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Optimization of Microencapsulation of Olive Oil by Response Surface Methodology
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ABSTRACT: To determine the optimal encapsulation technology of olive oil through response surface methodology
(RSM). Isolated soybean protein and polysaccharides from Auricularia auricula were used as new wall materials, olive oil
was used as core materials and linseed gum was used as emulsifier to prepare olive oil microcapsules by emulsion
polymerization-freeze drying method. The experimental index was embedding rate and the microcapsules was observed by
morphology of transmission electron microscope. Under the conditions of solid content of 15.4%, wall-core ratio of 5 : 1
and emulsifier content of 0.24%, the embedding rate reached 77.22%. The transmission electron microscope observing
results showed that the microcapsules of olive oil were basically spherical, evenly distributed and with good embedding
condition. RSM can be used to optimize the preparation conditions of olive oil microcapsules. The final microcapsules of
olive oil have better antioxidant effect than olive oil.
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Tab.1 Preparation of olive oil standard solution

o WlomheE | Eoke i
7 WAERUmML  fRBUmL  VE/(mg-mL)
1 0 2 0

2 0.05 1.95 0.25

3 0.1 1.9 0.5

4 0.15 1.85 0.75

5 0.2 1.8 1.0

6 0.25 1.75 1.25

7 0.3 1.7 1.5

Ve VR T 1R ) AR il i 2 o X BERTINC HE | BESAA 1L
Bl FUAERR A RARE 2R LA
PG (E) S HEAT PR RS, DA AR A A A
(GBS i
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1) ALHER 0 5 2 BRI vk, IFRIPE
MR

2) B E 7 o PR 0.5 g TR, A 200 mL
1E OV o 4 198 FE 0.5 b, RS A 78 RSG5 20 min,
TERE 10 000 r/min F &0 5 min, B 2 mL _F 3 AE
228 nm AbMEMOEE, AR ERZ, 155
S (W, ),

3) FMENHIME L. FREL 0.5 g fHUICEE, A
20 mL IEC ke, JFFRiE, EFH 10 000 r/min T
B0 5 mine M2 mL _FIEEAE 228 nm A0 H W
B, FRAMMSmbrAEfZ, S2ERmMmE (W),
HACAS (1) HEaER,

P= (1-Wy/W,) x100% (1)

A P AL HER( % ), Wy S T i & ( mg/mL );
W, A Bl & ( mg/mL ).
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Iy R R RO 5%, 10%, 15%, 20%, 25%
A ETEPIBC 6] 10 mL BE IR, BE AL U W5 RO Tl 4
R S 0 1, AR ECH 0.25%FL405, dm
MUKH Z R E RN 0.2%, SRIGTEIRE 55 CF
AL 30 min, 7EF43E 10 000 r/min R 3 min, 4R
JER IR T, e R,
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Tab.2 Factors and levels in response surface test
K SN
7]
¥ ) BEH U FUAL T i
IIE(X1)/% (X2) S (Xs) 1%
-1 10 4 0.2
0 15 5 0.25
+1 20 6 0.3
2.7 TEM

WUD BB RE, 2R 2RI I/ NG R
il BT, T ABEESIR (2% ) B0 3 min Ji7, 454

B YL E, EER IR R 2 AWK,
RIS ] TEM SRR 2 r= B2
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Fig.1 Olive oil standard curve
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Fig.2 Effects of solid content on embedding
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Fig.3 Effects of wall/core ratio material on embedding
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Fig.4 Effects of emulsifier content on embedding
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auricula on embedding

FHIH/%

e K SN, 7E 55 CHMERR ., B TR A
BEM BRGBE 2 N, SRR LY, R,
RS T, AR, BEIR T REISAM IS A
FLACRCR S, RN, dbnT 0L, FLAL IR B
EHNS55 T,

80
75 +

o y//f//g\\?\\i
65 |
60
55+
50

45t

40 1 1 1 1 1
40 45 50 55 60 65 70

FUALIREE/ C
6 FLAR IR B (3 3 3 1 52 )

Fig.6 Effects of emulsification time on embedding
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3.3 s FUBWEE BEEH RMMRE L
3.3.1 WARL#EEREIZITRER TS rmaws e grgome R
TEMA 2RI LR [, LUER Yo it AL RS ! -l ! 0 60.33
FHHCB B, FLALHI A i C B aRIN %, sl 428 2 0 : : 62.06
B, RHRK, SR 3. i g 0 0 Zi‘l‘i
332 WME WETTAMNRIRITESH . . L
IR KF- I3 3, FIH] Design-Expert 8.06 4%} 6 1 0 1 62.92
AR TR AL R, 138 [H 07 2003, Fil T2 7 1 1 0 70.26
JCERMEL A AT, AEIEIE SRR Y=78.24+0.74A+ ] | -1 0 60.93
0.62B—1.39C+4.00AB+0.30AC—3.70BC—9.09A%—4.51B?— 9 . 0 1 61.27
6.41C*, JiZnHrai R LK 4. 10 0 0 0 79.13
TIRZIW M L 4, v LA H AR ] ) 1 1 1 0 67.03
Pl (P<0.01), KIRETIARZE (P>0.05), H 12 q 0 q 63.17
ZAA R?=0.9866, Uk BRI SIS S48 4y, BT Ll 13 1 0 1 63.62
T IS A Sfe T fol e A MR R A A Ak . AERIA 14 0 0 0 76.63
&, AB, BC, A%, B2, C? Xffulfl itk o3& 15 0 0 0 7736
(P<0.01), CXf RN EE (P<0.05), F{HH 16 0 0 0 79.67
K, WRIuERFER, HE 4 a7m, HES 17 0 q | 68.32

(ERLES ALEPNAC SN TRV SRR K 40l kg —ed b 27|
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Tab.4 Analysis of variance of regression equation

=3 RiEl FIH R il F1{H P{H 2
i) 812.44 9 90.27 57.22 <0.0001 o
A 437 1 437 2.77 0.1401
B 3.05 1 3.05 1.93 0.2070
C 15.54 1 15.54 9.85 0.0164 *
AB 64.08 1 64.08 40.62 0.0004 *k
AC 0.36 1 0.36 0.23 0.6474
BC 54.83 1 54.83 34.76 0.0006 *k
A2 347.98 1 347.98 220.58 <0.0001 *ok
B? 85.59 1 85.59 54.25 0.0002 *ok
c? 172.79 1 172.79 109.53 <0.0001 *ok
Bk 11.04 7 1.58
KR 2 4.81 3 1.60 1.03 0.4695
afifR s 6.24 4 1.56
BB 823.48 16
B 2R AL R2=0.9866
TR % e R AL R244j=0.9693

WL B E (P<0.01); *#7RE2 (P<0.05)
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Fig.8 Contour plot and responsive surface of DH=Ff(A, B)

/0
030 AL /%
0.28
0.26
0.24
0.22
0.20

0 12 14 16 18 20
[R5 ik o 0%

a

K9 DH=f (A, C) By L Fm 1 il
Fig.9 Contour plot and responsive surface of DH=Ff(A, C)

(DHRA /%

“40 45 5.0 5.5 6.0

BES MR A
a b

Bl 10 DH=f (B, C) 4% L Fim i i i
Fig.10 Contour plot and responsive surface of DH=f(B, C)



Fa0E £

TRAEERAE - g N7 v VR MO T R S e T AR AR AT 5 <17

HH I 8 AT, me i i TR BEBENE , S5 A A
FIE, MEIEY & &4 TAUE S5 & ER, bR
A A3, AL ARSI I S 98N o 1 W RE RS
EAEEY &R EERARE, 5% 4 P HIE
FIATEs R —E . MK 9 ATRLEH, FEmeinl R
¥, HBEIEY &  TAME 5 ER, B 2L A
PRGN, A ARER SIS vk . FLAER A
MEEY & RELEENAREE, 5% 4 PRz EI
H D ras R —2, mK 10 JLLFEH, &L
B A DA NTTE 2o R G e L Ty v W A X (0 s R (1
S ER, A LR E s, R
TG D/ IN o 3k B 2L AR R 5 B R RE GBS B 1) 38 B AR G
IR E, 5% 4 PSR-, kit
RTET, W I AT R T DL R A A 1 ) A8 T2 kAT
tt.

3.3.4 IGIESEIE

GRS L DA TTRES it T 2 B Sl i O S g

il g T2 %M. MEIEY R EC 15.37%, B
MARBIAE N 5.16, FLALRIBE 50 0.24%H0, 2
Ny 78.43%,

TERAESAE T, B LR BB, K A
MEIM I 2 T2 & E s il BB 9 0 i 4 4
15.4%, BESHIRFHAE 5, FLALHIFE 3% 0.24%,
3 RS, A5 AORSS T fal e 20 1 R ) S PR
S WlR 77.05%, 78.46% , 76.14%, V- 340 B %
R 77.22% SHEUSHUNEAZE 1.21%, s nT WA H
M 7 T 92 P10 ) 4 e 3 T 45

3.4 TEM

OB R ILIE 11b, MWEEAORE, DIRE A
AH IR R HE 220 A BE A T A %) ARGORSS i i 8 30 DL
BRI, BARYEEIN 2~10 pm., HOK 20 000 175 A0 %
AR 11a, SEERIE 035 5 B A0 1 2 e FRARL )
AR 2

Bl EST R sEE A
Fig.11 TEM image

4 L5k

PLK K43 B 2R M SRR B 2 08 A B A RE b, AR
P ) 7 | T R AT S RO e AR e b, AR T
e 1 ) A AOE Tk B B TS A BB R )
Bh 15.4%, BESAARRIL R 501, FUALHE RS
BN 0.24%, 15 A OB 2 1 A 340k 77.22%
il 28 ARG o I A A B LB T LR VE L 2~
10 pm, WJHEBNPR 5], ZHOEUZBY . Z%0F
FE A I 7E BT A A AR e ME D T Rt T Ee A,
Tl & U 2 B R TERS, XRERT LAY KA
T 4 L TS R, R LAJE T e B aih 7= P 1 2

S -

[1] MOHAMED A G, IBRAHIM S, ELKHAYAT S E, et al.

Natural Anti-obesity Agents[J]. Bulletin of Faculty of
Pharmacy, Cairo University, 2014, 52(2): 269—184.

[2] KADRI N, KHETTAL B, AID Y, et al. Some Physico-
chemical Characteristics of Pinus (Pinus Halepensis
Mill, Pinus Pinea L, Pinus Pinaster and Pinus Canar-
iensis) Seeds from North Algeria, Their Lipid Prfiles
and Volatile Contents[J]. Food Chemistry, 2015,
188(1): 184—192.

[3] LEEJ W, LEE K W, LEE S W, et al. Selective Increase
in Pinolenic Acid (all-cis-5,9,12-18:3) in Korean Pine
Nut Oil by Crystallization and Its Effect on LDL-
receptor Activity[J]. Lipids, 2004, 39(4): 383—387.

[4] KADRI N, KHETTAL B, ADJEBLI A, et al. Antian-
giogenic Activity of Neutral Lipids, Glycolipids, and
Phospholipids Fractions of Pinus Halepensis Mill
Seeds[J]. Industrial Crops and Products, 2014, 54:
6—12.

(5]  JEiEME, TaESF. hEOR S oG A o o W 5T



+ 18 -

(I

2019 4E 4 H

[J]. TFEM R, 2008, 23(2): 121—123.

LONG Zheng-hai, WANG Dao-ping. Chemical Con-
stituents of Olive Oil and from Camellia Oleifera Seed
Qil[J]. Journal of the Chinese Cereals and Oils Associ-
ation, 2008, 23(2): 121—123.

LEE Y H, CHOOHO C, WATAWANA I M, et al.
Evaluation of the Total Antioxidant Capacity and An-
tioxidant Compounds of Different Solvent Extracts of
Chilgoza Pine Nuts(Pinus Gerardiana)[J]. Journal of
Functional Foods, 2014, 1086(10): 1—S.

TIAN G F, L1 Y, YUAN Q P, et al. The Stability and
Degradation Kinetics of Sulforaphene in Microcap-
sules Based on Several Biopolymers Via Spray Dry-
ing[J]. Carbohydrate Polymers, 2015, 122: 5—10.
YOUSAF AM, KIM D W, KIM J K, et al. Novel Fen-
ofibrate-loaded Gelatin Microcapsules with Enhanced
Solubility and Excellent Flowability: Preparation and
Physicochemical Characterization[J]. Powder Tech-
nology, 2015, 275: 257—262.

VELASCO J, DOBARGANES M C, MARQUEZ-
RUIZ G. Variables Affecting Lipid Oxidation in Dried
Microencapsulated Oils[J]. Grasasy Aceites, 2003,
54(3): 304—314.

AGHBASHLO M, MOBLI H, MADADLOU A, et al.
Influence of Wall Material and Inlet Drying Air Tem-
perature on the Microencapsulation of Fish Oil by
Spray Drying[J]. Food Bioprocess Technol, 2013, 6(6):
1561—1569.

LOKSUWAN 1J. Characteristics of Microencapsulated
p-carotene Formed by Spray Drying with Modified

[12]

[13]

[14]

[15]

[16]

Tapioca Starch, Native Tapioca Starch and Maltodex-
trin[J]. Food Hydrocolloids, 2007, 21(5/6): 928—935.

GHARSALLAOUI A, RALOUDAUT G, CHAMBIN
O. Applications of Spray-drying in Microencapsulation
of Food Ingredients: an Overview[J]. Food Research
International, 2007, 40(9): 1107—1112.

ASBAHANI A E, MILADI K, BADRI W, et al. Essen-
tial Oils: from Extraction to Encapsulation[J]. Interna-
tional Journal of Pharmaceutics, 2015, 483(1/2):
220—243.

FREIL, B, Fady, % R RATE 2R
ARG TIRELT]. &5 ElE, 2017, 38(1): 232—237.
YU Hui-mei, ZHAO Xin, YIN Hong-li, et al. In Vitro
and in Vivo Hypolipidemic Effect of Auricularia Au-
ricular Polysaccharides[J]. Food Science, 2017, 38(1):
232—237.

A, VPN, FRIE, GE. O ROBRACRE I IR 2 Ak B
il B EAG R BT (3] P E R AE 4R, 2018, 33(10):
58—62.

LI Bin, XU Bin, CHENG Shuang, et al. Physical and
Chemical Properties of Cornus Wilsoniana Seed Oil
Microcapsules and Its Product[J]. Journal of the Chi-
nese Cereals and Oils Association, 2018, 33(10):
58—62.

XN sk, 2K, PREAE, 5. MmO g LR
BEFE[0]. TP EE AR, 2017, 17(11): 90—98.

LIU Shi-lin, LI Tian-jiao, LIN Sheng-nan, et al. Stud-
ies on the Micro Encapsulation Technology of Micro-
algae Oil[J]. Journal of Chinese Institute of Food Sci-
ence and Technology, 2017, 17(11): 90—98.



