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Progress in preparation and application of double emulsion
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Abstract: In this study. the latest research results of droplet mi-
crofluidics, membrane emulsification, and coaxial electrospray
preparation of double emulsion are introduced, and their advanta-
ges and disadvantages are compared and analyzed. The limitation
of microfluidic prepared double emulsion industrialization and its
related research was pointed out. The latest research results of
double emulsion in the fields of food, cosmetics, and biomedicine
were reviewed, and the advantages and prospects of double emul-
sion applications prospected.
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membrane emulsification; coaxial electrospray; encapsulate; con-
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Figure 1 Schematic diagram of W/O/W double emulsion
preparation by two -step method
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Figure 2 Preparation of double emulsion by

membrane emulsification
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Figure 3 Schematic diagram of microfluidic double

emulsion generator
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Figure 4 Schematic diagram of preparation of double

emulsion by ultrasonic emulsification
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Figure 5 Schematic diagram of preparation of double

emulsion by coaxial electrospray technology
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Figure 6

Preparation of double emulsion by microfluidic

membrane emulsification



B iE M & FRONTIER VIEW

B 2278 | 2020 £ 9 B | R@SH

®1 NEARFEFENRRSI

Table 1 Preparation methods of double emulsion and their advantages and disadvantages
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Figure 7

Double emulsion containing different

number of droplets
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Figure 8 Schematic diagram of the new microfluidic

suction device
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Figure 9 The double emulsion was prepared by

microfluidic highthroughput device

T R — T £ v 1% VR A s ok S B 4 A58 09 W FL
A LB 9 (b)Y . {H 3K ] B 23 58 WA 1 28 RS 4 A » 1
F T B I 1 A4S . Eggersdorfer 4557 R I H R
FLAK SRR 32 A A7 FEBh B AR 120 A3 18 i T R
BLE 9o ]l Wb kil s WEFLR L2 57 R H A ™
AL,

XoF T B A A e 1 A L EE LR A AR A T X
T AT R AL L ERAE R R HORCR IR R E L R
BT A 9 9 A B L O R A . W 10 () BT R
Bauer 4555 % (o B 725 04 v 77 25 36 K e 16 3 A 2R L
O L 328 J2 O R 2R I R A A L 3 T A
JLAS A 5 L8 A= BB 23 B0 A A 3 IR o el T 3 R AR R
P8 5%, WYL, P R R 9 T 1 22 2 B G R R R
I 7R 3 VR LN R RE . A% G0 I 3k R W S A
PO 1 R e A P 7= A UL TR X 3% 1 Ak 2 AT
FERE Y A5 1) $a L 0 7E OR ROEE b T R A HESE B,
E 10(b) f /i s Kong 209 $ y 17 — Fh — 4 258 B 331, U
— Tl B 1 O 308 5 M b o AT 2% T AL B O 0 45
Tl 8 8 AR ) 1) 3 K RN BT K 38 18T 1 5 ok T 8 249 50 14 7K A
A 7K WL EE P 33X 4 3R AE 25 8] b 5S4 4 O T OR B
I %0 75 0 B A% 1 I 4R ) - Zhang 25500 F) G SOR B

BXEE - NEABRNHNERLARARHER

(a) PDMSH Hfiff J5 I P32 Sz R 2 i ol 1k
AqueousOil/lipid Aqueous
2 . He)

inner) (midc

(b) 5 TR mAL 3 Y — Ao #2255

(c) JOTRIEALILHI3DFT B AL FL R SO 758 R i R
B 10 Bk @ b 22 3 4R X R LAY R E Lk
MAERE
Figure 10 Several double emulsion microfluidic devices

that reduce the operational difficulty of

surface treatment

Gr ARt 1 3D 1 BN 0 oM 2 2E B L 10 (o) ], A
JKFORE NS (4 fik AR 43 00 D 47,6170 46.19°, UL W H A A
KRN 2% i P 5 TC T X 2 B AT 2% T A #E A T 7E /] —
e B I S [R) 2 78 00T 2L T A
2.3 WREFAENELRILLRE

1T FLTR B A W o0 B R A 7 N AR R R AR
B2 I SX Y I R O A A T AR o L FL R
e 2 BB ARG B B 4wl D OR Y O A 1 R
Az 43 AT 4TS EL A A R N R R, A O, A WL R
FLIR 1Y — L R P A W] S BNV AR NS 2 R N A 8
el AN 25 A HLAS AL B AR 43 T BUEL 0 - 5 3 A
T 9 0 1 B A TR ELAR T R G s A R A AL
AR BE AR ALTT A5 vl A A B A B 3 i R R R 0 A
R o T X L A S A I A e R Y 1 Bl e
il o E A A AF 52 AT Ak e S 56 5 K - T TR LV Y A A
SRAT IR B2 0 o AR o 38 B R Tl A iy Bk iR
HE— LR

T 5% A o 45 ] 45 B0 T L T Tl b B, JHC e s R g 3



B M & FRONTIER VIEW

TR R B BRI 2 B AR T R T BN Y 2 5 A
6. B A7 5 2 2% T A A R T LT AF O BB
FER AR A 5] 1. RLIX AR 5 2R RO 1AL AT L
i 3 KA 0 B A K AR o B RS AR AT RE . T
Bk Z AT R AQNE D7 B2 A 5 33 b AU B R A L T Sk R
TERM LA B . B AL AT LI i R G B
Ao B S P A PR B TE AL O R IR TE AT LR AR G T
2RO 10 7= ity e (o TR T A 1Y 9% P R 43
708 25 I FR G AT LA B R 4 OF B R 7E 1 B A R
T DR 5 B AR B T L2 G0 b DA A TR T P L LA
ARAF R AKICR - 191 038 3o K e [R] R R

SR T 5L J7 B AT LG RO P WL A IR
T FLURLAR FO5C 2 5 BE R i 7T 458 o M B MG, WL AR R
FEAE /N o DTG S X 7 DR B 28 1A 5+ B L 3 A ) o i i 4 X
JE BN B BE R iy T B 14 KL A% A 5 S JE JRE T 4 Al B Y
o P B 1A (L
3 MR FLIE Y

A 3 WUCE FLI R R S — o B LI
—Se ) B HEAT AL AR L AR A 2 MR A B R
XUEE FLIRN A T I RE s M B B LU L% © AT
I A3 BR B K A /] A 9 i @ — 58 AT - WEL I TE
B RO B R, QIO @ A L4 E ]
5 B 0L LR T A A — 58 R B TR B /R
4 o /R A

2 GE 1 B B 1 4 5 1 B AR AT DA 5 A B B — 58
25 4 T RE Y B B . ELX 6 5 vk 7R 45 4 0 T RE v AT
PE 7 R AFTEA JE o 7 2% A 0T 3L T 4 7 1 7E — R A%
4 T S BT 25 FORL AR g R AT A SO B A A TR
VAGUER 90 A A ) o TR 3 1Y O 5 - BR 4 Dl IR Ak
A 5P fih Az ) 3R A B S B R L T AR 45 R A T
Wi iR ¥ 0 A T A 5 P 46 5 B R T LA AR 9 2 R AL B T R
OB RE AR KB Y e T W FL R 52 B B . Nie 45007
R 1) Bl % 55 5 AR o 8 0 LR HE — 2 Bl 2 A
158 43 B & A5 B K VE RS K P 25 4 B ik . Sun 4500
R TVROR 728 5 A 45 B AT 25 1) BRI A9 22 455 4 40 7 1Y A
Oy WO SRR R DR
3.1 WEINRKEHERBTAE PR A

XU PR T T B2 2 R B AR A
T VI RR I R R BT AR Y AL T O AL
TR IR I S5 4 R T 8 i SR A DU A3 ©
BN R © F A D RE IS R A B B © B
W PEIR Y s @ ] 4 IR NG £ 1A BIOE PR R KU 45
1 4n o 7E DU LR HR 2 0 A o A AR 0 s 7 7R L 491
V14 [ B 39 T A A A0 0 7 PR 5 T o A7 AR ARG IR [
B FLALE AL Tlyasoglu 457 R HIE 1) = A1 B 1 4
VA BT LR 11 Ja R S s i B o R 2 A A TR 1 XL

B 2278 | 2020 £ 9 B | R@SH

LI R SRR T 36 R L IR R M 2% i ek
FR B B0 e B A A 28 A B A TR HE B AR XK
TP RAREFMRA RN TN, NEARBRAESR
AR T T R FEAE D . Biswal 2807 DUSCER 7L B AR
FHIRILMR— A MR IL R Y (PLGA) Z ALk (1A 11
Ca) ], FE W M 53 Hh R 58 4 400 ) K 1 AT T R 4 B 68 3 4
BRUA I AR B B3k 60 ds M7E B A AL R 48
W B AR A A K R R R R B AR B T
ElmE 11 R,

T PE Y BUR D e R A B 0 R E RSy e R
T P 0 J5T 1) T A, R R e SR A P B A IR T I )
JO B4R i RCEE LR LA B TR L VR A e T R R O
YR AR R B AP E R, Liv &7 5@ 4 W/0/
W ZLB I N KA R H AL HF R 9T pH B 56
AL B3 FE R . Eisinait 22U W 3K B & £ 5
B S AL TR R L T O 2 AR U AL, R
HB R T4 08 60 d /K ABJS 5 PR 4 95.36 20 1 & A 1 2%
R AT FLRR E
3.2 WEIRGHEKERAPHEA

SRR A 7 Rk B R At I P 43 2 i T
TR | FE g FHIL A RE 45 R 2 S e B 25 e bl i T
Ao A WS T HRIE — R )z B AT A ol g &
R GOE s N RN o g SRR o WA DRV N Y S B

FEPTARE A T BV . O
FLIB B AR 1) TRl 3 AR TT LAAR 4 b AR 47 7 i oF 3 1
T 43 o Paulo 575 (i 4% G2 W 28 2% il 4 4 0 ik R 1 3L

(a) HHERPLCARMKHESEME
[ c=3Control

(DGR ERS e

Cell growth/(1g CFU » mL™)

S = N W kR N3
T

o 20
I 1)
Storage time/d

(b)) P4 AT T 1

S1.S2 Fil S3 KR I+ AR WA HLIHAR T A ] 5%
VA E FLik A AR 69 PLGA fekdr sl d £ K
Inhibition of bacterial growth by PLGA mi-

A 11
Figure 11

crospheres using double emulsion as template
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Figure 12 Schematic diagram of preparation of ethyl cel-

lulose microspheres containing caffeic acid
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Figure 13 Single double emulsion droplet flow

cytometry workflow
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