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Preparation and stability of high cis-lycopene nano emulsion
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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 [V(oil phase) : V(water phase) with the solution of
lycopene dissolving in a1 : 1 volume ratio of linoleic acid/occapric glyceride mixed solvent as oil phase
and sodium caseinate agueous 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 (tetra-butylhydroquinone and dibutyl hydroxy toluene) and sucrose could reduce the
oxidative degradation and retro-isomerization of lycopene isomers.
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Fig. 1 HPLC diagram of lycopene in high cis-lycopene
nano emulsion
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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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Table1l Response surface experimental factors and levels

%
AF ik B PEEFIREE C It D 2y
B4 U % 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 AL PR 2 S 6 25 SR 1A 7 7 T S 86 ([ DA HE
ROY)VNH AR ), 259 W3 2.2k ] Design-Expert
8.0.6 HFHLA, 53] R MR FE A .

Y=88.54-0.31A+0.08B—0.34C+0.19D+0.67AB—

0.43AC+0.33AD+0.03BC-0.44BD+0.25CD—
2.36A%—2.14B*-1.65C?>-1.88D?

( P<0.0001, R*=0.9787)
3 MIEIAJ R 2 M R o
MR 3 A[FE ), BEAE R 2 (P<0.0001 ), K4
I P=0.4509>0.05, LiUITAEE, Hih RP=0.9787;
Rag=0.9575, ilFMH T iZM R ARERE R, figwsH
T v T 2 it 41 28 490 oK 3L A 38 SR 1 T0 43 #
PE] 4 S 9 IR 25 58 ELAE FH G 3D o 1o T A% i £k 1A
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Table2 Design and results of response surface experiment

T R Y% 75 kil Y/%
A B c A B c

1 -1 1 0 0 83.39 16 0 -1 -1 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 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 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 88.94
14 0 0 0 0 88.15 29 0 0 -1 1 85.27
15 0 0 -1 -1 85.44

® 3 AT R TT 220 B

Table 3 Variance analysis of regression equation

BORDRIR Form HREE BOiE F{E Pl Bk [ERDRE PP ARE MIE FE P EFN
BiFl 75.90 14 5.42 46.01 <0.0001  *** |CD 0.24 1 0.24 204 01754 o
A 112 1 112 953 00080 ** A 36.00 1 3600 30555 <0.0001  ***
B 0.078 1 0.078 067 04283 o B’ 29.73 1 2973 25233 <0.0001  ***
C 1.37 1 1.37 1166 00042 ** |C? 17.71 1 1771 15027 <0.0001  ***
D 0.43 1 0.43 368 00758 o D? 22.92 1 2292 19450 <0.0001  ***
AB 1.77 1 177 15.01  0.0017  **  |zk% 1.65 14 0.12 o
AC 0.72 1 0.72 6.13  0.0267 * KW 1.25 10 0.12 1.24  0.4509 o
AD 0.44 1 0.44 375 00732 o aiiRE 040 4 0.10
BC 0.0025 1 0.0025 0.021 0.8863 o gl 77.55 28
BD 0.78 1 0.78 6.65 00219 *

W %7 TREFEF (P<0.05); “**” LRZFEWEFE (P<0.01); “***" FREFFHFEBF (P<0.0001); “o” FREFR
B3 (P>0.05),
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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. 6 TEM image (a) and particle size distribution (b) of
nano emulsion
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Fig. 7 CLSM images of nano emulsion
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0JE , W R L EPE, TR Y AN JEE (E
7a), BLIAFL IR g K 430 ( O/W ) 4 K L 1275
1M Je 2 20 AR e i 21 7 A e B AR e skt s
KW E N, wTRLAEH B A 2T (o i pl
o1 8 KA E (7o), [RREDE I FL R R
k1 OIW 2k 3L 281 3 AT A S ph 78 T K 1) 2% 1 4K
H RERSIE BUAR E B IR &5 48, 7E— s B 1 3 ik A
R T SR AR A B Ak 1290 el 0 o L S AR T 1Y
Ay HhEFnRa E v
23 BIRXBMOAZMHARABRNEETEER
231 BEWMHA

& 8 FIER 4 Ayl XA K FLik T At 41 = O
B SRR AR s . aT LA, IFE 10 d
i, ARIRET (4, 25, 37 °C), FOKRFLBHFENn
SIEMBERSW SR 1 d J5EHFH 30.45%,
35.12%, 43.30% ( P<0.05). M\ 4 A[LIEH, 7EA
FURER (4, 25, 37 °C), W7k 10d J5, FiLl
R85 i 55 0 d AR 17.98%.
28.67%. 37.29%, H. 4 °CFYKE Ak ( BRI
10 d e R A FMAE L S 0 d AT L 2
) & 1.67% (P<0.05), UiBIFEARIR T IE5A Fl T

AR/NEFRFRR 25 23 (P<0.05), T
P8 IRLIBE XK FLIR 2 il 21 3R A 1 14 5 )
Fig. 8 Effect of temperature on stability of lycopene in
nano emulsion

T4 REEXTAUKFI B LL R SRR S e A s e
Table 4 Effect of temperature on retro-isomerization of
lycopene isomers in nano emulsion

RIEC R SR
Bk P53 liF=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
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 4.36°+1.21 0

I ARG FEFROR 25 13 (P<0.05), T,

232 kB Hh
Kl 9 FlZk 5 AR ST K AL P T el &
P58 R K SR AR B A R 52

K9 DEHIRXTA R LI 2 i 21 3R A8 E P 1 5
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

I e UMELEEECL
Jea YN
EYSA 0 40.27%+0.90 35.36%+2.28
30.62°+0.92 23.66"+2.29
10 18.46°+0.55 3.97°+1.59
R 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
ME 9 W LI, W 10d J5, AFEDERA

™ CHSRIG. #/E), 9K F M R IR R0
S R [ 41.49%., 25.59% ( P<0.05), M3 5
DIEH, FEARDERT ( A6, ##k), I 10d
Ja ., BALLE MR 5 H 43 [5] e R 31.39%.
19.59%, 7E kL&KM TR E i 4L 5 by 3.86%
(P<0.05 ), i HATERENG T I 9 A F) T 32 5 40 oK 7L
SRR AN e N ) R o S AR O R 2
b o 2 B R X6 8 2 7 i 21 R 4 oK FL R B —
FPRB PR, RTS8 D R
233 pH®W %A

& 10 F1 6 K pH XK FLIRH F L £
B SRR S AL R 5

[ 10 pH XJ4h K 2L T i 41 280 1 152 il
Fig. 10 Effect of pH on stability of lycopenein nano emulsion

M 10 #1k 6 AT LIE Y, FEAE pH (5. 6. 7.
8. 9) FKMT, HUKILIE AR R I REN
JECA ) JE 1 2 T R a A, Ve 10 d J5 PR B R ) S
I 1 d J5 R R R 42.85%., 37.13%. 21.05%.
19.65%, 18.44% ( P<0.05), I 10 d J5 sl &
S G W 5 0 d A R R 35.53%,
32.37%, 22.30%, 18.44%. 22.61%. H7E pH } 7.
8. QKM , FAMLLEMRE et b Lok 4.58%.
2.10%. 5.94%, VLHHAOKRFLRAEIRTE %M (pH=5.6)
THWARE, £ pH A 8 BH¥KE 4k i te i b
( P>0.05), iX Al figf& FH TRRVEAE TR T ALl R
5 RNAE E A B BN RTRR T B 5L (] A
AR, MITINGE T AR R AR mims & R

PHAYSEEL KO 4.6, TERGIAFHNN, HFLEEES /.
PR, il 2 0 e MU R A 21 3R G K FLIBE PP A 553
IS T A — 2 RE R, L, FE i A
HR AT RS = I A £ 3R AR F LI A P 58
BRPERREE T, FEMHARE el SR B R

%6 pH XFPURFLIE TS0 R 5 AL A S e AL I 5 o)

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

pH I 3G IS ] 1l SRR i 1%
2 =y iE=v

5 0 42.27%+1.04 38.35%0.95
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
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
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
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 RAMF@
P 11 R 7 R R AORFLI AL R AR B
RIS AR AL R

BlA1 R ORFLIR Hh 7 i £ 2R AR M B R
Fig. 11 Effect of nitrogen on stability of lycopene in nano
emulsion

ME 1L T REH, AN 7d 5, R
LT EAR RN 8.41%, 10 d 5 uBIEfd; 99KFL
WAEN 9 10d )5, TAMATRLM NI R4k
e 5000 F, I R Pk FL ik s R
EMEHEE THENERLE., XN, 90k
TP B TR A s s R sk, R AR F ek
kSRS AEARFAE B AT LURE 0 T FEE SR
ME. NERTITUER, RS KA 10d )5,
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Table 7 Effect of nitrogen on retro-isomerization of lycopene
isomers in nano emulsion

B I P 1) SRR 5 H /%
/d R P
FANKFLE 0 41.70°%0.67  38.48%1.12
5 44.37°+1.48  34.62°+0.99
10 46.12°40.93  28.85%+1.40
RITAI KL 0 41.58%0.53  38.91%1.20
5 50.38°+0.82  25.13°+1.06
10 51.73°+0.75  18.18°+1.08
FAWEEFAAE 41.47°+0.88  37.58°+0.97
5 6.85°+1.27 1.71°+0.83
10 0 0
RARWEFMAR 0 40.69%+1.41  36.24°+1.02
5 0 0
10 0 0

235 £ BB T
E 12 F13E 8 M4 & B X 9k FL ik h Fah 4l &
1 B R S AR K 2 A 52 )

K12 @ B 10 9ok SR HH A 5 1 3R e LAY 52
Fig. 12 Effect of metal ions on stability of lycopene in
nano emulsion

M 12 Figk 8 nILLE H, WIS E 48 B+
(AI¥, ca?*, cu*, Fe?. Fe*), It 10d J5 48k
LB BRI 505 5 1 d )5 R AL
16.64%. 17.61%. 50.97%. 55.26%. 56.34%. il
21 RS Fe 450 5 0 d JR] H R 13.03%,
19.97%. 32.15%. 28.90%. 25.33%. HiHxHN4:)EE
T AP, c&, TIAESMIEEAWE i, &
51k 2.81%, 6.65%, i Cu®*, Fe**. Fe* (i

WL R A Bk AR . X TR T Fe™ AR
TetE, SHIER, B ESRWEM, i Fe?*
TEW T R B s A Fe*, SRIE SER ML £
AR Y R A o AP SR — il 5 30T i 2L R e S
F AL T L o WA R AR SR S B 42
OB B T I e, 5 US4
L IR US| A At 7/ B P A D i 1 =
5% T A 2T Z KA Ak . WANG 637 F 55 45 JLiE
o, APERIOZRATENEER, 5A5%
ZE AR

£ 8 &EE T XHKILE P FHAML R AR E AL
Y 52 i)
Table 8 Effect of metal ions on retro-isomerization of
lycopene isomers in nano emulsion

P — SRR (5 H /%

Jea S
Al 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
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
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 t9%
[l 13 1 9 S NaCl ¥k & X 9 K FL H T i £
R AR R SRR 5 AL 52

P13 NaCl i B2 X 4/ A L b 3 il 21 3R R 1R 4 52
Fig. 13 Effect of NaCl concentration on stability of lycopene
in nano emulsion
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Table 9 Effect of NaCl concentration on retro-isomerization
of lycopene isomersin nano emulsion

NaCl ¥ J&/ PR SRR L%
(mmol/L) R YN

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%+1.56 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 RERZR T NaCl AR E e, A
13 FE 9 LIEH, 7EAE NaCl ¥ (50, 100,
150, 200, 250 mmol/L ) H1lt75 10d J5, 4KFLIK
PRALL R AR R R . BN 5 e Bk & 54k o L
¥R #E2k (P>0.05), [AEF, #0 NaCl f)44k
LB B 2 T ST (R ) HE G, SRR AR & A AR
XA T NaCl A BRE T w3 4 R
YK FLW Z (B A ER LR T, BRI T 43 ) B 25 8] 47
REL, 6l s 25 1 R M O ey M B A il v, R o 42
BT LR AR E PR BRI &R R LA
WA Z N B 2B, Bt NaCl W FEry3in, &
F SRS e FLRW B Ri ARS8, (HARS 2 A9 PR B8 38k
ZEOM . XU, NaCl a] LA4Er e i =X 3 A 20 2 4
KFL PR, FEn Tl LLE BN NaCl, 2
o R L 7 it PR T R S
237 REMAAG A

& 14 F13 10 AR BT A AL I 4K 2L
WP F AL R AR R R S SRR 2 AL R RE )

M 14 Fi5k 10 ATLLAE t, 99K FLIE T s imAs
] 2> B | AL ) (0.1% Ve, 0.2% Ve, 0.1%
TBHQ. 0.2% TBHQ. 0.1% BHT. 0.2% BHT ) I}
10 d )5, HMAEMREARS 559 1 d )5 [F kg
it 21.57%. 21.01%. 18.37%. 16.16%. 17.30%.
15.93%, FHALLE S A B S IE 0 d (A E
TR 22.78%. 22.47%. 13.22%. 11.33%. 16.85%.
14.87%, K B FE Ak b7 o433 h 7.91%.7.78%.3.87%.,
3.91%.4.33%. 4.28%. 5 X REALAH Eb , B 0.1% Ve,

0.2% Ve ) Ve PR . it by b ok &2 Ak
WG &2 R (P>0.05), WKL iR
Ve XiF 410 i 3 75 21 28 11 S Ah I fie R S ) A ) 4k 5
fAEFA I, TBHQ HI BHT REMSI K 40 K FLk i
IR RALE RS, Bk A g = A0 o 4 s He
Wi AR Hh A LT R AR E M, PRI AL R A
PRI 52 5 Ak

63 I V2 1 =K 1| DO B AR RS TTEA R Y S W e e R AL
Fig. 14 Effect of antioxidants on stability of lycopene in
nano emulsion

F 10 PUEAEALTIN 9K FLI T B AL R SRR S e Ak
pAL
Table 10 Effect of antioxidants on retro-isomerization of
lycopene isomers in nano emulsion

AL e S %

X eyl
Sof e 4 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% Ve 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% Ve 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 4257%1.34 40.34%+1.19
44.58"+1.20 33.65"+1.22
10 46.48°+1.46 29.01%1.60
0.1% BHT 43.27°+1.36 38.43%1.01
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
46.53°+1.29 30.55°+1.21
10 47.32°+1.17 24.44°+1.23

238 AW
(15 A1 11 Ok i 0 O R SR
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Fig. 15 Effect of sucrose mass fraction on stability of
lycopene in nano emulsion
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A
Table 11  Effect of sucrose mass fraction on retro-isomerization
of lycopene in nano emulsion

et e p A
Z@ﬁfj PR ﬁﬁﬁwwmtl%wﬁﬁ

0 0 43.35%+1.08 38.39%£1.10

47.71°+0.93 25.38°+1.13

10 49.81°+1.05 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

46.48"+0.86 24.73"+1.38

10 47.36"+1.08 19.41°+0.96

MIE 15 0] LI H, 429 K L 3 il 41 2R )
PREER, BE A TR [ f) ZE K 357 AN [ A 3 1 e
%o W% 10d J, SxFMRAiM b, w5y
0.5%~2.0% 1 N K FLIK, FMLARIRE R ER D E
(P<0.05), i pEM i 7 5h 4.09%0), 25545
Z (P>0.05), \F 11 ATLIFH, I 10d 5, XF
AP FMAOR B HFE LT RFRE
(22.53%), FEWETTR TR 1.0%0 F i 21 & Ll
A b7 H R R A /D (113.21% ), 10O AR B 49 oK FL IR
HHF AT R SRR S AL 5 FE IR T IR, X
AR TR RR S IR LKA R Y B i, M
T ek 2 1170 1) 25 730 21 2R 1) S Ak ok e T S A A 118
WAL, S8 BN N R R T A i v = 7

TR FE T
3 it

DL i 2 A4 RO 4, e KAk FLIE
) s 5 P T 0 o 2 e X 3 A 2T R K 7L

(1) a3k B PR 28 e o AR AL SE 6, 75 2 FL
il g e A g . K EE 1 3. MR R ANVA R
o B 6.0% . By U B [E] 15 min . 5§ ) % K
12000 r/min, BB, w0 X B ih 4 R L RN
88.09%:+0.92%,

(2) i 7 i 41 1 9 K LA B . KR
(4°C). FLAMEATT AT W g K 2L b =X 7
AR Y OE R i) = s ol N raa w e Ei L
PRIZ WAk o WA Hp P B8 5 A PR T 58 mT DA vy
FROE M, B AR b SR INA R B
AI** NaCl. HiE L7 (TBHQ 5{ BHT ), BEML Al
PIBR B9k I B R B R, WA
R Z Ak

ASCHAL T il # e R e MR LRI T2 5%
P, AT LLCH 34k A 18 1Y = 0 7 ih £ 9K LI
W A7 RS % HRI TR B AL E 9k
S AE AR P WS B A R RS 5 T RIS, IXAT AR
h G B GEIT K TR LL R IR BT 2
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