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Emulsification of fish oil in surimi by high-speed mixing
and improvement of gel-forming ability

EMIKO OKAZAKI,* YUMIKO YAMASHITA AND Yujt OMURA

National Research Institute of Fisheries Science, Fisheries Research Agency, Yokohama, Kanagawa, 236-8648,
Japan

An attempt was made to produce frozen surimi containing large amounts of highly unsaturated fatty acids
such as EPA and DHA. Fish oil was emulsified with walleye pollock surimi by agitation using a vacuum high-
speed rotating mixer, and the best condition for the preparation of a stable emulsion was investigated by measur-
ing the size of oil droplets, the viscosity, and the gel-forming ability of the emulsified product.

The results were as follows: when agitated at relatively low speed, the size of oil droplets tended to decrease
and gel-forming ability increased in relation with the progress of agitation. However, the degree of emulsification
did not reach a constant level even when the agitation was prolonged for more than 10 min (900 rpm). On the
other hand, when agitated vigorously with stepwise increase of the mixing speed (300-3,000 rpm), the viscosity
of the emulsified product quickly increased to a higher level, and its heat-induced gel forming ability was improved
and the oil droplets in it became a uniformly fine size.

These results indicate that vigorous agitation of surimi with fish oil is necessary to enable the heat-induced
gelation of its emulsified product to achieve good quality, through the formation of fine oil droplets in it.
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Fig. 1. Microscopic observations of fish oil droplets in emulsified products obtained by mild and vigorous agitation conditions.
Frozen surimi was thawed and ground with 2.5% NaCl, and then 10% of refined fish oil containing 1% Oil Red O was mixed at
mild and vigorous agitation conditions using a vacuum high-speed mixer. One gram of the emulsified product was taken out af-
ter mixing and placed on a cooled slide glass with a cover glass and compressed to spread each sample into a thin layer to allow
microscopic observations. (I) Mild mixing: Emulsified product was taken out after mixing at a constant speed of 900 rpm for 40
s (A),60s (B), 180s (C), 360s (D) and 660 s (E). (II) Vigorous mixing: Emulsified product was taken out after mixing at a
stepwise increasing speed from 300 to 3,000 rpm (300 rpm for 60 s, 600, 900, 1200, 1500 rpm for 30 s, 1800, 2100 rpm for 15 s,
and 2400, 2700, 3000 rpm for 10 s, respectively). Mixing with stepwise increasing speed was performed for once (F), twice

(G), three times (H), four times (I), and five times (J).
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Fig. 2. Distribution of fish oil droplet size in emulsified products prepared by various mixing conditions. Droplet numbers, di-

ameters, and accumulated areas were determined by image analyzing software (Image-Pro Plus Version 4.0, Media Cybernet-
ics, L.P.) using the microscopic photographs shown in Fig. 1. (I), (II): See the footnote in Fig. 1. A-J: See the footnote in Fig.

1.
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Fig. 3. Changes in the viscosity of the emulsified products during mixing with mild and vigorous agitation conditions. Frozen suri-
mi was emulsified with fish oil as shown in the footnote in Fig. 1. The emulsified product was placed between a cooled plate and
a cone-plate (¢2.15 cm). The cone-plate was rotated at 4 rpm and the maximum shearing stress produced between the sample
and the cone-plate was measured, and the viscosity of the emulsified product was obtained. (I), (II): See the footnote in Fig. 1.
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Fig. 4. Changes in heat-induced gel-forming ability of emulsified products obtained by mild and vigorous agitation conditions. The
emulsified product was prepared as shown in the footnote in Fig. 1. Forty grams of the emulsified product was taken out and
filled into casing tubes and then heated at 85°C for 20 min. The heat-induced gel was measured for its breaking strength and
breaking strain by penetration test with a cylindrical plunger (¢5 mm) using a cylindrical specimen (height, 25 mm; diameter,
23 mm). The test was repeated 6 times and the average value was obtained. (I), (I): See the footnote in Fig. 1. A-J: See the
footnote in Fig. 1. 3%: Control (heat-induced gel of surimi sample without oil, protein content: 105 mg/g)
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