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(1,2,3,4,5 g/100 mL) , AS 7] 3 A0 A4 B4 54 (40%
50% ,60% ,70% ,80% ) % FL W FEAE 48 b5 (B FL
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60 mL ¥ 5 CE T Rapr 2 BRI 3 ¢ & 2
HEREN 3 g URBENE A 3 g B-FRMIKG , AR5 R
YD) R FL AT LA, BT U 4 i
15 000 r/min, &K Y Y] 1 min, [A] 8K 30 s, 1 ¥ 3
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FEBRAE 3 FL R A 5 FL AL TS B B O R e R
AR R S AL AR SRS It
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1.3.10 FAfRF W E AR E 24 h J5H
FUARR B G SR B | 43 A5 2 L FLAE &R
1.4 HE\EHWRAEER

B 48 J R 35 8 A v D 22 198 R B,
5B M2 R SPSS21.0 # 4T, &l % FH Ori-
¢in9.0 Al Photoshop CC2015.5 #E474: i,

2 HR
21 TREFBIERE
AN [7) R 790 ] 95 18 590 Pickering FL R Y 5L



228 hoE

i oF i

2024 “F-55 9 #

bR B B DR E M ORI AR AN R 1 PR, TR AR R
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WL BE i m TH T ROk UE FLIR A R
TR, TR A TR TR A 43 IR T R S B e
AR T kAR FLI R e R, SRR
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1 1 4 o
2.2 HEERSHAIERE

AN T30 AR R R 20 BN 165 5 3 Pickering FL
FEPE I SZ R AN 2% 2 iR o B TR PR R B0 o
Wide s, LV P LA A AR B B R S KR b
(R, AR R B B0Ch 40%~50% b, 7R &
KB A Tt JEARAS  FAL S R R AT
KAFLIKAR, YA RT3 E0CH 60%~70%H
A 22 v I A KR RN R 7R 1 B g3k B 7, L
fRAb 35 R R 2 — R M FLIOIRAS T
FHARFU N B0 I 70%)5 , 1A & i i) L ik 1 5
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Table 1 Effect of different stabilizers
on the properties of the emulsion
. # E L4 NS YY) K42/
# TA
2% % m

85 8 R 4h 100.00¢ 81.01 £ 1.15* 12.50 = 1.10"

97 B i 81.21 £2.15" 80.32+1.05" 14.61 = 1.31*
B- A4 100.00* 86.31 +1.25* 15.52 + 1.00°

T« [F 9 7 B AN [ 6 7R 28 53 2% (P<0.05) ; T [l

FM R
Apparent viscosity/Pas

20 40 60 80 100
54
Shear rate/(1/s)

E1 AEBENGEIRORAFEEDN
Fig.1 Apparent viscosity analysis of emulsions

prepared with different stabilizers

UK FUAR S A R BLEL A A L Sk AR AR 4y
BN 60%H1 0%, LI AR AR S O AR E P 53
524 19.70 um 1 18.32 um, 85.56% Fll 86.11% , iX
P 20 08 2 18] OF T B 3 2% 57 (P<0.05) , A IS H]
il Z2 14 I R 9 SR 5 B 709 1E S S5 6 1 vl A
BT

R 2 AR AR 5 B EL i B R0

Table 2 Effect of different oil volume fraction on the properties of the emulsion

, i , LA AR AR SLAUE R ARk AR ] R _
WARRAR G % FLARRAR 9% *42/pm B S %
43 1% 72 %%
40 72.11 = 3.05¢ 0.00" 27.89 + 2.15* 32.16 + 1.60° 75.16 + 1.58°
50 85.93 + 2.25¢ 0.00" 14.07 = 1.05" 27.81 +2.53" 79.31 + 3.25"
60 100.00* 0.00" 0.00° 19.70 = 1.51¢ 85.56 + 2.25*
70 100.00° 0.00 0.00° 18.32 + 1.33¢ 86.11 = 1.19*
80 95.74 + 1.15" 4.26 + 0.55* 0.00¢ 26.31 + 1.32" 86.71 = 1.75*

2.3 B-MMBRENHE
A7) B— M HG V< J3 X5 13 54 71 Pickering FL &

FEPERY A AN 3 PR o BEE B- R MRS T B2 A 48
RSB E S R BN W K, 25 B- IR HIAS
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B B R R O 3 o/100 mL J5, FLUR A E AL AL
FHGEF] 100% , M5 RFFALE , FLIRES O AR E T
1) 72 Ak S RN i LA R R R bk SR AL, #R
T B-FMIRE ORI R 3 /100 mL J& , 15 3 e K
{8,525 AR, LI AR AR BRI I it
VA T 1 2 B SN S B R R Y B
RIRS B4 I B M N 1 /100 mL 34 0 £ 4 ¢/100 mL
W, FLI AR A 32.16 wm U8 /0 F) 16.92 wm, 24
B A 5t v FE N 4 /100 mL 3 i %] 5 ¢/100
mL, FLB AR N 16.92 pum K F] 26.31 pm, 4
HHIE R 4 ¢/100 mL VE A 4 1) B-FRA8 K U
T BT R
24 BRABEREM

FLRSE B RN EGE R, U R A 2
SECGFLW S TR A AR R FLR AT R
PR A B A 7 LR AR 1 A s F B, LR A
HRB B BE DR A 2 i JEURH Y B IR AT 32 3
ATE T BRI, H UL B ECOR TR AR A PR, RIIR IR
B EL G A8 B8 (65 °C/30 min ) A1 = i A B PG A% 1
(72 °C/15's) . PAAD L IR B AL B 5 FLIR AR 50 A2
L an & 2a FIE 2b Fios, A0 3 5 2L TE 55 34
KR A A A R R M FLIRORS R R
A TURE ST SR BV RS FLBO O A n
& 2c F12d B, AL BR S FLIH B0 TR W) R
TR R A, Hod 65 °C/30 min A B A9 FLIR
FIVRIRG 2 A T 300k B 3 I R 4 RT3 RS L
1M 72 °C/15 s A FRZH A AR BLALLT . 65 °C/30 min 4k
PR FN 72 °C/15 s Kb 3820 21 A R A2 LS 0 F
PE43 504 65.73 pm,25.61 pwm £l 76.3 % ,84.15%,
Horbr 72 °C/15 s A FRAAFLE I S B0 F LT 65 C/
30 min Kb HEAL , Z5 I 8- FROIRE Ao 1 i 5 T
Pickering FLIH & B IR A F AR E M, HhmiE s
£ [ A% A B G i LR A B TG R R
25 HREhEEEM

LR S i T 2 i it ) R P R] RE R BV R
AE R R AR X T A FL R A Y
BRAR I HA R M SRR R S 8 A AR
fean il 3 Fros , URil e LW 3T M TR
B, CEAHER R WFLRIRE R AT
FLU I AR FEMCAE LR 20 BT 2L S A
A FNRFIEFE b5 & TC 2 S, PRI, B- IR MRS A 1 T

® 3 B-IRHBEREX A RFENT D
Table 3 Effect of different S—CD concentration

on the properties of the emulsion

B—ER A TR

. HENLL  BOREH/ Hiz2/
= K JE/(g/100 )
% 3/% % wm
mL)
1 86.17 £2.05° 75.73 £2.15° 32.16 = 1.10*
2 94.21 £ 0.09" 79.31 +3.15> 27.81 + 1.30"
3 100a 85.01 £3.27* 19.27 + 1.25°
4 100a 86.21 £ 2.60* 16.92 + 1.16
5 100a 86.71 £2.25* 26.31 +2.25"
65 “C/30 min 72 ‘C/N5s

b, d 2y 72 C/5 s 4k B 7L AT S50AL AR e A

2 AEBRAELEMNIAREREEMELNZIE
Fig.2 Effects of different pasteurization treatments

on morphology and microscopic changes of emulsions

: i
(a) VR il /T 2L Y1 TE 3 A5 1L

(b) VRl L TE 3142 fb
3 IMEREAEREREWL
Fig.3 Morphology changes of the emulsion before

and after the freezing and thawing

13 Pickering LA B & VR Rl Fe e Ve, 78 i T AN
fith Pt i v N R A v R AL B FLIR A R R, T
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AR AR M A LA, SRR P
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U7 R T SR AR AR, B 2 T BOM K o B FLIRR A
FEPE,
2.6 MEiEEM

FLIR I RS o MR8 LR TR A7 R h &
A AR T AR ME 7 BRI L IRN SR 18] B 98 S AR Ak
Kl 4A1~4AS TR . AN 1], 2L i b WL
KEARFED, B — BoE W ILRBORE &K
R BEREEE B E G IR 18] L
() 5 UL AR £kt 4B1~4BS Fif 7, I i 401 30, L op
L1 Bk B T 4R N S 7 T )N i A NE N

B — 8, 12 d e 7E B RV AE 0 HE B
T, FLUC RN S W R R AR, UK R
T, SRR RS, A0 g o s A3
AL 28 d e, i SE I G O f DA ) 2L
TR AR A B O R MR AR AL I 5 BT, VA
SV, LR AR T A2 it D ST ) 8 384 T i i 7 AR K
P75 0~4 d N, FLI A RLAR AR 4L 38 /N, )N 15.31 um
B #] 18.10 wm, W 12 d Ji , FLIR A kA2 B 3%
B, B #) 23.16 pm, 17 28 d )5, FLIR KL
IRBNR KON 43.21 pum , FLIRES O Fea P B 58 B
Vi) P 72 e 4 55 R AR A B, I 39, LR )
FaE ME e R R 86.73% , 2 I 14 W AR, I i &5 3R
Jo , FLM A B O RO MR R 75.31%,

28d

20d

4 MEBEILRNEREEMEN

Fig.4 Morphology and microscopic changes of the emulsion during the storage
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Fig.5 Particle size and centrifugal stability changes
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of the emulsion during the storage
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AR SC LA F i R TR 38 A B 5 A R B 7
(WS AR B IR BB MIHS ) (AN T i A A X
50 (40% ,50% ,60% ,70% ,80% ) FlI A [F] £ 5E 7
AN W (1,2,3,4,5 ¢/100 mL) % LI FRE
TEAR (BE U FLALHE B B O AR e Ik DR ) Y52
Wi B T 38 19 59 Pickering FLIR 1) 45 4%
P, BOLL B-PRRIDRG S fee 7). ol AR R B4 50K
70% , Ft 22 I B I IR FE R 4 ¢/100 mL, 78 it 55
38 2 BT U0 AT DL A5 AR E A BT Picker-
ing FLU , % FLVR W B FL AL R B B O e e
RiAR 4900 100% ,86.73% 1 15.31 wm, 42 BE
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VST L AE B S R B, AR SCRAFLIR Y
T 500 K S i A Ak | AR AR AR RN S 0 B RE T R R A
WFSE T A LV B IR R B AR E 1 . R R e
R giike e M g5 SRR B-FRMIRS R I TR 5 T
Pickering 7L H. £ 55l A9 T4 G A% p RS e P RO g8
FasE k(28 ), (R H g R g vk

V500 ) 3 B 4 A7 9 P A T 1 A TR B8, %
FI AR PR 58 1) 3 o7 A A B B AR R & = L
B G A I I T TR RO R TR R ALK
F T TR K U5 r B ), 9 5 U 1 I & AR O
RAF BN KR I AF K | Bl g 50 9% IR 4500 1 A
Wi TV g SR G 7= S I 25 A R IEFE A P T
AR LG T A 18 205, W 0-3PUFA & &
i Lo W, JLT R & IR B & & e m S B
T PEY) BT, R v 5 vl A B AR AR 0-3PUFA
RV T AR A W IS SRR 5 WA TE 2 A AR RN
IR A R e BT A S Y R R
T8 54 10 ) B FL VR T LA Ak A AR, SRR
IRA PR B4 G 1Y Pickering 7L IR A FREE & 4
WAV SRR, R I AR R FL R Y B 5 A
AU IR SO HE T S AR R M L IR B AR T B3R
i 45 KR A LUK G 18 5470 Pickering L W 1 £&
E R ZE AR B MIDRS B8 i 5 T LR Y
il o B-I R S — 32 N 8 A 1 R
SR, HLA PRI K T A0 35 7K A RR IR 45 4,
SRR FLACAE J), HeH R AR YA 2 RN R
it Wiz N T LI A A . 7R B-IR RN AR
FEBYFLIR T TR T (R ) KR
SUHELAEAE ) ME R & A RIS B-ER M
H BB K 25 B, TR Bl B- WIS 5 . 42
B WY B-I MR 2 B A S Kk | i Y R 45
Gy 22 B KM, 2R T R R AR AR E AL
VR, XA A mT DALt — 25 K R R B
T HT T 2% T Y B0 I LT A, LRSI IR 2 DY
HAHRAE B R L M F s

ST 14 i R Xt L AR E R A R AR
FH 5T 0% e 5 A D) 2L ) e M i e A 4 T
IR | RS RIS AR R 5 55 2 o A T R 5 8 7
A R, AR ELEETLL R B A e A, SR B
TRORS S A2 7)) 48 T g W @ AR 9 Pickering L
W, ZFLBAE R 16 d S, LT 2 AT UM S B

%, ARG LA K 28 d J5 IR FR R E X
F W] B—F M A T 25 V6 500 Pickering FLIR A I
R A2 MR B T B PR OWIRS A% 1% FE A B IR
Pickering FL& . 3 H: v i) Ji7 5 0T 2 e A B K 7
B AR E A 0-3PUFA, BilEH w-3PUFA Y25
[E 45 F B 5 2 T8 5 B-I WK IE iR &5 W i it
R rhrzs L B R, T B A S T R 44 55, RRAIR T 3L
WHIRRE M, AN, 7 ZHEFE 1 Pickering FLIR
KA T Z2 0T LB R T B 2 R EE I BH
5 YR 1 P B SR A ke B A e FLIR VR
T, 22 W 700 1 S o 2, 2 552 v 2L Y %) e e
XU B P AE PO rb g i 7 R H I = S AR R
B-FRRIKG A 700 45 T b i B B R H v =R
Pickering FLU , 45 5 2 W1 Y B- IR MRS 09 78 I 2 K
2 g/100 mL I, AT A 5E 19 Pickering LK, M 7E
AMHFE Y B-IWIKS IES IN 4 4 ¢/100 mL B,
A i A5 F8 RE B T 599 Pickering FLE . R A AT g2
R o KB 7E S - E 2
BRI AE T3 21 B-IA MRS | A R 2 A
[Fi] P9 7K R R JS T B2 7 T 22 11 BRI o LKAk,
A ST A5 B S Pickering FLUE , AR H A8
G 4 T TGRS AR Tk R iR v P, EL X2 R Ak
PR AR B HUR ORI AR YLD E B — ot
Ji PR AT g FLRAE VR R R O B T RS, B
AW SR AR TIE AR, S AR R ORI 28 T B- RN
5 MRE 4308 R S, S BELR R RS R A
FEHE P UITE LTI, KL JE 2k i AR N
PR U AT 32 75 7 543 Pickering LR A9 4 il A
TEPEHEAT R IT

4 ZEig

A SCHEGE T i H 3 Pickering FL IR A9 1 #5 T
20, BIHE DL B—FR W S A g ), il AR B O3 B
70% , Fa € RN R 4 ¢/100 mL 1 5544 T, AT il
1516 599 Pickering FL , FLIK AU RLAR B O FR0E
P43 510 15.31 wm 86.73% ; WL A1, o 4t 3 ¥ £ itk
Pickering FLIRTE & M A N, A SCEBFFY
TSI Pickering FLR A I ICIR B AR 2 ME R Al
T M R RS S AP, 45 R AR Y AR WIF 5 o A5 1Y
FUUR B A8 B0 1 B T T e M R I RS
(28 d) (EA B AR Rl AR 1
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Studies on the Preparation and Stability of Seal Oil Pickering Emulsion
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Abstract In order to prepare seal oil Pickering emulsion and study its stability, different stabilizers (sodium caseinate,

(40%, 50%, 60%, 70%, and 80%), and different stabilizer

dosages (1, 2, 3, 4, 5¢/100 mL) on the characteristics of the emulsion (viscosity, standing emulsification index, cen-

lecithin and B-cyclodextrin), different oil volume fractions

trifugal stability and particle size) were studied and the preparation process of seal oil Pickering emulsion were prelimi-
narily determined. Then, the pasteurization stability (65 °C/30 min, 72 °C/15s), freeze—thaw stability (freezing at —18 C
for 24 h, thawing at 25 °C) and storage stability (25 °C/28 d) were evaluated by the appearance and microscopic changes,
particle size and centrifugation stability of the emulsion. The results showed that under the conditions of B—cyclodextrin as
stabilizer, the oil volume fractions was 70%, and the amount of stabilizer was 4 ¢/100 mL, seal oil Pickering emulsion
could be prepared, and the particle size and centrifugal stability of the emulsion were 15.31 pm and 86.73%, re-
spectively. The effect of pasteurization treatment on the characteristics of the emulsion was not obvious, and the effect of
treatment at 72 °C/15 s on the characteristics of the emulsion was less than 65 “C/30 min. The freeze—thaw treatment sig-
nificantly affected the emulsion, and after freeze—thaw, the emulsion was unstable, the oil phase and water phase was
separated, and the characteristics of the emulsion were no longer present. Within 28 days of storage at 25 °C, although
the particle size of the emulsion increased and the centrifugation stability decreased, the basic characteristics of the
emulsion were maintained. In short, seal oil Pickering emulsion could be prepared by B-cyclodextrin, which has good
thermal stability and storage stability (within 28 days), but freeze—thaw stability.

Keywords seal oil; pickering emulsion; process; stability



