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Chilling (2-40C) (10 min) in a solution containing 10% con- 

densed phosphate, 5% potassium sorbate, and 0.9% citric acid (pH 6.7) 

stabilized round shrimp to microbial spoilage. This treatment proce- 

dure allowed refrigerated storage of round shrimp eliminating the 

need for ice and the accompanying deteriorative effects of water 

absorption and protein solids loss mediated by melting ice. The 

antimicrobial action of the treatment extended the time for the ini- 

tiation of exponential growth by three days and the time to reach 

1x106 APC/g by 4.5 days over shrimp held in ice. Condensed phosphate 

in the treatment under optimum pH conditions retarded drip loss from 

the round shrimp during storage and protected the shrimp musculature 

from moisture and protein solids loss through steam (101oC; 100 sec) 

cooking. The hand peeled yield of cooked meat from shrimp held in 

ice of 29.8 to 32.3% (5.36-7.87% dry wt) was improved to 36.0 to 

38.7% (8.16-8.99% dry wt) by the treatment system over a 15 day 



storage period. Treatment of shrimp held in ice with condensed 

phosphate just prior to cooking improved hand peeled cooked meat 

yield to 34.2 to 38.0%, but meat yield dry weight decreased during 

storage from 8.32 to 5.90%. The yield of cooked meat from shrimp 

held in ice was maintained by the increased recovery of meat water 

absorbed by raw shrimp during storage. Meat yield from stabilized 

shrimp was retained more by maintenance of dry matter yield with 

little addition to the moisture fraction of yield. Cooked meat 

composition was maintained very close to that observed for very 

freshly caught shrimp (<1 day old). 
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AN IMPROVED PROCEDURE FOR HOLDING ROUND 

PINK SHRIMP (PANDALUS JOBDANI)   POST-CATCH 

INTRODUCTION 

The shrimp fishery has been the most valuable commercial fish- 

ery of the United States since 1952 (Idyll, 1976). The average an- 

nual landings from 1977 to 1981 amounted to 385.9 million pounds 

(heads-on). During 1981 354.6 million pounds valued at 463.4 

million dollars were landed nationally. Pacific Coast states 

reported 19% of the total volume of landings which accounted for 

only 6%  of the value due to the lower price per pound of their 

shrimp (USDC, 1982). The smooth pink shrimp (Pandalus jordani)  is 

the major target species of Oregon commercial shrimp fishery; about 

31% of the Pacific Coast shrimp landings during 1980 were through 

Oregon ports (Anon., 1981). 

Shrimp in the Northern Pacific fishery are caught with trawl 

nets which are towed from the stern or sides of the trawler. After 

the trawl nets are discharged on the deck of the vessel the shrimp 

are separated from the incidental catch, washed and stored in alter- 

nate layers of ice in boxes or bins in the hold of the trawler. The 

age of shrimp upon landing generally ranges from less than one to 

four days post-catch. 

As early as 1960, Collins observed that holding shrimp in ice 

or refrigerated sea water resulted in a loss of shrimp soluble con- 

stituents through the washing action of ice and an uptake of water 

through storage. These deteriorative processes eventually reduced 
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the cooked meat yield and produced a cooked product with a higher 

moisture content (Collins, 1960a; Collins, 1961). Collins (1961) 

proposed at that time that the best way to minimize losses of yield 

was to process the shrimp as quickly as possible after they were 

captured. The feasibility of this option is limited by economic 

factors to be considered in the operation of shrimp trawlers and 

processing plants. More recently, treatment of the round shrimp 

with condensed phosphate solutions before processing was shown to 

enhance the yield of cooked meat derived from iced round shrimp 

(Mathen, 1970; Ayeni, 1980; Nouchpramool, 1980). Enhancement of the 

cooked meat yield was achieved through the improvement in the reten- 

tion of both meat water and solids. Thus, the treatment did not 

solve the problem of quality deterioration (gain of moisture causing 

poor texture and loss of protein solids and flavor compounds) taking 

place in the raw meat of shrimp held in ice. 

This investigation was designed to develop a chemical treatment 

for round shrimp that would allow their refrigerated storage without 

ice, which would eliminate the deteriorative effects of water 

absorption and solid loss. Appropriate levels of condensed phosphate 

and potassium sorbate coupled with citric acid to mantain optimum 

solution pH for activity were determined. The condensed phosphate 

fraction of the treatment functioned by retarding moisture loss 

during storage and enhancing both moisture and solids retention 

through cooking. Potassium sorbate retarded microbial growth 

replacing the washing action of melting ice. 



REVIEW OF LITERATURE 

Biology of Pacific Shrimp CPandalus jordani) 

Larvae of smooth pink Pacific shrimp hatch from late March to 

early April. Metamorphosis to the adult form takes place in August. 

Normally shrimp mature first as males after one and a half year when 

their length is 17.6 mm and their weight is almost 4 g. Sex change 

is in progress when shrimp are two years old and continues through 

the third summer. By the autumn, at 20.2 mm length and almost 6 g 

weight, they reach maturity as females. Starting in late November, 

female shrimp carry eggs for four and a half months and hatch early 

in the next spring (Butler, 1980). 

The body of pink shrimp is slender and compressed, and is 

enclosed in a thin, hard shell. The main component of the shell is 

chitin, a very stable polymer composed of N-acetyl glucosamine. The 

entire shell is not of equal strength; separate hard sections alter- 

nate with delicate chitinized membranes. Due to this rigid exo- 

skeleton, shrimp growth is not continuous. It takes place onlywhen 

they periodically shed their shell, i.e., when molting occurs (Buru- 

kovskii and Bulanenkov, 1969). The pink shrimp's body is almost 

entirely covered by fine red dots. These are more densely distrib- 

uted on certain regions like the telson and the branchial region of 

the carapace creating darker red tones (Butler, 1980). 

The shrimp body is divided into the cephalothorax and abdomen. 

The cephalothorax consists of the head and the thorax which are cov- 

ered by a common structure, the carapace. This is the section in 
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which the most important viscera are located. The abdomen is divided 

into seven segments. Lateral appendages overhang from the first 

five. The last abdominal segment is called telson. It has an elon- 

gated triangular form and ends in a spine. Most of the volume of 

the abdomen is filled with a powerful musculature comprising forty 

to forty-five percent of the total weight. Locomotion is achieved 

by three kinds of extremities: five pairs of walking legs located on 

the cephalothorax, five pairs of pleopods and one pair of uropods 

(tail fin) located on the abdomen. Pleopods and uropods are used 

for movement in the water column. The digestive system is formed by 

the mouth, which opens directly into the stomach. Before the stom- 

ach merges with the midgut there is a "strainer" composed of thin 

chitinous fibers. Digestion and absorption take place, in the short 

midgut and its appendages, which form the so-called liver. This 

liver functions both as a liver and as a pancreas. The next struc- 

ture is the hindgut, which passes through the whole body on the dor- 

sal side and opens into the anus in the ventral side of the telson. 

Shrimp Harvesting 

The ocean pink shrimp (Pandalus jordani)  inhabits the northern 

region of the Pacific Ocean from Alaska to San Diego, California. 

The center of distribution of the population is off the Oregon coast. 

Commercial concentration of pink shrimp occur from Vancouver Island, 

British Columbia in Canada to the area off Morro Bay on the south 

central California coast (Lukas, 1981). Its commercial size ranges 

between 50 shrimp per pound (about 9 g individual weight) to over 
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150 shrimp per pound (about 3 g individual weight) (Cheung, 1976). 

Exploratory fishing out of the Washington and Oregon coasts in 1958 

obtained the highest catches in areas with green mud or green mud 

and sand bottoms (Alverson et al., 1960). Drags at depths between 

61 and 90 fathoms were the most productive followed by depths 

between 91 and 120 fathoms. Alverson and co-workers (1960) explained 

the change in the availability of shrimp to the fishing fleet as 

caused by the vertical movements of the crustacean taking place sea- 

sonally. 

Shrimp in the Northern Pacific fishery are caught with trawl 

nets, which are towed from the stern or sides of the trawler. The 

length of time of the towing varies considerably, but is ordinarily 

about two to three hours (Idyll, 1976). In addition to shrimp, the 

net picks up large amounts of "trash" including fish, sponges, and 

crabs. Sometimes a major portion of the catch is "trash". After 

the trawl nets are discharged on the deck of the vessel the shrimp 

are separated from the "trash" and the latter is dumped overboard. 

The shrimp are washed with sea water and stored in alternate layers 

of ice in boxes or bins in the hold of the trawler. The age of the 

shrimp upon landing is normally between one and four days out of 

water. At the dock, the shrimp are often unloaded into washing 

tanks to clean and separate them from the ice. After washing, the 

shrimp are transported to the processing plant where they are either 

stored in ice or processed expeditiously. 



Shrimp Processing 

At the processing plant, the boxes containing the washed and 

deiced shrimp are weighed. Fishermen are paid on either, a gross 

weight basis or a yield basis, i.e., according to the weight of 

shrimp meat recovered (Cheung, 1976). 

Peelability of shrimp is significantly improved by holding them 

in crushed ice or refrigerated sea water for a period of two or more 

days (Collins, 1960b; Idyll, 1976). This operation is also called 

"aging". Fresh shrimp are "aged" in the processing plant before the 

precooking and peeling operations, whereas older shrimp are pro- 

cessed immediately after arrival. Shell removal is enhanced because 

connective tissue attaching the muscle to the shell is degraded by 

proteolytic enzymes. However, "aging" causes a decrease in yield of 

cooked shrimp meat due to the loss of water-soluble constituents as 

a function of holding time (Collins, 1960a; Seagran et al., 1960; 

Collins, 1961). Peelability can also be improved by dipping the 

shrimp in citrate solutions before precooking (Chao, 1979). The 

very rapid effect of citrate appears to be produced by the chelation 

of divalent metal ions, which bind connective tissue proteins in the 

meat to the chitin-mineral matrix of the shell forming the primary 

linkage between the shell and the soft part of the shrimp's body. 

According to Bynagte (1972), peelability of shrimp is also improved 

by treatment with sodium acid phosphate and sodium triphosphate 

solutions prior to cooking. 

The raw shrimp are precooked with boiling water or steam at 

100oC for 90 to 110 sec. This operation markedly improves; the shell 
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removal efficiency and preserves the color (Collins and Kelley, 1969), 

but it also causes a decrease in meat yield (Idyll, 1976). Precook- 

ing originates moisture and solid losses due to reduction in water 

holding capacity and solubilization of proteins. Application of 

condensed phosphates before this operation significantly reduces 

these losses, improving the yield without affecting the quality of 

shrimp (Ayeni, 1980; Nouchpramool, 1980). 

After precooking, shrimp are conveyed into the mechanical 

peeler. A stream of cold water is used to cool the shrimp and 

transport them along a peeling channel formed by two reciprocating 

rubber rollers. Shrimp shells are broken by pressure fingers and 

carried away by roller-edge nip points (Cheung, 1976). About fifty 

to fifty-five percent of the weight of the shrimp is lost after the 

head and the shell are removed (Idyll, 1976). Grading of shrimp 

before cooking and peeling allows a better peeling operation and 

therefore a better recovery of shrimp meat (Cheung, 1976). Peeled 

shrimp are transported to a washer-cleaner or a separator where 

remaining, pieces of shells, heads, and thorax are removed. Shrimp 

meat is then inspected on a table or a conveyor and defectives are 

eliminated. Clean, inspected shrimp meat can be canned, frozen, or 

subjected to other operations depending on the type of final product 

desired. 

Post-Catch Quality Changes in Shrimp 

Shrimp, like most marine products, are highly perishable and 

their deteriorative changes are especially likely to be perceptible 
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at an early stage (Campbell and Williams, 1952). Changes occurring 

in post-catch shrimp cannot be stopped by icing, chilling, or even 

freezing. Proper handling in the boat and proper holding are the 

most important factors for a good quality product. Once the product 

is delivered to the processing plant, very little can be done 

(Pedraja, 1970). 

Shrimp tissues are more delicate than tissues of other animals, 

apparently because of the reduced hydroxyproline content of the 

collagens in the connective tissue (Thompson and Farragut, 1971). 

Delayed handling greatly affects the quality of shrimp post-catch 

(Fieger et a!., 1958). Fresh shrimp held at 30oC starts developing 

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

temperature is 20oC (Cobb et al., 1977). 

Deterioration of shrimp quality is caused by the action of 

microorganisms, endogenous enzyme activity, chemical reactions, and 

physical handling. Loss of quality during the early periods of 

storage is mainly caused by autolysis, whereas bacterial action is 

responsible for long term deterioration (Fieger and Friloux, 1954). 

Chemical and/or enzymatic activity cause musty and cooked shrimp 

off-odors, while putrid and sour odors are produced by bacteria grow- 

ing in the shrimp (Cobb et al., 1977). 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 firm flesh. The second phase 

(seven days) was characterized by a tasteless product which yielded 

a soft cooked meat. Rapid deterioration, softer flesh and presence 
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of off-odors characterized the last phase. Riaz and Qadri (1979), 

on the other hand, 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 then. 

Trimethylamine (TMA) is formed in shrimp post-catch from tri- 

methylamine oxide (TMAO), a natural constituent of shrimp flesh, 

through microbial action. Under normal conditions, TMA nitrogen con- 

tent increases (Bailey et al., 1956; Flores and Crawford, 1973), and 

TMAO nitrogen content decreases (Flores and Crawford, 1973; Argaiz, 

1976). Part of the decline of TMAO levels is due to its degradation 

to formaldehyde (FA) and dimethylamine (DMA) (Flores and Crawford, 

1973). Decrease in total nitrogen (TN) (Flores and Crawford, 1973), 

protein nitrogen (PN) (Wilaichon et al., 1977), and non-protein 

nitrogen (NPN) (Flores and Crawford, 1973; Wilaichon et al., 1977) 

also takes place in post-catch shrimp. Total volatile nitrogen (TVN) 

content of shrimp post-catch increases with time, whereas amino acid 

nitrogen (AAN) decreases (Farooqui et al., 1978). The ratio of these 

two values (TVN/AAN) has shown to have a good correlation with shrimp 

quality (Cobb and Vanderzant, 1975). The pH value of shrimp 

increases progressively through storage (Bethea and Ambrose, 1962; 

Bailey et al., 1956), apparently due to the increase in TMA levels 

(Dyer et al.,, 1944). 

Melanogenesis ("black spot") is a common problem associated with 

shrimp post-catch. It occurs through the oxidation of certain 

chromogens of the phenol-amine type, e.g., tyrosine and phenylalanine, 

which are formed via the hydrolysis of shrimp proteins. Melanin 



10 

pigments are the final products of these oxidation reactions, which 

cause the shrimp to have a poor appearance (Bailey and Fieger, 1954). 

Post-catch chemical and biochemical changes have been used as a 

basis for objective tests to quantitatively characterize meat qual- 

ity. According to Flores and Crawford (1973), TN, NPN, TMA, and 

TMAO levels appear of little use in reflecting the organoleptic 

quality of cooked meat, whereas DMA and FA determinations seem to 

reflect adequately such quality. Fieger and Friloux (1954) and 

Bethea and Ambrose (1962) observed that TMA nitrogen level is of use 

in assessing quality of shrimp, but only after the onset of spoilage, 

which, obviously, limits its usefulness. The former workers found 

AAN level as the test that provided the best correlation with shrimp 

quality. The pH value of shrimp muscle appears to be a reliable but 

not as precise index of quality as DMA and FA (Flores and Crawford, 

1973). A pH value below 7.7 indicate prime quality product (Bailey 

et a!., 1956; Farooqui et a!., 1978). Tyrosine (main substrate for 

melanogenesis) levels fluctuate irregularly during storage. Thus, it 

does not have any value as an indicator of shrimp quality or length 

of storage (Fieger and Friloux, 1954). In spite of their variation 

in fresh shrimp, total plate count is a useful test to assess the 

organoleptic quality of shrimp. A quality guideline of less than 

ten million counts per gram of shrimp meat has been suggested 

(Bailey et al., 1956; Farooqui et al., 1978). Some characteristics 

of shrimp drip, e.g., pH, color, and transparency changes through 

storage have also been found suitable to correlate with shrimp qual- 

ity (Bethea and Ambrose, 1961). 
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Bacteriology of Shrimp 

A study of freshly caught shrimp from the Gulf of Mexico (no 

species identified)  by Green (1949a)  showed an average bacterial 

count of 42,000 per gram.    The count increased to 55,000 by the time 

the shrimp were unloaded.    The incubation temperature for both cases 

was 250C.    Ridley and Slabyj  (1978)  reported an aerobic plate count 

of 530 per gram for Pandalus borealis at an incubation temperature 

of 350C.    The count using a salt-water medium and an incubation tem- 

perature of 210C was significantly higher;  111,000 per gram.    Studies 

on Pandalus jordani reported an average count of 1.6 million (inc. 

temp.  250C)  for shrimp as landed at the dockside, i.e., shrimp that 

had been stored in ice for less than one to four days  (Lee and 

Pfeifer,  1977).    In a similar work with brown  (Penaeus aztecus)  and 

white  (Pena&us setiferus) shrimp, Vanderzant et al.,  (1970)  reported 

counts ranging between 870 and 1.3 million per gram (inc.  temp. 280C) 

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 seven days to a range between 34,000 and 70 million 

(Vanderzant et al., 1970).    In a recent national   (U.S.) survey, the 

average count of frozen,  raw, in-shell shrimp was 800,000 at an incu- 

bation temperature of 30oC and 300,000 at 350C.    Counts for frozen, 

raw,  peeled shrimp were very similar (Swartzentruber et al., 1980). 

It has been observed that microbial  counts of shrimp held in ice 

decrease after a few days of ice storage and then an increase occurs. 

The decrease is caused by the washing effect of the melting ice 

(Campbell and Williams,  1952).    For the same reason, the counts of 
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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, 1949a). Bacterial counts of fresh shrimp 

fluctuate over wide ranges as noted above due to factors such as 

season, area of catch, and length of trawling. However, the main 

factors causing these fluctuations appear to be differences in han- 

dling of shrimp on the boat, sanitary conditions in the hold and of 

the ice and time and temperature of storage (Vanderzant et al., 

1970). Bacterial counts are highly dependent on the incubation 

temperature. Green (1949b) found that, for the same sample-, count at 

370C was only a fifth of count at 250C. 

The predominant microbial group in raw and iced Pacific shrimp 

(Pcndalus jordani)  is Moraxella  spp. Other prevalent genera are 

Pseudcmonas  spp., Acinetobactev  spp. , Art}wo'bacter  spp., and 

Flavobaaterium-Cytophaga  spp. (Lee and Pfeifer, 1977). Lee and 

Pfeifer (1977) noted that the flora of Fandalus jordani was very 

similar to that of Pacific Dungeness crab (Ccmcer magistev)  as 

reported by them previously (Lee and Pfeifer, 1975). They explained 

the similarity as due 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 is caught 

plays a major role in determining the flora of the species (Shewan, 

1971). 

Predominant groups in fresh and ice stored Gulf shrimp are "Cory- 

neforms" (Artkrobactev    spp.), Pseudomcnas  spp., Movaxella  spp., and 

Micvocoacus  spp., according to Vanderzant et al. (1970). Cobb et al. 
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(1976) also found Vibrio  spp., and Aoinetdbaotev  spp. Vanderzant 

and co-workers (1970) found that "Coryneforms" dominated microbial 

flora of fresh shrimp, whereas Pseudomonas  spp., was the predominant 

group in ice stored Gulf shrimp. The latter authors attributed the 

diferences in the floras of Pacific and Gulf shrimp to differences 

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

and temperature of storage. 

Total bacterial counts of peeled and precooked Pacific shrimp 

(Pandalus jordani)  ranged between 620 and 1.3 million with an aver- 

age of 33,000 in the study by Lee and Pfeifer (1977). Ridley and 

Slabyj (1978) reported an average of about 40,000 for Pandalus 

borealis,  which was in close agreement with that of Lee and Pfeifer 

(1977). A survey carried out on frozen, precooked, peeled shrimp 

from Southeast Asia and the North Sea showed that 45 and 78% of 

samples respectively, had aerobic mesophylic counts higher than one 

million. (Beckers et al., 1981). 

Moraxella  spp., which is the predominant species in raw, fresh 

and iced shrimp (Pandalus jordani),  is virtually eliminated during 

the precooking operation; whereas Aoinetobaoter  spp., Flavobacterium 

-Cytophaga  spp., Pseudomonas  spp., and Arthrobaater  spp., become 

predominant (Lee and Pfeifer, 1977). Studies on heat sensitivity of 

bacterial groups found in Pacific shrimp showed that Aoinetobaoter 

spp., and Arthrobaoter  spp., were the most heat resistant and 

Flavobacteritm-Cytophaga  and Moraxella  spp., the least. This ex- 

plained the elimination of Moraxella  spp., from precooked shrimp, 

and the predominance of Arthrobaoter  and Aoinetobaoter  spp. (Lee and 
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Pfeifer, 1977). It was also found in growth potential studies that 

Pseudomonas  spp., had the lowest generation time at 10oC, with 

Moraxella  spp., showing a similar value. Growth rates of 

Arthrobaotev  spp., Flavobaoterium-Cytophaga  spp., and Acinetobactev 

spp., at 10oC, were twice as slow as those of the former groups. 

Generation times of all the groups were very similar at 25 and 30oC. 

Thus, microbial population of Pacific shrimp kept above refrigerated 

temperatures should remain diverse (Lee and Pfeifer, 1977). 

Condensed Phosphate Application in Foods 

Condensed phosphates are extensively used in food processing 

due to their significant effect on the functional properties of the 

products to which they are added. The compounds most commonly em- 

ployed are sodium salts of pyrophosphate, tripolyphosphate, and 

hexametaphosphate, which is not a hexamer, but a mixture of chains 

of varying lengths (Bell, 1971). Commercial blends of diverse com- 

positions such as Kena (Calgon Corp.), Frez-Gard (Calgon Corp.), 

Quadrafos (Monsanto Co.), and Brifisol D510 (American Hoechst Corp.) 

are marketed. 

Condensed phosphate treatments have been applied to improve the 

physical and/or organoleptic properties of foods such as lean meat 

(Bendall, 1954), fresh pork (Hoes et al. , 1980; Sherman, 1961), hams 

(Krause et al., 1978; Rhodes and Nute, 1980; Vollmar and Melton, 

1981), chicken (Spencer and Smith, 1962; Elliot et al., 1964), com- 

minuted meats (Taylor, 1958; Hellendoorn, 1962), and sausages 

(Taylor, 1958). Seafood products have also been extensively treated 
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with condensed phosphates. Some examples are frozen fish (Mahon, 

1962; Boyd and Southcott, 1965), cod fillets (Tanikawa et al., 1963; 

MacCallum et al., 1964), rockfish (Kramer and Peters, 1979), minced 

fish (Akiba et al., 1967; Moledina et al., 1977), ray (Vyncke, 1978). 

crab (Ganucheau, 1948), shrimp (Bynagte, 1972; Sharma and Seltzer, 

1979; Falci and Scott, 1980), and prawns (Mathen, 1970). 

Application of condensed phosphates to food products originates 

an increase in product yield (Hoes et al., 1980; Krause et al., 1978; 

Sharma and Seltzer, 1979). This effect is associated with a reduc- 

tion in drip losses of frozen and cooked products (MacCallum et al., 

1964; Mahon, 1962; Spinelli et al., 1967; Vollmar and Melton, 1981), 

and a swelling effect, i.e., an increase in the water holding capac- 

ity (Bendall, 1954; Sherman, 1962; Sutton and Ogilvie, 1968). Other 

properties positively affected by condensed phosphate addition in- 

clude flavor (Krause et al., 1978; Vollmar and Melton, 1981; Chu, 

1982), color (Spinelli et al., 1967; ,Falci and Scott, 1980), appear- 

ance (Vyncke, 1978; Love and Abel, 1966), juiciness and tenderness 

(Kramer and Peters, 1979; Rhodes and Nute, 1980; Hoes et al., 1980), 

and texture (Spencer and Smith, 1962; MacCallum et al., 1964; Falci 

and Scott, 1980). It has also been demonstrated that condensed 

phosphate application causes a decrease in rancidity (Ramsey and 

Watts, 1963), inhibition of bacterial growth (Spencer and Smith, 

1962; Elliot et al., 1964; Firstenberg-Eden et al., 1981), extension 

of shelf life (Vyncke, 1978), and improvement in the binding quality 

of products like sausages (Fukazawa et al., 1961). 

Since water in meat is bound to muscle proteins, condensed 
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phosphate effects on the water holding capacity and drip formation 

of raw and cooked meats must be explained in terms of protein-con- 

densed phosphates interactions. Lean meat contains about 75% water. 

Only 4 to 5%  of this is "true hydration water", the rest being the 

physicochemically different "free" or immobilized water. Changes in 

the water holding capacity caused by the addition of salts such as 

sodium chloride or condensed phosphates are determined by the amount 

of "free" water trapped within the microstructure of the tissue, 

whereas the amount of hydration-water does not vary significantly 

(Hamm, 1971). Structural changes of the protein inside the muscle 

cell caused by attraction or repulsion between charged groups or by 

tightening or loosening of cross-linkages between the peptide chains, 

affect the quantity of immobilized water in the tissue. Certain ions 

and pH are capable of inducing those structural changes (Sherman, 

1962). Water holding capacity is minimum at isoelectric point of 

actomyosin as a result of interactions between charged groups. Ad- 

dition of acid or baseJchanges this condition; the intermolecular 

salt bridges are destroyed and swelling occurs. Neutral salts, on 

the other hand, cause an increase in the water binding of tissue at 

its normal or higher pH values. The effect is due primarily to the 

binding of the anion, e.g., chloride in NaCl (Hamm, 1971). 

Divalent cations calcium, magnesium, and zinc are present natu- 

rally in muscle. A portion of each of them is bound to the myo- 

fibrillar proteins apparently forming cross-linkages between the 

peptide chains, thus decreasing" the water holding capacity. Hamm 

and Grau (1958) proposed that the effect of condensed phosphates and 
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other salts of weak acids is created by the elimination of the alka- 

line-earth ions from the tissue by precipitation, sequestering, or 

ion exchange. As a result, the protein structure is loosened and 

the water holding capacity augmented. The reaction of phosphate 

ions with protein-bound alkaline-earth ions may not necessarily pro- 

duce an increase of extractability of the latter as a result of 

cleavage of the protein-cation bonds. It can be that only one of the 

two bonds is broken by binding of the phosphate anion. Nevertheless, 

the result is also an increase in the water holding capacity because 

the cross-linking effect is eliminated (Hamm, 1971). Hellendoorn 

(1962), however, observed no increase, but a depressing effect in 

the water holding capacity of meat when treated with ethylenediami - 

netetraacetic acid, a very effective binder of divalent cations. He 

concluded that the activity of condensed phosphates cannot be ex- 

plained in terms of their ability to complex alkaline-earth ions. 

Another theory to explain the mechanism of action of condensed 

phosphates proposes that the effect results from the dissociation 

of actomyosin into its components (actin and myosin) and the partial 

conversion of these components from the gel into the sol state 

(Bendall, 1954; Yasui et al., 1964). This is supported by the 

observation that condensed phosphate anions bind to myosin at the 

same site where actin normally binds (Kieley and Martonosi, 1968). 

Sherman (1961) proposed that fluid retention was related to the 

concentration of actomyosin going into solution during aging of 

solution-meat mixtures. The hydrating effect of condensed phos- 

phates is not necessarily due to the partial solubilization of the 
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myofibrillar proteins since the effect is present even at concentra- 

tions (ionic strengths) below that required to produce such solu- 

bilization (Hamm and Grau, 1958). At higher concentrations, the 

dissolution may occur and improve the water holding capacity by for- 

mation of a fine network of coagulated proteins (Fukazawa et al. , 

1961). 

The promotion of the water binding of meat produced by con- 

densed phosphates is significantly increased in the presence of so- 

dium chloride (Mahon, 1962; Hellendoorn, 1962) due to the higher 

ionic strength (Bendall, 1954). However, the decisive factor is the 

specific interaction of condensed phosphates and meat , and not the 

ionic strength (Hellendoorn, 1962). 

According to Hamm (1971), the swelling effect originated by 

increasing the ionic strength, which causes electrostatic repulsion 

between protein charges is limited by cross-linkages between the 

protein molecules, probably actin and myosin. Once condensed phos- 

phate ions have cleaved such cross-linkages, the protein molecules 

can separate from each other to give way to intermolecular repulsion 

forces. It is probably that alkaline-earth cations participate in 

the cross-linkages and that condensed phosphate anions break these 

linkages by interaction with the protein-bound cations (Hamm, 1971). 

Sutton and Ogilvie (1968) compared fish muscle with a simple 

water-swollen gel system, such as gelatin in water; the formation of 

drip being similar to syneresis in gels. The solid proteinaceous 

structure is negatively charged, and electro-neutrality is main- 

tained by the potassium and sodium ions present in the surrounding 
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aqueous phase. Drip in frozen products forms because of chemical 

and physical damage. The former is concerned with protein denatura- 

tion caused by salting-out effects during freezing; the latter with 

cell damage originated by ice formation (Tanikawa et al., 1963). 

Seagran (1958) suggested that the sarcoplasmic proteins were not 

intimately associated with the origin of drip. Instead, actomyosin 

denaturation by a dehydration process appeared to be at least par- 

tially responsible for the drip formation in fish muscle after 

freezing and thawing. Condensed phosphate treatment causes a 

partial dissolution of proteins in cod muscle. Histological evi- 

dence indicates that these proteins form a uniform layer that seals 

off the channels at the surface of the tissue. As a result, fluid 

exudation is lowered, keeping the "free" water inside the muscle 

structure (Love and Abel, 1966). 

Tripolyphosphate is hydrolyzed to pyrophosphate and then to 

orthophosphate in muscle (Sutton, 1973; Tenhet et al., 1981). Tenhet 

and co-workers (1981) observed that after two weeks of frozen stor- 

age at -260C, only 12% of tripolyphosphate added to shrimp remained 

as such, whereas pyrophosphate and orthophosphate were present at 

concentrations of 25 and 27%, respectively. Sutton (1973), on the 

other hand, reported that all the tripolyphosphate present in 

treated cod muscle was converted to orthophosphate after 30 to 40 

hours of storage at 0oC. Tripolyphosphate is more effective than 

orthophosphate in reducing liquid lost. Thus, it appears that 

tripolyphosphate creates an irreversible effect. 
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Sorbic acid as a Food Preservative 

Since the publication of Gooding's patent (Gooding, 1945), 

sorbic (2,4-hexadienoic) acid and its potassium and sodium salts have 

been widely used as preservative agents in food products. Added at 

various levels, they have proved to be effective in controlling the 

microbial growth in products like cheese (Smith and Rollin, 1954), 

butter (Ajay et a!., 1981), poultry parts (Cunningham, 1979; To and 

Robach, 1980), apple juice (Ferguson and Powrie, 1957), apple cider 

(Weaver et al., 1957; Dryden and Hills, 1959), dry sausages (Holley, 

1981), and cooked, uncured sausages (Tompkin et al., 1974). 

Phillips and Mundt (1950) and Costilow (1957) added sorbic 

acid at concentrations between 0.025 and 0.1% to the brines used in 

the fermentation of cucumbers to eliminate the growth of undesirable 

yeasts, molds, and many bacteria. Treated cucumbers produced firm 

and crisp products, whereas controls became slippery, soft, and 

finally mushy. 

Recent works have shown that sodium nitrite, which is added as 

an anticlostridial as well as a color-producing agent, can be par- 

tially replaced by sorbates in cured products like bacon (Paquette 

et al., 1980; Sofos et al., 1980a) and chicken frankfurter-type 

emulsions (Sofos et al., 1979; Sofos et al., 1980b). This replace- 

ment reduces the levels of nitrosamines in the products (Tanaka et 

al., 1978; Robach et al., 1980). 

Sorbic acid and its salts have also been used successfully in 

seafood products. Boyd and Tarr (1955) were able to retard the 
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development of molds and yeasts in smoked halibut, salmon, and sable- 

fish by dipping the fish in a brine containing sorbic acid before 

smoking and storing them at low temperature. Similar results were 

obtained with smoked salmon and whitefish by Geminder (1959) by 

applying sodium or potassium sorbate solutions as a spray before or 

as a dip after smoking. Potassium sorbate has also been used to 

extend the shelf life of smoked mullet (Waters, 1961; Thompson, 

1962). Thompson (1962) observed a protective effect of sorbate 

against rancidity of the smoked mullet fillets. This effect was 

probably caused by the preferential selection of the available oxy- 

gen by sorbate. Sorbic acid and sorbates have also been used to 

control the microbial growth in salted fish (Doesburg et al., 1969; 

Varga et al., 1979) and homogenates of crab meat and flounder 

(Robach and Hickey, 1978). 

Although originally applied as mold inhibitors, sorbic acid and 

its salts'are also effective against yeasts and bacteria. Inhibi- 

tion in the growth of molds and yeasts has been observed among 

others by Boyd and Tarr (1955) and Weaver et al. (1957). 

Asperg-illus parasiHcus  (Przybylski and Bullerman, 1980) and Peni- 

oillivm chrysogenvm  (Hunter and Segel, 1973) are two particular spe- 

cies of molds in which the preservative effect has been demonstrated, 

whereas inhibition on Saceharomyces  species was reported by Azukas 

et al. (1961), Smith et al. (1962), and Harada et al. (1968). 

Sorbic acid and sorbates are also effective to prevent or retard the 

outgrowth of pathogenic Clostridium    species (Tompkin et al., 1974; 

Robach et al., 1978; Sofos et al., 1980b; Robach, 1980; Smoot and 



22 

Pierson, 1981), Salmonella  species (Tompkin et al., 1974; To and 

Robach, 1980; LaRocco and Martin, 1981; Restaino et al., 1981), and 

Bacrlllus oereus  (Smoot and Pierson, 1981). Other species which are 

affected by sorbic acid and its salts include Pseudomonas fluoresaens 

(Robach, 1978; Restaino et al., 1981), Vibrio parahaemolytious 

(Robach and Hickey, 1978), enteropathogenic Esoheriahia coli  (To and 

Robach, 1980), and Staphiloaoccus aureus  (Tompkin et al., 1974; To 

and Robach, 1980). 

Many theories have been postulated to explain the mechanism by 

which sorbic acid and sorbates exert their inhibitory effect on 

microorganisms. Melnick and co-workers in 1954, proposed the inhi- 

bition of dehydrogenase systems resulting in the accumulation of a, 

0-unsaturated fatty acids to account for the control of mold growth 

on cheese (Melnick et al., 1954). The inhibition of sulfhydryl 

enzymes has also been demonstrated (Whitaker, 1959). Whitaker (1959) 

suggested the formation of a thiohexenoic acid derivative at the 

active site of the enzyme. Studying the alcoholic fermentation in 

baker's yeast, Azukas and co-workers (1961) found that enolase was 

the primary site of sorbic acid action. A widely accepted theory to 

explain the effect of sorbic acid is the uncoupling of oxidative 

phosphorylation (York and Vaughn, 1964). A rapid decrease in ATP 

levels observed in Aspergillus parasiticus  following the exposure to 

to the preservative supports this theory (Przybylski and Bullerman, 

1980). 

The competitive combination of sorbate with coenzyme A is 

another possible mechanism of inhibition of respiration (Harada et 
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al., 1968). The fungistatic action of sorbic acid was explained by 

Troller (1965) in terms of catalase inhibition, which would increase 

the hydrogen peroxide concentration to a point where it could act on 

certain metabolic processes and prevent spore germination. Hunter 

and Segel (1973) observed the blocking of amino acid transport in 

Peni.cillium chrysogenim  by sorbates among other salts of weak acids. 

They proposed the existence of a proton or charge gradient driving 

the transport. This gradient would be discharged by the unionized 

molecules of the weak acids penetrating through the membrane and 

ionizing once inside due to a higher pH. More recently, Reinhard 

and Radler (1981a) were unable to observe enzyme inhibition in the 

fermentation of yeasts; however, growth was inhibited. They con- 

cluded that sorbic acid affected the permeability of the cell mem- 

brane. Later they proposed the reaction of sorbic acid with thiol 

groups of the surface of the yeast cell to account for the distur- 

bance of cell growth (Reinhard and Radler, 1981b). 

Sorbic acid effectiveness is enhanced at low pH values 

(Gooding et al., 1955; Smith et al., 1962; Robach, 1978), which 

suggests that the activity is primarily due to the undissociated 

molecule (Azukas et al., 1961; Varga et al., 1979). In addition to 

their effect on pH, several organic acids, e.g., acetic, citric, and 

lactic potentiate the inhibitory action of sorbic acid and its salts 

(Hoiley, 1981; Restaino et al., 1981). Two other factors that have 

synergistic effects with sorbic acid are sodium chloride (Rao et al., 

1966; Robach, 1980) and heat (Beuchat, 1981). 

It has been observed that sorbate levels in food products 
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decrease through storage, especially when used in suboptimal quan- 

tities (Melnick and Luckmann, 1954; Weaver et al., 1957). This 

decrease was attributed to the degradation of the acid by microor- 

ganisms, which could use it as a carbon source (York and Vaughn, 

1954). Sorbic acid can be metabolized to water and carbon dioxide 

(Melnick et al., 1954), or can be inactivated by conversion to 1,3- 

pentadiene (Marth et al., 1966; Horwood et al., 1981). In opposi- 

tion to the above information, Boyd and Tarr (1955) did not observe 

a significant decrease in sorbic acid levels during storage periods 

of up to 50 days in smoked fish, and Bolin and co-workers (1980) 

proposed that a chemical rather than microbial mechanism might be 

involved in the losses of sorbic acid. This mechanism could be the 

autooxidation to malonaldehyde and other carbonyls (Arya, 1980). 

In general, levels of sorbic acid and sorbate salts used to 

control microbial growth do not have an adverse effect on the taste, 

odor, or color of the food (Phillips and Mundt, 1950; Smith and 

Roll in, 1954; Ferguson and Powrie, 1957). Kemp and co-workers (1979) 

reported an increase in the acceptability of cured ham treated with 

potassium sorbate. Lower mold and yeast populations were responsible 

for the enhanced quality. Sorbates have a definite advantage over 

benzoates as preservatives from the standpoint of taste (Weaver et 

al., 1957; Dryden and Hills, 1959). Addition of large amounts of 

sorbates can be deleterious to the organoleptic characteristics of 

foods. Lower organoleptic scores in poultry parts (Cunningham, 

1979), "chemical-like" flavor in bacon (Berry and Blumer, 1981), and 

"plastic paint" or "kerosene" taste in cheese (Horwood et al., 1981) 
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are some examples of undesirable effects of the presence of high 

levels of sorbates in food products. 

Toxicity studies in dogs and rats by Deuel and co-workers 

(1954a) showed that sorbic acid was innocuous at levels as high as 

4% in the diet. When present in foods, sorbic acid and sorbates are 

metabolized as any other fatty acid and converted to water and car- 

bon dioxide under normal conditions (Deuel et al., 1954b). Mixtures 

of sorbic acid with sodium nitrite can react under acidic conditions 

to form compounds, which Namiki and co-workers (1981) described as 

mutagens, whereas other authors have found them harmless (Tanaka 

et al., 1978). 
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EXPERIMENTAL 

Materials 

The Pacific shrimp used in this work was obtained during the 

period of July 16 to September 8, 1981 from commercial shrimp pro- 

cessing plants in Astoria, Oregon. A commercial food grade con- 

densed phosphate mixture composed of sodium tripolyphosphate and 

sodium hexametaphosphate (Brifisol D510. American Hoechst Corpora- 

tion, Sommerville, New Jersey) was employed. This mixture is 

referred as condensed phosphate in subsequent discussion. Potassium 

sorbate (Sorbistat -K) and citric acid manufacturing grade were 

acquired from Pfizer, Inc., New York, New York. Dehydrated plate 

count agar was purchased from Difco Laboratories, Detroit, Michigan. 

Other reagents were analytical grade. 

Investigation of the Optimum Formulation for the Dip Solution 

General -procedures.     All dip solutions were prepared with tap 

water, condensed phosphate, potassium sorbate, and citric acid on a 

% w/w basis. Solutions were chilled to 2-40C before round shrimp 

samples were dipped as recommended by Chu (1982). The proportion of 

dip solution weight to shrimp sample weight was 2:1 for all experi- 

ments. Shrimp samples were dipped for 20 min. and drained for 

another 20 min. These operations were carried out in a refrigerated 

room at 20C. 

Determination of optimum pi .     Several dip solutions (1500 g of 

each) containing 8%  condensed phosphate, 1% potassium sorbate, and 
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different levels from 0 to 1.50% of citric acid were prepared and 

their pH values were determined. Two day old shrimp samples of 750 g 

were dipped in the chilled solutions and then drained as outlined 

above. Cooked meat yield and sorbic acid and phosphate incorporation 

into the shrimp meat were determined according to procedures 

described later. These values were used as the criteria to select 

the optimum pH for the treatment solution. 

Determination of optimum potassium sorbate concentration.     Four 

kg of dip solution was prepared for each treatment. The solutions 

contained 8% condensed phosphate, 0.75% citric acid (concentration 

producing the optimum pH defined by results of the previous experi- 

ment), and potassium sorbate concentrations between 0 and 5%. Two kg 

lots of one day old shrimp were dipped in the chilled solutions and 

then drained as described above. Immediately after draining, each 

lot of shrimp was distributed into 9 styrofoam cups, which were cov- 

ered and placed in cold (20C) storage. Aerobic plate count and 

sorbic acid concentration in the shrimp were determined from 0 to 

16 days every 48 hrs., using the contents from an individual cup for 

each day's determinations. The results were used as the criteria to 

select the optimum potassium sorbate concentration in the treatment 

solution. 

Determination of optimum condensed phosphate concentration and 

its relationship to sorbic acid incorporation.     Treatment solutions 

containing 6, 8, and 10% condensed phosphate were prepared. The pH 

value of the solutions was adjusted to 6.7 by adding 0.65, 0.75, and 

0.90% citric acid, respectively. A solution of each condensed 
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phosphate concentration was prepared containing 1.0, 2.5, and 5.0% 

potassium sorbate. Lots of 500 g of four day old shrimp were dipped 

in the chilled solutions and then drained as explained above. Raw 

and cooked meat yields and level of phosphate and sorbic acid incor- 

porated into shrimp meat were determined for all samples. These 

values were used to select the optimum condensed phosphate concentra- 

tion for the treatment solution. 

Evaluation of Stabilization System 

Fourteen kg of dip solution containing 10% condensed phosphate, 

5%  potassium sorbate, and 0.9% citric acid (pH 6.7) were prepared and 

chilled down to 2-40C. Less than one day old shrimp (10.5 Kg.) were 

dipped into this stabilization solution for 10 min., drained for 10 

min., then equally distributed in 7 plastic bags and stored under 

refrigeration (2-40C). A second lot of 30 Kg. of shrimp was distri- 

buted in 7 aluminum pans equipped with drainers between layers of 

ice, i.e., as shrimp is normally handled on board trawlers. The pans 

were placed under refrigeration and re-iced every 48 hrs., elimi- 

nating the water from the bottom of the pans. No special sanitary 

measures were taken in handling the shrimp. Yields on the raw and 

cooked meat were determined for dipped shrimp, iced shrimp, and iced 

shrimp dipped in a 10% condensed phosphate solution just prior to 

processing, through a 15 day storage period. Aerobic plate counts 

on the raw round shrimp were determined for stabilized and iced 

shrimp. 
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Analysis and Evaluation Procedures 

Preparation of homogenous sample.     Known weights of shrimp were 

placed in blender containers, diluted 1:1 with distilled water, and 

homogenized to a paste. The homogenates were used for the determina- 

tions of phosphorus and sorbic acid. 

Moisture content determination.     Moisture content was determined 

according to the AOAC (1980) method (24.003). Raw or cooked peeled 

individual shrimps were weighed in triplicate into aluminum pans, 

dried in an air oven for 16-18 hrs., at 100oC, cooled in a dessica- 

tor, and then weighed again. Weight loss was reported as percent 

moisture content. 

Meat yield evaluation.     Yields of the raw and steam cooked 

(1010C, 100 sec.) meat were determined on 50 individual shrimps for 

each treatment. These individuals were selected to include the whole 

range of sizes present in the lot. The round shrimp were individu- 

ally weighed to the nearest 0.1 g. Shrimp were then immediately 

hand peeled or steam cooked and cooled in a water shower, then hand 

peeled. The meat was weighed into tared aluminum moisture pans to 

nearest 0.1 g., after which the moisture was eliminated in an oven at 

100oC for 16-18 hrs. Samples were cooled in a dessicator and weighed 

to nearest 0.01 g. Wet and dry basis yields were calculated as the 

quotient of the shrimp peeled weight divided by the round weight. 

Data were collected on an individual basis, but reported here only on 

a cummulative basis. 

Phosphorus analysis.     Fractions (10 g) of homogenous sample were 

weighed into triplicate 30 ml crucibles, partially dried for 4-6 hrs. 
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at n0oC., charred with a flame in a hood, and then ashed at 550oC 

for 8 to 12 hrs. After cooling in a dessicator, the ashed samples 

were transferred into 25 ml volumetric flasks by three washes of 1 

ml 6N HC1 and three of 1 ml distilled water. Samples in the flasks 

were diluted to volume and dilutions containing between 0.2 and 

1.0 yg/ml of phosphorus were prepared. Phosphorus content was deter- 

mined from these dilutions following the method described by Bartlett 

(1959). A volume of 1-4 ml of phosphorus-containing sample was 

placed in a test tube and the volume made to 4 ml with distilled 

water and mixed. Then, 0.8 ml of 1.25% ammonium molybdate in 6.12N 

H2S0tt and 0.2 ml of Fiske-Subarow reagent were added, mixing the 

contents of the tube after each addition. The solution was heated 

for 7 min. in a boiling water bath and cooled to room temperature. 

The absorbance at 830 nm was determined in a Pye Unicam SP6 550 spec- 

trophotometer. A standard curve (0.5-4.0 yg P) was prepared using a 

KH2P0t+ solution containing 1 pg P/ml. Phosphorus content was 

reported as mg P205/100g of shrimp meat. 

Sorbic acid analysis.    The spectrophotometric method (20.102- 

20.104) of A0AC (1980) was used. Fractions (10 g) of homogenous 

sample were weighed into duplicate 100 ml Virtis flasks and 90 ml of 

metaphosphoric acid solution (5 g HP03 dissolved in 250 ml water and 

diluted to 1.0 1 with 95% ethanol) were added. Extraction was 

carried out by blending for 5 min. with the Virtis homogenizer. Each 

sample was filtered through Whatman No. 3 paper and a volume (1-5 ml) 

of extract was transferred to a large screw-capped culture tube and 

brought to 5 ml with metaphosphoric acid solution. An aliquot 
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(50 ml) of mixed ethers (ethyl ether:petroleum ether 1:1) was then 

added.  The tube was tightly capped and shaken for 15 min. in a 

rotary shaker. Forty ml of the ether fraction were transferred into 

another screw-capped tube containing 5 g anhydrous Na2S01+) the tube 

was capped and hand-shaken 1 min. Absorbance of the ether fraction 

was determined at 250 nm using a Pye Unicam SP6 550 spectrophoto- 

meter. One ml KMnO^ solution (15 g KMnO^ in 100 ml distilled water) 

was then added and the same tube was shaken again in the rotary 

shaker for 15 min. The sample was filtered through Whatman No. 3 

paper into a third screw-capped tube containing 5 g Na2S0tt and hand- 

shaken for 1 min. Absorbance at 250 nm was again determined. The 

difference between the two values was considered to be the absorbance 

due to sorbic acid present in the sample. A standard curve (0.05- 

0.30 mg sorbic acid) was prepared using a sorbic acid solution in 

mixed ethers containing 0.05 mg/ml. Sorbic acid was reported in 

mg/lOOg of shrimp meat. 

Aerobic plate count determination.     The method used was an adap- 

tation of the A0AC (1980) official method (46.013-46.015). Forty g 

samples of raw round shrimp were weighed into sterilized 400 ml 

blender jars containing 360 ml of sterilized buffered water (1.25 ml 

Butterfield's buffer in 1.0 1 of distilled water). Each sample was 

-2      -6 
blended to homogenization and dilutions from 10  to 10  were 

prepared in 100 ml dilution bottles containing 99 ml of sterilized 

buffered water. Aliquots (1.0 ml) of each dilution were transferred 

to Petri dishes in duplicate and sterilized plate count agar cooled 

to 450C was added. The dishes were covered and gently swirled before 

the medium solidified. Incubation was carried out at 30oC for 48 
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hrs., after which the colonies were counted in plates containing 

between 30 and 300 units, using a Quebec colony counter. Values were 

averaged (arithmetic mean) and reported as aerobic plate count per 

gram of shrimp meat (APC/g). 
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RESULTS AND DISCUSSION 

Determination of Optimum pH 

Commercial samples of two day old shrimp were dipped in con- 

densed phosphate (8%) - potassium sorbate (1%) solutions containing 

varying levels of citric acid to determine the optimum pH for treat- 

ing round Pacific shrimp. Citric acid levels were varied from 0 to 

1.5% and produced a pH range of from 7.76 (0% citric acid) to 5.68 

(1.5%  citric acid). 

Addition of citric acid to the condensed phosphate - potassium 

sorbate solution improved the incorporation of sorbic acid and phos- 

phate into raw round shrimp (Table 1) and enhanced cooked meat yield 

(Table 2). Sorbic acid incorporation was optimized at approximately 

pH 6.7 (0.75% citric acid). A level of 132 mg/100 g (wet wt) was 

achieved at this pH value. More acid solutions did not greatly de- 

tract from or improve the amount of sorbic acid incorporated into 

raw round shrimp. 

Phosphate incorporation also appeared to be optimized at pH 6.7. 

A phosphorus level equivalent to 1228 mg P205/100 g (wet wt) was 

achieved by the pH 6.7 solution treatment, which was 194 mg P205 

/100 g greater than the level in the treatment solution without cit- 

ric acid and 637 mg P2O5/IOO g greater than the level in the control 

water treatment. The lowest level of incorporation was achieved by 

the treatment solution containing no citric acid. It still con- 

tained 1034 mg P205/100 g , which was 443 mg P205/100 g greater than 

the water control. Similar results to those in Table 1 for the 
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incorporation of condensed phosphates as a function of pH were also 

reported for fresh pork (Sherman, 1962). 

Cooked meat yield was considerably improved by the treatment of 

raw round shrimp in condensed phosphate - potassium sorbate solu- 

tions containing 0.50 to 1.50% citric acid. An increase of 2.23 to 

3.66 percentage points in wet yield over the 0% citric acid treat- 

ment was obtained. Higher concentrations of citric acid did not 

greatly detract from or improve meat yield. These results, in gen- 

eral, reflected the phosphate incorporation and did not dispute an 

optimum pH for condensed phosphate - potassium sorbate treatment 

solutions of approximately 6.7. 

According to Sherman (1962), the degree of ion absorption from 

treatment solutions into raw meat is pH dependent; water retention, 

in turn, is proportional to ion absorption. Ions open up the meat 

protein structure by reducing the internal forces of attraction, and 

permitting water to tie absorbed. Results in Table 2, however, dem- 

onstrate that the differences, if any, in water absorbed during the 

treatment of the round shrimp at pH values of 7.04 to 5.68, disap- 

peared after the shrimp meat was cooked. Cooked meat yields through 

this pH range were approximately the same. Considering that both 

sorbic acid and condensed phosphate incorporation were optimized at 

pH 6.7, this pH value was selected as the most satisfactory for the 

stabilization solution. 
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Table 1. Sorbic acid and phosphate incorporation into raw round 
shrimp treated1 in condensed phosphate-potassium sorbate 
solutions adjusted to various pH levels with citric acid. 

Citric Solution2 Sorbic acic J Total phosphorus 
acid  (%) PH (mg/lOOg wet 

91 

wt) (mg P2O s/lOOg wet wt) 

0.00 7.76 1034 
0.50 7.04 101 1080 
0.75 6.70 132 1228 
1.00 6.34 109 1085 
1.25 5.97 127 1109 
1.50 5.68 128 1077 
- Control 1.3   _ - 591 

Exposed for 20 min; drained 20 min; 2-40C. 
2Eight (8) %  condensed phosphate, 1% potassium sorbate. 
3Water, 2-40C. 

Table 2. Yield and moisture content of cooked meat derived from raw 
round shrimp treated1 in condensed phosphate-potassium 
sorbate solutions adjusted to various pH levels with 
citric acid. 

Citric Solution2 Cooked1* meat yield (%)5 Moisture 
acid (%) PH Wet wt 

30.99 

Dry wt 

7.45 

(%) 

0.00 7.76 75.96 
0.50 7.04 34.03 8.19 75.94 
0.75 6.70 34.65 8.18 76.39 
1.00 6.34 33.79 8.01 76.30 
1.25 5.97 33.22 7.77 76.60 
1.50 5.68 34.48 8.48 75.40 
-    Control1 ,3     _ 31.71 7.67 75.82 

1 Exposed for 20 min; drained 20 min; 2-40C. 
2Eight (8) %  condensed phosphate, 1% potassium sorbate. 
3Water; 2-40C. 
•♦In steam at 1010C for 100 sec. 
5Cooked meat wt/raw round shrimp wt. 
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Determination of Optimum Potassium Sorbate Concentration 

Commercial samples of one day old round shrimp were dipped in 

condensed phosphate (8%) - citric acid (0.75%) (pH 6.7) solutions 

containing varying levels of potassium sorbate to control microbial 

growth. Potassium sorbate concentrations were varied from 0 to 5% 

in the solutions. After treatment, the samples were stored under 

refrigeration at 2-40C. 

Sorbic acid was incorporated into raw round shrimp as a direct 

linear function of potassium sorbate present in the treatment solu- 

tion (Table 3). Regression of sorbic acid levels (mg/100 g wet wt) 

determined in zero time samples on solution potassium sorbate con- 

centration (%)  yielded the linear function y=75.0x + 31.6 (r=.993; 

P>_.001). While these results confirmed the linear nature of the 

incorporation of sorbic acid as a function of solution concentration 

within a 1-5% range, sample variability precluded the determination 

of the finite efficiency of concentration dependency. 

Melnick et al. (1954) and Weaver et al. (1957), among others, 

reported the reduction of sorbic acid levels present in foods during 

storage. This reduction was attributed to the metabolic degradation 

of the acid by microorganisms present in the food. Sorbic acid 

levels, however, did not appreciably change in treated shrimp during 

the storage period (Table 3) although microbial growth did occur. 

Apparently, the large sample variability encountered, and the high 

levels of sorbic acid present masked the relativelly small amounts 

of preservative lost through microbial metabolization. Another 

possible explanation is the use by the microorganisms of other 



37 

available compounds like the free ami no acids and sugars present in 

shrimp fluids or even low molecular weight products of the autolysis 

of shrimp tissues during storage. 

Microbial growth on raw round shrimp was markedly retarded by 

the treatment solution and the treatment solution with varying 

levels of added potassium sorbate (Table 4, Fig. 1). The solution 

of 8% condensed phosphate, 0.75% citric acid and no potassium sor- 

bate extended the time for microbial growth to reach IxlO6 APC/g 

by 0.9 days and to lOxlO6 APC/g by 1.5 days over the water treated 

controls. This effect of condensed phosphate solutions on inhi- 

biting the growth or retarding the onset of microbial spoilage had 

been previously reported (Spencer and Smith, 1962; Firstenberg-Eden 

et a!., 1981), and was attributed by Elliot et al. (1964) to the 

chelation of metal ions essential to the growth of the microorgan- 

i sms. 

In the case of shrimp treated with sorbate-containing solu- 

tions, extension of the time to reach IxlO6 APC/g followed a linear 

(r=.996; P>_.001) increase with respect to potassium sorbate concen- 

tration. Time was extended by 3.0, 3.3, 3.7, 3.9, and 4.2 days 

over the water control for 1 through 5% potassium sorbate in the 

treatment solutions, respectively. Added levels of potassium sor- 

bate from 1 to 4% in the treatment solution produced roughly the 

same retardation in the time to reach lOxlO6 APC/g: 4.1-4.4 days. 

Treatment solution containing 5% potassium sorbate, however, was 

more effective, increasing the time to 5.1 days over the water 

treated controls. While counts in the order of IxlO6 APC/g are 
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normal in Pacific shrimp upon arrival at the dockside (Lee and 

Pfeifer, 1977), quality guidelines suggest less than lOxlO6 APC/g 

for Gulf shrimp (Bailey et a!., 1956) and Indian Ocean shrimp 

(Farooqui et a!., 1978). Results on incorporation of sorbic acid 

and retardation of bacterial growth suggested that a potassium sor- 

bate concentration of 5% was the most adequate to be used in the 

stabilization solution. 

Table 3. Sorbic acid levels1 in raw round shrimp2 during refriger- 
ated3 storage after exposure4 to a treatment solution5 

containing various concentrations of potassium sorbate. 

Storage Pota ssium sorbate in dip so lution (*) 
time 
(days)        1 2 3 4 5 

0          98 193 247 351 394 
2         103 162 275 335 398 
4          88 181 321 352 498 
6         129 153 301 337 378 
8          73 208 228 321 361 

10          78 192 255 327 452 
12          84 176 298 404 436 
14          71 189 236 361 508 
16          76 175 256 295 397 

^g/lOO g wet wt. 
20ne day post-catch. 
32-40C. 
1+20 min dip; 20 min drain. 
5Condensed phosphate (8%) - citric acid (.75%). 
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Table 4. Aerobic plate counts1 on raw round shrimp2 during refrigerated3 storage 
after exposure1* to a treatment solution5 containing various levels of 
potassium sorbate. 

Storage 
Control 
(water) 

le.OxlO1* 
ll.OxlO5 

23.9xl06 

46.5x106 

Pota ssiutn sorba te content of treatment solution (%) 
time 

(days) 0.0 1.0 2.0             3.0 4.0 

g.OxlO3 

43.6x103 
Sg-OxlO"* 
SS.OxlO"* 

7.0x106 
63.0x106 

5.0 

0 
2 
4 
6 
8 

10 

25.6x10^ 
18.4x10'* 
3.7x106 

27.6xl06 

54.0x106 

8.2x10'* 
10.4x10'* 
43.0x10"* 
11.7xl05 

21.1x106 
36.0x106 

4.6x10"*      17.5x103 
ll.lxlO1*      80.5x103 
59.5x10"*      42.0x10"* 
77.0x10'*      48.0xl04 

S.SxlO6      n.QxlO6 

46.0xl06      54.0x106 

22.7x103 
47.7xl03 

24.5x10"* 
SS.OxlO1* 
69.5xl05 

27.7x106 

Exponential  regression6 of aerobic plate counts on storage time 

r: 
m: 
b: 
Sig.: 

.975 
1.005 

183,565 
P^.025 

.953 

.785 
131,230 
P>.025 

.970 

.677 
41,334 
P>.005 

.982              .979 

.684              .786 
32,334          14,562 
P>.001          P^.001 

.994 

.861 
8,357 

P^. 001 

.978 

.726 
13,758 
P^.001 

APC/g Computed time  (days) to: 

IxlO6 

lOxlO6 
1.687 
3.979 

2.585 
5.517 

4.709 
8.112 

5.013           5.377 
8.377           8.305 

5.558 
8.233 

5.900 
9.067 

i 
2 
APC/g. 
One day post- catch. 

32 - 40C. 
'*20 min dip; 20 min drain 
5Condensed phosphate (8%) - citric acid  (.75%) 
6y = be1™. 
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Water 
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4       6 

Storage time (days) 

Figure 1. Microbial growth on raw round shrimp treated with 
condensed phosphate (8%) - citric acid (0.75%) 
solutions containing various levels of potassium 
sorbate, during refrigerated storage. 
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Determination of Optimum Condensed Phosphate Concentration 
and its Relationship to Sorbic Acid Incorporation 

Treatment solutions containing 6,8, and 10% condensed phosphate 

and citric acid levels required to achieve a pH of approximately 6.7 

were evaluated for their relative efficiency in enhancing shrimp meat 

yield. Each of these condensed phosphate concentration levels con- 

taining 1.0, 2.5, and 5.0% potassium sorbate were examined for any 

interrelationship affecting sorbic acid incorporation into exposed 

round shrimp. 

Condensed phosphate treatment of round shrimp produced raw meat 

yields (wet wt) equivalent to the water control (Table 5). This was 

generally accomplished through a reduction in raw meat moisture 

yield (wet wt yield - dry wt yield), and an increase in raw meat dry 

matter yield. Moisture content of the treated shrimp was slightly 

lower than the water treated controls as a result of the better re- 

tention of dry matter and lower meat moisture yields. The foregoing 

alterations were shown to be slightly dependent upon the concentra- 

tion of condensed phosphate in the treatment solutions. 

Cooked meat yield was enhanced by condensed phosphate treatment 

of round shrimp over that of the control (Table 5). Cooked meat 

yield (%) was related to the condensed phosphate concentration of 

the treatment solution (%) by the power function y=30.482x-103 

(r=.807; P>.01). Meat yield (wet wt) for 6, 8, and 10% solution 

concentration was 112.4, 116.0, and 118.5% of the control sample, 

respectively; or in terms of cooking losses [(raw meat yield - 

cooked meat yield)/raw meat yield]: water treated control shrimp 
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had a loss of 29.03%, which was reduced to 20.12, 19.40, and 15.09% 

by the 6, 8, and 10% condensed phosphate treatments, respectively. 

Similar degree of effectiveness in the reduction of cooking losses 

have been observed in cured hams treated with different blends of 

condensed phosphates (Vollmar and Melton, 1981). The yield improve- 

ment of cooked meat was accomplished through a better recovery of 

both dry matter and moisture from raw meat into cooked meat. A meat 

dry matter recovery of 79.74% for the control treatment was in- 

creased to 83.14 +1.86, 80.83 +2.25, and 84.26 +.33% for shrimp 

treated with 6, 8, and 10% condensed phosphate solutions, respec- 

tively. Similarly, meat water recovery was improved from 68.95 to 

79.12+1.61, 80.23+3.04, and 85.10+1.27%, respectively. Improved 

moisture recovery from raw into cooked meat for treated shrimp 

yielded moisture contents slightly higher than the control. 

According to Hamm and Deatherage (1960), cooking originates 

unfolding of peptide chains and the formation of new electrostatic, 

hydrogen, and covalent -mainly disulphide and ester- cross linkages. 

As a result, a tighter network of protein structure is formed and 

meat juices are released due to the reduction in the water holding 

capacity. The higher moisture levels observed in treated shrimp 

appeared to be a result of the interaction of condensed phosphate 

with shrimp muscle proteins enhancing the retention of meat moisture 

through cooking, or the higher moisture content of the specific 

muscle proteins retained by condensed 'phosphate treatment. 

The phosphate content (mg/TOO g wet wt) of both raw and cooked 

meat was related to the condensed phosphate treatment solution 
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concentration (%) by well defined power functions: y=185.32x,1+9'+ 

(r=.909; P>.001) and y=260.28x-2lt5 (r=.847; P>.005), respectively 

(Table 6). While Ayeni (1980) reported a similar relationship for 

drained meat from canned pacific shrimp. Spinel!i et al. (1967) 

found that the phosphorus level in fish (Pacific Ocean perch) 

fillets was related to the concentration of sodium tripolyphosphate 

in the treatment solution in a linear manner. Cooking reduced phos- 

phate levels in treated shrimp meat between 8.1 and 23.0% with the 

magnitude of the loss being proportional to the concentration of 

condensed phosphate in the treatment solution. Phosphate concentra- 

tion of water control shrimp, however, increased markedly. These 

results suggested that most of the phosphate being "cooked out" 

during steam cooking was added phosphate and not the "native" 

shrimp phosphate. 

The quantity of phosphate added to raw meat (content of treated 

sample - content of water control) correlated (r=.699; P>_.05) accord- 

ing to a power function with the increment of cooked meat yield (wet 

wt) of treated shrimp over the water treated control. This was in 

agreement with the observation that the effectiveness of sodium 

pyrophosphate and tripolyphosphate in enhancing the water binding of 

cooked meat is proportional to their concentration in the treatment 

solution (Hellendoorn, 1962). 

Sorbic acid (mg/100 g wet wt) was incorporated into the raw 

meat of round shrimp according to a linear function of treatment 

solution concentration (%): y=81.639x + 12.466 (r=.989; P>.001). 

Cooking reduced sorbic acid concentration in shrimp meat in a 
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variable manner to levels ranging from 31.0 to 59.5% of that con- 

tained in the original raw meat (Table 6). Levels in cooked meat 

(mg/100 g wet wt) were directly related to treatment solution con- 

centration (%) by the power function y=45.630x-991 (r=.986; P>.001). 

Neither incorporation of sorbic acid into raw meat or retention into 

cooked meat was affected by treatment solution concentration of con- 

densed phosphate. 

Table 5. Yield and moisture content of meat from shrimp exposed1 to treatment solutions 
containing various concentrations of condensed phosphate, potassium sorbate, 
and citric acid. 

Percent in treatment solution 
Citric     Potassium 
acid         sorbate 

1.0 
.65             2.5 

5.0 

Raw meat Cooked2 meat 
Condensed Yield (%) Moisture 

(*)      , 

80.24 
80.38 
79.74 

Yie ild (%) Moisture 
phosphate 

6.0 

Wet wt 

44.72 
47.13 
45.75 

Dry wt 

8.84 
9.24 
9.27 

Wet wt 

36.24 
36.91 
36.77 

Dry wt 

7.53 
7.64 
7.56 

(S) 

79.23 
79.30 
79.45 

Mean 
S.D. 

45.87 
+1.21 

9.12 
+ .24 

30.12 
+ .34 

36.64 
+ .35 

7.58 
+.06 

79.33 
+ .11 

8.0                .75 
1.0 
2.5 
5.0 

46.18 
46.62 
47.91 

8.88 
9.50 
9.89 

80.78 
79.62 
79.35 

36.51 
38.36 
38.53 

7.36 
7.45 
8.03 

79.84 
80.57 
79.17 

Mean 
S.D. 

46.90 
+ .90 

9.42 
+ .51 

79.92 
+ .76 

37.80 
+ 1.12 

7.61 
+ .36 

79.36 
+ .70 

10.0                .90 
1.0 
2.5 
5.0 

45.47 
45.29 
45.65 

8.98. 
9.54 
9.62 

80.26 
78.93 
78.92 

33.12 
38.79 
38.93 

7.59 
8.05 
8.07 

80.08 
79.25 
79.27 

Mean 
S.D. 

45.47 
+ .18 

9.38 
+ .35 

79.37 
+ .77 

38.61 
+ .43 

7.90 
+ .27 

79.53 
+ .47 

Water Control - 45.92 8.59 81.28 32.59 6.35 78.99 

treated 20 min; 20 min drain; 2-40C. 
2In steam (101oC) for 100 sec. 
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Table 6. Sorbic acid and phosphate content in raw and cooked1 meat 
derived from shrimp exposed2 to treatment solutions 
containing various concentrations of condensed phosphate, 
potassium sorbate, and citric acid. 

Percent in treatment solution Total phosphorus Sorbic acid 
Condensed Citric Potassium (mg P205/100g)3 (mq/100q)3 

Phosphate acid Sorbate Raw Cooked Raw Cooked 

1.0 431 396 76 44 
6.0 .65 2.5 459 406 226 104 

5.0 456 394 452 201 

1.0 533 454 111 45 
8.0 .75 2.5 477 430 200 138 

5.0 548 455 432 258 

1.0 598 461 107 49 
10.0 .90 2.5 539 431 205 96 

5.0 596 459 385 227 

- Water control 297 340 - - 

lln  steam (101oC) for 100 sec. 
2Treated 20 min; 20 min drain; 2-40C, 
3Wet wt. 
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Evaluation of Stabilization System 

A solution containing 10% condensed phosphate in combination 

with .9% citric acid which produced a pH value of approximately 6.7 

was shown to provide an optimum cooked meat yield. The addition of 

potassium sorbate to this solution in concentrations ranging from 

1.0 to 4.0% markedly extended microbial shelf life. Elevating potas- 

sium sorbate concentration to 5.0% further improved stability to- 

ward microbial growth. An optimum stabilization system (10% con- 

densed phosphate, .9% citric acid, and 5.0% potassium sorbate) was 

evaluated over a 15 day storage period. Round shrimp less than one 

day old were exposed to a cold (2-40C) treatment (10 min), drained 

and stored under refrigeration (2-40C). Their stability toward mi- 

crobial spoilage and raw and cooked meat yield was compared directly 

to that for round shrimp held in ice under identical cold storage 

conditions. 

Treatment considerably stabilized shrimp toward microbial 

growth over shrimp held in ice under identical air temperature condi- 

tions (Table 7, Fig. 2). This stabilization was even more remarkable 

since microbial counts on treated shrimp were not reduced by the 

cleansing action of melting ice, which lowers the counts (Campbell 

and Williams, 1952). The estimated time to the initiation of expo- 

nential growth was extended from 2.7 for shrimp in ice to 5.7 days 

for treated shrimp. Actual data show that the lag phase for iced 

shrimp was very short and that it lasted for nearly 6 days for stabi- 

lized shrimp (Fig. 2). Storage time for aerobic plate count to reach 

IxlO6 APC/g was extended by 4.5 days. The upper good quality limit 
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Table 7.    Aerobic plate counts1 on raw round shrimp2 stored in ice 
and after treatment in a condensed phosphate - citric acid 
- potassium sorbate solution under refrigeration. 

Storage 
time 

(days)                                         Control3 Treatment^ 

0                                               51xl03 21xl03 

3                                                76xl03 29xl03 

6                                              282xl03 31xl03 

8                                            3.85xl05 140xl03 

10                                              14.8xl06 297xl03 

13                                            94.5xl06 4.6xl06 

15                                                152xl06 9.7xl06 

Exponential  regression5 of aerobic plate counts on storage time (days) 

n                                                    5 4 
r                                                     .971 .986 
m                                                    .680 .653 
b                                            9997.690 637.634 

Sig.                                               P>.01 P>.025 

Computed time (days) to: 

Initiation exponential 
growth:            2.726 5.737 

IxlO6 APC/g:             6.77 11.26 

1APC/g. 2£l day post-catch. 
3Treated in water (2-40C) for 10 min; drained 10 min; stored in 
ice under refrigeration at (2-40C). 

"♦Treated in condensed phosphate - citric acid - potassium 
sorbate solution (10 - .9 - 5%) at 2-40C for 10 min; drained 
10 min; stored under refrigeration at 2-40C. 

5y=bernx. 
designated 63,500 APC/g (average of counts at 0 and 3 days of 
storage, 
designated 27,000 APC/g (average of counts at 0, 3, and 6 days 
of storage. 
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Figure 2. Microbial growth on raw round shrimp held in 
ice (CI) and under refrigeration after sta- 
bilization (S), during storage. 
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for frozen cooked and raw peeled or unpeeled shrimp according to the 

International Commision on Microbiological Specifications for Foods 

(1974) lies around IxlO6 APC/g. This means that the stabilized 

shrimp are acceptable for up to 11.3 days from a microbiological 

standpoint. 

The quantity and composition of shrimp meat yielded from round 

shrimp was remarkably altered during ice storage by the aqueous envi- 

ronment produced by melting ice. Raw meat yield from round shrimp 

held in ice increased according to what was best described as a power 

function (N.S.P_<.20) (Table 8, Fig. 3). Total raw meat yield was 

altered by two opposing processes; the moisture fraction of total 

meat yield increased according to a well defined power function 

(P>_ .005), while the dry matter fraction was decreased by a process 

conforming to an exponential function (P>_ .001) (Fig. 4). For exam- 

ple, during the first 6 days of ice storage, the raw meat from 100 

lb of round shrimp gained 2.61 lb of water (7.8% of its original 

weight) and lost 1.73 lb of dry matter (18.6% of its original 

weight). The net result was an increase in meat moisture content 

(Table 8, Fig. 5). Collins et al. (1960) and Seagran et al. (1960) 

reported the loss of total solids from iced shrimp as a function of 

holding time and related it to the continuous washing action of 

melting ice. Later, Collins (1961) observed that an uptake of water 

into the shrimp meat was coupled to the loss of solids producing as 

an overall result an increase in meat weight. 

Treatment of round shrimp held in ice with condensed phosphate 

produced a more well defined increase of total raw meat yield with 



50 

respect to storage time (Table 9, Fig. 3). The treatment increased 

the moisture fraction of meat yield and reduced the rate of loss of 

dry matter with respect to storage time (Fig. 4). As a result, mois- 

ture contents were very similar to those in ice held shrimp (Fig. 5). 

If one considers the raw meat yield increase of condensed phosphate 

treated round shrimp over the control to be composed of absorbed 

condensed phosphate solution, it is clear that the degradation- proc- 

ess observed favored the enhancement of solution uptake. The yield 

in percentage points from treated shrimp over control shrimp was 

shown to increase through the storage period (days) according to the 

power function y=.n4x1-326 (r=.916; P_>.005). 

The stabilization system, which allowed the storage of round 

shrimp under refrigeration without ice, remarkably altered the raw 

meat yield relationships during storage (Table 10). A small linear 

(P_>.005) increase in total raw meat yield was observed (Fig. 3). 

This increase was composed of a linear (P^.001) increase in the mois- 

ture fraction of meat yield and a small irregular increase in the dry 

matter fraction. Unlike ice stored shrimp, meat moisture content 

increased only slightly during storage (Fig. 5). In the absence of 

ice, yield increases could only be explained by continued absorption 

of occluded treatment solution by the raw musculature and/or the 

loss of non-musculature fluids from the round shrimp during storage. 

The latter possibility would increase the amount of musculature per 

unit of total body weight and represented the most probable mecha- 

nism. The stabilization system which allowed the storage of shrimp 

without ice and its very aqueous environment stopped dry matter loss 
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Table 8. Cummulative hand peeled raw meat yield from round shrimp 
held in ice1. 

Storage Yield (%) 
time Total Meat 
(days) wet2 Moisture3 ! Dry matter4 moisture (%) 

<1 42.73 33.41 9.32 78.19 
3 43.55 34.74 8.81 79.76 
6 43.61 36.02 7.59 82.59 
8 43.78 36.30 7.48 82.92 
10 45.29 38.31 6.98 84.59 
13 42.98 36.46 6.52 84.83 
15 44.29 37.91 6.38 85.60 

Regression of (y) on storage time (days): 

y = total wet yield =42.877x-011 (r=.548; N.S. P<_.20). 

y = moisture yield =33.291x-01f6 (r=.918; P^.005). 

y = dry matter yield =9.381e--028x (r=.983; P>.001). 

y = meat moisture =77.639x-035 (r=.981; P>.001). 

Stored at 2-40C. 
2Total wt of raw wet meat/total wt of round shrimp. 
3Percent total wet yield - percent dry matter yield. 
Hotal wt of raw dry meat/total wt of round shrimp. 
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Table 9. Cummulative hand peeled raw meat yield from round shrimp 
held in ice and treated with condensed phosphate1. 

Storage Yield (%) 
time Total Meat 

(days) wet2 Moisture- 3 Dry matter4 moisture (%) 

<1 42.79 33.58 9.21 78.48 
3 44.81 35.64 9.17 79.53 
6 45.38 37.34 8.04 82.28 
8 45.89 37.95 7.94 82.70 

10 46.65 39.20 7.45 84.02 
13 46.09 39.05 7.04 84.72 
15 47.71 40.80 6.91 85.51 

Regression of (y) < Dn sto rage time fdavs): 

y = total wet yield =42.854x-035 (r=.961; P^.001). 

y = moisture yield =33.318x-067 (r=.982; P^.001). 

y = dry matter yield =9.469e"-022x (r=.982; P^.001). 

y = meat moisture =77.751x-033 (r=.970; P>.001). 

1Stored at 2-40C; dipped in 10% condensed phosphate for 10 min/ 
drained 10 min just prior to processing at each time period. 

2Total wt of raw wet meat/total wt of round shrimp. 
3Percent total wet yield - percent dry matter yield. 
^Total wt of raw dry meat/total wt of round shrimp. 
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Table 10.    Cummulative hand peeled raw meat yield from round shrimp 
held under refrigeration after stabilization1. 

Storage Yield (%) 
time Total Meat 
(days) wet2 Moisture3 Dry matter^ moisture {%) 

<1 43.66 33.94 9.72 77.73 
3 44.75 34.82 9.93 77.81 
6 44.06 34.47 9.59 78.23 
8 44.70 35.06 9.64 78.44 

10 45.26 35.44 9.82 78.29 
13 45.73 35.99 9.74 78.70 
15 46.28 36.30 9.98 78.43 

Regression of (y) on s torage time (days): 

y = total wet yield =.164x + 43.605 (r=.916; P^.005). 

y = moisture yield =.156x + 33.899 (r=.955; P>_.001). 

y = dry matter yield =.008x + 9.706  (r=.301; N.S.  P<.20). 

y = meat moisture =77.636x-00tt (r=.910; P>.005). 

1Fresh shrimp (<1  day old) dipped in a solution composed of 
condensed phosphate (10%), citric acid (0.9%), and potassium 
sorbate (5%); stored at 2-40C without ice. 

2Total wt of raw wet meat/total wt of round shrimp. 
3Percent total wet yield - percent dry matter yield. 
^Total wt of raw dry meat/total  wt of round shrimp. 
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Figure 3. Variation of meat yield (wet wt) from shrimp 
held in ice (CI), held in ice and treated with 
condensed phosphate (CP), and stored under 
refrigeration after stabilization (S), during 
storage. 
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and moisture uptake in raw meat yielding meat during storage very 

close to that present immediately post-catch. 

Alterations during storage in the yield and composition of raw 

meat were reflected in cooked meat yields. Total yield from shrimp 

held in ice decreased only slightly with respect to storage time in 

a somewhat linear (P_<.10) manner (Table 11, Fig. 3). This reduction 

was composed of a poorly defined increase (P<_. 10) in the moisture 

fraction of meat yield and a well defined exponential (P>_.001) de- 

crease in the dry matter fraction (Fig. 4). The overall result pro- 

duced cooked meat with higher moisture content as storage in ice 

progressed (Fig. 5). This increase in moisture content with respect 

to storage time followed a well defined power function (P_>.001) in a 

manner similar to that observed for raw meat. 

Storage of round shrimp in ice only slightly reduced the recov- 

ery (%) of raw meat present at any specific storage time into cooked 

meat: 

Stoi rage' time (days) 
Yield <1 

73.3 
70.2 
84.4 

3 

74.3 
71.4 
85.5 

6 

73.6 
70.9 
86.6 

8 

72.2 
69.4 
85.8 

10 

70.7 
68.1 
85.1 

13 

69.2 
66.3 
85.7 

15 

Total wet 
Moisture 
Dry matter 

69.5 
67.0 
84.0 

The reduction observed was associated with the recovery of meat mois- 

ture. Moisture added to raw meat during ice storage reduced the 

overall efficiency of meat moisture recovery while the efficiency of 

dry matter recovery remained relatively constant. These two effects 

produced an overall reduction in the efficiency of total meat 
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recovery, which conformed to the exponential function 

y=74.843e--00518x. 

The major loss of meat dry matter from iced shrimp during stor- 

age was not reflected in the efficiency of meat recovery through 

cooking. Recovery (%) of raw meat present at <1 day post-catch in 

total cooked meat yield at various time periods during storage did 

not change greatly: 

Sto rage time (days) 
Yield <1 

73.3 
70.2 
84.4 

3 

75.7 
74.3 

• 80.8 

6 

75.1 
76.4 
70.5 

8 

74.0 
75.4 
68.9 

10 

74.9 
78.1 
63.7 

13 

69.6 
72.3 
60.0 

15 

Total wet 
Moisture 
Dry matter 

72.0 
76.1 
57.5 

However, the composition of cooked meat was greatly altered. More 

moisture was recovered from raw meat and less dry matter. The main- 

tenance of total yield was merely a reflection of the marked addi- 

tion of water and loss of dry matter from raw meat that occurred 

during ice storage. 

Collins, in 1961, observed the yield changes taking place in 

Pacific shrimp held in ice and in chilled "refrigerated sea water" 

(3 or 6% NaCl solutions) and concluded that, at that time, the best 

way to minimize the loss of meat yield was to process the shrimp as 

quickly as possible after they were captured. 

Application of condensed phosphate to round shrimp held in ice 

just prior to peeling markedly influenced meat yield and storage 

related losses (Table 12). Cooked meat yield improved during stor- 

age according to a well defined power function (P_>.01). Moisture 
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added to raw meat from melting ice and the condensed phosphate solu- 

tion was retained in higher amounts replacing the dry matter fraction 

of meat yield lost from raw shrimp during ice storage. The moisture 

fraction of total cooked meat yield for condensed phosphate treated 

shrimp increased at a more rapid rate with respect to storage time 

than control iced shrimp, while the rate of reduction in the dry 

matter fraction of yield was lower (Table 12, Fig. 4). 

Condensed phosphate treatment (CP) improved the recovery effi- 

ciency (%) of raw meat into cooked at each storage time period over 

control iced shrimp (CI): 

CP 
CI 

Storage time (days) 
Yield <1 

80.0 
73.3 

3 

78.1 
74.3 

6 

79.5 
73.6 

8 

82.7 
72.2 

10 

78.9 
70.7 

13 

80.6 
69.2 

15 

Total wet 
77.5 
69.5 

Moisture CP 
CI 

77.1 
70.2 

76.4 
71.4 

78.2 
70.9 

81.8 
69.4 

77.7 
68.1 

79.3 
66.3 

76.2 
67.0 

Dry matter 
CP 
CI 

90.3 
84.4 

84.6 
85.5 

85.4 
86.6 

87.4 
85.8 

85.2 
85.1 

87.5 
85.7 

85.4 
84.0 

Treatment enhanced the efficiency of recovery of the moisture frac- 

tion of total cooked meat yield but did not greatly affect the dry 

matter fraction except at <1 day post-catch. Degradation of raw 

meat during ice storage with the accompanying absorption of environ- 

mental water and loss of meat solids appeared to reduce the effi- 

ciency of condensed phosphate for stabilizing meat dry matter through 

cooking. Total meat yield was improved largely through a more effi- 

cient recovery of original (in situ)  meat moisture, environmental 

water absorbed from melting ice, and water absorbed from the 
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condensed phosphate solution. As a result, cooked meat from con- 

densed phosphate treated shrimp had higher moisture contents than 

shrimp held in ice through the 15 day storage period (Fig. 5). 

Stabilization of round shrimp allowing storage without ice 

remarkably improved cooked meat yield and composition (Table 13). 

Cooked meat yield from stabilized shrimp was improved over that from 

controliced shrimp and to a lesser extent from iced shrimp treated 

in condensed phosphate just prior to steam cooking (Fig. 3). Total 

yield was far superior to that for iced shrimp and only slightly 

greater than that observed for condensed phosphate treated shrimp. 

However, stabilization allowed storage without ice, which precluded 

the marked exchange of environmental water for meat dry matter 

during storage. Meat yield from stabilized shrimp was maintained 

more by maintenance of dry matter yield with no addition to the mois- 

ture fraction of yield (Fig. 4). 

In addition, the elimination of degradative effects of composi- 

tion change in raw meat appeared to improve the efficiency of the 

action of condensed phosphate in meat yield. The recovery efficiency 

(%) of both the moisture and dry matter fractions of raw meat into 

cooked meat for stabilized (S) shrimp for each time period was supe- 

rior to those from control iced shrimp (CI) and iced shrimp treated 

in condensed phosphate just prior to cooking (CP): 
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S 
CP 
CI 

Storag e time (days) 
Yield <1 

80.8 
77.1 
70.2 

3 

82.5 
76.4 
71.4 

6 

83.2 
78.2 
70.9 

8 

82.0 
81.8 
69.4 

10 

84.8 
77.7 
68.1 

13 

81.0 
79.3 
66.3 

15 

Moisture 
76.7 
76.2 
67.0 

Dry matter 
S 
CP 
CI 

92.5 
90.3 
84.4 

90.3 
84.6 
85.5 

89.4 
85.4 
86.6 

86.9 
87.4 
85.8 

88.3 
85.2 
85.1 

89.0 
87.5 
85.7 

81.8 
85.4 
84.0 

Total yield was maintained by condensed phosphate treated shrimp only 

by the retention of larger amounts of environmental water added dur- 

ing storage and of condensed phosphate solution added during treat- 

ment at a less efficient recovery rate from raw into cooked meat 

than stabilized shrimp. 

The yield potential of the stabilization treatment can be visu- 

alized by comparing shrimp held in ice and stabilized shrimp held 

under refrigeration after 3 days of storage. Cooked meat yields for 

iced, iced and condensed phosphate treated, and stabilized shrimp 

are 32.35, 35.00, and 37.69%, respectively. Treatment of shrimp with 

stabilization system and storing under refrigeration would produce 

53.4 and 26.9 lb of meat per 1000 lb of round shrimp more than if 

the shrimp were held in ice or in ice and treated with 10% condensed 

phosphate before cooking, respectively. These differences are sig- 

nificant from an economic standpoint, and would represent additional 

profits for shrimp processors. 

Treatment of round shrimp immediately after catch with the sta- 

bilization system coupled with storage under refrigeration would: 

a) increase the holding period before processing; b) produce higher 

cooked meat yields; and c) improve quality factors such as texture 
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and flavor through a better retention of dry matter and flavor- 

producing compounds, and the elimination of absorption of environ- 

mental water. Shrimp in these experiments were peeled by hand. Me- 

chanical peeling in commercial operation would expand the differences 

in cooked meat yield between stabilized shrimp held under refrigera- 

tion and shrimp held in ice. Due to their softer texture, iced 

shrimp would be far more subject to mechanical loss. This would be 

particularly true for round shrimp >3 days old post-catch. 



63 

Table 11. Cummulative hand peeled cooked meat yield from round 
shrimp held in ice1. 

Storage Yield (X) 
time Total Meat 
(days) wet2 Moisture- 3 Dry matter4 moisture (%) 

<1 31.33 23.46 7.87 74.87 
3 32.35 24.82 7.53 76.71 
6 32.11 25.54 6.57 79.55 
8 31.62 25.20 6.42 79.70 
10 32.02 26.08 5.94 81.44 
13 29.76 24.17 5.59 81.23 
15 30.78 25.42 5.36 82.59 

Regressior i of (y) c Dn storage time (days): 

y = total wet yield =-.109x + 32.295 (r=.613; N.S. P<.10) 

y = moisture yield =23.887x-021t (r=.640; N.S. POO), 

y = dry matter yield =8.025e--028x (r=.991; P>.001). 

y = meat moisture =74.441x-036 (r=.980; P>.001). 

Stored at 2-40C; steam cooked 100 sec at 1010C. 
2Total wt of cooked wet meat/total wt of round shrimp. 
3Percent total wet yield - percent dry matter yield. 
^Total wt of cooked dry meat/total wt of round shrimp. 
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Table 12. Cummulative hand peeled cooked meat yield from round 
shrimp held in ice and treated with condensed phosphate1, 

Storage Yield (%) 
time Total Meat 
(days) wet2 Moisture; i Dry matter^ moisture {%) 

<1 34.22 25.90 8.32 75.69 
3 35.00 27.24 7.76 77.83 
6 36.08 29.21 6.87 80.95 
8 37.97 31.03 6.94 81.73 

10 36.79 30.44 6.35 82.74 
13 37.14 30.98 6.16 83.40 
15 36.99 31.09 5.90 84.04 

Regression of (y) ( 3n storage time (days): 

y = total wet yield =34.150x-03It (r=.892; P>_.01). 

y = moisture yield =25.702x-071+ (r=.969; P>_.001). 

y = dry matter yield =8.293e--021+x (r=.977; P>.001), 

y = meat moisture =75.265x-0't0 (r=.991; P>.001). 

1Stored in ice at 2-40C; dipped in 10% condensed phosphate for 
10 min/drained 10 min just prior to processing at each time 
period; steam cooked 100 sec at 101oC. 

2Total wt of cooked wet meat/total wt of round shrimp. 
3Percent total wet yield - percent dry matter yield. 
^Total wt of cooked dry meat/total wt of round shrimp. 
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Table 13. Cummulative hand peeled cooked meat yield from round 
shrimp held under refrigeration after stabilization1. 

Storage Yield (%) 
time Total Meat 
(days) wet2 Moisture; i Dry matter4 moisture (%) 

<1 36.40 27.41 8.99 75.30 
3 37.69 28.72 8.97 76.20 
6 37.25 28.68 8.57 76.98 
8 37.12 28.74 8.38 77.41 
10 38.73 30.06 8.67 77.60 
13 37.84 29.17 8.67 77.08 
15 36.02 27.86 8.16 77.35 

Regression of (y) on storage time (days): 

y = total wet yield =36.876x-006 (r=.240; N.S. P<.20). 

y = moisture yield =27.808x-017 (r=.532; N.S. P<_.20). 

y = dry matter yield =-.046x + 8.995 (r=.778; P^.05). 

y = meat moisture =75.403x-010 (r=.940; P>.005). 

IFresh shrimp (<1 day old) dipped in a solution composed of 
condensed phosphate (10%), citric acid (0.9%), and potassium 
sorbate (5%); stored at 2-40C without ice; steam cooked 100 
sec at 101oC. 

2Total wt of cooked wet meat/total wt of round shrimp. 
3Percent total wet yield - percent dry matter yield. 
^Total wt of cooked dry matter/total wt of round shrimp. 
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SUMMARY AND CONCLUSIONS 

The optimum concentrations of condensed phosphate, potassium 

sorbate, and citric acid to be used in a chilled water solution to 

treat round shrimp before refrigerated storage were investigated. 

Once formulated, the effectiveness of the system in the stabiliza- 

tion of shrimp with respect to meat yield and bacterial growth was 

evaluated through a 15 day storage period. 

Optimum pH for sorbic acid incorporation was 6.7. A level of 

132 mg/100 g (wet wt) was incorporated into round shrimp treated 

with a condensed phosphate (8%)  -  sorbic acid (1%) solution at this 

pH value. Phosphate incorporation into round shrimp also appeared 

to be optimized at pH 6.7. A phosphorus level equivalent to 

1228 mg P2O5/IOO g (wet wt) was achieved by the pH 6.7 solution of 

condensed phosphate (8%) - sorbic acid (1%). This level was 194 

mg/100 g greater than the pH 7.76 solution (no citric acid added) 

and 637 mg/100 g greater than the control water treatment. Cooked 

meat yield (wet wt) was increased between 2.23 and 3.66 percentage 

points for condensed phosphate (8%) - sorbic acid (1%) solutions 

containing 0.5-1.5% citric acid (pH 7.04-5.68) compared to the 0% 

citric acid treatment. Meat yield results, in general, reflected the 

phosphate incorporation into shrimp meat. A pH value of 6.7 was 

selected as the most satisfactory for the stabilization system. 

Sorbic acid was incorporated into round shrimp as a direct 

linear (r=.993-, P>_.001) function of potassium sorbate concentration 

in the condensed phosphate (8%) - citric acid (0.75%) (pH 6.7) treat- 

ment solutions containing 0-5% potassium sorbate. Sorbic acid levels 
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in treated round shrimp did not appreciably change during a 16 day 

storage period, although microbial growth did occur. The condensed 

phosphate {8%) -  citric acid (0.75%) treatment solution without po- 

tassium sorbate extended the time for microbial growth on round 

shrimp to reach IxlO6 APC/g by 0.9 days and to 10xl06 APC/g by 1.5 

days. Extension of the time to reach IxlO6 APC/g followed a linear 

(r=.996; P_>.001) increase with respect to potassium sorbate concen- 

tration in the solution. Added levels of potassium sorbate from 1 to 

4% in the treatment solutions produced roughly the same retardation 

in the time to reach lOxlO6 APC/g: 4.1-4.4 days. Treatment contain- 

ing 5% potassium sorbate, however, was more effective, increasing 

the time to 5.1 days over the water treated controls. A potassium 

sorbate concentration of 5% was selected to be used in the stabili- 

zation system. 

Treatment solutions containing 6,8, and 10% condensed phosphate 

at a pH value of 6.7 produced similar raw meat yields (wet wt). 

Cooked meat yield, however, was related to the condensed phosphate 

concentration of the treatment solution by a power function (r=.807; 

P>.01). Meat yield (wet wt) for 6,8, and 10% solution concentrations 

was 112.4, 116.0, and 118.5% of the control sample, respectively. 

This improvement was accomplished through an enhancement of both dry 

matter and moisture recovery from raw meat into cooked meat. Phos- 

phate content of raw and cooked meat was related to the condensed 

phosphate concentration in the treatment solution by well defined 

power functions (r=.909; P>_.001 and r=.847; P>_.005, respectively). 

Cooking reduced phosphate levels in treated shrimp between 8.1 and 



68 

23% with the magnitude of the loss being proportional to the con- 

densed phosphate added to the treatment solution. The quantity of 

phosphate added to raw meat correlated (r=.699; P^.05) according to 

a power function with the increment of cooked meat yield (wet wt) of 

treated shrimp over the water control. Neither incorporation of 

sorbic acid into raw meat or retention in cooked meat was affected 

by treatment solution concentration of condensed phosphate. Cooking 

reduced sorbic acid to levels ranging from 31.0 to 59.5% of that 

originally incorporated in the raw meat. A condensed phosphate con- 

centration of 10% was selected as optimum for the stabilization 

system. 

Treatment with stabilization solution [10% condensed phosphate, 

5% potassium sorbate, .9% citric acid (pH 6.7)] considerably retarded 

microbial growth on round shrimp stored under refrigeration. The 

estimated time to the initiation of exponential growth was extended 

from 2.7 for iced shrimp to 5.7 days for treated shrimp. Storage 

time for microbial count to reach IxlO6 APC/g was extended by 4.5 

days to 11.3 days. 

Raw meat yield from shrimp held in ice was augmented through 

storage. While the moisture fraction of total meat yield increased 

according to a power function (r=.918; P>_.005), the dry matter frac- 

tion followed an exponential (r=.983; P>_.001) reduction. Treatment 

of iced shrimp with 10% condensed phosphate before cooking enhanced 

raw meat yield over ice control shrimp with respect to storage time 

according to a power (r=.916; P_>.005) function. This enhancement was 

caused by an increase in the moisture fraction of meat yield and a 
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reduction in the rate of loss of dry matter with respect to storage 

time. A small linear (r=.916; P^.005) increase in total raw meat 

yield of stabilized shrimp with respect to storage time was observed. 

In the absence of ice, this increase could be better explained by a 

loss of non-musculature fluids from the round shrimp during storage. 

The stabilization treatment stopped dry matter loss and moisture up- 

take during storage yielding raw meat very close to that present 

immediately post-catch. 

Alterations during storage in the yield and composition of raw 

meat were reflected in cooked meat yields. Total yield from shrimp 

held in ice decreased only slightly with respect to storage time. 

This reduction was composed of a poorly defined increase in the mois- 

ture fraction of meat yield and a well defined exponential (r=.991 ; 

P>_.001) decrease in the dry matter fraction. Recovery of raw meat 

present at <1 day post-catch in total cooked meat yield through stor- 

age did not change greatly. However, the composition of cooked meat 

was greatly altered. More moisture was recovered from raw meat and 

less dry matter. Application of condensed phosphate to round shrimp 

held in ice markedly improved cooked meat yield. The moisture frac- 

tion of total cooked meat yield increased at a more rapid rate than 

control iced shrimp, while the reduction of the dry matter fraction 

of yield occurred at a lower rate with respect to storage time. 

Cooked meat yield of treated shrimp improved during storage accord- 

ing to a well defined power (r=.892; P>_.01) function. Condensed 

phosphate treatment enhanced the efficiency for recovery of the mois- 

ture fraction of total cooked meat yield at each storage time period 
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over control shrimp, but did not greatly affect the dry matter frac- 

tion. Degradation of raw meat during ice storage with the accompany- 

ing absorption of environmental water and loss of meat solids 

appeared to reduce the efficiency of condensed phosphate for stabi- 

lizing meat dry matter through cooking. Cooked meat yield from sta- 

bilized round shrimp was far superior to that for iced shrimp and 

only slightly greater than that observed for condensed phosphate 

treated shrimp. However, meat yield from stabilized shrimp was 

retained more by maintenance of dry matter yield than by addition to 

the moisture fraction of yield. In addition, the elimination of 

degradative effects of composition change in raw meat improved the 

recovery efficiency of both the moisture and the dry matter frac- 

tions of raw meat into cooked meat yield over those for iced shrimp 

and iced shrimp treated with condensed phosphate. 

Treatment of round shrimp immediately after catch with the sta- 

bilization system coupled with storage under refrigeration would: a) 

increase the holding period before processing; b) produce higher 

cooked meat yields; and c) improve quality factors' such as texture 

and flavor. This would be accomplished through a better retention 

of dry matter and flavor-producing compounds, and largely elimi- 

nating the absorption of environmental water. 
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