
Collecting Fish By-Product Grinding Homogenization Protein Extraction w/ Ultrasonication Drying Fish protein powder

Protein Extraction Emulsification

Making reagents; e.g., protein quantification reagents and buffers. 
Small-scale fish processing; e.g., grinding with the vertical cutter and homogenization with the food processor.
Data collection; e.g., spectrophotometric, potentiometric (pH), and gravimetric (analytical balances).
Fish by-product sample preparation; OSU Seafood Laboratory, Astoria, Oregon.
Laboratory maintenance and organization.

Background
Protein is a component of food properties that is necessary for humans' daily intake. However, food protein availability seems to not
keep pace with the global dietary demand. One sustainable approach to solving this problem is to utilize the use of protein by-products
as the result of current food processes. One example of an abundant by-product with high protein is a fish by-product. The better use
of fish by-product can help to increase food protein availability and reduce food waste at the same time. The main purpose of this
research is to develop methods to produce food-grade protein powders from Alaska Pollock and Pacific Whitting by-products. In order
to objectify this idea, there are several processes that need to be worked out, including protein extraction, fractionation, drying, and
analysis of functional properties. The fish processing by-products were obtained from Pacific Seafood, Warrington, and subsequently
processed at the OSU Seafood Lab in Astoria. Each by-product sample was vacuum-sealed in a freezer before being delivered to
Corvallis for subsequent experiments (the initial focus was on protein extraction).

Methods
Ultrasonication is known as a safe and green technology in assisting the various processes of food processing. In this research,
ultrasonication specifically helps to explore more about the functional properties of the fish protein and assist the protein extraction.
The functional properties of the protein are analyzed in order to develop more about the behavior of fish protein components and how
it affects the finished product. To assist the protein extraction, the ultrasonication that is used is low-frequency with high power. The
high power from ultrasound can be used to provide a cavitation effect resulting in mechanical, physical, and chemical effects on the
functional properties of the protein. Examples of functional properties that can be analyzed are particle size analysis, gelation
properties, emulsifying capacity and stability, viscosity, foaming capacity and stability, and rheological properties.  Chemical analysis can
also be included such as protein profiles by electrophoresis and Sulfhydryl content. 

Future Considerations
The use of ultrasonication in the food industry is still relatively new. Current uses of this method are mostly for preservation and food
safety. For future development, this technology can be considered to be used by formulators or ingredient makers to maximize the
efficiency of the ingredients that are going to be distributed and supplied. Future research should also consider more about the
application of ultrasonication in any other macromolecules such as fibers. This research could be very beneficial in terms of functional
properties analysis and the information from the research can be applied in the real field to promote sustainable technology with
maximum efficiency.
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Figure 4. Pictures illustrate the activities at OSU Seafood Lab in Astoria
Figure 5. Pictures show the instrument

 of Ultrasonication and the utilization of ultrasonicator for emulsification

Figure 3. Pictures represent samples
emulsion by using Ultrasonication

Whole Fish
Schematic Overview from the Research:

Figure 1. Lab activities for fish by-product
extraction (Vertical Cutter, Stripe Bass by-product,

and Bradford Reagent)

Figure 2. Emulsification by using Ultrasonication and Food
Processor (Left: Food Processor, Right: Ultrasonication)

Background
Emulsification is a dispersion process of two immiscible liquids forming a fine droplet
of particles. Emulsification is usually used to create emulsions and there are various
applications of emulsions in the food industry such as mayonnaise, sauces, yogurt,
puree, and many more. Speaking about the properties of emulsion,  the formation of
emulsion includes the mechanical mixing of the immiscible liquids and the time for
surfactant molecules to organize at the interface of two phases. The mechanical
mixing that is necessary to form the emulsion can be obtained with plenty of devices
such as food processors, blenders, and ultrasonicator.

Methods
Ultrasonicator is known as a technology that can be a good alternative method to
produce emulsions. In the research conducted, the emulsification processes were
compared using two different devices; Food Processor and Ultrasonicator. Both of
them were set for approximately 300 Watt (900 J/min) but in different frequencies (20
kHz and 60 Hz). The research was conducted to create emulsions from soybean oil
and water without emulsifiers.  The ratio (O/W) were 2 : 95 mL and 3 : 95 mL. The
result in Figure 2 shows that the result from the ultrasonicator has a more prominent
color which indicates that the oil particle from the ultrasonicator is more dispersed
entirely compared to the food processor. It also shows that the utilization of the
bubble cavitation gives effective mechanical energy for the oil particle to break apart.

Future Considerations
The research that was done in the lab is still just the beginning, and future
development regarding the functional properties can be observed more. The
addition of an emulsifier can also be the next consideration to see the functional
properties of the emulsion. Considering there are so many emulsions in food that
can be created, there should be a consideration to measure the efficiency of time
and cost in using ultrasound compared to the other devices. This information can be
useful for a larger application in producing a larger scale of emulsion, especially for
many food companies.


