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EFFECT OF CONDENSED PHOSPHATE, COOKING 
TIME AND COOKING MEDIUM ON THE YIELD AND 

QUALITY OF DUNGENESS CRAB (CANCER MAGISTER) MEAT 

INTRODUCTION 

The Dungeness crab (Cancer magister) is an important 

shellfish resource on the Pacific coast.   In 1982, over 

39 million lbs of Dungeness crab were caught off the West 

coast with 7 million lbs landed in Oregon.   During 1982, 

the price to the fishermen reached $1.50 per lb reflecting 

the demand for the product (Seafood Business Report, 

Spring 1983). 

As a result of the higher prices for the raw product, 

it is of interest to develop new ways to increase yield 

and quality of crab meat and sections after cooking and 

during frozen storage.   Yield and quality loss occur 

during cooking and subsequent storage caused by a reduction 

in moisture and soluble solids content.    Reduced yield 

is due in part to the solubilization of surface proteins 

and their loss during cooking. 

Loss of fluids (drip) is important for several 

reasons.   It represents an economic loss for the 

processor and a quality loss for the consumer.   Moisture 

and soluble solids loss yields a product that is drier 

with reduced flavor. 

Additives to control fluid loss have been used in 

meat and fish products for many years.   The most common 



additives have been the sodium salts of polyphosphates, 

used as mixtures of the various polyphosphates, single 

salts or single salts plus sodium chloride (Bell, 1971 and 

Sutton, 1969).   Polyphosphates or 'condensed' phosphates 

in the seafood industry have been used to treat raw fish 

fillets prior to freezing and shrimp prior to cooking. 

The use of these chemicals in Dungeness crab processing 

has been limited. 

This investigation was designed to evaluate the 

effect of condensed phosphate treatment, cooking medium 

and cooking time on the yield and quality of Dungeness 

crab, 



LITERATURE REVIEW 

The Commercial Dungeness Crab Fishery 

Dungeness crab (Cancer magister) are found from the 

Aleutian Islands of Alaska to Baja California and are the 

only species of the genus Cancer to have commercial 

importance on the West coast.   The crab inhabit 

estuaries, bays and open water to about 50 fathoms.   They 

are most abundant on sand or mud bottoms, but can be found 

in rocky areas as well (Hoopes, 1973). 

Fishing for Dungeness crab occurs commercially off 

the Oregon coast between early December and October. 

Fishing regulations allow only legal sized hard shell male 

crab to be taken.   Females, sub-legal males and soft-shell 

crab must be returned to the water undamaged.   The legal 

size for crab vary from state to state, but in Oregon, 

crab are legal with a measurement of at least 6% in for 

the greatest width of the carapace or back of the animal. 

The Dungeness crab fishery uses boats between 50 and 

100 ft long and carry crews of 3 to 5 people.    The holds 

of the vessel are equipped with 'live' tanks than can 

circulate large volumes of seawater.   These tanks ensure 

that the crab will be delivered to the processor alive. 

The delivery of the catch alive makes the Dungeness crab 

fishery unique:iamong the Oregon fisheries.   The reason 

for this practice is due to the highly fragile nature of 



the crab.   After death, the crab deteriorates very 

rapidly and becomes unfit for human consumption in several 

hours (Hipkins, 1967),    Because of this rapid degradation, 

it is usually state law that all crab be sold by the 

fishermen only if they are live. 

Crab are caught with baited pots.    Normally, pots 

are circular with diameters between 42 and 60 in and 14 in 

high.   Each pot has two entrance tunnels that allow the 

animal to enter, but are equipped with doors that prevent 

the crab from exiting.    The pots have hinged bottoms 

that allow for easy removal of the catch and baiting. 

Pots are baited with a variety of fish or clams and 

then set on the ocean bottom to fish.    Buoys are attached 

to the pots with ropes to mark their positions.   Fishermen 

may fish as many as 300 pots at a time. 

The baited pots are allowed to fish for several hours 

or days before they are pulled to the surface and checked 

for crab.   Pots brought aboard are unloaded, rebaited and 

then returned to the sea to continue fishing.    The  catch 

from each pot is sorted for legal sized male crab which are 

placed in the 'live' tanks while the remainder of the catch 

is returned to the sea.   Depending on the catch rate and 

the capacity of the 'live' tanks, fishing trips may entend 

from 1 to 10 or more days. 

Dungeness Crab Processing 

Dungeness crab are processed in several ways.   Some 



crab are air freighted live to limited markets, but the 

majority are sold as a cooked product.   Cooked crab is 

sold in the whole form, in sections and as shell-free meat 

(Dassow and Learson, 1976). 

Whole crab processing uses only the largest and 

cleanest crab.   These are cooked for 23 to 28 min in 

boiling water, allowed to cool and the shells brushed 

clean for appearance.   Whole crab are usually shipped 

fresh to markets. 

Sectioned crab processing first involves butchering 

the crab.   Butchering is the removal of the carapace, 

gills and internal organs.   The butchered crab is divided 

into two halves or sections and boiled in water for 10 to 

15 min.   The cooked sections are then cooled and prepared 

for market.   They can be sold fresh or frozen.   Sections 

recovery from live crab varies between 50 and 587o depending 

on physical condition. 

Crab meat production involves the removal of the 

meat from the shell of freshly cooked and thawed cooked 

sections.    The removal of meat is usually accomplished by 

hand.    The meat is soaked in a brine solution to remove 

pieces of shell and to give the meat a salty flavor.  The 

final product is then packaged and sold as fresh or frozen 

meat.    Live crab usually yield 22 to 25% cooked shell-free 

meat by weight. 



Cooking Losses 

Relatively few quality problems are encountered 

with crab meat.   The animal is processed live and has 

little chance to undergo deteriorative changes such as 

those occurring with dead shrimp held in ice storage. 

Quality losses that do occur are related to the 

cooking of the crab where there is loss of moisture and 

soluble protein.   Hanover et al (1973) investigated the 

loss of protein occurring during the cooking of blue crab 

at 100 0C.   They found that an average of 15.21  of the 

total protein was lost during an 8 min cook.   Yield 

depended on the physical condition of the crab.   Weak crab 

lost more protein than vigorous animals.    Reduction of 

potential yield was attributed to contact with the cooking 

water inferring the heat solubilization and washing away 

of meat proteins. 

Cooking loss attributed to a reduction of moisture 

results from the denaturation and coagulation of the meat 

proteins decreasing their water holding capacity.   Hamm 

and Deatherage (1960) described the changes in hydration 

and solubility of meat proteins duimg heating.    They 

found that strong denaturation started at 40 0C resulting 

in a dramatic decrease in water holding capacity with a 

subsequent moisture loss.    At 65 0C the denaturation of 

the meat proteins was complete resulting in a tighter 

network of protein structure and loss of water holding 



capacity. 

Effects of Condensed Phosphates on Seafood 

Condensed phosphates can increase water holding 

capacity of the meat proteins (Bendall, 1954; Hellendoom, 

1962), and reduce drip and cooking loss (Boyd and Southcott, 

1965; Chalker et al, 1965; Love and Abel, 1966; Mahon, 1962; 

Mahon and Schneider, 1964; Sutton, 1969).   Sutton (1969) 

described the action of condensed phosphates on raw cod 

muscle as two fold; first, they reduced fluid loss during 

the thawing of frozen fish fillets and second, increased 

water retention (water holding capacity) improving the 

texture of the cooked muscle.   Ohta and Nishimoto (1963) 

attributed the effect of condensed phosphates on reducing 

drip from fish fillets to the alkalinity and viscosity of 

the polymeric phosphate solutions and their, action in 

chelating metal ions and stabilizing proteins.   It was 

postulated that all the factors participated collectively 

to produce a reduction in drip loss.   Love and Abel (1966) 

determined that condensed phosphate solutions had a solvent 

action whereby surface proteins were solubilized, drawn 

together resulting in a film that covered the surface of 

the fish fillet.    This film effectively sealed the fluids 

in the fillet causing the observed reduction in drip loss. 

The color (Spinelli et al, 1968), flavor (Mahon, 1962) 

and texture (Kramer and Peters, 1979; MacCallum et al, 1964a; 

Manohar et al, 1973; Spinelli et al, 1968; Sutton, 1969) of 
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raw and cooked fish flesh have also been reported to be 

improved by thr addition of condensed phosphates.   The 

improvement of flavor by condensed phosphates was attributed 

to a masking effect covering symptoms of poor quality fish. 

Aitken (1975) emphasized that the use of condensed phosphates 

cannot improve poor quality fish, but rather provides for 

an improvement in appearance. 

An increase in water holding capacity has been 

reported for seafoods other than fish.   Mahon and 

Schneider (1964) and Hardy and Smith (1978) both reported 

that condensed phosphate treatment reduced drip loss from 

frozen scallops.  Ellinger (1972) reported in his review 

of polyphosphates used in the food industry that application 

effectively reduced drip loss in crab meat, Pacific 

oysters and frozen prawns. 

The action of condensed phosphate on shrimp has been 

well documented at the Oregon State University Seafoods 

Laboratory in Astoria (Ayeni, 1980; Nouchpramool, 1980). 

Nouchpramool (1980) found that application of condensed 

phosphate to raw shrimp improved cooked meat yield.    This 

improvement was the result of polymeric phosphate complexing 

with collagen-like and other soluble surface proteins 

creating an effective barrier as suggested by Love and 

Abel (1968).   Crawford (1980) reported that condensed 

phosphate interacts with proteins of the shrimp musculature 

to retard their solubilization and loss during precooking. 

The effect of condensed phosphate was dependent on the 



concentration of the solution, exposure time and the 

physical condition of the shrimp. 

Several patents have been issued for various uses of 

condensed phosphate in seafoods.   Stone (1981) patented 

the use of condensed phosphate in storage ice for holding 

shrimp.    He maintained that as the ice melted, the 

condensed phosphate was brought into contact with the 

shrimp resulting in the significant retention of natural 

moisture ordinarily lost during processing.   Gillies (1975) 

describes patents for phosphate treatments for raw fish 

fillets to prevent drip upon thawing and cooking and an 

interesting application of pumping tuna meat with a 

solution of condensed phosphate prior to cooking designed 

to increase yields as much as 15%. 
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EXPERIMENTAL 

Materials 

Dungeness crab (Cancer magister) were purchased from 

local seafood processors in Astoria and Warrenton, Oregon 

between February 3 and March 24, 1982.    The commercial 

food grade condensed phosphate mixture of sodium 

tripolyphosphate and sodium hexametaphosphate (Brifisol 512) 

was obtained from American Hoechst Corporation, Sommerville, 

New Jersey.   This mixture is henceforth referred to as 

condensed phosphate.    Food grade citric acid was supplied 

from Pfizer, Inc., New York, New York. 

Investigation of the Relationship of 
Cooking Medium and Cooking Time on Yield 

Ten live crab were individually weighed, butchered, 

washed and drained for several min.    Crab were then cut 

lengthwise into two sections and the weight recorded for 

each section. 

Paired sections from each crab were cooked in steam 

or water at 100 C, one section in each medium at the same 

cook time (4, 8, 12, 16.and 20 min). 

Cooked crab sections were cooled in ice water (2 0C), 

then drained for several min.    Meat was extracted by hand 

from each section and weighed.   ,Yield was computed based 

on the raw section weight. 

Recovery data from each cooking time was used to 
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construct yield/cooking curves for steam and water. 

Results were used to assess yield loss caused by cooking 

time and medium. 

Investigation of Processing Parameters 

General Procedures 

Live crab were individually weighed and butchered. 

Butchered crab were cleaned, washed and drained for several 

min.   Crab were cut lengthwise into two sections and 

weight recorded of each section prior to treatment. 

All treatment solutions were prepared from fresh 

water, condensed phosphate and citric acid on a percent 

wt/wt basis.   Solutions were chilled to 2-4 C before use 

as recommended by Chu (1982).   Treatments were carried 

out in a refrigerated room at 2 C. 

Effect of Cooking Medium, Condensed Phosphate Treatment and 
pH on YieTI 

Solutions were prepared containing 10% condensed 

phosphate and 107o condensed phosphate plus 1% citric acid. 

The pH of each solution was determined.    Two samples of 

twelve sections each were soaked in the chilled treatment 

solutions for 120 min, then drained for several min. 

Subsamples of equal size were cooked for 10 min in steam 
o 

or water at 100 C.    Two control samples of six sections 

each were cooked in steam and water for 10 min. 

Cooked sections were cooled in ice water (2 C), then 
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drained.   Meat was extracted by hand from each section 

and weighed.   Yield was computed based on the raw section 

weight and used to assess the effect of pH on recovery and 

determine an optimum cooking medium and pH. 

Effect of Condensed Phosphate Treatment, pH and Exposure 
Time on Yield 

Solutions containing 10% condensed phosphate and 10% 

condensed phosphate plus 1.57o citric acid were prepared. 

The pH of each solution was determined.    Samples of nine 

sections each were soaked in each chilled solution for 30, 

60, 120 or 240 min, then drained.   One nine section 

sample was used as a control with no treatment. 

All samples were cooked in water at 100 0C for 10 min. 

Cooked samples were cooled in ice water (2 0C), then 

drained.   Meat was extracted by hand from each section 

and weighed.   Yield was computed based on the raw section 

weight and used to determine optimum pH and exposure time. 

Effect of Condensed Phosphate Concentration and Exposure 
Time on Yield 

Solutions containing 7 and 4% condensed phosphate 

were prepared.   Samples of six sections each were treated 

in each chilled solution for 30, 60, 90, 120 or 240 min, 

then drained.    One sample of six crab sections was used 

as a control with no treatment. 

All sections were cooked in water at 100 C for 10 
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min.   Cooked crab sections were cooled in ice water (2 0C), 

then drained.   Meat was extracted from each section and 

weighed.   Yield was computed based on the raw section 

weight and use to determine optimum phosphate concentration 

and exposure time. 

Evaluation of Optimum 
Processing Parameters 

A solution of 10% condensed phosphate was prepared. 

Samples of eight sections each were soaked in the chilled 

solutions for 120 min, then drained.    Other samples 

received no condensed phosphate treatment.   Equal size 

subsamples were cooked in steam or water at 100 C for 8, 

10 and 12 min. 

Cooked sections were cooled in ice water (2 0C), then 

drained.   Meat was extracted by hand from each section 

and weighed.   Yield was computed based on the raw section 

weight and used to assess overall use of condensed 

phosphates for processing crab. 

Fresh frozen crab meat was evaluated by judges 

composed of faculty and graduate students in the Department 

of Food Science and Technology at Oregon State University. 

The crab meat was evaluated for flavor, texture, juiciness, 

color and overall desirability by judges not trained for 

specific sensory factors.   A nine point desirability 

scale ranging from '9' as the highest value to '0' as the 

lowest value was used.   Results of the flavor panel 
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judgments were used to determine differences between 

treatments, cooking times and cooking mediums.   Total 

phosphorus content was determined and used to evaluate 

differences among treatments. 

Influence of Condensed Phosphate Treatment 
on the Frozen Shelf-Life of Cooked Meat 

A solution of 10% condensed phosphate was prepared. 

A lot of thirty sections were soaked in the chilled solution 

for 120 min, then drained.  A second lot of thirty sections 

received no treatment.   Samples, treated and non-treated, 

were divided equally and cooked in steam or water. 

All samples were cooked for 10 min at 100 0C. 

Cooked sections were cooled in ice water (2 C), then 

drained.   Meat was extracted by hand from each section 

and weighed.   Yield was computed based on the raw section 

weight. 

Crab meat samples were vacuum sealed in moisture-vapor 

proof packages and frozen at -40  C.    Frozen samples 
o 

were then stored at -18  C.    Flavor panel evaluations 

were carried out after 6, 95, 197, 299 and 406 days 

storage.    The flavor, texture, juiciness, color and 

overall desirability of the meat was judged by individuals 

not trained for specific sensory factors.   A nine point 

desirability scale ranging from '9' as the highest value 

to '0' as the lowest value was used.   Results were used 

to determine the differences between treatments and 
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cooking medium over storage time. 

Analytical Procedures 

Sample Preparation 

Accurately weighed samples of crab meat (5 to 10 g) 

were placed in blender jars, diluted with an equal weight 

of distilled water and homogenized.    The homogenate was 

used for moisture determination and total phosphorus 

content. 

Moisture Content Determination 

Moisture content was detemined by a modified AOAC 

method (24.003).   Triplicate samples were accurately 

weighed into aluminium pans, dried in an air oven at 

100 C for 16 to 24 hrs, cooled in a dessicator.   Final 

weight was reported as dry weight yield. 

Determination of Total Phosphorus 

Ten g samples of crab meat homogenate were weighed 

into 30 ml crucibles, dried in an air oven at 100 C for 

16 to 24 hrs, charred over a flame and ashed at 550 C for 

8 to 10 hrs.   Ashed samples were cooled in a dessicator 

and transferred to 25 .ml volumetric flasks by three washings 

of 1 ml 6N HC1 and three washings of 1 ml distilled water. 

Samples in the flasks were made to volume.   Each sample 

was then diluted to contain between 0.2 and 1.0 mg/ml of 
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phosphorus.   Dilution factors of 200 to 400 times were 

required to obtain this range of phosphorus for samples. 

Phosphorus content was determined in the final 

dilutions following the method described by Bartlett (1959). 

A volume of 1 to 4 mis of the phosphorus containing 

solution was placed in a test tube and the volume made to 

4 mis with distilled water and mixed thoroughly.    Then, 

0.8 ml of 1.25% ammonium molybdate in 6.12N H2S0, and 0.2 

ml Fiske-Subbarow reagent were added, mixing the test tube 

after each addition.   The solution was heated in a 

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

Absorbance at 830 nm was measured in a Pye Unicam SP6 550 

spectrophotometer.    A standard curve was prepared using 

solutions containing 1 to 4 yg P/ml from a KI^PO, 

solution.   Phosphorus content was reported as mg VJ^KI 

100 g crab meat (wet and dry wt). 
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RESULTS AND DISCUSSION 

Investigation of the Relationship of 
Cooking Medium and Cooking Time on Yield 

Meat recoveries were determined for Dungeness crab 

sections after cooking in steam and water for 4, 8, 12, 16 

and 20 min.   The change in cooked meat yield (wet and dry 

wt) with respect to cooking time was used to determine 

differences between cooking mediums (Tables 1 and 2; 

Figures 1, 2, 3 and 4). 

Yield wet weight decreased in a linear manner with 

respect to cooking time according to the equations 

Y = -0.447 X + 61.214 (r=-0.781, P^.005) in water and 

Y = -0.596 X + 62.709 (r=-0.972, P^.001) in steam.   Dry 

weight yield also decreased in a linear manner according 

to the equations Y = -0.092 X + 12.861 (r=-0.809, P^.005) 

in water and Y = -0.096 X + 12.274 (r=-0.811, P>.005) in 

steam. 

Regression analysis for wet weight yields indicated 

a slightly higher rate of yield loss for cooking in steam 

over water.   This increased loss was attributed to the 

faster heat penetration of steam compared to water. 

Evidence of a more rapid cook in steam was apparent from 

visual examination of cooked sections.   After cooking 8 

min in steam, meat from crab sections appeared to be 

completely cooked, while meat from sections cooked 8 min in 

water had translucent patches indicating some uncooked meat. 
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Table 1.  Yields1 (7owet wt) of meat from crab sections 
cooked for varying times in steam and water, 

Cooking Time 

4 min 

8 min 

..12- imin 

16 min 

20 min 

Cook ing Medium 
Steam 

61.1la 

Water 

59.68a 

ab 
57.52 57.04a 

54.72bc 56.95a 

52.98C 51.27° 

51.48° 53.86b 

Factorial Analysis of Variance 

 F Values  Ranking of Level Means 

Cooking Medium (CM)      0.2442 Water > Steam 

Cooking Time (CT)(min)   23.4523 4 > 8 > 12 > 20 > 16 

CM X CT                 1.8842 

^=2   2NS,P<.05   3Sig,P>.005   LSD(. 05)=3.94 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Mean values in a row with/the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 2. Yields1 (7o dry wt) of meat from crab sections 
cooked for varying times in steam and water. 

Cooking Time 

4 min 

8 min 

12 min 

16 min 

20 min 

Cook ing Medium 
Steam 

12.03a 

Water 

11.68' 

11.09bc 11.19' 

11.52ab 11.44' 

10.63c 9.95' 

10.33° 10.451 

ab 

be 

Factorial Analysis of Variance 

 F Values      Ranking of Level Means 

Cooking Medium (CM)    0.9192    Water < Steam 

Cooking Time (CT)(min) 11.3323 

CM X CT 0.7012 

4 > 12 > 8 > 20 > 16 

1n=2  2NS,P<.05   3Sig,P>.005   LSD(.05)=0.81 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Mean values in a row with the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Figure 1.  Regression of meat yield on cooking time 
in water (wet wt) 
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Figure 2.       Regression of meat yield on cooking time 
in steam Cwet wt), 
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Figure .3.  Regression of meat yield on cooking time 
In water (dry wt). 
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Figure 4.  Regression of meat yield on cooking time 
in steam (dry wt), 
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After 12 min in water, crab sections were completely 

cooked. 

Overall, no significant (P<_. 05) yield differences 

were noted between steam and water cooking, although water 

cooking produced a slightly higher yield.    However, 

inspection of individual treatment means revealed that 

steam cooking for 4, 8 and 16 min yielded higher recoveries 

that respective water cooks making the data appear that 

steam cooking was better.    This dichotomy can be 

explained by the magnitude of differences between the 

cooking mediums.   At 4, 8 and 16 min where steam was 

higher than water, the average yield difference was 1.217o. 

At 12 and 20 min where water was greater than steam, the 

average difference in yields was 2.30%  This difference 

made cooking in water more effective with regard to overall 

means, but was not supported by the individual treatment 

data. 

As expected, significant (P>_.005) wet weight yield 

differences were observed for the various cooking times. 

Overall yields varied significantly between 4, 8 and 12 

min cook times (60.39, 57.51 and 55.83%, respectively). 

Cooking longer than 12 min did not produce significantly 

(?<_. 05) different yields (52.66 at 16 min and 52.12% at 

20 min).   The loss of soluble material from crab sections 

appeared to occur in the first 12 min of cooking.   Over 

cooking the crab for 16 or 20 min did not appreciably 

decrease the yield further.   While cook times at 4 and 



25 

8 min produced superior yields, crab sections were not 

completely cooked.    Crab are cooked to provide a product 

that is ready to eat and to loosen the meat from the shell 

to aid in meat extraction.    The cooking time must be 

adequate to accomplish both of these functions. 

Regression analysis of the dry weight yields indicated 

a slightly higher rate of loss in steam cooking over water. 

More rapid heat penetration by steam caused more rapid 

cooking and loss of soluble solids. 

Overall, no significant (P_<.05) differences in dry 

weight yields were observed for steam and water cooking, 

although steam possessed a slightly higher yield.    This 

finding was opposite yield results on a wet weight basis 

where the water cooking produced slightly higher yields. 

This difference was an indication that meat from water 

cooking retained more moisture and lost larger amounts of 

solids due to a more aqueous environment. 

Significant (P>_. 005}  yield differences occurred in 

the overall dry weight yields among the five cooking times. 

A 1.56% in dry weight yield for steam and water combined 

was noted between 4 and 16 min cooks.    This indicated a 

considerable loss of soluble material due to cooking time. 

The most rapid decrease occurred between 4 and 12 min. 

Cooking times greater than 12 min did not produce significant 

(P_<.05) yield differences. 

Commercial cooking times for Dungeness crab sections 
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vary between 10 and 20 min in water.   A 4 min variation 

in cooking time (between 8 and 12 min) from these results 

produced a wet weight loss of 1.697o. This is equivalent 

to 16.9 lbs of cooked meat per 1000 lbs of crab sections 

and supports the conclusion that meat recovery could be 

improved by critically controlling cooking times and 

through the use of additives such as condensed phosphates. 

Based on the results of the investigation, a 

compromise on cooking times was necessary to simplify 

subsequent experiments.   Since a 12 min cook was too 

long for sections cooked in steam and the 8 min cook was 

not sufficient for cooking in water, a average cooking time 

of 10 min was chosen for both water and steam.    This was 

based on visual examination of crab meat that indicated 

a 10 min cooking time in water was adequate. 

Investigation of Processing Parameters 

Effect of Cooking Medium, Condensed Phosphate Treatment 
and pH on Yield 

Uncooked crab sections were treated in solutions of 

10% condensed phosphate (pH 8.13) and 10% condensed 

phosphate plus 17o  citric acid (pH 6.71) for 120 min. 

Samples were cooked in steam and water for 10 min and the 

yield of extracted meat computed based upon raw section 

weight.   Results were used to determine the effects of 

cooking medium, condensed phosphate treatment and pH on 
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meat yield.as compared to a control sample ^Tables 3 and 4). 

Overall, level means revealed that condensed 

phosphate and condensed phosphate plus citric acid increased 

yield wet weight (P>_. 005) over the control sample.    An 

increase of 3.58 and 4.95 percentage points was obtained 

using condensed phosphate treatment after steam and water 

cooking, respectively.   A similar increase of 3.94 and 

3.62 was observed using condensed phosphate plus citric 

acid.    Between the two phosphate treatments, no 

significant (P_<.05) differences were noted, although the 

condensed phosphate treatment produced slightly higher 

yields. 

No significant (P_<. 05) difference was observed in 

overall wet weight yields between steam and water cooking. 

Cooking in water did produce a 0.93 percentage point higher 

overall yield over steam cooks. 

Examination of individual treatment means wet weight 

revealed significant (Pj^.05) yield differences between the 

control and treatments for both steam and water cooks. 

Between individual treatment means, no significant (P_<.05) 

differences were noted between condensed phosphate and 

condensed phosphate plus citric acid treatments.    This 

indicated no increase in yield could be expected with an 

alteration of pH of the condensed phosphate solutions. 

Overall, dry weight yield did not vary significantly 

(P_<. 05) with respect to cooking mediums.   A significant 
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Table 3.  Yields1 (% wet wt) of meat from crab sections 
treated with condensed phosphate (CP) and 
condensed phosphate plus citric acid (CP+CA) 
cooked in steam and water. 

Treatment 

Control 

10% CP 

10% CP + 1% CA 

Cooking Medium 
Steam 

55.99a 

Water 

56.41a 

59.57b 61.36b 

59.93b 60.02b 

Factorial Analysis of Variance 

 F Values      Ranking of Level Means 

Cooking Medium (CM)    3.2012    Water > Steam 

Treatment (T) 

CM X T 

22.7753 

3.6062 

Control < CP+CA < CP 

^=6  2NS,P<.05 3Sig,P>.005 LSD(.05)= 1.837 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Mean values in a row with the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 4.  Yields1^ dry wt) of meat from crab sections 
treated with condensed phosphate (CP) and 
condensed phosphate plus citric acid (CP+CA) 
cooked in steam and water. 

Treatment. 

Control 

10% CP 

10% CP + 1% CA 

Cook ing Medium 
Steam 

11.56a 

Water 

11.80' 

12.30b 12. 521 

12.22b 12.04; ab 

Factorial Analysis of Variance 

 F Values      Ranking of Level Means 

Cooking Medium (CM)    0.2522    Water > Steam 

Treatment (T) 

CM X T 

5.4183 

0.5792 

Control < CP+CA < CP 

^=6  2NS,P<.05   3Sig,P>.025  LSD(.05)=0.620 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Mean values in a row with the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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(P>_.025) overall effect was observed for both treatments 

(condensed phosphate and condensed phosphate plus citric 

acid) over the control.   A 0.75 and 0.71 percentage 

point increase in dry weight yield was realized for the 

condensed phosphate treatment over the control for steam 

and vvater cooking, respectively.    A similar increase of 

0.66 and 0.23 for condensed phosphate plus citric acid 

was observed. 

No significant (P<_.05) difference existed between 

the two treatments (condensed phosphate and condensed 

phosphate plus citric acid), although the condensed 

phosphate treatment maintained a slightly higher yield. 

These results from overall dry weight yields indicated that 

soluble material was being retained by condensed phosphate 

treatment.   The data suggests that a slightly negative 

effect may have occurred with the addition of citric acid 

to the condensed phosphate solution. 

Inspection of individual dry weight yields revealed 

no significant (P^.05) difference between cooking in steam 

and water for the two treatments or the control.    Yields 

dry weight for the two phosphate treatments did not differ 

(P<_. 05) for either steam or water cooks.    The fact that 

the control and the condensed phosphate plus citric acid 

treatments did not differ (Pj<.05) suggested that the 

addition of citric acid did not have a favorable effect on 

yield.   The addition of citric acid may have sufficiently 
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lowered the pH of the crab meat and enhanced solubilization 

of proteins before phosphate stabilization occurred. 

The difference in acidity between the two solutions was 

1.42 pH units; more than a ten fold increase in acidity. 

Effect of Condensed Phosphate Treatment, pH and Exposure 
Time on Yield 

Uncooked crab sections were treated in solutions of 

10% condensed phosphate (Ph 8.13) and 10% condensed 

phosphate plus 1.5% citric acid (pH 6.13) for periods of 

30, 60, 120 and 240 min.   Treated sections were then 

cooked in water for 10 min.   Meat yields based on raw 

section weights were used to determine time dependent 

effects of pH and exposure time to condensed phosphate 

solutions (Tables 5 and 6). 

Overall, condensed phosphate treatment produced a 

superior (P^.001) yield wet weight to condensed phosphate 

plus citric acid.    The condensed phosphate treatment 

produced an average 2.77 percentage points greater yield 

than condensed phosphate plus citric acid (59.88 and 57.11%, 

respectively).    No overall difference was observed for 

yields produced by the various exposure times to treatment 

solutions. 

Inspection of individual treatment means revealed no 

significant (P£.05) differences between the phosphate 

treatments after a 30 and 240 min exposure.  However, at 

both of these soak times, the condensed phosphate treatment 
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Table 5 Yields1(% wet wt) of meat from crab sections 
treated with condensed phosphate (CP) and 
condensed phosphate plus citric acid (CP+CA) for 
varying exposure times. 

Exposure Times 

30 min 

60 min 

120 min 

240 min 59.85 ab 

Treatment 
10% CP 

58. ,28a 

60. 

60. 

.43b 

.95b 

10% CP + 1.57. CA 

56.44 ab 

55.94' 

57.88 ab 

58.19 

Factorial Analysis of Variance 

 F Values      Ranking of Level Means 

Soak Time (ST)(min)    2.9382    30 < 60 < 240 < 120 

Treatment (T) 

ST X T 

27.5773 

4.855lt 

CP > CP+CA 

^=9  2NS,P<.05   3Sig,P>.001   '+Sig,P>.005 
LSD(.05)=2.1T0 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Mean values in a row with the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 6.  Yields 1(7o dry wt) of meat from crab sections 
treated with condensed phosphate (CP) and 
condensed phosphate plus citric acid (CP+CA) 
for varying exposure times. 

Exposure Times 

30 min 

60 min 

120 min 

240 min 

Treatment 
10% CP WL  CP + 1.5%CA 

11.59° 11.33a 

12.38a 

12.49a 

11.22a 

11.95a 

11.96a 11.79a 

Factorial Analysis of Variance 

 F Values      Ranking of Level Means 

Soak Time (ST)(min)    3.6912    30 < 60 < 240 < 120 

Treatment (T) 

ST X T 

14.6193 

1.065" 

CP > CP+CA 

^=9  2Sig,P>.025   3Sig,P>_.001  "NS.P^.OS 
LSD(.05)= 0.608 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Mean values in a row with the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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had a slightly higher yield than the condensed phosphate 

plus citric acid (1.85 percentage points after a 30 min 

exposure and 1.66 after a 240 min soak time).   Condensed 

phosphate treatment produced superior (P=.05) yields wet 

weight after exposure times of 60 and 120 min over the 

condensed phosphate plus citric acid (4.50 percentage 

points after 60 min and 3.08 after 120 min). 

Comparison of individual exposure times within 

treatments revealed significant (P=.05) yield differences 

between the 30 min and the 60 or 120 min soak times for 

the condensed phosphate treatment.   The 120 min soak time 

yielded the highest meat recovery (60.957o).   Yields wet 

weight for exposure times of 30, 60 and 120 min in 

condensed phosphate plus citric acid did not differ (P=.05). 

Exposure for 240 min produced the highest individual yield 

(58.19%). 

Overall, treatment results on a dry weight basis was 

similar to that observed for yields wet weight.   The 

condensed phosphate treatment was found to achieve 

significantly (P>.001) higher overall yield than condensed 

phosphate plus citric acid (12.08 and 11.57%, respectively), 

Ranking of overall treatment means revealed than an 

exposure time of 120 min produced the highest dry weight 

yield.    Treatment for 240 min produced an equivalent 

(P=..05) yield to 60 min.   Exposure for 30 min equalled 

that of 60 min, but was inferior to to both 120 and 240 

min (P=.05).   The lower ranking of 240 min exposure in 
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relation to 120 min could infer that excess treatment at 

a high solution pH could favor protein solubilization. 

Inspection of individual dry weight yields indicated 

that treatment means did not vary (P=.05) after 30, 120 

and 240 min exposures.    However, exposure to condensed 

phosphate for these times produced higher yields than 

condensed phosphate plus citric acid.    Exposure to 

condensed phosphate for 60 min produced a yield 1.16 

percentage points superior (P=.05) to condensed phosphate 

plus citric acid (12.38 and 11.22%, respectively). 

Inspection of individual yields for treatment times 

in condensed phosphate indicated inferior (P=.05) yields 

after 30 min exposure to 60 or 120 min treatments.   A 120 

min treatment produced the highest dry weight meat recovery 

(12.40%)   Exposure for 240 min produced a yield equal 

(P=.05) to 60 and 120 min, but inferior (P=.05) to a'30 min 

treatment.   Treatment in condensed phosphate plus citric 

acid for 30 and 60 min produced equal (P=.05) yields. 

Exposure for 120 and 240 min produced equal (P=.05) yields, 

but inferior (P=.05) to 30 and 60 min exposures.   The 

120 min soak time produced the highest yield (11.94%). 

Effect of Condensed Phosphate Concentration and Exposure 
Time on Yield 

Uncooked crab sections were treated in solutions of 

4 and 7% condensed phosphate for periods of 30, 60, 90, 

120 and 240 min.   Treated sections were cooked in water 
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for 10 min.   The meat was extracted by hand and the 

yields computed based on the raw section weights (Tables 

7 and 8).   Results were used to determine the effect of 

solution concentration and exposure time on yield. 

Overall wet weight yield means indicated that the 

TL  condensed phosphate solution significantly (P=.05) 

increased recovery over the 47o solution.   The TL  solution 

had an overall recovery of 61.067o, a 0.70 percentage point 

higher recovery than the 4% solution (60.367o).   Time of 

exposure did not significantly (P=.05) alter meat yield. 

Ranking of individual wet weight yield means 

revealed no significant (P=.05) differences between the 

two concentrations after 30, 60, 120 and 240 min treatment 

times.   A yield advantage (P=.05) for the 77o solution 

over the 47o was only observed after exposure for 90 min. 

The yield difference between the two solution concentrations 

was only reflected by the power of the factorial design. 

Although overall yield was not significantly (P^.05) 

altered by exposure time to the solution, inspection of 

individual treatment means for the 770 solution revealed 

higher yields after 90 and 240 min exposure.   No 

dependency (P=.05) of yield on exposure time was observed 

for the 47o solution. 

Solution concentration or exposure time did not 

significantly (P<_.05) alter yield computed on a dry weight 

basis.   The small difference observed for individual 

treatment means favoring the 77o solution apparently were 
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Table 7.  Yields1 (7°  wet wt) of meat from crab sections 
treated in 4% and 7%  condensed phosphate (CP) 
for varying exposure times. 

Exposure Times Condensed Phosphate Concentration 
4%                77o 

30 min 59,80a             60.35a 

60 min 60.52a             60.58a 

90 min 60.25a             62.09b 

120 min 60.38a             60.41a 

240 min 60.85a             62.17b 

Factor! al Analysis of Variance 

F Values Ranking of Level Means 

Phosphate Cone. (PC) 3.6682    4% CP < 7% CP 

Soak Times (ST)(min) 2.1903    30 < 120 < 60 < 90 < 240 

PC X ST 1.1483 

"^^6  zSig,P>.05  ^NSTPTTOS   LSD(.05)=1.630 
lyfe an values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Mean values in a row with the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 8.  Yields 1(7o dry wt) of meat from crab sections 
treated in 4% and TL  condensed phosphate (CP) 
for varying exposure times. 

12. .14 

12. .45 

12. .12 

12. .47 

12. .38 

12. .51 

12. ,40 

12. .87 

12. .19 

12. ,81 

Exposure Times Condensed Phosphate Concentration 
47. T% 

30 min 

60 min 

90 min 

120 min 

240 min 

Factorial Analysis of Variance 

 F Values  Ranking of Level Means 

Phosphate Cone. (PC)    3.0522 47c CP < 77o CP 

Soak Time (ST) 0.5342 30 < 120 < 60 < 90 < 240 

PC X ST 1.7232 

^=6  2NS,P<.05   LSD(.05)=0.624 
Level means with the same underline did not vary 

significantly (P=.05) with one another. 
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magnified sufficiently by improved moisture retention to 

provide a superior (P^.05) yield increase on a wet weight 

basis. 

Evaluation of Optimum 
Processing Parameters 

Uncooked crab sections were treated in a 107o condensed 

phosphate solution for 120 min, then cooked in steam or 

water for 8, 10 and 12 min.   Meat was extracted and 

yields computed based on raw section weight.    The 

phosphorus content of cooked meat was determine and fresh 

frozen meat was evaluated for sensory characteristics. 

Results were used to assess the overall use of condensed 

phosphates for processing crab. 

Meat Yields 

Condensed phosphate treatment increased (P^.001) 

overall yields wet weight by 2.18 percentage points over 

the controls (59.74 and 57.56%, respectively)(Table 9). 

Cooking in water yielded slightly higher recoveries than 

steam cooking, but the differences were not significant 

(P£.05).    Cooking time did not significantly (P<_.05) 

effect yield wet weight overall. 

These results were complicated by the significant 

interaction of the cooking medium with both cooking time 

(P^. 001) and condensed phosphate treatment (Pj^.OOS). 

Inspection of individual treatment means revealed that the 
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Table 9. Yields1 (Jo wet wt) from condensed phosphate (CP) 
treated and non-treated crab sections cooked In 
steam and water for varying times. 

Treatment 

Steam w/o CP 

Steam w/ CP 

Water w/o CP 

Water w/ CP 

Cooking Times 
8 min      10 min       12 min 

57.29b      57.20b       57.61 ab 

60.09a 58.76ab 59.93a 

59.46ab 56.71b 57.11b 

60.65b 59.88a 59.13a 

Factorial Analysis of Variance 

F Values 

Cooking Medium (CM) 0.5102 

Cooking Times (CT)(min) 2.3682 

Condensed Phosphate (CP)20.4383 

CM X CT 12.6613 

CM X CP 9.620lt 

CP X CT 2.6972 

Ranking of Level Means 

Steam < Water 

8 < 12 < 10 

w/o CP < w/ CP 

ln=8       2NS,P<.05   3Sig,P>.001   ltSig,P>.005 
LSD(.05)= 2.362 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) with one another. 
Mean values in a row with the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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interaction of cooking medium with cooking time caused a 

more rapid reduction in yield with respect to time in water 

than steam.    Cooking medium interacted with condensed 

phosphate treatment through a greater yield effect in water 

than in steam over the respective controls.   In no case 

were yields from sections cooked in water significantly 

(P=.05) greater than comparable treatments cooked in steam. 

Water cooking produced higher after an 8 min cook in both 

treatment and control while steam had the higher yields 

after cooking 10 and 12 min.    This could have resulted 

from more incomplete cooking in water for the 8 min period 

over steam.   Condensed phosphate treatment produced a 

significant (P=.05) increase in yield only after an 8 min 

cook in water; cooking for 10 and 12 min failed (P=.05) to 

improve yield.    Conversely, treatment produced 

significant (P=.05) improvement in yield after 10 and 12 

min in steam. 

Overall, dry weight yields produced by the various 

treatments (Table 10) reflected results observed for wet 

weight recoveries.    Condensed phosphate treatment produced 

a yield improvement (P>_. 05) over the control.    Neither 

cooking medium nor time affected dry weight yield (P£.05). 

Results were complicated by interactions between cooking 

medium and condensed phosphate treatment (P^.05). 

Inspection of individual treatment means revealed that the 

interaction of cooking medium with condensed phosphate 
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Table 10. Yields1(% dry wt) from condensed phosphate (CP) 
treated and non-treated crab sections cooked in 
steam and water for varying times. 

Treatment 

Steam w/o CP 

Steam w/ CP 

Water w/o CP 

Water w/ CP 

Cooking Times 
8 min     10 min 12 min 

11.98a 12.04a 12.10a 

12.31ab 12.14a 12.38a 

12.40ab 11.96a 12.11a 

12.63b 12.34a 12.43a 

Factorial Analysis of Variance 

F Values 

Cooking Medium (CM) 1.3572 

Cooking Times (CT)(min) 0.9202 

Condensed Phosphate (CP) 4.2963 

CM X CT 3.0813 

CM X CP 3.7073 

CP X CT 1.6122 

Ranking of Level Means 

Steam < Water 

8 < 12 < 10 

w/o CP < w/ CP 

^=8  ^S.P^.OS   3Sig,P>.05   LSD(.05)= 0.639 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Mean values in a row with the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 



43 

produced a slightly greater yield effect in water than in 

steam cooking.    Significant (P>.05) interaction also 

occurred between cooking medium and cooking time causing a 

more rapid yield loss in water than steam. 

Conclusions from the yield data indicate that 

condensed phosphate treatment significantly increased 

cooked meat yield.    The improved recovery include both 

a superior retention of meat moisture and dry matter. 

Cooking in water appeared to produce slightly better yields, 

but comparisons were complicated by the relative heat 

transfer for the two mediums with respect to time. 

Meat Phosphorus Content 

Phosphorus content (mg P20c/100 g wet and dry wt) 

(Tables 11 and 12) of cooked crab meat did not vary 

significantly (P<.05) overall with regard to condensed 

phosphate treatment, cooking medium or cooking time. 

Although no significant differences existed, there were 

indications that the processing treatments did effect the 

phosphorus content of the meat to a small degree. 

Inspection of overall means revealed:  1) steam cooking 

resulted in slightly higher phosphorus levels than water, 

2) a 10 min cook possessed higher phosphorus levels than 

either 8 or 12 min cooks and 3) condensed phosphate 

treatment somewhat elevated levels in meat over the 

controls. 
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Table 11.  Phosphorus content1(mg P2O5/100g wet wt) of 
meat from condensed phosphate (CP) treated and 
non-treated crab sections cooked in steam and 
water for varying times. 

Treatment 
8 min 

Cooking Times 
10 min 12 min 

Steam w/o CP 638.01 655.95 636.63 

Steam w/ CP 763.90 694.39 755.58 

Water w/o CP 551.89 631.11 585.91 

Water w/ CP 632.86 723.49 597.19 

Vi 

Factorial Analysis of Variance 

F ilues 

i 

Ranking 

Steam > 

of 

Wat 

Level Means 

Cooking Medium (CM) 2.786: :er 

Cooking Times (CT)(min) 0.2472 

Phosphorus Content (PC) 3.2742 

CM X CT 5.7513 

CM X PC 2.9712 

PC X CT 5.2633 

8 < 12 < 10 

w/o CP < w/ CP 

^=8  2NS,P<.05   3Sig,P>.01   LSD(.05)=208.87 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 12.  Phosphorus content1(mg P2O5/100 g dry wt) of 
meat from condensed phosphate (CP) treated and 
non-treated crab sections cooked in steam and 
water for varying times. 

Treatment 

Steam w/o CP 

Steam w/ CP 

Water w/o CP 

Water w/ CP 

8 min 

3267.8 

4216.5 

2640.0 

2939.1 

Cooking Times 
10 minT" 

3416.0 

3186.0 

2976.9 

3418.5 

12 min 

2656.8 

3535.4 

2487.8 

2722.4 

Factorial Analysis of Variance 

F Values 

Cooking Medium (CM) 3.9012 

Cooking Times (CT)(min) 0.9292 

Phosphorus Content (PC) 2.6412 

CM X CT 3.6253 

CM X PC 6.4663 

PC X CT 4.2553 

Ranking of Level Means 

Steam > Water 

8 < 12 < 10 

w/o CP < w/ CP 

^=8  2NS,P<.05   3Sig,P>.05   LSD(.05)=1190.7 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Results were complicated by the significant (P>_.05) 

interactions of cooking medium with cooking time and 

cooking time with condensed phosphate treatment.  Inspection 

of individual treatment means revealed that the interaction 

of cooking time with condensed phosphate treatment produced 

lower levels of phosphorus in meat after water cooking. 

This may be an indication that water cooking removed more 

tissue components rich in phosphorus from the meat during 

the cook and less phosphorus derived from condensed 

phosphate was present in the meat after cooking. 

A wide variation in the natural phosphorus content of 

the crab was observed.    Generally, any added phosphorus 

from condensed phosphate treatment would lie within the 

range of levels found.   Average wet weight phosphorus 

levels for treated and non-treated samples cooked in steam 

and water are given below: 

Phosphorus Levels 
(mg P2O5/100 g wet wt) 

Steam Water 

Treated        737.95 + 237.92 . 651.18 + 196.29 

Non-treated     643.53 + 167.31   589.63 + 201.59 

An average increase of 94.42 and 61.54 mg'P^Oc/ 100 g meat 

(steam and water cooks, respectively) occurred due to the 

condensed phosphate treatment. 
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Sensory Characteristics of Fresh Frozen Cooked Crab Meat 

Flavor panels were used to assess the effect of 

processing parameters on the quality of fresh frozen cooked 

crab meat.  Mean scores for color, texture, juiciness, 

flavor and overall desirability (Tables 13 to 17, 

respectively) did not vary significantly (P^.05) with 

regard to condensed phosphate treatment, cooking medium or 

cooking time.    Inspection of a ranking (NS,P£.05) of 

level means showed that scores were slightly higher for 

meat cooked in steam over water with respect to color, 

flavor and overall desirability.   Judges preferred ' 

(NS,P_<. 05) the texture and juiciness of crab meat cooked 

in water.   Scores for meat treated with condensed 

phosphate were slightly higher than controls with regard 

to texture, flavor and overall desirability.   Meat 

treated with condensed phosphate did not possess the 

highest ranking for juiciness.   The extension of cooking 

time from 8 to 10 min generally reduced scores for flavor, 

juiciness and overall desirability. 

While condensed phosphate did not significantly alter 

panel scores, there was significant interaction between its 

use and cooking medium with respect to color (P^.001), 

texture (P^.05), juiciness (P:>.025) and overall desirability 

(.P^.05).   Inspection of individual treatment means 

indicated that this interaction related to a more favorable 

action of condensed phosphate in combination with water 
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Table 13. Mean1 color scores for fresh frozen cooked meat 
from condensed phosphate (CP) treated and 
non-treated crab sections cooked in steam and 
water for varying times. 

Treatment 
8 min 

Cooking Times 
10 min 12 min 

Steam w/o CP 7.90 7.15 7.45 

Steam w/ CP 7.45 7.40 6.90 

Water w/o CP 7.85 7.70 6.60 

Water w/ CP 7.20 7.85 7.25 

Factc Drial Analy! sis of Variance 

F Values Ranking of Level Means 

Cooking Medium (CM) 0.2472 

Condensed Phosphate (CP) 0.0182 

Cooking Times (CM)(min) 2.8392 

CM X CP 16. 808 *♦ 

CM X CT 5.5753 

CP X CT 5.6893 

Steam > Water 

w/ CP > w/o CP 

8 > 10 > 12 

1 n=20   2NS,P<.05   3Sig,P>.005   '+Sig,P>.001 
LSD(.05)=0.885 ~ 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 14.  Mean1 texture scores for fresh frozen cooked 
meat from condensed phosphate (CP) treated and 
non-treated crab: sections cooked in steam and 
water for varying times. 

Treatment 
8 min 

Cooking Times 
10 min 12 min 

Steam w/o CP 7.40 7.65 7.45 

Steam w/ CP 7.65 7.55 7.45 

Water w/o CP 7.70 7.20 7.30 

Water w/ CP 7.40 7.60 7.15 

Factorial Analyi sis of Variance 

F Values Ranking of Level Means 

Cooking Medium (CM) 0.7632 

Condensed Phosphate (CP) 0.0112 

Cooking Times (CT)(min) 0.9162 

CM X CP 4.2963 

CM X CT 1.2382 

CP X CT 1.6142 

Water > Steam 

w/ CP > w/o CP 

8 > 10 > 12 

^=20  2NS,P<.05   3Sig,P>.05   LSD(.05)=0.732 
Level means with the same underline did not vary 

significantly (F=.05) from one another. 
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Table 15.  Mean1 juiciness scores for fresh frozen cooked 
meat from condensed phosphate (CP) treated and 
non-treated crab sections cooked in steam and 
water for varying times. 

Treatment 
8 min 

Cooking Times 
10 min 12 min 

Steam w/o CP 7.55 7.55 7.40 

Steam w/ CP 7.50 7.40 7.25 

Water w/o CP 7.60 7.50 7.60 

Water w/ CP 7.65 7.60 7.30 

Factorial Analyi sis of Variance 

F Values Ranking of Level Means 

Cooking Medium (CM) 0.0212 

Condensed Phosphate (CP) 2.2332 

Cooking Time (CT)(min) 0.1392 

CM X CP 6.2353 

CM X CT 4.0953 

CP X CT 2.9892 

Water > Steam 

w/ CP > w/o CP 

8 > 10 > 12 

^=20  2NS,P£.05   3Sig,P>.025   LSD(.05)=0.535 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 16. Mean1 flavor scores for fresh frozen cooked meat 
from condensed phosphate (CP) treated and 
non-treated crab section cooked in steam and 
water for varying times. 

Treatment Cooking Times 
8 min       10 min      12 min 

Steam w/o CP 7.05 6.85        6.90 

Steam w/ CP 7.55 7.00        7.05 

Water w/o CP 7.05 6.70        6.80 

Water w/ CP 7.20 7.35        7.20 

Factorial Analysis of Variance 

F Values Ranking of Level Means 

Cooking Medium (CM) 0.0072 Steam > Water 

Condensed Pho sphate (CP)  2.9292 !w/ CP > w/o CP 

Cooking Time (CT)(min)    0.6282 8 > 12 > 10 

CM X CP 2.6372 

CM X CT 2.1552 

CP X CT 0.6942 

^=20  2NS)P<.05   LSD(.05)=0.935 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 17.  Mean1 overall desirability scores of fresh frozen 
cooked meat from condensed phosphate (CP) 
treated and non-treated crab sections cooked in 
steam and water for varying times. 

Treatment 
8 min 

Cooking Times 
10 min      12 min 

Steam w/o CP 7.20 6.90        7.05 

Steam w/ CP 7.35 7.15        7.00 

Water w/o CP 7.40 6.70        6.75 

Water w/ CP 7.10 7.45        7.20 

Factorial Analysis of Variance 

F Value; s Ranking of Level Means 

Cooking Medium (CM) 0.0022 

Condensed Phosphate (CP)1.2272 

Cooking Times (CT)(min) 0.7322 

CM X CP 4.7323 

CM X CT 2.2462 

CP X CT 1.6342 

Steam > Water 

w/ CP > w/o CP 

8 > 12 > 10 

^=20  2NS,P<.05   ^ig.P^.OS   LSD(.05)=0.923 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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than steam.    The result was partly a reflection of the 

generally higher scores for control meat from sections 

cooked in steam over water resulting in smaller differences 

between controls and treated samples. 

Influence of Condensed Phosphate Treatment 
on the Frozen Shelf-Life of Cooked Meat 

Investigations were initiated to determine the effect 

of cooking medium and condensed phosphate treatment on 

frozen shelf-life of crab meat.   Sections were treated in 

10% condensed phosphate solutions for 120 min, cooked in 

steam or water for 10 min.   Meat was extracted by hand 

and yields computed based on the raw section weights. 

Meat was packaged, frozen at -40 0C and held at -18 0C for 

flavor panel assessments after 6, 95, 197, 299 and 406 

days. 

Meat Yields 

Overall yield level means resulting from factorial 

analysis revealed significant improvement (P>^.01, wet wt; 

P^-OS, dry wt)(Tables 18 and 19) by condensed phosphate 

treatment over control samples.   No significant (Pj<.05) 

improvement in yield wet or dry weight was observed 

between sections cooked in steam and water.   Condensed 

phosphate treatment increased overall yields wet weight by 

1.19 percentage points over the control (58.49 and 57.307o, 

respectively).   Overall, cooking in water produced only 
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Table 18. Yields1 (% wet wt), from condensed phosphate (CP) 
treated and non-treated crab sections cooked in 
steam and water. 

Cooking Medium 
w/o CP 

Treatment 
w/ CP 

Steam 57.17a 58.08a 

Water 57.43a 58.89a 

Factorial Analysis of Variance 

F Values Ranking of Level Means 

Cooking Medium (CM) . 0.1712 

7.7163 

Water > Steam 

Condensed Phosphate (CP) w/ CP > w/o CP 

CM X CP 0.5822 

^=30  2NS,P<.05   3Sig,P>.01   LSD(.05)=1.503 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Mean values in a row with the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did no vary 

significantly (P=.05) from one another. 
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Table 19.  Yields1(% dry wt) from condensed phosphate (CP) 
treated and non-treated crab sections cooked 
in steam and water. 

Cooking Medium 

Steam 

Water 

w/o CP 

11.99a 

Treatment 
w/ CP 

12.19s 

11.98' 12.15 

Factorial Analysis of Variance 

 F Values     Ranking of Level Means 

Cooking Medium (CM)        0.0762   Water > Steam 

Condensed Phosphate (CP)   4.9043 

CM X CP 0.0152 

w/ CP > w/o CP 

^=30  2NS,P<.05   3Sig,P>.05   LSD(.05)=0.994 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Mean values in a row with the same underline did not 

vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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a slightly higher yield on both wet and dry weight. 

Sensory Characteristics of Stored Frozen Crab Meat 

Flavor panels were used to assess the interaction of 

condensed phosphate treatment and cooking medium on the 

quality of cooked crab meat during frozen storage.   Mean 

scores and the results of a factorial analysis of variance 

for color, texture, juiciness, flavor and overall 

desirability are listed on Tables 20 to 24. 

Crab meat from sections cooked in steam had 

superior (P_>.001) overall desirability to meat from sections 

cooked in water.    This superior desirability was directly 

related to the more desirable flavor (P?_.01) and the . 

slightly better (NS,P_^.05) texture and juiciness. 

Treatment of sections in condensed phosphate prior to 

cooking did not significantly (P_<.05) improve meat quality. 

Scores for texture, juiciness, flavor and overall 

desirability were slightly higher than the controls, but 

not significant (Pj<. 05). 

Level mean scores for all flavor factors varied 

significantly (P^. 001) with respect to storage times. 

However, inspection of level means and individual treatment 

socres revealed that highly significant variation to be 

directly related to a time depended variation in panel 

response and/or their perception of the intrinsic quality 

of the desirability scales being used. 
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Table 20,  Mean1 color scores for frozen cooked meat from 
condensed phosphate (Cf) treated and non-treated 
crab sections cooked in steam and water and held 
in storage for varying times. 

Treatment 

Steam w/o CP 

Steam w/ CP 

Water w/o CP 

Water w/ CP 

Storage time (days) 
6 95 

6.20b 

197 

6.60a 

~ 299 

7.40a 

406 

7.50a 6.90a 

6.95a 5.80b 6.75a 7.30a 7.00a 

7.45a 7.10a 6.85a 7.45a 7.00a 

7.15a 6.60ab 6.75a 6.85a 6.80a 

Factorial Analysis of Variance 

F Values 

Cooking Medium (CM) 1.3502 

Condensed Phosphate (CP) 3.6622 

Storage Time (ST)(days) 5.591k 

CM X CP 33.7145 

CM X ST 3.7583 

CP X ST 3.1853 

Ranking of Level Means 

Water > Steam 

w/o CP > w/ CP 

6 > 299 > 406 > 197 > 95 

^=20  2NS,P<.05   3Sig,P>.025   ^Sig.P^.Ol 
SSig.P^.OOl   LSD(.05)= 0.826 
Mean scores with the same exponent letter in a column 

did not vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 21,  Mean1 texture scores for frozen cooked meat 
from condensed phosphate (CP) treated and 
non^-treated crab sections cooked in steam 
and water and held in storage for varying 
times. 

Treatment 

Steam w/o CP 

Steam w/ CP 

Water w/o CP 

Water w/ CP 

Storage time (days) 
6 95 

6.15a 

197 

6.30a 

299 

7.25a 

406 

7.35a 6.15al 

7.15a 6.35a 6.35a 7.30a 6.85b 

7.15a 6.00a 6.15a 7.10a 5.70a 

7.35a 5.95a 6.45a 6.95a 5.90a 

Factorial Analysis of Variance 

F Values   Ranking of Level Means 

Cooking Time (CT) 

Condensed Phosphate (CP) 

Storage Time (ST)(days) 

CM X CP 

CM X ST 

CP X ST 

3.3122  Water < Ste am 

0.8932  w/o CP < w/ CP 

15.201^     6 > 299 > 197 > 406 > 95 

59.330lt 

1.8532 

2.4583 

^=20       2NS,P<.05       3S±g,?>_.05       1+Sig,P>.001 
LSD (.)%)+0.852" 
Mean values in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 22.  Mean1 juiciness scores for frozen cooked meat 
from condensed phosphate (CJ?) treated and 
non^treated crab sections cooked in steam and 
water and held in storage for varying times. 

Treatment 

Steam w/o CP 

Steam w/ CP 

Water w/o CP 

Water w/ CP 

Storage  time   (days) 
6 95 ~lL97 

7.40* 

7.40a 

7.25a 

6.85a 

6.65c 

6.45' 

6.70* 

6.60* 

6.25£ 

6.20' 

6.50' 

6.95^ 

299 

7.45' 

7.35^ 

7.00* 

7.00* 

406 

6.55 

7.251 

6.35* 

6.60 

ab 

ab 

Factorial Analysis of Variance 

F Values 

Cooking Medium (CM) 0.8752 

Condensed Phosphate (CP) 0.2032 

Storage Time (ST)(days) 6.4645 

CM X CP 40.6795 

CM X ST 3.7613 

CP X ST 3.935k 

Ranking of Level Means 

Water < Steam 

w/o CP < w/ CP 

6 > 299 > 406 > 95 > 197 

^=20  2NS,P<.05   3Sig,P?.01   ltSig>P>.005 5Sig,P>.001   LSD(.05)=> 0.746 
Mean scores in a column with the same exponent letter 

did not vary significantly (P^.OS) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 23 Mean1 flavor scores for frozen cooked meat 
from condensed phosphate (CP) treated and 
non-treated crab sections cooked in steam 
and water and held in storage for varying 
times. 

, 

Treatment 
6 

Storage time (days) 
95      197 

6.05a   6.20a 

299 

6.65a 

406 

Steam w/o CP 7.40a 5.70ab 

Steam w/ CP 7.10ab 6.40a 5.75a 6.65a 6.60a 

Water w/o CP 6.65ab 5.90a 5.70a 6.60a 5.25a 

Water w/ CP 6.30b 6.20a 5.90a 6.20a 5.90ab 

Factorial Analysis of Variance 

5l F Values Ranking 

Water < 

of Levt 

Steam 

Means 

Cooking Medium (CM) 6.404^ 

Condensed Phosphate (CP) 0.3402 w/o CP - c w/ CP 

Storage Time (ST)(days) 6.2686 

35.8926 

6 > 299 > 95 > 1! 97 >406 

CM X CP 

CM X ST 2.7943 

CP X ST 4.3025 

1
TI=20       

2NS,P<.05   3Sig,P^.05   '+Sig,P>.025 
5Sig,P>.005   6Sig,P>.001   LSD(.05)=0.955 
Mean scores in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P=.05) from one another. 
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Table 24,  Mean1 overall desirability scores for frozen 
cooked meat from condensed phosphate (CP) 
treated and non-treated crab sections cooked 
in steam and water and held for varying 
times. 

TreaLment 
6 

Storage 
95 

5.90a 

time (days) 
197     299 

6.10a   6.80a 

406 

Steam w/o CP 7.25a 5.70a 

Steam w/ CP 6.95a 6.20a 5.65a 6.70a 5.70a 

Water w/o CP 6.75a 5.85a 5.65a 6.80a 5.25a 

Water w/ CP 6.45a 5.95a 5.75a 6.25a 6.70a 

Factori al Analysis of Variance 

M( F Values Ranking 

Water < 

of Level 

Steofei 

aans • 

Cooking Medium (CM) 6.0843 

Condensed Phc isphate (CP) 0.0312 w/o CP < w/ CP 

Storage Time (ST)(days) 9.3155 6 > 299 > 95 > 406 > 197 

CM X CP 49.3115 

CM X ST 3.0183 

CP X ST 4.544'* 

^=20  2NS,P<.05   3Sig,P^.025   tfSig,P>.005 
SSig^^.OOl   LSD(.05)= 0.892 
Mean scores in a column with the same exponent letter 

did not vary significantly (P=.05) from one another. 
Level means with the same underline did not vary 

significantly (P^.OS) from one another. 
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While treatment with condensed phosphate did not 

significantly alter panel scores, this factor interacted 

with both cooking medium and storage time.   Inspection 

of individual treatment means revealed that the interaction 

of condensed phosphate treatment with cooking medium to be 

directly related to the more favorable action of the 

condensed phosphate in combination with steam than with 

water cooking.    The interaction with storage time was 

shown to be directly related to the more favorable action 

of condensed phosphate treatment over longer storage times, 

particularly at 406 days.    This interaction improved 

scores at the longer storage periods over controls. 

Results from this storage trial indicated that 

cooking in steam significantly improved the flavor and 

overall desirability of the crab meat.   The value of 

condensed phosphate on the quality of frozen crab meat 

only becomes evident after extended storage. 
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SUMiytAKY AND CONCLUSIONS 

The effects of condensed phosphate treatment, cooking 

medium and cooking time on the yield and quality of cooked 

Dungeness crab meat were investigated.    The relevant 

factors of condensed phosphate concentration, citric acid 

addition and exposure time were the parameters used for 

evaluating the effect of condensed phosphate treatment. 

The investigation produced the following major 

results;   1) Cooking crab sections in steam and water for 

4 to 20 min greatly affected yield of the meat.  Heat 

induced solubilization of proteins and intimate contact of 

the cooking medium with the crab sections were responsible 

for yield loss.    Yield loss (wet and dry wt) followed 

well defined linear functions (P^.005) with respect to 

cooking time for both steam and water cooking.    Yield 

losses were significant (P>_.05) during the initial 12 min 

of cook time; beyond 12 min, yield losses were not 

significant (P^.05). 

2) In order to achieve the best yield, cooking time 

must be as short as possible and at the same time provide 

for a thoroughly cooked product.    An 8 min cook was found 

to be satisfactory for complete cooking in steam, but a 10 

min cook was needed to assure a thorough cook in water. 

The difference was associated with a more rapid heat 

penetration in steam as compared to water. 

3) Condensed phosphate treatment significantly (P^.05) 



64 

increased yields for both steam and water cooking. 

Condensed phosphate applied to crab sections prior to 

cooking interacted with surface muscle proteins during the 

treatment period or the beginning of the cooking process to 

stabilize the heat labile proteins and prevent their loss 

during heating.    Yield improvement was accomplished by 

retention of solids and meat moisture through the cooking 

process.   Treatment with a 10% condensed phosphate 

solution increased meat yields (wet wt) over controls 

ranging from 0.91 to 4.95 percentage points based on raw 

crab section weight. 

4) Lowering the pH of the condensed phosphate 

solutions adversely affect meat yields.  At 1.5% citric 

acid, the pH of the condensed phosphate solution was 

lowered by 2 pH units.   At the lower pH, yield was 

reduced by an average of 2.77 percentage points over the 

standard condensed phosphate solution (with no citric acid). 

It appeared that the lower pH conditions produced by the 

addition of citric acid enhanced the solubilization of 

muscle proteins before condensed phosphate was able to 

achieve stabilization, causing some loss of yield during 

cooking.    Although the lower pH condensed phosphate 

solutions produced lower yields, they still produced higher 

yields than the controls. 

5) Soaking crab sections in condensed phosphate 

solutions for 30 to 240 min greatly affected yield of the 
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crab meat.   The experiments revealed that an exposure 

time between 90 and 120 min was needed to achieve the best 

overall yields.   This indicated the importance of allowing 

sufficient time to permit the condensed phosphate to 

penetrate into the crab sections so that an effective 

interaction with muscle proteins could occur. 

6) Condensed phosphate concentration was found to 

significantly (P_>. 05) affect yields.   Concentrations 

between 7 and 10% were necessary to achieve the best overall 

yields. 

7) No significant (!_<. 05) yield advantage was found 

that would recommend steam cooking over water cooking. 

Water cooking maintained slightly higher overall yields in 

all evaluations comparing the two mediums. 

8) Phosphorus levels in crab meat was not affected 

(P_<.05) by cooking time, cooking medium or condensed 

phosphate treatment.    This observation was a function of 

low levels retained by meat through cooking and the wide 

variability occurring naturally. 

9) The effect of condensed phosphate treatment, 

cooking time and cooking medium did not significantly (Pjl 05) 

affect the quality of fresh frozen crab meat.   Flavor 

panels scores were not adversely altered by condensed 

phosphate treatment.    Steam cooked crab meat maintained 

slightly higher scores than meat cooked in water, but these 

differences were not significant .(P^_.05) 
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10) Flavor panel assessments of the quality of 

frozen stored crab meat found significant (Pv>. 001) 

increase in the overall desirability of meat from crab 

sections cooked in steam over meat from sections cooked in 

water.    This was related to more desirable flavor and 

slightly better texture and juiciness.     Condensed 

phosphate treatment appeared to improve scores for frozen 

meat held for extended periods. 

This investigation illustrated the loss of soluble 

solids and meat moisture from cooked crab meat.   A method 

for treatment of the sections with a >^ 7% solution of 

condensed phosphate for an exposure period between 90 and 

120 min was shown to be effective in increasing overall 

yields. 
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