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Prepar ation and stability of high cis-lycopene nano emulsion

LI Chenchen, MA Diaomei, ZHANG Ying, SUI Jiaqi, HAN Chunran”
(School of Food Engineering, Harbin University of Commerce, Harbin 150028, Heilongjiang, China )

Abstract: In order to solve the problems of easy degradation and isomerization for lycopene, a fat-soluble
bioactive substance, during food processing, high cis-lycopene nano emulsion (hereinafter referred to as
nano emulsion) was prepared by high speed shear method with high cis-lycopene for encapsulation and
natural surfactants screened, and characterized by HPLC, nanoparticle potentiometer, TEM and confocal
laser scanning microscopy (CLSM). The preparation process of nano emulsion was optimized by single
factor and response surface experiments, and its proper storage method was explored. The results showed
that under the conditions of oil-water ratio 1 : 3 [}/{(oil phase) : V(water phase) with the solution of
lycopene dissolving in a 1 : 1 volume ratio of linoleic acid/occapric glyceride mixed solvent as oil phase
and sodium caseinate aqueous solution as water phase], mass fraction of sodium caseinate solution 6.0%,
shear speed 12000 r/min and shear time 15 min, high cis-lycopene nano emulsion exhibited the highest
embedding rate of 88.09%+0.92%. When the high cis-lycopene nano emulsion was stored in dark,
nitrogen-filled, neutral or weakly alkaline environment with low temperature (4 °C), the addition of AI’*,
NaCl, antioxidants (fefra-butylhydroquinone and dibutyl hydroxy toluene) and sucrose could reduce the
oxidative degradation and retro-isomerization of lycopene isomers.

Key words: high cis-lycopene; nano emulsion; preparation process; retro-isomerization; stability; food chemicals
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Fig. 2 Particle size (a) of different protein emulsions and
their apparent viscosity (b) and shear stress (c) at
different shear rates
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Fig. 3 Single factor experimental results
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Bl K (89.79% ), Kiftdr/)N (204.50 nm ), X2 A
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(D51 SR TR b W NP (S U R ) 11 1 BU S S A3 1 37 N
LI AR E PORFUR R, 351800 /N &
THEEERE, FEPORILB O HEREAL,
RN R LR A, MO 8L
SPL TR TR T AR AR A8 R -5 i B

MIE 3d AT LAE Y, BlE BT VIR 3 0, A
S = RN R e e RS S E
I/ N5 R 30 A A Y 55 D) % 3 12000 r/min B,
ALK BN (82.17% ), Rt/ (212.57 nm ),
ORISR, BEESTUIRE AR, FLR RS A
PR &M LA B AR 525 2 T8 A 50 i /NG AT AT
FLB A R R, B — 7, e FL
W, BRI PRI AR . (AR BY V)% e 4k
E¥E R, FL P A R R B R R 2 AR R
RIEGETHR AR E, ZR, FEYRIABAE
SRR, IF Bl TR p syl s nl G S nik e
T BRI, VR R S A R T 9 A ) g B
R M A EA ST eES, KRGS,
AT BRIk AR AR K

CEA AR ES R, MRS R
KPP AR 2 450 K EE 10 3, BREE AR
VAT BT 548 6.0%, BYYIEFIA] 15 min, 5 )5 H
12000 r/min.
2.1.4 v @ EIRER BT E 5
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Response surface experimental factors and levels
S
B WEEAMEE ¢ ByIntE) D gy YR

Table 1

A ke

BT 53 H %% min (r/min)

-1 1:2 5.5 10 10000

0 1:3 6.0 15 12000

1 1:4 6.5 20 14000
R A B PR 2% S 56 285 SRR A i 7 T S 5 (DA

ROY VB EAEIR ), 25 R W3 2., KT Design-Expert
8.0.6 BN, 495 R mIHBTAI T FER «
Y=88.54-0.314+0.088-0.34C+0.19D+0.674B—

0.434C+0.334D+0.03BC—0.44BD+0.25CD—
2.364%-2.14B*-1.65C*~1.88D*

( P<0.0001, R*=0.9787)
2 3 MEIAJT R T 20 Hras R .
MR 3 AIEH, RS (P<0.0001 ), K4l
i P=0.4509>0.05, KPTARE, He R7=0.9787;
RAq=0.9575, UFW Tz RIS A R B R AF, REAE A
T v T 2 2 it 41 28 490 oK LA 3 5 1 T 43
PE] 4 S 9 PR 255 ELAE G 3D o o T A5 i £ 1
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Table 2 Design and results of response surface experiment
a2 Ll Y1% Frs Rl Y1%
A B C D A B C D
1 -1 1 0 0 83.39 16 0 -1 -1 0 85.28
2 0 0 1 -1 84.11 17 1 0 0 -1 83.49
3 1 0 0 1 84.61 18 0 0 0 0 88.29
4 0 -1 0 1 85.02 19 0 1 -1 0 85.61
5 0 1 0 -1 84.73 20 0 0 0 0 88.69
6 0 1 0 1 84.21 21 0 0 1 1 84.92
7 1 -1 0 0 83.22 22 0 0 0 0 88.61
8 0 -1 1 0 84.13 23 -1 0 0 -1 84.96
9 -1 0 1 0 85.27 24 -1 0 -1 0 84.51
10 1 0 1 0 83.53 25 0 1 1 0 84.56
11 -1 -1 0 0 84.69 26 -1 0 0 1 84.75
12 1 0 -1 0 84.47 27 0 -1 0 -1 83.77
13 1 1 0 0 84.58 28 0 0 0 0 88.94
14 0 0 0 0 88.15 29 0 0 -1 1 85.27
15 0 0 -1 -1 85.44
3 WIS IT2E b
Table 3  Variance analysis of regression equation
FBERIR SE5AM Al WorE FE P BEM BB CFOrR AmE BE FE PEH  BEM
iRl 75.90 14 5.42 46.01 <0.0001 oK CD 0.24 1 0.24 2.04 0.1754 o
A 1.12 1 1.12 9.53 0.0080 ok A? 36.00 1 36.00 305.55 <0.0001 HAK
B 0.078 1 0.078 0.67 0.4283 o B? 29.73 1 29.73 252.33  <0.0001 HokE
C 1.37 1 1.37 11.66 0.0042 *oE c* 17.71 1 17.71 150.27  <0.0001 HokE
D 0.43 1 0.43 3.68 0.0758 o D? 22.92 1 22.92 194.50 <0.0001 Hkx
AB 1.77 1 1.77 15.01  0.0017  ** B 2% 1.65 14 0.12 o
AC 0.72 1 0.72 6.13 0.0267 * KI5 1.25 10 0.12 1.24  0.4509 o
AD 0.44 1 0.44 3.75 0.0732 o afiiR 2 0.40 4 0.10
BC 0.0025 1 0.0025 0.021  0.8863 o Js¥ill 77.55 28
BD 0.78 1 0.78 6.65 0.0219 *
T 7 FORERBHE (P<0.05); 7 FREFWEFE (P<0.01); 7 FRERFEBE (P<0.0001); “o” FRERA

BE (P>0.05),

1.0

1.0 10,
< :
]
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sl :
—05 g 05
5
-1.0 & _ A -1.0 _ | . T
-1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5 1.0 -1.0 -0.5 0 0.5
B FEEE ARV MU R 5280 % D Y4453/ (r/min) C By A ] /min
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L) 0'5‘13? e -1.0
8 e 0 5. % c .
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Fig. 4 Effect of interaction between two factors on embedding rate of high cis-lycopene nano emulsion
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Fig. 5 Particle size distribution of nano emulsion
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Fig. 7 CLSM images of nano emulsion
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Fig. 8 Effect of temperature on stability of lycopene in
nano emulsion
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Table 4 Effect of temperature on retro-isomerization of
lycopene isomers in nano emulsion

WEC R R
Jea P53 iiF=v

4 0 43.14%+1.11 38.84%+1.13
5 33.42°+0.54 32.41°+1.73
10 44.81°¢1.51 20.86°+1.40
25 0 43.36'+1.03 38.11%1.24
5 35.46°+0.62 20.51°+1.83
10 20.32°+1.41 9.44°+1.16
37 0 43.57°£1.05 37.29%1.35
5 10.73+1.04 3.31%+1.35

10 436°+1.21 0

W ARVNEFRFRR2ZERBE (P<0.05), FH.
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Fig. 9 Effect of illumination on stability of lycopene in
nano emulsion
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Table 5 Effect of illumination on retro-isomerization of
lycopene isomers in nano emulsion

R e SRR L
e YN

EP/Sa 0 40.27°£0.90 35.36%+2.28
5 30.62°+0.92 23.66°+2.29

10 18.46°£0.55 3.97°+1.59

B 0 41.92°+1.25 38.25%£0.23
5 43.54*+1.00 30.30°+0.12

10 45.78+£0.28 18.66°+1.40

MWE 9 ff LA, T 10 d )5, ASHEDEIE S
™ CHSRIG. #E), 9K F MR E R
SRR 41.49% . 25.59% ( P<0.05), M 5 A
DIEH, FEARDEIRT ( ARG, #k), I 10d
Ja ., BLLE MR 5 H o 5] B T R 31.39% .
19.59% , 7E #6504 T WK E # 4k di Ltk 3.86%
( P<0.05 ), UiIATEREG T I A A T 42 = 40 oK 7L
SRR AN e NG I ) W S A R g O SR 2
b o 2 B R X6 3 M 2 7 i 21 2R 4 oK FL R B —
FPRBAE T, TT L ARE vo A R 7= 18 D R
233 pH %A
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Fig. 10 Effect of pH on stability of lycopene in nano emulsion

M 10 #1k 6 AT LIE Y, TEAE pH(5. 6. 7.
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JECIN (R E S R Bk B, IV 10 d 5 PR B RS
I 1 d SRR R 42.85%. 37.13%. 21.05%.
19.65%. 18.44% ( P<0.05). WK 10 d J5 H AL E
S A7 A B 5 0 d A HE R RE 35.53%,
32.37%, 22.30%, 18.44%. 22.61%., H7EpH N 7.
8. 9N, TMRLLZIRE ek i Lb a5k 4.58%
2.10%. 5.94%, UiIHGKFLRAERR IS (pH=5.6)
THWATE, £ pH A 8 K& 4k i th e b
( P>0.05 ), iX AT it fH TRRVEAIE TR T 4L R
5 RNAE E A B R EEECNERTRR T B R ] AH
AR, MINGE 7 B AnLr R ARt mims s (iR

BHAYSEEL R 4.6, TERGIAFHNN, HFLEEES /.
PR, il 2 0 e MU 21 3R G K FLIBE P AN 555
TRAEE N B — e Re D2, L, fE RN
HUR AT RS = I A £ 3R AR F LI A P 58
BRI, FERHARE el SR B R

%6 pH XK FLIE T L1 3R 540 P 52 e AL 1 5 o)

Table 6 Effect of pH on retro-isomerization of lycopene
isomers in nano emulsion

pH Tt g 1) /d SRR,
2 S

5 0 42.27*+1.04 38.35%+0.95
5 30.46°+1.14 18.23%+1.33

10 19.42°+0.93 2.82°+0.84

6 0 42.73°+0.87 38.32%1.45
5 37.11°%+1.14 20.69°+0.91

10 27.46°£0.76 5.95%1.44

7 0 43.09'+1.17 38.49%+1.08
5 45.35"+1.17 24.60°+1.06

10 47.67°+1.08 16.19°£0.92

8 0 43.13'+1.38 38.77°+1.21
5 44.96*£0.98 30.50°+1.16

10 45.23*1.02 20.33%1.04

9 0 42.75*1.02 38.46%1.03
5 45.30*+1.14 21.66°+1.12

10 48.69*+1.06 15.85°1.48

234 RANH®
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Fig. 11  Effect of nitrogen on stability of lycopene in nano
emulsion
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Table 7 Effect of nitrogen on retro-isomerization of lycopene
isomers in nano emulsion

B I P 1] SRR /%
d &N JEYIEa
FRMNKILE 0 41.70'+0.67  38.48%x1.12
5 4437°£1.48  34.62°+0.99
10 46.12°4+0.93  28.85°t1.40
RILEIN AT 0 41.58°£0.53  38.91°t1.20
5 50.38"+0.82  25.13"+1.06
10 51.73+0.75  18.18°t1.08
FAWEE FHAE 0 41.47°£0.88  37.58°+0.97
5 6.85°£1.27 1.71°+0.83
10 0 0
KARIWFEFIAE 0 40.69°1.41  36.24°+1.02
5 0 0
10 0 0

235 &BETHY®
E 12 F13E 8 N4 R E T X kL P F/ sl £
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Fig. 12 Effect of metal ions on stability of lycopene in
nano emulsion

M 12 fn 8 AILIE H, WINAFE4E &+
(AP, ca*. Cu*., Fe*'| Fe’'), I 10 d J5 44k
FLB B RLER R0 5 5 1 d )5 R R
16.64%. 17.61%. 50.97%. 55.26%. 56.34%. i
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19.97%. 32.15%. 28.90%. 25.33%. H&M4EEE
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fetk, SHILIER, FARZRSARWFEARD. 1 Fe?”
TEW S R h B w AL P, SR SR MR
EALRERAR I KA o AP —Fh w5 R80T A 41 RS 57
P HEAL TIPS, BT LA o PR 34 ek S B 4 I
BRI B T I PR, 5 XU AS A 0 i a) 4
ST ATSE )L SO B =4, IR, AT LA e
i 2 A 4T R e A . WANG 5D 5E 45 BLIE
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Table 8 Effect of metal ions on retro-isomerization of
lycopene isomers in nano emulsion

P —— SRR H /%
Jea SR

AP 0 43.30°+1.03 38.40°+0.94
5 44.09"°+0.99 31.05%+1.37

10 46.11°+1.20 25.37°+1.50

Ca® 0 42.70*+1.35 38.63%+1.23
47.69°+1.38 23.64°+£0.84

10 49.35+0.95 18.66°1.40

Cu?* 0 42.89*+1.50 38.99%+1.00
5 40.87"+1.35 14.19°+1.14

10 36.76°+1.31 6.84°1.11

Fe** 0 42.46°+1.45 38.25%£1.38
5 38.33%+£1.29 19.76"+0.87

10 34.69°+1.33 9.35°+1.29

Fe'' 0 41.09*+1.34 38.71%1.33
5 35.44°+1.10 21.91°%+1.20

10 33.71°+1.12 13.38°1.17

2.3.6 NaCl ¥ %%
& 13 F13 9 NaCl i & XF 44 K FL i 2 ik 41
EXCEYNE I LN SR A o) AR

100+ w2 50 mmol/L [ 200 mmol/L
1100 mmol/L 1250 mmol/L
I 150 mmol/L
80 aaa
< aa abl bab bbhd d)cb°°°dcc ceddc
3 60!
=
40+
20+
0 a L1 |
1 3 5 7 10
T3St ) /d

B 13 NaCl i XE9K LI 3 AT 2R R T
Fig. 13  Effect of NaCl concentration on stability of lycopene
in nano emulsion



° 676 ¢

A% 4m 4 T FINE CHEMICALS

41 4%

F 9 NaCl WX PORFLI P B ALl R T R E 4k
gl
Table 9 Effect of NaCl concentration on retro-isomerization
of lycopene isomers in nano emulsion

NaCl ¥/ el d SR L%
(mmol/L) R J=y 5.

50 0 44.10°£1.09 33.62°1.14

5 46.29"+1.14 30.39°£1.09

10 48.70°£0.96 26.21°1.17

100 0 43.44°+1.12 34.64°+1.18

5 46.49°+1.23 31.19°+1.02

10 47.30°£1.22 25.95%+1.27

150 0 43.10*1.35 33.91%1.12

5 46.45+£1.17 30.86™+1.19

10 48.18"+1.42 26.11°+1.56

200 0 41.81°+£0.94 33.14%1.33

5 44.33™+].56 28.33°£0.94

10 46.33+1.11 24.00°+£0.96

250 0 42.61°+0.98 32.02%1.35

5 44.29"+1.00 29.25%1.25

10 45.42°+0.95 23.46°+0.86

R RRZR T NaCl AR E Y, ME
13 f13€ 9 o] LUE H, FEARIR] NaCl ¥ (50, 100,
150, 200, 250 mmol/L ) HtjK 10 d 5, ZKFLIEK
PR BRLLE AR R R RN Y e Rk & 55 Ak L
W& (P>0.05), [AAF, @80 NaCl B4k
LR B T ST (R ) HE G, SRR A R & A AR
XA T NaCl MIIABRIE T w3 i R
YK FLW Z (B A ER LR T, BRI T 43 1) B 25 8] 47
REL, 6l s 25 1 R N O ey b B A il v, R o 42
F T AL R E DY T BT R A i Lt
AR RN S B, B NaCl vk BE 35, &
F SRS e FLRR B Ri ARS8, (HIR 5 2 A9 R B8 38k
ZR, XM, NaCl ] DAk w5 i = % i 40 £ 4
KFLE B R, FE i T oo LGS BN Nacl, 2
e R L 7 i R T R S
2.3.7 FEAF G HH

Bl 14 F13% 10 AR R A BT S AL R0 9K L
T T 2T AR BR R M T SR R B R A A R

M 14 Fi5R 10 ATLLVAE H, 99KFLIEH s imAs
[i) o e A B A AR (0.1% Ve, 0.2% Ve, 0.1%
TBHQ. 0.2% TBHQ. 0.1% BHT. 0.2% BHT ) I}
10 dJ&, FEARLLRMRE R0 55 1 d J5 [ H R
% 21.57%. 21.01%. 18.37%. 16.16%. 17.30%.
15.93%, FARLLE S A s 58 0 d A
TR 22.78%. 22.47%. 13.22%. 11.33%. 16.85%.
14.87% , VR Ak 5 He a3 5°h 7.91%.7.78% .3.87% .
3.91%.4.33% .4.28%. S XTI AH L, B 0.1% V.

0.2% Vi I Ve PR L B by b ok &2 Ak
W EMEZ SR (P>0.05), RWAKRILE RN
Vi XiF 410 i 3 75 21 25 11 S AR R Ao R S v AR )k O
AEAE AN K . TBHQ i1 BHT M8 7% K 44 K L i
IR B4, By 1k A ik e A= DT 4R e
Wi AR p A LT R AR E M, PRI AL R A
PRI 52 54k

—0.1% V; mm0.1% TBHQ ez »f IR %5
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Fig. 14 Effect of antioxidants on stability of lycopene in
nano emulsion
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Table 10 Effect of antioxidants on retro-isomerization of
lycopene isomers in nano emulsion

AL e S
-y ey

S} B8 21 0 42.93%+1.34 38.39%1.10
5 48.51°+0.81 23.25%+1.16
10 50.95+1.03 14.79°£1.20
0.1% Vg 0 43.50°+1.00 39.04%1.33
5 47.71°+1.56 25.29°+1.27
10 51.41°+1.20 16.26°1.35
0.2% Vg 0 42.81%+1.37 38.18%1.27
5 47.41°+£1.20 25.25+1.63
10 50.59°+1.43 15.71°£1.40
0.1% TBHQ 0 42.08+1.29 38.93%1.27
5 44.98"+1.36 31.55%+1.23
10 45.95°+£1.22 25.71°+£0.76
0.2% TBHQ 0 42.57°+1.34 40.34+1.19
5 44.58"+1.20 33.65°+1.22
10 46.48"+1.46 29.01°+1.60
0.1% BHT 0 43.27°+1.36 38.43%+1.01
5 46.72°£1.16 28.63%+1.15
10 47.60°£1.10 21.58°1.20
0.2% BHT 0 43.04°+1.52 39.31%1.37
5 46.53"£1.29 30.55%+1.21
10 47.32°£1.17 24.44°+1.23

23.8 EHEHHH
15 IR 11 O B B o O oK FLR h 2



53

BRR, S mTE L0 R 9K LR A 5 A Tk

* 677 -

AL 2R A B 23 e e S M IR A2 e AR Y 50 o

LLRARFLBAI TR ZENE
3 #Hig

DL i e A 20 2 R 4, IR RARFLL
T 2 P R N ) 4 e I TR i 4T R K FLT

(1) ik B R 3 Fnma o T AR Ak S e, A9 30 FLIK
Hl s B EA N K EE 10 3, WK AR AR AN IR
T 6.0% . 55 UIET ] 15 min . B PJ %
12000 r/min , BCEF, 0 X ol 40 K AR

100 [ 2.0% ik ez Xﬁﬁ'ﬁ%ﬁ
faad C14.0%8H T3 0.5%]%
22232 4 pbpy cc ﬁﬁ-l.o%iﬁﬁ
80 crfllrS dzd. 4944
d d R
° €|
fﬁ_ 60
R
¢ 40
20
0
1 3 5 7 10
IERT ) /d
B 15 R A SO UK FLIR P B i R R s
Fig. 15 Effect of sucrose mass fraction on stability of
lycopene in nano emulsion
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Table 11 Effect of sucrose mass fraction on retro-isomerization
of lycopene in nano emulsion
MR L SRR E /%
G e o L
IR % FEy FAEN
0 0 43.35°¢1.08 38.39%1.10
5 47.71°+0.93 25.38%+1.13
10 49.81°41.05 15.86°¢1.17
0.5 0 43.89°+1.00 39.06%1.51
5 47.51°+0.69 27.14°+1.09
10 48.32°+1.23 20.44°+1.32
1.0 0 42.64°¢1.12 38.85%1.29
5 44.40*+0.90 29.17°+1.29
10 45.61°+1.04 25.64°+1.43
2.0 0 43.03%+0.83 37.83%1.32
5 46.24°+1.39 27.03%+1.63
10 47.36°+1.21 23.34°1.03
4.0 0 43.44°+1.16 37.51°1.10
5 46.48°+0.86 24.73+1.38
10 47.36°+1.08 19.41°+0.96

ME 15 T LI H, 449K P 3B 4 2R )
PREER, BE A IR [ i) ZE K 357 AN [ A 32 1 e
%o W% 10d Je, SXFRRAIM L, w5y
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( P<0.05), TfipEME 350N 4.0%0), 25 A5
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