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Treatment of round shrimp (3 days post-catch) in 6% condensed 

phosphate solution at temperatures ranging from 39 (3.90C) to 860F 

(30 C) reduced meat yield derived by mechanical peeling from 30.0 

to 16.4% (wet wt.) according to the linear function y = -.2787 x + 

42.7262 (P>..005). Condensed phosphate treatment at ambient potable 

water temperature 62 F (16.7 C) increased the meat yield over a 

respective water treatment control from 21.2 to 27.1% (wet wt.); 

refrigeration of the condensed phosphate solution to 39 F (3.90C) 

raised yield to 30.0%. Elevated solution temperatures accelerated 

proteolytic attack degrading musculature proteins to a degree that 

precluded their interaction with condensed phosphate in a manner 

that would effectively retard heat solubilization during cooking. 

Condensed phosphate interacted with meat proteins more readily at 

high temperatures, but not in a manner which conserved yield. 

Exposure of round shrimp to condensed phosphate treatment 

temperatures greater than 620F (16.70C) markedly reduced cooked 

meat quality. Loss of more hydrated and less pigmented unformed 



connective tissue through cooking concentrated meat pigment, in- 

creased the force required to shear and reduced meat moisture 

content. Flavor panel scores for texture, flavor and over-all 

desirability were significantly reduced. 

The advantage of reducing condensed phosphate pretreatment 

temperature from ambient potable water (62-660F; 16.7-18.^C) to 

38-40oF (3.3-4.4°C) was shown to range from 1.2 to 4.8 percent- 

age points in yield from 2 and 8 day post-catch shrimp, respec- 

tively. A similar more accentuated advantage of condensed phos- 

phate over a water pretreatment by post-catch storage was observed 

(from 4.2 to 6.0 percentage points) at 62-660F (16.7-18.90C). 

Meat quality was not markedly affected by the type of treat- 

ment solution or temperature regime (38-40 and 62-660F). Applica- 

tion of yield conserving procedures (low temperature pretreatment; 

condensed phosphate application) increased cooked meat quality 

decline with respect to post-catch storage. Conserving the degraded 

meat fraction somewhat reduced sensory acceptability. 
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TEMPERATURE REQUIREMENT FOR THE EFFICIENT APPLICATION 
OF CONDENSED PHOSPHATE TO PACIFIC SHRIMP 

(Pandalus jordani) 

I  INTRODUCTION 

Shrimp processors are either utilizing or initiating proce- 

dures for the pretreatment of round shrimp in condensed phosphate 

solution just prior to steam precooking. Treatment is being applied 

in steam cooker feed tanks. They function by applying gentle mechan- 

ical agitation to shrimp suspended in water to apply an even layer 

of shrimp to a feed belt that extends from under the feed tank 

water level through the steam precooker box. Under ordinary condi- 

tions water is added to this feed tank in volumes that produce con- 

siderable over-flow. To conserve condensed phosphate concentration 

this water flow is halted. 

A slow heating of the feed tank water occurs through its con- 

tact with the steam cooker feed belt and from condensed steam from 

the overhead cooker. Over a 4 hr processing period feed tank water 

temperatures at times has been observed as high as 900F (32.20C). 

This is a rather rigorous treatment for shrimp that have a maximum 

possible residence time in the feed tank solution of 20 min. Pre- 

liminary investigations showed these high pretreatment tempera- 

tures to have a very unfavorable effect on cooked meat yield and 

markedly reduced the efficiency of condensed phosphate action. 

This investigation was designed to determine the dependency 

of meat yield and quality and the efficiency of condensed phosphate 

action on pretreatment temperature. This information would provide 
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shrimp processors with guidelines for the application of condensed 

phosphate in the most economical and efficient manner. 



II LITERATURE REVIEW 

Shrimp Characteristics 

The size of a 2-4 year old Pacific shrimp is about 50-75 mm 

with an average weight of 4-6 gm (Langmo and Rudkin, 1970). The 

shrimp body is divided into two sections: (1) The cephalothorax, 

consisting of the head and thorax. The thorax is covered by a 

shield and carapace protecting the viscera (Burukovskii and 

Bulanenkov, 1971). (2) The abdomen, divided into seven segments, 

is filled with muscle and connective tissue that accounts for 40-45% 

of the total weight. The shell (also called cuticle or integument) 

consists of chitin tCgH^NOr) , polyacetyl-glucosamine] and non- 

col lagenous proteins (Rudall, 1955; Dennel, 1960 and Lockwood, 1967). 

A series of segments connected by flexible arthrodial membranes 

allows movement and locomotion (Dennel, 1960; Burukovskii and 

Bulanenkov, 1971). The shell of Decapoda contains four layers: 

(1) epicuticle, produced by the tegumental gland, (2)pigmented, 

(3) calcified, and (4) uncalcified layers (Dennel, 1960; Yonge, 1936). 

The epicuticle layer is composed of lipid and protein tanned by 

quinone cross links (Dennel, 1947; Travis, 1955). The pigmented 

layer is named because it has a granular deposit of a melanin-like 

pigment; it also contains tanned protein in its outer region. The 

uncalcified layer (membranous layer) is composed of a chitin-protein 

complex which does not undergo modification either by calcification 

or quinone tanning and lies adjacent to and above the epidermis 

(Dennel, 1960). 
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Shrimp tissue is delicate and more susceptible to proteolytic 

enzyme attack and heat induced solubilization than the tissue of 

other animals, thus it requires a more expeditious way of processing 

(Love and Thompson, 1966). This is especially true with smaller 

or younger shrimp and shrimp from deep, cold water, such as royal 

red shrimp. The delicacy in tissue might occur because these shrimp 

have more unformed collagen than other shrimp. This unformed collagen 

is not laid down as a defined functional tissue which contains mainly 

tryptophan instead of hydroxyproline as found in other animals 

(Thompson and Thompson, 1968 and 1970; Gustavson, 1956). The unsatu- 

ration of the pyrollidine type moiety in tryptophan might be the 

cause of the delicacy in tissue (Thompson and Thompson, 1968 and 

1970). 

Carotenoid pigments in Anostraca may occur in two types: 

(1) orange fat-soluble granules present in phagocytic storage cells 

in the labrum and ovary fat body, and (2) water-soluble carotenoid- 

protein complexes responsible for the green and purple colors of 

the blood (Gilchrist, 1968). The desirable red-orange color in 

shrimp occurs as a carotenoid-protein complex closely associated 

with oil and is located primarily at the interface between the meat 

and the shell (Collins and Kelley, 1969). 

The distribution and relative abundance of carotenoid 

varies with: sex, age, size, species, season and area. Female 

shrimp had more pigments than male and larger shrimp tended to have 

less color than smaller shrimp (Gilchrist, 1968; Collins and 

Kelley, 1969). The variation in intensity of the color of 

shrimp during different seasons and in different areas may be 



important in harvesting and marketing practices (Kelley and Harmon, 

1972). 

Astaxanthine (3,3'-dihydroxy-4,4'-diketo-B-carotene) is the 

major pigment in shrimp. It was reported that the total astaxan- 

thine in shrimp (Pasiphaea sp.) was 14.9 pg/g, with 69% being 

present in diester form, 17% in monoester and 14% in free form. 

The pigment in live shrimp is present as its fatty acid diester, 

but after death active lipolytic enzymes cause rapid hydrolysis 

to the monoester and free astaxanthine (Lambertsen and Braekkan, 

1971). Astaxanthine has the unique property among carotenoid 

pigments of being able to combine with proteins to form colored 

protein complexes, supposedly through ionic linkages (Krinsky, 

1965). 

Harvesting and Handling 

Shrimp are usually caught with a towed trawl net. The 

shrimp are separated from trash and washed with sea water, packed 

under optimum operations in alternate layers of ice with a ratio 

of two parts of shrimp to one part of ice in boxes or bins accord- 

ing to catch date. The shrimp may remain stored in the trawler 3 

or 4 days before off-loading at the processing plant. 

The head contains 75% of the flora present on the shrimp when 

decked (Fieger, 1950). Washing of shrimp by the melting of ice 

and drainage during aging can slow the bacterial growth but also 

decreases the meat yield. Prompt cooling and deheading increases 

shelf-life and prevents the formation of black spots (Love and 

Thompson, 1966). The highest quality can be maintained by freezing 



shrimp within 3 hours of decking, followed by storage at 00F (Fieger 

and Dubois, 1946). Also, very little difference in quality was 

observed between a raw shrimp control and shrimp which had been 

quick-frozen and stored at -10oF for 3 months (Love and Thompson, 

1966). 

Aging 

Aging shrimp in ice for less than 3 days can increase mechan- 

ical shell removal efficiency and not significantly reduce the cooked 

wet meat yield. Shell removal efficiency is improved because connec- 

tive tissue attaching the muscle to the shell is degraded by j_n situ 

proteolytic enzymes. Aging also increases the water holding capacity 

of shrimp meat through cooking due to the degradation of the shrimp 

muscle proteins. Although cooked meat yield wet weight is not 

greatly affected until after 4 days ice storage post-catch, yield 

dry weight (dry weight of cooked shrimp meat/raw round weight) is 

reduced in a linear manner post-catch (Chao, 1979). Aging also 

increases the cost and lowers quality because of: (1) physical 

damage, (2) leaching of soluble components, (3) enzymatic action, 

(4) microbial degradation, (5) chemical reactions, (6) loss of sweet 

flavor, and development of off flavors and odors (Collins et al., 

1960a, b and c; Seagran et jfL, 1960; Collins, 1961; Fieger and 

Frilous, 1954; Flick and Lovell, 1972). 

Precooking 

Precooking of shrimp before peeling improves the shell removal 

efficiency and preserves color, but decreases yield dry weight. 
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The retention of color by heat is due to the soluble color complex 

being denatured to a less-soluble form (Collins and Kelley, 1969), 

while yield is reduced through heat induced solubilization of the 

shrimp musculature proteins (Nouchpramool, 1980). Cooking time 

should be limited to only that necessary to achieve the desired 

degree of cooking for the largest shrimp in the lot. Also, only 

one layer of shrimp should be spread on the conveyor as it passes 

into the cooker to avoid over-cooking of the shrimp surface (Craw- 

ford, 1980). 

High temperature precooking results in good color but also 

broken shrimp; low-temperature precooking improves the shell removal 

efficiency but not the color. Two-stage precooking (165 F water 

for 15 sec, then 110oF water for 2 min.) improved both the color 

and shell removal efficiency. However, precooking appeared to 

result in the development of iron sulfide discoloration due to the 

oxidation of tyrosine by phenolase, particularly after 2 years stor- 

age (Collins and Kelley, 1969). 

Peeling 

Two general types of machine peelers are used in Pacific coast 

states. For raw shrimp, a larger model peeler is used and for pre- 

cooked shrimp, a smaller peeler is used (Idyll, 1976). Both peelers 

operate on the same principle. Peeling is carried out in a peeling 

channel which is composed of two reciprocating rubber rollers, one 

on each side of a longitudinally oscillating curvilinear surface 

provided by a metal plate. The relative movement between surfaces 

causes a nipping or pinching action on the shrimp. The curvilinear 
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forms of both the rollers and the metal center plate with progres- 

sively narrowing throats exert squeezing pressure on the shrimp, 

gradually collapsing the shell and expelling the meat. The removed 

residual shells are separately collected from the recovered meat 

(Lapeyre, 1966). 

Peeling efficiency of shrimp could be improved by: (1) aging; 

(2) heat treatment prior to peeling (Collins and Kelley, 1969); 

(3) soaking fresh shrimp in sodium acid phosphate (SAP) and sodium 

triphosphate (STP) solution (Bynagte, 1972); (4) pretreatment in 

hypochlorite solution with sodium hydrohydroxide, using a fatty 

acid and a wetting agent as a defoamer (Aepli and Schultz, 1971); 

(5) citrate buffer pretreatment (Chao, 1979). 

Yields 

Major.yield losses result during the post-catch, aging, pre- 

cooking, and mechanical peeling unit operations of shrimp handling 

and processing. Yields can be markedly increased by: (a) minimizing 

exposure of shrimp to water and mechanical action, (b) maintaining 

shrimp at a temperature just above freezing before processing, 

(c) reducing cooking time and (d) applying polyphosphate pretreat- 

ment (Ayeni, 1980; Nouchpramool, 1980). 

Post-catch Changes 

Post-catch changes may alter some of the desirable properties 

of shrimp. Flores and Crawford (1973) showed that upon ice storage, 

the bacterial count and pH value increased, while total nitrogen, 

non-protein nitrogen, proteolytic activity and polyphenolase activity 



9 

decreased in both raw and cooked meat. The pH of shrimp can rise 

from 7.7 to over 7.95 which is considered a sign of spoilage (Bailey 

et al^., 1956), but a seasonal variation in pH may also exist (Flores 

and Crawford, 1973). Achromobacter followed by Pseudomonas was 

found to be the predominant species in iced spoiled shrimp (Campbell 

and Williams, 1952). In these two groups, 62% of the strains isolated 

were proteolytic, 35% lipolytic, 18% reduced trimethylamine oxide 

(TMAO), and 12% produced indole (Williams, 1949; Williams and 

Campbell, 1952). Trimethylamine (TMA), the degradation product 

from TMAO, has been used as a spoilage index of seafoods. TMAO 

may degrade through the following two pathways: (1) the bacterial 

or exogenous enzymatic reduction of TMAO to TMA, or (2) the endoge- 

nous enzymatic reduction of TMAO to dimethylamine (DMA) and formalde- 

hyde (FA) (Amano and Yamada, 1964). Though indole has been used 

as a criteria of protein decomposition, the shrimp may decompose 

without forming appreciable amounts of indole (Duggan and Strasburger, 

1946). 

Nucleotides in seafoods can change drastically after death. 

The reactions involved may be summarized as: 

(a) ATP(1)* ADP(2)+ AMP(3)- IMP(4)+ Inosine + Orthophosphate 

+ * 
ATPase       AMP    5'-nucleotidase 

deaminase 

(5) 
Inosine  + Hypoxanthine + Ribose 

t nucleoside phosphorylase 

(b) Hypoxanthine  -xanthine  + uric acid 

Xanthine Xanthine 
oxidase oxidase 
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Steps (1), (2) and (3) are often complete on death in the muscle 

of trawled fish. Step (4) usually takes 10 days or longer to com- 

plete (Jones et al_.,   1964). Three enzymes are involved in this 

system: (1) 5'-nucleotidase, converting inosine monophosphate 

(IMP) into inosine (INO); (2) nucleoside phosphorylase, transferring 

INO into hypoxanthine; (3) xanthine oxidase, which oxidizes HX into 

uric acid (Spinelli et _al_., 1964). 

Ehria (1976) observed that the bacterial count, the amount 

of total volatile nitrogen, trimethylamine content and pH did not 

change markedly in the muscle of instantly killed plaice and skip- 

jack during ice storage up to the point of putrefaction. He con- 

cluded that the decreased freshness of fish was related to the bio- 

chemical changes rather than bacterial changes. Further, a K value 

was introduced to estimate the freshness of fish. This value was 

calculated as: K(%) = ADp + AM^T IM^ INO + HX x 100- K value 

of 20% was a criterion for freshness limit of fresh fish. Both 

plaice and skipjack lost their value as food when K value reached 

60%. He also reported that the formation of INO and HX in fish 

muscle during ice storage differed by species. A sample having 

the molar ratio of IN0:HX.>5 was labeled as an HX forming species. 

Shrimp were considered to be the INO forming type, and the HX level 

remained relatively constant as shown in Madero's report (1978). 

Therefore, the freshness of shrimp cannot be estimated by determining 

the HX content alone, but would require calculation of the K value. 

Applications and Advantages of Condensed Polyphosphates 

The application of polyphosphates has been reported by numerous 
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reports to have the following effects on seafood products: 

(1) prevented microbiological spoilage, (2) increased protein water- 

holding capacity, (3) increased meat yield, (4) increased tender- 

ness, (5) reduced nutrient loss, (6) preserved color, (7) improved 

flavor by 5'-nucleotides retention, (8) increased binding proper- 

ties, (9) improved emulsification by increasing protein dispersion, 

maintaining proteins in solution and allowing them to form a coating 

film about fat globules, (10) prevented "sturvite" crystals (McFee 

and Swaine, 1953). The advantages of using condensed phosphate 

are: (1) as neutral salt they do not develop any flavor in the 

product, (2) they are GRAS compounds ("generally recognized as safe" 

by the U.S. Food and Drug Administration), (3) the quantity of 

phosphorus added to cooked meat is low, (4) they can be applied 

as either a solution or in the dry form facilitating mixing with 

food either.before canning or during the filling, and (5) they are 

economical in use because of the small quantity needed (Ellinger, 

1972). 

Mechanisms of the Polyphosphates- 
Protein Interaction 

There are two possible mechanisms of phosphate-protein bind- 

ing. Briggs (1940) and Perlmann (1941) reported that polyphosphate 

may be bound to the basic amino acids such as lysine, arginine and 

histidine to form very strong, non-ionizing, salt-like bonds and 

mask the fundamental effects of the protein and shift the dissociation 

constant of the carboxyl groups to a lower pH region. The other 

alternative is that the ortho and metaphosphoric acid groups of 
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polyphosphate bind to the hydroxyl groups of the amino acids, e.g., 

serine, tyrosine and threonine, and to a small extent to the phenolic 

hydroxyl group of tyrosine (Ferrel et aK> 1948). The longer the 

chain of the polyphosphate binding sites are present thus forming 

a greater quantity of polyphosphate-protein complex (Lyons and 

Siebenthal, 1966). 

Electron microscopy studies showed that condensed phosphate 

solutions removed a portion of the protein from myofibrils of fish 

muscle and deposited it on the surface of the fillets. The result- 

ing film of jelled protein effectively sealed the fluids inside 

the fillet and thus prevented them from leaving the fillet as thaw- 

drip (Love and Abel, 1966). 

This mechanism may explain the increase in cooked meat yield 

and water-holding capacity of shrimp treated with condensed phosphate 

prior to precooking reported by Ayeni (1980) and Nouchpramool (1980). 

The interaction of polyphosphate with the protein matrix of the 

sub-cuticle (collagen-like proteins) and other proteins lead to 

a similar increase in electrostatic repulsion and the solubility 

of the proteins. These solubilized proteins then swell the surface 

tissues and seal it to prevent the loss of fluid and soluble compo- 

nents, resulting in yield improvement. 

The Effects of Polyphosphates on Organoleptic Properties 

The color, texture and flavor of seafoods are important to 

the organoleptic acceptance of the products. Polyphosphates have 

been used to improve these properties. The color of shrimp is mainly 

due to the presence of carotenoid pigments. The carotenoid content 
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has been used as: (1) a measure of quality, (2) an indicator of 

changes during storage, (3) a factor in determining optimum peeling 

characteristics, and in selecting desirable retorting conditions 

(Collins and Kelley, 1969; Kelley and Harmon, 1972). Polyphosphates 

have been reported to be effective in improving the color of both 

raw and cooked fish flesh. The types of polyphosphates employed 

range from trisodiumpolyphosphates (TSPP) to the long-chain potassium 

polyphosphates known as Kurrol's salts (Meyer, 1956). Injection 

of solutions containing 0.25% Curafos (85% STP, 12% sodium hexameta- 

phosphate (SHMP) and 3% TSPP), 0.15% sodium citrate and 0.25% sodium 

bicarbonate into the vertebral foramen and the hemal canal of the 

caudal perduncle of tuna and yellowtail, with a storage at -20oC 

for 55 to 57 days, gave the most favorable retention of flesh color 

(Yamaga et aK, 1961). 

Texture of shrimp meat is adversely affected by toughening. 

Toughening may be caused by: (1) Dripping followed by freezing 

and thawing resulting in the loss of the liquid. (2) Toughening 

factors, such as formaldehyde degraded from trimethylamine oxide, 

may bind to protein and change protein extractability. The muscle 

of frozen seafoods becomes increasingly denatured or insoluble upon 

storage. Flesh becomes tougher and fluid exuded more easily upon 

thawing. Extended frozen storage at any given temperature increased 

the denaturation proportionally (Babbitt et aK, 1972; Childs, 1973; 

Castell et a^., 1974). 

Polyphosphate application can improve the problem mentioned 

above by reducing the drip loss and increasing the water-holding 

capacity. The effect of preventing the drip loss and dehydration 
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of the muscle which leads to toughness is due to the solubilization 

of certain proteins in the fish surface tissues. These proteins 

then come to the surface of the flesh, gelatinize and seal it to 

prevent the loss of fluid (Love and Abel, 1966). 

Pretreatment of fresh fish fillets with solid trimetaphosphate 

or a 4% solution of tripolyphosphate solution for 30 sec. or a sodium 

tripolyphosphate solution neutralized with citric acid prior to 

freezing is effective in reducing drip loss, increasing yield and 

improving texture and tenderness of the thawed products (Boyd and 

Southcott, 1965; MacCallum et al_., 1964; Mathen, 1968). Garnatz 

et aK (1949) also reported that the tenderness of cooked and frozen 

shrimp was significantly increased by pretreatment with sodium or 

potassium phosphates. Water-holding capacity of the products in- 

creased with an increase in the time of dip and with increasing 

concentration of the TSPP up to a 6% solution. No further increase 

in fluid retention occurred with higher concentrations. 

Tanikawa (1963) reported that the polyphosphates also increased 

the binding properties of the Japanese fish paste called Kamaboko. 

TSPP and STP at concentrations of 0.1 to 0.3% were highly effective 

in increasing the jelly strength, elasticity and decreasing thaw- 

drip of Kamaboko (Okamura et al., 1958). The effectiveness of the 

polyphosphates on jelly strength at 0.3% addition decreased as fol- 

lows: TSPP>STP>SHMP>TKPP (Miyake et aK (1963). 

The flavor of seafood products has been reported to be im- 

proved by pretreatment with various phosphates (Sen and Lahiry, 

1964). Claims for improved flavor may be due to one or more of 

the following effects: (1) The dipping masks some of the symptoms 
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of deterioration of poor quality seafood products (Anon., 1968). 

(2) The pyrophosphates at levels between 1 and 10 mM inhibit the 

enzyme that hydrolyzes the 5'nucleotides. which are flavor intensi- 

fiers (Tarr et aK5 1969). (3) The polyphosphates act as antioxi- 

dants possibly through binding of copper to prevent the rancid flavor 

from the oxidized fat in foods (Watts, 1961). The fats in cooked 

mullet meat oxidized very rapidly after cooking as shown by increases 

in TBA (2-thiobarbituric acid) number and rancid odors. Oxidation 

is inhibited by antioxidant mixture STPP and sodium ascorbate. 

The higher the phosphate concentration, the lower the TBA value 

and the higher the odor score (Ramsey and Watts, 1963). The degrada- 

tion product trimethylamine (TMA) may react with lipid to give a 

stale odor in fish and lower the panel score (Stansby, 1962). ' 
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III EXPERIMENTAL 

Effect of Varying Condensed Phosphate Pretreatment 
Temperatures on Cooked Shrimp Meat Yield 

Round shrimp (184 lb) was obtained <1 day post-catch from 

local commercial sources. The sample was obtained immediately after 

off-loading and de-icing (passage through a water tank and over an 

inspection belt). The sample was transferred to the Seafoods Lab- 

oratory, placed in clean pans equipped with drainers, top iced and 

stored at 360F (2.20C). Two days post-catch remaining top ice was 

removed and samples of appropriate size were weighed into plastic 

bags. The weight of these drained samples were used as a basis 

for meat yield computations. The weighed samples were stored without 

ice at 360F (2.20C) until 3 days post-catch. 

Shrimp samples were pretreated in a 6% mixture of food grade 

sodium tripolyphosphate and sodium hexametaphosphate (Brifisol D-510, 

pH 8.0, American Hoechst Corporation, Somerville, N.J.) in a 1:3 (wt: 

wt) shrimp: solution combination at varying temperatures for a period 

of 20 minutes. Temperature regimes were produced by mixing computed 

quantities of solution at 370F (2.80C) and 710F (21.70C) and by 

heating the 710F (21.70C) solution in a steam jacketed kettle to an 

initial temperature that would produce a desired temperature when a 

specific quantity of shrimp at 360F (2.20C) were added. The composi- 

tion of mixtures that would yield the desired temperature gradient 

were estimated initially utilizing the below listed relationship: 

V = Wsf-MsCs (V-WVu 

Ms = mass of shrimp 



17 

M = mass of solution 
w 

T^ = initial temperature of shrimp 
s 

T 1 = initial temperature of solution 

T -  final temperature of shrimp (and solution) 

Cs (specific heat of shrimp) = 0.86 BTU/lb in 0F 

C (specific heat 6% NaCl) (est. of 6% Brifisol D-510) = 
w  r 

.927 BTU/lb in 0F 

Treatment regimes were designed to achieve the following 

treatment temperatures (0C/0F): 1/33.8, 5/41, 10/50, 15/59, 

20/68.0, 25/77, 30/86. A reference control sample was treated 

in a water:shrimp system design to achieve a treatment temperature 

of 15/59 (estimated ambient tap water temperature). Actual tem- 

peratures achieved were recorded and samples were processed immed- 

iately. 

Determination of the Advantage of Refrigerated 
Condensed Phosphate Pretreatment 

Round shrimp (250 lb) was obtained 1-day post-catch immediately 

after off-loading and de-icing. Shrimp were weighed out in desig- 

nated quantities into pans with both bottom and top iced and stored 

at 38-40OF (3.3-4.40C). Shrimp at 2, 5 and 8 days post-catch 

were de-iced via a brief exposure to ambient temperature tap water 

and then drained for 10 min. Weighed quantities of shrimp were 

treated in water and 6% condensed phosphate (Brifisol D-510, pH8.0) 

solution for 20 min at 38-40oF (3.3-4.40C) and ambient room tem- 

perature (62-66 F) in a 1:3 (wt:wt) shrimp:solution relationship. 

Treated samples were processed immediately. 
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Processing and Sample Handling 

Shrimp were mechanically peeled using a laboratory model 

shrimp peeling machine constructed by Marine Construction and De- 

sign Co., Seattle: Washington. The peeler was comprised of five 

units: (1) a steam chamber of 150 cm long, (2) a peeling channel 

of 1.22 m long, (3) a hydraulic pump, (4) a continuous steam pre- 

cooking line equipped with a variable speed wire mesh conveyor, 

and (5) a water and roller-speed control panel. The diameter of 

the roller was 7 cm and the perimeter was 23cm. The speed was set 

at 24.4 m/min.; 110 revolution/min.;. the stroke was 102 times/min. 

at a hydraulic pump pressure of 505 psi. Shrimp were spread on 

the wire mesh conveyor moving into the steam chamber and cooked 

at 212 F (100 C) for 90 sec. in a single layer at a rate approxi- 

mating 500 g/min. 

After mechanical peeling, residual shell was removed from 

the cooked shrimp meat and the clean sample was packed into appro- 

priate size (6-8 oz.) styrofoam containers and frozen at -30oF 

(-34.40C). The meat was frozen overnight, then vacuum sealed in 

moisture vapor-proof film. Packaged shrimp was stored at 0oF 

(-17.80C) prior to chemical analysis and sensory evaluation. 

Evaluation of Cooked Meat 

Chemical Analysis 

A container of frozen meat was thawed and blended with the 

drip. A 5 g homogenized sample was transferred into a..30 ml nitric 

acid pre-rinsed crucible. Triplicate samples were dried at 110 C 
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for overnight; and then cooled in desiccator and the weight loss to 

computed moisture content. Samples were charred slowly in hood with 

a flame then ashed at 5500C in a muffle furnace overnight. Samples 

were cooled in a desiccator and the weight used to compute ash con- 

tent. The ash was transferred into 25 ml volumetric flasks with 

three 1 ml aliquots of 6 N HC1 followed by three 1 ml washes with 

distilled water. The flask was diluted to volume just prior to an- 

alysis. Total phosphorus was determined according to procedures 

described by Bartlett (1959) using Bausch & Lomb Spectronic 20 

equipped with IR lens and filament. Phosphorus content was reported 

as PpOr in mg/100 g of shrimp meat. Total carotenoid pigment was 

measured using the procedure described by Saito and Regier, 1970. 

The absorbance of 0.2 at 460 nm for 1 pg/ml of carotenoid was used 

for computing estimated meat pigment content. 

Texture Measurement 

The Allo-Kramer Shear Press, model S2HE was used to determine 

textural differences between samples. Frozen shrimp were thawed 

at 350F (1.70C) for 3 days. A 150 g sample at 400F (4.40C) was ran- 

domly placed in the sample cell and subjected to shear press evalua- 

tion in triplicate.  The 5,000 lb proving ring was used; maximum 

2 
ram pressure was 375 lb/in with the rate of ram travel set at 20 sec. 

The chart recorder sensitivity was set at 10% of proving ring capac- 

ity in order to record force values in the range of 0 to 500 lbs. 

A compensating polar planimeter made by Keuffel &EsserCo., Germany, 

was used to integrate the area under the curve on the texturegram. 

The work of compression and shear was determined in inch-pounds. 
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Sensory Evaluation 

Frozen shrimp was thawed by holding at 40oF (4.40C) for 12 

hrs, then 2 hrs at room temperature. Chilled samples (40oF-4.4oC) 

were judged in partitioned booths under normal light. Samples were 

served to judges in 3-1/4 oz paper cups coded with 3 digit random 

numbers placed on trays in a random manner. Sensory panels were com- 

posed of members of the Department of Food Science and Technology, 

experienced in judging seafoods; judges were not trained to define 

any specific sensory factor. The same judges were used for each 

panel series. Samples were scored on a nine point desirability scale 

ranging from 9, highest affirmative value, to 1, lowest affirmative 

value. Panel series were designed to allow judges to evaluate each 

sample three times, each in a different treatment frame of reference 

and with no more than 5 samples per evaluation. 
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IV RESULTS AND DISCUSSION 

Effect of Varying Condensed Phosphate Pretreatment 
Temperature on Cooked Meat Yield 

Phosphate pretreatment increased shrimp meat yield greatly over 

the water treated control. Both wet and dry meat yield of the phos- 

phate pretreated shrimp were 5.9 and .56% (percentage point) higher 

than the water-pretreated control at comparable pretreatment tempera- 

tures (620F/16.7°C), respectively (Table 1). Reducing the phosphate 

pretreatment temperature to 390F (2.90C) increased meat yield by 8.8 

percentage points over the water treatment control at 620F (16.70C); 

refrigeration of pretreatment added 2.9 percentage points of yield 

wet wt. Meat yield decreased from 30.0 to 16.4% (13.6% percentage 

point decrease) wet wt. and from 5.96 to 3.67% (2.29 percentage 

point decrease) dry wt. as the phosphate pretreatment temperature 

was raised from 39 ';3.90C) to 860F (30oC) (Table 1). Shrimp pre- 

treatment at tempet tures over 80oF (26.70C) produced even less 

meat yield than the water control treated at 620F (16.70C) (Table 1). 

Both phosphate pretreatment and temperature control proved very im- 

portant to meat yield. 

Regression of meat yield (% wet wt.) on pretreatment tempera- 

ture (0F) was best described by the linear function y = -.2787 x 

+ 42.7262 (P^.005). However, a plot of meat yield (% wet wt.) with 

respect to pretreatment temperature indicated that the rate of yield 

reduction did not change in a uniform manner. Three well defined 

linear areas in the curve were observed: 39-540F, 54-720F and 72- 

860F (Table 2). The curve could have represented three distinct 
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Table 1.  Yield and moisture content of cooked meat derived from round shrimp 

treated in condensed phosphate solution at different temperatures. 

Treatment Round shrimp 

wt. (kg) 

Cooke 
2 

d meat Meat yield (*) 

temp. (0F/0C) Yield wt.l (fl) Moisture (%) Wetwt. Dry wt. 

39/3.9 8.000 2397.0 80.09 30.0 5.96 

46/7.8 8.000 2343.4 80.03 29.3 5.85 

54/12.2 8.000 2321.3 80.03 29.0 5.79 

62/16.7 8.000 2171.6 79.55 27.1 5.55 

72/22.2 9.000 2250.7 78.94 25.0 5.27 

80/26.7 12.000 2391.8 78.72 19.9 4.24 

86/30.0 12.000 1965.0 77.57 16.4 3.67 

62/16.73 7.000 1692.7 79.38 21.2 4.99 

20 min in 1:3 (wt:wt) round shrimp:solution ratio. 

7 o 90 sec in steam at 100 C surface temperature. 

Reference control:water pretreatment (20 min) 

Table 2.  Three linear regression in the curve of the pretreatment temperature 

(0F) (X) on wet shrimp meat yield {%)   (Y). 

Plot area n r m b 

39-54uF 

54-720F 

72-860F 

.9626 

-.9997 

.9998 

0624 32.3154 

2223 40.9888 

6176 69.4334 

F-value = 12.638, Sig. P>.20 

"F-value = 1505.3, Sig. P>.025 

F-value = 2761.6, Sig. P>.025 
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linear functions or an exponential function yielding a less signifi- 

cant correlation than a linear function due to a lack of replica- 

tion. Wet meat yield reduction (percentage point) on every 0F tem- 

perature increase was .063 at temperature range of 39-540F, .223 

at 54-720F and .617 at 72-860F. These results demonstrate the 

great increase in meat yield that can be achieved through the treat- 

ment of shrimp in phosphate solution at a low temperature. 

The moisture content of cooked meat derived from round shrimp 

pretreated in condensed phosphate solution decreased as the pre- 

treatment temperature increased (Table 1). The cooked meat mois- 

ture (%) was correlated in a linear and negative manner with the 

pretreatment temperature (0F) (r=-.930; P>.005) and in a positive 

manner with meat yield (% wet wt) (r=.974; P>.001). Moisture con- 

tent of the shrimp meat pretreated in condensed phosphate solution 

was higher than that of the control pretreated in water by 0.17% 

(percentage point) at the same pretreatment temperature (620F; 

16.70C) (Table 1). 

The higher moisture content of cooked meat derived from phos- 

phate treated shrimp appeared to be largely related to the reten- 

tion of connective tissue proteins. These proteins were stabilized 

toward heat solubilization through cooking by their interaction with 

condensed phosphate. It was presumed that connective tissue pro- 

teins possessed a greater ability to retain moisture through cooking 

than muscle proteins. Although the interaction of condensed phos- 

phate with proteins generally enhances moisture retention through 

cooking, the higher phosphorus and lower moisture content of cooked 

meat derived from shrimp pretreated at higher temperatures in 
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condensed phosphate solution (Table 3) does not support this mech- 

anism. 

Table 3. Ash and phosphorus content of cooked meat derived from shrimp treated 
in condensed phosphate solution at different temperatures. 

2 
Treatment 

temp. 

Ash (%) P205 (tng/lOO gm) 

(0F/0C) Wet wt. Dry wt. Wet wt. Dry wt. 

39/3.9 1.00 5.02 833 4184 

46/7.8 1.02 5.11 847 4241 

54/12.2 1.02 5.11 854 4276 

62/16.7 1.03 5.04 889 4347 

71/22.2 1.04 4.94 934 4435 

80/26.7 1.04 4.89 971 4563 

86/30.0 1.15 5.13 1021 4552 

62/16.73 0.87 4.22 690 3346 

90 sec ip steam at 100 C surface temperature. 

2 
20 min in 1:3 (wt:wt) round shrimp:solution ratio. 

3 
Reference control:water pretreatment (20 min). 

Ash content (%) and phosphate content (PpOn mg/100 gm) of the 

condensed phosphate pretreated shrimp based on both wet and dry 

weight increased as the pretreatment temperature increased (Table 3) 

The ash content was exponentially correlated with the pretreatment 

temperature (0F) (r=.786; P_>.05) based on wet weight, but it was 

not significantly correlated with the temperature based on dry 

weight. The phosphate content was exponentially correlated with 

the pretreatment temperature on both a wet (r=-.978; P>.001) and 

dry (r=.988; P>.001) meat yield basis. The increase in ash 
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and phosphate content as temperature increased might be explained 

by the accelerated degradation of the musculature tissue at a 

higher temperature which caused the condensed phosphate to penetrate 

and bind to the shrimp meat more readily. 

Pretreatment in condensed phosphate increased the ash and 

phosphorus content of cooked meat. Comparison of the treatments 

at 620F (16.70C) showed a percentage point increase of 0.16 wet 

and 0.32% dry weight in ash content for the condensed phosphate 

over the water treatment. Phosphorus increased by 199 mg/100 g wet 

and 1001 mg/100 g dry weight. This direct comparison assumed that 

proteins retained by the condensed phosphate pretreatment contained 

a phosphorus content equal to that of the cooked meat from the 

water control. 

Retention of pigment through cooking was enhanced by pretreat- 

ment in condensed phosphate at low temperatures (Table 4). Pigment 

content (yg/g) in cooked shrimp meat was correlated in an exponential 

and positive manner with pretreatment temperature (0F) on a wet 

weight (r=.965; P^.001) and dry weight basis (r=.944; P^.005). This 

might be explained by the pigment being combined in larger amounts 

with the muscle rather than the connective tissue. Loss of connec- 

tive tissues from the shrimp musculature through cooking would have 

the effect of concentrating pigment in the cooked meat. The results 

indicate that elevated pretreatment temperatures degraded connective 

tissue proteins enhancing their solubilization during steam precook- 

ing, yielding an apparent concentration of pigment in cooked meat. 

This observation is supported by the reduction of pigment yielded 

in cooked meat computed on the basis of round raw shrimp weight as 
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pretreatment temperature was elevated  (Table 4). 

Table 't. Pigment content of cooked meat derived from round shrimp treated in 

condensed phosphate solution at different temperatures. 

Pigment (pg/g cooked meat)     Pigment content in cooked meat 
retained computed on the basis 

of round raw wt. (pg/g) 

2.7 

2.7 

2.7 

2.6 

2.5 

2.1 

1.8 

62/16.73 7.9        38.3 1.7 

90 sec in steam at 100 C surface temperature. 

2 
20 min in 1:3 (wt/wt) round shrimp:solution ratio. 

3 
Reference control:water pretreatment (20 min). 

2 
Treatment 

temp. (0f/0C) 

3  -"x""-- •■■.--../ 

Wet wt. Dry wt. 

39/3.9 9.1 45.7 

46/7.8 9.2 46.7 

54/12.2 9.3 46.6 

62/16.7 9.7 47.4 

72/22.2 10.0 47.5 

80/26.7 10.6 49.8 

86/30.0 11.2 49.9 

Condensed phosphate pretreatment either interacted with the 

carotenoid-protein complex stabilizing it toward heat solubiliza- 

tion or produced a surface barrier to its loss during cooking 

(Table 4). The pigment content of cooked meat from the sample pre- 

treated in condensed phosphate solution at 620F (16.70C) was 122.8% 

wet and 123.8% dry weight of the water control treatment. Based 

upon round raw shrimp weight, cooked meat pigment retained by the 

condensed phosphate treatment sample was 152.9% of the water con- 

trol. These observations are in agreement with earlier findings 
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of Meyer (1959) and Yamaga et al_. (1962). 

Shear press values for compression force (P>.01) and total 

work (compression + shear) (P>.005) significantly decreased as the 

pretreatment temperature decreased (Table 5). The regression of 

the compression force and total work values for condensed-phosphate 

treated meat on pretreated temperature ( F) followed finite linear 

functions (r=.738, P>.001 and r =.881, P>.001; respectively). 

Elevation of shear values was related to a change in the com- 

position of the cooked musculature mediated by pretreatment tempera- 

ture. Loss of more hydrated connective tissues through cooking 

yielded meat with proportionately more muscle which was relatively 

more resistant to shear pressure. Meat yield (% wet wt.) was corre- 

lated with total work in a linear and negative manner (r=-.971; 

P>_.001). Total work was more definitive than compression force be- 

cause shrimp is not a fibrous product and no exact critical point 

was found on the texture gram to determine the starting line for 

shearing. The compression force integrated from the plotted curve 

was thus not exactly accurate since the line between compression 

force and shear force could not be accurately determined. 

Cooked meat from shrimp pretreated in condensed phosphate at 

low temperatures possessed a more desirable texture, flavor and over- 

aln desirability than shrimp pretreated at higher temperatures 

(Tables 7, 9 and 10). Pretreatment at temperatures above 62 F 

(16.7 C) produced alterations in the texture and flavor of cooked 

meat that produce scores which varied significantly at Pj>.001. These 

perceptions of texture and flavor were translated into scores for 
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Table 5.  Shear press mean values for frozen cooked meat derived from round 

shrimp treated^ in condensed phosphate and water solution at different 
temperatures prior to steam precooking. 

Treatment 

temp. iOc/0 F/0C) 

Compi -ession force 

(in- -lb) 
Mean3 S.D. 

103a 10.2 

103a 1.1 

109a 9.2 

113a 3.0 

112a 2.1 

113a 4.9 

133b 7.5 

Total work (in-lb) 

(compression + shear) 
Mean'S S.D. 

39/3.9 

46/7.8 

54/12.2 

62/16.7 

72/22.2 

80/26.7 

86/30.0 

201 

199 

209 
ab 

215 

221 

231 

257 

.ab 

12.15 

2.3 

3.0 

7.1 

9.0 

2.1 

11.1 

62/16.7 114 5.0 214 
ab 

16.2 

F-value 

Statistics: analysis of variance 

7.009 

Sig. P^.01 

12.1080 

Sig. P>.005 

Statistics: Regression of shear press values 

for condensed phosphate treated meat on treat- 

ment temperature (0F) 

21 21 

.7376 .8808 

Sig. P^.001 Sig. P>.001 

.4912 1.0713 

81.7661 151.8588 

90 sec in steam at 100 C surface temperature. 

20 min in 1:3 (wt.:wt.) round shrimp:solution ratio. 

3 
n=3 

Reference control:water pretreatment (20 min). 

Mean values in a column with same exponent letter do not vary significantly 

(P-.05). 
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Table 6. Mean panel color scores for frozen cooked meat derived from round shrimp 

treated in condensed phosphate solution at different temperatures. 

Temp. Color Temp. Color 
(0F/0C) score (0F/0C) score 

7.001 7.00 

39/3.9 7.30 72/22.2 6.90 

7.00 7.00 

Statistics 

46/7.8 

7.10 

7.20 

7.30 

7.20 

7.23a 

a2 

80/26.7 

6.97 

6.80 

7.30 

7.00 

7.032 

Analysis of variance: 

F-value = .2805 

n=30; NS P£.05 

54/12.2 

7.10 

7.20 

6.70 

7.00e 

86/30.0 

7.10 

6.70 

6.80 

6.87a 

62/16.7 

7.30 

7.20 

6.60 

7.03a 

Sub-panel:  n=10 "Total panel:  n=30 

Mean total panel scores (n=30) in columns with same exponent letter did not 

vary significantly (P=.05) from each other. 

Panel scores:  nine point desirability scale ranging from 9, highest affirma- 

tive value, to 1, lowest affirmative value. 
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Table 7. Mean panel texture scores for frozen cooked meat derived from round shrimp 

treated in condensed phosphate solution at different temperatures. 

Temn. Texture Temp. Texture 
0F/0C) score (0F/0C) score 

7.201 6.20 

9/3.9 7.00 72/22.2 6.30 

7.30 6.20 

Statistics 

46/7.8 

54/12.2 

7.17 

6.70 

7.10 

7.40 

a2 

7.07 

6.50 

6.60 

6.20 

ab 

6,43 
bed 

80/26.7 

86/30.0 

6.23 

5.50 

5.90 

6.20 

5.87d 

5.70 

5.50 

6.10 

5.77S 

cd 

Analysis of variance: 

F-value = 8.9095 

n=30; Sig. P>.001 

Regression of mean 

sub-panel scores on 
treatment temperature: 

n=21 

r=-.8846 
Sig. P> .001 

m=-.0299 
b=8.3315 

62/16.7 

6.90 

6.30 

6.70 

6.63 
abc 

Sub-panel:  n-19 "Total panel:  n=30 

Mean total panel scores (n=30) in columns with same exponent letter did not 

vary significantly (P=.05) from each other. 

Panel scores: nine point desirability scale ranging from 9, highest affirma- 

tive value, to 1, lowest affirmative value. 
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Table 8.  Mean panel juiciness scores for frozen cooked meat derived from roiind shrimp 

treated in condensed phosphate solution at different temperatures. 

Temp. 

(0F/0C) 

Juiciness 

scores 

Temp.  Juiciness 

(0F/0C)   scores Statistics 

39/3.9 

6.90 

6.90 

7.10 

6.97 
a2 

72/22.2 

6.60 

6.60 

6.40 

6.53a 

Analysis of variance: 

F-value = 1.3773 

n = 30; NS P<.05 

46/7.8 

6.80 

6.90 

7.20 

6.972 

80/26.7 

6.20 

6.30 

6.60 

6.372 

54/12.2 

6.50 

6.60 

6.90 

6.67S 

86/30.0 

6. ,10 

6. ,30 

6. ,50 

6.30 

62/16.7 

6.80 

6.70 

7.00 

6.83J 

Sub-panel: n=10 "Total panel:  n=30 

Mean total panel scores (n=30) in columns with same exponent letter did not 

vary significantly (P=.05) from each other. 

Panel Scores: nine point desirability scale ranging from 9, highest affirma- 

tive value, to 1, lowest affirmative value. 
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Table 9.  Mean panel flavor scores for frozen cooked meat derived from round shrimp 

treated in condensed phosphate solution at different temperatures. 

Temp. Flavor Temp. Flavor 

(0F/0C) scores (°F/0C) scores 

7.201 6.10 

39/3.9 7.00 72/22.2 6.00 

7.00 6.30 

Statistics 

7.07 
a2 

6.13 

Analysis of variance: 

F-value = 16.9673 

n=30; Sig. P>.001 

46/7.8 

54/12.2 

6.70 

7.00 

7.40 

7.03a 

6.27 

80/26.7 

5.90 

6.50 

6.00 
b 

6.13 

6.50 5.80 

5.90 86/30.0 6.60 

6.40 6.10 

6.17 

Regression of mean 

sub-panel scores on 

treatment temperature: 

n=21 

r=-.6868 
Sig. P>.001 

m=-.0204 

b=7.7401 

62/16.7 

6.80 

5.70 

6.70 

6.40 
ab 

Sub-panel:  n=10 "Total panel:  n=30 

Mean total panel scores (n=30) in columns with same exponent letter did not 

vary significantly (P=.05) from each other. 

Panel scores:  nine point desirability scale ranging from 9, highest affirma- 
tive value, to 1, lowest affirmative value. 
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Table 10. Mean panel over-all desirability scores for frozen cooked meat derived 

from round shrimp treated in condensed phosphate solution at different 

temperatures. 

Temp.  Desirability 

(0F/0C)    scores 

Temp.  Desirability 

(0F/0C)   scores Statistics 

39/3.9 

7.10 

6.90 

6.80 

6.93 
.a2 

72/22.2 

6. .10 

6, .00 

6, .20 

6.10 
bed 

Analysis of variance: 

F-value = 3.1502 

n=30; Sig. P>.01 

46/7.8 

54/12.2 

6.70 

6.90 

7.30 

6.97a 

6.50 

6.70 

6.30 

6.50 
abc 

80/26.7 

86/30.0 

6.00 

5.50 

6.10 

5.87 

5.80 

5.50 

6.10 

5.80d 

cd 

Regression of mean 

sub-panel scores on 

treatment temperature: 

n=21 
r=-.8712 

Sig. P>.001 
m=-.0267 

b=8.0864 

62/16.7 

6.80 

6.50 

6.90 

6.73 
ab 

Sub-panel:  n=10 'Total panel:  n=30 

Mean total panel scores (n=30) in a column with same exponent letter did not 
vary significantly (P=.05) from each other. 

Panel scores: nine point desirability scale, ranging from 9, highest affirma- 
tive value, to 1, lowest affirmative value. 



34 

over-all desirability possessing a variation significant at P>..01. 

The regression of mean sub-panel scores for texture, flavor and 

over-all desirability on pretreatment temperature followed a well- 

defined linear function (P>.001), but scores for these factors be- 

tween 620F (16.70C) and 390F (3.90C) did not vary significantly 

(P>..05) except for texture and flavor scores for shrimp treatment 

at 540F (12.20C). The loss of solids and associated moisture 

through precooking mediated by pretreatment temperature was re- 

flected in both texture scores and shear press values (total work, 

in-lb). The regression of triplicate sub-panel scores for texture 

on total work shear values yielded a well-defined linear function 

(r=-.825, P>.001). 

Alterations in the desirability of the color and juiciness of 

cooked meat derived from shrimp pretreated in condensed phosphate 

solution at various temperatures were not detected by judges 

(Tables 6 and 8). Scores for both factors did not vary signifi- 

cantly (Pi.05). Judges could not detect meat moisture contents 

varying from 77.57 to 80.09% (Table 1) and pigment contents rang- 

ing from 9.1 to 11.2 yg/g cooked meat (Table 4). 

Results of this investigation documented the marked effect 

of condensed phosphate pretreatment temperature on cooked meat yield 

and quality. Treatment temperatures below 620F (16.70C) provided 

excellent yield and generally comparable meat quality. The interac- 

tion of condensed phosphate with musculature proteins increased at 

higher pretreatment temperatures as reflected in total cooked meat 

phosphorus content, but the effectiveness of its action for retain- 

ing yield through precooking was favored by pretreatment at low 
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temperature. It was believed that at higher pretreatment tempera- 

tures the unformed connective tissue fraction of the musculature 

was degraded by proteolytic attack to an extent that precluded 

interaction with condensed phosphate in a manner that allowed sta- 

bilization toward heat solubilization through cooking. Loss of this 

heat solubilized meat fraction concentrated pigment in meat, in- 

creased the resistance of meat to shear force and significantly 

decreased flavor panel scores for texture, flavor and over-all 

desirability. 

Determination of the Advantage of a Refrigerated 
Condensed Phosphate Pretreatment 

The marked influence of pretreatment solution temperature on 

meat yield and quality outlined in the previous section did not fully 

define the advantage of refrigeration below ambient potable water 

temperatures. Differences in meat yield and quality observed between 

620F (16.70C) and 390F (3.90C) pretreatment temperatures were not 

great. The dependence of meat yield and the effectiveness of con- 

densed phosphate interaction on the ice storage age of shrimp out- 

lined by Nouchpramool (1980) and Ayeni (1980) indicated that this 

advantage should be defined for shrimp within the framework of vary- 

ing ice age post-catch. These conditions would better define the 

economic advantage of refrigerating pretreatment solutions. 

Treatment of shrimp in water and 6% condensed phosphate at 

38-40oF (3.3-4.40C) and 62-660F (16.7-18.90C) temperature regimes 

after 2, 5 and 8 days post-catch revealed that superior cooked meat 

yields were generally obtained at the lower pretreatment temperatures 

(Table 11). The magnitude of the influence of degradation during 
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Table 11. Yield and moisture content of cooked meat derived from round shrimp 
treated in water and condensed phosphate (CP) solution at two tem- 
perature ranges prior to steam precooking. 

Treatment1 Solution/round 
shrimp storage 

(days) 

Shrimp 
wt. 
(gm) 

Cooked meat2 

Meat 
Wet wt. 

temp. 
(0F/°C) 

Yield wt. 
(gm) 

Moisture yield (%) 
Dry wt. 

Water/2 9025 2398.4 79.10 26.6 5.54 

6%  CP/2 7650 2393.3 79.93 31.3 6.28 

38-40/ 
3.3-4.4 

Water/5 

6X'CP/5 

8050 

9000 

2089.4 

2558.1 

80.57 

80.93 

25.9 

28.4 

5.04 

5.42 

Water/8 9737 1582.2 80.82 16.2 3.12 

6%  CP/8 10,500 3122.9 82.09 29.7 5.33 

Water/2 8500 2158.8 78.82 25.4 5.33 

6%  CP/2 7900 2340.5 79.29 29.6 6.13 

62-66/ 
16.7-18.9 

Water/5 

6% CP/5 ' 

9075 

8550 

2277.6 

2541.5 

80.47 

80.90 

25.1 

29.7 

4.90 

5.68 

Water/8 10,800. 2040.8 81.20 18.9 3.55 

6%  CP/8 10,140 2526.6 82.10 24.9 4.46 

^0 min in 1:3 (wt:wt) round shrimp:solution ratio. 

290 sec in steam at 100oC surface temperature. 
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post-catch ice storage on meat yield loss through processing and 

the effectiveness of condensed phosphate pretreatment far exceeded 

the effect of the temperature range shrimp were exposed to immed- 

iately prior to steam precooking. 

Pretreatment in water at low temperature provided a distinct 

advantage over the high temperature pretreatment for shrimp held 

for 2 and 5 days in ice post-catch (104.7 and 103.2% wet wt., re- 

spectively). It was believed that this yield difference represented 

the additional yield loss through precooking produced by accelerated 

degradation at the higher pretreatment temperature. This advantage 

was not demonstrated for shrimp stored 8 days post-catch (low/high 

temperature cooked meat yield = 85.7%). The lack of effectiveness 

of the low over the high temperature pretreatment was directly re- 

lated to the advanced degree of degradation that had a" ^eady occurred 

during the eight day storage time. Pretreatment temperature differ- 

ences investigated could not have produced a significant effect 

within the 20 min treatment time. Extended storage rendered shrimp 

markedly more susceptible to meat yield loss during mechanical peel- 

ing which under normal conditions is minimal compared to meat yield 

losses through steam precooking. 

The advantage of using a low temperature pretreatment for a 

condensed phosphate solution was less defined than for water. Low 

temperature pretreatment of 2 and 5 day old shrimp did not establish 

a distinct advantage over the higher temperature treatment (low/high 

temperature pretreatment yield = 105.7 and 95.6% wet wt., respec- 

tively). Conversely, the low temperature pretreatment of 8 day old 

shrimp produced a meat yield equal to 119.3% of the high temperature 
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pretreatment. Condensed phosphate pretreatment firmed shrimp meat 

through cooking eliminating the marked yield loss through mechani- 

cal peeling observed for the water treatment of 8 day old shrimp. 

Results reflected a true improvement of condensed phosphate effec- 

tiveness under low temperature pretreatment conditions. 

Reducing the pretreatment temperature from that of ambient 

potable water (62-660F, 16.7-18.90C) to a level achieved by mechani- 

cal refrigeration (38-40oF; 3.3-4.40C) would appear to be of dis- 

tinct economical advantage. Assuming that equal quantities of round 

shrimp stored for 2 and 5 days post-catch in this investigation 

would reflect an average commercial quality, reducing the pretreat- 

ment temperature would have improved cooked meat yield wet weight 

by 10.0 lb in water and 2.0 lb in condensed phosphate per 1000 lb 

of round shrimp. A low pretreatment temperature would have a marked 

advantage for round shrimp possessing qualities characterized by 

shrimp held 8 days post-catch in this investigation if processed 

with a condensed phosphate pretreatment. This quality often exists 

commercially within 2 to 5 days post-catch because of poor ice and/or 

atmospheric temperature conditions. Low temperature phosphate pre- 

treatment would yield an additional 48.0 lb of cooked meat per 

1000 lb of round shrimp. 

The marked improvement in cooked meat yield demonstrated by 

the application of condensed phosphate confirms the results obtained 

by Nouchpramool (1980) and Ayeni (1980) (Table 11). Meat yield wet 

wt. was increased from 2.5 to 13.5 percentage points over respec- 

tive controls with a 38-40oF (3.3-4.40C) pretreatment and 4.2 to 

6.0 percentage points with a 62-660F (16.7-18.90C) pretreatment. 
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Yields dry weight reflected these increments of yield increase. 

Degradation of the shrimp musculature during ice storage en- 

hanced yield loss through processing by two potential mechanisms: 

(1) heat induced solubilization through precooking and (2) loss dur- 

ing mechanical peeling. The latter mechanism was most evident after 

extended post-catch storage of shrimp. Condensed phosphate pretreat- 

ment functioned by interacting with surface proteins of the muscula- 

ture during the initial stages of steam cooking retarding heat 

solubilization and firming the meat rendering it less susceptible 

to mechanical loss during peeling. 

Pretreatment temperature did not have an apparent effect on 

cooked meat moisture content (Table 11). Moisture content was altered 

by ice storage post-catch and by condensed phosphate pretreatment. 

Degradation of shrimp musculature proteins during post-catch holding 

enhanced their ability to retain water through steam precooking in 

a manner directly related to storage time. Combined moisture con- 

tents of cooked meat from shrimp pretreated under both temperature 

regimes increased at a rate of 0.337 (r=.9445; P2.005) for water 

pretreated samples and 0.414 (r=.9467; P2.005) percentage points/day 

of storage for condensed phosphated pretreated samples. All mois- 

ture contents for cooked meat derived from the condensed phosphate 

pretreatment were higher than respective water pretreated controls. 

The addition of condensed phosphate to musculature proteins could 

have improved their retention of moisture through cooking or the 

type of protein retained through precooking may have possessed a 

greater moisture noiaing capacity, LOSS OT tms protein trac- 

tion which is susceptible to heat solubilization could have 
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markedly altered final moisture content. Results support the pre- 

dominance of this latter mechanism. The regression of the increment 

of moisture content increase (percentage point) on the increment of 

yield increase (percentage point) of cooked meat (wet wt.) derived 

from condensed phosphate pretreated shrimp over respective water 

pretreated controls followed a well defined linear function (r=.9060; 

P:>.025). Conversely, a similar regression of the increment of mois- 

ture increase on the increment of condensed phosphate (Table 12) 

added (mg P2O5/IOO gm wet wt.) over respective controls did not 

correlate (r=.5887; U.S.  P<.20). 

Pretreatment of round shrimp under the low temperature regime 

yielded meat with a total phosphorus content very slightly lower 

than the higher regime regardless of the type of pretreatment 

(Table 12). Depending upon ice storage time, the total phosphorus 

content (net wt.) of meat from the high temperature treatments 

ranged from 101.3 to 109.2% of the content for low temperature 

shrimp exposed to water. A similar relationship for condensed 

phosphate pretreated shrimp produced a range from 101.6 to 106.5%. 

Although these differences were very small, the marked increase in 

phosphorus content at temperatures greater than 620F (16.70C) 

observed in the preceding section (Table 3) would tend to support 

the validity of an apparent greater reactivity for condensed phos- 

phate under the higher temperature treatment regime. 

The greater reactivity of condensed phosphate at the higher 

pretreatment temperature was not supported by the increment of phos- 

phorus content in cooked meat over respective water controls. Con- 

densed phosphate pretreated shrimp contained from 90 to 144 mg 
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Table 12.  Ash and phosphorus content of cooked meat derived from round shrimp 

treated in water and condensed phosphate (CP) solution at two tempera- 

ture ranges prior to steam precooking. 

2 
Treatment 

temp 

Solution/round 

shrimp storage 

(days) 

Ash (X) 
P205 

(mg/lOO gm) 

(0F/0C) Wet wt. Dry wt. Wet wt. Dry wt. 

Water/2 0.82 3.93 628 3012 

6% CP/2 0.94 4.68 718 3577 

38-40/ Water/5 0.79 4.06 578 2975 

3.3-4.4 
6% CP/5 0.89 4.67 693 3634 

Water/8 0.72 3.75 548 2857 

6%  CP/8 0.88 4.91 692 3864 

Water/2 0.86 4.06 686 3239 

62-66/ 
6% CP/2 0.94 4.54 753 3636 

16.7-18.9 Water/5 0.78 3.99 601 3077 

6% CP/5 0.91 4.76 704 3686 

Water/8 0.69 3.67 555 2952 

. %%  CP/8 0.87 4.86 737 4117 

90 sec in steam at 101oC surface temperature. 

"20 min in 1:3 (wt:wt) round shrimp:solution ratio. 



42 

P2O5/IOO g (wet wt.) under the higher pretreatment temperatures 

more than respective water controls. The increment of condensed 

phosphate increase in meat from 2 and 5 day old shrimp pretreated 

at the lower temperature was greater than that at the higher pre- 

treatment temperature. Only 8 day old shrimp showed a greater in- 

crement of phosphate content increase over respective controls at 

the higher pretreatment temperatures. This measure of the tempera- 

ture dependency of condensed phosphate reactivity does not fully 

support the preceding conclusion based upon total meat phosphorus 

content. 

The relationship between the total phosphorus content in 

cooked meat from shrimp pretreated with condensed phosphate and re- 

spective water treated samples was complicated by a lack of defini- 

tion between in situ phosphate and interacted condensed phosphate. 

Meat yield (% wet wt.) was reduced for all water treated samples 

regardless of pretreatment temperature according to a linear func- 

tion (r=-.8675; P^.05; m=-1.4017) with respect to storage time post- 

catch. The total phosphorus content (mg/100 g) in the cooked meat 

derived from 100 g round shrimp was also similarly reduced in a 

linear manner (r=-.9504; P>_.005; m=-12.1632). These two functions 

indicated that 1.4017 g wet wt. meat and 12.2632 mg of total meat 

phosphorus/day storage/100 g round shrimp was lost. Meat lost 

either during ice storage or through steam cooking contained 874.9 

mg total phosphorus/100 g (wet wt.). If meat retained by the action 

of condensed phosphate through steam precooking possessed this esti- 

mated phosphorus content, the quantity of phosphorus added by con- 

densed phosphate applicaton would range from 26-129 ng/100 g wet wt. 
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It is clear that the increment of total phosphorus content in- 

crease by phosphate application over respective control samples 

was composed of both in situ phosphorus and interacted condensed 

phosphate. 

Pretreatment in water at a lower temperature slightly im- 

proved cooked meat pigment retention through processing (Table 13). 

The pigment content of the lower temperature pretreatment was 108.1, 

102.1 and 109.8% of the higher temperature treatment at 2, 5 and 

8 days post-catch, respectively. Computation of the quantity of 

pigment retained in cooked meat/g of round shrimp confirmed the above 

general relationship for samples held for 2 and 5 days post-catch. 

The computed yield of pigment from round shrimp samples stored for 

8 days was lower for the 38-40oF (3.3-4.40C) pretreatment. Complica- 

tion of yield results for 8 day old shrimp by increased losses 

through mechanical peeling probably mediated this latter result. 

The pigment content in cooked meat from condensed phosphate 

treated shrimp was uniformly slightly higher for samples pretreated 

at the higher temperature (Table 13). This variation from the water 

pretreatment appeared to be a function of yield difference between 

the two pretreatment temperatures. Computed quantities of pigment 

retained/g of round shrimp were generally higher for the lower pre- 

treatment temperature. A greater retention of connective tissue 

as yield under low temperature conditions probably diluted the total 

pigment content of the cooked musculature. 

The meat from condensed phosphate pretreated shrimp was gener- 

ally higher than respective water control samples (Table 13). 
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Table 13. Pigment content of cooked meat derived from round shrimp treated 
in water and condensed phosphate (CP) solution at two temperature 

ranges prior to steam precooking. 

Treatment Solution/round Pigment (ug/g 
temp. shrimp storage cooked meat) 

(0F/0C) (days) Wet  wt. Dry  wt. 

Water/2 10.7 51.3 

5% CP/2 10.5 52.3 

38-40/ Water/5 9.7 49.9 

3.3-4.4 
62 CP/5 10.1 53.0 

Water/8 10.1 52.6 

6% CP/8 10.4 58.1 

Pigment content in cooked 

meat retained computed on 

the basis of round raw wt. 

(ng/g) 

2.8 

3.3 

2.5 

2.9 

1.6 

3.1 

Water/2 9.9 46.7 

6% CP/2 11.0 53.1 

62-66/ Water/5 9.5 48.6 
16.7-18.9 

&% CP/5 10.6 55.5 

Water/8 9.2 48.9 

6% CP/8 11.0 61.4 

2.5 

3.3 

2.4 

2.8 

1.7 

2.7 

90 sec in steam at 100 C surface temperature. 

"20 min in 1:3 (wt:wt) round shrimp:solution ratio. 
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Differences in the pigment concentration of meat were accentuated 

under high pretreatment temperatures. Condensed phosphate treat- 

ment markedly improved the yield of pigment based upon round shrimp 

weight (116.0 to 193.7% of respective water control samples). Con- 

densed phosphate appeared to stabilize the pigment-protein complex 

toward heat-induced solubilization through steam cooking. The post- 

catch storage mediation of the susceptibility of this complex toward 

loss through processing was clearly demonstrated by water treated 

samples. 

Exposure of round shrimp to pretreatment temperature regimes 

ranging from 38-40OF (3.3-4.40C) to 62-660F (16.7-18.90C) did not 

significantly (P_<.05) alter texture as measured by shear press values 

(Table 14). This over-all result was modified only by significantly 

(P=.05) higher compression force values for phosphate treated shrimp 

meat from 2 day old shrimp and water treated values for 5 day old 

shrimp. Significant (P=.05) variations in total work only existed 

for meat from 5 day old water treated shrimp. 

Pretreatment temperature appeared to modify the degradative 

effects of storage in ice. The rate of shear value decrease with 

respect to storage post-catch was more rapid for both water and con- 

densed phosphate pretreatments under the higher pretreatment tempera- 

ture regime (Table 15). This was clearly the source of the signifi- 

cant (P_>.001) interaction observed for temperature and storage 

(Table 14). The higher pretreatment temperature acted to accentu- 

ate the storage mediated softening of the shrimp musculature. 

Condensed phosphate application and storage post-catch signifi- 

cantly (P_>.001) affected texture characteristics measured by shear 
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Table 14. Shear press mean values for frozen cooked meat derived from round shrimp 

treated in water and condensed phosphate (CP) solution at two temperature 

ranges prior to steam precooking. 

Comp ression force 

-lb)5 T reatment (in-lb; Total work (in- 

Temp 

(Vc) Solution 
Round shrimp storage (days ■ ) 

2 5 8 2 5 8 

38-49/ Water 140a l0da 117a 24iaD 190d 22ia 

33-4.4 ±11.1 ±5.0 ±5.2 ±8.7 ±3.0 ±2.6 

38-40/ 6%  CP 105b 93b 89b 199° 165a 155b 

3.3-4.4 ±3.0 ±7.0 ±5.3 ±9.5 ±4.6 ±8.3 

62-66/ Water 143a 124° 116a 263a 229b 215a 

16.7-18.9 ±19,3 ±13,6 ±1.7 ±46.5 ±30.3 ±1.1 

c       b       b       be      a       b 
62-66    6% CP     118      91      80     219     164     141 

16.7-18.9 ±1.5    ±3.0    ±6.4    ±9.5    ±3.6    ±6.0 

Statistics:  2x2x3 factorial analysis of variance 

Compression force (in-lb) Total work (in- ■lb)5 

Factor Level mean rar iking F-value Level mean rank: ing F-value 

Temp. (T) 38-40<62-66 1.8413^ 
148.0022 

47.19924 

110.1018* 
81.8528 
8.7723 

38-40<62-66 3.2299^ 

85.7378 
28.3527 

71.9236 
50.4780 

9.2241 

Solution (S) Water>6% CP Water>6% CP 

Storage (ST) 

TxS 

2>5>8 2>5>8 

TxST 
SxST 

1 n o / r 

n=3     NS P<.05     Sig. P>.01     Sig. P>.001      Compression + shear 

Mean values in a column with same exponent letter did not vary significantly 

(P=.05) from each other. 

Level mean values with same underline did not vary significantly (P=.05) from 

each other. 
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Table 15.  Regression of shear press values on post-catch storage time for frozen 

cooked meat derived from round shrimp treated in water and condensed 

phosphate (CP) solutions at two temperature ranges prior to precooking. 

Treatment 

Temp. 
(0F/0C)  Solution 

Compression force (in-lb) Total work (in-lb) 

38-40/    Water 

3.3-4.4 

-.632     -3.833    140.833    -.376 -3.278    233.611 

38-40/    6% CP 

3.3-4.4 

-.804" -2.611    108.611 .908 -7.389    209.944 

62-66    Water 

16.7-18.9 

-.794     -4.556    150.444 .591 -7.944    275.611 

62-66 6^ CP   -.950    -6.333    127.667 .958 -12.944   239.500 

n=3 replicates x 3 storage time periods. 

"NS P>.20 

Sig. P>.10 

4Sig. P>.025 

5Sig. PI.01 

6Sig. P>.001 
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values (Table 14). Meat derived from phosphate pretreated shrimp 

required significantly (P>.001) less work for shear. More hydrated 

connective tissue retained through precooking yielded a cooked muscu- 

lature with proportionately less muscle which reduced the force per 

unit weight required to shear. Water treated samples lost a con- 

siderable quantity of this protein fraction through cooking increas- 

ing the proportional quantity of muscle in the sample. 

Storage post-catch softened meat from both water and condensed 

phosphate treated samples (Table 14). Meat from condensed phosphate 

treated samples appeared to soften more rapidly with respect to post- 

catch storage (Table 15). Results support the interaction of post- 

catch storage on the two main fractions of the shrimp musculature: 

unformed connective tissue and muscle plus formed connective tissue. 

Proteolytic degradation softened the muscle-formed connective tissue 

fraction reducing the force required for shearing both treatments. 

Unformed connective tissue degraded more rapidly. The higher quantity 

of this latter fraction in meat from condensed phosphate treated 

shrimp yielded an over-all more rapid rate of softening as reflected 

in shear values. 

Flavor panel judges were not able to determine a significant 

effect of pretreatment temperature on cooked meat quality. Panel 

scores for color (Table 16), texture (Table 17), juiciness (Table 18), 

flavor (Table 19) and over-all desirability (Table 20) did not vary 

significantly (Pi.05) with regard to pretreatment temperature. 

Judges indicated an over-all nonsignificant preference for the color 

and flavor of meat form the high temperature pretreatment and the 

juiciness, texture and over-all desirability from the lower 
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temperature pretreatment. 

The type of pretreatment solution significantly affected color 

(P2..01) and texture (F>.05) scores. Judges preferred the color of 

meat derived from condensed phosphate treated shrimp, but consid- 

ered the texture of water treated shrimp slightly superior. The 

color of condensed phosphate treated shrimp, was only significantly 

(P=.05) superior to the water treatment after 8 days ice storage and 

under the 62-660F pretreatment temperature. Ranking (P=.05) scores 

of individual treatment for water and condensed phosphate did not 

detect a significant (P=.05) difference from each other at each stor- 

age time under both temperature regimes. Scores for juiciness, fla- 

vor and over-all desirability did not vary significantly (P<..05) 

with regard to pretreatment solution. Treatment solution and pre- 

treatment temperature regime interacted in a significant (P.>.001) 

manner to alter the relationship of scores for meat color and tex- 

ture. Scores for meat from condensed phosphate treated shrimp were 

affected more by pretreatment temperature. A similar significant 

interaction was observed for juiciness (P>_.00l) and over-all desir- 

ability (P>.001). 

Post-catch storage was the most important factor mediating 

cooked meat quality. Scores for the color, texture, flavor and over- 

all desirability of meat varied significantly (P>..001) with respect 

to storage time. The reduction in preference was significant for 

each storage evaluation time for all sensory factors except color. 

Color scores for meat at 5 and 8 days post-catch did not vary 

(P=.05). Scores for meat juiciness did not vary significantly 

(P<..05) with respect to time. The reduction of scores with 
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respect to storage time for all sensory factors reflecting signifi- 

cant change generally conformed to a linear function. 

Results supported the action of two factors which apparently 

determined the rate of cooked meat quality decline with respect to 

ice storage. Additional meat yield retained through steam precook- 

ing by the action of condensed phosphate and/or low temperature on 

older shrimp possessed relatively inferior sensory quality to that 

retained without yield conserving procedures. The rate of meat qual- 

ity decline was more rapid for the condensed phosphate pretreatment 

under the low temperature regime which promoted a more effective 

yield retention. This was true for all sensory factors. This ob- 

servation was also somewhat supported by the relationship of juici- 

ness and texture scores for low and higher temperature water pre- 

treatment regimes. The quantity of additional meat yield retained 

under low temperature pretreatment must have been sufficient to pro- 

duce a more rapid decline. It was believed that under yield con- 

serving condition, the quality of meat retained determined the rate 

of quality decline more than the accentuating effects of the high 

temperature pretreatment. Shrimp processed without yield conserving 

procedures lost the more degraded fraction of the shrimp musculature 

and some quality aspects reflected an accentuation of storage medi- 

ated degradation by the high temperature pretreatment. This rela- 

tionship was reflected in the decline of color and over-all desir- 

ability scores for water pretreated shrimp. 

Determined pigment content and shear values reflected subjec- 

tive flavor evaluation results. The regression of sub-panel mean 

scores for color (n=36) on meat pigment content (yg/gm wet wt) 
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yielded a linear function (r=.5684; P>..001. Sub-panel mean scores 

for texture yielded a similar linear relationship with shear values 

(total work) (r=.5899; P>..001). Scores for juiciness could not be 

related to shear values (total work) (r=-.0478; NS P<..05) or meat 

moisture content (r=-.2075; NS P£.05). 

Reducing condensed phosphate pretreatment temperature from 

that of ambient potable water (62-660F; 16.7-18.90C) to 38-40oF 

(3.3-4.40C) had a distinct meat yield advantage. This advantage 

was shown to be of considerable magnitude for shrimp held for longer 

periods of time post-catch. Low temperature condensed phosphate 

reduced pigment loss through steam precooking and reduced the force 

required to shear cooked meat. The range of temperature regimes 

evaluated did not significantly affect the force required for shear, 

but low temperature pretreatment reduced the rate of meat softening 

observed during post-catch storage. Sensory judges could not detect 

a significant difference in quality of meat derived from the two 

pretreatment temperature regimes. Flavor panel evaluations clearly 

indicated that meat yield retained from older shrimp by yield conserv- 

ing procedures (condensed phosphate application and low temperature 

pretreatment) possessed a lower quality. This reduced the accep- 

tance over meat that was derived without the use of yield conserving 

procedures. Higher temperature pretreatment accentuated the meat 

quality deterioration observed during post-catch storage. 
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Table 16.  Mean panel color scores for frozen cooked meat derived from round shrimp 

treated in water and condensed phosphate (CP) solution at two temperature 

ranges prior to steam precooking. 

Round s hrimp storage time Regression of mean 

Treatment (days) sub-panel scores on 

Temp. (' 3F/0C) Solution 2 5 8 storage time 

7.421 6.58 6.42 n=9    4 
r=-.7079 38-40/ Water 7.42 5.83 5.83 

3.3-4.4 6.75 5.58 6.00 m=-.1855 
7.19a><2 5.75ay 5.94ay b=7.3533 

7.00 6.33 6.33 n=9 
38-40/ 7.50 6.17 6.25 4=0.84907 

3.3-4.4 6%  CP 7.50 6.42 6.27 111=-. 1805 
7.33ax 6.30ay 6.19aby b=7.5328 

7.83 6.33 5.83 0=9    8 
r=-.9229 62-66/ Water 6.92 5.92 5.58 

16.7-18. .9 7.00 6.33 5.83 m=-.2413 

6.94ax 6.19axy 5.75^ b=7.6835 

7.08 6.58 6.33 n=9    3 
r=-.4856 62-66/ 5%  CP 7.12 6.50 7.00 

16.7-18. .9 7.00 6.25 6.75 m=-.0622 

7.28ax 6.44ay 6.83bxy b=7.0455 

Statistics:  2x2x3 factorial analysis of variance 

Factor Level mean ranking              F-value 

Temp. (T) 38-40<62-66                  0-429fi 
Solution (S) Water<6% CP                  7.047 

Storage (ST) 2>5<8                     16.885^ 

TxS 38.919 
TxST 6.097^ 

SxST 0.999 

1 2 3 4 
Sub-panel:  n=12    Total panel:  n=36    NS P^.05    Sig. P>.05 

5Sig P>.025    6Sig. P^.01    7Sig. P^.005    8Sig. P>.001 

Mean total panel scores with same underline did not vary significantly (P=.05) 
from each other. 

Panel scores:  nine point desirability scale ranging from 9, highest affirma- 
tive value, to 1, lowest affirmative value. 
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Table 17.  Mean panel texture scores for frozen cooked meat derived from shrimp 
treated in water and condensed phosphate (CP) solution at two tempera- 
ture ranges prior to steam precooking. 

Round shrimp storage time Regression of mean 
Treatment (days) sub-panel scores on 

Temp. (' 3F/0C) Solution 2 5 8 storage time 

7.421 6.92 6.08 n=9 
r=-.8898 38-40/ Water 7.33 6.58 6.42 

3.3-4.4 7.17 6.17 6.1.7 III=-. 1805 
7.30ax2 6.55ay 6.22ay b=7.5983 

6.67 7.00 6.00 n=9 
4=-.7764 38-40/ 7.58 5.67 5.75 

3.3-4.4 6% CP 6.83 6.00 5.50 111=-. 2128 

7.03ax 6.22ay 5.75ay b=7.3972 

7.33 6.17 6.58 n=9 
r=-.8209 62-66/ Water 6.92 6.25 5.58 

16.7-18. .9 7.00 6.33 5.92 m=-.1761 
7.08ax 6.25ay 6.03ay b=7.3339 

7.08 6.33 5.83 n=9 
4=-.7335 62-66 6%  CP 6.58 5.83 5.83 

16.7-18. .9 6.50 5.83 6.25 III=-. 1250 
6.72ax 6.00ay 5.97ay '         b=6.8539 

Statistics: 2x2x3 factorial anlysis of variance 

Factor Level mean ranking F-value 

Temp. (T) 38-40>62-66 1AS~!2l 
Solution (S) Watei->6% CP 4.2248 
Storage (ST) 2>5>8 19.4197^ 
TxS 43.260r 
TxST 2.9389 
SxST 1.5551 

1 2 3 4 
Sub-panel:  n=12    Total panel:  n=36    NS P^.05    Sig. P>.05 

5Sig. P>.025   6Sig. P>.01   7Sig. P>.005   8Sig. P>.001 

Mean total panel scores (n=36) in a column (a-b) and in a row (x-y) with same 
exponent letter did not vary significantly P=.05) from each other. 

Level mean scores with same underline did not vary significantly (P=.05) from 
each other. 

Panel scores: nine point desirability scale ranging from 9, highest affirma- 
tive value, to 1, lowest affirmative value. 
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Tcble 18.  Mean panel juiciness scores for frozen cooked meat derived from round 

shrimp treated in water and condensed phosphate (CP) solution at two 

temperature ranges prior to steam precooking. 

 Treatment  

Temp. (0F/UC)  Solution 

38-40/        Water 

3.3-4.4 

38-40/        6%  CP 
3.3-4.4 

62-66/       Water 
16.7-18.9 

62-66/       6%  CP 
16.7-18.9 

Round shrimp storage time Regression of mean 

(days) sub-panel scores on 

2 5 8 storage time 

6.831 6.58 6.58 n=9    4 
r=-.8080 6.75 6.42 6.33 

6.75 6.42 6.08 m=-.0744 

6.78 6.47 6.33 b=6.8989 

7.08 6.92 6.42 n=9    4 
r=-.7993 7.25 6.33 6.33 

6.67 6.75 6.25 m=0.1.111 

7.00 6.67 6.33 b=7.2222 

6.67 6.25 6.00 n=9    3 
r=-.5145 6.42 6.50 6.33 

6.42 6.50 6.50 m=-.0378 
6.50 6.42 6.28 b=6.5878 

6.33 6.33 6.75 n=9    3 
r=-.2097 6.67 6.75 6.50 

6.50 6.75 6.50 m=-.0139 
6.50 6.61 6.58 b=6.4950 

Statistics 2x2x3 factorial analysis of variance 

Factor               Level mean ranking F-value 

Temp. (T) 38-40>62-66                  .78053 

Solution (S) Water<6% CP                 1.3600^ 

Storage (ST) 2>5>8                      1.8970 
TxS 6.9550^ 

TxST 2.2605^ 
SxST 1.9707 

1 2 3 4 
Sub-panel: n=12    Total panel: n=36    NS P<.05    Sig. P>.01 

Level mean scores with same underline did not vary significantly (P=.05) from 
each other. 

Panel scores: nine point desirability scale ranging from 9, highest affirma- 

tive value, to 1, lowest affirmative value. 
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Table 19. Mean panel flavor scores for frozen cooked meat derived from round shrimp 

treated in water and condensed phosphate (CP) solution at two temperature 

ranges prior to steam precooking. 

'            Round shrimp storage time 

Treatment    (days) 

Temp. (0F/0C) Solution 2 5 8 

7.251 6.42 5.58 
38-40/ Water 7.08 6.17 6.17 

3.3-4.4 7.25 6.67 5.83 
IAS*** 6.42ay 5.86ay 

7.17 6.42 5.67 

38-40/ b%  CP 6.58 6.50 5.33 
3.3-4.4 7.08 6.33 5.75 

6.94ax 6.42ax 5.58ay 

7.75 6.50 5.92 

62-66 Water 7.33 6.42 6.00 
16.7-18.9 6.83 6.33 6.00 

7.30ax 6.42^ 5.97ay 

6.92 6.50 5.50 

62-66/ (,%  CP 6.83 6.33 6.17 
16.7-18.9 6.75 6.58 5.92 

Reg ressior i of mean 
sub -panel scores on 

storage time , 

n=9 
r=-. 

4 
,9414 

m=-. ,2222 

b=7. ,6022 

n=9 
r=-. ,9404'' 

111=-, ,2267 
b=7. ,4478 

n=9 
r=-. 

4 
.9113 

m=-. ,2217 

b=7. ,6728 

n=9 

r=0. .90654 

in=0. .1617 

b=7. .1972 6.83ax   6.47axy   5.86ay 

Statistics:  2x2x3 factorial analysis of variance 

Factor Level mean ranking               F-value 

Temp. (T) 38-49<52.66                   .2985^ 

Solution (S) Watei->6% CP                   1.6839 

Storage (ST) 2>5>8                       28.3414 

TxS 58.8285 

TxST 1.9148:: 
SxST 1.2220 

1 2 3 4 
Sub-panel:  n=12    Total panel: n=36    NS P<.05    Sig. P>.001 

Mean total panel scores (n=36) in a column (a-b) and in a row (x-y) with same 
exponent letter did not vary significantly (P=.05) from each other. 

Level mean scores with same underline did not vary significantly (P=.05) from 
each other. 

Panel scores: nine point desirability scale ranging from 9, highest affirma- 
tive value, to 1, lowest affirmative value. 
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Table 20.  Mean panel over-all desirability scores for frozen cooked meat derived 

from round shrimp treated in water and condensed phosphate (CP) solution 

at two temperature ranges prior to steam precooking. 

Round sh rimp storage time Regression of mean 

Treatment (days) Sub-panel scores on 

Temp. (( 3F/°C) Solution 2 5 8 storage time 

7.081 6.25 5.83 n=9 

r=-.9488: 38-40/ Water 7.08 6.42 6.25 
3.3-4.4 7.17 6.58 6.00 m=-.1805 

i.n**2 6.42axy 6.03ay b=7.4205 

7.08 6.50 5.67 n=9 

r=-.9555 38-40/ 6% CP 6.67 6.33 5.50 
3.3-4.4 6.83 6.08 5.75 m=0.2033 

6.86ax 6.30axy 5.64ay b=7.2844 

7.58 6,25 5.92 n=9    4 
4=-.9263 62-66 Water 7.33 6.50 5.67 

16.7-18, .9 6.75 6.42 5.92 m=-.2305 
7.22ax 6.39^ 5.83ay b=7.6350 

6.83 6.00 5.25 n=9    4 
4=-.7834 62-66/ 6% CP 7.00 6.08 6.08 

16.7-18, .9 6.42 6.17 6.17 m=0.1528 

6.75ax   6.08axy 5.83ay           b=6.9861 

Statistics: 2x2x3 factorial analysis of variance 

Factor Level mean ranking F-value 

Temp. (T) 38-40>62-66 .0838^ 

Solution (S) Waterv-e* CP 3.1293 

Storage (ST) 2>5>8 21.6447 

TxS 44.6911 
TxST 2.2655 

SxSt .7428 

1 2 3 4 
Sub-panel:  n=12    Total panel: n=36    NS P<.05    Sig. P>.025 

5Sig. P>.001 

Mean total panel scores (n=36) in a column (a-b) and in a row (x-y) with same 
exponent letter did not vary significantly (P=.05) from each other. 

Level mean scores with same underline did not vary significantly (P=.05) from 
each other. 

Panel scores:  nine point desirability scale ranging from 9, highest affirma- 

tive value, to 1, lowest affirmative value. 
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V  SUMMARY AND CONCLUSIONS 

Treatment of round shrimp (3 days post-catch) in 6% condensed 

phosphate solution at temperatures ranging from 39 (3.90C) to 860F 

(30oC) reduced meat yield derived by mechanical peeling from 30.0 

to 16.4% (wet wt.) according to the linear function y =-.2787 x + 

42.7262 (P>_.005). Condensed phosphate treatment at ambient potable 

water temperature 620F (16.70C) increased the meat yield over a 

respective water treatment control from 21.2 to 27.1% (wet wt.); 

refrigeration of the condensed phosphate solution to 390F (3.90C) 

raised yield to 30.0%. Elevated solution temperatures accelerated 

proteolytic attack degrading musculature proteins to a degree that 

precluded their interaction with condensed phosphate in a manner 

that would effectively retard heat solubilization during cooking. 

Condensed phosphate interacted with meat proteins more readily at 

high temperatures, but not in a manner which conserved yield. 

Exposure of round shrimp to condensed phosphate treatment 

temperatures greater than 620F (16.70C) markedly reduced cooked 

meat quality. Loss of more hydrated and less pigmented unformed 

connective tissue through cooking concentrated meat pigment, in- 

creased the force required to shear and reduced meat moisture con- 

tent. Flavor panel scores for texture, flavor and over-all desir- 

ability were significantly reduced. 

The advantage of reducing condensed phosphate pretreatment 

temperature from ambient potable water (62-660F; 16.7-18.90C) to 

38-40oF (3.3-4.40C)was shown to range from 1.2 to 4.8 percentage 

points in yield from 2 and 8 day post-catch shrimp, respectively. 



58 

A similar more accentuated advantage of condensed phosphate over a 

water pretreatment by post-catch storage was observed (from 4.2 to 

6.0 percentage points) at 62-660F (16.7-18.90C). 

Meat quality was not markedly affected by the type of treat- 

ment solution or temperature regime (38-40 and 62-660F). Applica- 

tion of yield conserving procedures (low temperature pretreatment; 

condensed phosphate application) increased cooked meat quality 

decline with respect to post-catch storage. Conserving the degraded 

meat fraction somewhat reduced sensory acceptability. 
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