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The effect of three condensed phosphates on the yield of Pacific 

shrimp meat cooked in water was investigated.    The condensed phos- 

phates  studied were a commercial combination of sodium tripoly- 

phosphate and hexametaphosphate (Brifisol 510),   sodium tripolyphos- 

phate (TPP) and sodium hexametaphosphate (HMP).    The effect of the 

molecular species of condensed phosphate,   concentration,   pH of the 

interaction medium and time of application (prior to or during water 

cooking) was also examined. 

D510 was the most efficient of the three condensed phosphates. 

Optimum concentration level varied in each experiment,   but appears 

to be  1. 0% or lower.    Optimum wet weight yields in three experiments 

were observed at 1. 0% D510 with a 6. 05 percentage point increase; at 

0. 10% D510 with a 3. 56 percentage point increase and at 0. 01% D510 

with a 1. 12 percentage point increase over the control.    The optimum 

level of dry solids retained was observed at 0. 5% D510 with a 7.63 



phosphates.    Optimum pH levels were between 5.69 and 4.74 for 

samples exposed to TPP-CA prior to water cooking.    However, 

samples not treated prior to water cooking produced greater yields 

than treated samples. 

Round shrimp soaked in a TPP solution for short periods of 

time at an apparent optimum pH (5. 28)  resulted in similar or inferior 

yields to unsoaked samples,   whether cooked in water or in TPP solu- 

tion. 

The effect of Brifisol 510 on the yield of meat cooked with water 

was compared to that of meat cooked with steam.    Steam precooking 

produced superior yields in comparison to water cooking for either 

soaked or unsoaked samples.     Yields were optimum at 6. 0%   D510 

with 5. 70 and 13, 13 percentage points wet and dry weight solids yield 

increases,   respectively. " 

Cooking shrimp in a condensed phosphate solution did not stabi- 

lize soluble proteins in a consistent manner.    The effectiveness of the 

action of condensed phosphates in cooking water appeared to be highly 

dependent upon round shrimp condition. The  presence of large 

amounts of water during cooking apparently reduced the concentration 

of phosphate on the surface of the meat below that needed for sufficient 

interaction with surface proteins.    Shrinkage of tissue proteins,   solu- 

bilization of collagenic proteins and release of juices during heating 

may have contributed to the negative results obtained.    The 



> 

percentage point, increase; at 0. 10% D510 with a 7.26 percentage point 

increase and at 0. 010% D510 with a 1. 88 percentage point increase 

over the control. 

TPP was more efficient than HMP.    Wet weight yields were 

optimal at 0.05% TPP with a 3.78 percentage point increase; at 0.01% 

TPP with a 0. 57 percentage point increase and at 0. 05% TPP with 

0. 87 percentage point increase over the control.    Dry weight yields 

were optimal at 0. 05% TPP with a 6. 72 percentage point increase and 

at 0. 025% TPP with a 0. 85 percentage point increase over the control. 

Dry weight yield was inferior to the control sample in one experiment. 

HMP treated samples produced optimum wet and dry weight 

yields at 0. 05% HMP with a 4. 95 and 9. 46 percentage point increases 

over the control,   respectively.     Yields were far inferior to the control 

in two other experiments. 

TPP and HMP were utilized to evaluate the pH dependency of 

condensed phosphates when applied to increase the yield of cooked 

meat.     Citric acid (CA) was added to the condensed phosphates as an 

acidifying agent.    Optimum pH was 5. 43 for wet weight and 8. 19 for 

dry solids yield for samples treated with TPP.    Optimum wet and dry 

weight yields resulted at pH 6. 74 for the samples treated with HMP. 

However,  the yield increases over the control were minimal. 

Round shrimp  were   soaked   in water and in a TPP-CA solution 

for  15-20 hrs to study the effect of longer interaction of condensed 
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application of condensed phosphates in this manner to industrial 

processing does not appear to be of value. 
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YIELD AND QUALITY OF MEAT FROM SHRIMP 
(PANDALUS JORDANI) PRECOOKED IN WATER 

CONTAINING CONDENSED PHOSPHATES 

I.    INTRODUCTION 

Pandalid shrimp catches for the West Coast of the United States 

and Canada have increased over the years,   and in 1978 totaled  158o7 

million pounds.    Oregon catches in 1978 reached 57 million pounds 

which represented more than the 1977 record.    The increase in shrimp 

price from 26 cents per pound to 28 cents per pound in Oregon reflects 

a continued strong market demand (Annual Report of the Pacific Marine 

Fisheries Commission,   1978). 

As a result of the demand for shrimp,   it is of increased interest 

to develop new ways to optimize shrimp quality after cooking and frozen 

storage.    Precooking is a widely applied method of preparing shrimp 

for frozen storage or canning.    It also improves mechanical peelability. 

However,   precooking results in marked losses of moisture and soluble 

solids from shrimp.    This is partly due to proteolytic action that ren- 

ders the soluble proteins of shrimp (collagen-like connective tissue) 

more susceptible to heat solubilization during precooking. 

Cooked meat yield from shrimp is important for various reasons. 

It constitutes a significant economic loss to both the marketing industry 

and the consumer.    Severe moisture and soluble solids losses result 

in a drier and tougher cooked product.    Water soluble flavor compo- 

nents are also potentially lost.    Finally,   and most important,  the 



nutritive value of the muscle tissue may be decreased because pro- 

teins and minerals may be lost with the fluid. 

Research on the use of additives to increase yield has been pri- 

marily directed toward fish products.     The most common additives 

are the sodium salts of condensed phosphates,   used as mixtures,   as 

single salts,  or in combination with other substances like sodium 

chloride and sugars. 

Condensed phosphates could be applied at various stages during 

the processing of shrimp.    Their point of application would vary with 

unit operations involved in the specific process.    Pacific shrimp are 

either steam precooked and mechanically peeled or mechanically 

peeled raw and cooked in steam or water.    Condensed phosphates 

could be applied to the round shrimp prior to mechanical peeling,   with 

or without steam precooking; to round shrimp during steam precooking; 

to peeled raw shrimp prior to or during water cooking; to the cooked 

product prior to freezing or canning; or the liquor added to the can 

prior to thermal processing.    These various potential points of appli- 

cation through processing would involve the possibility of an interaction 

of condensed phosphates with raw or cooked meat under various con- 

ditions of temperature and/or environment. 

This investigation was designed to evaluate the interaction of 

condensed phosphates with shrimp meat during water cooking.    The 

effect of the molecular species of condensed phosphate,   concentration, 



pH of the interaction medium and time of application (prior to or during 

water cooking) was examined. 



II.    SURVEY OF LITERATURE 

2. 1    Shrimp Characteristics 

The shrimp body has two main segments:    cephalothorax and 

abdomen.    The cephalothorax is composed of the head and the thorax, 

which are covered by the carapace.    The abdomen is divided into 

seven segments with identical structure,   and is composed of muscle 

fibres comprising 40 to 45% of the total weight of the shrimp body 

(Burukooskii and Bulanenkob,   1969). 

Protection of the surface of the shrimp is provided by the cuticle 

which represents a firm skeletal basis for the attachment of muscles 

(Lockwood.,  1967). Chitin,   a structural polysaccharide containing main- 

ly polyacetylglucosamine units,   and a non- coUagenic protein,   compose 

the cuticle (Rudall,   1955). 

Collagen,   a fibrous protein,   is the major constituent of the con- 

nective tissue of shrimp.    White shrimp collagen is a rather unique 

collagen,   as it has the highest lysine content of any reported collagen 

(Thompson and Thompson,   1968).    The molecule is smaller than col- 

lagens from mammalian sources and contains higher levels of trypto- 

phan and reduced quantities of hydroxyproline (Thompson and Farragut, 

1971; Thompson and Thompson 1970a; Thompson and Thompson,   1970b). 

These characteristics make shrimp collagen weak and susceptible to 

enzymatic attack and heat solubilization.    This is important in 



preparation of shrimp for cooking,   canning and frozen storage because 

collagen and chitin assist in holding together the cellular structure of 

shrimp. 

2. 2    Effect of Physical Factors on Shrimp Quality 

Several physical factors have been shown to affect shrimp quality. 

Some of the smaller inshore species spoil rapidly due to the larger 

flora associated with their habitat (Thompson and Farragut,   1971). 

Shrimp possess different bacteria load depending on the living environ- 

ment.    Those from muddy bottoms have higher amounts of microbes 

than the ones from sandy bottoms (Love and Thompson,   1966).    Warm 

temperature allows bacteria to multiply causing such damage that the 

increased population is never entirely removed or slowed (Fieger, 

etal. ,   1958; Cobb„etal. ,   1977). 

The cephalothorax of shrimp carries the major portion of bac- 

terial load.    Heading reduces the amount of microorganisms by 50- 

80% (Love and Thompson,   1966).    Proper handling of shrimp after 

catch and during processing avoids quality and weight loss.    Other- 

wise,   recontamination may occur during the handling operation 

(Ridley and Slabyj,   1978; Fieger   et al. ,   1958).   Shrimp connective 

tissue is rather weak and may also be seriously damaged by improper 

handling.     Rigorous treatment disrupts membranes and allows gut 

enzymes access to the shrimp muscle,   which results in protein 



degradation (Decker,   1975). 

2. 3   Post Mortem Quality Changes in Shrimp 

It has been established that much of the spoilage in shrimp re- 

sults from the liberation of compounds through the action of micro- 

organisms.    The resulting compounds produce off-odors and flavors 

(Fieger   et al. ,   1958; Cobb  et al. ,   1977).     Enzymes may also be 

responsible for liberation of compounds associated with loss of quality 

(Fieger and Friloux,   1954; Decker,   1975).    Autolysis can contribute 

to textural changes because it results in softening of tissues.    How- 

ever,   enzymatic changes are usually considered less important than 

those caused by microorganisms (Listen  et al. ,   1963). 

Delayed handling will often result in a buildup of bacteria (Ridley, 

1978; Fieger   et al. ,   1958).   Campbell and Williams (1952) reported 

that the increase in psychrophylic bacteria with time accounts for the 

total number of bacteria in gulf shrimp stored in ice. 

Biochemical changes during storage have been associated with 

loss of shrimp quality although some tests are not accurate.    Flick 

and Lovell (1972) studied the progression of changes in rested gulf 

shrimp by quantitative analysis of adenosine triphosphate (ATP) and 

its degradation products.    They suggested that hypoxanthine is a 

degradation product of ATP and that after an extended period of storage 

at low temperature,   hypoxanthine accumulated in substantial quantities 



in shrimp muscle.    Other investigators (Burt,   1977; Jahns   et al. , 

1976) have also proposed measurement of the increase of hypoxan- 

thine as an index of freshness in marine food.     Madero (1978) studied 

the changes in the amount of nucleotides (trimethylamine oxide,   tri- 

methylamine,   inosine monophosphate,   and hypoxanthine) in Pacific 

shrimp and postulated that the levels of these products are related to 

the age of the shrimp.    Argais (1976) reported that the use of tri- 

methylamine oxide measurement meets the standard as an index for 

quality control.    He stated that a decline in trimethylamine oxide during 

storage of whole and raw shrimp parallels an increase in dimethyla- 

mine and formaldehyde.    Flores and Crawford (1973)  showed that the 

levels of dimethylamine and formaldehyde increased during ice stor- 

age of Pacific shrimp and stated that measurement of levels of these 

two compounds was a potential way to assess loss of organoleptic 

quality. 

Release of amino acids,   especially tyrosine,   with time,  has also 

been studied in shrimp tissue (Fieger,   1950; Flores and Crawford, 

1973).    Supposedly,   holding shrimp at air temperature prior to ice 

storage may cause increased protein decomposition with the release of 

amino acids.    This results in the subsequent rapid conversion of tyro- 

sine to melanin through the action of tyrosinase.    However,   Fieger and 

Friloux (1954) reported that increase in tyrosine content is irregular 

and cannot be used as an indication of shrimp quality. 
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The pH of shrimp also increases with time (Bethea and Ambrose, 

1962; Flores and Crawford,   1973; Bailey  et al. ,   1956; Fieger   et al. , 

1958).     Brown shrimp were considered spoiled above pH 8.2 (Bethea 

and Ambrose,   1962).    Flores and Crawford (1973) found that pH 

increased from 7. 4 to 8. 2 in 0 to  10 days in ice stored Pacific shrimp. 

Decrease in desirability and off-flavors were most marked at pH 8. 8. 

The pH value indicating loss of quality appears to vary with species, 

season,   and catch procedures. 

2. 4   Effect of Condensed Phosphates on Meat 

According to Hamm (197 1) the structural proteins of muscle 

myosin,   actin and perhaps tropomyosin are responsible for binding 

hydration water.    At its isoelectric point (IP) muscle shows a mini- 

mum of water holding capacity (WHC) and swelling,   as a result of 

maximum interactions between the molecules.    The binding of poly- 

phosphate ions in the basic range of IP brings about an increase in the 

negative net charge of myofibrillar proteins,   and thus in the electro- 

static repulsion between adjacent protein molecules.    As the result, 

more water can be immobilized within the loosened protein network. 

This effect of polyphosphates on WHC of meat at pH values higher than 

the IP is also maintained to a certain extent after heat denaturation 

of muscle proteins. 

In the acidic range of pH (pH values lower than the IP),   however, 
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addition of mo no phosphates and polyphosphates decrease the WHC of 

meat.    These phenomena suggest the binding of phosphate anions pre- 

dominantly by myofibrillar proteins.    Pyrophosphate is more strongly 

bound than monophosphate at the same ionic strength.     Yasui   et al. 

(1964a, b) demonstrated strong binding of hexametaphosphate .by myo- 

fibrils and actomyosin. 

The literature regarding the effect of polyphosphates on denatur- 

ation of protein is contradictory.    Tanikawa et al.   (1964.) reported that 

addition of polyphosphates denatures muscle proteins,   while Dyer   et 

al.   (1964) reported no effect.    In a study of the effect of different poly- 

phosphates on protein extractability of frozen cod fillets,   Love and Abel 

(1966) concluded that reduction in fluid exudation appears to be sealing 

off the surface of the fillet.     The sealing effect kept the ice melt water, 

which was imperfectly absorbed by the denatured protein,   within the 

fillet.    The sealing agent is a uniform layer of protein dissolved out 

the surface layers of the muscle by the solvent action of the polyphos- 

phates. 

The texture of frozen muscle tissue when eaten after cooking has 

been reported to be improved by prior treatment with polyphosphate 

solution (Mac Callum  et al. ,   1964a).    During storage of frozen fish 

muscle at. a given temperature,   the main structural proteins become 

increasingly insoluble in a dilute salt solution.    The change towards 

insolubility proceeds in a manner similar to the development of 
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toughness when the cooked product is eaten.    However,  the muscle is 

softened due to fluid retention after treatment with polyphosphates 

(Sutton,   1969; Mac Callum et al. ,   1964a). 

2. 5   Use of Polyphosphates in Seafood Processing 

Phosphates have been widely used in seafood processing.    Addi- 

tion of polyphosphates during cooking of shrimp results in improved 

thawing drip,  juiciness,   flavor and texture (Mahon  et aU, 1971; 

Mac Callum et al. ,   1964a; Mac Callum  et al. ,   1964b; Spinelli and 

Weig,   1968).    Thawing and subsequent cooking can produce loss of 

fluid,   soluble proteins and flavor components,   and result in dry,   fi- 

brous and tasteless fish (Mahon  et al. ,   1971). 

Sodium tripolyphosphate is the most widely used polyphosphate 

because of the desirable characteristics it exhibits.    However,   blends 

of polyphosphates have been reported to give better results (Akiba  et 

al. ,   1967; Mathen,   1970).    Akiba   et al.   (1967) found that a mixture of 

5.0% sugars and 0. 5% alkaline polyphosphate was the most effective 

additive to keep the high quality of frozen minced raw fish.    The au- 

thors suggested that polyphosphates remove inorganic materials that 

may cause denaturation of meat proteins by a salting out effect during 

frozen storage.    Prawn meat treated with mixtures of sodium poly- 

phosphate and sodium dihydrogen phosphate,   or sodium polyphosphate 

and citric acid showed improved cooked yield,   protection from 
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denaturation,   and superior organoleptic quality during prolonged fro- 

zen storage (Mathen,   1970). 

Attempts to increase the yield and quality of various seafoods 

with polyphosphates have been numerous..    Investigators have studied 

the effect of polyphosphates on protein denaturation of frozen fish 

(Tanikawa et al. ,   1963; Love and Abel,   1966),  frozen tuna (Chung- 

Hyun and Niven,   1977),   and scallops,   clams,   oysters,   shrimp and 

lobsters (Mahon et ah ,   1971).    Some of these processes have been 

patented (Meyer,   1956), 

Information on the effefct of polyphosphates in shrimp is limited. 

Little is presently known regarding the effects of size,   age,   and species 

of shrimp,   or type of phosphate for optimum results on the use of 

polyphosphates in shrimp processing. 
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III.    MATERIALS AND METHODS 

3. 1    Shrimp Sample 

Samples of Pacific  shrimp were selected from commercial lots. 

Each sample of fresh shrimp was brought to the Oregon State Univer- 

sity Seafoods Laboratory in Astoria,   Oregon,   and utilized for only one 

independent experimental design.    The sample lots were selected for 

their physical integrity.     The number of shrimp composing each treat- 

ment lot C^SOO gm) was determined. 

3. 2    Moisture and phosphorus determination 

o 
Frozen shrimp were thawed for 24 hrs at  10  C prior to analysis. 

Samples in styrofoam containers were prepared by blending the entire 

contents (^200 gm) of the containers in a Waring blender at room 

temperature. 

Moisture was determined as outlined in the Official Methods of 

Analysis of the Association of Official Analytical Chemists ( AOAC). 

Phosphorus content was analyzed following the method outlined by 

B'arttlet   '1959).    Samples were pre-ashed with a flame and then ashed 

at 550   C in a muffle furnace for 9 hrs.    The ash was transferred into 

25 ml volumetric flasks with three 1. 0 ml aliquots of 6. 0 N HC1 fol- 

lowed by three 1. 0 ml washes with distilled water.    Absorbance was 

measured with a Beckman Acta CIII spectrophotometer. 



13 

3. 3   Definition of Terms Used 

Shrimp with shell,   as obtained from commercial sources,   were 

referred to as round shrimp.     Wet weight and dry weight yield were 

determined based on round shrimp weight and reported in percent. 

Meat solids retained after cooking were computed based on raw meat 

solids and reported in percent.    The condensed phosphates studied 

were Brifisol D510 (a commercial food grade mixture containing so- 

dium tripolyphosphate and sodium hexametaphosphate; American 

Haechst Corporation,   Somerville,   New Jersey),   sodium tripolyphos- 

phate (TPP) and sodium hexametaphosphate (HMP). 

3.4    Effect of Brifisol 510 Concentration on the Yield of Cooked 
Shrimp Meat 

A lot of about 13 kg of 5 day old shrimp was selected from com- 

mercial sources.    Shrimp were caught on April 30,   1979 and processed 

on May 4,   1979.    Brifisol 510 concentrations studied were 0,   0. 1,   0. 5, 

1.0,   2.0,   3.0,   4.0,   and 6.0%.    Samples were processed as follows: 

lots of 800 gm were cooked 2. 0 min in 4000 gm solution,   immediately 

cooled 20 sec in a cold water shower,   drained 2. 0 min and weighed. 

Cooked shrimp were hand peeled and the separated shell was weighed. 

Cooked meat was showered in water to remove traces of condensed 

phosphate,   drained and weighed.    The meat was placed in styrofoam 

o 
containers,   frozen at -30   C,   vacuum sealed in moisture vapor proof 
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o 
film and  stored at -30   C prior to analysis. 

3. 5    Effect of Sodium Tripolyphosphate and  Sodium Hexametaphosphate 
Concentration on the Yield of Cooked Shrimp Meat 

A commercial lot of about 40 kg of 3 day old shrimp was se- 

lected.    Shrimp were caught on May 19i   1979 and processed on May 

21,   1979.    TPP and HMP concentrations studied were 0. 05,   0.1,   0.5, 

0.75,   1.0,   1. 5,   2. 0,   3. 0,   4. 0,   and 6. 0%.    Samples were processed 

as outlined in 3. 4. 

3.6    Effect of Brifisol. 510,   Sodium Tripolyphosphate,   and Sodium 
Hexametaphosphate Concentration on the Yield of Cooked 
Shrimp Meat 

This experiment was repeated twice with the two different sam- 

ples classified as A and B.      A.    A lot of about 45 kg of 2 day old 

shrimp were obtained from Bumble Bee Seafoods.    Shrimp were caught 

on June 5,   1979 and processed on June 7,   1979.    Shrimp were pumped 

from the boat to off-load them.       B.    A lot of about 40 kg of 2 day old 

shrimp were obtained from Astoria Seafoods.    Shrimp were caught 

on June 21,   1979.    Samples were counted and weighed on June 22,   at 

room temperature but only small portions at a time.    Samples were 

refrigerated at 2   C,  then cooked and hand peeled on June 23,   1979. 

Shrimp were large and of excellent quality and were not put through a 

commercial deicing system. 
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D510 concentrations used to treat both samples were 0.01,   0.025, 

0.05,   0. 10,   and 0. 50%.    TPP and HMP concentrations studied were 

0. 01,   0. 025,   0. 05,   and 0. 10%.    Samples were processed as outlined 

in 3. 4. 

3.7. ' Effect of Sodium Tripolyphosphate,  Sodium Hexametaphosphate 
and Citric Acid Concentration on the Yield of Cooked Shrimp Meat 

A lot of about 40 kg of 2 day old shrimp was selected from com- 

mercial sources.    Shrimp were caught on June 24,   1979.    Samples 

o 
were counted on June 25,   stored without ice at 2   C and processed on 

June 26,   1979.    The TPP and HMP concentration used was 0. 10%.    the 

citric acid concentrations investigated were 0,   0. 02,   0. 04,   0. 06,   0. 08, 

0. 10,   and 0. 15%.    Samples were processed as outlined in 3.4. 

3. 8    Effect of Condensed Phosphate-citric Acid Pretreatment Prior 
to Water Cooking on the Yield of Cooked Shrimp Meat 

A commercial lot of about 30 kg of 1 day old shrimp was selected. 

Shrimp were caught on July 26,   1979 and processed on July 28,   1979. 

Sodium tripolyphosphate was utilized for pretreatment.    Round shrimp 

("fSOO gm) were dipped prior to processing as follows:    without solu- 

tion,   water,   0. 10% TPP,   and 0. 10% TPP and citric acid at various 

concentrations (0,   0.02,   0.04,   0.06,   0.08,   0.10,   0.15%).    The round 

shrimp: solution ratio was  1:1.25 (800gm/lOOOgm).    The treatment time 

was  15-20 hrs.   Treated samples were drained, showered for 30 sec in 
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tap water and processed as outlined in 3. 4,   but the shrimp were cooked 

in water instead of a condensed phosphate solution. 

3. 9    Effect of Condensed Phosphate-citric Acid Pretreatment Prior to 
Water Cooking at Apparent Optimum pH on the Yield of Cooked 
Shrimp Meat 

A commercial lot of about 36 kg of 2 day old shrimp was  selected. 

Shrimp were caught on August 29,   1979,   sorted,   held overnight at 

2   C,   and treated and processed on August 31,   1979.    TPP was utilized 

for pretreatment.    Round shrimp were treated prior to processing as 

follows:    no dip,   water dip,   and 0. 1-0. 5% TPP-CA dip for 0,   10,   30 

and 60 min.     Cooking solutions included uncooked,   water,   and 0.1- 

0.5% TPP-CA.    The round shrimp: solution ratio was  1:1.25 (800gm/ 

lOOgm).    The pH of a 0. 1-0. 5% TPP-CA solution was 5. 28.    Treated 

samples were drained,   showered for 30 sec with water,   and processed 

as outlined in 3..4. 

4. 0   Comparative Evaluation of the Effect of Polyphosphate Pretreat- 
ment on the Yield of Shrimp Meat Precooked in Water and 
in Steam 

A commercial lot of about 55 kg of 2 day old shrimp was selected. 

Shrimp were caught on September 22,   1979*   sorted on September 24, 

1979,   held overnight at 2  C,   and processed on September 25,   1979. 

D510 was utilized for pretreatment.     Round shrimp (800 gm) were 

dipped for 10 min prior to processing as follows:    without solution. 
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water,   and D510 at various concentrations (0.5,   1.0,   2.0,   4.0 and 

6.0%).    The round shrimp:solution ratio was  1:1.25 (800gm/l000gm). 

Steam precooked shrimp were cooked in a continuous steam cooker 

and showered by a spray attachment at the end of the cooker.    Treated 

samples were processed as outlined in 3. 4. 
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IV.     RESULTS AND DISCUSSION 

4. 1    Effect of Brifisol 510 Concentration on the Yield 
of Cooked Shrimp Meat 

The effect of D510 concentration in cooking water on the yield of 

shrimp meat after cooking was evaluated.    A D510 concentration of 

1. 0% provided optimum wet weight yield (Table 1).     Yield of treated 

shrimp increased 6.05 percentage points over the control.     D510 con- 

centrations higher than the optimum produced decreased meat yields. 

This result may be due to protein solubilization with an excess of con- 

densed phosphate.    Love and Abel (1966) found that polyphosphates 

exert a strong solvent action on the surface proteins of cod muscle. 

The layer of proteins dissolved out of the surface layers of the muscle 

seals off the surface.    An excess of condensed phosphate may cause 

solubilization of both the body proteins and the surface proteins,   re- 

sulting in. loss of more solubilized proteins during cooking.    Increase 

in phosphate concentration also results in increase of pH.    Basic con- 

ditions bring about increased protein solubilization (Hamm,   197 1),   and, 

conversely,   low pH provides enhanced protein insolubilization (Spinelli, 

1970). 

A D510 concentration of 0. 5% provided optimum meat yield based 

on dry weight solids retained after cooking (Table  1).    An increase in 

7.63 percentage points was obtained over the control.    The optimum 



Table 1.    Effect of Brifisol 510 concentration in cooking water on the yield of cooked shrimp meat 

D510 Meat yield (%)  Moisture (%)                    Meat solids              # shrimp/ 
concentration Wet wt Dry wt5/                        X ± S. D,                       retained (%)                   kg 

(%)                                                                                                                                                                     dry wt 

Raw            . 48.02 8.41 82.48 ± 0.07 
Control-' 32.39 6.27 80.63 ±0.02 

0. 1 36.09 6.59 81. 72 ± 0.05 
0.5 37.49 6.91 81.54 ± 0.02 

48. 02 
32. 39 

36. 09 
37. 49 
38. 44 
38. 05 
37. 01 
35. .88 
34. .76 

1.0 38.44 6.69 82.57 ± 0.07 
2.0 38.05 6.75 82.24 ±0.02 
3.0 37.01 6.51 82.40 ± 0.02 
4.0 35.88 6. 39 82. 16 ± 0.04 
6.0 34.76 6. 38 81.63 ± 0.02 

8. 41 
6. 27 

6. 59 
6. 91 
6. 69 
6. 75 
6. 51 
6. 39 
6. 38 

- 147 
74.60 155 

78.41 150 
82.23 155 
79.65 165 
80.31 149 
77. 41 158 
76.07 149 
75.90 158 

a/ —     Values represent the mean of 3 analytical replicates made on shrimp homogenates. 
b/ •—     Control samples were cooked in water without condensed phosphate addition. 

vO 
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dry weight yield at 0. 5% D510 was less than that obtained for wet 

weight yield (1. 0% D510).    The difference was probably due to the 

additional moisture absorbed by the 1.0% D510 sample.    The dry 

weight yield of meat,  in general,   reflected the changes observed for 

the wet weight yield,   i. e.   very low concentrations of D510 appear to 

be required to increase yield,   and levels higher than the optimum had 

a negative effect.    Soluble proteins (collagen of connective tissue) are 

more susceptible to heat solubilization with time due to the action of 

proteolytic enzymes (Thompson and Thompson,   1971; Decker,   1975). 

However,  the data obtained suggested that the high recovery of meat 

solids after cooking represent muscle proteins and connective tissue 

proteins stabilized by condensed phosphate toward heat solubilization. 

Moisture content was directly related to wet weight yield accord- 

ing to linear regression analysis (r = 0. 8283; P > 0. 025).    This was 

probably due to the retention of collagen connective tissue which would 

have a greater water holding capacity through cooking than muscle 

proteins.    A concentration of 0. 1% D510 yielded moisture contents 

that added  1.94 lb of water/100 lb of cooked shrimp meat. 

The relationship between the concentration level of D510 and the 

amount of P-O    found in the meat was not linear (Table 2).    P-O 
2    5 2    5 

content was inferior to the control at 0. 1,   0. 5,   1. 0,   2. 0,   3. 0 and 4. 0% 

D510.    The only sample yielding results superior to the raw and con- 

trol samples was that at 6. 0% D510 based on wet and dry weight.     The 
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decrease j.n P_Oc at the above D510 concentrations may be due to a 
2    5 

washing action of condensed phosphate during water cooking. Accord- 

ing to the data obtained, condensed phosphates added to meat can only 

be rationally correlated with increased meat yield. 

Table 2.    Effect of D510 concentration on the amount of phosphorus 
in shrimp meat 

D510 concentration     mg P  O   /100 gm mg P   O   /100 gm 
(%) V . a/ ;   b   .   a/ wet wt.— dry wt.— 

Raw 656 ± 54 3748 ± 300 
Control b/ 695 ± 31 3589 ± 159 

0. 1 657 ± 69 3598 ± 379 
0. 5 531  ± 263 2874 ± 1421 
1. 0 490 ± 292 2394 ± 1536 
2.0 560 ± 167 3 257 ± 840 
3.0 521 ± r29 2976 ± 758 
4.0 660 ± 49 3465 ± 402 
6.0 8 21 ±       6 4471 ± 29 

a/ — Values represent mean ± standard deviation of 3 analytical 
replicates. 

— Control sample was cooked in water. 

4. 2   Effect of Sodium Tripolyphosphate and Sodium Hexametaphosphate 
Concentration on the Yield of Cooked Shrimp Meat 

Shrimp were treated with sodium tripolyphosphate (TPP) and 

sodium hexametaphosphate (HMP) to evaluate the concentration 

dependency of these condensed phosphates in cooking water on the 
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yield of cooked shrimp meat.    Optimum wet weight yield for TPP was 

obtained near 0.05% (37. 20%) (Table 3).    These results showed that 

only very low concentrations were needed for best yields.    An in- 

crease in 3.78 percentage points (11. 31% yield increase) over the con- 

trol was obtained at 0. 05%,   but yield was reduced at higher TPP con- 

centrations. 

The optimum dry weight yield was obtained at 0. 05% TPP (Table 

3).     The dry weight yields observed clearly reflected the changes in 

wet weight yields.    An increase in 6.7 2 percentage points of solids 

were obtained over the control.    This result indicates that more sol- 

uble proteins were retained in the shrimp meat.    The shrimp utilized 

in this experiment was only 3 days old,   so that proteolytic enzymes did 

not have time to solubilize connective tissue collagen to a great extent. 

Levels of TPP higher than the optimum resulted in reduced meat 

yields,   probably because protein was solubilized by an excess of con- 

densed phosphate in the cooking water.    Basic conditions were 

strengthened at increased condensed phosphate concentration causing 

more protein solubilization.    Also,   condensed phosphates are more 

reactive at a lower pH. 

Wet and dry weight yields of HMP treated shrimp were very 

similar to those obtained with TPP,  with optimum wet and dry weight 

yields at 0. 05% (Table 4).     Wet weight yield was increased by 4. 95 

percentage points and dry weight solids retained was increased by 



Table 3.    Effect of sodium tripolyphosphate concentration on the yield of cooked shrimp meat. 

TPP 
at ion 

Meat yield (%) 
b/ 

Moisture — 

(%) 
Meat solids 
retained (%) 

# Shrimp/ 

kg concentr 
Dry wt —' (%) Wet wt dry wt. 

Raw J 46.06 9.24 79.94 ± 0. 24 _ 240 
Control— 33.42 6.98 79.13 ± 0.05 75.48 201 

0.05 37.20 7.60 79.58 ± 0.03 8 2. 20 202 
0.10 37.16 7.57 79.62 ± 0.004 81.95 213 
0.50 36.35 7.47 79.46 ± 0.05 80.87 217 
0.75 34.25 6.80 80.14 ± 0.04 73.60 213 
1.00 36.07 7.42 79.44 ± 0.03 80. 25 214 

1.50 35.07 7.14 79.65 ± 0.14 77. 23 215 
2.00 33.36 6.95 79.17 ± 0.19 75.19 196 

3.00 33.96 7.03 79.30 ± 0.02 76.05 216 
4.00 32.57 6.68 79.50 ± 0.06 72. 25 224 
6.00 34.47 7.02 79.62 ± 0.09 76.00 203 

a/ — Values represent the mean of 3 analytical replicates 

— Values represent the mean ± standard deviation of 3 analytical replicates 
c/ 
— Control was cooked in water without phosphate addition 



Table 4.    Effect of sodium hexametaphosphate concentration on the yield of cooked shrimp meat 

HMP                                    Meat yield (%) Moisture. (%) Meat solids    , # Shrimp/ 
concentration  y                 X ± S. D. retained -(%)— kg 

(%) Wet wt            Dry wt— dry wt 

Raw             / 46.06                  9.24 79.94 ±0.24 - 240 
Control-7^ 33.42                6.98 79.13 ±0.05 75.48 201 

0.05 38.37                 7.85 79.54 ±0.01 84.94 207 
0.10 37.56                 7.46 80.14 ±0.008 80.70 217 

Wet wt 
a/ 

Dry wt—' 

46.06 9.24 
33.42 6.98 

38. 37 7.85 
37.56 7.46 
35.73 7. 23 
36.59 7. 27 
35.64 7.20 
31.83 7.41 
33.67 6.63 
32.64 6.60 
34,16 6.81 
32.98 6.67 

0.50 35.73 7.23 79.77 ±0.01                       78.23                             219 
0.75 36.59 7.27 80.13 ±0.03                       78.68                              210 
1.00 35.64 7.20 79. 79 ± 0. 02                       77.95                              208 
1.50 31.83 7.41 79.87 ± 0.006                     69.31                              201 
2.00 33.67 6.63 80. 31  ± 0. 03                       71.76                              196 
3.00 32.64 6.60 79.79 ±0.05                       71.39                              193 
4.00 34,16 6.81 80.06 ±0.02                       73.70                              188 
6.00 32.98 6.67 79.76 ±0.002                     72.22                             190 

a/ 
— Values represent the mean of 3 analytical replicates 

— Based on raw meat solids 
c/ 
— Control was cooked in water without HMP 
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9-46 percentage points.    HMP concentrations greater than optimum 

resulted Ln meat yield reductions. 

HMP appeared to be more efficient than TPP.    An increase of 

2. 74 percentage points of HMP over TPP was obtained based on dry- 

solids retained after cooking.    The reasons for the higher efficiency 

of HMP over TPP may be   the following:    1) Sodium tripolyphosphate 

reacts with the protein of shrimp by dissociation of the actomyosin 

fraction,   while HMP form complexes with the protein (Spinelli and 

Koury,   1970).    This may have resulted in a lower solubility of HMP 

over TPP treated proteins.     2) The pH of a 1% TPP solution is about 

9. 7 and that of a 1% HMP solution ranges between 8. 0 and 8. 6 (Merck 

Index).    An increase in protein-condensed phosphate binding occurs 

as the pH is lowered.    The more basic pH of TPP probably caused 

more protein solubilization with an accompanying decrease in dry 

weight yield.    3) The molecular weight of HMP is much greater than 

TPP.     Experiments carried out by Spinelli and Koury (1970) showed 

that flocculation of the phosphate complex of soluble fish proteins was 

related to the molecular size of the phosphate moiety.    The slightly 

lower yields rendered by TPP may be a reflection of too high of a 

concentration. 

Comparing the results obtained for TPP and HMP with those ob- 

tained for D510 in a previous experiment,   it appears that HMP is the 

most efficient followed by D510.    An optimum dry weight yield was 
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obtained for D510 at 0. 5%,   whereas an optimum was observed for both 

TPP and HMP at 0. 05%.    This difference in condensed phosphate levels 

may be due to the following:    1) D510 is a mixture of TPP and HMP. 

The concentration of one of these phosphates may be quite dilute in the 

product.     2) Shrimp utilized to study D510 were much larger.    Pre- 

vious work dealing with dipping shrimp in condensed phosphates prior 

to steam precooking showed that the effect of condensed phosphates on 

yield was more marked with small shrimp (Nouchpramool,   1980). 

Since the sampled shrimp were different,   conclusions drawn from the 

above tests about the most efficient condensed phosphate for shrimp 

would be Invalid.    Variations in shrimp age,   size,   catching and hand- 

ling procedures may affect the results (Thompson and Farragut,   197 1; 

Fieger   et al. ,   1958; Love and Thompson,   1966). 

The moisture content of shrimp meat remained relatively con- 

stant for samples treated with different concentrations of both TPP 

and HMP.     Moisture content values did not reflect the great changes 

obtained in dry solids retained at various condensed phosphate concen- 

trations. 

The amount in P.O    in meat reflected the increase of TPP con- 
Z   o 

centration in the cooking water (Table 5).     Results suggest that under 

these conditions the protein-TPP complexes which effected meat yield 

reached a maximum value at TPP concentrations near 0. 05%. 

The phosphorus content in meat did not appear to have a high 
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Table 5.     Effect of sodium tripolyphosphate concentration on the 
amount of phosphorus in shrimp meat 

TPP cone. mg P   O   /100 gm mgPO   /lOOgm 

(%) K       ^ f     -a/ K       /      A fa/ 
based on wet wt— based on dry wt — 

Control — 

0.05 
0. 10 
0. 50 
0.75 
1.00 
1. 50 
2. 00 
3. 00 
4. 00 
6. 00 

a/ 
— Values represent the mean dfc standard deviation of 3 analytical 

replicates. 
b / 
— Control was cooked in water. 

743 ± 73 
571  ± 330 

516 ± 208 
6 26 ± 228 
717 ± 116 
181 ± 13 
430 ± 301 
721 ± 24 
758 ± 40 
805 ± 14 
761 ± 21 

1107 i 47 2 

3706 ± 462 
273 2 ± 1578 

25 27 ± 1022 
3073 ± 1121 
3492 ± 556 

912 ± 67 
2091 ± 1462 
3543 ± 141 
3641 ± 166 
3892 ± 66 
3712 ± 102 
5438 ± 2347 
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Table 6.     Effect of sodium hexametaphosphate concentration on the 
amount of phosphorus in shrimp meat 

HMP cone. mg P   O   /100 gm mg P   O   /100 gm 

M K       / f     f a/ K       /       ^ a/ 
based on wet wt — based on dry wt — 

Raw b/ 

Control — 

0. 05 
0. 10 
0. 50 
0.75 
1.00 
1. 50 
2. 00 
3.00 
4. 00 
6.00 

a/ 
—    Values represent mean ± standard deviation of 3 analytical 

743 ± 73 
57 1  ± 330 

702 ± 1 
685 ± 12 
7 29 ± 15 
765 ± 76 
7 27 ± 20 
747 ± 5 
7 24 ± 3 
690 ± 46 
738 ± 10 
8 25 ± 5 

3706 ± 46 2 
273 2 dt 1578 

3433 ± 5 
3448 ± 60 
3665 ± 73 
3584 ± 78 
3600 ± 95 

3712 ± 27 
3679 ± 17 
3631  ± 136 

3702 i 52 
4079 ± 24 

replicates 

—    Control was cooked in water 
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degree of HMP concentration dependency (Table 6).    Although the pH 

of the solution and the meat homogenates was not measured in this 

.experiment,   it was expected to increase with increased HMP concen- 

trations.    Higher pH did not result in an equivalent increase in the 

P  C)    content of the meat.    The observed increase in the P  O    con- 
2   5 2   5 

tent of the meat at 6. 0% HMP was probably due to further binding of 

phosphate ions within the complex.    Increased yield over control 

samples was accompanied by increased P_0    levels in the meat. 
2   5 

However P   O,. levels did not decrease as  yield was reduced at higher 
2   5 ' 

condensed phosphate levels. 

4. 3    Effect of Brifisol 510,   Sodium Tripolyphosphate and Sodium 
Hexametaphosphate Concentration on the Yield of Cooked 
Shrimp Meat 

Part A. 

This experiment was designed to compare the effects of low con- 

centrations of D510,  TPP and HMP on the yield of cooked shrimp meat. 

Low concentrations were studied because previous experiments indi- 

cated that the condensed phosphate concentrations required for optimum 

meat yield are quite low. 

Optimum wet weight yield was observed at 0. 10% D510, with an 

increase of 3. 56 percentage points (Table 7). However, the yields at 

all the concentrations studied were very similar. This result did not 

indicate an optimum concentration below 0. 5% D510. 
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Dry weight solids retained provided an optimum yield at 0. 10% 

D510,   with an increase of 7. 26 percentage points (Table 7).    Increase 

in D510 concentration to 0. 5% resulted in a great reduction in dry 

solids.     The results obtained in this experiment are not in agreement 

with those obtained in a previous experiment (4. 1) in which optimum 

yield was shown at 0. 5% D510.    Shrimp utilized in this experiment 

were smaller (Table 2).    Results may reflect the observation of 

Nouchpramool (1980, that condensed phosphates appear to interact more 

readily with smaller shrimp. 

TPP and HMP did not yield the results expected based on earlier 

investigations.    Optimum wet weight yield was obtained at 0. 01% TPP 

with only 0. 57 percentage points increase over the control.    Moreover, 

dry weight solids retained after cooking were less than the control 

(Table 7).    In the case of HMP,   both wet and dry weight yields were 

far lower than the control (Table 7).    The causes for the lack of in- 

creased yields from shrimp treated in this experiment are unknown, 

but may be related to differences in handling and storage.    The shrimp 

used were 2 days old and were obtained from a processing plant that 

utilized a pump to off-load the shrimp.    Shrimp were also exposed to 

poor temperature conditions post off-loading.    Increased bacterial 

population and enzyme release result from poor temperature control 

(Fieger and Friloux,   1954; Thompson and Farragut,   197 1).     The rough 

treatment afforded by the pump may have disrupted membranes, 



Table 70    Effect of low condensed phosphate concentration on the yield of cooked shrimp meat 

Condensed phosphate Meat yie Id (%) Moistun e(%) Meat solids # shrimp/ 
cone. (%) Wet wt Dry wt X ± S, , D. retained ( %) kg 

a/ 

dry wt 

Raw 44.06 8.57 80.54 ± 0.10 201 
ControlJ 32. 14 6.88 78.58 ± 0,16 80.28 212 

D510 treatment 
0.01 34,97 7.37 78.92 ± 0. 10 85.96 204 
0.025 34.99 7.38 78.90 ± 0.07 86.07 211 
0.050 34.82 7.34 78.93 ± 0,36 85.58 206 
0. 10 35.70 7.51 78.97 ± 0,12 87.54 218 
0.50 34. 35 7.06 79.44 ± 0.08 82.35 208 

TPP tre atment 
0.01 32.71 6.80 79.22 ± 0.08 79.25 200 
0.025 31.56 6.72 78.70 ± 0.07 78.40 218 
0.050 32,57 6.75 79.27 ± 0.12 78.73 215 
0. 100 31.83 6.52 79.51 ± 0.08 76.04 225 

HMP treatment 
0.010 31.72 6.58 79.26 ± 0.05 76.69 202 
0.025 30.64 6. 15 79.92 ± 0.05 71.74 217 
0.050 31.48 6.47 79.43 ± 0.07 75.49 225 
0. 100 28.37 5.96 78.97 ± 0.09 69.54 209 

a/ 
—     Control was cooked in water 00 
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allowing gut enzymes access to the muscle (Decker,   1975).    If so, 

most of the soluble proteins would have been degraded to a point that 

condensed phosphates could not render them insoluble.    The inability 

to insolubilize proteins may be related to the relative rate of condensed 

phosphate insolubilization over the rate of protein solubilization during 

cooking.     Experimental procedures may also have contributed to the 

lack of increased yield.    Shrimp were subjected to warm temperatures 

during size grading and sample counting.    This is a time consuming 

process that was carried out at room temperature when the weather 

was rather hot.    Although previous samples were prepared in the same 

manner,  they were probably subjected to lower temperature condi- 

tions.     Small shrimp bring about a faster reaction to phosphates,   but 

are more susceptible to degradative changes (Thompson and Farragut, 

1971). 

It appears that D510 was the most efficient of the different phos- 

phates on meat yield,   followed by TPP and finally by HMP.    These 

data are not in agreement with previous findings in which condensed 

phosphates efficiency followed the  order   HMP,    D510,   and TPP. 

Moreover,   the only condensed phosphate that provided yields higher 

than the control was D510.    Samples were separated and counted in the 

sequence D510,   TPP,   and HMP.    It should be noted that the decrease 

in yields followed the processing sequence. 

Although a difference between the condensed phosphates studied 



33 

was not found,   there is  some evidence that HMP is the more reactive 

condensed phosphate.    The data obtained in previous experiments and 

the work reported by some investigators (Spinelli and Koury,   1970) 

both indicate this to be the case. 

A concentration-pH relationship was studied to explain the 

reduced yields obtained at high condensed phosphate concentration 

(Table 8).    The more basic phosphate appears to be TPP followed by 

D510 and finally HMP.    Although these pH levels were rough deter- 

minations,   they show that high levels of phosphate produce very basic 

conditions in cooking water. 

Table 8.    Effect of condensed phosphate concentration on the pH of 
cooking water after cooking. 

Condensed phos iphate pH 
cone.   (%) D510 TPP HMP 

0.010 
0.025 
0. 050 
0. 100 

8.62 
s: 86 
9.02 
9. 03 

8. 72 
9. 11 
9. 19 
9.30 

6.70 
7.09 
7. 25 
7. 10 

Results regarding the effect of D510 and HMP concentration on 

the P_Oc meat content,   based on wet weight,   did not show an increase 

in the amount of P00c in the meat with increased D510 and HMP con- 

centrations in the cooking water.    The amount of P.O    in meat based 
2   5 

on wet weight,   increased in a manner that reflected TPP concentra- 

tions.    Phosphorus levels in most samples were reduced from the 
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control.    P-O    content,   based on dry weight,   varied in a manner 
2   5 

similar to that based on wet weight for all three condensed phosphates 

(Table 9). 

Table 9-     Effect of low condensed phosphate concentration on the 
amount of phosphorus in shrimp meat.    Part A. 

__ 

D510 cone. mgPO   /lOOgm- mgPO_/l00gm- 
2   5 2   5 

(%) based on wet wt based on dry wt 

Raw         b/ 711 ± 25 3651  ±  109 
Control- 699 ± 6 3 264 ±     11 

D510 treatment 
0. 010 693 ± 23 3289 ±  110 
0. 025 666 ± 7 3158 i    43 
0. 050 707 ± 10 3356 ±    50 
0. 100 694 ± 2 3302 ±    16 
0. 500 685 ± 34 3333 ±  162 

TPP treatment 
0.010 645 ± 4 3105 ±    18 
0. 025 710 ± 36 3335 i  164 
0. 050 720 ± 51 3474 i  263 
0. 100 681 ± 17 3322 ±    96 

HMP treatment 
0. 010 698 ± 16 3431  ±     10 
0. 025 675 ± 24 3363 ±  109 
0. 050 678 ± 30 3294 =t  137 
0. 100 706 ± 13                       - 3359 ±    74 

a/ 
— Values represent mean ±  standard deviation of 3 analytical 

replicates 

b/ 
— Control was cooked in water 
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Part B 

The foregoing experiment was repeated with excellent quality 

shrimp.     Experimental procedures were redesigned to optimize con- 

ditions that would lead to optimum retention of soluble solids.     The 

shrimp utilized in the former experiment were not subjected to good 

handling and storage conditions.    Shrimp were exposed to poor tem- 

perature control post-catching and were off-loaded from the boat with 

a mechanical pump.    The experimental process was carried out at 

room temperature when the weather was hot.    These conditions were 

greatly improved in the present experiment.    Shrimp were large and 

of excellent physical integrity.    Samples were held at refrigerated 

temperature prior to processing. 

Both wet and dry weight yields were optimal with the 0. 010% 

D510 treatment.    Optimum wet weight yield increased  1. 12 percent- 

age points over the control,   and optimum dry weight yield increased 

1. 88 percentage points over the control (Table 10).    Higher levels of 

D510 resulted in a decreas e in wet and dry weight yields. 

Wet and dry weight yields after cooking in water containing TPP 

were optimal at 0. 05% (0. 87 percentage points increase) and at 0. 025% 

(0. 85 percentage points increase),   respectively.    The difference may 

be due to additional moisture absorbed by the wet weight sample.     Wet 

and dry weight yields from treatments at other concentrations were 



Table 10.    Effect of low condensed phosphate concentrations on the yield of cooked shrimp meat. 
Part B. 

Condensed phosphate Meat yield (%) 
cone (%) Wet wt Dry wt 

Moisture (%) 
X ± S. D. 

Meat solids § shrimp/ 
retained (%) kg 

dry wt 

Raw 
5/ 

44.18 8.60 
Control- 33.52 7.33 

D510 treatment 
0.010 34.64 7.49 
0.025 34.32 7.30 
0.050 33.52 7.14 
0.100 33.67 7.13 
0. 500 33.45 6.98 

TPP tre atment 
0.010 33.05 7.14 
0.025 34.28 7.40 
0.050 34.39 7.29 
0.100 33.67 7.22 

HMP treatment 
0.010 33.44 7.11 
0.025 32.50 6.91 
0.050 32.27 6.87 
0. 100 31.79 6.75 

80.54 ± 0.09 
78.13 ± 0. 20 

78. 38 ± 0,08 
78.72 ± 0. 12 
78.69 ± 0. 13 
78.81 ± 0.03 
79. 12 ± 0.02 

78.40 ± 0. 26 
78.40 ± 0.05 
78.81 ± 0. 06 
78.54 ± 0. 17 

78. 74 ± 0.21 
78. 18 ± 0.02 
78. 70 ± 0.04 
78.81  ± 0.03 

85. 28 

87.16 
84.96 
83. 12 
83.00 
81. 26 

83.07 
86. 13 
84, 78 
84.03 

82.71 
80. 38 
79.95 
78. 36 

170 
161 

164 
166 
161 
165 
170 

167 
167 

• 170 

169 

177 
163 
168 
159 

a/ —     Control sample was cooked in water. 
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not higher than the control (Table  10). 

A marked decrease in wet and dry weight yields was observed 

with HMP treatments.     Yields were far lower than the control and 

decreased in a uniform manner with an increase in HMP concentration 

(Table 10). 

The lack of yield response from treatment with condensed phos- 

phates was not expected and cannot be explained from the data at hand. 

Shrimp quality apparently was not the limiting factor for the reduced 

yields in the present experiment.    Protein solubilization during cook- 

ing may play a major role in the lack of increased yields.    This obser- 

vation is supported by P-O,. content lower than the control in all the 

condensed phosphate treated samples (Table 11).    If protein solubili- 

zation is great and condensed phosphates are washed off during cook- 

ing,   the amount of condensed phosphates for protein insolubilization 

would be limited. 

It should also be noted that the yield provided by the control 

sample was much higher than those of previous experiments.    Shrimp 

of such high quality may not show as great a yield response to phos- 

phate treatments. 
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Table  1 1.     Effect of low condensed phosphate concentration on the 
amount of P   C)    in shrimp meat 

2   5 r 

__ __ 

Condensed mg P.X*   /100 gm - mg P^O_ / 100 gm- 
irn \                           CO 2     b 

phosphate cone (70)           UJ              i.     L ujjt r        r                                        based on wet wt based on dry wt 

Raw            ,                                      720 ± 30 3701  ±   151 
Control-7                                      734 ±     6 3338 ±     38 

D510 treatment 
0. 010                                             713 ±  11 3 297 ±    65 
0. 025                                             689 ±    6 3237 ±    48 
0. 050                                             701 ±    8 3290 ±    57 
0. 100                                             710 ±    8 3349 ±    42 
0. 500                                             678 ±  21 3246 ±  105 

TPP treatment 
0.010                                             675 ±    8 3145 ±     59 
0. 025                                             713 ±  14 3304 ±    65 
0. 050                                           669 dfc  10 3158 i    36 
0.100                                             680 ± 39 3171 ±  164 

HMP treatment 
0, 010                                             687 ±    6 3232 ±     22 
0.025                                             711 ±    4 3259 ±     15 
0. 050                                             714 ±     2 3353 ±       6 
0. 100                                             706 ±  29 3332 ±  140 

a/ 
— Values represent mean ±  standard deviation of 3 analytical 

replicates. 

b/ 
— Control sample was cooked in water. 
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4.4    Effect of Sodium Tripolyphosphate,   Sodium Hexametaphosphate 
and Citric Acid Concentration on the Yield of Cooked Shrimp Meat 

The pH dependency of the action of TPP and HMP in the cooking 

water on the yield of cooked shrimp meat was investigated.    Citric 

acid was utilized as an acidifying agent.    In a previous experiment 

(4. 3) application of condensed phosphates did not increase the shrimp 

meat yield,   and there are some indications that very basic conditions 

contributed to protein solubilization during cooking. 

Optimum wet weight yield was obtained with 0. 08% citric acid 

(CA),   and optimum dry weight with 0% CA in the samples treated with 

TPP.    This represented an increase of 1.47 and 0.43 percentage 

points,   respectively (Table 12).    None of the dry solids yields ob- 

tained was much higher than the control.    Also,   no effect of pH on the 

yield was observed since yield changed in an irregular manner with 

pH.    At the isoelectric pH (^pH 4. 0) the sarcoplasmic,  myofibrillar 

and connective-tissue proteins bind condensed phosphates,   forming 

insoluble complexes that are retained within the shrimp body.    How- 

ever,  the yield obtained at the most acidic concentration (pH 4. 78) 

was lower than the control and lower than that obtained at some other 

pH levels (Table 12). 

Moisture content did not show much variation with increase in 

citric acid concentration.    The amount of P   O^ in cooked meat was 
2   5 

lower than in the control in most cases (Table 13).    The changes 



Table 1 2.     Effect of sodium tripolyphosphate,   sodium hexametaphosphate and citric acid on the 
yield of cooked shrimp meat 

Citric acid— pH cook— Meat yield (%) Moisture (%) Meat solids # shrimp/ 
cone (%)                    before       after          "Wet wt       Dry wt                X ± S. D.                retained (%) kg 

dry wt 

45.91           8.77             80.90 ±0.24                     - 261 
7.89          33.20           7.11              78. 59 ± 0. 06                  81.05 252 

81.48 237 
77.81 252 
78.71 252 
81.12 251 
80.89 253 
81.33 267 

4.78          33.17           6.90             79. 19 ± 0. 17                 78.73 279 

78. 92 ± 0. 15                 78. 69 259 
79. 94 dr 0. 05 79. 24 279 
79. 74 ± 0. 02 75. 60 266 
79. 92 ± 0. 003 76. 79 276 
79. 52 ± 0. 02                 76. 01 259 

0.10                             3.08             4.59          32.50           6.55             79.85 ±0.007               74.68 287 
0.15                              2.97             4.48          34.36           6.92             79.86 ±0.02                 78.92 283 

a/ c/ — . Condensed phosphate concentration:    0. 10% —    Control sample was cooked in water 
— pH of the cook water was measured prior to interaction of round shrimp and after 1. 5 min 0 

±taw        c/ 
Control — 6.79 

TPP treatme nt 
0 9. 04 
0. 02 6.79 
0.04 5. 30 
0.06 5. 14 
0.08 4. 28 
0. 10 4.09 
0. 15 3.49 

HMP treatment 
0 7.42 
0. 02 4. 36 
0.04 3. 69 
0. 06 3. 39 
0. 08 3. 23 

8. 19 33.69 7. 14 

7.59 31.87 6.82 
6.73 33. 36 6.90 
6. 50 33. 52 7. 11 
5.43 34.67 7. 09 
5. 30 34. 30 7. 13 

78. 78 ± 0. 03 
78. 59 ± 0. 11 
79- 31 ± 0. 06 
78. 77 ± 0. 10 
79. 58 ± 0. 07 
79. 21 ± 0. 11 

7. 54 32. 73 6. 90 
6. 74 34.64 6. 95 
6. 53 3 2-72 6.63 
5. 28 33. 54 6.73 
5. 31 3 2. 55 6.66 
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observed in P   O^ content based on wet weight were directly related 

to those based on dry weight. 

Table  13.     Effect of sodium tripolyphosphate,   sodium hexameta- 
phosphate and citric acid concentration on the amount of 
phosphorus in shrimp meat. 

Citric acid- mg P 00c / 100 gm - mg P„0_ /100 gm - 
Z b 2 5 

cone. (%) based on wet wt based on dry wt 

Raw 
s.1 

691 ±  11 
Control 732 ±  15 

TPP tre satment 
0 7 23 ±  10 
0.02 699 ± 69 
0.04 695 ±  29 
0. 06 7 26 ±  16 
0.08 669 ± 54 
0. 10 7 29 ± 11 
0. 15 701 ±     5 

HPM treatment 
0 734 ±  18 
0.02 689 ±  16 
0. 04 714 ± 39 
0.06 704 ±  12 
0.08 689 ±  11 
0. 10 681 ±  17 
0. 15 684 ±  15 

3646 ± 55 
3458 ± 20 

3405 ± 44 

3 267 ± 316 
3352 ± 140 
3420 ± 81 
3 27 5 ± 258 
3505 ± 52 
3368 ± 52 

3482 ± 106 
3433 ± 76 
3637  ± 359 
3506 ± 59 
3367 ± 55 
3457 db 220 
3396 ± 79 

a/ 
— TPP concentration: 0. 1% 

— Values represent mean ±  standard deviation of 3 analytical 
replicates 

c/ 
— Control was cooked in water. 
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The optimum wet weight yield for samples treated with HMP 

was at 0. 02% CA with only a 1. 44 percentage points increase over the 

control.    The dry solids yields,   at all the citric acid concentrations 

investigated,   were far lower than the control (Table  12).    No relation- 

ship was observed between the pH and the solids retained after cook- 

ing.    The best dry solids yields were at pH 7. 54 (78. 69%) with no citric 

acid added,   pH 6.74 (79. 24%) with 0. 02% CA,   and at pH 4.48 (78. 92%) 

with 0. 15% CA.    These included the most basic and the most acidic 

pH levels.    An earlier report (Spinelli,   1970) showed that,   in the 

presence of HMP,   as the pH was decreased to 5. 0,  the rate of floccu- 

lation of proteins increased,   and at pH 4. 0 quantitative precipitation 

occurred.     Nevertheless,   as the pH was decreased to  2. 0,   proteins 

were resolubilized.    However,   the data obtained in this experiment 

do not agree with the above findings. 

Citric acid increases the heat induced solubility of connective 

tissue proteins (mainly collagen) and produces inestability in both 

muscle and connective tissue proteins (Chao,   1979).    The magnitude of 

the inestability is dependent on time,  temperature and pH of the CA 

treatment.    High temperatures (45  C),   long cooking time (3.0 min) 

and low pH (< 5. 6) produce high yield reductions.    The fast rate of 

reaction of citric acid,   its solubilizing ability and the high temperature 

(~100   C) of the cooking water may have contributed to the negative 

effects observed.    The turbid and milky cooking solution obtained after 
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shrimp was cooked may have been due to protein lost during cooking. 

The P   0„ content in the meat was lower than the control for all 
2   5 

HMP treated samples.    The changes in the amount of P^O    based on 

wet weight roughly reflected those based on dry weight (Table 13). 

4. 5    Effect of Condensed Phosphate-citric Acid Pretreatment Prior 
to    Water Cooking on the Yield of Shrimp Meat 

Results obtained in   previous experiments suggested that not 

enough time was allowed for interaction of condensed phosphate with 

shrimp meat during cooking (2. 0 min).    In this experiment shrimp 

were soaked in water and TPP-CA solution for  15-20 hrs. 

Wet weight yield for the pretreated samples was very similar at 

the various TPP-CA concentrations and/or pH levels,   indicating that 

pH did not have a marked effect on meat yield (Table  14).    Optimum 

wet weight yield was obtained at pH 5.69 (0. 1/0.04% TPP/CA) for the 

TPP-CA soaked samples,   with an increase of 3. 17 percentage points 

over the water soaked samples.     Yields for the raw soaked meat were 

slightly higher or similar to those for the unsoaked raw meat.     Yield 

decreased the most under a more acidic pH (28. 91%,   pH 3. 73).    Cooked 

meat yield was slightly higher in most TPP-CA soaked samples than 

in those soaked in water,   but was lower than in unsoaked samples. 

These results indicate that losses during cooking are greater in sam- 

ples exposed to water.    An apparent loss in solids as a function of 



Table  14.     Effect of condensed phosphate and citric acid pretreatment prior to water cooking on 
the yield of shrimp meat^:' 

Sample TPP/CA pH cook— Meat yield (%) Moisture (%) Meat solids # shrimp/ 
Condition cone.   (%) wet wt dry wt X ± S. D. retained (%) kg 

dry wt 

Raw           , 
Control- 

No sol. _ 45. 39 8.47 81. 33 ± 0. 06 _ 211 
No sol. - 33. 24 6.78 79.60 ± 0. 03 80. 04 218 

Raw Water 6.32 46. 52 7. 17 84.60 ± 0.04 _ 207 
Cooked Water 6.32 29- 23 5. 64 80.70 ± 0. 12 66. 59 216 

Raw 0. 1/0 9. 21 46.32 7. 07 84.74 ± 0.02 _ 200 
Cooked 0. 1/0 9. 21 30. 31 5. 79 80.90 ± 0. 04 68. 36 217 

Raw 0. 1/0.0 2 6.66 46.79 7. 16 84.69 ± 0. 02 _ 199 
Cooked 0. 1/0.02 6.66 29.09 5. 56 80.88 ± 0. 02 65. 64 20 5 

Raw 0. 1/0. 04 5.69 46.79 7. 14 84.75 ± 0. 11 - 207 
Cooked 0. 1/0.04 5.69 3 2.40 5.81 82.06 ± 0.05 68. 59 204 

Raw 0. 1/0.06 4.74 46.00 7.05 84.67 ± 0. 08 _ 194 
Cooked 0. 1/0.06 4.74 31.97 5.91 81. 51 ± 0.02 69.78 204 

Raw 0. 1/0.08 4. 22 45. 88 7.06 84. 62 ± 0. 03 _ 20 2 
Cooked 0. 1/0.08 4. 22 30.90 5. 80 81. 23 ± 0. 02 68.48 210 

Raw 0. 1/0. 10 3.96 44. 90 6.84 84.77 db 0. 03 _ 20 5 
Cooked 0. 1/0. 10 3.96 30.01 5.69 81. 04 =b 0.03 67. 18 218 

Raw 0. 1/0. 15 3.73 46. 60 7. 16 84.64 ± 0. 03 - 195 
Cooked 0. 1/0. 15 3.73 28.91 5.66 84.4 2 ± 0. 02 66.82 216 
./, 

— ,15-20 hrs pretreatment;  2.0 min cooking time 
b/ 

c/ 
—    Control was cooked in water 

—' pH of the cook was measured prior to interaction of round shrimp 
*- 
*- 
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holding time was found by Collins (I960) in pink shrimp held in ice 

and refrigerated in sea water.     The results obtained in this experiment 

agree with the above findings. 

Dry weight yield was optimum at pH 4. 74 (0. 1 /0. 06% TPP-CA) 

and varied similarly to yields on a wet weight basis (Table 14).    Dry 

solids retained after cooking for the TPP-CA treated samples were 

superior to those for the water soaked samples,   except at pH 6. 66 

(0. 1 /0. 02% TPP/CA).    An increase of 3. 19 percentage points over 

the water soaked sample was obtained under optimum conditions. 

However,   dry weight yields were much lower than in the unsoaked 

samples. 

Results obtained in this experiment indicate that shrimp treated 

with TPP at pH levels between 5. 69 and 4. 74 (0. 1/0. 04-0. 06% TPP/ 

CA) sustained smaller loss in yield from soaking before water cooking. 

However,   unsoaked samples had greater yields than soaked samples, 

whether treated with TPP or not. 

Phosphorus content in meat (as P   O  ) based on wet weight   in 

the soaked samples was reduced from that in unsoaked samples at all 

pH levels (Table 15).    The amount of phosphorus dry weight in the 

raw soaked samples was relatively greater at higher concentrations of 

CA,   indicating that more phosphorus was absorved by the meat at 

lower pH levels.    This result is in agreement with investigations 

carried out by Spinelli et al.   (1970) in which they found more protein- 
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Table 15.    Phosphorus content of cooked shrimp after TPP/CA 
pretreatment 

Sample TPP/CA 
condition cone.   (%) 

a/ a/ 
mg P   O/lOO gm- mg P.O_/100 gm- 

2   5 Z    D 
based on wet wt based on dry wt 

Raw . No sol. 
Control— No sol. 

542 i  28 
606 ± 36 

290 2 ±  146 
2970 ±181 

Raw Water 
Cooked Water 

Raw 0. 1/0 
Cooked 0. 1/0 

Raw 0. 1/0. 02 
Cooked 0. 1/0. 02 

Raw 0. 1/0. 04 
Cooked 0. 1/0. 04 

Raw 0. 1/0. 06 
Cooked 0. 1/0. 06 

Raw 0. 1/0. 08 
Cooked 0. 1/0. 08 

Raw 0. 1/0. 10 
Cooked 0. 1/0. 10 

Raw 0. 1/0. 15 
Cooked 0. 1/0. 15 

487 i  18 
563 ±    6 

464 ± 50 
5 25 ±  17 

476 ±  14 
508 ±  26 

442 ± 87 
484 ± 48 

5 29 ±  10 
499 ±  23 

477 ±  29 
513 ±  25 

511  ±     8 

50 2 ± 49 

517  ±   22 
596 ± 40 

3160 ±  114 
2915 ±      7 

3045 ± 333 

2748 ±    8 2 

3109 ±    96 
2656 ±  138 

2901  ± 577 
2785 ±  160 

3444 ±    73 
2700 ±   124 

3104 ±  191 
27 34 db   130 

3289 ±    45 
2649 ±  256 

3667  ±  138 
3043 ±   204 

a/ — Values represent mean ±  standard deviation of 3 analytical repli- 
cates. 

h / 
— Control was cooked in water. 
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condensed phosphate binding at about pH 4.0.    Cooking diminished the 

amount of P   O    except for the most acidic sample.    This may be due 

to the solubilizing action of citric acid and cooking water,   and to an 

excess of reaction time during soaking (15-20 hrs). 

4. 6    Effect of Condensed Phosphate-citric Acid  Pretreatment Prior 
to Water Cooking at Apparent Optimum pH on the Yield of 
Cooked Shrimp Meat 

Round shrimp were treated with a    TPP-CA solution to evaluate 

the effect of TPP on the yield of cooked shrimp meat at apparent opti- 

mum pH.    Previous experiments showed that losses during water cook- 

ing are dependent on the length of time round shrimp are in contact 

with water.     Results of a previous experiment (4. 5) did not show a 

marked positive effect of the soaking solution after  15-20 hrs pretreat- 

ment.    This experiment was designed to investigate the effect of a 

shorter soaking time under apparent optimum pH. 

Meat yield based on wet and dry weight for TPP-CA treated sam- 

ples cooked in a TPP-CA solution was not improved over that for 

samples cooked in water (Table  16).    Samples soaked in water and 

TPP-CA solution for 30 min provided yields similar to those provided 

by the unsoaked samples cooked in water and TPP-CA solution.    The 

samples soaked for 10 and 60 min gave yields slightly inferior to those 

of the water soaked and unsoaked samples. 

Phosphorus content wet weight (as P_0  ) of the TPP-CA soaked 
2   5 



Table 16.    Effect of TPP-CA pretreatment—    prior to water cooking—     at apparent optimum pH- 

on the yield of shrimp meat 

Dip Cooking Meat yield (%) Moisture (%) Meat solids    , # shrimp/ 
treatment solution Wet wt       Dry wt X ± S. D. retained (%)—' kg 

dry wt 

None 
None 
None 

Water/ 10 min 
Water/ 10 min 
TPP-CA/lO min 
TPP-CA/lO min 

Water/ 30 min 
Water/ 30 min 
TPP-CA/30 min 
TPP-CA/30 min 

Water/60 min 
Water/60 min 
TPP-CA/60 min 
TPP-CA/60 min 
___ _____ 

— /  Samples were soaked at the time intervals shown below 
-', 2.0 min; ^90 0C 
^1 TPP-CA:   0.1-0.5%,   pH 5. 28 
— Based on raw meat. o0 

None 48.64 8.97 85.86 ± 0.05 - 145 
Water 35.68 7.44 79. 16 ± 0.05 82.94 146 
TPP-CA 35.81 7.40 79.34 ± 0.07 82.50 157 

None 49.04 8.80 82.05 ± 0. 11 _ 154 
Water 34.65 7.26 79.05 ± 0. 10 - 145 
Water 33.37 6.99 79.04 ± 0.16 77.93 145 
TPP-CA 32. 21 6,62 79.45 ± 0.06 73.80 141 

None 48.38 8.46 82.51 ± 0.05 _ 145 
Water 35.06 6.96 80. 15 ± 0.02 - 149 
Water 35.46 7.16 79.81 ± 0.07 79.82 141 
TPP-CA 35. 33 7.27 79.42 ± 0,01 81.05 144 

None 49. 24 8.55 82.63 ± 0.03 _ 139 
Water 35.32 7,19 79.63 ± 0.03 - 149 
Water 33.63 6.86 79.60 ± 0.03 76,47 140 
TPP-CA 32.59 6.50 80.05 ± 0.003 72.46 139 

*- 
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samples cooked in water was  slightly higher than in the samples cooked 

in TPP-CA solution (Table  17).    In the case of the samples soaked for 

30 min,   the amount of phosphorus retained by the meat dipped in TPP- 

CA was higher than in the water soaked samples.    It should be noted 

that the yields from these samples were also greater.     This may indi- 

cate a direct relationship between the amount of phosphorus in the meat 

and the meat yield.    The changes in P   O    based on dry weight approxi- 
2   5 

mately reflected those based on wet weight. 

The results obtained so far indicate no effect of the TPP-CA 

solution on the yield of the cooked meat.     The presence of large 

amounts of water during cooking apparently reduces the concentration 

of phosphate on the surface of the raw meat below that needed for suf- 

ficient interaction with surface proteins.    Shrinkage of tissue proteins, 

solubilization of collagenic proteins and release of juices during cook- 

ing (heatingj may also be factors for the negative results observed 

(Hamm,   1966). 

The effect of cooking with water appears to be different from 

that of precooking with steam.    Recent studies showed that steam pre- 

cooking of polyphosphate treated samples increased the yield of shrimp 

meat (Nouchpramool,   1980).    This may be due to the less rigorous 

effect of steam in protein solubilization and to the much smaller amount 

of water present in the cooking environment.    As a result,   shrimp 

precooked by steam retains greater amounts of phosphate than shrimp 
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a/ Table 17,,    Phosphorus content of cooked shrimp meat—     prior to 
water cooking at apparent optimum pHR/ 

Dip Cooking mg P2O5/IOO gm mg P2O5/l00 gir 
treatment solution based on wet wt£/ based on dry wt£/ 

None None 497 ± 93 2694 ± 497 
None Water 603 ± 6 2895 ± 34 
None TPP-CA 590 ± 12 2854 ± 50 

Water/ 10 min None 554 ± 32 3088 ± 192 
Water/10 min Water 600 ± 10 2865 ± 37 
TPP-CA/10 min Water 602 ± 32 2874 ± 162 
TPP-CA/lO min TPP-CA 530 ± 90 2577 ± 430 

Water/ 30 min None 5 34 ± 10 3055 ± 51 
Water/ 30 min Water 649 ± 17 3268 ± 89 
TPP-CA/30 min Water 672 ± 8 3228 ± 40 
TPP-CA/30 min TPP-CA 703 ± 18 3418 ± 85 

Water/60 min None 582 ± 38 3348 ± 216 
Water/60 min Water 682 ± 28 3347 ± 143 
TPP-CA/60 min Water 691 ± 14 3384 ± 74 
TPP-CA/60 min TPP-CA 671 ± 13 3363 ± 64 

a/ —     Samples were soaked in TPP 
b/ 
-'   pH 5. 28; TPP-CA:0. 1-0.5% 
c/ —     Values represent mean ±  standard deviation of 3 analytical 

replicates 
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precooked in water. 

4.7    Comparative Evaluation of the Effect of Polyphosphate Pretreat- 
ment on the Yield of Shrimp Meat Precooked in Water and in 
Steam 

Round shrimp were soaked in a D510 solution and cooked in 

water,   phosphate cooking water,   and steam to compare the effect of 

these two. pretreatments on the meat yield. 

Optimum wet and dry weight yield was obtained after a 1. 0% 

soak prior to water cooking (Table  18).    An increase of 3. 5 percentage 

points wet weight and 5. 37 percentage points of dry solids retained 

over the water cooked control was observed.     Yield increased as D510 

concentrations were increased from 0. 5% to  1.0%,   but levels higher 

than 1. 0% did not further improve meat yield.     Yields at other D510 

concentrations were similar or inferior to the water soaked sample. 

Changes based on wet weight yield reflected those based on dry weight 

yield.    In comparison with a previous experiment (4. 1) optimum yields 

obtained in the present experiment were lower for unsoaked and soaked 

samples (3. 5 vs 6. 05 percentage points wet and 5. 27 vs 7. 63 percent- 

age points dry solids).     Variations may be related to differences in 

shrimp handling,   storage and processing. 

With unsoaked samples,   optimum wet and dry weight yield was 

also obtained at 1. 0% D510 cooking solution with only 0. 55 and 0. 59 

percentage points increase,   respectively (Table 18).     Yields for all 
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other D510 concentrations were slightly lower than the control cooked 

in water.    It appears that the layer of protein dissolved out of the sur- 

face layers of the muscle is washed off by the effect of heat,   and thus, 

does not seal off the surface.    If this is the case,  the strong solvent 

action of polyphosphates is enhanced during cooking in a polyphosphate 

solution.    This may result in inferior yields in comparison with water 

and steam precooking. 

Samples  soaked in D510 solution and cooked with steam showed 

optimum wet and dry weight yield at 6. 0% D510 (Table  18).     Yield of 

treated shrimp increased 5.7 wet weight and  13. 13 percentage points 

dry solids retained over the control.     Wet and dry weight yield were 

related to condensed phosphate concentration according to well defined 

power curves (Y = bX    ).    The power regression of mean wet and dry 

weight meat yield on condensed phosphate dip concentration followed 

the power functions of  Y = 31. 6053 X' 0        02 (r = 0. 9990; P <   0. 001) 

and    Y = 6. 69061 X' 0     57 ( r = 0. 979524; P <   0. 001),   respectively. 

These results indicate that steam precooking produced the best yields 

in comparison with water cooking for either soaked or unsoaked sam- 

ples.    This may be due to a slower polyphosphate exposure during 

steam precooking and smaller amount of water present in the cooking 

environment which allows more polyphosphate retention and less pro- 

tein solubilization. 

The moisture content of meat was very similar in all samples 



a/ 
Table 18.     Comparison of the effect of polyphosphate pretreatment—     on the yield of shrimp meat 

precooked^/   in water and in steam 

Dip^7 Cook Meat yield (%) 
Wet wt Dry wt 

42. 75 8. 38 

Moisture (%) 
X ±S.D. 

80.40 ± 0.07 

Meat solids 
retained (%) 

dry wt 

# shrimp/ 
kg 

167 

Water Water 
0.5 Water 
1.0 Water 
2.0 Water 
4.0 Water 
6.0 Water 

0 Water 
0 0.5 
0 1.0 
0 2.0 
0 4.0 
0 6.0 

Water Steam 
0.5 Steam 
1.0 Steam 
2.0 Steam 
4.0 Steam 
6.0 Steam 

31. 36 
32.69 
34.86 
33.01 
32.34 
32. 10 

33.38 
32.08 
33.93 
32.57 
32. 17 
32. 72 

31.56 
32. 74 
33.59 
34. 76 
36.49 
37. 26 

7.11 
7.18 
7.56 
6.92 
6.93 
6.76 

7.09 
6.90 
7.14 
7.06 
6.84 
6.93 

6.80 
6.83 
7.03 
7. 39 
7.83 
7.90 

77.30 ± 0.12 
78.03 ± 0.15 
78.32 ± 0.18 

78.99 ± 0.07 
78.56 ± 0.02 
78.95 ± 0.09 

78.77 ± 0.02 
78,48 ± 0.34 
78.95 ± 0.01 
78.33 ± 0. 12 
78.73 ± 0. 12 
78.82 ± 0.01 

78.44 ± 0.03 
79.12 ± 0.02 
78.86 ± 0.03 
78.72 ± 0.01 
78.53 ± 0.009 
78.79 ± 0.07 

84. 84 
85. 68 
90. 21 
82. 58 
82. 70 
80. 66 

84. 61 
82. 34 
85. 20 
84. 25 
81. 62 
82. 70 

81. 14 
81. 50 
83. 89 
88. 19 
93. 44 
94. 27 

a/ —     The polyphosphate utilized was D510 -'   2 min; -l00o( :/ 

184 
168 
175 
160 
169 
168 

173 
177 
168 
174 
170 
170 

171 
170 
173 
168 
162 
177 

—     Dipping time: 10 min; D510 
cone.   : % 

U1 
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(Table  18).     The relationship between the amount of phosphorus in the 

meat (as P   O   ) and the concentration level of D510 applied to the sam- 
2   5 ^ 

pies was not linear (Table  19).    Phosphorus content in soaked and in 

unsoaked sampLes cooked in water and D510 solution was lower than 

the control in each case.     With steam precooked samples,  the amount 

of phosphorus was higher than the control in all samples.    It should be 

noted that yields observed in these samples were also higher,   and in- 

creased with increasing D510 levels.    Changes in P  O    content based 

on wet weight approximately reflected those based on dry weight. 
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Table 19.     Phosphorus content of shrimp meat treated with poly- 
phosphate and precooked in water and in steam 

Dip- 7" Cook-/ 
c7 c/ 

mg P.,0/100 gm-'    mg PO C/100 gm-7 

based on wet wt based on dry wt 

Water Water 
0.5 Water 
1.0 Water 
2.0 Water 
4.0 Water 
6.0 Water 

0 Water 
0 0.5 
0 1.0 
0 2.0 
0 4.0 
0 6.0 

Water Steam 
0.5 Steam 
1.0 Steam 
2.0 Steam 
4.0 Steam 
6.0 Steam 

794 ± 47 4051 ± 236 

809 ± 44 3558 ± 153 
823 ± 33 3747 ± 175 
746  ± 49 3445 ± 241 
611  ± 130 2913 ± 635 
740 ± 8 345 3 ±    33 
710 ± 71 3030 ± 633 

766 ± 14 3637 ±    65 
760 ± 31 3535 ± 170 
713 ± 43 3387 ± 208 
732 ± 41 3378 ± 169 
736 ± 39 3461 ± 171 
719 ± 43 3393 ± 204 

638 ± 26 2958 ± 122 
660 ± 33 3160 ± 155 
643 ± 80 3261 ±    97 
657 ± 12 3087 ±    57 
757 ± 91 3307 ± 127 
714 ± 54 3366 ± 241 

a/ 
-'   Dip:    10 min; D510 

— 2 min;  steam surface temperature:    101   C 
c/ — Values represent mean ±  standard deviation of 3 analytical 

replicates 
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V.    SUMMARY AND CONCLUSIONS 

The effect of three different condensed phosphates (Brifisol 510, 

sodium tripolyphosphate and sodium hexametaphosphate) on the yield of 

Pacific shrimp meat cooked in water was investigated.    Parameters 

affecting the yield of the cooked meat were studied.    A comparison of 

water and steam precooking of shrimp treated with polyphosphates 

was evaluated. 

In summary,  the results of this investigation were the following: 

1.    The commercial condensed phosphate mixture (D510) pro- 

duced the best meat yield.    The concentration producing   optimum yield 

varied somewhat in each experiment but appeared to be at or below 

1. 0%.     Optimum wet weight yields were obtained at  1. 0% D510 with 

6. 05 percentage points increase,   0. 10% D510 with 3. 56 percentage 

points increase and 0.01% D510 with 1.12 percentage points increase 

over the control.     Optimum dry weight yields were at 0. 5% D510 with 

7. 63 percentage points increase over the control,   0. 10% D510 with 

7. 26 percentage points increase and 0. 010% D510 with 1. 88 percentage 

points increase over the control. D510 levels higher than the optimum 

resulted in decreased yields, probably because protein was solubilized 

by an excess of condensed phosphate. The pH and ioninc strength also 

play an important role. More basic conditions are created with in- 

crease of condensed phosphate concentration causing more protein sol- 

ubilization.    Also condensed phosphates are more reactive at low pH. 
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2„     TPP was more  efficient than HMP.     Meat yields were opti- 

mal at 0. 05% TPP with 3. 78 percentage points increase,   0.01% TPP 

with 0„ 57 percentage points  increase and 0o 05% TPP with 0. 87 per- 

centage points Increase over the controh    Dry weight yields were op- 

timal at 0. 05% TPP with 6. 72 percentage points  Increase,   0„ 025% 

TPP with 0.85 percentage points Increase over the control,   and Infer- 

ior to the control In other experiment. 

3. HMP treated samples resulted In Inferior yields to the con- 

trol,   except in one case. 

4. No marked effect of pH was observed when round shrimp 

were cooked in a TPP-CA solution.     Although optimum wet and dry 

weight yields were obtained at pH 5.43 and 8. 19 for TPP treated 

samples,   and at 6. 74 for HMP treated samples respectively,   the 

yield increases were minimal. 

5. Shrimp treated with TPP at pH levels between 5. 69 and 4. 74 

sustained smaller loss in yield from soaking during 15-20 hrs before 

water cooking than from soaking In water.     However,   unsoaked sam- 

ples had greater yields than soaked samples,  whether treated with 

TPP or not. 

6. Round shrimp soaked In a TPP solution during short periods 

of time at apparent optimum pH resulted In similar or inferior yields 

to the unsoaked samples whether cooked In water or In TPP solution. 

7. Steam precooking of shrimp produced the best wet and dry 
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solids yield when compared to water cooking using D510 as a source 

of condensed phosphate.   Dry solids  retained were optimal at 6. 0% 

D510 with 13. 13 percentage points increase over the control.    A 

slower D510 exposure during steam precooking and more D510 reten- 

tion by the meat may play a role in the high yields obtained. 

8,    The relationship between the amount of phosphorus (as P   O   / 
2   5 

100 gm) in the cooked meat and the meat yield was not linear.    The 

phosphorus content of samples treated with condensed phosphates was 

lower than the control sample treated with water in most cases.    The 

amount of phosphorus in the cooked meat diminished in samples treated 

with condensed phosphate and citric acid.    In general,   yields were 

higher than the control when phosphorus was retained in the meat 

after cooking. 

The rate of protein solubilization by hot water seemed to be 

faster than the rate of protein-condensed phosphate complexing.    The 

end result may be a washing off of condensed phosphate .     Cooking 

shrimp in a dilute solution of condensed phosphate did not stabilize 

soluble proteins and its application in this manner to industrial proc- 

essing does not seem to be of value.    The presence of large amounts of 

water during cooking apparently reduces the concentration of phosphate 

on the surface of raw meat below that needed for sufficient interaction 

with surface proteins.    Shrinkage of tissue proteins,   solubilization of 

collagenic proteins and release of juices during heating may have con- 

tributed to the negative results obtained. 
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