Science , Huazhong Agricultural University ,
Wuhan 430070,China

Abstract The aim was to construct a safe and efficient naringin nutrient delivery system. Whey
protein isolate (WPI) was used as emulsifier,the preparation conditions were studied for naringin mono-
layer nanoemulsion (NA/WPI-e) and bilayer nanoemulsion with -carrageenan and gum arabic. Subse-
quently,the stability of the NA/WPI-e and naringin bilayer nanoemulsion was investigated under differ-
ent environmental factors. The results showed that the optimal preparation conditions of NA/WPI-e
were:5 g/100 mL WPI concentration,10% oil-to-aqueous ratio(V/V),68.95 MPa homogenization pres-
sure for 3 cycles. The naringin encapsulation ratio could reach 75.50% under this condition.For the bilay-
ers nanoemulsion with 0.3 g/100 mL of gum arabic and (-carrageenan,naringin encapsulation ratios were
the highest,which were 69.80% and 64.78% ,respectively. The naringin bilayer nanoemulsion’s droplets
were significantly smaller than NA/WPI-e at 100 °C water bath for 10 min and different NaCl concentra-
tions (P<C0.05). After 35 days of storage,the growth rate of bilayer nanoemulsion’s droplets was sig-
nificantly lower than that of NA/WPI-e(P <C0.05). And the storage stability increased with increasing
concentration of t-carrageenan and gum arabic. Bilayer nanoemulsion with -carrageenan owned higher
ionic stability and storage stability than that with gum arabic. The naringin bilayer nanoemulsion im-
proved the stability of NA/WPI-e at its isoelectric point. In conclusion, the bilayer nanoemulsion pre-
pared by adding gum arabic and «-carrageenan had better physical stability,so it can provide better pro-
tection for naringin.

Keywords naringin; nanoemulsion; whey protein isolate; -carrageenan; gum arabic; stability
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