AL E LRSI AN TR Y v ¥ — WY No.11 2015 (i3] 1
IKPE SR IBE O p FLAL Y o J 8l & 2 o S iR e

e KX, W %, fEHER

Study of an Emulsification Method for and the Physico-chemical Properties of

Fine Fish Oil Emulsions

Shigefumi Sasaki, Akira Tanaka and Chisato Umeda

This study clarified a proper method to prepare fine fish oil emulsions using a high-pressure
emulsification device and revealed the relationship between the particle size and the physico-chemical
properties of the fine fish oil emulsions prepared.

The operation of a high-pressure emulsification device with a diamond nozzlé (¢ 0.094m) under a pressure
of 200 MPa for three to five cycles produced fine emulsions with a mean particle size ranging from 0.12 to 0.13
pm.

It was found that fine emulsions prepared with the high-pressure emulsification device were significantly
stable over a long term storage and against heat treatment. The study revealed that the smaller the emulsion
particle size, the higher the oxidative stability of the emulsion and that oxidative stability varied with the
type of emulsifiers contained in the emulsion. Emulsions of fish oil and polar lipid from salmon testis showed
the best oxidative stability in the study.

In respect to the intestinal absorption of emulsions, fatty acid absorption in the intestinal tract was
observed: however, no significant difference in the amount of absorption was caused by the emulsion particle

size or the type of emulsifier in the emulsion.
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Particle size distributions of emulsions containing 2 % plant oil and 2 % soybean lecithin

The inner diameter of diamond nuzzle and pressure setting on the high pressure emulsification device
were Al, 0.09 zm and 200MPa; A2, 0.09 «um and 150MPa; A3, 0.09 «um and 100MPa; B1, 0.13 zm and
200MPa; B2, 0.13 £ m and 150MPa; B3, 0.13 £ m and 100MPa.
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Fig.2 Particle size distributions of emulsions containing 2 % sardine oil and various emulsifiers
The emulsifier of these emulsions were A, 0.2% sugar ester; B, 2 % soybean lecithin; C, 2 % starfish

EtOH extracts; D, 2 % salmon testis polar lipids.

The emulsification device set the diamond nuzzle of inner diameter 0.09 £ m, and pressure of 200MPa.
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Fig.3 Photographs of emulsions containing 0 —10% sardine oil and 2 % emulsifiers
The emulsifiers were A, starfish ethanol extracts; B, salmon testis polar lipids.
The conditions of emulsification were the same as Fig. 2 .

Table 1 Particle size of emulsions containing 0 -10% sardine oil - 2 % emulsifiers

Mean particle size  Medium size Mode
(um) (um) (um)

A (Starfish ethanol extracts)
0 9% Sardine oil 0.8350.850 0.582 0.627
2% - 0.135£0.019 0.134 0.128
5% — 0.125%0.016 0.124 0.128
10% — 0.127%0.017 0.126 0.128

B (Salmon testis polar lipid)
0 9% Sardine oil 0.228+0.168 0.164 0.088
2% - 0.1220.017 0.121 0.117
5% — 0.125%+0.016 0.124 0.128
10% — 0.130£0.018 0.129 0.128

Data represent means = standard deviation.

%, HERETE U U IRE O SVE B &k ORI i < KAE L,
FALLE I EN I AL AR T B ez ) VIEE
OREEHEZ3% (w/w) ETHIENMRETHDE
BELTHE. ARORBRTIZE bF s — Ui,
PR VIRE RO 2% (w/v) HINT 52 &
12k, AfERICEN LR RRT B 2 &nT]
HETH -7,

FALY D AL ZEE Tt 3 5 FLALic & h 5 LAk
ks KO T ROEEEWPSMIT B0, Th
ENHABU AL & 3T°C, BT TRTEL T, FULY
® TBARS &t % R 1 1C JE U BB L2258 P % 3¢l L 72
(Fig. 5). EDRBRXIZE T &I O FER 11808
INEWED CEER 7 01lem) BERKEH0bo (1 um)
&b & TBARS 75K, BLLEMRIZEN T,



6 {2 A« Al 2 K BESRMRE O TG FLALA O FF Pk

30 1

A Mean particle size: 30 -
0.12940.018 um B Mean particle size:
25 - 0.128+0.017um

< 20 1
2 <

: B 154
=] —
— o

2 = 10 1

5 e

O =

0.05 0.1 0.2 0.5 5. 0 61 i
Particle diameter (pm) ' Partic.le diemeter Ton
30 1
30 7 C Mean particle size: D Mean particle size:
95 F0.12820. 017 um 25 0.129£0.017 um

. % 201
é ~

£

§ 2 10 1

5 E

- 0 - ~
0.05 0.1 0.5 0.05 0.1 0.5

Particle diameter (um) Particle diameter (um)

Do wW
(@2} o
L o

Mean particle size:
1.376=0.596 um

Volume %)
—_ —_ no
(S} e | ol o

0.05 0.1 0.5 1 5
Particle diameter (u m)

Fig.4 Effects of various food processing treatments on the particle size distributions of emulsions formed
with 2 % sardine oil and 2 % salmon testis polar lipids

The food processing treatments were as follows.

A, non treatment:; B, storage for 20 days at 37°C in the dark; C, heated at 120°C for 15 minutes; D, heated at

100°C for 30 minutes; E, freeze at —30°C for 24 hours and then thaw at room temperature.
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Fig.5 Changes of thiobarbituric acid-reactive substances (TBARS) in sardine oil in water emulsions stored at

37°C in the dark
Data represent means Tstandard deviation.
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Table 2 Effects of particle size of emulsions on the absorption of total fatty
acids, EPA and DHA from sardine oil-starfish ethanol extracts emulsion
on the intestinal everted sac model

. Fine Mid Large

Emulsion i g
particle particle particle

Number of sac model 3 4 3
Mean particle size ( zm) 0.12 = 0.02 10.18 *= 8.74 50.20 = 55.11
Total fatty acids (ug) * 832 + 95 740 % 356 642 + 209
EPA (ug) * 85 = 28 94 = 53 77 = 25
DHA (ug) * 43 + 7 52 + 32 29 = 15

Data represents means = standard deviation.
* Values are weights contained in ImL of mucosal medium of the intestinal everted

sac model
Table3 Intestinal absorption of total fatty acids, EPA and DHA from sardine oil
encapsulated in various emulsifiers on the intestinal everted sac model

Ermlsion Fine Mid Large
particle particle particle

Number of sac model 3 3 3

Mean particle size ( um) 0.14 = 0.02 0.12 = 0.02 0.14 =+ 0.02

Total fatty acids (ug) * 733 = 710 966 =+ 303 687 + 171

EPA (ug) * 55 == 61 53 £ 20 42 = 15

DHA (ug) * 30 £ 28 25 £ 8 25 = 6

Data represents means &£ standard deviation.

* Values are weights contained in ImL of mucosal medium of the intestinal everted

sac model
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