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Fig.1 The publication number of papers in keyword "Pickering emulsions" for 20 years and the proportion

of food journals publication number in all journals about PEs via Web of Science
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Fig.2 The composition of PEs and the relationship between the concentration of solid particles

and the emulsions mechanism
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Table 1 Statistics of PEs parameters for polysaccharides particles (starch)

pe
ER xS Bk R ok & £ A w &k X4 AR A e
RS R - o/w #F2F 13000 r/min,3 min K23k [20]
ERIEH 5 & R R o/w T T 12500 r/min,5 min ~ #HE [21]

KK EEFLRK IR E IR B o/w $%F 7% 22000 r/min,30 s Miglyol 812 [7]

PNE ST A B A AL 22 o/w BT 13 000 r/min,2 min R FEA7 [22]

AT B-IRMIAE F BR A AL 32 o/wW #¥F 2% 20000 1/min,3 min I RATH [24]
B-FHH R AL 2 o/w #F2F 17000 r/min,4 min &k [25]

2,12 STRBEER 72 B (Chitosan, CS) & —
FRER B BH 85 1 20, RIRFEAE T W 22 28 8h W % |
LA R, LA A W A A R A R 2 B R A, T
AR X B R 3 A 70 T 5 T ) I 49 Jo o 3R 1
PR [ R — R R B pH R, Y
CS Wik pH KT 6.5 i, &Iy 7l Hw
fif B R, T AN V8 1 CS 0k, 7 1 TR e
PEs, AT CS M < Wk A2 B2 (DDA) 40+ Fa it
(M) X5 55 W Vs e Ve G BE X sz @ CS 4y
T-25F v DDA 5 Bl 7E 60%~70% , =5 ) DDA #14
BTG NI H T 5T I f A R B L
fif e ROMASR) T4l 2 AR CS BkE . CS — o3
K My (<50 ku) \H My (50~250 ku) | # My(>250
ku)3 FhIERIS m My (9 CS 0] DAL= AR 45 i A 26
VA My 1 CS B B4 AV ff R Ak, CS
R —Fal AT ARG, TE 88w R g
R VTR Ve BT, CS kIR B 28] 4 A 5 R AT ) 2 T
TP 7R U R R Y R D, W R eh 2R T A R -CS
PR 1 T 22, DA AR 1 LR AR T L, PR

FEGE D H AR T RS (BT
BERE) . K PR SE )y AR AR CS ¥ g Pk A oy
- JT i DA KL AT U | O B ANV T CS &2 G ORL
(W 2),

F 4 e 2 2238 o Pk pH T 2 3k Y B T
A6, U AT 1 3R T8 HRL A7, B BN B8P CS JB0RE 7,
Yang %50 5o 1 203 0 £ 19 CS-R G PR F 2
FE M FLIAE 4 CHRaSE 20 d;Li FEP0K 72 b £ iR
AR EICME FOKE M ) 2H %I A5 1 CS 9K BEI R
W, YIRE PEs FH S N B TR A
it CS 7 IE L fap 1Y) 20 AR BT B - R A 1Y)
HE W 2Z (8] (85 e 5| 345 B4R P, Tian 0L 5%
M- = R IR L UKL (CS-TPP Ps) 1y Fa 5
Hil % T a AT B Y PEs, 7F 40 CFa 2 14 d, CS
HHEREGY (ZHEEER) Z N6 E2 R
HAERRYE pH & ,CS [ 1E L ff 5 76 A1 [F] pH T 4l
IR CRITE ek 7/l R el 1 - N T B i
HEPN, Ren SN CS 5+ b HE 6 AR B4 (SDS) i#f
P85 G IR E PEs, B /K B0 3 8 3@ i CS 1)

®2 ZHEE(CS)EHMMIER PEs HXERSEIT
Table 2 Statistics of PEs parameters for polysaccharides particles (CS)

SR kR BN &k EE HEF A EECE ii
CS % CS-TPP Ps BT Rk oW #HFET 19 000 t/min,2 min P 4 b = A% [32]
£ S H e O/W #FEF 15 000 r/min,2 min = k& [30]
&Y ERBEARLEF B oW HFEF 12 000 /min,3 min % k& [31]
CS(DDA95%) % BEM &k BT%4 O/W HikHHHMA 10000 v/min,2 min - &k [37]
CS(DDA=90%)% & F %4 O/W #F & F 12 000 t/min,2 min +wWREF AE  [33]
CS ¥ TR A O/W #F % F 6 000 r/min,2 min R FEAF [35]
CS(DDA 75%~85%) & F @Kk E OW FHik¥H Rk 8 000 1/min,3 min % A AL 4 b [38]
CS(DDA 75%~85%) 4 & T4t O/W  #  k 0.3 ml/s,3~5 min &KLk [36]
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G5 HAT B B Ak IR R SN K HEAT 1
58 CS M KM AT i HFLA R R, s iF
e, DA e Ak Sy i A R AT G K P A B o
AT 2 1 Hadian S5P04 CS FIRH R S5 2 &
BT T 2K 2k kg, R sk ik 2 & i I B AR
H 5 Atarian 553050 50 ER 12 18 5 00 A5 R 17 &2
GAFRNGUOK BRI, [P A2 E PEs, H A8 AL M
Tk i 80 Ao M FLUL

bk CS AW R E PEs EZWF5T S50,
R 5T B X CS AT R B4k, IFHR 5T =Xt
PEs FaUE PE 2, Costa 2558 i — 25 7 4b B
il & i CS ki 25 19 PEs, 76 25 i T £ 2 ) 1) ik
F 60 d LA b kAl T T Bk (R FR 5%
T F7) WA 1 PEs,
2.13 4 EPok £ 4K (Cellulose) & —Fh
AL L Ay 20, T AETE TAE Y 40 i

BErp i P RS E | AT A Y R R G
SRS AN R PEs B8 7Y R Gk 1, 4R
T ELAT KR PR A KSR £F 2 238 o 1 2 3K
PEURE , I 5 T HE R 22 1 kR 2 PEs, M
I AATTAS W38 2 MU L 6 i A 2 A 38k T 45 40 0K
414k % (CNF) K Fa %€ PEs, CNF H 2% /K 1 Fgi 7K
AL AL, T8 B 25 43 55 AT 1 T WL B 31 3 7K 5 T
KA PES™, BUA BT, AT LIERE PEs 1 CNF
HAAG L1 e R K TR (CNCs) SR R 9K 24
(CNFs ) i1 4 1 2T 4 25 40 K 21 22 (BCNFs) (1 0L 3=
3) o Ni S5O 3o vy He 349 5 R UK i 45 T 2 A AR A
il 7¢ i B2 AT 4E = 1l %5 CNCs, o fa e
PEs; Liu 589 FH 4 103 185 & 55 09 CNF )
Fa 5 = A PEs; Li 252 il BCNFs 145 £ i i
RiAGE PEs, & B 7L W0CTE 17K A T 26 3 1 S+
() E R SE T BRI M

R3 SHEE(FEZ)EKBMIZER PEs BXERSRIT

Table 3  Statistics of PEs parameters for polysaccharides particles (cellulose)

ER S Hok Rt A &k 2R

&k Hdk

5%
A8 R A
A8 R At iR

CNF 264 #5#Fx BAM HEAK  OW

BT ET

10 000 r/min,2 min E S [40]
41]

AR A F B A AL 3 W/0 ¥yET 13 500 r/min,30 s X &b [
mALeEEE BHEHRK O/W BT A F A4 10000 o/min, 120 s,  LFHFH [42]
60 MPa,3 %k
22 ‘A% GRVE LS AR N &P R e S 15T 3 3N A 5N

M PEs B E R M BE 9 R 2 b e £ oK
HEH O REEASHEYEANRER FLEEAS
S E M XSRS 2 A 2R o
TR A AN R 2650 PEs R ), H LA R
LK IIURL 25 1 OBE I 2 1 21 4
22,1 HEEABTYUKREORL B0k BURL (Pro-
tein nanometer particles) 248 H 4 3 5k 2 52 K
FR 25 11 5T 231~ AR AR /N ER R JBORE 2 ph 80 oy ik B
FEEA, PO EATRARE TR SR
AR | B SR (E e AR T A S —
TERT PEs FRE ™, MR4E 2R 4, Bk k5 /Y A4
HHARER PEs (B E A IR B2 B R
Z NI, SR TAT BF 5 2 W3 73 i /K e it o 1) 2
FL A KR 758 I FLIRSOCR IF A ARG, A A
/2 3 TE R AR OR ) S ORE AR E FL IR R B IR T

g5 R AN A Ok B HAT Y I, BT R T
PEs (8 11 57 94 KR 7~ BT AR 32 24 [ AR BROE 40
KKLT KA ORISR AT U IR
AR AR T A e FE R T AR L B T RSO B A
A5, T 2 AR B9 R TR AR 2 R
T RERIE BB TR A, X T AR AR (9 8
ARt ik b T 0 20 AR B BEHS, Lim 247
FER)+ AR E ORI B A A N EE R Z AL
BE R ERE 45 pH B PEs, 9K 45 2 A RE N
J A ) A AR ABURE L 51 i K 0 R R
P R840 KA 192 T R 4 44 308 )R 525 W 1 2D
TaE PEs, L85 KA , A K BRI [ 14
WURLAZ E 19 PEs BYAZE PEAN QN BRAR 2 48 KL
T I FLI, SRR R R B BEFE b B A HL T
N SYERITIVE 2 B E I L e Ui 2L o
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Table 4 Statistics of PEs parameters for protein particles (protein nanometer particles)
5%
Ea X HaRA B H] &k et H) &k EX 3 AR & A ik
Fas ERBEEA B ) B (A% HTET 10 000 r/min,3 min EN ] [49]
REF REH b 2 B o/w BT ET 10 000 r/min, 60 s, RArid [50]
20 000 r/min, 120 s
BiEEaF B A i o/wW T T 14 000 r/min,2 min ERJEF [51]
X2EAF mamsa® aaE O/W BT ET 15 000 r/min,2 min R b [30]
2ERGF AR o/w 1T 13 500 r/min, 60 s 23 [52]
B B & 7 o/w BT ET 15 000xg, I min PN [53]
Itk E BT %A Oo/W BT ET 10 000 r/min,2 min Wbk = [5]

222 HEHMEER HEHEMEEK (Protein micro-

W R A D7 ik R AT b B S 52

gel ) I o B2 I8 K 14 3R 5 W ol oo 3 i el R A
JFH T 3R 453 i B4 == 4 IO R 245 g 4 0K, G e 3
U R A S WD M v A S P VAR B R S R7APE UN
%, R SE— B/ T 100 nmt >4 KR 455 BH b HLEL 0 )
ARGEFPLE AR, 25 3R 5 W PR ) I 245 25 g 5
B W R BORE A A AR LA I W B A 3 /7K B L
4 2 A IRBE KL T8 U | B L R Y A T
5%, AT AR5 W =2 18] 9 28 9, AT RS A2 Y 5L

I B K PR SR Jiao S5 FH il A€ 156 R BHOM) 1 1 £
A6 AR B OB AR R e R, L AR = A
(R 87% )PEs ; X1 24 Tl 45 PR 57 1 45 B 1 ik
JBEXE PEs B 5200, A AR (00 3 70 BB s, SR 4R
O Z  FLIES E . BRILZ AN, shE T
i AR e L AR AR A% Y T A PT AR
PEs(ILZ 5),

*5 ER(ZEAWMER)BEEBMIZER PEs XS5t

Table 5 Statistics of PEs parameters for protein particles (protein microgel)

ok BERHA WEH&EFE ER # &k P4 i A 2k A ii
AR A BB A OIW BT ETF 3 000 r/min,2 min i R (8]
MBI LHE E XSS O/W  #F%F 19 000 r/min,2 min X 23h [55]
LHEEE EEBRRE O/W  #F—%F fiids #1503 13 500 r/min, Pk =8 [56]

60 s; 28 5L 300 bar
%EG E XSS oW  FHERS - HCHE [57]

223 HHEYE HEHALYE (Protein fiber) /& & H
i e B H A AR S5 , RIS s8R N B
I 2058 iR D 2 i 34 B Ak B S A A T
iR Fii AP | IF RS K A AR 5T Mantovani 451
FH 5 2 BT i 2L 3G 2 4R 4R 520 19 PEs 2471 (7]
B 7 d BLE s Wei S50Vl B0 5% Bk H 4T 4R A2 E

() PEs, Al 7€ 50 CIV2 A7 10 d, [Al X pH {E A K &
i 2 Pk 5 Gao 550U H] B—FL B 2 1 £F 4EF2 i€ 1Y
PEs, 76 Z il F W47 56 d, B J5 1% 41 BAFI ] g-#L Bk
B 5 R IR R R AR AR A LR A R A
Y, (88 LV 0 285 8 1, TG 5 R S 5 PEs TE AR

2

e,

®6 EB(ZEBHY%)EEBHRER PEs BXS5H %t

Table 6 Statistics of PEs parameters for protein particles (protein fiber)

Eak Fk R At BAH &7 E EH B & i B i AR A A Lk
EOHgE s EaE LHRKEML A\ T T 9 000 r/min,2 min WP 4kl = B [5]
$LiE - o/w BT ET 14 000 r/min,3 min K & [59]

B-LkEY A FAE O  #F%F 20000 t/min,2 min Kk 5 [601,[61]
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23 ZpE

EA) (Polyphenols) YE 4 W B R AR AR 1
Yy, 7z AR T o KGR il b R T
S A TG R SR T )T Iz W T 2 RE R R A2
Hh i SR HY T A AR 2 AR S H R
IEARESE AR A%, T 20 Iy WO i 5 45 M 2% 1)
G o RZEZ 8 K IEPEAR N, IR 2 LA
Rk N BT R 2 A5 2 B IR E XV T K TR
MZ W NAET KK G 0T %5 TR, Mk
Z W W 3 PEs A AT RIS 2L 0y Bt A AR
PE, 0 EL AT DA SR B AR e etk RS £
W R SRR E A L, 21 B R RUE 1Y PEs W
BR, B —AFH PEs IF20E R A& R e 4% .

EQER R SRy i R S Ve A 31
SRV AR e E T E G 1E—E &
T, Al et 2 R AR R ) PEs, 7E H Al
MBtsE, 2S5 2R NEEIERNZETESA
SHFE KA T A Tlyasoglu O o HE AR 32 4% 75
CS I, KBl %1 PEs ££ pH {H 3~6 75 Bl N
PERRRCAS . 2R S E AL G RS A
B KA HAE S, Zhou F51°4E o EKEEE HEH 5
MTRE SRR E PEs, I CS B 3%, a1k
T AR 5 5 Li A5 90 K v B E R A R DR A
TR B e E A FRL R E Y PEs, AR E
kF 30d U E,

®7 SBHMREREFBNIZEN PEs #XERE4%1T
Table 7 Statistics of PEs parameters for polyphenols and lipids particles

¥l Bk R AT Bk b &7k REA W&k B AR & A ii
S s Ao AT O/W M F ik $kt& 70%,2 min T ik BR [64]
¥ TRRE B O/W #F%F 6000 r/min,5 min B [65]
NAFRILFEF EE O/W #F%&F 14000 /min,3 min  f&%4 [66]
Me R ARG BA M BF AR AR AR R F &R R O/W #-FZ-F 7000 r/min, 1 min EKigArdm  [67]
1 A b Bl AR O/W #F%F 12000 r/min, 10 min  MAE4ha  [9]

2.4 PERRZ

1E PEs M58 v, i BT (Lipids ) AN AT AR R
FLIR RRRE A, AT LUE R FLIR AT AR o ARl 3=
1~7 WIAT, FER A5 v FE 0 00 TR 3 Sk A
TR RS B R ), e b DL R K R 23 o AR,
1, ML E LB IR S R i, N
I, NG 3T A B Sl K AR B DL R o A
%t PEs M52 . Schroder 2547 1 A5 B8 1 4k N5
FEASTE B A, O 349 I A S BRI S5
WokL, oI LR A2 PEs, HLRCGE PE LB S ALtk faoe
1) 7L 5 5 Feng S5OV FH 6 K 3 238 10 R DR B
AR 55 1Y) PEs B AURS B RS T 20% (BERS H 40 L)
(I, T ARG R i BB A B, IR A KR T

3 PEs HJRBIEEUR &

PEs PRA IR X PR 85E 4g  E REAR SE 1T B 12
Pl BB T )z s, AR anfep s 2™z
TRMAT T E S — P PG 15 1 R A
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Tailored microstructure of colloidal lipid particles for

Research Progress in Food-grade Pickering Emulsions Stable by Different Type
of Solid Particles

Dou Xinlai, Guo Yinmei, Ji Yuning, Yang Chunhua, He Yinyuan, Liu Linlin, Zhang Na,
Li Xinyang, An Ran, Chen Fenglian®
(College of Food Engineering, Harbin University of Commerce, Harbin 150076)

Abstract Pickering emulsions has a history of more than 100 years, which mainly have applied on lipid substitutes,
baked foods, nutrient delivery and detergents. Many scholars at home and abroad have conducted studies on the produc-
tion greatly and related mechanism of PEs that made great achievements. However, there is no clear principle for the
classification and selection of raw materials. The research was carried out solely according to the needs of the research
and the characteristics of the emulsions, which lacked systematic analyze and limited the selection range of materials of
complex emulsions. This paper firstly introduced the relationship between different process mechanism of PEs (included
physical barrier theory, network structure theory, bridging theory and capillary forces theory). Based on these mecha-
nism, then it introduced PEs which stable by solid particles in different type of materials (included polysaccharides,
protein, polyphenols and lipids particles). Finally in order to provide certain thought for researchers, it analyzed all in-
formation about the raw materials selection, preparation methods of PEs and food—grade solid particles according to the
two part that has introduced.

Keywords Pickering emulsions; solid particles; stable mechanism; materials selection



