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Statistics for seafood landed by fishermen in the United States show shrimp 

among the three most economically important marine resources along with salmon and 

tuna. Under the recent impetus of increased markets, shrimp catch volumes have 

expanded considerably in the Pacific Northwest. The increased demand has resulted 

in a decrease of natural stocks and as a consequence shrimp is caught at far distances 

from processing plants. On-board storage on ice or refrigerated seawater for up to 4 

days is currently the common practice. The result is a decrease in freshness and 

quality of the final product. However, consumer demand for product quality and 

safety improvements are increasing. New preservation technologies utilizing enzymes 

considered safe by regulatory agencies could help retain product quality and safety. 

The effect of glucose oxidase (GOX)-catalase (CAT) with different GOX/CAT 

ratios and of the chemicals produced by GOX, gluconic acid and hydrogen peroxide, 

were evaluated on four microorganisms usually present in shrimp. The in vitro studies 

showed that growth inhibition was independent of the enzyme ratio within the limits 



tested. Hydrogen peroxide inhibited Pseudomonasfluorescens, Hansenulapolymorpha 

and Acinetobacter calcoaceticum. Corynebacter aquaticum was inhibited by gluconic 

acid but was not affected by hydrogen peroxide. 

The potential of GOX/CAT as a preservation system was assayed in a model 

system. The nature of a previously observed solution discoloration was also 

investigated. Fresh shrimp were frozen, radiation-sterilized, inoculated with 

Pseudomonas fluorescens, and immersed in a solution consisting of the enzymes, 

glucose oxidase/catalase, in artificial seawater with 4% glucose. Changes in the 

shrimp and the solution were followed by total plate counts, and ammonia and total 

volatile nitrogen levels. Solution discoloration was followed spectrophotometrically 

at 420 nm. The GOX/CAT system was found to inhibit solution discoloration, and 

growth of the test organism and as a result, inhibited the production of ammonia and 

total volatile nitrogen. When the GOX/CAT system was assayed on fresh shrimp, it 

reduced the initial bacterial load of the solution and slowed the production of basic 

nitrogenous compounds but had a minimal effect in extending the shelf life of fresh 

shrimp. 
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Effectiveness of Glucose Oxidase/catalase for On-board Preservation of Shrimp 

I. INTRODUCTION 

Statistics for seafood landed by fishermen in the United States show shrimp 

among the three most economically important marine resources along with salmon and 

tuna. Under the recent impetus of increased markets, shrimp catch volumes have 

expanded considerably in the Pacific Northwest (Hannah and Jones, 1991). The 

innovation of an efficient shrimp peeling machine allowed the small shrimp variety 

{Pandalm jordani) of this area to be processed without excessive labor costs (Lee and 

Pfeifer, 1977). This fishery began in 1957 and by 1989 landings on the West Coast 

totaled 81.5 million pounds representing a value of 32 million dollars. U.S. total 

landings were 350 million pounds with a value of 470 million dollars (Anonymous, 

1990a). The increased demand has resulted in a decrease of natural stocks and as a 

consequence shrimp is caught at far distances from processing plants. On-board 

storage on ice or refrigerated seawater for up to 4 days is nowadays common practice 

(Dondero et al., 1990). The result is a decrease in freshness and quality of the final 

product. However, consumer demand for product quality and safety improvements are 

increasing. Fishery products, particularly shrimp, are inherently perishable, and their 

quality depends upon a number of factors, including storage time and temperature. 

Deterioration of shrimp quality is caused by endogenous enzymes, microorganisms 

(Cobb et al., 1976) and physical handling.   Loss of quality during early storage is 
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mainly caused by autolysis, whereas long term deterioration is the result of bacterial 

action (Fatima et al., 1988). 

Several methods for shrimp preservation have been investigated including 

chilling and dipping in a solution containing 10% condensed phosphate, 5% sodium 

sorbate, and 0.9% citric acid (Flores, 1982); controlled atmosphere storage (Matches 

and Layrisse, 1985); storage in refrigerated seawater (Lee and Kolbe, 1982); 

immersion in C02 modified refrigerated seawater (Bullard and Collins, 1978); and, 

superchilling (-30C) (Fatima et al., 1988). 

Field et al. (1986) reported a 67% increase in the shelf life of fresh flounder 

dipped in a glucose solution containing the enzymes, glucose oxidase and catalase 

(GOX/CAT). This system generates gluconic acid which lowers surface pH and could 

explain the preservative effect. This method was also evaluated by Shaw et al. (1986) 

using cod and Dondero et al. (1989) using hake and jack mackerel, but few, if any, 

benefits were apparent in chemical, microbial or sensory assessment of the fillets. 

Frels et al. (1984) evaluated this method on poultry meat and found no significant 

growth inhibition of Salmonella spp. but a significant effect on total microbial counts 

on fresh broiler legs stored at 40C. Dondero et al. (1990) working with shrimp 

{Heterocarpus reedi) found glucose oxidase to have a significant inhibitory effect on 

the growth of the psychrotrophic flora, including the main spoilage microorganism, 

Pseudomonas spp. The effect was found to be more pronounced if the treatment was 

applied immediately after catch. The different degree of success in the use of the 

glucose-glucose oxidase system suggests that the enzyme effectiveness could be species 



or microflora dependent. 

Another factor that could limit the usefulness of the glucose oxidase/catalase 

system is the observation by Dondero et al. (1990) of discoloration of the enzymatic 

solution. They suggested that the discoloration could be caused by Maillard reaction 

or melanin compounds formed in the shrimp and solubilized into the solution. The 

compounds necessary for Maillard browning are present in the solution. Glucose is 

added as the substrate of glucose oxidase and amino compounds or amino precursors 

in the form of soluble free amino acids, trimethylamine oxide, nucleosides and 

nucleotides are present in shrimp (Greer, 1989). 

The purpose of this study was to determine the feasibility of the use of glucose 

oxidase/catalase for the on-board preservation of Pacific shrimp (Pandalus jordani). 

The study was done in three steps: 

1. A model system consisting of four microorganisms present in the shrimp 

microflora was used to determine the growth inhibition and mode of action of 

GOX/CAT. 

2. A second model system consisted of irradiated shrimp inoculated and colonized 

with Pseudomonas fluorescens. Microbial and chemical parameters were used 

to follow deterioration of shrimp and solution. 

3. A final study evaluated the effectiveness of the enzymes on commercial shrimp 

{Pandalus jordani) with their native microflora. 



H. LITERATURE REVIEW 

Shrimp harvesting 

Pink shrimp live in the Pacific Ocean from Unalaska, Alaska to San Diego, 

CA. Commercial concentrations occur from Destruction island, WA, to Cape 

Mendocino CA (Hannah and Jones, 1991). Its commercial size ranges between 50 

shrimp per pound (about 9 g individual weight) to over 150 shrimp per pound (about 

3 g individual weight) (Cheung, 1976). Fishing occurs between April and October 

when shrimp are most abundant, particularly on hard bottoms in waters 120-240 feet 

deep. Shrimp are caught by towing a trawl net from the stem of the trawler. As the 

net scrapes over the mud of the bottom, shrimp and other marine life are disturbed and 

funneled into the bag or tail of the net. After one to three hours of trawling, the net 

is hauled aboard and emptied (Idyll, 1976). Shrimp are separated from trash fish, 

washed with seawater, and stored in the hold of the vessel with alternating layers of 

ice. The stored whole shrimp may remain there up to four days. Shrimp are 

transported to the processing plant where they are unloaded and either stored or 

processed immediately. 

Post-catch deteriorative changes 

Shrimp, like most seafood, are highly perishable and factors responsible for 

their spoilage are of special interest to the seafood technologist. Shrimp begin to 

undergo degradative changes in muscle proteins immediately after catch.   Changes 
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occurring in post-catch shrimp cannot be stopped by icing, chilling, or even freezing. 

Proper on-board handling and holding are the most important factors for a good quality 

product (Ward and Baj, 1988). Delayed handling greatly affects the quality of shrimp 

post-catch (Fieger et al., 1958; Dondero et al., 1990). Fresh shrimp held at 30oC 

start developing off-color and off-odor after three hours, and after six hours if the 

temperature is 20oC (Cobb et al., 1977). Once the product is delivered to the 

processing plant very little can be done (Pedraja, 1970). 

Deterioration of shrimp quality is generally considered to result from the 

combined action of enzymes from tissues and contaminating microorganisms, chemical 

reactions, and physical handling (Fieger and Friloux, 1954). Loss of quality during 

the early periods of storage is mainly caused by autolysis, shrimp has been reported 

to contain catheptic-like enzymes that rapidly break down proteins (Fieger and Novak, 

1961). The primary result of autolysis is softening of texture but not direct spoilage. 

Shrimp tissues are more delicate than tissues of other animals because of the reduced 

hydroxyproline content in shrimp collagen. This may be the reason for the ease with 

which shrimp tissues are degraded by enzymes (Thompson and Farragut, 1970). 

Shewan (1977) held aseptically excised fish flesh under sterile conditions at low 

temperature for up to 6 weeks without noticing spoilage, thus demonstrating that 

autolysis does not contribute directly to off-odors. Longer storage results in 

deterioration mainly through bacterial action (Fieger and Friloux, 1954; Fatima et al., 

1988). Chemical and enzymatic activities cause musty and cooked shrimp off-odors, 

while putrid and sour odors are produced by bacteria growing in the shrimp (Cobb et 
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al., 1977; Shewan and Murray, 1979; Van Spreekens and Toepoel, 1981) (Table 11.1). 

Fieger and Friloux (1954) described the changes in quality of ice-stored Gulf 

shrimp in three phases. During the first seven days, they observed a gradual loss of 

the typical sweet flavor and a retention of flesh firmness. The second phase (seven 

days) was characterized by a tasteless and soft cooked meat. Rapid deterioration, 

softer flesh and presence of off-odors characterized the last phase. On the other hand, 

Riaz and Qadri (1979), described the quality of iced shrimp from the Indian Ocean as 

good for the first three days, acceptable from the fourth to the tenth, and poor after the 

tenth. Other authors state four stages for seafood decomposition (Silliker, 1980) 

(Table II.2). 

The levels of total nitrogen, protein nitrogen, and non-protein nitrogen decrease 

in post-catch shrimp (Flores and Crawford, 1973; Wilaichon et al., 1977). Total 

volatile nitrogen (TVN) content of iced shrimp (corrected for drip) increases with time; 

however, production is not appreciable until bacterial levels reach 107 cfu/g (Cobb et 

al., 1976; Chang et al., 1983; Shamshad et al., 1990) whereas amino acid nitrogen 

(AA-N) decreases in a first stage (Cobb et al., 1976; Farooqui et al., 1978) as a result 

of drip loss (Cobb et al., 1976), and later on increases (Greer, 1989). This increase 

is caused by the action of bacterial proteinases on fish muscle. The TVN/AA-N ratio 

has been proposed as an indicator of spoilage (Cobb and Vanderzant, 1975). Under 

certain conditions, a good correlation between bacterial numbers and trimethylamine 

levels in fish has been found (Laycock and Regier, 1971). Flores and Crawford (1973) 

found an initial increase (1 day) in trimethylamine oxide (TMAO) and a subsequent 
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decrease for 7 days, while trimethylamine (TMA), dimethylamine (DMA), and 

formaldehyde (FA) increased continuously for 8 days. Trimethylamine oxide can be 

used as a terminal electron acceptor in reduced oxygen environments where bacteria 

such as Alteromonas putrefaciens reduce TMAO to trimethylamine (Flores and 

Crawford, 1973; Hobbs, 1983). The appearance and increase in dimethylamine and 

formaldehyde is explained by the degradation of trimethylamine oxide by endogenous 

enzymes (Flores and Crawford, 1973). The pH value of shrimp increases 

progressively through storage (Bailey et al., 1956; Bethea and Ambrose, 1962; 

Shamshad et al., 1990), apparently caused by an increase in trimethylamine levels 

(Dyer et al., 1944). Indole level is used by the U.S. FDA to validate the sensory 

evaluation of shrimp decomposition and a level of less than 25 /zg indole/100 g has 

been established for class 1 shrimp (Chang et al., 1983). It has been shown that indole 

is produced in appreciable quantities when shrimp are subjected to temperature abuse 

(Smith et al., 1984; Shamshad et al., 1990). Indole is produced by bacterial action by 

two different mechanisms (Smith et al., 1984). At temperatures above 10oC, highly 

proteolytic indole-positive organisms, such as Aeromonas and Proteus, breakdown 

shrimp protein providing the tryptophan which is subsequently converted to indole. 

Indole production in shrimp held at lower temperatures is most likely due to 

psychrotrophic, non-proteolytic organisms such as Flavobacterium spp. that produce 

indole once proteolysis by spoilage organisms frees tryptophan from muscle proteins. 

Smith et al. (1984) and Shamshad et al. (1990) concluded that, while high indole levels 

in shrimp indicate decomposition through temperature abuse, decomposed shrimp held 
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at low temperature may not necessarily contain indole. 

Although there is evidence in support of protein degradation as a spoilage 

mechanism (Thompson et al., 1985), low molecular weight nonprotein muscle 

constituents have been proposed as precursors of spoilage metabolites (Lerke et al., 

1967). These low molecular weight constituents can support bacterial growth to 

densities of approximately 10" cfu/g (Lerke et al., 1967). Furthermore, Lerke et al. 

(1967) found that although Pseudomonas spp. grew equally well on a protein and a 

nonprotein substrate the protein fraction showed no sign of spoilage while in the 

nonprotein fraction spoilage was demonstrated by chemical (TMA) and organoleptic 

(odor) criteria. Shrimp muscle contains over 300 mg of nitrogen/100 of meat, which 

is considerably higher than that for fish. The presence of high quantities of free amino 

acids and nitrogenous extractives (ammonia, TMA, creatine, taurine, uric acid, 

anserine, and histamine) in shrimp meat makes them quite susceptible to rapid attack 

by the spoilage flora (Jay, 1986). However, the formation of intensely malodorous 

sulfur containing volatiles may require the release of necessary amino acid substrates 

from muscle proteins (Liston, 1982). Autolytic products are also capable of serving 

as substrate for an enzymatic browning reaction (melanogenesis) observed in shrimp 

(Bailey and Fieger, 1954; Bailey et al., 1956). Phenolamine derivatives, e.g. tyrosine 

and phenylalanine, which are formed via the hydrolysis of shrimp proteins are 

converted by the enzyme polyphenol oxidase (PPO) to melanins which give the shrimp 

an undesirable black color ("black spot"). 



Microbiology of shrimp 

The vast majority of seafood spoilage is due to the growth and metabolic activity 

of psychrotrophic bacteria (Herbert et al., 1971). The obvious conclusion which can 

be drawn from this statement is that reducing the initial bacterial load and inhibiting 

subsequent microbial multiplication would lead to slower seafood deterioration. 

An early study of freshly caught shrimp from the Gulf of Mexico (no species 

identified) showed an average bacterial count of 42,000 cfu/g on plates incubated at 

250C (Green, 1949). The count increased to 55,000 cfu/g by the time shrimp were 

unloaded. Ridley and Slabyj (1978) reported an aerobic plate count of 530 cfu/g for 

Pandalus borealis at an incubation temperature of 350C. Bacterial counts using a salt 

water medium and an incubation temperature of 210C, were significantly higher; 1.1 

105 cfu/g. Studies on Pandalus jordani reported an average count of 1.6 10* cfu/g (at 

250C) for shrimp landed at the dockside, i.e., shrimp that had been stored in ice from 

one to four days (Lee and Pfeifer, 1977). In a similar work with Gulf shrimp 

(Penaeus aztecus and Penaeus setiferus), Vanderzant et al. (1970) reported counts 

ranging between 1.1 10* and 1.3 lO" cfu/g (at 28 0C) for shrimp that had been held 

between one and eight days in ice in the hold of the boat. Counts increased greatly 

when the shrimp were stored in ice for an additional seven days to a range between 

34,000 and 7 107 cfu/g (Vanderzant et al., 1970). In a national (US) survey 

(Swartzentruber et al., 1980), the average count of frozen, raw, in-shell shrimp was 

8 105 cfu/g at an incubation temperature of 30oC. Counts for frozen, raw, peeled 

shrimp were very similar. 
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It has been observed that microbial counts for shrimp held in ice decrease after 

a few days of storage and then increase. The decrease is caused by the washing effect 

of melting ice (Campbell and Williams, 1952; Cobb et al., 1976).   For the same 

reason, microbial counts of shrimp located in the upper layers of the icing bins are 

generally much lower than those of shrimp of similar age post-catch located in the 

bottom layers (Green, 1949).   Important factors affecting bacterial counts of fresh 

shrimp are season, area of catch, and length of trawling.   However, differences in 

handling of shrimp on the boat, sanitary conditions in the hold and of the ice and time 

and temperature of storage also play a major role (Vanderzant et al., 1970).  Heinsz 

et al. (1988) studied the microflora of brown shrimp and reported initial bacterial 

counts of 2.5 10* cfu/g in commercial shrimp and 2.5 105 cfu/g for shrimp harvested 

under controlled sanitary conditions. Lee and Kolbe (1982) found a 1000 fold increase 

in bacterial levels of refrigerated seawater when it was initially recirculated and a 

further 10 fold increase in a three day trip in a commercial boat.   In a simulated 

experiment done onshore in sanitary conditions, there was an initial 10,000 fold 

increase in bacterial counts when shrimp were added but beyond that no change was 

noticed for 7 days.    Bacterial counts are highly dependent on the incubation 

temperature. Green (1949) found that, for the same sample, counts at 370C were only 

a fifth of counts at 25 0C. However if the incubation temperature is low the differences 

are minimal, Heinsz et al. (1988) found no significant differences in counts incubated 

at 4 and 220C. 

Lee and Pfeifer (1977) studied the microbial population of Pacific shrimp 
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(Pandalus jordani) at each phase of processing: from landing to shipment to market. 

The  predominant   microorganisms  at  landing  were Moraxella,   Pseudomonas, 

Acinetobacter, Anhrobacter, and Flavobacterium-Cytophaga spp. This flora was very 

similar to that of Pacific Dungeness crab {Cancer magister) (Lee and Pfeifer, 1975). 

The similarity was attributed to the vicinity of the environments from which the two 

species are harvested.    This supports the thesis that the bacterial flora of the 

environment in which the species are caught plays a major role in determining their 

flora.   Predominant groups in fresh and ice stored Gulf shrimp are "Coryneforms" 

{Anhrobacter spp.), Pseudomonas spp., Moraxella spp., and Micrococcus spp. 

(Vanderzant et al., 1970). "Coryneforms" dominated microbial flora of fresh shrimp, 

whereas Pseudomonas spp. were the predominant group in ice stored Gulf shrimp. 

These authors attributed the microbial flora difference of Pacific and Gulf shrimp to 

differences in species, marine environment, handling on board, and length and 

temperature of storage.   In general gram-positive microflora (micrococci, bacilli, 

coryneforms) are predominant in warm-water fish, while cold-water fish will carry a 

predominantly gram-negative population {Moraxella, Acinetobacter, Flavobacterium 

and   Vibrio)   (Shewan,   1977).      Several  workers  report  a  preponderance  of 

"Achromobacter"   {Moraxella-Acinetobacter)   and   the   significant   occurrence   of 

coryneform bacteria and micrococci in temperate water crustaceans (Silliker, 1980). 

During storage of shrimp in ice, Pseudomonas emerges as the dominant and 

most   metabolically   significant  spoilage  organism   (Jay,   1986;   Greer,   1989). 

Coryneform bacteria may persist at levels in excess of 10% of total bacterial 
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population, but micrococci are present in only small number (Silliker, 1980). In 

growth potential studies, Lee and Pfeifer (1977) found that Pseudomonas spp. had the 

shortest generation time at 10oC (3.9 h), with Morpxella spp. showing a similar value 

(4.2 h). Shewan and Murray (1979) reported a generation time of 30.2 h. and 6.7 h. 

at 0oC and 40C respectively for P. fluorescens isolated from fish. Growth rates of 

Arthrobacier spp., Flavobacterium-Cytophaga spp., and Acinetobacter spp., at 10oC, 

were twice as slow as those of the former groups (Lee and Pfeifer, 1977). Lerke et 

al. (1965) did not find spoilers among 76 Coryneforms, 159 Micrococci and 42 

Flavobacteria isolates, while 29% of Achromobacteria (Moraxella-acinetobacter) and 

Pseudomonads spoiled pressed juice from fillets. These results agree with the work 

of Gillespie (1981) who reported that out of 1100 Pseudomonas-like bacteria, 248 

(22.5 %) produced musty, amine or sulfhydryl odors. Most of the sulfhydryl producing 

strains were identified as Alteromonas putrefaciens. Pseudomonas fluorescens was 

reported to produce musty but not amine or sulfhydryl type odors (Gillespie, 1981). 

However, Shewan (1979) reported the production of strong ammonia and sulfhydryl 

odors by several P. fluorescens strains on inoculated fish muscle (Table II. 1). Heinsz 

et al. (1988) reported that the natural microflora of freshly caught Georgia coast 

shrimp (Penaeus aztecus) were predominantly Acinetobacter, Enterobacter, and 

Flavobacterium spp. while that of commercial shrimp was predominantly 

Acinetobacter, Moraxella and Corynebacterium. After 18 days of ice storage 

Acinetobacter and Flavobacterium spp. predominated on both fresh and commercial 

shrimp producing strong off-odors.   Aside from the Pseudomonads, other frequently 



13 

isolated usually but minor components of the psychrotrophic spoilage flora include 

Moraxella, Acinetobacter, Brochothrix thermosphacta, and Alteromonas putrefaciens. 

The spoilage potential of these organisms is only manifest under restricted conditions 

where the growth of Pseudomonas spp. is suppressed (Greer, 1989). 

In addition to bacteria, yeasts and occasionally fungi are reported to occur on 

fish and shellfish. Although there is less information available on these 

microorganisms, there is little or no evidence to suggest an important role for either 

yeast or fungi in changes that occur in ice stored fish and shellfish. There have been 

some reports indicating that a psychrophilic pink yeast may have been responsible for 

spoilage of stored oysters (Silliker, 1980). Pagnocca et al. (1989), working with 

shrimp off the Brazilian coast (Penaeus schmitti) found yeast populations on the order 

of 102 cfu/g.  One of the yeasts identified was Hansenula spp. 

During processing of shrimp, blanching and peeling tend to selectively eliminate 

Moraxella spp. (Lee and Pfeifer, 1977). Analysis of growth characteristics and heat 

sensitivity of the bacteria associated with shrimp supported the conclusion that the 

presence of Anhrobacter and Acinetobacter spp. in peeled shrimp might indicate 

inadequate cleaning of raw shrimp or an inadequate blanching time. The presence of 

Moraxella and Flavobacterium spp. would indicate the degree of secondary 

contamination while the presence of Pseudomonas spp. would indicate shrimp storage 

age. 
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Shrimp preservation techniques 

The usual method of preserving catches of shrimp between the time shrimp are 

caught and when they are landed by the trawler is to store the catch in crushed ice 

(Fatima et al., 1988). The temperature of the catch is kept near 0oC slowing down 

bacterial growth and biochemical deterioration. While the use of ice is beneficial in 

the preservation of seafood, it is not without its disadvantages. Holston and Slavin 

(1969) suggested that some of the undesirable attributes of ice are: a tendency to injure 

and bruise the flesh, and a leaching of flavor components and nutritionally desirable 

minerals, as well as water soluble proteins. 

Different methods for the preservation of seafood have been investigated 

including refrigerated seawater with and without carbon dioxide (Bullard and Collins, 

1978; Lee and Kolbe, 1982); chilling and dipping in a solution containing 10% of a 

mixture of sodium salts of pyrophosphate, tripolyphosphate and hexametaphosphate 

(condensed phosphate), 5% sodium sorbate, and 0.9% citric acid (Flores, 1982); 

controlled atmosphere storage (Matches and Layrisse, 1985); and superchilling (-30C) 

(Fatima etal., 1988). 

Condensed phosphates were tested as an improved procedure for holding 

Pandalus jordani post-catch (Flores, 1982). Chilling (2-40C) for 10 min in a solution 

containing 10% condensed phosphate, 5% potassium sorbate, and 0.9% citric acid (pH 

6.7) stabilized shrimp to microbial spoilage. This procedure allowed refrigerated 

storage of shrimp eliminating the need for ice and the accompanying deteriorative 

effects of water absorption and protein solid loss mediated by melting ice.    The 
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antimicrobial action of the treatment extended the time for the initiation of exponential 

growth by three days and the time to reach 10* cfu/g by 4.5 days over shrimp held in 

ice. Condensed phosphate under optimum pH conditions retarded drip loss from 

shrimp during subsequent storage and protected shrimp musculature from moisture and 

protein solid loss through steam cooking. The yield of cooked meat improved, by 

maintenance of dry matter yield. Cooked meat composition was maintained very close 

to that observed for very fresh shrimp (< 1 day old). 

Since 1980 there have been several reports on the beneficial effects of storing 

fishery products under C02, including reduction in the formation of ammonia and 

trimethylamine, lower pH values, lower bacterial counts, and a shift in the microbial 

populations from gram-negative to a predominance of gram-positive bacteria (Banks 

et al., 1980, Brown et al., 1980, Parkin et al., 1981, Lannelongue et al., 1982a, 

Lannelongue et al., 1982b). Layrisse and Matches (1984) studied the microbiological 

and chemical changes of Pandalus platyceros stored under air, and 50 and 100% C02 

at 0 to 20C. They found that only 100% carbon dioxide was effective in extending the 

lag in bacterial growth (8 days), but by day 10 counts for all treatments were similar. 

Ammonia production was not slowed down by the C02 atmosphere and followed the 

same trend as the air packaged shrimp. The researchers did notice a change in the 

microbial flora from mixed gram-negative and gram-positive to predominantly 

gram-positive. The shelf life was 12 and 16 days for head-on shrimp and head-off 

shrimp respectively. However the 100% C02 atmosphere resulted in an increased drip 

loss. 
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The effect of superchilling on the storage of shrimp was tested by Fatima et al. 

(1988). Shrimp (Penaeus merguiemis) were stored in crushed ice and kept at -30C 

and 0oC. Bacterial counts in superchiUed shrimp decreased in the first days and then 

remained constant for the duration of the study (20 days), in contrast in ice stored 

shrimp counts increased from 105 cfu/g at day 0 to 10* cfu/g at day 20. Increase in 

total volatile bases and trimethylamine was significantly lower in superchiUed than iced 

shrimp. The commercial limit of 30 mg nitrogen/100 g shrimp was never reached in 

the superchiUed samples. Prime quality as determined by sensory characteristics was 

maintained for 16 days for superchiUed shrimp against 8 days for shrimp iced at 0oC. 

Refrigerated seawater (RSW) and carbon dioxide-modified refrigerated seawater 

(MRSW) have been shown to delay spoilage in shrimp, compared to storage on ice 

(Bullard and Collins, 1978). Systems using some kind of RSW have begun to replace 

ice in certain fisheries, especially in the Pacific Northwest (Lee and Kolbe, 1982). 

RSW eliminates dependence on sometimes scarce and costly ice, and reduces the labor 

cost needed to mix the shrimp and ice. Seawater composition can be easily modified 

and shrimp may be superchiUed to below 0oC (Lee and Kolbe, 1982). However the 

system has to overcome several limitations. One is the inherent characteristic of 

exposing the entire content of the fish hold to a common environment of recirculating 

seawater. Any "hot spot" or poorly refrigerated section of the hold will eventually 

affect the entire catch. The implications of this statement are underscored in the work 

performed by Lee and Kolbe (1982) who found a 1000 fold increase in bacterial levels 

of refrigerated seawater when it was initially recirculated, without shrimp added and 



17 

a further 10 fold increase in a three day trip in a commercial boat. The authors 

reported that the recirculating water seemed to be quickly contaminated by 

inadequately cleaned surfaces of the fish hold and by debris remaining in pipes and on 

wooden bin boards. They found microbial counts on the order of 10s cfu/g in fish 

hold ceiling scrapings even after the hold had been cleaned and sanitized. Additionally 

new catches of unchilled shrimp will continually be added during the trip, each time 

creating a temperature fluctuation (Lee and Kolbe, 1982). In a simulated experiment 

done onshore in sanitary conditions, Lee and Kolbe (1982) found that under optimum 

conditions RSW spray can maintain the freshness of shrimp for 5 days. 

The injection of C02 in the brine (MRSW) to control bacterial growth by 

lowering the pH, has been reported to be superior to ice in slowing pink shrimp 

(Pandalus borealis) deterioration (Bullard and Collins, 1978). They reported a shelf 

life of shrimp held in MRSW (3.5% brine, pH 6.1 to 6.9) at -1.70C of 9.5 days 

against 6.5 days for ice stored shrimp. 

The traditional method of processing North Sea shrimp (Crangon crangon) 

consists of boiling the live shrimp in seawater on-board the ship. Shrimp taken 

directly from the cooking vessel are nearly sterile but during cooling in seawater and 

subsequent handling considerable recontamination occurs. In the Netherlands, 

shrimping is a day fishery and cooling is often not required. The catch is usually 

preserved by the addition of benzoic acid at the auction hall (Van Spreekens and 

Toepoel, 1981). 
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Glucose oxidase/catalase system 

Glucose oxidase (E.G. 1.1.3.4 B-D-glucose:oxygen oxidoreductase) catalyzes 

the oxidation of glucose to gluconic acid with the production of hydrogen peroxide. 

Enzyme preparations contain catalase that decomposes the H202 to H20 and 02, and 

can also catalyze peroxidation reactions. Enzyme sources are Aspergillus niger, 

Penicillium amagaskinense, and Penicillium vitale. Its molecular weight ranges from 

140,000 to 190,000 daltons. It is most effective between pH 4.5 and 7.0, and 30 to 

600C with an optimum between pH 5.5 to 5.7 and 35°C (Pitcher, 1980). 

Commercial preparations of glucose oxidase/catalase (GOX/CAT), e. g. orazyme, 

fermocozyme, oxyBan, and DeeO, also contain other enzymes such as invertase, 

amylase, maltase, and cellulase. Industrial applications of the GOX/CAT system 

include the stabilization of foods against problems arising from the presence of oxygen 

and glucose and the production of gluconic acid. Egg albumin, egg yolks, whole egg, 

dried meat, and potatoes are desugared to prevent the development of a brown color 

and off odors due to the Maillard reaction (Pitcher, 1980; Low et al., 1989). 

Available oxygen is scavenged from orange juice concentrates, syrups, and carbonated 

soft drinks like orange, lemon, and grapefruit to maintain freshness and color (Sagi and 

Mannheim, 1990). It is also used in beer, precooked shrimp, foods in sealed 

containers, mayonnaise and salad dressings, and white wine (Pitcher, 1980). 

GOX/CAT has been assayed with different degrees of success as a potential treatment 

to control microbial growth in fresh fish (Field, 1981; Wesley, 1982; Dondero et al., 

1989).   Field (1981) showed that GOX/CAT used as a dip, incorporated in ice or 
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immobilized on an algin blanket, extended the shelf life of whole and filleted winter 

flounder by 67%. Shaw et al. (1986) concluded that GOX/CAT had little positive 

impact on the microbial spoilage of iced cod fillets. Frels et al. (1984) working with 

poultry meat and a dip system indicated'that the use of glucose oxidase by itself is of 

questionable commercial value, but its use in conjunction with other dip systems or 

other preservation techniques needed to be evaluated. However, Dondero et al. (1990) 

recently reported that holding shrimp in a solution of GOX/CAT and glucose retarded 

microbial spoilage and inhibited shrimp discoloration. Furthermore, it was 

demonstrated that maintaining shrimp in solution was more effective than the dip 

system. Color changes in the enzymatic solution were also observed (Dondero et al., 

1990) but not investigated. 

Browning reactions 

In general there are four basic types of browning reactions that occur in foods: 

Maillard, caramelization, ascorbic acid oxidation and enzymatic browning. Maillard 

and caramelization reaction require elevated temperatures and a basic pH (Friedman 

and Molnar-Perl, 1990) and should be of little concern in the refrigerated storage of 

shrimp. Vitamin C (ascorbic acid) browning is a special case, leading to the 

destruction and loss of this important vitamin and to the production of furfurals as a 

result of degradative transformations. Vitamin C and its degradation products also 

participate with amino acids in Maillard browning (Anonymous, 1988). Polyphenol 

oxidase (PPO) (E.C. 1.10.3.10 diphenol:02 oxidoreductase) is responsible for the 
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discoloration on cut or damaged vegetable and fruit surfaces, and also in crustaceans 

(Joslyn and Ponting, 1951; Farkas and Kiraly, 1962; Simpson, 1987; Ferrer et al., 

1989).  It causes oxidation of phenolic compounds to quinones which spontaneously 

polymerize to form melanin, a process sometimes referred to as melanosis.   The 

molecular weight of PPO varies with the species being 30,000 daltons for Penaeus 

setiferus, and 213,000 and 76,000 daltons for Penaeus aztecus and Xyphopenaeus 

kroyerii, respectively (Simpson et al., 1987). 

One of the phenolic compounds most frequently used in PPO testing is DL 3,4- 

dihydroxyphenylalanine (DOPA). This substrate is oxidized to o-quinones which 

suffer a spontaneous non-enzymatic polymerization reaction to form dark-colored 

melanins (Kahn, 1985). The optimum conditions for the PPO-DOPA reaction are pH 

4.0 to 7.0 and 450C. The enzyme obtained from shrimp (Penaeus setiferus) is 

unstable above 50oC (Simpson et al., 1987). 

Browning in shrimp is undesirable not only because of the discoloration of the 

products (black spots) but also because the reaction produces off flavors (Oszmianski 

and Lee, 1990). A great number of studies have been conducted to prevent browning, 

including treatment with reducing agents, acidulants, chelating agents, other chemicals, 

and heat (Vamos-Viguiazo, 1981). The use of sulfur dioxide (sulfites) has been quite 

successful, but it has been limited recently due to the adverse reactions that it 

engenders in 4 to 8% of exposed asthmatics (Anonymous, 1986, 1987). In addition, 

consumer demand for natural additives has been increasing. Recently Lee (1984) 

reported that a small peptide (600 daltons) present in honey inhibits PPO.  Proteins, 
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peptides and amino acids can affect PPO activity in at least two ways: by reacting with 

the o-quinones, products of PPO activity; and by chelating the essential copper at the 

active site of PPO (Kahn, 1985). L-lysine, glycine, L-histidine and L-phenylalanine 

inhibit avocado and mushroom PPO to different degrees (Kahn, 1985). Model studies 

have shown that hydrogen peroxide produced by the action of glucose oxidase on 

glucose degrades and decolorizes melanoidins. These are compounds formed by the 

amino-carbonyl reaction and are similar in their chemical properties to the melanins 

(Hayase et al. 1984). Santos and Rand (1989) reported a 90% PPO inhibition by GOX 

and a delayed onset of color development, until completely oxidized by ascorbic acid 

(AA). In combination GOX, A A oxidation was retarded with a significant increase in 

stability and effectiveness. 



Table II. 1      Organoleptic changes in inoculated sterile shrimp muscle stored at 0 to 20C by pure bacterial cultures 

Microorganism Odor Compounds produced 

Pseudomonas groups I/II 

Pseudomonas fluorescens 

Pseudomonas fragi 

Alteromonas putrefaciens 

Moraxella spp. 

Photobacterium spp. 

musty, musty hay, musty cellar, fruity, aromatic, 
NH,, pungent, cabbage,rotten cabbage 

strong NH.,, amines sour sink, sulfhydryl, putrid 

fruity 

musty, musty cellar, (a little) NR,,cabbage-like, dirty 
rabbit hutch,rotten cabbage 

a little aromatic, a little musty, cheesy, neutral, 
fruity, sometimes NH, 

fresh shrimp, sometimes fruity.acceptable for longer 
periods 

NA' 

NH„ TMA2, H2, (CH,)^, CH.SH 

Esters of acetic, butyric, propionic 
and hexanoic acids 

NH,, TMA, HjS, (CH,)^, CH^H 
etc. 

TMA 

NA 

(1) not available; (2) trimethylamine 



Table U. 2      Stages in seafood spoilage 

Stage Tissue changes Organoleptic changes Bacterial count    Chemical changes' 
cfu/cm2 mg% 

Stage I Rigor mortis 
(0-5 days in      ATP - > inosine 
ice) Slight increase, TMA 

Changes in bacterial types 

Stage II Bacterial growth becomes apparent 
(5-10 days in    Inosine--> hypoxanthine 
ice) TMAO--> TMA 

NH, increases 

Eyes bright 
Flesh firm 
Color good 
Odor fresh 

Eyes begin to dull 
Skin color fades 
Odor neutral to slightly fishy 
Texture softening 

TMA < 1-1.5 
lOMO5        VRS <, 2-8 

TMA < 5 
10M0S        VRS CA 5-10 

TBV < 15 

Stage III 
(10-14 days in 
ice) 

Rapid bacterial growth 
Hypoxanthine — > xanthine, uric 
acid, etc. 
TMA increases rapidly 
TVB and TVA increase 

Eyes sunken 
Skin bleached 
Odor sour and fishy 
Texture soft 

TMA « 10 
10tf-10*        VRS « 10-15 

TVB 20-30 
TVA  15-20 

Stage IV 
(over 14 days 
in ice) 

Bacterial numbers stationary 
General deterioration of flesh 
TVB and TVA increase rapidly 
TMA increases or levels off 
Proteolysis begins 

Eyes opaque and sunken 
Skin very slimy 
Texture very soft 
Odor offensive 

TMA > 10 
« 10*        VRS > 20 

TVB > 30 
TVB > 60 
HjS indole etc. 
detectable 

(1) TMA: trimethylamine; TVB: total volatile base; TVA: total volatile acids; VRS: volatile reducing substances 
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HI. GROWTH INfflBITION OF SELECTED 

SHRIMP (Pandalus jordani) MICROFLORA ORGANISMS 

BY GLUCOSE OXIDASE/CATALASE: 

IN VITRO MODEL STUDIES 
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ABSTRACT 

The effect of glucose oxidase (GOX)-catalase (CAT) with different GOX/CAT 

ratios and of the chemicals produced by GOX, gluconic acid and hydrogen peroxide, 

were evaluated on four microorganisms usually present in shrimp. Growth inhibition 

was found to be independent of the enzyme ratio within the limits tested. Hydrogen 

peroxide inhibited Pseudomonasfluorescens, Hansenulapolymorpha andAcinetobacter 

calcoaceticum. Corynebacter aquaticum was inhibited by gluconic acid but was not 

affected by hydrogen peroxide. 
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INTRODUCTION 

Glucose oxidase (E.C. 1.1.3.4 JJ-D-glucose:oxygen oxidoreductase) (GOX) 

catalyzes the oxidation of glucose to gluconic acid with the production of hydrogen 

peroxide. Enzymatic preparations contain catalase (CAT) that decomposes H202 to 

H20 and 02, and can also catalyze peroxidation reactions. In addition, industrial 

preparations (e.g. orazyme, fermocozyme, oxyBan, and DeeO) contain other enzymes 

such as invertase, amylase, maltase, and cellulase. Glucose oxidase is used to stabilize 

foods against problems arising from the presence of oxygen and glucose, and for the 

production of gluconic acid. Egg albumin, egg yolk, whole egg, dried meat, and 

potatoes are desugared to prevent browning and off-odors caused by Maillard reactions 

(Pitcher, 1980; Low et al., 1989). Available oxygen is scavenged from orange juice 

concentrates, syrups, and carbonated citrus-flavored soft drinks to maintain freshness 

and color (Sagi and Mannheim, 1990). 

The use of glucose oxidase-catalase has been proposed as an on-board 

preservation system for seafood (Field, 1981; Wesley, 1982; Field et al., 1986; 

Dondero et al., 1990). Field (1981) showed that GOX/CAT used as a dip, 

incorporated in ice, or immobilized on an algin blanket, extended by 67% the shelf life 

of whole and filleted winter flounder. Shaw et al. (1986) evaluated the use of 

GOX/CAT to prolong the freshness of iced cod fillets and postulated oxygen removal 

by the oxidation of glucose by GOX/CAT as the likely mode of action. They expected 

and observed only a minor impact on microbial spoilage by facultative anaerobes such 
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zsAlteromonasputrefaciens and Pseudomonasfluorescens. Field (1981) had suggested 

a lower surface pH as the cause for the preservative effect, although application of 

gluconic acid was shown to have no effect on the shelf-life of cod fillets (Shaw et al., 

1986). On the other hand, Dondero et al. (1990) demonstrated a great potential of 

GOX/CAT as an immersion system for the on-board preservation of shrimp 

(Heterocarpus reedi). In spite of nearly neutral pH values they observed significant 

preservative effects. 

Predominant microorganisms in freshly caught Pacific shrimp are Moraxella, 

Pseudomonas, Acinetobacter, Arthrobacter, and Flavobacterium-Cytophaga spp. (Lee 

and Pfeifer, 1977). In Gulf Coast shrimp, Cobb et al. (1976) found Vibrio, 

Pseudomonas and/or Moraxella-Acinetobacter spp. as the initially dominant species. 

After 12 to 15 days of ice storage, Vibrio spp. disappeared and Pseudomonas and 

Moraxella-Acinetobacter spp. predominated. The first drip from the ice contained 

Moraxella-Acinetobacter, Pseudomonas, Flavobacterium, Micrococcus, Vibrio, 

Corynebacterium, Staphylococcus, Alcaligenes spp. and yeasts. After 9 to 13 days, 

Vibrio, Flavobacterium and Micrococcus spp. could not be detected whereas 

Pseudomonas and Moraxella-Acinetobacter spp. remained or increased in number 

(Cobb et al., 1976). A recent study on the microflora of Georgia Coast brown shrimp 

(Penaeus aztecus) reported Acinetobacter, Enterobacter and Flavobacterium spp. 

predominant in fresh shrimp, and Acinetobacter and Flavobacterium spp. predominant 

after 18 days of ice storage (Heinsz et al., 1988). In general, gram-positive microflora 

(micrococci, bacilli, coryneforms) usually predominate in warm-water fish, while cold- 
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water fish carry a predominantly gram-negative population (Moraxella, Acinetobacter, 

Flavobacterium and Vibrio spp.) (Shewan,  1977).    A significant occurrence of 

coryneform bacteria and micrococci has also been reported (Silliker, 1980).   Aside 

from Pseudomonads, other frequently isolated but usually minor components of the 

psychrotrophic   spoilage   flora   include   Moraxella,   Acinetobacter,   Brochothrix 

thermosphacta, and Alteromonas putrefaciens.    The spoilage potential of these 

organisms is only manifest under restricted  conditions where the growth  of 

Pseudomonas spp. is suppressed (Greer, 1989).  Coryneform bacteria may persist at 

levels in excess of 10% of total population, but micrococci are present in only small 

numbers (Silliker, 1980). 

In addition to bacteria, yeasts and occasionally fungi are reported to occur on 

fish and shellfish. Pagnocca et al. (1989), working with shrimp (Penaeus schmitti) off 

the Brazilian coast, found yeast populations on the order of 102 cfu/g and included 

Hansenula spp. Although there is less information available on these microorganisms, 

there is little or no evidence to suggest an important role for either yeast or fungi in 

changes that occur in stored fish and shellfish (Silliker, 1980). There are reports 

indicating that a psychrophilic pink yeast may have been responsible for the spoilage 

of stored oysters (Silliker, 1980). These differences not-withstanding, spoilage patterns 

during iced storage are usually quite similar, and are mainly caused by Pseudomonas 

spp. and Alteromonas putrefaciens (Barile et al., 1985; Jay, 1986). 

The objectives of this study were to evaluate the effectiveness of GOX/CAT 

solutions with different GOX to CAT ratios on the growth inhibition of four 
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microorganisms usually found in shrimp. The GOX/CAT mode of action on the 

inhibition of these microorganisms (P. fluorescens, A. calcoaceticum, C. aquaticum 

and H. polymorpha) was also investigated. 

MATERIALS AND METHODS 

Reagents 

Glucose oxidase (Catalog No.G7141, from Aspergillus niger, 138 U/mg with 

4 U/mg protein of catalase) (GOX) and catalase (Catalog No.CIO, from bovine liver, 

5000 U/mg protein) (CAT) were purchased from Sigma Chemical Co. (St. Louis, 

MO). Nutrient broth was from Difco (Detroit, MI). Hydrogen peroxide, glucose, 

gluconic acid, and other analytical reagents were purchased from J.T. Baker Chemical 

Co. (Phillipsburg, NJ). 

Microorganisms 

Pseudomonas fluorescens ATCC 15456 and Acinetobacter calcoaceticum ATCC 

14601 were obtained from the American Type Culture Collection (Rockville, MD). 

Additional organisms were isolated from freshly-caught commercial shrimp. Samples 

(11 g) were blended for 1 min in a Waring blender with 99 mL sterile 0.1% peptone 

water. Appropriate dilutions prepared in the same diluent were spread plated on plate 

count agar (PCA, Difco) and incubated at 70C for 10 days. Distinctive colonies were 

picked at random from countable plates, spread on PCA plates and similarly incubated. 

After several transfers, two strains showed significant growth in nutrient broth 
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rehydrated in seawater (SNB). Using fatty acid analysis they were identified as 

Corynebacterium aquaticum and Hamenula polymorpha (Five Star Laboratory, 

Branford, CT). 

The four selected microorganisms were grown at 24 0C in nutrient broth 

prepared in artificial seawater (Table III.l, Bidwell and Spotte, 1985) using a rotary 

shaker (New Brunswick Scientific, Edison, NJ) set at 175 rpm. Growth was monitored 

spectrophotometrically at 550 nm (Spectronic 20, Bausch and Lomb, Inc., Rochester, 

NY). When mid-exponential phase was reached, the culture was centrifuged and the 

pellet formed resuspended in nutrient broth containing 17% glycerol. Aliquots (5 mL) 

were kept frozen at -800C until needed. The number of viable microorganisms was 

determined the day before use by spread plating on plate count agar and incubating at 

240C for 24 h. 

Growth inhibition studies 

Media preparation. Nutrient broth medium was rehydrated with artificial seawater 

and phosphate buffer (pH 6.5) to determine the effect of GOX/CAT ratio, and with 

artificial seawater only to determine the effect of gluconic acid and hydrogen peroxide. 

Aliquots (50 mL) were added to 300-mL side arm flasks and autoclaved at 1210C for 

15 min. Heat sterilized nutrient broth was combined aseptically with filter sterilized 

40% glucose solution (0.20 /xm cellulose nitrate membrane, Nalge Co., Rochester, 

NY) to obtain a 4% glucose concentration. 
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Effect of GOX/CAT ratio. Duplicate side arm flasks with SNBP inoculated with 104 

or 102 cfu/mL of the appropriate microorganism were incubated at 240C. The 

GOX/CAT ratios used were 30:1, 5:1, and 1:1 when expressed as activity units 

measured at standard conditions (Anonymous, 1990b); the GOX level was kept 

constant at 1 unit/mL. Side arm flasks with \(f cfu/mL were immediately treated with 

GOX and CAT. Side-arm flasks with 102 cfu/mL were treated with GOX and CAT 

only after reaching exponential phase. Uninoculated side arm flasks with the 

appropriate GOX/CAT ratio were used as blanks while inoculated nutrient broth in 

seawater served as controls. 

Effect of gluconic acid and hydrogen peroxide. Duplicate side arm flasks were 

incubated at 24 0C with constant shaking (175 RPM). Treatments are shown in 

Table in.2. Uninoculated SNB with the different treatments were used as blanks for 

the absorbance measurements. GOX/CAT was added to positive controls when the 

exponential phase was reached. The amount of gluconic acid added was determined 

by constructing a curve relating pH of a glucose-glucose oxidase solution to gluconic 

acid production and by monitoring pH change in the positive control. Gluconic acid, 

hydrogen peroxide and the two in combination were added in amounts equal to that 

produced in the positive control over the previous 90 minutes, until no further decrease 

in pH was observed in the positive control. The addition of hydrogen peroxide 

followed a 1:1 molar ratio with gluconic acid as indicated by the following equation 
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GLUCOSE + 02 + H20 —— > GLUCONIC ACID + HA 

The gluconic acid versus pH curve was constructed using the following procedure. A 

concentrated GOX/CAT solution was added to 4% glucose in seawater to a level of 1 

unit GOX/mL. Samples were kept at 24 0C and shaken at 175 RPM in a rotary shaker. 

At one hour intervals, 1 mL aliquots were removed, and pH measured with a 

microprocessor pH/millivolt meter (Model 811; Orion Research Inc., Cambridge, MA) 

with a combination spear-tip electrode (Model 91-63; Orion Research Inc.). Samples 

were diluted 1:100 with distilled water and filtered through a 0.20 fim membrane filter 

(Bio-Rad Laboratories, Richmond, CA). Glucose and gluconic acid were quantified 

by HPLC following a modification of the procedure described by Bouzas et al. (1991). 

The Shimadzu liquid chromatography system used (Shimadzu Scientific Instruments, 

Columbia, MD) consisted of a LC-6a solvent delivery unit, a RID-6A refractive index 

detector, a SPD-6AV variable wavelength UV/Visible detector, a CTO-6A column 

oven and a CR501 Chromatopac data processor. The detectors were connected in 

series. Analysis was performed isocratically at 0.7 mL/min and 650C. A 300 mm x 

7.8 mm i.d. cation exchange column (Aminex HPX-87H) with a Cation H+ 

Microguard cartridge (Bio-Rad Laboratories) was used. Mobile phase was 0.009N 

HjS04 filtered through a 0.45 /xm membrane filter (Nucleopore Corp., Pleasanton, CA) 

and degassed with helium. Under the chromatographic conditions listed, glucose and 

gluconic acid coeluted. Gluconic acid concentration was determined from the UV 

signal where glucose does not absorb.    Glucose signal (RI detector) was then 
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determined by subtracting the calculated gluconic acid signal from the total signal. 

Statistical analysis 

The growth rate of the microorganisms under the different treatments was 

calculated by linear regression of LOG (Awo) versus time and compared using multiple 

regression analysis (Neter et al., 1983). 

RESULTS AND DISCUSSION 

Effect of gluconic acid and hydrogen peroxide. All test microorganisms were 

equally inhibited by glucose oxidase and by the simultaneous addition of hydrogen 

peroxide and gluconic acid (Figure III.l), indicating that the enzyme effect on 

microbial growth can be attributed to hydrogen peroxide, gluconic acid, or their 

combined effect. The sole addition of hydrogen peroxide at a concentration of 0.1 mM 

inhibited the growth of P. fluorescens, H. polymorpha and A. calcoaceticum but had 

no effect on C. aquaticum (Figure HI.2). The differential effect of hydrogen peroxide 

on these four microorganisms can not be explained by their ability to eliminate this 

toxic compound for they are all catalase positive (Buchanan and Gibbons, 1974). It 

has been reported that microorganisms with carotenoid pigments are more resistant to 

hydrogen peroxide (Brock and Madigan, 1988). This could be the case of C. 

aquaticum which formed yellow colonies when plated on PCA agar. 

The microorganisms inhibited by  hydrogen peroxide,  P. fluorescens, A. 
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calcoaceticum and H. polymorpha, had a growth rate similar to that of the control 

when gluconic acid was added to SNB (Figure III. 3). This suggests that the pH 

reduction caused by the action of glucose oxidase had no significant effect on their 

growth. The p-values for the difference in growth rate between the control and 

gluconic acid treated samples were 0.74 for P. fluorescens and 0.63 for H. 

polymorpha. On the other hand, C. aquaticum was inhibited by the addition of 

gluconic acid and showed a similar growth pattern to glucose oxidase treated samples, 

indicating that for this microorganism gluconic acid was responsible for the effect of 

glucose oxidase. 

The resistance of P. fluorescens strains to low pH has been reported and at 

200C they can grow as low as pH 4 (Brocklehurst and Lund, 1988). Vanderzant et 

al. (1983) found that in beef treated with citric and lactic acid, pH 5.2 to 5.6, 

Pseudomonas spp. became the predominant species in competition with Micrococcus 

spp., B. thermosphacta, and Flavobacterium spp. Yeasts include some of the most 

acid-tolerant microbes found in foods, grow well below pH 4, and have a minimum 

growth pH around 2 (Silliker, 1980). 

Effect of GOX/CAT ratio. No growth was observed for five days at all GOX/CAT 

ratios when the enzymes were added to SNB immediately after inoculation (W 

cfu/mL) with any of the four microorganisms. The growth of P. fluorescens treated 

during the exponential phase slowed significantly and then almost stopped regardless 

of the GOX/CAT ratio (Figure III.4a).   Growth rates were calculated during the 
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exponential phase for the control, and for the enzyme treated samples once a linear rate 

of absorbance change was observed after the GOX and CAT addition. Figures 

III.4b,c,d show similar behavior for the other test microorganisms. Growth rates for 

the controls and all enzyme treatments are reported in Table IE.3. Multiple regression 

analysis used to determine differences in growth rate and summarized in Table in.4 

showed no treatment differences for P. fluorescens, A. calcoaceticum and C. 

aqmticum. In the case of H. polymorpha, different growth rates were detected 

between treatments but with no recognizable pattern. 

Hydrogen peroxide was shown to be the compound responsible for growth 

inhibition in three of the four tested microorganisms (Figure III.2). Therefore, 

increasing amounts of catalase should reduce the effectiveness of glucose oxidase. 

However, the hydrogen peroxide concentration needed for growth inhibition is only 

0.1 mM and at this concentration it would decompose very slowly (Scott, 1975). The 

actual ratio of hydrogen peroxide production rate by GOX to its decomposition by 

catalase is then higher than the activity ratios (30:1, 5:1, and 1:1) would indicate. 

CONCLUSIONS 

In this model system, glucose oxidase was effective in inhibiting the growth of 

four microorganisms usually found in shrimp. The catalase level at a constant GOX 

concentration had no effect on the effectiveness of the enzymatic system. Hydrogen 

peroxide was found to cause growth inhibition of P. fluorescens, A. calcoaceticum and 
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H. polymorpha while C. aquaticum was inhibited by gluconic acid.   Although only 

glucose oxidase from Aspergillus niger was assayed in this study, the results suggest 

that regardless of the degree of catalase contamination, all enzyme preparations would 

be equally effective in microbial growth inhibition applications. 
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Table HI. 1 Composition of artificial seawater 

Compound g/kg of soln 

NaCl 23.926 
Na^O, 4.008 
KC1 0.677 
NaHCO, 0.196 
KBr 0.098 
H.BO, 0.026 
NaF 0.003 
MgCl2 5.600 
CaCl2 1.110 

Distilled water to 1000 g 
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Table in. 2 Treatments used to assess the effect of gluconic acid and hydrogen 
peroxide on the growth of test microorganisms 

Treatment Description 

Untreated control 

Positive control 

Gluconic acid effect 

Hydrogen peroxide effect 

Combined effect 

Inoculated SNB' 

Inoculated SNB + GOX/CAT2 

Inoculated SNB + GA* (periodic addition) 

Inoculated SNB + H202 (periodic addition) 

Inoculated SNB + GA and H202 (periodic addition) 

(1) nutrient broth rehydrated in seawater 
(2) 1 unit GOX/mL 
(3) gluconic acid 



39 

Table 111. 3           Ef feet of GOX/CAT rai 

Treatment Growth rate 
w> 

P. fluorescens 

Control 0.313 
GOX/CAT 30:1 0.0035 
GOX/CAT 5:1 0.0071 
GOX/CAT  1:1 0.0023 

A. calcoaceticum 

Control 0.334 
GOX/CAT 30:1 0.003 
GOX/CAT 5:1 0.0051 
GOX/CAT  1:1 0.0097 

C. aquaticwn 

Control 0.223 
GOX/CAT 30:1 -0.0012 
GOX/CAT 5:1 -0.0007 
GOX/CAT  1:1 0.0007 

H. polymorpha 

Control 0.362 
GOX/CAT 30:1 0.0058 
GOX/CAT 5:1 0.0090 
GOX/CAT  1:1 0.0030 

SE 

0.011 
0.0005 
0.0007 
0.0005 

0.018 
0.0014 
0.0009 
0.0016 

0.016 
0.0005 
0.0005 
0.0012 

0.023 
0.0002 
0.0009 
0.0002 
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Table m. 4 Statistical analysis for differences in growth rates 

Microorganism Treatment p-value 

P. fluorescens GOX/CAT30:1 vs. GOX/CAT5:l 0.78 
GOX/CAT30:1 vs. GOX/CAT 1:1 0.74 
GOX/CAT5:l vs. GOX/CAT 1:1 0.75 
Control vs. GOX/CAT 30:1 0.0000 

A. calcoaceticum GOX/CAT30:1 vs. GOX/CAT 5:1 0.34 
GOX/CAT30:1 vs. GOX/CAT 1:1 0.18 
GOX/CAT5:l vs. GOX/CAT 1:1 0.81 
Control vs. GOX/CAT 30:1 0.0000 

C. aquaticum The slopes are not distinguishable from zero 

H. polymorpha GOX/CAT30:1 vs. GOX/CAT 5:1 0.0000 
GOX/CAT30:1 vs. GOX/CAT 1:1 0.21 
GOX/CAT5:l vs. GOX/CAT 1:1 0.0000 
Control vs. GOX/CAT 30:1 0.0000 
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IV. MICROBIAL CHALLENGE TESTS AND DISCOLORATION 

OF A GLUCOSE OXIDASE/CATALASE SOLUTION PROPOSED FOR 

ON-BOARD PRESERVATION OF SHRIMP 
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ABSTRACT 

An immersion system consisting of the enzymes, glucose oxidase/catalase 

(GOX/CAT), in a 4% glucose solution in artificial seawater was studied to determine 

its potential as an on-board preservation system for shrimp. The nature of a previously 

observed solution discoloration was also investigated. For the model system used in 

this study, fresh shrimp were frozen, radiation-sterilized, and inoculated with 

Pseudomonas fluorescens. Changes in the shrimp and the solution were followed by 

total plate counts, and ammonia and total volatile nitrogen levels. Solution 

discoloration was followed spectrophotometrically at 420 nm. The GOX/CAT system 

was found to inhibit browning, growth of the test organism and as a result, inhibit the 

production of ammonia and total volatile nitrogen. 
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INTRODUCTION 

Glucose oxidase (E.C. 1.1.3.4 6-D-glucose:oxygen oxidoreductase) (GOX) 

catalyzes the oxidation of glucose to gluconic acid with the production of hydrogen 

peroxide. Dry preparations are stable virtually indefinitely. Solutions between pH 3.5 

and 8.0 are stable for several weeks at 0 to 40C (Scott, 1975). Enzyme preparations 

contain catalase (CAT) that decomposes H202 to H20 and 02, and can also catalyze 

peroxidation reactions. Commercially, glucose oxidase has been used successfully to 

stabilize foods against problems arising from the presence of oxygen and glucose, e.g. 

desugaring of liquid eggs before drying (Pitcher, 1980; Low et al., 1989), and addition 

to orange juice concentrates or syrups to maintain freshness and color by scavenging 

available oxygen (Sagi and Mannheim, 1990). Glucose oxidase has been also reported 

as a treatment to control microbial growth in fresh fish (Field, 1981; Wesley, 1982; 

Field et al., 1986). Field (1981) showed that GOX/CAT used as a dip, incorporated 

in ice or immobilized on an algin blanket, extended by 67% the shelf life of whole and 

filleted winter flounder. However, Shaw et al. (1986) concluded that GOX/CAT had 

little positive impact on the microbial spoilage of iced cod fillets. On the other hand, 

Dondero et al. (1990) recently reported that holding shrimp in a solution of GOX/CAT 

and glucose retarded microbial spoilage and inhibited shrimp discoloration. Color 

changes observed in the enzymatic solution were not investigated. Discoloration of 

shrimp and other crustaceans, "melanosis", has been reported to be caused by 

polyphenol oxidase (PPO) (Bailey and Fieger, 1954; Cobb et al., 1976; Simpson et al., 
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1987). Extraction of the melanins formed by PPO in the shrimp could explain the 

solution discoloration (Cobb et al., 1976). 

The objectives of this study were to determine the effectiveness of glucose 

oxidase on the preservation of shrimp (Pandalus jordani), to identify of the 

mechanisms responsible for discoloration of the enzymatic (GOX/CAT) solution, and 

to estimate solution replacement needs. 

A model system consisting of fresh irradiated shrimps inoculated with 

Pseudomonas fluorescens was used. Pseudomonas fluorescens is a main component 

of the microflora in Pacific Northwest shrimp and becomes predominant during cold 

storage because of its ability to grow at low temperature (Vanderzant et al., 1970; Lee 

and Pfeifer, 1977). 

MATERIALS AND METHODS 

Reagents 

A single lot of glucose oxidase (from Aspergillus niger, 117 units GOX/mg 

solids, 4 units CAT/mg total protein) was used (Catalog No.G7141, Sigma Chemical 

Co., St. Louis, MO). Nutrient broth was from Difco (Detroit, MI). Glucose, sorbitol 

and other analytical reagents were purchased from J.T. Baker Chemical Co. 

(Phillipsburg, NJ). Pseudomonas fluorescens ATCC 15456 was obtained from the 

American Type Culture Collection (Rockville, MD). 
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Culture preparation 

The P. fluorescens stock culture used to inoculate shrimp was first grown at 

250C in heat-sterilized (1210C, 15 min.) nutrient broth prepared in artificial seawater 

(Table III.l, Bidwell and Spotte, 1985). After reaching the exponential phase, flasks 

with the broth were further incubated at 10C to a concentration of approximately 10s 

cfu/mL. 

Sample preparation 

Shrimp {Pandalus jordani) obtained directly from a commercial fishing boat 

(Newport, Oregon) 2 hours after catching, were packed in ice, and transported to the 

laboratory. Upon arrival (4 hours after catch), shrimp were washed with cold tap 

water and packed in 50 and 330 g plastic containers for shelf life and browning studies, 

respectively. All samples were frozen at -37.70C, packed in dry ice, irradiated 

without thawing for 5.2 hours (4 megarad dose) at the OSU Radiation Center, and then 

stored at -37.70C. Samples were thawed by adding artificial seawater in a 3 to 1 ratio 

and inoculated with P. fluorescens (approximately 10* cfu/g shrimp). Colonized 

shrimp (CS) were obtained by holding inoculated shrimp at 10C for 24 hours before 

treatment. 

Preservation studies 

Microbiological analysis. Plate count agar (Difco; Detroit, MI) was prepared, dried 

for 24 hours at 25 0C and stored at 50C until used.   Shrimp (approx. 11 g) were 
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removed aseptically from each container and blended for 1 min with 99 mL sterile 

0.1% peptone water in a Waring blender. Further 1:10 dilutions were made in 9.0 mL 

sterile peptone water. For microbiological analysis of the seawater, 1 mL was 

removed aseptically from each jar and 1:10 serial dilutions made with 0.1% sterile 

peptone water. Duplicate spread plates were incubated at 2AC'C for 48 hours. 

Colonies were enumerated on a colony counter (New Brunswick Scientific, New 

Brunswick, N.J.) 

Ammonia. A microprocessor pH/millivolt meter (Model 811; Orion Research Inc., 

Cambridge, MA) with an ammonia electrode, model 95-12 (Orion Research Inc.) was 

used to determine ammonia concentration in the treatment solutions. The electrode 

was calibrated daily using 10"' to 10J M ammonium chloride in artificial seawater. 

Samples were warmed to room temperature in a water bath at 400C. Ammonia 

concentration was determined immediately and expressed as ^g NH/g shrimp to take 

into account small variations in the shrimp weight of each sample. 

Total volatile nitrogen (TVN). Shrimps were analyzed in duplicate using a 

modification of the steam distillation method reported by Cobb et al. (1973). Two 

grams of magnesium oxide were added to between 10 and 15 grams of homogenized 

sample. Volatile nitrogen was distilled using a Kjeldahl apparatus and trapped in 50 

mL 2% boric acid and 1 mL of a mixed indicator containing 0.016% methyl red and 

0.083% bromocresol green in ethanol.  The Kjeldahl flask was heated to the boiling 
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point in 10 minutes and the distillation continued for exactly 25 minutes. 

Glucose. Solution samples were saved and stored at -37.70C until analyzed. Samples 

were thawed in a water bath at 40oC, centrifuged at 10,000 x g for 10 min, diluted 

1/1000 with distilled water, and analyzed by the phenol-sulfuric method (Dubois et al., 

1956). 

Browning studies 

Polyphenol oxidase (PPO) was inhibited by heating shrimp to 70 "C for 30 

minutes (Simpson et al., 1987) or by anaerobic storage. Oxygen was depleted using 

a GasPak system (BBL Microbiology Systems, Cockeysville, MD). Anaerobiosis was 

checked daily using indicator strips (BBL Microbiology Systems, Cockeysville, MD). 

Two shrimp batches were treated, stored at 10C for 14 days and analyzed periodically. 

Absorbance measurements (420 nm, Varian DMS 80 UV Visible Spectrophotometer, 

Varian Techtron Pty. Limited, Springvale, Australia) were made on 5 mL solution 

samples aseptically removed and centrifuged 10 min at 11,950 x g. 

Statistical analysis 

The growth of P. fluorescens and color development was calculated by linear 

regression and compared using multiple regression analysis (Neter et al., 1983). 

Differences in total volatile nitrogen between controls and GOX/CAT treatments were 

calculated for each day by two sample t-test. 
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RESULTS AND DISCUSSION 

Preservation studies 

The treatments used are shown in Table IV. 1. Controls showed no difference 

in growth rate (Table IV.3). After 14 days, both shrimp and solution P. fluorescens 

counts exhibited a 4-log increase (Figures IV.la,b), in agreement with published 

results (Cobb et al., 1976). This suggests that the addition of glucose at a 4% level 

had no effect on P. fluorescens growth. On the other hand, GOX/CAT treated shrimp 

showed a lag phase of approximately 5 days (growth rate = 0, Table IV.4). 

Subsequently the growth rate was similar (Figure IV. lb) but lower than the controls 

(Table IV.3). In the GOX/CAT solution the inhibitory effect was much stronger and 

after 14 days counts increased less than tenfold (Figure IV.la). 

The observed difference in GOX/CAT inhibition of P. fluorescens growth in 

solution and on the shrimp could be attributed to surface colonization. Preliminary 

studies showed that when GOX/CAT was added immediately after inoculation, growth 

was completely inhibited. Gill (1986) found that microbial spoilage occurs at the 

surface of fresh meat. Thin layers of liquid exudate accumulate at the surface of cut 

muscle, and microbial activity probably occurs largely within this nutrient rich 

environment (Delaquis and McCurdy, 1990). Delaquis and McCurdy (1990) working 

on the colonization of beef muscle by P. fluorescens reported a 90% attachment in 24 

hours at A°C and an increased attachment at lower temperatures. These attached cells 

form biofilms which are refractory to penetration by the preserving agent (Costerton 

etal., 1987). 
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No difference was found in ammonia levels for the different treatments (Figure 

IV.2). However, after 5 days a statistically significant difference (Table IV.4) in TVN 

was found between the GOX/CAT-treated samples and the controls. This is in 

agreement with Cobb et al. (1976) who stated that volatile basic nitrogen compounds 

were not produced significantly until bacterial levels reached approximately 107 

cfu/mL. 

Browning studies 

The treatments used are shown in Table IV.2. Our results suggest that solution 

discoloration is due to enzymatic reactions. Controls showed a marked increase in 

discoloration (Figure IV.3) possibly related to PPO activation by irradiation. Thomas 

and Janave (1973) working with irradiated mango fruits (200 Krad), reported skin 

discoloration beginning at day 6. By day 14 the entire fruit including the pulp had 

turned dark brown to black. They postulated that irradiation induced de novo synthesis 

of PPO. This finding and the rapid movement of melanin precursors from shrimp to 

water (Cobb et al., 1976) could account for the rapid development of color in the 

controls. 

Other treatments showed only slight discoloration. In samples where PPO was 

inactivated by heat there was no color formation. Simpson et al. (1987) reported a 

90% inactivation of shrimp PPO incubated 30 min at 600C. The COj treated sample 

suffered some discoloration (Table IV.5), probably due to oxygen contamination during 

sampling allowing PPO to produce some melanins. 



58 

A minor discoloration was also observed in GOX/CAT treated samples (Table 

IV.5). The oxidation of glucose by GOX consumes oxygen and lowers its level. Sagi 

and Mannheim (1990) working with enzymatically treated orange juice (GOX 30 

units/L, 80C) reported a decrease of dissolved oxygen concentration to a level below 

1 ppm in less then one day. The glucose-GOX system also produces H202 that will 

decolorize to some extent the pigments produced by the browning reaction (Hayase et 

al., 1984). The samples with sorbitol suffered more discoloration than the GOX and 

C02 samples, but it was significantly lower than that of the controls (Table IV.S). 

Solution replacement 

The need to replace the enzymatic solution can be due to three factors, microbial 

contamination, build-up of chemical compounds that could contaminate a later catch, 

or solution discoloration. P. fluorescens growth and solution discoloration were 

inhibited by GOX/CAT. The replacement need will arise as a consequence of the 

build-up of basic nitrogen compounds. The commercially accepted limit for TVN is 

30 mg N/100 g of shrimp (Cobb and Vanderzant, 1975). Assuming that the TVN 

production rate remains constant, the upper limit of the 95 % prediction interval for 

ammonia build-up gives a solution usefulness of approximately 2 weeks (Figure IV.4). 

CONCLUSIONS 

An enzymatic method for on-board preservation of shrimp has been examined 
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in a model system. Holding shrimp in a glucose-GOX/CAT solution inhibited growth 

of Pseudomonas fluorescens in the solution and caused a lag phase of approximately 

5 days in the shrimp. Pseudomonas spp. are considered spoilage microorganisms due 

to their growth at low temperatures and ability to produce off-odors.  After 14 days 

storage, P. fluorescens counts had increased less than 2 log cycles, while the control 

increased 4 log cycles. This demonstrates the potential of storing shrimp in a glucose 

oxidase solution as a preservation method.   Fishing vessels already equipped with 

refrigerated seawater systems could benefit from the longer storage times yielded by 

this enzyme.   Solution discoloration was found to be due to an enzymatic process. 

GOX/CAT inhibited the enzymatic reaction altogether or the hydrogen peroxide 

produced decolorized the melanins formed, thus preventing discoloration. The effect 

of GOX/CAT on shrimp "black spots" needs to be evaluated.  More work is needed 

to evaluate the behavior and stability of the solution in simulated on-board conditions, 

and the action of the enzymatic system on other microorganisms that could become 

predominant upon inhibition of Pseudomonas spp. 
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Table IV. 1 Treatments used to assess the effect of the enzymatic 
system on microbial growth and total volatile nitrogen. 

Treatment Description 

Control 

Glucose control 

Effect of GOX/CAT 

CS' 

CS + glucose2 

CS + glucose + GOX/CAT 

(1) colonized shrimp prepared as described in materials and methods 
(2) glucose, 4% w/v 
(3) GOX/CAT, 1 unit GOX/mL 
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Table IV. 2 Treatments used to identify the reaction mechanism responsible for 
the solution discoloration. 

Treatment Description 

Control 

Glucose control 

Effect of GOX/CAT 

Non-enzymatic browning inhibition 

Enzymatic browning inhibition 
(a) PPO inhibited by heat 

(b) PPO inhibited by anaerobiosis 

CS7 

CS   + glucose2 

CS    + glucose + GOX/CATJ 

CS    + sorbitol4 + GOX/CAT 

CRS5+ glucose + GOX/CAT 

CS    + glucose + GOX/CAT  + C02 

(1) colonized shrimp prepared as described in materials and methods 
(2) glucose, 4% w/v 
(3) GOX/CAT, 1 unit GOX/mL 
(4) sorbitol, 4% w/v 
(5) colonized heated shrimp 
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Table IV. 3           P. fluorescens growth rates in shrimp and 

Treatment growth rate (K) std error 

Shrimp 

GOX/CAT ^OodeyS 0.0008 0.0014 

GOX/CAT^,,^ 0.0161 0.0023 

Controls 0.0237 0.0009 

Solution 

GOX/CAT 

Controls 

day 0 to day 9 -0.0014 

0.0253 

0.0009 

0.0007 
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Table IV .4 Total volatile nitrogen content o f shrimp' 

Treatment p-value 
Day Control GOX/CAT for difference2 

0 20.0 20.0 1 
1 16.5 17.7 0.13 
3 16.1 16.8 0.41 
5 15.1 13.9 0.026 
7 15.8 12.6 0.0004 
9 15.7 12.3 0.021 
11 15.0 11.9 0.015 
13 18.1 13.3 0.010 
14 20.4 13.4 0.0001 
(1) mg N/100 g shrimp 
(2) Two sample t-test (4 replicates) 
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Table IV. 5 Slopes for solution discoloration rate 

Treatment "-(420)1 h t-value p-value 

Control 

Glucose control 

Effect of GOX/CAT 

PPO inhibition by anaerobiosis 

Non-enzymatic browning inhibition 

PPO heat inhibition 

7.37 10' 20.3 0.00000 

4.27 10' 8.27 0.00000 

4.24 10w 9.85 0.00000 

2.92 10^ 7.45 0.00000 

8.38 10^ 19.4 0.00000 

1.33 lO"5 0.32 0.75550 
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V. EFFECTIVENESS OF 

GLUCOSE OXIDASE/CATALASE PROPOSED FOR 

ON-BOARD PRESERVATION OF SHRIMP 
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ABSTRACT 

An immersion system consisting of glucose oxidase/catalase (GOX/CAT) in a 

4 % glucose solution in artificial seawater was studied to determine its potential as an 

on-board preservation system for shrimp. The inhibition of a previously observed 

discoloration of the enzymatic solution was also investigated. Changes in the shrimp 

and the solution were followed by psychrotrophs and Pseudomonas counts, and 

ammonia and total volatile nitrogen levels. Solution discoloration was followed 

spectrophotometrically at 420 nm. Glucose oxidase reduced the initial bacterial load 

of the solution and slowed the production of basic nitrogen compounds but had a 

minimal effect in extending the shelf life of fresh shrimp. 
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INTRODUCTION 

Glucose oxidase (E.C. 1.1.3.4 fi-D-glucose:oxygen oxidoreductase) (GOX) 

catalyzes the oxidation of glucose to gluconic acid with the production of hydrogen 

peroxide. Dry preparations are stable virtually indefinitely. Solutions between pH 3.5 

and 8.0 are stable for several weeks at 0 to 40C (Scott, 1975). Enzyme preparations 

contain catalase (CAT) that decomposes H202 to HjO and 02, and can also catalyze 

peroxidation reactions. Commercially, glucose oxidase has been used successfully to 

stabilize foods against problems arising from the presence of oxygen and glucose, e.g. 

desugaring of liquid eggs before drying (Pitcher, 1980; Low et al., 1989), and addition 

to orange juice concentrates or syrups to maintain freshness and color by scavenging 

available oxygen (Sagi and Mannheim, 1990). Glucose oxidase has been also reported 

as a treatment to control microbial growth in fresh fish (Field, 1981; Wesley, 1982; 

Field et al., 1986). Field (1981) showed that GOX/CAT used as a dip, incorporated 

in ice or immobilized on an algin blanket, extended by 67% the shelf life of whole and 

filleted winter flounder. However, Shaw et al. (1986) concluded that GOX/CAT had 

little positive impact on the microbial spoilage of iced cod fillets. On the other hand, 

Dondero et al. (1990) reported that holding shrimp in a solution of GOX/CAT and 

glucose retarded microbial spoilage and inhibited shrimp discoloration. Color changes 

observed in the enzymatic solution were not investigated. Discoloration of shrimp and 

other crustaceans, "melanosis", has been reported to be caused by polyphenol oxidase 

(PPO) (Bailey and Fieger, 1954; Cobb et al., 1976; Simpson et al., 1987). Extraction 
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of the melanins formed by PPO in the shrimp could explain the solution discoloration. 

Kantt et al. (1991) showed in studies with irradiated shrimp that PPO inhibition 

stopped and that GOX/CAT reduced solution discoloration. 

Kantt and Torres (1991) showed that GOX/CAT inhibited the growth of 

Pseudomonas fluorescens, Corynebacter aquaticum, Acinetobacter calcoaceticwn and 

Hansenula polymorpha in a liquid model system. In a subsequent study, Kantt et al. 

(1991) showed that the GOX/CAT system inhibited in irradiated shrimp the growth of 

P. fluorescens and as a result the production of ammonia and total volatile nitrogen. 

The objectives of this study were to determine the effectiveness of glucose 

oxidase in preserving shrimp {Pandalus jordani), as previously observed in a model 

system (Kantt et al., 1991); and to confirm solution discoloration inhibition by 

GOX/CAT observed with irradiated shrimp. 

MATERIALS AND METHODS 

Reagents 

A single lot of glucose oxidase (from Aspergillus niger, 117 units GOX/mg 

solids, 4 units CAT/mg total protein) was used for all experimental treatments (Catalog 

No.G7141, Sigma Chemical Co., St. Louis, MO). Nutrient broth was from Difco 

(Detroit, MI). Glucose, sorbitol and other analytical reagents were purchased from 

J.T. Baker Chemical Co. (Phillipsburg, NJ). 
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Sample preparation 

Shrimp (Pandalus jordani) obtained from the last catch of a commercial fishing 

boat (Newport, Oregon) were packed in ice and transported to the laboratory.  Upon 

arrival (4 hours after catch), shrimp were washed with cold tap water. Samples of 50 

and 330 g of shrimp were packed in plastic containers for shelf life and browning 

studies, respectively.  Samples were treated immediately as described below. 

Preservation studies 

Preparation of enzyme solution. Immediately prior to use, GOX/CAT was dissolved 

in sterile artificial seawater (1 unit GOX/mL) with added glucose at a 4% level. 

Seawater was prepared according to Bidwell and Spotte (1985), (Table m.l), 

autoclaved (1210C, 15 min) and cooled to 10C. Glucose (60 g) was dissolved in 

100 mL of an aqueous solution of equal salinity to seawater. This concentrated 

glucose solution was then filter sterilized (0.20 ^m cellulose nitrate membrane, Nalge 

Co., Rochester, NY). 

Sample treatments. For the GOX/CAT treatments 150 mL of the enzyme solution 

were added to each of the containers with 50 g of fresh shrimp. Artificial seawater 

was used for the control samples. 

Microbiological analysis. Petri dishes with plate count agar and Pseudomonas 

isolation agar (Difco; Detroit, MI) were dried for 24 h at 25°C and then stored at 50C 
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until used. Shrimp (approx. 11 g) were aseptically removed from each container and 

blended for 1 min with 99 mL diluent in a Waring blender. For the microbiological 

analysis of the seawater, a 1 mL sample was aseptically removed from each jar. 

Decimal dilutions were made using 0.1 % sterile peptone water, artificial seawater or 

0.1M KC1. Duplicate spread plates for total psychrotrophs and Pseudomonas spp. 

were incubated at 7°C for 10 days. 

Plate count agar was used to estimate total anaerobic counts. Samples were 

plated in duplicate by the pour plate technique using agar at the lowest possible 

temperature («40oC). Plates were stored in anaerobic jars at 24 0C until colonies were 

countable. CO^ was generated using a GasPak system (BEL Microbiology Systems, 

Cockeysville, MD). Anaerobiosis was checked using indicator strips (BBL 

Microbiology Systems, Cockeysville, MD). 

Ammonia. A microprocessor pH/millivolt meter (Model 811; Orion Research Inc., 

Cambridge, MA) with an ammonia electrode, model 95-12 (Orion Research Inc.) was 

used to determine ammonia concentration in the solution. The electrode was calibrated 

daily using 10"; to 10'3 M ammonium chloride in artificial seawater. Samples were 

tempered to room temperature using a 40oC water bath. Ammonia concentration was 

determined immediately and expressed as fig NH^/g shrimp to take into account small 

variations in the shrimp weight of each sample. 

Total  volatile  nitrogen  (TVN).     Shrimp were analyzed in duplicate using a 
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modification of the steam distillation method reported by Cobb et al. (1973). Two 

grams of magnesium oxide were added to between 10 and 15 grams of homogenized 

sample. Volatile nitrogen was distilled using a Kjeldahl apparatus and trapped in 50 

mL 2% boric acid with 1 mL of a mixed indicator containing 0.016% methyl red and 

0.083% bromocresol green in ethanol. The Kjeldahl flask was heated to boiling point 

in 10 minutes and the distillation continued for exactly 25 minutes. 

Glucose. Solution samples were saved and stored at -37.70C. Samples were thawed 

in a water bath at 40oC, centrifuged at 10,000 x g for 10 min, diluted 1/1000 with 

distilled water, and analyzed by the phenol-sulfuric method (Dubois et al., 1956). 

Browning studies 

Several sample treatments (Table V.l) were used to confirm with fresh shrimp 

the solution discoloration inhibition observed in a previous study with irradiated shrimp 

(Kantt et al., 1991). Polyphenol oxidase (PPO) was inhibited by heating shrimp to 

70oC for 30 minutes (Simpson et al., 1987) or by anaerobic storage. Oxygen was 

depleted using a GasPak system (BBL Microbiology Systems, CockeysviUe, MD). 

Anaerobiosis was checked daily using indicator strips (BBL Microbiology Systems, 

CockeysviUe, MD). Absorbance measurements (420 nm, Varian DMS 80 UV Visible 

Spectrophotometer, Varian Techtron Pty. Limited, Springvale, Australia) were made 

on 5 ml solution samples aseptically removed and centrifuged 10 min at 11,950 x g. 
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RESULTS AND DISCUSSION 

Preservation studies 

Microbiological analysis. At time 0, after addition of the shrimp, psychrotroph counts 

in the seawater were 10* cfu/mL. Thirty hours later the control solution showed no 

change in bacterial counts but approximately a 100-fold reduction was observed in the 

GOX/CAT treated samples. Thereafter psychrotrophs growth rate was similar for both 

control and GOX/CAT solutions reaching after 10 days 10* cfu/mL and 4 10* cfu/mL, 

respectively (Figure V.la). 

Shrimp samples showed an initial count of 10* cfu/g. In the control samples 

the population of psychrotrophs remained stable for 3 days, and then increased to «10" 

cfu/g and showed no further change for the duration of the study. GOX/CAT treated 

shrimp samples showed no increase for 5 days and thereafter a low growth rate leading 

to a count of «105 by day 9 (Figure V. lb). Efforts to obtain Pseudomonas spp. counts 

and compare them to the results obtained in a previous experiment with P. fluorescens 

(Kantt et al., 1991) proved futile. Pseudomonas isolation agar plated with 0.1 mL of 

the 1:10 dilution for shrimp and 0.1 mL of the treatment solution showed 25 to 250 

colonies clustered together that were very difficult to count. Plates with the next 1:10 

dilution showed few or no colonies at all. Cobb et al. (1976) used a sterile salt 

solution containing NaCl, KC1 and MgCl2 as diluent while Heinsz et al. (1988) used 

0.85% saline and Pseudomonas isolation agar as a selective media in their studies and 

did not report any unusual observations. On the other hand Delaquis and McCurdy 

(1990) reported aggregation of small colonies of P. fluorescens on the surface of 
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disposable plastic petri dishes when 0.1M NaCl or 0.1% peptone were used. They 

used the pour plate method and attributed the aggregation to adhesion of cells to the 

plastic surface upon delivery of the sample to the petri dish. To solve this problem 

they used 0. IM KCl as diluent. In this study attempts were made to obtain countable 

plates using three diluents, 0.1% peptone, artificial seawater and 0. IM KCl. Different 

spreading techniques, and longer mixing and spreading times were also used without 

success. 

Shaw et al. (1986) had suggested that the preservative effect of GOX/CAT was 

due to the generation of anaerobic conditions. However, anaerobic counts were on the 

order of 10* cfu/ml and could have been due to facultative anaerobes also counted as 

psychrotrophs. 

Total volatile nitrogen. The initial level of TVN (Figure V.2) was relatively high but 

comparable to the level obtained with irradiated shrimp (Kantt et al., 1991), and to 

initial levels (26 mg/lOOg) measured on samples of Penaeus setiferus and P. aztecus 

by Cobb et al. (1976). These values are significantly higher than those reported by 

Dondero et al. (1990) for Heterocarpus reedi, treated directly on-board the trawler. 

The rapid treatment of the shrimp by Dondero et al. (1990) possibly reduced 

contamination in the trawler and could explain the reported differences. 

TVN levels shown in Figure V.2 followed the same pattern as total 

psychrotrophs (Figure V. lb). A stable level was observed until day 3. Control 

samples showed a higher increase than GOX/CAT treated shrimp samples. However, 
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the effect of GOX/CAT made almost no difference in the final result. The 

commercially acceptable limit for TVN of 30 mg N/100 g of shrimp (Cobb and 

Vanderzant, 1975) was reached after 5.5 and 7 days for the control and GOX/CAT 

treated samples respectively (Figure V.2). Although TVN concentration in GOX/CAT 

treated samples was 40 mg/lOOg shrimp, spoilage was demonstrated by opaque and 

sunken eyes, very soft texture, a bleached skin in the shrimp and strong and repulsive 

odors. 

Ammonia. Ammonia concentration increased slowly for the control and GOX/CAT 

samples during the first 3 and 5 days of storage, respectively. A sudden increase was 

observed thereafter and by day 7, ammonia levels reached 2,700 /xg/g for the control 

and 1,800 fig/g for GOX/CAT treated samples (Figure V.3). In a similar experiment 

using irradiated shrimp inoculated with P. fluorescens, ammonia levels increased from 

150 ng/g at day 0 to 250 fig/g at day 7, while P. fluorescens increased 2 log cycles in 

the control and remained stable in the GOX/CAT treated samples (Kantt et al., 1991). 

The breakdown of low molecular weight amino compounds and later the 

proteolysis of more complex peptides is the accepted explanation for the appearance 

of basic nitrogen compounds (Silliker, 1980; Jay, 1986; Greer, 1989). Rapid 

production of basic nitrogen compounds does not take place until bacterial levels reach 

« 107 cfu/g (Cobb et al., 1976). In our study, total psychrotrophs levels never reached 

10* cfu/g, a contamination level well below the limits usually accepted for spoiled 

shrimp and does not explain the rapid decomposition observed. Although a yeast was 
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isolated from the shrimp microflora (Kantt and Torres, 1991), the literature does not 

support the fact of rapid decomposition by yeast (Silliker, 1980). 

Van Spreekens and Toepoel (1981) reported a count of «10* cfu/g at the point 

of organoleptic rejection of North Sea shrimp (Crangon crangon) preserved with 

benzoic acid. However, Lee and Kolbe (1982) in preservation studies of Pandalus 

jordani found the shrimp to be in the borderline of acceptability after 7 days of 

refrigerated seawater storage with a microbial count of only 2.9 105 cfu/g. Although 

no chemical indices were measured, the authors reported the shrimp to look bleached, 

soft and show various signs of deterioration. The microbial flora was composed 

almost exclusively of Moraxella spp. and Pseudomonas spp. were absent. 

Browning studies 

Kantt et al. (1991) showed in studies with irradiated shrimp that PPO inhibition 

stopped and that GOX/CAT reduced solution discoloration. The same trend was 

observed in this study but absorbance increased at a lower rate (Figure V.4). Since 

by day 1, a film was noticed on the inside surface of the cuvette used for absorbance 

measurements, the methodology reported by Kantt et al. (1991) was modified. 

Samples were filtered after centrifugation through a 0.22 ^m membrane (Nucleopore 

Corp., Pleasanton, CA). However, rapid sample decomposition made the filtration 

impossible and measurements were suspended after day 5. 
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CONCLUSIONS 

The results presented imply that glucose oxidase is not an effective preservation 

method for Pandalus jordani in spite of previous success in controlling growth of 

psychrotrophs in model systems including irradiated shrimp. The inability to obtain 

accurate Pseudomonas spp. in this study with fresh shrimp needs to be further 

analyzed. Ammonia and total volatile nitrogen production were inhibited in the 

GOX/CAT treated samples as compared to the control. However, this was of little 

practical importance as shrimp and solution showed clear signs of spoilage. 

Decoloration of the enzymatic solution was slower than the control but measurements 

extend only for 5 days of storage as decomposition made further determinations 

impossible. Further research is, therefore, needed to characterize the source of 

Pandalus jordani spoilage after enzymatic treatment. 
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Table V. 1 Treatments used to identify the reaction mechanism responsible for 
the solution discoloration. 

Treatment Description 

Control 

Effect of GOX/CAT 

Non-enzymatic browning inhibition 

Enzymatic browning inhibition 
(a) PPO inhibited by heat 

(b) PPO inhibited by anaerobiosis 

FS' 

FS    + glucose + GOX/CAT2 

FS    + sorbitol + GOX/CAT 

FHS4+ glucose + GOX/CAT 

FS    + glucose + GOX/CAT + C02 

(1) Fresh shrimp (1 part) + artificial seawater (3 parts) 
(2) Described in materials and methods 
(3) Prepared as (2) but substituting sorbitol for glucose 
(4) Fresh heated shrimp 
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