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Whole oysters were processed under a series of pressures from 30,000 to 

45,000 psi at different holding times (0, 1, and 2 min) and then stored at <40C, for 

27 d. During the shelf-life study, the quality of oysters was determined by 

measuring pH, moisture content, and microbial counts including aerobic, anaerobic 

bacteria and coliform. Descriptive testing was also performed by a trained panel. 

The pH of high pressure process (HPP) samples decreased slightly from 6.3 to 5.7 

during storage while the control dropped to pH 4.4. Moisture content of the control 

decreased slightly while HPP samples increased slightly. Pressure treatment did not 

significantly inhibit lipase activity during the shelf-life study. HPP reduced initial 

microbial load by approximately 2-3 logs and counts remained at a reduced level 

through the storage study. Descriptive tests showed that HPP treated oysters 

received higher quality scores than the control during the storage trial. 



Whole oysters were shucked under pressure of 35,000 psi, 2 min. After 

shucking, oyster meats were water packed in plastic containers and repressureized. 

Tests were performed at 45,000 psi, 30 s and 50,000 psi (0 holding time, 10 s). All 

samples were stored at <40C for 25 d. During the shelf-life study, oyster quality was 

determined by measuring pH, moisture content, protease, and microbial counts 

including aerobic, anaerobic bacteria and coliform. The pH of HPP samples 

decreased slightly from 6.5 to 5.7 during storage while the control I, hand-shucked 

oysters, dropped to pH 4.3. Pressure treatment seemed to increase protease activity 

during the shelf-life study. HPP reduced initial microbial load by approximately 2-3 

logs and inhibited microbial growth during storage. 
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THE USE OF HIGH PRESSURE PROCESS TO SHUCK 
OYSTERS, REDUCE MICROBIAL LOAD AND EXTEND 

SHELF-LIFE 

Chapter 1 

INTRODUCTION 

Oysters are the most abundant harvested shellfish in the world (FAO 1999). 

They are farmed in large beds, and can be raised in both tropical and temperate 

waters from the tidal zone to a depth of 30 meters. Oysters belong to the phylum 

Mollusca, are filter feeders and have a varied microbial flora. This flora eventually 

leads to spoilage of oysters and may, at times, pose a threat to public health 

(Andrews and others 1975; Kaneko and Colwell 1973; Vanderzant and Thompson 

1973). Microorganisms recovered from oysters are Serratia, Pseudonomas, 

Proteus, Clostridium, Bacillus, Escherichia, Enterobacter, Lactobacillus, 

Flavobacterium, and Micrococus (Jay 1996). 

There have been several cases of severe illness associated with the 

consumption of raw oysters in the U.S. with the majority being attributed to Vibrios 

(CDC 1989). Vibrio vulnificus and V. parahaemolyticus have been implicated in 

illness outbreaks in the Southeast and the Pacific Northwest (Klontz and others 

1993; Kaysner 1998). There is increasing concern with the safety of oyster 

consumption, but at the same time, there is high consumer demand for oysters that 

retain  original  nutrients,   flavor  and  appearance.     High  hydrostatic  pressure 



processing (HPP) has become the newest and most promising method to provide a 

pathogen free raw oyster. HPP is a 'heatless process' which has an effect on the 

survival of microorganism and enzymatic activity in foods. The application of HPP 

for food preservation was first examined by Hite and his co-workers in 1899 

(Hoover and others 1989). HPP induces changes to the morphology, biochemical 

reactions, genetic mechanisms, and cell membranes of microorganisms (Smelt 

1998). Inhibitory effects of pressure on microorganisms may be caused by the 

inactivation of key enzymes and changes in membrane permeability (Hoover and 

others 1989). The two primary means by which enzyme inactivation occurs 

include an alteration of intramolecular structures and conformational changes at the 

active site (Suzuki and Suzuki 1963). Intracelluar vacuoles can collapse at a 

pressure about 88 psi (Walsby 1973) and cell division is slowed with the 

application of pressure (Zobell 1964). Under pressure, membranes are compressed 

and permeability is altered resulting in cell death. Recent work has shown that 

pathogenic Vibrio species are susceptible to HPP treatment at pressure levels 

between 30-45k psi (Berlin and others 1999). 

Previous work with HPP and shucked oyster has shown that HPP treatment 

is effective in reducing total bacterial load in oyster meats (Shiu 1999). In addition, 

preliminary work with HPP and shell oysters indicated that HPP could be used for 

mechanically shucking oysters by severing the adductor muscle. The objectives of 

this study were: (1) to determine the optimum HPP conditions (time/pressure) for 

the processing of fresh shell oysters to detach adductor muscle and facilitate 



shucking; (2) to determine the HPP parameters for post-shucking reduction of 

bacteria; and (3) to determine shelf-life in terms of microbial, biochemical and 

sensory characteristics of oyster samples treated under HPP processing conditions. 
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Chapter 2 

LITERATURE REVIEW 

H.He 



Oyster anatomy 

In the system of biological classifications, oysters belong to the phylum 

Mollusca. Their characteristics include adhering, unequal valves (shells), irregular 

valves, divergent beaks that with age become unequal, hinge without teeth, and 

hinge ligament that is partially internal (Hedeen 1958). 

Anatomically, oysters are divided into mantle, gills, adductor muscle, 

digestive, circulatory, nervous, and reproductive systems. 

^a*- 

mouth 

stomach—r 
mtestme 

^—mantle 

Figure 2.1 Internal anatomy of Crassostrea virginica (Hedeen 1958) 



Mantle 

The oyster mantle is the general surface covering the body, and is formed 

by two lobes, one covering the right half and the other the left half of the body 

(Quayle 1969). The thickened edge of the mantle is made up of three folds with 

very distinct functions. The role of the outer fold is narrow and lies in contact with 

the margin of the shell. It is involved in shell formation, especially the calcite- 

ostracum, and ligament. The middle fold has a sensory function and is able to 

detect changes in the chemical composition of the water, which flows over it. The 

inner fold, the most developed, controls the entry of water into the pallial cavity by 

forming a screen to limit its passage (Mateil 1976; Kennedy and others 1996). The 

mantle, particularly in young oysters, takes part in respiration. In addition, it stores 

the reserve materials (glycogen and fats), which improves the condition of the 

oyster and thus its commercial value. 

Gills 

The gills of an oyster perform several vital functions, and are extremely 

complex in structure. The life of an oyster is dependent on a current of water 

flowing through its body to provide oxygen, food and to carry away the products of 

metabolism (Hedeen 1958). The water is drawn through the lattice-work of the 

gills, which is composed of many long shaped filaments. The space between 

filaments is known as the ostia, through which water passes into "water tubes" 

within the V-shaped filaments and upward to suprabranchial chambers. Although 



the gill ostia is relative large, the gill is able to prevent the passage of very small 

particles such as bacteria and viral particles. 

Adductor muscle 

The adductor muscle holds the two valves together and opposes the 

action of the hinge ligament in springing the valves apart. Usually the adductor 

muscle is divided into two portions. The larger portion, "quick muscle", is 

composed of striated muscle and is responsible for rapid contractions that can 

quickly close the shell. The smaller portion, "catch muscle", is composed of 

smooth muscle fibers and can hold the valves in a set position for a long period 

(Quayle 1969; Yonge 1960). 

Digestive system 

The digestive system of an oyster consists of the mouth, esophagus, 

stomach, intestine, and digestive gland. Enmeshed food particles enter the stomach 

through the mouth, where the rotation and mixture of food particles and enzymes 

released from the stomach take place. These enzymes aid in the digestion of 

starches. Very small and partly digested particles are carried to the digestive gland 

where digestion of fats and protein occurs. Waste products from the digestive gland 

are carried to the intestine. The intestine compacts waste materials into solid strings 

and carries them to the cloaca. All the waste materials are carried outside the shell 

by exhalant water current (Quayle 1969; Kennedy and others 1996). 
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Circulatory system 

The circulatory system consists of the heart, arteries, veins and kidneys. As 

in other animals, the function of the circulatory system is to carry food, oxygen and 

waste materials to the various parts of the body. Usually, oxygenated blood is 

received from the gill and pumped through the main arteries to smaller vessels. The 

deoxygenated blood is collected in veins and carried to the gills for reoxygenation 

or to the kidneys, from where wastes are carried away by the exhalant water current 

(Quayle 1969; Mateil 1976). 

Nervous system 

Since the oyster is not a very active animal, its nervous system is not well 

developed. An adult oyster has a pair of nerve cell aggregations near the mouth, 

and another larger pair of aggregations below the adductor muscle. The two groups 

are interconnected (Quayle 1969; Mateil 1976). 

Reproductive system 

The reproductive organs of the oyster include a double system of branching 

tubules, beginning at the anterior end of the body and finally uniting into a single 

tube. Sexual maturity in oysters appears to be a function of size rather than of age. 

Spawning is stimulated by changes in water temperature and spawning temperature 

differs among the culture area (Hopkins and others 1954; Kaufman 1978; Andrews 

1979). Spawning usually occurs during the summer months and is an energy 



11 

consuming process. Oysters, in common with many other species of marine 

bivalve, exhibit a pronounced seasonal cycle in the synthesis, storage, and use of 

biochemical energy reserves. Typically, reserves are sequestered during periods of 

high food availability and consumed during spawning season. The most important 

storage compound in oyster is glycogen, followed by lipid and protein (Kennedy 

1996). All these compounds are important to the oyster's quality, especial 

glycogen. As previously observed, oysters are usually in best 'condition' during 

winter and spring, and this implicates that high glycogen value, which gives a 

oyster its characteristic color and flavor. In early summer, as spawn is developed, 

apparently at the expense of glycogen, the quantity for this material drops, and 

texture and flavor are affected (Quayle 1969). 

Oyster species 

Due to irregularity of the shell and extent to which its form may be 

modified by local conditions, oysters are particularly difficult to separate into 

species. However, there are three characteristics used to classify oysters: first, 

breeding habit, internal structure and formation of the larval shell; second, the 

connexion on the near (i.e. hinge) side of the adductor as well as on its far side; and 

third, the hinge of the prodissoconch shell. Based on these characteristics, the 

existing oysters are divided into three genera: Ostrea, Crassostrea, Pycnodonta 

(Yonge 1960).  Some important commercial species are Crassostrea virginica. 
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Crassostrea  gigas,  Ostrea   lurida,   Ostrea  edulis,   Crassostrea   rivularis,   and 

Crassostrea commercialis. 

Oyster industry history in the United States 

The oyster industry of the United States is based upon four distinct species. 

Ranked in order of current importance, are the Eastern oyster {Crassostrea 

virginicd), Pacific oyster {Crassostrea gigas), Olympia oyster {Ostrea lurida) and 

European flat oyster {Ostrea edulis) (Matthiessen 1971). The oyster industry 

encompasses 18 of 21 coastal states, and has the broadest geographical distribution 

in the seafood industry (Dressel and others 1983). The oyster industry is an 

important source of food supply for the nation and contributes substantially to the 

economic wealth of the country (NOAA 1977). The oyster industry of the United 

States is divided into sections by the three coastal regions: Atlantic coast, Gulf 

coast and Pacific coast. 

Atlantic coast 

Eastern oysters, C. virginica, were found in great abundance in the flats on 

the Atlantic coast in the 17th century. They were first exploited by American 

Indians as long as 4,000 years ago. As well as consuming oysters fresh, Indians 

preserved them by drying and smoking. Evidence found in the shell middens and 

other archeological sites indicates that shellfish were originally used not only as 

food, but also as tools and trade items (Burrell 1997; Bakeless 1961; MacKenzie 
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1997a). The early settlers soon discovered this rich source of food in nearly all 

estuaries and collected them, by hand or with tongs. Dredges were first used for 

harvesting oysters in the early 1800s. With increasing collection intensity, 

restrictions on dredging began in the middle of the 18th century (MacKenzie and 

Burrell 1997). 

The date of origin for the oyster industry on the Atlantic coast is widely 

disputed in the literature. It was reported by Schwind (1977) that the first attempt to 

raise oysters from seed was made by E.P.Cook in 1876. He bought 500 bushels of 

oysters and planted them in waters off Eastham, Massachusetts. The oysters lived 

and by the next spring showed remarkable growth. MacKenzie (1997a) though has 

pointed out that in the 1820s, the oyster industry expanded beyond the areas where 

salinity* was about 7-15%0 to the areas where salinity was mostly >20%o, when 

seed oysters from Chesapeake Bay were planted on beds. According to Ford's 

report (1997), however, the oyster industry started as early as the late 18th century. 

The seed oysters from Delaware Bay were being sent to Connecticut and 

Massachusetts for growing and marketing in New York City and Boston, 

respectively. 

*Salinity is based on the conductivity of a sample of sea water in comparison with 
that of a standard solution of potassium chloride (KC1), in which the mass fraction 
of KC1 is 32.4356 x 10"3, the temperature is 150C, and pressure is one standard 
atmosphere. S%0 = 0.03 + 1.8050 Cl %0 (Parson and others 1984) 
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Reproduction of oysters on the so-called "natural bed" of the rivers and 

estuaries was generally unsatisfactory (Wheatley 1959). It was common knowledge 

that oyster larvae set on almost any clean underwater object, especially oyster 

shells, in the summer months. However, no one in the United States prior to the 

1870s had even tried to plant shells to catch the set. Eventually, shells were planted 

and in 1880 Ingersoll reported these first attempts at true oyster culture (Kochiss 

1974). 

Methods were developed for the establishment of artificial beds and it 

became customary to transplant oysters from Chesapeake Bay to these artificial 

beds. The deep-water (6 - 30 feet) cultivators proceeded in three different ways to 

make beds. First, the bottom was cleared off. The seed oysters, mixed with gravel 

and other shells, were distributed more or less uniformly, and left there to grow. 

Second, the clean oyster shells were spread over the bottom just before the 

spawning season began, and brood oysters were distributed over the bed. Third, if 

the artificial bed was in the neighborhood of a natural bed, it was left without any 

further preparation to catch the spawn as it drifted over the shell beds. Following 

the attachment of oyster spat to shells, the beds were tended by raking, dredging 

and pest removal. Such practices had to be continued and developed, or artificial 

beds would have rapidly deteriorated by silting or pests (Yonge 1960). 

The oyster industry experienced its "Golden Age' between 1860 to 1906. 

As the U.S. population grew and spread in the second half of the 1800s, so did the 

demand for oysters (MacKenzie 1996). Oysters were a popular food for all classes 
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of people, costing substantially less than beef, chicken, or fish. From 1885 to 1906, 

oyster production expanded dramatically and attained its historical peak. Between 

1900-1902, the industry produced 143 million pounds of oyster meat. The market 

along the East coast steadily increased, while oysters as meats and whole shell, 

were shipped by train to inland population centers in the Midwest. More vessels 

and packing plants were constructed and oystermen began to install engines in their 

vessels to make them more efficient (MacKenzie 1997b). Thousands of people 

were seasonally employed to harvest and transport oysters from the beds, and to 

shuck, process, and serve them. 

At the beginning of 1900, a wave of public concern over contaminated food 

swept the country and the oyster industry began to face a much lower market 

demand. Several outbreaks of typhoid and gastrointestinal disorders were related to 

the consumption of oysters. Articles about the oyster-typhoid connection were 

printed frequently in newspapers and people began eating beef instead of oysters. 

Government officials passed several laws and regulations to determine how to 

handle oysters properly. Those regulations increased the shipping costs, and had an 

economic impact on both oyster production and industry sales. Oyster companies' 

profits become minimal, and many companies failed or merged (MacKenzie 1996; 

MacKenzie 1997b). In 1920, the oyster industry continued to experience safety 

problems, and documented cases of illness with some dying of typhoid, after eating 

oysters (MacKenzie 1997b). 
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Although markets recovered and were relative steady during the next 

twenty years, several natural disasters took place, which affected some of the oyster 

growing areas. After a severe hurricane struck the Northeast coast of the United 

States in 1938, the oyster industry declined throughout the region. From 1900 to 

1940, oyster production was limited by demand, while from 1950 to the mid-1980s 

oyster production was limited by inadequate supplies. A new oyster disease - 

Haplosporidium nelsoni, named MSX, occurred in the late 1950's and dramatically 

reduced production. It was originally found in Delaware and Chesapeake Bays and 

subsequently spread to other areas. This disease killed 90% of all oysters on 

growing ground with salinities above 15%o. Later on, additional mortalities were 

caused by Perkinsus marinus, named as Dermo (Ford 1997; MacKenzie 1997b). 

In the 20th century, attempts were made to introduce O. edulis from Europe. 

Cultivators had great success with preliminary importation of about 9,000 oysters 

from Oosterschelde, Netherlands, to Milford, Connecticut in 1949. There were also 

several oyster imports in the 1950s. Although initial mortality was relatively high, 

survivors fed and grew well. While many obstacles remained, these experiments 

indicated that it might be possible to establish O.edulis in a region formerly 

occupied by C. virginica (Yonge 1960). 

The oyster industry in the East coast is composed primarily of a large 

number of small, family-owned businesses (NOAA 1977). It relies predominantly 

on wild harvest fisheries, although some states allow private leasing of oyster 

bottom for transplanting, growth and subsequent harvest of naturally occurring seed 
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oysters. Today, the Gulf of Mexico and the Pacific coasts account for 75% of 

domestic landings, while the eastern coast has shown a dramatic decrease (NOAA 

1990). 

Gulf coast 

The eastern oyster, Crassostrea virginica, is by far the most important 

commercial mollusk landed on the U.S. Gulf of Mexico from Florida, Alabama, 

Mississippi, Louisiana, and Texas. The commercial oyster fishery in the Gulf coast 

was developed by Native Americans who established a trade for smoked oysters. 

As the early European colonists relied on native food and developed local 

economies, they expanded the oyster industry into its modem form (Dugas and 

others 1997). 

The first record of oyster sales in Florida was in 1836, the industry 

remained small until 1850, and it further expanded after 1878 (Anonymous 1917). 

In Louisiana, the first commercial oyster operations began in the early 1800s in 

estuaries near the Mississippi Delta. In the mid-1800s, fishermen found that oysters 

in the Delta area were overcrowded, narrow in shape, and lacked good flavor due to 

low salinities. They began to transfer oysters to the western side of the Mississippi 

River, which is closer to the Gulf of Mexico. Oysters were spread thinner where the 

salinity was conducive to growth, the current was steady, and the microscopic food 

supply was plentiful. The narrow seed oysters developed a round-oval shape, 

matured to a market size in a few months, and most important, acquire the tangy 



taste for which this type of oyster soon became famous (MacKenzie 1996; Dugas 

and others 1997). 

At the beginning of this oyster cultivation, the method was primitive. The 

oystermen picked the oysters from water, separated small immature oysters from 

clusters, dead shells, and the market-sized oysters, placed them in skiffs which 

were rowed or sailed to favorable areas, and deposited them in the water again. 

They planted the oysters one by one, spacing them a few inches apart to give them 

room to grow. They enclosed the planted area with wooden board to protect them 

from predators and poachers. They also experimented with implements to gather 

the oysters and bring them to the surface in larger quantities (Dugas and others 

1997). 

In the middle of the 19th century, researchers and fishery representatives 

recognized the potential value of Gulf coast oyster production and identified the 

need for jurisdiction and control of shellfish resources. Previously, oysters were 

harvested in any manner desired without regard for resource conservation, and 

many reefs were reported damaged by indiscriminate harvesting and dredging 

(Swift 1898; Whitfield and Beaumariage 1977; Herbert and Associates 1988). In 

Louisiana, at the beginning of 1850s, oystermen were granted bottom lands from 

Jefferson, St. Bernard, or Plaquemines Parishes to protect their oysters and identify 

their location for the first time. Since 1902, when the Louisiana Oyster 

Commission was established, the water bottoms were leased from the state (Dugas 

and others 1997; MacKenzie 1996). In 1913, the Florida Shellfish Commission was 
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organized and shellfish laws were revised. Newly adopted provisions required 

permits for oysters dredges, the establishment of a statewide leasing program, and 

payment of an oyster severance tax to fund a management program. Later revisions 

abolished the severance tax and prohibited the use of dredges on public reefs 

(Whitfield and Beaumariage 1977). Since 1985, the Florida Marine Fisheries 

Commission has regulated harvesting to maintain the oyster resource. Its rules 

include limits on harvesting days, daily hours, and bags limits. The state closes the 

principal bed in summer and the main oyster season begins on Oct. 1st (Berrigan 

1988). 

Although the Gulf coast still dominates the U.S. oyster harvest with 66% of 

the total production, the industry has experienced a severe decline over the past two 

decades (Muth and others 2000; Burrage and others 1991). Many factors, including 

loss of habitat, pollution, and natural disasters have contributed to oyster fishery 

problems along the Gulf coast. However, the main contributor is a weak market 

owing to concerns over reported cases of illness and deaths after eating raw oysters 

containing Vibrio vulnificus. Due to warmer waters in the Gulf coast, vibrios can 

proliferate quickly and can multiply during commercial handling operations (Son 

and Fleet 1980; Cook and Ruble 1989; Shapiro and others 1998). V. vulnificus 

causes three syndromes of clinical illness in humans: gastroenteritis, wound 

infections, and primary septicemia. Between 1988 and 1996, 422 total V. vulnificus 

infections were reported to the CDC, 84% from states along the Gulf coast (Shapiro 

and others 1998). Both researchers and industry have intensely studied technologies 
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intended to eliminate vibrios. The current effective treatments, used by industry, are 

individual quick freezing (IQF), Ameripure process and high hydrostatic pressure. 

These methods have already proved promising to eliminate nondetectable levels of 

V. vulnificus in winter-harvested oysters (Muth and others 2000). 

Pacific coast 

The oyster industry of the Pacific Coast is based almost entirely upon the 

Pacific oyster {Crassostrea gigas), and to a limited extent upon the native oyster 

(Ostrea lurida) (Matthissen 1971). There were four key events that in the history of 

the Pacific oyster industry: first, the decline of the Olympia oyster; second, early 

laws fostering development of the oyster industry; third, attempts to farm the 

Eastern oysters; and fourth, introduction of the Pacific oyster (Nosho 1992). 

The oyster industry on the Pacific coast began about 150 years ago with the 

fishery of the Olympia or native oyster, Ostrea lurida (Nosho 1996). O. lurida lives 

between the tidal zones and extends from Charlotte Bay, British Columbia to San 

Diego, California. They grew best where salinities average 25%0 and where they 

were protected from extremes of heat and cold (Linday and Simons 1997). This 

oyster, although of excellent quality, is small, usually not more than two inches in 

diameter (Yonge 1960). Because of their small size, Olympia oysters are very 

susceptible to the effects of drills, flatworms, and predation by waterfowl (Cheney 

and Mumford 1986). Heavy collecting of O. lurida from natural beds started about 

in 1850 and peaked in the 1890s. Most of them were sold to buyers on sailing 
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ships, who carried them to the large San Francisco market (Swan 1857). These 

unregulated harvests eventually led to their destruction in many areas, notably in 

Willapa Bay, WA (Yonge 1960). At the beginning of 20th Century, it became clear 

that a system of restocking and restoration was needed. Oystermen in Puget Sound, 

WA and Humboldt Bay, CA tried to construct diked beds and rely on brood stock 

from natural areas. This proved to be an effective way to cultivate Olympia oysters, 

however, the downward trend in native oyster production still continued (Nosho 

1992; Shaw 1997). 

The government quickly recognized the economic and social importance of 

oystering in the state of Washington. Several laws and regulations were passed by 

the end of 19th century. The first legislative act, the Callow Act, was passed in 

1890, which allowed oystermen to purchase oyster land that they were working. In 

1895, the Bush Act was passed, which allowed anyone to purchase tidelands for the 

purpose of growing oysters. Both of these acts also had a reversionary clause: if the 

land was used for any purpose other than oystering, it would revert back to the state 

(Nosho 1992; Linday and Simons 1997). 

C. virginica was one of seven species of exotic oysters imported to the 

Pacific coast in the late 19 century. The first eastern oysters were imported to San 

Francisco Bay in 1869 with the completion of transcontinental road, and after an 

interval of time, harvested for market. Importation of eastern oysters to Washington 

and Oregon occurred in the 1870s and 1890s, respectively. Although the eastern 

oysters supported a small industry between the late 1890s and 1930s, they were 
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never raised in quantities extensive enough to support a sustainable commercial 

fishery (Kennedy and others 1996; Matthiessen 1971; Robinson 1997). One of the 

main reasons for low production rates are inherent characteristics of West coast 

water, such as temperature and salinity, are very different from that of the East 

coast. Few larvae could survive after they were released in the bay. Other 

environmental factors, such as natural disasters and industrial pollution, also had an 

effect on the mortality of oysters transplants (Kennedy and others 1996; 

Matthiessen 1971; Robinson 1997; Shaw 1997; MacKenzie 1996). 

The possibility of transplanting oysters from Japan was first discussed in 

1899 between U.S. Bureau of Fisheries and Tokyo Imperial University (Linday and 

Simons 1997). An American zoologist, Bashford Dean, made an inspection visit to 

the Japanese oyster beds after the meeting. Various attempts were made to establish 

C. gigas. on the American coast in the years before World War I, but with little 

success, as most of the adult oysters died on the journey (Yonge 1960). In 1919, an 

incident occurred that altered the oystermen's approach to populating the tideland 

with the new species. A large number of imported oysters died in route from Japan, 

but young seed oysters, which attached to the adult shells, survived and grew 

quickly. The successful growth of the spat encouraged oystermen to transplant seed 

oysters instead of adults because they were less expensive to buy, ^ easier to 

transport, and had a better survival rate through shipping and transplanting (Cheney 

and Mumford 1986). Within a few years of the advent of seed shipments, regular 
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production of seed oysters was established, and the best early spring shipment 

procedures were developed (Linday and Simons 1997). 

With the importation of oysters, culture methods were also introduced to the 

West coast. The most common method of growing oysters is ground culture, which 

is very similar to that in the East coast. The mother shells with seed attached are 

spread directly on the oyster bed and left to grow. Off-bottom culture methods, or 

rack and raft cultures, were also introduced from Japan. Choosing proper culture 

methods according to the type of ground at the oyster farm significantly increased 

oyster productivity. 

With the introduction of C gigas, the Pacific coast industry underwent a 

considerable change. This species is extremely hardy and grows rapidly. In certain 

areas, it may reach a length of six to seven inches within two to three years. 

However, the oyster industry faced another big problem. In most areas of the 

Pacific Northwest, water never attains the minimum temperature required for this 

species to spawn. The majority of oyster growers must import their seed from 

Dabob Bay in Washington, Pendrell Sound in British Columbia, or from Japan 

(50%) (Matthiessen 1971). The importation not only increased production costs, 

but also introduced diseases, parasitic copepods, and oyster predators to the Pacific 

coast. 

Oyster hatcheries in the United Sates have a history nearly as long as 

Pacific oyster importation. The earliest attempts to develop hatcheries were made in 

Washington State. In 1925, Dr. Trevor Kincaid, University of Washington, tried to 
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spawn C. gigas adults artificially and obtain a set at Samish Bay, WA. After several 

efforts failed, during the 1950s, Kincaid and others used a covered concrete pond at 

Nahcotta on Willapa Bay with better success. Several years efforts were required to 

achieve a commercial setting of C. gigas (Linday and Simons 1997). The 

University of Washington began to provide seed for the oyster companies within 

and out of the state. However, the supply was still erratic and undependable. In 

1968, the first oyster hatchery for artificial spawning and larval rearing was 

constructed at Oregon State University Hatfield Marine Science Center, locates in 

Yaquina Bay. Once the hatchery techniques for conditioning oysters for spawning, 

rearing larvae, and remote setting were established, industry no longer had to 

depend on costly importation of spat from Japan. An oyster hatchery constructed by 

Lee Hansen has operated at Netarts Bay, Oregon, since 1979. The hatchery, which 

has grown over the years, currently supplies eye larvae to oyster growers in North 

America as well as several other countries. The value of the eye larvae is about 

$100/million (Robinson 1997). Two West coast oyster companies, Taylor United 

Oyster Co. and Coast Oyster Co., have also constructed their own hatcheries 

successfully after numerous start-up problems. 

The structure of the Pacific coast industry is similar to that of the East 

coast—predominantly small plants and with a few large ones (NOAA 1977). 

Unlike the East coast oyster industry, the West coast is based on controlled, 

hatchery production of oyster larvae and juveniles for the subsequent nurture in 

leased areas (NOAA 1990). Due to good management, markets for the West coast 
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industry are strong and continue to expand in both domestic and foreign sales 

(Kolbe and others 1980). 

Currently, the Gulf coast dominates the U.S. oyster harvest with 66% of the 

total production, while the Atlantic and Pacific coasts occupy 16% and 18% 

respectively (Table 2.1). The total supply of oyster meats in the United States 

declined 43% from 1985 to 1990. The decrease is attributed to the 60% decline in 

production of the Eastern oyster. In contrast, production of oyster meats on the 

Pacific coast increased nearly 40% during 1985-90. However, this increase was not 

sufficient to counteract the downward trend in oyster landings of all species 

(Adams and others 1997). 

Oyster products in the market 

Nutritionally, oysters have many advantages. The statement has been 

made that 'From the point of view of nutrition, oysters are better balanced than 

possibly any other single food' (Galtsoff 1951). They contain vitamins A, B, C, D, 

proper iron and manganese, many types of amino acids, as well as calcium and 

phosphorus. Oysters are a very good resource of zinc (16.6mg/100g meat) and 

unsaturated fatty acid. Oysters are also rich in protein and glycogen, which is 

similar to starch and is highly digestible even in the raw form (Wheatley 1959; 

USDA 2000). There are several oyster products available in the market. 
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Table 2.1 National oyster harvest by state, 1997 
Oyster harvest as reported from 20 states in three regions of the country 

Region State Meat-Weight Pounds Value ($) $/lb 
Atlantic FL East 37,560 93,191 2.48 

GA 7,480 15,428 2.46 
MD 1,429,409 4,507,620 3.15 
NC 248,981 1,010,935 4.06 
sc 199,451 770,829 3.86 
VA 303,359 959,368 3.16 
CT 1,511,456 5,103,618 3.38 
ME 20,690 76,771 3.71 
NJ 592,870 2,262,315 3.82 
NY 528,917 2,441,822 4.62 
RI 256,325 748,524 2.92 

Atlantic Total 16% 5,136,498 17,990,421 3.50 
Gulf AL 695,320 1,397,908 2.01 

FL West 1,867,839 2,718,855 1.46 
LA* 13,221,705 29,770,615 2.25 
MS 2,093,148 2,671,554 1.28 
TX 4,579,092 11,200,249 2.45 

Gulf Total 66% 22,457,104 47,759,181 2.13 
Pacific AK 22,595 357,100 1.58 

CA 937,815 3,586,000 3.82 
OR 333,466 1,333,852 4.00 

WA* 5,723,699 14,263,258 2.49 
Pacific Total 18% 7,017,575 19,540,210 2.78 
Grand Total 34,611,177 85,292,812 2.46 

*Louisiana and Washington are the largest harvest states in the U.S. 
(Muth and others 2000) 
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Freshly shucked oysters 

Raw fresh shucked oysters are the most important products of the oyster 

processing industry. On the Pacific coast, the market share of fresh raw oyster meat 

has already increased to 80% (Table 2.2). Some of the decline in fresh shucked 

Eastern oysters has been compensated for by an increase in fresh shucked Pacific 

oysters, which, in general command a lower price (Kirkley and others 1994; Dore 

1997). 

Table 2.2 Proportion of shellstock to the shucked and half-shell markets by region 
(Muth and others 2000) 

Region Shucked (%) Half-shell (%) 
Atlantic 38 62 

Gulf coast 50 50 
Pacific 80 20 

Half-shell oysters 

Half-shell oysters are very popular in Europe and in parts of the United 

States. Whole oysters are sold to restaurants and they are opened on the premises 

when ordered by customers. They are served in the half-shell and consumed with 

oyster or seafood cocktail sauce (Quayle 1969). The majority of European and U.S. 

native oysters are consumed raw, while the majority of Pacific oysters are cooked, 

largely because of their strong flavor (Matthiessen 1971; Dore 1997). Data showed 

that from 1970, the half-shell oyster market has declined as a percentage of the total 

oyster market. The index also indicates that the half-shell oyster market has become 
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very volatile, perhaps responding to negative publicity about the safety of eating 

raw oysters (Kirkley and others 1994). 

Canned oysters 

Canned oysters usually undergo some pretreatment, such as cooking and 

smoking, followed by standard canning procedures. There are several popular types 

of canned oyster products: canned smoked oysters, canned oysters, oyster stew. 

The canned smoked process requires that oysters have been steamed open 

or shucked fresh and then partially cooked. Shucked oyster meats are rinsed for five 

min in 2.5% brine solution, spread on a single layer tray, which has been previously 

coated with cooking oil. Afterwards, the oysters are cooked and smoked. The wood 

used, and the time and temperature of smoking are a matter of individual taste and 

opinion. After smoking, oysters undergo normal canning procedures and heat 

treatment (Quayle 1969). Few processors reported producing smoked Eastern 

oysters in 1990. In contrast, eight firms produced smoked Pacific oysters, resulting 

in about 39,000 pounds of product. However, prices for smoked Eastern oysters 

were significantly higher than the Pacific oysters (Kirkley and others 1994; Dore 

1997). 

Canned oysters are canned whole in brine. Either cold fresh shucked oysters 

or steam-opened oysters are used. They are blanched before being placed in the 

can, and canned using standard procedures (Quayle 1969). 
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Oyster stew is a viable option for oysters which are too large for the fresh 

oyster trade. Such oysters are usually precooked, and chopped into small pieces. 

Milk, and other spices are added followed by standard canning techniques. 

Production of canned stews from domestic oysters has virtually disappeared, and 

stews are increasingly being made with imported oysters. Domestic oysters are 

reserved for the more high valued uses such as fresh shucked product, and half- 

shell market (Kirkley and others 1994). 

Breaded oysters 

Frozen breaded oysters were first commercially produced in the late 1950s 

and introduced to expand sales to restaurant and fast food service chains (Dressel 

1983). Production quantity reached its peak in 4.5 million pounds in 1973, and 

decreased to less than 2 millions pounds by 1990 (Kirkley and others 1994). 

New oyster products 

Oyster shooters with sauce represent one of the new products that are 

currently being introduced into the market place. Fresh oyster meats are usually 

packed with cocktail or salsa sauce into 1.5 oz glass jars and sealed. The sauce 

improves the raw oyster flavor and inhibits microorganisms growth. The product 

can be frozen for up to three months, which generally extends shelf-life and 

produces unique marketing opportunities (Morrissey 1999). 
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Individual quick freezing (IQF) is one of the most successful technologies 

reducing V. vulnifcus to an undetectable level in oysters. Oysters are shucked and 

placed on the half-shell, rapidly frozen using liquid CO2, and sprayed with a fine 

mist of water, which freezes into a glaze (Muth and others 2000). The entire 

process insures that moisture, flavor, texture and appearance remain when the 

oyster is defrosted (Pristine oyster company 2000). This product produces a new 

marketing opportunity to the half-shell oysters. 

Retort pouch packed smoked oysters is another new product. The industry 

usually vacuum seals the pouches and freezes the product. There is little change in 

flavor and texture, and is a big advantage compared to the traditional canning 

products (Hilderbrand 2000; Josephson and Josephson 2000). 

U.S. regulatory strategies for oyster safety 

The consumption of oysters, as with many foods, carries potential health 

risks from chemical compounds, including natural toxins, and from infectious 

organisms such as bacteria and animal parasites. This risk increases when people 

consume both raw and lightly cooked oysters. As coastal development has 

expanded and estuaries have become increasingly fouled with contamination of 

human origin, the threat of illness from uncooked, contaminated oysters harvested 

from these waters has increased significantly. In 1924, a typhoid outbreak was 

reported in New York and over 1,500 cases and 150 deaths were traced to sewage- 

contaminated oysters. That year, the American Public Health Association (APHA) 
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established a standard for waters and shellfish based on the total coliforms. The 

standard is equivalent to the modem most probable number (MPN) of not more 

than 2,400MPN/100g in shucked and shell oysters and not more than 

70MPN/100ml in water. A conference, held in 1925 in Washington, D.C., made 

several recommendations for the shellfish industry and established a committee to 

further develop control practices for the industry. This conference marked the 

beginning of the National Shellfish Sanitation Program (NSSP), which the FDA 

continues to administer (Hoskin and Rippey 1997). The first growing water 

standard was adopted in 1944. The standards stipulated that total coliform bacteria 

levels not exceed 70MPN/ 100ml for approved water and 700MPN/100ml for 

restricted waters (PHS 1946). 

The first Shellfish Sanitation Workshop held in Washington D.C. in 1954 is 

regarded as the beginning of the modem program for shellfish safety in the U.S. 

The Federal and state governments and the shellfish industry share the 

responsibility for ensuring that shellfish are harvested from safe waters and that a 

raw product can be marketed immediately after harvesting. Sanitary harvesting, 

processing and distribution are required to prevent subsequent contamination and 

deterioration (Hoskin and Rippey 1997). 

Under NSSP, the FDA (1990) produced and published a 'Manual of 

Operations' that described the principles to be followed for the classification of 

growing areas and for the performance of laboratory tests. The manual also 

described the general sanitary procedures for handling, processing, and shipping 
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shellfish. The currently used manual was revised by FDA in 1995. The standards 

were stipulated that total coliform bacteria levels not exceed 70MPN/100ml and 

fecal coliform levels not exceed 14MPN/100ml for approved water (FDA 1995). 

To provide a mechanism for dialogue among the FDA, the states, and 

industry, FDA formally recognized the Interstate Shellfish Sanitation Conference 

(ISSC) under a 1982 Memorandum of Understanding (MOU). This annual 

conference discusses ways to improve shellfish sanitation and better protect the 

public health. A major aim of the ISSC is the timely and uniform adoption of 

periodic revision in the NSSP operation manual (Hoskin and Rippey 1997). 
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Abstract 

Whole Pacific oysters (Crassostrea gigas) were processed under high 

pressure process (HPP) treatment from 30 to 45k psi at 0, 1, and 2 min holding time 

and stored at <4 0C and evaluated over 27 d. The pH of HPP samples decreased 

slightly from 6.3 to 5.7 during storage while the control (hand-shucked oysters) 

dropped to pH 4.4. Moisture content of the controls decreased slightly while HPP 

samples increased slightly. Pressure treatment did not significantly inhibit lipase 

activity during the shelf-life study. HPP reduced initial microbial load by 2-3 logs 

and counts remained at a reduced level through the storage study. Descriptive 

evaluation showed that HPP treated oysters received higher quality scores than 

controls during the storage trial. 

KEY WORDS: oysters, high pressure, quality, microbial reduction 
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Introduction 

Raw fresh shucked oysters represent the largest product volume of the 

oyster processing industry. In the Pacific coast, the market share of fresh raw oyster 

meat has already increased to 80% (Muth and others 2000). The shucking operation 

plays an important role as it determines the quality of oyster products and 

contributes to costs of production. 

The hand shucking operation focuses primarily on meat yield. Three widely 

used shucking methods are: (1) side knife (2) stabber and sticker (3) cracking or 

breaking (Kochiss 1974; Quayle 1969). A skilled shucker can shuck an oyster in a 

few seconds. This skill has always been considered indispensable in the oyster 

business (Kochiss 1974). However, a decreasing labor base has become a critical 

obstacle to the continued viability of the oyster industry. The average age of oyster 

shuckers is increasing and the work is attracting fewer young people (Dressel and 

others 1983). At present, the major resource of labor comes from immigrants from 

Mexico and other countries, however, this source still can not completely solve the 

labor shortage problem (Nisbet 2000). 

At the beginning of 20th century, the oyster industry attempted to invent 

several types of mechanical shucking machines. One separated shells using a 

shearing action of a chisel-like cutter with a hand lever, which was thrust into the 

oyster, placed in a vertical position. The other utilized the principle of a potato 

peeler by placing oysters on a grinding wheel rotating in horizontal position. The 

shell opened as a result of shaking and grinding and the meat was removed with an 



42 

oyster knife (Galtsoff 1951). Unfortunately, the lack of uniformity in size and 

shape of oysters made mechanical systems difficult for achieving success. 

Steam shucking was another popular method for opening oysters for the 

canning process. Shellstock is steamed to gape the shell followed by tumbling to 

shake loose the cooked meats for soups, stew, and specialty products (Dressel and 

others 1983). The steam operation requires processing oysters in a steam chest, 

under 10 lbs. pressure for 8-10 min (Cobb 1919). Steam opening and canning 

began in Baltimore around the 1850s and spread to the south Atlantic. Oyster 

canning peaked in the early 1890s, and began to decline in the 1940s (MacKenzie 

and Burrell 1997). A disadvantage of steam opening is the oysters lose their unique 

flavor and appearance after the process (Kochiss 1974). In addition, this method is 

not adaptable to processing fresh chilled oysters (Wheatley 1959). 

High pressure process is a 'heatless' process, which does not affect the 

natural vitamin content, flavor or taste of food and has minimal effect on texture 

(Farkas 1993). It has proven to be effective in killing vegetative pathogenic bacteria 

such as Vibrio Spp and Salmonella in a number of fresh food products causing 

minimal changes in sensory qualities. In addition, preliminary work with HPP and 

shell oysters indicated that HPP could be used for mechanically shucking oysters 

by severing the adductor muscle. The objectives of this study were to determine: 

(1) the optimum HPP conditions (time/pressure) for the processing of fresh whole 

oysters to detach adductor muscle, facilitate shucking (2) the effect of HPP on 

microbial, biochemical and descriptive evaluation of oysters during shelf-life. 
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Materials and methods 

Oyster source 

Oysters {Crassostrea gigas) were collected from an oyster processor in Bay 

Center, WA. A portion, to be used as controls, were hand-shucked at the processing 

plant and oyster meats were packed loosely in plastic quart containers and 

transferred in ice to the Oregon State University Seafood Laboratory, Astoria, OR. 

Shell oysters (live) were also transported to the OSU Seafood Laboratory and 

stored at 10 0C. All the experimental oysters and controls were processed within 24 

h after harvest. 

Pressure treatments 

The experimental design is presented in Fig. 3.1. Five or six shell oysters 

were packed in water-proof bags (200 denier oxford, Rain Shed, Corvallis, OR). 

The packed samples were subjected to a vacuum prior to closure to remove 

available air and insure that no air pockets remained. The packed samples were 

submerged in the HPP vessel which contains 2% hydrolubric 120-13 oil-water 

mixture (E.F. Houghton & Co., Valley Forge, PA) as the hydrostatic fluid medium 

in the press. Shell oysters and shucked controls were placed in eight different 

treatment groups: (1) control samples, hand-shucked, no pressure treatment; (2) 

pressure treatments- 30k psi*, 2 min; (3) 35k psi, 0 holding time (ht); (4) 35k psi, 1 

min; (5) 35k psi, 2 min; (6) 40k psi, 0 ht; (7) 40k psi, 1 min; (h) 45k psi, 0 ht. 

* 1 atm= 101.325 kPa= 14.696 psi 
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The term 0 ht refers to treatments where the samples were brought to 

pressure followed by immediate decompression. An isostatic pressure unit (Model, 

IP-3-22-60, Autoclave Engineering Inc., Erie, PA) was used to pressurize samples. 

After pressure treatment, every oyster was examined and evaluated for 

shucking effects as follows: (-) no release of adductor muscle, (0) partial release of 

adductor muscle, (+) full release of adductor muscle. Shucked oysters, four from 

each treatment and control, were packed with water into a 100 ml jar. All samples 

were stored at 2-4 0C during the four wk shelf-life study. 

Sample preparation 

Prior to biochemical and microbial testing, oysters of each jar were 

aseptically transferred to a pre-sterilized blender. Samples were ground at puree 

speed for 30 s. For descriptive evaluation, oyster meats from jars were transferred 

directly into petri dishes and evaluated. Oysters were discarded after each 

descriptive test. 

Biochemical tests 

The pH was measured by using a Coming digital pH meter, Model 240 

(Science Products, Coming, NY) with a spear tip combination electrode. One g of 

ground samples was diluted 1:10 with distilled water and tested for pH (Horwitz 

1980). 
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Moisture content was determined by the oven drying at 100 0C for 24 h as 

described in AOAC (1984). 

An aliquot of ground sample was centrifiiged at 15,000 rpm for 30 min and 

the supernatant was used for the lipase test. The protein concentration of 

supernatant was determined by the Lowry method (Lowry and others 1951), using 

bovine serum albumin (Sigma Chemical Co., St. Louis, MO) as the standard. 

Lipase activity was determined by using the method of Stead (1983) based 

on detection of the fluorescence of 4-methylumbelliferone (4-MU) produced by 

enzymatic hydrolysis of substrates. Fluorescence was measured using time 

intervals of 30 min with incubation at 250C using a luminescence 

spectrophotometer (Perkin-Elmer, LS 50B, Ltd., Beaconsfield, England) at the 

excitation wavelength of 523 nm and emission of 448 nm. Lipase activity was 

expressed as nmol 4-MU produced/ min/ mg protein. 

Microbiological tests 

Eleven g of ground oysters were aseptically transferred to a 99 ml prefilled 

dilution bottle (Fisher Scientific, Pittsburgh, PA) resulting in a 1:10 dilution of 

oyster samples. 

Aerobic plate counts (APC) were measured using petrifilm (3M, St. Paul, 

MN) by spreading 1 ml aliquots onto dried media. All the plates were incubated at 

25 0C for 3 d. 
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Anaerobic plate counts (ANPC) were determined by using the pouring plate 

technique. Anaerobic agar was prepared by adding 58 g of anaerobic agar (Difco, 

Detroit, MI) to 1000 ml distilled water. The mixture was boiled and then sterilized 

at 121 0C (15 psi) for 15 min and cooled. One ml of sample dilution was pipetted 

with sterile pipettes (Fisher Scientific, Pittsburgh, PA) and then mixed with sterile 

anaerobic agar. After the agar solidified, a second layer was poured to ensure the 

anaerobic growth condition. All plates were incubated in anaerobic chambers 

(BBL, Fisher Scientific, Pittsburgh, PA) at 35 0C for 48 h using Gaspack, an 

anaerobic indicator and catalyst (BBL, Fisher Scientific, Pittsburgh, PA) to ensure 

the anaerobic condition in the chambers. 

Coliforms were measured using coliform petrifilm (3M, St. Paul, MN). All 

the plates were incubated at 35 0C for 2 d. All Microbiological tests were 

duplicated. 

Descriptive analyses 

Descriptive evaluations were performed on stored, shucked oyster samples. 

Panelists were trained over a period of five wk to determine oyster quality 

descriptors and key words used in the tests (Table 3.1). Oyster quality was 

evaluated using a freshness grade guide developed by He and Morrissey (1999) for 

odor, texture, body color and other characteristics. The trained panel consisted of 

nine individuals who tested oysters over a three wk period. A four-point scale (0 to 

3) scored demerit points for each quality characteristic, therefore, lower scores 
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represented higher overall quality. After that, quality index method (QM) 

(Bremner and others 1985) was used to predict storage time (from good quality to 

questionable quality) of each sample. An analysis of variance (ANOVA) was used 

to determine which sensory attribute is important to overall acceptance. 

Table 3.1 Oyster Freshness Grade Guide 

Parameters 0 1 2 3 
Odor Hay/crisp Strong sea-weedy Spoiled with slight 

sour smell 
Sour and putrid 

smell 
Body Cream white White, a few 

striations 
Tan/Beige, 

Some striations 
Yellow/light 
brown, many 

striations 
Liquid Clear Clear with small 

amount of debris 
Clear with large 
amount of debris 

Cloudy 

Texture Firm and elastic Soft and less 
elastic 

Slight mushy Mushy 

Mantle Color no fade Slight fade Mostly fade Fade 
Gill Filaments well 

defined 
Filaments less 

defined 
Filaments poorly 

defined 
Filaments 
undefined 

Adductor Pale white, 
Translucent 

Light-grey, 
Translucent 

Light-grey, 
Partially opaque 

White, opaque 

"0" good quality 
"1" acceptable quality 
"2" questionable quality 
"3" unacceptable quality 

Statistical analysis 

Data were analyzed for significant differences using ANOVA. All statistical 

analyses was performed using STATGRAPHICS Plus Version 3.1 (Statistical 

Graphics Corp, Rockville, MD). 



Figure 3.1: Experimental design 
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Results and discussion 

Shucking results 

Table 3.2 shows the effects of different pressures and treatment times for 

severing the adductor muscle and releasing the oyster meats. In general, higher 

pressure and longer time were more effective in detaching the adductor muscle. 

Treatment of 35k psi, 2 min caused 88% detachment, while treatment of 45k, 0 min 

resulted in 100% release. Changes in body color and other descriptors were 

observed at higher pressures. The optimum pressure for oyster shucking should be 

one that releases a high percentage of adductor muscle and causes few changes in 

raw oyster appearance. This may vary with oyster species and growing conditions 

and will need to be developed by individual processors. 

EH 

Oysters have a higher carbohydrate content in the form of glycogen 

compared to most marine products. The spoilage of oysters is often fermentative 

and characterized by a gradual decrease in pH (Cook 1991). Consequently, a 

decrease in pH is considered a good indicator of spoilage in oysters (Jay 1996). 

Hunter and Linden (1923) first used a pH scale as the basis for determining oyster 

quality. A pH of 6.2-5.9 represented good quality while a pH of 5.2 and below 

exhibited sour and putrid characteristics and unacceptable quality. Cook (1991) 

reported that oysters with liquor above pH 6.0 are classified as "good", and those 

below 5.0 are considered to be in an advanced stage of decomposition. 



Table 3.2 HHP shucking effect on oysters 

30k psi 2min 35kpsiOht 35k psi Imin 35k psi 2min 40k psi Oht 40k psi Imin 45k psi Oht 
6%(-) 

39% (0) 
55%(+) 

56% (-) 
44% (0) 

4%(-) 
27% (0) 
69% (+) 

6%(-) 
6% (0) 

88% (+) 

4%(-) 
16% (0) 
80% (+) 

4% (0) 
96% (+) 

100% (+) 

"-" means no release of adductor muscle after HHP treatment 
"0" means partial release of adductor muscle after HHP treatment 
"+" means full release of adductor muscle after HHP treatment 

* 48 oysters for each treatment 

o 



51 

Changes in pH of control and pressure treated samples during the shelf-life 

study are presented in Fig. 3.2. HPP treated samples showed a gradual decrease in 

pH of less than one unit after four wk storage. The pH of the control dropped to 

5.1 after 16 d of storage, while all the pressure treated samples remained above 5.7. 

Moisture content 

Changes in moisture content of samples during a four-wk storage period are 

shown in Table 3.3. The initial moisture content immediately after shucking is 

typically 80-85%. Moisture content of HPP treated samples two d after treatment 

were lower than the control. This could indicate that pressure initially forced some 

water out of the oysters or the water uptake of the control was greater after 

shucking. Moisture content of the control sample subsequently decreased during 

storage. Although most of the HPP treated samples had lower moisture values than 

the control at d 2, there were few differences after two wk in storage. Water uptake 

is an important economic factor in the oyster industry. It should be noted that HPP 

treated oysters in these tests were sealed in a water-proof container in which 

available oxygen was removed. This was done to prevent contact with the 

lubricating oil in the HPP unit that might affect sensory analysis. Additional work 

with HPP that uses only water as the processing medium is warranted to determine 

potential changes in water uptake. 



Figure 3.2 Changes in pH during 4 week shelf-life study 
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Table 3.3 Effect of HPP on the moisture content of oysters 

Days Treatment 
Control 30k 2min 35k Oht 35k Imin 35k 2min 40k Oht 40k Imin 45k Oht 

2 87.27±0.07 a 82.4810.00 f 84.3810.06d 83.3510.01 e 85.3410.03 c 84.4910.18 d 86.2810.47 b 86.3610.35 b 

6 86.16±0.02 a 83.4210.02 f 85.3210.01 b 84.6610.02 d 84.8910.00 c 84.2410.01 e 84.5110.18 d 85.0410.07 c 

9 85.48±0.01 a 84.60+0.04 b 82.5710.10c 85.9210.01 f 85.710.00e 86.8110.06 8 86.7910.03 8 87.2610.04 h 

13 85.12±0.01a 85.1110.03 a 84.7610.01 b 84.4710.00 f 84.0210.02 h 84.6410.02 c 84.1310.01 6 84.5610.02 e 

16 84.32±0.00 a 85.6510.00 de 84.1610.37 ab 83.9210.01 ^ 83.7610.01 c 83.9010.02 ^ 85.4510.03 d 85.9310.01 e 

20 83.49±0.01 a 85.0010.01 c 84.0010.28 b 86.2210.01 d 87.5810.06 8 86.510.00e 84.8610.06 c 87.1810.01 f 

23 85.4110.07 a 89.0610.04 g 86.710.01 f 84.6210.01 d 84.8410.01 c 85.6210.03 e 86.6010.06 f 85.0110.04 b 

27 84.8810.06 a 86.3210.01 f 85.0710.03 c 85.4410.04 e 86.4010.05 f 86.510.06 8 85.2210.02 d 84.4210.01 b 

, b, c , d, e, t, g, h means within the same row with different superscripts are significantly different (p<0.05) 
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Aerobic plate count (APC) 

The results of APC during the shelf-life study are presented in Fig. 3.3. The 

US Food and Drug Administration (1989) microbial standard for APC in freshly 

processed bivalve meats is <500, 000 colony form unit (CFU)/g, with >1,000,000 

CFU/g considered to be substandard quality. In this study, microbial growth of the 

control sample was significantly higher than the HPP treated samples. The APC of 

the control exceeded 106 CFU/g after 9 d storage, while all HPP treated samples 

needed 20 d storage to reach this level. 

In general, gram-negative bacteria are more sensitive to HPP treatment than 

gram-positive bacteria (Hoover and others 1993). The higher pressures resulted in 

the lowest counts during the initial stage of the shelf-life study. However, by d 20 

there were few differences among the pressure treated samples. Pressure treatment 

appeared to cause a delay of the onset of the bacterial growth phase in refrigerated 

storage. Berlin and others (1999) reported a reduction of Vibrio vulnificus and V. 

parahaemolyticus to non-detectable levels in cell cultures at HPP treatments 36k 

psi for 10 min at 250C. Styles and others (1991) eliminated counts of 106 CFU/g of 

V. parahaemolyticus in clam broth pressurized to 25k psi. Studies with inoculated 

packs of V. parahaemolyticus in live oysters are underway to determine the effect 

of HPP on this species. There are several species of microorganisms that will 

survive the HPP treatment and eventually cause spoilage of the product. The APC 

of HPP samples reached the maximum on d 23 and 27, respectively. 
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Figure 3.3 Changes in Aerobic plate count during 4 week shelf-life study 
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Anaerobic plate count (ANPO 

The results of ANPC of the shelf-life study are presented in Fig. 3.4. The 

results are very similar to that of APC. The log phase of microbial growth of the 

control began after one wk while that of HPP treated samples was extended until 

the end of the second wk of storage. All HPP treated samples did not reach the 

maximum ANPC count until the end of this study. Higher HPP treatments showed 

slightly better inhibitory effect than other HPP treatments during the first 13 d. 

Coliforms 

Coliforms are gram-negative asporogeneous rod that ferment lactose within 

48 hr and produce dark colonies with a metallic sheen in Endo-type agar (Jay 

1996). Oysters are filter feeders that are farmed in bays and estuaries and readily 

take-up the micro-flora prevalent in the water column. Over 90% of the coliforms 

and heterotrophoic bacteria in oysters were found in organs associated with the 

digestive tract. Coliforms were mainly found in the stomach while heterotrophs 

were present in both stomach and lower intestine (Cathie and others 1985). Since 

the routine analysis of the shellfish-growing waters for the presence of pathogens 

remains an impractical task for state and federal officials charged with guaranteeing 

the quality of shellfish, the NSSP (National Shellfish Sanitation Program) and the 

FDA still utilize total coliform counts in estuarine water to access the 

bacteriological quality and safety of shellfish-growing waters (Andrews and others 

1975). 
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The changes of coliform counts during this study are presented in Fig. 3.5. 

Coliforms in the control samples grew rapidly during the first 13 d and reached 

their maximum on the 16th d of storage. However, after d 16 coliforms in the 

control began to decrease dramatically. Cook (1991) attributed fecal coliform and 

E. coli decreases to growth of and competition from other microorganisms. It is 

also possible that oyster coliform are affected by pH and the decrease in numbers 

and viability is due to the decrease in pH in controls. The coliform in the HPP 

treated sample remained very low during the first 13 d of storage and then the log 

phase of coliform growth began. As with APC and ANPC results, HPP treatment of 

45psi, 0 ht was the most effective in destruction of microorganisms during the first 

13 d. 

Lipase 

Lipase is a widely distributed enzyme, which catalyze hydrolysis of fats and 

releases free fatty acid. The action of this enzyme in a food system can result in the 

generation of undesirable flavors and deterioration during storage (Chai and others 

1984). 

Accumulation of free fatty acid and lipid oxidation is of particular concern 

in seafood because marine lipids are characterized by high levels of 

polyunsaturated acid (PUFA), which are susceptible to autoxidation (Oshima 

1993). 



Figure 3.5 Changes in Coliforms during 4 week shelf-life study 
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Enzymes are a special class of proteins in which biological activity arises 

from an active site, brought together by the three-dimensional configuration of the 

molecule. Even small changes in the active site can lead to a loss of enzyme 

activity (Tsou 1986). Since the protein denaturation caused by HPP is associated 

with conformation changes, it can change the enzyme functionality (Hendrickx and 

others 1998). Effects of high pressure on enzymes may be divided into two classes. 

Comparatively low pressures (~14.5k psi) have been shown to activate some 

enzymes. This increase in activity is, however, only observed for monomeric 

enzymes. Much higher pressures, on the other hand, generally inactivate enzymes 

(Asaka and others 1994; Curl and Jansen 1950; Jollibert 1994). Large differences in 

the pressure stability of lipase have been reported in the literature (Hendrickx and 

others 1998). The means and standard deviations of the lipase activities, during the 

storage period, are presented in Table 3.4. All the samples, including the control, 

showed significant changes in lipase activity during storage. The lipase activity was 

relatively stable during the first 7 d of storage and then increased dramatically with 

storage time. HPP treatment did not show significant inhibitory effects on lipase 

activity, and in some cases, the higher pressure and longer treatment time appeared 

to slightly activate the lipase activity. In general, the effect of HPP on lipase 

activity proved difficult to interpret. 



Table 3.4 Effect of treatments on Lipase activity (nmol 4-MU/min/mg protein) 

Days Treatment 
Control 30k 2min 35k Oht 35k Imin 35k 2min 40k Oht 40k Imin 45k Oht 

3 4.20±0.ir 2.93+0.32 b 4.7610.12a 3.62+0.27" 4.1410.16a 5.0010.25" 5.65+0.42" 4.1410.18a 

7 7.6510.71 a 4.3310.38 b 6.5010.35b 5.6510.25" 4.6310.35" 7.0510.39a 7.8510.64a 5.80+0.25" 
10 9.42±0.42 a 16.49+0.66 b 5.4810.27b 9.7610.08a 11.0410.26" 9.7810.13a 12.76+0.36" 12.710.33" 
14 14.12+0.47 a 19.0410.04 b 9.2010.49b 9.4010.30" 17.8510.52" 20.3610.15" 18.3610.08" 9.7610.23" 
17 19.3310.43 a 17.19+0.37b 14.4010.03b 18.0610.48" 15.1410.62" 12.9610.13" 13.2710.08" 16.0710.55" 
21 30.3611.34 a 19.3310.31b 31.09+0.99a 29.1810.40a 31.1810.33a 22.7110.30" 20.2110.27" 35.7310.42" 
24 41.2210.79 a 45.5410.43" 35.91+0.29" 33.9810.29" 36.0710.11" 35.99+0.88" 41.7010.75a 32.9910.34" 
28 40.1212.67 a 36.8810.83a 33.3511.68" 47.8210.93" 52.9610.52" 35.9211.05" 45.1912.22" 31.51+1.88" 

Superscript "b" means significant difference (p<0.05) compared to control 
Superscript "a" means insignificant difference (p>0.05) compared to control 
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Descriptive analyses 

Descriptive evaluation allows researchers to obtain a sensory description, 

helps identify underlying ingredient and process variables, and/or determine which 

sensory attributes are important for acceptance (Lawless and Heymann 1998). 

The quality index method (QEM) was originally developed by Bremner 

(1985) and is widely used for raw seafood. QIM is a very important tool for 

descriptive analysis and is based on a demerit scoring system of specific parameters 

for raw seafood evaluations. The scores for all characteristics are added to give an 

overall sensory score, which is the quality index (Nielsen and lessen 1997). One of 

the benefits of this method is that individual scores never exceed 3, so no parameter 

can excessively unbalance the total score. Several studies have shown that there is 

good linear correlation between sensory quality expressed as a demerit score and 

storage life which makes it possible to predict the shelf-life of products. 

The results of the QIM evaluation are presented in Table 3.5. Unlike fish 

products, e.g. fillets, individual oysters are very different from each other. Even 

within the same harvest area, the shape, size, mantle color and even body color can 

be highly variable among oysters. Due to all these variations, the standard 

deviations of overall scores are relatively high. However, definite trends developed 

in these tests indicating that HPP treated oysters showed higher quality attributes 

than controls during the storage period. In general, the oysters treated with lower 

pressures maintained higher quality sensory characteristics throughout the shelf-life 

study. 



Table 3.5 Overall scores of descriptive test 
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Treatment Days 
1 8 15 22 

Control 8±3.50ab ll±3.91a 16±2.69 a 18±2.11a 

30k 2min 6±1.90ab 7±2.55b 6±2.67d 9±2.89d 

35k Oht 7±3.74:'b 8±2.42b 8±2.06cd 10±1.94bcd 

35k Imin 7±2.83ab 8±2.91b 12±3.35b 10±2.49cd 

35k 2min 9±2.24b 7±1.45b 8±2.82<:d ll±1.90bc 

40k Oht 5±2.06a 8±2.26b 9±2.03c 1112.60bcd 

40k Imin 7±3.68ab 9±3.49ab ll±3.47bc 10±2.i2bed 

45k Oht 8±3.32ab 9+2.07ab 10±2.79bc 12±1.62b 

31 'c ■    means within the same row with different superscripts are significantly different (p<0.05) 
* Overall scores are made by Quality Index Method (QIM), the higher the score, the more defect 



64 

The importance of each attribute to overall quality was determined by 

ANOVA analysis. The results are presented in Table 3.6. Although there is concern 

that HPP will change certain characteristics of oysters such as the mantle, gill, or 

texture, the initial analysis showed that there were few differences between the 

control and the HPP treated samples. This indicates that using relatively low 

pressures and short process times won't alter the appearance of oysters. By the 8th 

storage d, there was a significant difference in odor among the samples, which 

affected the overall acceptance. There were also significant differences in liquid, 

texture, mantle, and adductor muscle parameters on the 15th and 22nd d of storage. 

Based on data analysis, it is suggested that the important parameters for oyster 

quality are odor, liquid, texture, mantle and adductor (ranked from the most to the 

least important). 

Conclusions 

This study demonstrated that HPP treatments were effective in facilitating 

the removal of oyster meats from the shell and producing a high quality Pacific 

oyster products. The highest pressures were the most effective in shucking but had 

the most deleterious effect on oyster quality as measured by the QEM method. All 

pressure treatments decreased the microbial concentration, which will prolong the 

shelf-life of the product. Results indicated that optimum shucking pressures that 

caused minimum changes to Pacific oyster appearance are between the range of 35- 

40k psi, for 1 or 2min. 
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Table 3.6 Changes in descriptors during the shelf-life study 

Parameter Iday 8 days 15 days 22 days 
Odor - + + + 
Body - - - + 

Liquid . - + + 
Texture - - + + 
Mantle . - + + 

Gill . . - - 
Adductor - . + + 
Overall - + + + 

"+" means significant difference (p> 0.05) among samples 
"-" means insignificant difference (p< 0.05) among samples 
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Chapter 4 

THE USE OF HIGH PRESSURE PROCESSING FOR POST- 
SHUCKING TREATMENT IN OYSTERS 

H. He, Michael T. Morrissey 
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Abstract 

Whole oysters were shucked under pressure of 35,000 psi, 2 min. After 

shucking, oyster meats were water packed in plastic containers and repressureized. 

Tests were performed at 45,000 psi, 30 s and 50,000 psi (0 ht, 10 s). All samples 

were stored at <40C evaluated over 25 d. The pH of HPP samples decreased 

slightly from 6.5 to 5.7 during storage while hand-shucked oysters dropped to pH 

4.3. The initial moisture content of hand-shucked oysters was 79.7%, about 8% 

lower than that of HPP treated samples. Pressure treatments increased protease 

activity during the shelf-life study. HPP reduced initial microbial load by 

approximately 2-3 logs and counts remained a reduced level through the storage 

study. 

KEY WORD: oyster, quality, HPP, microbial reduction 
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Introduction 

Oysters are filter feeders and accumulate microorganisms from their 

environment. As a result, there is concern about their microbiological safety as a 

human food (Son and Fleet 1980). Pathogenic microorganisms isolated from 

oysters include Salmonella, Shigella species, Clostridium perfrigens, C. botulinum 

and Yersinnia enterocolitica, Vibrio species as well as numerous viruses (Andrews 

and others 1975; Barrow and Miller 1977; Toma 1978; Wood 1976). Outbreaks of 

typhoid, cholera, dysentery, hepatitis and various forms of gastroenteritis have been 

linked to the consumption of oysters (Brown and Dom 1977; Earampamoorthy and 

Koff 1975; Gerba and Goyal 1978; Wood 1976). Outbreaks of V. parahaemolyticus 

infections associated with eating raw oysters were found in the Pacific Northwest 

in 1997, and there were 209 cases of illness caused by consumption of raw oysters 

harvested from California, Oregon, Washington, and British Columbia (CDC 

1998). Between 1988 and 1996, 422 cases of V. vulnificus infections were reported 

to CDC from 23 states (Shapiro 1996). All the outbreaks resulted in temporary 

closures of oyster production and economic losses to the industry. 

Several efforts have been made to purify oysters and render them safe for 

human consumption. The treatment technologies currently being used in the oyster 

industry are thermal pasteurization, depuration, irradiation, individual quick 

freezing (IQF), cool pasteurization (Ameripure), and high hydrostatic pressure 

process (HPP) (Muth 2000; Vovcsko 1998). 
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Thermal pasteurization causes both the destruction of the pathogens and 

reduction in the number of spoilage organisms in oysters. However, sensory 

properties could also be adversely affected by heat (Chai and others 1984). 

Depuration is a dynamic process whereby oysters are allowed to purge 

themselves of contaminants in tanks of sterilized or pathogen free water (Fleet 

1978). Ultraviolet irradiation is widely used to sterilize the seawater for depuration. 

Although depuration could significantly reduce Aerobic Plate Count (APC) and 

counts of coliforms and E.coli, Eyles (1984) found that it had no effect on naturally 

occurring V. parahaemolyticus. Tamplin and Capers (1992) also pointed out that V. 

vulnificus is persistent and unamenable to the UV light depuration process. 

Food irradiation is a process in which the food is exposed to ionizing 

radiation to improve the shelf-life of the product (Godner and Andrews 1991). In 

the 1960s, the FDA first approved food irradiation. In 1999, the U.S. Department of 

Agriculture approved the use of irradiation of red meats to control bacteria like 

Salmonella and E.coli (Burros 1999). Gamma rays emitted by 60Co are most 

commonly used form of irradiation (Shiu 1999). The irradiation sensitivity of 

aerobic microorganisms as well as pathogens in shrimp was studied by Hau and 

others (1992). The Dio values for V. cholerae, Staphylicoccus aureus, E.coli and S. 

entertitidis were 0.11, 0.29, and 0.48 kGy, respectively. In 1966, Novak and co- 

workers found that oysters treated with 2.0 kGy had a shelf-life of 23 d under 

refrigerated conditions, while the untreated oysters had a shelf-life only 7 d (Novak 

and others 1966). Even though low doses of gamma irradiation has been effective 
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in reducing pathogenic and spoilage microorganisms in seafood products, the effect 

of irradiation on the sensory quality and consumer acceptance of such products is 

still the major concern for seafood industry (Shiu 1999). 

Cook and Ruple (1992) studied the V. vulnificus pure culture in the cold 

stored shellstock oysters and shucked oysters meats. They showed that V. vulnificus 

counts decreased significantly at both refrigerated temperature (0oC) and during 

frozen storage. This has lead to several postharvest processing methods to control 

V. vulnificus in oysters. Individual quick freezing (IQF) is currently used for 

Eastern oysters in the Gulf of Mexico. After oysters are shucked and placed on the 

half-shell, they are frozen in a continuous freezing tunnel using liquid CO2. They 

are then glazed and packed into wax-coated corrugated boxes using plastic sheets to 

separate layers, and bubble wrapped to add cushioning. Data supporting non- 

detectable levels of V. vulnificus and V. parahaemolyticus have been complied for 

winter-harvested oysters. Although the method is effective in reducing pathogens in 

oysters, it does have drawbacks. It is primarily used for oysters served on the half- 

shell, not for oyster meats. Once treated, the oysters must be kept frozen until just 

prior to serving; some oyster sensory attributes, such as body color and flavor, 

change after treatment. Production costs sharply increase because of extra 

equipment and energy costs, however, this can be ameliorated by longer shelf-life 

and potential market opportunity (Muth and others 2000; Morrissey 2000). 

Cool pasteurization (Ameripure process) was developed by Ameripure 

Oyster Company of Empire, La. Shucked oyster meats and banded half-shell 
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oysters are submerged in a warm water bath then dropped into a ice-water bath for 

rapid chilling. Cook and Ruple (1992) showed that this method was effective in 

reducing V. vulnificus in oyster meats. Data supporting nondetectable levels of V. 

vulnificus using this procedure have been submitted and accepted by FDA. The 

advantage of this method is that the shucking yield for pasteurized oysters increases 

by 15 to 30% because the process results in greater moisture retention in the oyster 

meat (Muth and others 2000). However, the temperature of this process is not high 

enough to eliminate spoilage bacteria or inactivate deteriorative enzymes (Chen and 

others 1996). 

Previous work showed that HPP is effective in reducing microbial load and 

extending shelf-life of oysters (Lopez-Caballero and others 2000; Shiu 1999). HPP 

could also be used to shuck oysters, which increases the efficiency of the 

production process. In addition, yield increases 25 to 50% because moisture is 

retained since the muscle of oysters is not cut (Muth and others 2000). The 

objectives of this study were to determine (1) the HPP parameters for post- 

shucking treatment, and (2) shelf-life in terms of microbial and biochemical 

characteristics of oyster samples treated under HPP processing conditions. 

Materials and methods 

Oyster source 

Whole live oysters and fresh shucked oyster meats were collected in early 

February from an oyster processor in Bay Center, WA and transferred to Flow 
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International, Seattle, for HPP treatments. Whole oysters were stored at 10 0C 

during transportation, while shucked meats were stored at <4 0C. Shortly after the 

HPP treatment, all samples were stored in ice and transferred to OSU Seafood 

Laboratory, Astoria, OR. 

Pressure treatments 

Prior to the first pressure treatment, oysters were placed in a cylindrical 

PVC chamber, which was placed in the HPP machine. The PVC chamber was 

submerged in water, which acted as the hydrostatic fluid medium. After the 

pressure shucking process, oysters were water packed into plastic containers (100 

ml), sealed with a screw-top lid, placed in the PVC chamber and repressurized. The 

experimental design is presented in Fig. 4.1. Whole oysters underwent five 

different treatments: (1) control I: hand shucked, no pressure treatment; (2) control 

II: shucking pressure treatment of 35k psi, 2 min; (3) shucking pressure treatment 

of 35k psi, 2 min, container-pressure (CP) treatment of 45k psi, 30 s; (4) shucking 

pressure treatment of 35k psi, 2 min, CP treatment of 50k psi, 0 ht; (5) shucking 

pressure treatment of 35k psi, 2 min, CP treatment of 50k psi, 10 ht. Samples were 

treated using a 25 liter isostatic pressure unit (Flow International Corp, Seattle, 

WA). All the samples were stored at 2-4 0C during the 4 wk shelf-life study. The 

term 0 ht refers to treatments where the samples were brought to pressure followed 

by immediate decompression. 
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Figure 4.1: Experimental design 

Whole shell oysters 
& hand shucked 
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Transported<40C 
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Shucking (35k, 2 min) 

Packed with water 
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Sample preparation 

Prior to biochemical and microbial testing, oysters of each jar were 

aseptically transferred to a pre-sterilized blender jar. Samples were ground at puree 

speed using an Osterizer 10-speed blender for 30 s. 

Biochemical tests 

The pH was measured by using a Coming digital pH meter. Model 240 

(Science Products, Coming, NY) with a spear tip combination electrode. One g of 

ground samples was diluted 1:10 with distilled water and tested for pH (Horwitz 

1980). 

Moisture content was determined by the oven drying at 100 0C for 24 h as 

described in AOAC (1984). 

An aliquot of ground sample was centrifuged at 15,000 rpm for 30 min and 

the supernatant was used for the protease test. Protease activity was determined 

using the method of Hurtado (1999). A 312.5 (il aliquot supernatant was mixed 

with the same volume of Mcllvaine's buffer, pH 2.5 and incubated at 40 0C for 1 

hr. The incubation condition was chosen based on the optimum condition observed 

for autolytic activity. The reaction was stopped by adding 100 j^l of 50% (w/v) 

TCA. The mixture was incubated at 4 0C for 15 min to allow precipitation of 

unhydrolyzed proteins then removed by centrifiigation at 5,700 x g for 10 min 

(Eppendrof Micro Centrifuge, Model 5415C, NY). The TCA-soluble supernatant 
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was analyzed for oligopeptide content by Lowry's assay (Lowry and others 1951). 

The activity was expressed as (imol Tyr/g/h. 

Microbiological tests 

Eleven g of ground oysters were aseptically transferred to a 99 ml prefilled 

dilution bottle (Fisher Scientific, Pittsburgh, PA) resulting in a 1:10 dilution of 

oyster samples. 

Aerobic plate counts (APC) were measured using petrifilm (3M, St. Paul, 

MN) by spreading 1 ml aliquots onto dried media. All the plates were incubated at 

25 0C for 3 d. 

Anaerobic plate counts (ANPC) were determined by using the pouring plate 

technique. Anaerobic agar was prepared by adding 58 g of anaerobic agar (Difco, 

Detroit, MI) to 1000 ml distilled water. The mixture was boiled and then sterilized 

at 121 0C (15 psi) for 15 min and cooled. One ml of sample dilution was pipetted 

with sterile pipettes (Fisher Scientific, Pittsburgh, PA) and then mixed with sterile 

anaerobic agar. After the agar solidified, a second layer was poured to ensure the 

anaerobic growth condition. All plates were incubated in anaerobic' chambers 

(BBL, Fisher Scientific, Pittsburgh, PA) at 35 0C for 48 h using Gaspack, an 

anaerobic indicator and catalyst (BBL, Fisher Scientific, Pittsburgh, PA) to ensure 

the anaerobic condition in the chambers. 
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Coliforms were measured using coliform petrifilm (3M, St. Paul, MN). All 

the plates were incubated at 35 0C for 2 d. All Microbiological tests were run in 

duplicate. 

Statistical analysis 

Data were analyzed for significant differences using an analysis of variance 

(ANOVA). All statistical analyses were performed using STATGRAPHICS Plus 

Version 3.1 (Statistical Graphics Corp, Rockville, MD). 

Results and discussion 

EH 

Changes in pH of the non-pressure treated and pressure treated samples 

during the shelf-life study are presented in Fig. 4.2. HPP treated samples showed a 

gradual decrease in pH less than one unit after four wk. The pH of control I 

dropped to 5.3 after 18 d of storage, while all the HPP treated samples remained 

above 5.7 until the end of the shelf-life study. All the CP samples did not show 

significant difference from control II. The pH drop in oysters is due to the 

fermentation of glycogen and increase of organic acid during storage. 
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Figure 4.2 Changes in pH during 4 week shelf-life 
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Moisture content 

Changes in moisture content of the samples during a four-week storage 

period are shown in Table 4.1. Results showed that there was a significant 

difference between the control I and the HPP treated samples. The data showed that 

the initial moisture content of the control I was 79.7%, about 8% lower than that of 

HPP treated samples. The result indicated that pressure forced water into oysters 

during HPP treatments. After 14 d of storage, the cell membrane permeability was 

altered due to gradual decomposition and moisture content of control I increased 

about 5% by the end of the shelf-life study. The moisture content of all the HPP 

treated samples was relatively stable during the shelf-life study. There were also 

significant difference between the CP samples and control II in the moisture 

content after 4th d of storage. In general, the moisture content of the CP samples 

were higher than control II, and there was a trend that the moisture content of 

control II decreased during the storage time. The result indicated that the HPP 

treatments force more water into oysters during CP process. 

Aerobic plate count (APC) 

Results of APC during the shelf-lie study are presented in Fig. 4.3. The 

initial microbial load of the control I is higher than that of the HPP treated samples 

by 1 or 2 logs. In addition, the microorganism in the control I grew faster than 

those of in the HPP treated samples. 



Table 4.1 Effect of HPP on the moisture content of oysters 
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Days Treatment 
Control I Control II 45k 30sec 50k Oht 50k lOsec 

1 79.70±0.06 a 87.3911.18 bc 87.1610.27 bc 88.110.10c 86.5810.11 b 

4 79.4710.07 a 90.0610.62 c 89.2510.03 b 88.8810.02 b 89.9910.11° 
7 79.93±0.03 a 87.9710.04 c 90.1110.16" 87.4210.16 b 87.8910.08 c 

11 79.8210.07 a 89.1910.03 <: 91.5210.08 e 90.47+0.12" 88.9310.04 b 

14 79.9510.11a 88.7810.10" 88.4410.08 c 89.5510.04 e 88.13+0.13" 
18 82.4910.10 a 88.1810.1 r 91.0510.07 e 87.2610.01 b 88.5+0.08" 
21 83.2210.00 a 86.6710.01 b 87.1910.03 c 89.51+0.01e 89.1410.01 " 
25 

a. b, c , d, e 
84.54+0.01 a 86.7910.25 b 

  .-tv. J:«-„_ 

87.88+0.10" 89.99+0.06e 87.2610.04 c 
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Figure 4.3 Changes in Aerobic plate count during 4 week of shelf-life 
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The Food and Drug Administration (1989) microbial standard for APC in 

freshly processed bivalve meats is <500, 000 CFU/g, with >1,000,000 CFU/g 

considered to be of substandard quality. The APC of control I reached 106 after 11 

d of storage, which was considered substandard quality, while control II reached 

this standard after 18 d and all the CP samples reached this standard after 21 d of 

storage. Since relatively low pressures were used in the CP process, the 

microorganism in the CP samples did not show much difference from control II. 

After the CP treatment, the initial microbial load of the CP samples was 0.2-1 log 

lower than control II. At the 14th day, the difference between the CP samples and 

control II was approximately 0.8-1 log, however, there were few differences by the 

end of the shelf-life study. CP treatment of 50k psi, 10 s showed a slightly better 

inhibitory effect than the other treatments during the shelf-life study. 

Anaerobic plate count (ANPQ 

The result of ANPC of the shelf-life study is presented in Fig. 4.4. The 

results are similar to that of APC. The log phase of microbial growth of the control 

I began only after one wk of storage, while all the HPP treated samples were 

extended until the middle of the second week. The CP treatment of 45k psi, 30 s 

and 50k psi, 10s could reduce the anaerobic microorganisms to an undetectable 

number during the first wk of shelf-life study. The CP treatment of 45k psi, 30s, 

showed a slightly better inhibitory effect than the other treatments during the shelf- 

life study. 



Fgiure 4.4 Changes in Anaerobic plate count during 4 week shelfe-life 
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Coliforms 

The changes of coliforms counts in this study are presented in Fig. 4.5. 

Harvest level of coliforms in the shellstock oysters are generally lower in the winter 

time when water temperatures are low. (Cook 1989; Ruple 1992). The initial 

coliforms load of control I was low because water temperature was relatively cool 

(7.50C) as oysters were harvested in February (Wiegardt Brother Inc. 2000). The 

coliforms of the control I slightly increased during the first 14 d of storage, 

afterwards, there was a decrease. The decrease may be due to the low pH and 

competition from other microorganisms. Coliforms in the HPP treated samples 

were undetectable through the initial lid of shelf-life study, and then the log phase 

growth began. There were large differences between the CP samples and control n 

in the coliforms counts, especially after 21 d of storage. Results showed that the CP 

treatments significantly inhibited coliforms' growth in the oysters. Similar to APC 

results, CP treatment of 50k, 10 s showed slightly better effects during the shelf-life 

study. 

Protease 

Proteases are involved in a multitude of biological processes. The protease 

action in most regulatory processes is restricted to the peptide bond located at 

specific sites of specific proteins (Polgar 1989). 



Figure 4.5 Changes in Coliforms during 4 week of shelf-life 
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The texture of food products is changed by hydrolysis of proteins by 

endogenous and exogenous protease. Some proteases will effect gel formation in 

the food. Microbial proteases during aging of cheese assist in development of 

flavor. Protease activity in wheat gluten proteins of bread dough during rising is not 

only important to the mixing characteristics, and energy requirement but also to the 

quality of the baked bread. The effect of protease in the tenderization of the meat is 

perhaps best known and is economically most important (Fennema 1996). Many 

types of proteases (acid, neutral, alkaline) are involved in postmortem textural 

degradation offish muscles (Wasson 1992). Numerous fish species, such as Pacific 

whiting (Merluccius productus), arrowtooth flounder {Atheresthes stomias), 

Atlantic croaker {Micropogon undulatus), and mackerel {Scomber australasicus), 

have not been utilized to their full value due to protease- induced soft texture (An 

and others 1995). Proteolytic degradation is a serious problem, especially to the 

surimi industry, because it may inhibit optimal gel formation (An and other 1994). 

The pressure stability of protease is complicated. In general, fish enzymes 

are more sensitive to pressure than mammalian enzymes (Simpson 1998). It is also 

obvious that proteases in different fish species have different pressure stability. 

Chung (1994) pointed out that proteases in Pacific whiting remained active during 

pressure treatment 35k psi, 50oC, while Simpson reported (1998) that pressure 

began to inactivate protease of bluefish and sheephead above 15k psi. It was 

reported that the extent of inactivation of protease was generally higher in the crude 

enzyme extracts than that from pressurized intact fish tissue. It is speculated that 
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other components naturally present in the more complex intact tissue may have 

influence on pressure to achieve greater inactivation of the enzyme (Simpson 

1998). Protease is also pH dependent. Ohmori (1991) reported that the pressure 

effect on autolytic activity changed depend on the value of pH tested. 

There are three types of proteases in Pacific oysters: Protease I, II and III. 

The Protease I is a carboxypeptidase A-like enzyme, while II and III are trypsin- 

like enzymes. The molecular weight of proteases I, II, III are 23,000, 34,000 and 

31,000 respectively (Tsao and Nagayama 1991). It was reported that proteases in 

the oysters were closely related to formation of the special flavor of oyster sauce, a 

popular flavor additive in Asia. 

Results of protease activities during the storage period are given in Table 

4.2. All the HPP treatments significantly increased the protease activities in the 

oysters at the beginning of the shelf-life study. The pressure treatment 15-30k psi 

may induce the destruction of lysosomal membranes, cause leakage of these 

proteases into the cytosol, and increase the autolytic activity in the extract. Pressure 

at 45-75k psi denatured the tissue protein and increased their proteolytic 

susceptibility (Ohmori 1991). 

The protease activity of control I was relatively stable during the first 18 d 

of storage, after that it increased dramatically and there was no significant 

difference from that of the HPP treated sample. The increase may be related to the 

spoilage of the oysters and release of bacterial proteases. The protease activities of 

HPP treated samples were relatively unstable and fluctuated within a certain range. 
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However, over the storage period all showed increase protease activity. There were 

no significant differences between the CP samples and control II in protease 

activities. 

Conclusions 

Microbial results of this study demonstrated that the HPP treatments were 

effective in producing oyster products with reduced bacterial counts. However, the 

CP treatments did not show significantly better inhibitory effect than the shucking 

treatment (35K psi, 2 min). The HPP treated samples had higher moisture content 

than control I. HPP treatments significantly increased the protease activity, 

especially at the beginning of the shelf-life study. 
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Table 4.2 Effect of treatments on Protease activity (jj.molTyr/g meat/hr) 

Days Treatment 
Control I Control II 45k 30sec 50k Oht 50k lOsec 

1 55.48±3.56a 103.74±2.77c 132.14±5.69d 81.6112.67" 121.7516.93 d 

4 66.32±3.80a 63.50±6.24 a 95.45±8.23 c 81.6413.09 b 102.5512.84° 
7 77.48±5.86a 122.27±8.55 cd 99.81±4.07b 108.4416.84 bc 136.417.98 d 

11 58.85±5.81 a 100.45±3.95b 86.9516.86 b 98.8214.55 b 125.9916.44 c 

14 76.71±3.82 * 97.81±3.80b 99.1216.26 b 121.4015.08 c 106.6915.60" 
18 89.06±2.50 a 127.40±8.41 b 138.6715.74 bc 155.8816.64 c 118.2714.86" 
21 131.35±2.14a 115.21±6.77b 129.6314.53» 146.8418.00 c 125.1213.10 a" 
25 165.76±2.86ab 132.40±7.93 c 182.2615.93 b 172.0817.20 ab 163.46+5.87 a 

a. b. c . d means within the same row with different superscripts are significantly different (p<0.05) 
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CONCLUSIONS 

The oyster shucking study showed that HPP treatments were effective in 

facilitating the removal of oyster meats from the shell and producing high quality 

Pacific oysters. The highest pressures were the most effective in shucking but had 

the most deleterious effect on oyster quality as measured by the QIM method. All 

pressure treatments decreased the microbial concentration, which should prolong 

the shelf-life. The HPP treatment of 45k psi, 0 min was most effective in reducing 

the microbial load during the first 13 d of storage. The pH of HPP samples 

decreased slightly from 6.3 to 5.7 during storage while the control (hand-shucked 

oysters) dropped to pH 4.4. Moisture content of the controls decreased slightly 

while HPP samples increased slightly. The best sensory quality during the shelf-life 

study was achieved by HPP treatment of 30k psi, 2 min. Results indicated that 

optimum shucking pressures caused minimum changes to Pacific oyster appearance 

are between the range of 35-40k psi. 

Results of post-shucking HPP study showed that high pressures were 

effective in producing oyster products with reduced bacterial counts. Because 

relative low pressures and short times were used, additional pressure treatments 

showed a slight increased bacterial reduction compared to the initial shucking 

treatment (35K psi, 2 min), except for coliforms counts. The pH of HPP samples 

decreased slightly from 6.3 to 5.7 during storage while the hand-shucked control 

dropped to pH 4.3. The HPP treated samples had higher moisture content than 
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hand-shucked controls. HPP treatments significantly increased protease activity, 

especially at the initial stage of the shelf-life study. 
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Introduction 

There is an increasing concern with safety of oyster consumption. There 

have been several cases of severe illness associated with the consumption of raw 

oysters in the U.S. with the majority being attributed to vibrios (CDC 1989). 

Several efforts have been made to purify oysters and render safety for human 

consumption. The newest treatment technologies currently being used in the oyster 

industry are individual quick freezing (IQF), cool pasteurization (Ameripure), and 

high hydrostatic pressure process (HPP) (Muth 2000). These treatments are proved 

to have effect on reducing Vibrios, however, there is also a concern of consumers 

about the treatments effects on the sensory characteristics of oysters. The objective 

of this study was to determine the effect HPP treatment on the sensory 

characteristics of oysters. 

Materials and methods 

Oyster treatments 

Oysters {Crassostrea gigas) were collected from an oyster processor in Bay 

Center, WA. A portion, to be used as control, were hand-shucked and rubber- 

banded at the processing plant. Shell oysters (live) were transported to the Flow 

Inc., WA and stored at 10oC. Samples were treated under pressure of 35k psi for 2 

min, using a 25 liter isostatic pressure unit (Flow International Corp, Seattle, WA), 

and rubber- banded. All samples were stored in ice for 72 hr before sensory testing. 
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Sensory analyses 

Hand shucked oysters (control) and HPP (35k psi, 2 min) treated oysters 

were evaluated by 78 panelists. The taste panel was comprised of 51 men and 27 

women. The tasting test was performed at the Astoria Crab Festival, April 30th 

2000. There was one tasting session. The panel was set up at the entrance of the 

festival. All panelists were randomly picked and asked to perform the test right 

after they enter the entrance. Each panelist received two oysters in the half-shell. 

The oyster quality was evaluated for appearance, odor, texture or mouthfeel, flavor 

and general acceptability. Results were recorded using a 7-point hedonic scale, with 

1 designating 'dislike very much' and 7 'like very much'. 

Statistical analysis 

Data were analyzed for significant differences using an analysis of variance 

(ANOVA). All statistical analysis was performed using STATGRAPHICS Plus 

Version 3.1 (Statistical Graphics Corp, Rockville, MD). 
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SURVEY QUESTIONNAIRE 
Parti. 

The following questions are designed to help us understand some basic information 
regarding how you buy seafood. Answer them to the best of your ability. There are 
no right or wrong answers. 

1.   How often does your household consume oysters? 
Frequent (once a week)  Infrequent (once a month)  
Seldom(less than once a month)_ Never 

2.   How much of your oyster consumption was obtained from one of the five 
following descriptions: 

SOURCES      NONE    SOME    ABOUT HALF    MOST    ALL 

a.   Restaurants 0              1 2 3 4 
b.   Supermarket 0              1 2 3 4 
c.   Fish markets 0              1 2 3 4 
d.   Dockside purchases 0              1 2 3 4 
e.   Other 0              1 2 3 4 

3.   Please select the income range that best approximates your total actual 
household income 

0 to $10,000  10 to $30,000         30 to $50,000_ 
more than $50,000                    Refuse to ans1 wer 

to the i 4.   Please indicate your occupation according 
Professional                      Homemaker 

bllowing list 
White Collar 

Blue Collar                               Retired Refuse to answer 

5.   Please indicate your level of education 
Less than high school                     High school Tech/Vocational 
College                      Graduate school Refuse to answer 

6.   Gender 
Male 
Female 

7.   Please indicate your approximate age 
Under 18                                       8-35 
51-65                                            Over 65 

35-50 

8.   Please indicate the city and state where you reside in. 

City  State  
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Part II 

Please evaluate two fresh raw oysters samples. Look and taste each sample and rate 
of each attribute of samples using the scale below. Use the water to rinse your 
mouth and take 1 or 2 min rest between samples. 

APPEARANCE ODOR 

7 - like very much 
6 - like moderately 
5 - like slightly 
4 - neither like or dislike 
3 - dislike slightly 
2 - dislike moderately 
1 - dislike very much 

7 - like very much 
6 - like moderately 
5 - like slightly 
4 - neither like or dislike 
3 - dislike slightly 
2 - dislike moderately 
1 - dislike very much 

757 312 757 312 

TEXTURE or MOUTHFEEL FLAVOR 

7 - like very much 
6 - like moderately 
5 - like slightly 
4 - neither like or dislike 
3 - dislike slightly 
2 - dislike moderately 
1 - dislike very much 

7 - like very much 
6 - like moderately 
5 - like slightly 
4 - neither like or dislike 
3 - dislike slightly 
2 - dislike moderately 
1 - dislike very much 

757 312 757 312 

GENERAL ACCEPTABILITY 

7 - like very much 
6 - like moderately 
5 - like slightly 
4 - neither like or dislike 
3 - dislike slightly 
2 - dislike moderately 
1 - dislike very much 

757 312 
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Results and discussion 

The information of the panelists is given in Table Al. Data showed that 

90% of the panelists came from state of Oregon and Washington, 66% were 

between 35 and 65, and 65% were male. The information of the education, 

occupation and income showed that about 50% of the panelists were well educated, 

had a relatively good vocation and income over $30,000. A large portion (55%) of 

oyster consumption of the panelists was from restaurants. Most of them consume 

oyster infrequently or seldom. 

Means and standard deviation of hedonic scores for affective testing are 

presented in Table A2. Overall, the scores of both control and HPP treated oysters 

are high, rating close to 6 on a 7-point hedonic scale. The result indicated that 

oysters of both types were of good quality. Although the scores of HPP treated 

oyster are slightly higher than those of the control, there were no statistically 

significant differences (p<0.05) between the samples. Since the test was performed 

72 hr after the shucking process, some hand-shucked oysters showed a dehydrated 

appearance. Some of the panelists preferred HPP treated oysters' appearance and 

odor than the hand-shucked oysters. Most agreed that there is few differences 

between the two treatments. 

Conclusion 

Results showed no significant differences between hand-shucked and HPP 

treated oysters in major sensory characteristics. 
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Question I. How often does your household consume oysters? 
Frequent 

(once per week) 
Infrequent 

(once a month) 
Seldom 

(< once per month) 
Never 

11(14%) 29 (37%) 36 (46%) 3(3%) 

Question 2. How much of your oyster consumption was from one of the 5 following descriptors? 
(most of panelists choose more than more answer) 

Restaurants        Supermarket Fish market Dockside Other 
55 38 37 27 

Question 3. Please select the income range that best approximately your total actual household 
income ($) 

0-10,000 10-30,000 30-50,000 >50,000 No answer 
0 11(14%) 24(31%) 36 (46%) 7 (9%) 

Question 4. Please indicate your occupation according to the following list 
Professional Homemaker White Collar Blue Collar Retired No answer 

47 (60%) 3(4%) 4(5%) 7 (9%) 14(18%) 3 (4%) 

Question 5. Please indicate your level of education 
<High 
school 

High school Tech/ 
Vocational 

College Graduate 
school 

No answer 

1 (1%) 16(21%) 4 (5%) 33 (42%) 18(23%) 6 (8%) 

Question 6. Gender 
Male Female 

51(65%) 27(35%) 

Question 7. Please indicate your approximate age 
<18 18-35 35-50 51-65 >65 

0 14(18%) 27 (35%) 24(31%) 12(14%) 

Please indicate place where you reside in 
Oregon Washington Others 

43 (55%) 27(35%) 8(10%) 

Table A2.2 Effect of treatments on oyster sensory qualities 

Treatment Appearance Odor Texture Flavor General 
Control 5^1.38* 5.6611.281 5.76±1.43a 5.89±1.31 a 5.86±1.29a 

35k, 2min 5.91±1.17a 5.9111.24' 6.01±1.16a 5.9911.24' 6.19±0.96a 

a means within the same row with different superscripts are significantly different (p<0.05) 
*78 oysters and panelists for each treatment 
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