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Preparation and Its Stability of a Coenzyme Q10 Nanoemulsion by
High Pressure Homogenization with Different Valve Type Conditions
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Abstract A coenzyme Q10 nanoemulsion was prepared using high pressure homogenization with different valve type
conditions (A, B, and C) and cycle numbers (1, 2, and 3). The particle size, transmittance, zeta potential, and coenzyme
Q10 content of the prepared coenzyme Q10 nanoemulsion were measured. The stability of the prepared coenzyme Q10
nanoemulsion was evaluated on heating (95°C), freezing (-20°C), and different pH (2-10) conditions. Also, the prepared
coenzyme Q10 nanoemulsion was stored at different temperatures of 4, 25, and 40°C for 12 weeks to evaluate its storage
stability. In this study, the optimal conditions of high pressure homogenization for the preparation of a coenzyme Q10
nanoemulsion were identified to be 150 MPa, C valve, and a cycle number of 3. The results showed that the prepared
coenzyme Q10 nanoemulsion had an average particle size of 40 nm, generated no deposits or floating matter when stored
at either 4 or 25°C for 12 weeks, and displayed excellent dispersibility and transparency when processed at different pHs
(4-10) or heating (95°C) and, freezing (-20°C) conditions. Our results indicated that a coenzyme Q10 nanoemulsion
prepared by high pressure homogenization can be used for preparing beverages in the food industry.
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2 Aol ARE-g coenzyme Q2 Kaneca(Kaneca Co., Ltd,
Osaka, Japan)ollX] A2HE == 98% o) A|EFS ARSI
A= Eddee] HLB %ol 9.791 lecithin(Food Tech, Yokkai-
chi, Japan)?} HLB %te] 1291 polyglycerin fatty acid ester(Riken
Vitamin Co., Ltd, Tokyo, Japan)& AF&-3} 3, € E monosac-
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ZH ZFF(distilled water)S AHE-3FI T

Coenzyme Q,, LI=OE™ M=
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esterS monosaccharide®} &F<(distilled water)Z ©]F%l 8wl
o BAMAZIAL, 75°CE FAISFHA coenzyme Q,, LS H7}s)
o &S|AAHY. o] §HE #Z7]|(PRIMIX Corporation, T. K.

A valve B valve C valve

Fig. 1. Cross sections of three homogenization valve types.
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Table 1. Operating conditions of HPLC for coenzyme Q,,

Parameters Conditions
Instrument HPLC (Highperformance liquid chromatography)
Column Hypersil ODS-5 (4.6 mmx150 mm)
Mobile phase ~ Methanol : Ethanol (13:7)
Flow rate 1.0 mL/min
Injection 20 uL
Columntemp.  35°C
Detector UV 275 nm
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40°C2] ¢kaol 12F Zot washAA 9A 7|7tk 2 QYR =
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of st TAEAlS SAS(Statistical Analytical System version
9.1, SAS Institute Inc., Cary, NC, USA) SAZ2I13& o]&3}
o] £4HEAS 3}5L Duncan’s multiple range test2 Al &7H]
akE ASsisdh.

dn % g
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U Al 2718 SATeEAN & ¢ dnal Bisigidy WHE
Fele} 383 ol wet A2 coenzyme Q, U=dlBHY]
shegde gRlsky] flal Y2715 S8 A Table 2014
Hi vpe} o] A, B, C ME BT FF 3157t Tr1gel wet
Bt YA 2717 FeAle AEE BHen, ¢ HEE 3 F
FAIA A2 coenzyme Q,, V=B Het YA A717F 40
nmZ 7Fg 2 ghe YERIThp<0.01). ©l¢} 22 A= Tadros
T(35%] AFoAM durF o Hddgo] 45 Yx =7t 2
ofA AL QP EAHE Yi=E Ao® RIS Aol 7A9go
H, o] C WE7} A MH B8 o F& IS SFstaL, B
W H|3)| YAZFe] SE A5t BY] Wi olu AVle o
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Table 2. Effects of different valve types and cycle number on particle size, transmittance, and zeta potential of coenzyme Q10

nanoemulsion by homogenization at 150 MPa

Valve type Cycle number Particle size (nm) Transmittance (%) Zeta potential (-mV)
1 252.7+1.15% 1.4£0.07" 40.6+3.73%
A 2 242.3+1.53° 2.4+0.04¢ 453+2.67°
3 203.7+2.08¢ 4.740.03° 46.3£2.33™
1 233.34£1.53° 2.4+0.06° 44.3+1.69°
B 2 189.7+1.53¢ 4.0+£0.05" 45,6+2.12°
3 151.0+2.00" 11.9£0.09° 47.9+1.92™
1 95.0+1.002 47.0+0.08° 46.8+2.98™
C 2 51.3+1.53" 85.9£0.08° 49.3+1.69°
3 40.3+1.15! 90.1+0.08* 56.9+3.29¢

DValues with different superscripts in the same columns are significantly different at p<0.01 Data are expressed as meantSD (n=3).
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Fig. 2. Transmission electron microscopy image of coenzyme Q,,
nanoemulsion by homogenization A, B, C valve, 150 MPa and 3
cycles.
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Fig. 3. Effect of various pH treatments on the median particle
size of coenzyme Q,, nanoemulsion during heating time by
homogenization C valve, 150 MPa and 3 cycles. Data are
expressed as mean+SD (n=3).
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Fig. 4. Effect of various pH treatments on the transmittance of
coenzyme Q,, nanoemulsion during heating time by
homogenization C valve, 150 MPa and 3 cycles. Data are
expressed as mean+SD (n=3).
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Fig. 5. Effect of various pH treatments on the zeta potential
value of coenzyme Q,, nanoemulsion during heating time by
homogenization C valve, 150 MPa and 3 cycles. Data are
expressed as mean+SD (n=3).

Table 3. Effect of freezing treatments on the median particle size,
transmittance, and zeta potential of coenzyme Q,, nanoemulsion
during storage time by homogenization C valve, 150 MPa and 3
cycles

storage time Particle size ~ Transmittance  Zeta potential
(day) (nm) (%) (-mV)
0 40.2+0.53" 90.1+0.30 51.4+0.87
1 40.6+0.24 90.1+0.41 50.5+2.97
3 40.1+0.37 90.0+0.40 50.5+1.06
5 40.5+0.45 90.1+0.46 54.4+3.36
10 40.3+0.21 90.1+0.40 51.4+1.90

YData are expressed as meantSD (n=3).

ﬂ’@‘?’] %}1—0] [l /]7(4 O z}-o]
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Coenzyme Q,, L4=0|HM| Coenzyme Q,, &2 s}
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T &9 BHSHHA coenzyme Q) HimolEH Fo A=
coenzyme Q2 & W3} A7E Fig. 79 UERNRITE Coen-
zyme Q,, /3T AAIE HPLC ZZstolx & ZEj=len, 4
FA 2 = AN FEg FAAde v 4C 2
25CollA] BASE coenzyme Q,, WeollBHLE 1259 A% 717+
&%t coenzyme Q0] Tl WHs7F AR TH(p<0.01), 40°CollA]
125 &<t A74g coenzyme Q,, W=oEH L] coenzyme Q,
T 15 olF oMY Tadte AIE Holt) 65 o] FHE
= coenzyme Q0] ol oF 15%7HA] ZHadtthrt YA =

£ coenzyme Q10 Wi=ol| B H ] Az & A 569
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Fig. 6. Effect of storage temperature on the median particle size
of coenzyme Q,, nanoemulsion during storage time by
homogenization C valve, 150 MPa and 3 cycles. Data are
expressed as mean+SD (n=3).

120

100 — & - dr T
80
—+—4t¢ —S-25c¢ —B-40c

60

Coenzyme Qg contents (%)

20

Storage time (weeks)

Fig. 7. Effect of storage temperature on the coenzyme Q,,
contents of coenzyme Q,, nanoemulsion during storage time by
homogenization C valve, 150 MPa and 3 cycles. Data are
expressed as mean+SD (n=3).
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MPa, C BE, F3} 315 335]0]ith Axd vheoBdS Het

=717} 40 nm, AL A9 Fhol -57 mVe YeRfo] F2o]
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