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The biochemical and organoleptic changes that took place in 

raw whole Pacific shrimp and in the cooked meat during eight days 

of iced storage were investigated. 

A steady increase of both microbial numbers on the raw shrimp 

and pH in the raw shrimp and cooked meat was observed. 

The levels of total and non-protein nitrogen and total carotenoid 

pigment decreased during the storage period.     Tyrosine levels showed 

a. decrease in the raw shrimp,   but a progressive increase in the 

cooked meat was observed.    Although proteolytic and polyphenolase 

activity in the raw shrimp decreased during storage,   the losses in 

nitrogenous components was probably related to a combination of 

the autolytic degradation of the shrimp coupled with the washing action 

of melting ice. 

Trimethylamine oxide levels were shown to decrease in raw 



shrimp daring storage due to the washing action of melting ice and 

its reduction to dimethylamine and formaldehyde and in lower 

amounts,   to trimethylamine.    The latter,   probably is the result of 

bacterial activity,   while the former is due to the action of enzyme 

systems in the shrimp.    Levels of dimethylamine and formaldehyde 

increased in a parallel manner during the storage period.     Trimethy- 

lamine levels also increased,   but at a much slower rate. 

Organoleptic quality as shown by taste panel evaluations pro- 

gressively declined during the storage period.    Dimethylamine and 

formaldehyde levels appeared to be more sensitive indices of cooked 

shrimp quality than microbial numbers,   pH and trimethylamine 

levels. 
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POST-MORTEM QUALITY CHANGES IN ICED PACIFIC 
SHRIMP (PANDALUS JORDANI) 

INTRODUCTION 

The biochemical and microbiological changes in marine food 

species are under extensive investigation to determine variables by 

which quality can be assessed.    Different tests have been proposed 

as indices of quality,   but the fishing industry is still searching for 

more adaptable and definitive tests. 

The microbial load and the formation of metabolic products 

depend on a large number of variables such as location,   species, 

season,   handling and storage temperatures.     This large number of 

variables creates a problem since a test could be a good index 

of quality under one set of conditions and have no relative relation- 

ship to quality under another set of conditions.    The change of 

some compounds present in the tissue and the increase of degrada- 

tion products has received the most attention in the development of 

numerical indices of quality. 

Shrimp,   being such an important marine product,   has been 

investigated extensively.    Most of the investigations on the quality 

of shrimp in this country have been carried out on species from the 

Gulf of Mexico 

The purpose of this research was to investigate some of the 



biochemical changes that occur in Pacific shrimp during iced storage 

and to evaluate the relationship between these changes and product 

quality. 



LITERATURE REVIEW 

Changes that occur in the quality of iced shrimp during storage 

are due to microbial,   physical and chemical alterations (Fieger et^ al. , 

1948; Nari and Bose,   1964; Sundsvold et al. ,   1969; Luna,   1971; Cobb 

and Vanderzant,   1971;  Flick and Lovell,   1972).     During the last 

twenty years,   numerous workers from different countries have been 

looking for quality indices which could be correlated numerically 

with the degree of shrimp freshness. 

Indices that have been investigated for iced shrimp include pH, 

aerobic plate count, trimethylamine and total volatile base levels. 

Other factors such as free fatty acids,   hydrogen sulfide,   peroxide 

number,   amino nitrogen and indole have also been investigated. 

Changes in pH have been widely used as an index   of iced 

shrimp quality.    Interpretation,   however,   of the relationship betweefi 

numerical values and quality varies considerably.    Bethea and 

Ambrose (1962) found that shrimp with a pH of 8. 0 to 8. 2 pos sessed 

a fair to borderline quality,   with spoilage indicated by pH levels 

above 8. 2.    Luna (1971) reported that shrimp with a pH of 7. 0 was 

of only fair quality and that shrimp become inedible at a pH greater 

than 7. 2.     Furthermore,   lyengar e_t al.   (I960) reported that a pH 

of 7.1  indicated shrimp of high quality.     Bailey et^ al.   U9 56) classi- 

fied iced shrimp as having (a) prime quality with a pH of 7. 7 or 



below,   (b) poor quality,   but acceptable with values from 7. 7 to 7. 95, 

and (c) spoiled with pH levels of 7. 9 5 or above. 

Campbell and Williams (1952) discussed qualitative and quanti- 

tative observations on both the internal as well as the external flora 

of iced shrimp.    They found an increase in psychrophilic bacteria 

with time sufficient to account for the total increase in bacteria. 

Achromobacter  became the dominant genus,   followed by Pseudo- 

monas.     Fieger and Friloux (1954) found a correlation between bac- 

terial numbers and trimethylarnine levels.     The increase in aerobic 

plate counts preceded a similar relative increase in volatile acids 

and trimethylarnine levels by two to three days. 

Under certain conditions,   a good correlation between bacterial 

numbers and trimethylarnine levels in fin fish has been found (Tarr, 

1938; Laycock and Regier,   1971).    Hoogland (1958) established a 

relationship between grade and trimethylarnine content in fin fish 

which could be represented by a linear regression equation.    A scale of. 

trimethylarnine values in my percent ranging from zero to 1.00 corre- 

sponded to grade I,   values from 1.01 to 7. 00 corresponded to grade 

II,   while grade III indicated fish with trimethylarnine values higher 

than 7. 00. 

Although no similar investigation has been carried out with 

shrimp,   Bethea and Ambrose (1962) found that the trimethylarnine 

content in iced shrimp remained at about 1 mg percent until the 



eighth day.    Levels then increased rapidly from the twelfth to 

the sixteenth day,   after which time levels remained relatively con- 

stant.     They concluded that the trimethylamine values were of use 

in assessing shrimp quality,   but only after prime quality had dis- 

appeared and off-flavors had become readily apparent to taste panels, 

lyengar et al.  (I960) found that trimethylamine values increased 

only slightly during the first two weeks of progressive spoilage of 

iced shrimp.    They reported that this was due to the washing effect 

of the melting ice.    Fieger and Friloux (1954) found that levels of 

trimethylamine and volatile acids were of value as an indicator of 

spoilage,   but did not give information on pre-spoilage changes. 

Sundsvold et al.  (1969) investigated the trimethylamine oxide 

content and its decomposition in canned Norwegian shrimp.    High 

levels of trimethylamine oxide in raw peeled and fresh cooked 

shrimp were shown to be reduced after canning and storage.    The 

tri- and dimethylamine contents were shown to increase and were 

accompanied by the formation of formaldehyde.    The addition of 

reduced iron,   copper sulfate and titanous chloride to the canned 

product accelerated the reduction of trimethylamine oxide with the 

subsequent formation of formaldehyde,   di- and trimethylamine during 

storage.    The quantitative relationship between formaldehyde and 

methylamines formed did not appear to support a straight forward 

fission of trimethylamine oxide to formaldehyde and dimethylamine. 



Duggan and Strasburger (1946) investigated the presence 

of indole in shrimp as a criteria of protein decomposition.     They 

concluded that storage of raw and cooked shrimp at commercial 

holding temperatures for extended periods had no appreciable effect 

on the indole content.     They also found that shrimp may decompose 

without the formation of appreciable amounts of indole. 

Changes in total and non-protein nitrogen and free amino acid 

levels have been used as indices for determining the freshness of 

shrimp (Velankar and Govindan,   1958; Fieger and Friloux,   1954; 

Velankar and Govindan,   1957; Gagnon and Fellers,   1958; Collins 

et al.     I960).     The results of these investigations showed variable 

relationships between these indices and the degree of freshness of 

iced shrimp.    One reason for these variations may be the washing 

effect of melting ice.     Free tyrosine has also been reported as a 

good quality index   for fin fish (Sigurdsson,   1947),   but is compli- 

cated by the high level of polyphenolase activity in shrimp (Fieger 

and Friloux,   19 54). 

The carotenoid content of shrimp has been proposed by Collins 

and Kelley (1969) and Kelley and Harmon (1972) as an acceptable 

indice of shrimp quality.     They concluded that a product with low 

pigment content ordinarily is poor in other quality factors.     They 



found that significant amounts of carotenoid complexes,   flavor com- 

ponents and proteins were leached out of the shrimp during storage 

in ice or in refrigerated sea water.     The changes during storage 

resulted in a product that had less color and flavor and poorer tex- 

ture than fresh shrimp.     Their results are supported by earlier 

observations of Faulkner and Watts (1955) who noted that flavor, 

odor and textural changes were closely related to shrimp color. 



EXPERIMENTAL 

Materials and Handling Procedures 

Analyses were carried out on two samples of Pacific shrimp, 

one obtained in September of 1971 and one in June of 1972.    The 

shrimp were obtained about 40 miles off the North coast of Oregon 

from the last trawl prior to returning to port.    A portion of the 

shrimp,   after washing with sea water,   was immediately frozen on 

dry ice.    The remaining larger portion of the sample was well iced. 

Upon landing,   the iced shrimp samples were re-iced and placed 

under refrigeration at 1 -2° C. 

Shrimp frozen, on dry ice immediately after removal from the 

sea were analyzed one day post-extraction and were considered as 

zero time samples.    Iced whole shrimp were analyzed daily for a 

period of eight days.    Enzymatic and microbiological evaluations 

were made on raw whole shrimp only.    Chemical evaluations were 

carried out on both raw whole shrimp and cooked shrimp meat. 

Shrimp were cooked for two minutes in boiling water,   cooled in 

air,   and the meat was removed by hand peeling.    Prior to testing 

samples for flavor panel evaluation were vacuum sealed in moisture 

vapor proof film,   froeen and stored at -35° C. 



Analysis Procedure 

Whole raw shrimp and cooked meat (200 gm) were blended with 

200 gm distilled water at 4° C for two minutes using a Waring Blender. 

Sterilized distilled water and blender containers were used in the 

preparation of whole raw shrimp homogenates. 

The total nitrogen content of whole raw shrimp and cooked 

shrimp meat-water (1:1) homogenates was determined by the semi- 

micro Kjeldahl procedure (A. O. A. C. ,   1970). 

Shrimp-water (1:1) homogenates were analyzed for total 

carotenoid content according to the procedure of Kelly and Harmon 

(1972).    The carotenoid (astaxanthin and astacin) content was ex- 

474 nm 
pressed as A   , of the carotenoids from 100 gms of wet sample 

1   cm 

in 100 ml of cyclohexane. 

A 50 gm sample of the shrimp-water (1:1) blend was homog- 

enized at 4° C for 10 minutes in 200 gm of 5% NaCl solution which 

contained NaHCO    (0.02 M).    This homogenate was divided into two 

equal portions.    One portion was centrifuged at 1000 X g for 10 

minutes at 4° C,   the supernatant was removed,   and used for deter- 

mining proteolytic activity.     The second portion was centrifuged at 

10, 000 X g for 20 minutes at 40C and the supernatant was used for 

assaying polyphenolase activity. 

Proteolytic activity was determined according to methods 
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outlined by Kakade et al.  (1970) using a 1% solution of casein 

(Hammersten quality,   Nutritional Biochemical Corp. ,   Cleveland, 

Ohio) in 0. 1 M borate buffer (pH 7.6) at 37° C as a substrate.    Pro- 

teolytic activity was arbitrarily defined as the average change in 

absorbancy of a trichloroacetic acid filtrate at 275 nm over a 20 

•    ,      A   ,-   ., 1 -,       •! , A   A  275 nm mm time period.    Activity was arbitrarily expressed as    A A    , 
1 cm 

per min per 16 mg total shrimp nitrogen. 

Polyphenolase activity was estimated spectrophotometrically 

at room temperature.    The change in absorbancy at 480 nm was 

determined for a reaction mixture consisting of 0. 5 ml of 0. 1 M 

phosphate buffer (pH 6. 4),   2. 0 ml of 1% pyrocatechol,   0. 3 ml of 

crude enzyme preparation,   and 0. 2 ml of distilled water.    The 

absorbance change against a distilled water blank over a one min 

time period starting at 0. 5 min after addition of crude enzyme prepa- 

ration to the reaction mixture was used as an estimate of activity. 

The change in absorbance of a reagent blank was subtracted from 

the change observed for the reaction mixture.    Activity was defined 

,.   .  480 nm . , . ,,,,,,. as    A A per min per 16 mg total whole shrimp nitrogen. 
1   cm 

A 40 gm sample of the whole raw shrimp-water (1:1) homog- 

enate was blended for four min with 160 ml of sterile distilled water 

(4° C) in a pre-sterilized blender container.    Portions of this 

homogenate were used to determine pH and aerobic plate count. 

Microbial growth was determined after 48 hrs of incubation at 32° C 
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on standard plate count agar.    All plate counts were made in duplicate 

from appropriate dilutions. 

A 50 gm sample of blended shrimp-water (1:1) was blended 

for three minutes with 200 gm of 5. 5% trichLoroacetic acid.     The 

trichloroacetic acid homogenate was filtered through S & S ribbon 

No    589 filter paper and stored at -35° C prior to analysis. 

The trichloroacetic acid filtrate was analyzed for trimethyl- 

amine oxide,   trimethylamine,   dimethylamine,   non-protein nitrogen, 

tyrosine and formaldehyde.     The method of Yamagata et al.   (1969) 

for reducing trimethylamine oxide to trimethylamine was used to 

determine trimethylamine oxide.     The picric acid procedure of Dyer 

(1945) was used to measure trimethylamine.     The difference between 

total trimethylamine (trimethylamine oxide + trimethylamine) and 

trimethylamine values represented the amount of trimethylamine 

oxide.     Dimethylamine was measured by the copper-dithiocarbamate 

method of Dyer and Mounsey (1945).     Trimethylamine oxide and 

trimethylamine values were corrected foi the interference of 

dimethylamine (Dyer,   1945).     Dyer (1945) found that dimethylamine 

will react with picric acid giving 21% of the color as an equivalent 

concentration of trimethylamine.     The interference of dimethylamine 

was found to be constant over a wide concentration range (0-20 ug/ml) 

in the trimethylamine-pic rate test (Babbitt et aL ,   1972). 

Formaldehyde was estimated in the trichloroacetic acid filtrate 
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using a modification (Babbitt et al. ,   1912) of the procedure of 

Sawicki et^ al.  (1961).     Five ml of 0.4% aqueous solution of 3-methyL- 

2-benzothiozolinane hydrazone hydrochloride monohydrate was mixed 

well with 1. 0 ml of supernatant in a 100 ml volumetric flask and 

held for 25 min in a water bath at 40° C.     Twenty ml of 0. 2% FeCl 

in N HC1 were added with mixing and left for an additional 25 min. 

The solution was diluted to 100 ml with distilled water and the ab- 

sorbance determined at 670 nm against a blank.    Standard solutions 

were prepared from an analytical reagent grade formaldehyde 

solution. 

Non-protein-nitrogen was determined in the trichloroacetic 

acid filtrate by the semi-micro Kjeldahl method (A. O. A C. ,   1970). 

Free tyrosine was estimated by using the method of Ceriotti and 

Spandrio (1957). 

Flavor panel evaluations were carried out approximately two 

weeks post-processing.    Samples were thawed over-night at 1-2° C 

and submitted to judges composed of staff members of the Depart- 

ment of Food Science and Technology.    The samples were served 

in coded cups to judges seated in individual booths.    Panelists were 

asked to judge the shrimp for texture,   juiciness,   degree of off-flavor 

and desirability on an intensity scale ranging from 9,   "highest 

affirmative value," to 1,   " lowest value."    Because the experi- 

mental design involved nine treatments,   the various treatments 
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were randomly allocated to two different evaluations,   each including 

a zero time sample for reference and evaluated by 1 5 judges.     This 

evaluation was carried out in duplicate.    Analysis of variance of 

the scores received by all treatments for each organoleptic factor 

showed that mean scores for the two replicate evaluations did not 

vary significantly (P < . 05) from each other (Table 1).     The scores 

for the two replicate evaluations were then combined by organoleptic 

factor and treatment and evaluated by analysis of variance.    Scores 

for zero time samples from the second evaluation for each panel 

replication were arbitrarily deleted from the analysis so that the 

number of judgments per treatment would be equal.    The significance 

of individual treatment means was tested by Duncan's multiple range 

test. 

Table 1.     Variation between replicate panel mean scores. 

Factor F-value 

Texture 0. 03402* 

Juiciness 0. 983 70* 

Off-flavor 0. 09863* 

Desirability 2.35625* 

*Not significant at (P <. 05). 
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RESULTS AND DISCUSSION 

A progressive increase in pH from 7. 6 to 8. 8 was observed 

for raw shrimp during 8 days of iced storage (Table 2,   Figure 1). 

The pH of the cooked meat paralleled these changes closely.    The 

pH of zero-time sample of 7. 6 was relatively higher than other 

values reported for fresh shrimp.    A pH of 7. 2 after one day of ice 

storage of Gulf shrimp (Penaeus setiferus) (Fieger etjal. ,   1956), 

7. 4 for zero-day old shrimp (Penaeus aztecus) (Flick and Lovell, 

19 72) and 6.75 for fresh shrimp (Penaeus braseliensis) (Luna, 

19 71) have been reported.    In preliminary investigations,   the pH 

of Pacific shrimp (Pandalus jordani) samples at zero-time was found 

to be 7. 0 and storage on ice resulted in a similar progressive 

increase to 8. 4 at the end of eight days.     This suggests that a con- 

siderable seasonal variation in pH may exist in shrimp immediately 

post-extraction. 

Microbial numbers in this storage test were shown to pro- 

4 4 
gressively increase from 1x10    to 68 X 10    per gm (Table 2, 

Figure 1).     The apparent decrease in microbial load observed for 

the seventh day of storage was probably related to the washing effect 

of the melting ice and/or a sampling error.    Green (1949) showed 

that melting ice washes bacteria down into a sample lot and results 

in an accumulation in lower levels.    Although microbial numbers 



Table 2.    Changes in pH,  microbial numbers,  total and non-protein nitrogen,  tyrosine and carotenoid levels and proteolytic and polyphenolase 
activity during iced storage of Pacific shrimp. 

pH 

Total N (mg/gm shrimp) 

Non-protein N (mg/16 mg N) 

Tyrosine (ug/16 mg N) 

Carotenoid index 

Microbial numbers (log) 

Proteolytic activity 
( A A 2?S ""Vmin/16 mg N x 103) 

1 cm 

Polyphenolase activity 
( A A43.0 nm/min/16 mg N) 1 cm 

Time (Days) 
0 1 2 3 4 5 6 7 8 

raw 7.6 7.8 8.1 8.4 8.3 8.5 8.6 8.7 8.8 
cooked meat 7.5 7.7 7.9 8.1 8.3 8.4 8.4 8.6 8.7 

raw 26.4 20.4 18.6 17.0 19.9 17.0 16.3 17.2 17.1 
cooked meat 35.5 32.3 32.7 29.4 28.9 30.5 28.5 28.8 29.5 

raw 5.1 4.7 4.7 4.1 5.0 3.9 3.6 3.3 3.5 
cooked meat 2.3 2.1 2.5 2.5 3.4 1.9 1.7 1.7 1.5 

raw 236 301 356 261 266 213 200 194 192 
cooked meat 65 82 103 136 131 141 134 163 139 

raw 10.8 9.2 8.6 8.0 8.8 8.6 8.2 8.7 8.6 
cooked meat 2.4 2.3 2^2 2.1 2.0 2.0 1.9 2.1 2.1 

raw 4.0 4.4 4.3 4.6 4.9 5.0 5.6 5.3 5.8 

raw 2.27 2.38 2.48 1.87 1.34 . 1.11 . 1.02 

2.34 1.90 1.81 1.35 1.67 1.42 1.10 
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3 4 5 
TIME (days) 

Figure 1.    Changes in pH and microbial numbers of raw shrimp 
and the pH of cooked meat during iced storage. 
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4 
at the end of the storage period (68 X 10    per gm) were fairly high, 

5 6 they fall within the range of from 3. 0 X 10    and 1.3 X 10    organisms 

per gm found in commercial samples of fresh Pacific shrimp by 

Harrison and Lee (1969). 

The total and non-protein nitrogen content of raw whole shrimp 

was shown to decrease with iced storage (Table 2).    A similar 

decrease,   although variable,   was shown for samples of the cooked 

meat.    The largest loss in total nitrogen occurred during the first 

day of iced storage in both the raw shrimp and cooked meat samples. 

Non-protein nitrogen levels in the raw shrimp,   although somewhat 

variable,   showed a considerable decrease after the fourth day of 

storage.    Levels of non-protein nitrogen in the cooked meat showed 

a variable increase up to the fourth day of storage,   followed by a 

considerable decrease on the fifth day.    Levels remained relatively 

constant during the remainder of the test period. 

The loss of total and non-protein nitrogen during the iced 

storage of raw Pacific shrimp is a result of chemical,   microbial 

and physical action.     The autolytic breakdown of the gastrointestinal 

tract and contents of the shrimp coupled with the washing effect of 

melting ice probably accounts for a large portion of the losses 

observed.    Microbial action,   both degradative breakdown and cata- 

bolic utilization,   undoubtedly also played an important role,   particu- 

larly with regard to non-protein nitrogen time-level relationships. 
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A decrease in total carotenoid (astaxanthin and astacin) content 

was observed in both the raw shrimp and cooked meat during the first 

two days of storage (Table 2).    After the second day of storage, 

carotenoid levels in both the raw and cooked meat remained rela- 

tively constant.     The large loss in total carotenoid content observed 

in raw shrimp samples during the first two days of storage parallels 

losses in total nitrogen.     The autolytic breakdown of the highly pig- 

mented hepatopancreas in the stomach area of the shrimp which could 

be washed away by melting ice may explain this large initial loss. 

Losses observed in the cooked meat during this same period of time 

would not account for this initial large Loss in the pigment content. 

The analysis of carotenoids in shrimp and other shellfish has 

been proposed as an index, of product freshness (Kelly and Harmon, 

19 72; Collins and Kelly,   1969).     The results of this investigation did 

not show a change in the pigment content of the cooked meat during 

the storage period of a magnitude which  would provide the basis 

for a good  index, of product quality with respect to storage time. 

Tyrosine is liberated from proteins and peptides during the 

process of enzymatic proteolysis in muscle.    It has been used as 

a measure of such activity (Hagihara et al. ,   1958; Kakade et al. , 

1970).     Several investigations of the use   of  tyrosine   as   an 

index, of quality in fin fish have been reported (Tarr and Bailey, 

1939; Bradley and Bailey,   1940; Vaisey,   1956).    Results of these 
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investigations showed that tyrosine levels increased during cold 

storage and became most evident when advanced spoilage had taken 

place. 

Tyrosine levels in raw shrimp were shown to increase rapidly 

during the first two days of iced storage (Table 2,   Figure 2).    In- 

creased,   or at least equal,   proteolytic activity during the first two 

days of iced storage could explain this rapid increase (Table 2, 

Figure 2).    After the second day of storage,   tyrosine levels pro- 

gressively decreased in samples of raw shrimp.    Although poly- 

phenolase activity was shown to generally decrease during storage 

(Table 2,   Figure 2),   the oxidation of tyrosine to dihydroxyphenyl 

alanine (DOPA) and to other more highly oxidized products and 

ultimately to melanin pigmentmay partially explain this loss.    The 

loss of tyrosine,   as well as the loss in proteolytic and polyphenolase 

activity which could reflect lower enzyme concentrations,   was 

probably related to the washing action of the melting ice. 

Conversely,   the tyrosine level in the cooked meat progres- 

sively increased during the entire storage period (Table 2,   Figure 2). 

The meat or shrimp muscle would not be subject to the same degree 

of washing action by melting ice,   as the remainder of the shrimp 

body after degradation had disrupted its physical integrity.    Although 

a considerable amount of tyrosine was probably lost during the cooking 

process,   levels would generally reflect proteolytic activity in the 
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Figure 2.    Changes in proteolytic and polyphenolase activity of 
raw shrimp and tyrosine levels in raw shrimp and 
cooked meat during iced storage. 
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shrimp meat during ice storage. 

Trimethylamine oxide has been found in most kinds of fin and 

shellfish and has been investigated because of its bacterial reduction 

to trimethylamine.     Trimethylamine has been proposed and is used 

as an index, of seafood quality (Ronold and Jakobsen,   1947; Beatty, 

1938,   1939; Collins,   1941; Watson,   1939; Sigurdsson,   1947; Laycock 

and Regier,   1971).    Amano and Yamada(1964) have suggested from 

their investigation of gadoid fish the possibility of two completely 

different systems for the reductive degradation of trimethylamine 

oxide.    One system proposed the bacterial or the exogenous enzymatic 

reduction of trimethylamine oxide to trimethylamine.     The second 

system involves the endogenous enzymatic reduction of trimethyl- 

amine oxide to dimethylamine and formaldehyde.    Whether trimethyl- 

amine can be the substrate for,   or an intermediate in the latter system 

is not presently clear. 

Trimethylamine oxide,   trimethylamine,   dimethylamine and 

formaldehyde levels in raw shrimp (Figure 3) and cooked meat 

(Figure 4) during the eight days of iced storage are listed in Table 3. 

Trimethylamine oxide-N levels increased from a zero time level of 

2 79 to 48 7 |a,g/l6 mg N after one day of iced storage.    Levels de- 

creased progressively during the remaining eight days.    Conversely, 

the maximum level of trimethylamine oxide in the cooked meat was 

achieved after four days of iced storage.     Levels in the cooked meat 
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3        4        5        6 
TIME (days) 

Figure 3.    Changes in trimethylamine oxide (TMAO),   trimethylamine 
(TMA),   dimethylamine (DMA)   and formaldehyde (FA) 
levels in raw shrimp during iced storage. 
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Figure 4.    Changes in trimethylamine oxide (TMAO),   trimethylamine 
(TMA),   dimethylamine (DMA) and formaldehyde (FA) 
levels in cooked shrimp meat during iced storage. 



Table 3.    Changes in trimethylamine oxide,  trimethylamine, dimethylamine and formaldehyde content (ug/16 mg N) of Pacific shrimp during 
iced storage. 

Time (Days) 
01234S678 

Trimethylamine oxide-N 

Trimethylamine-N 

Dimethylamine - N 

Formaldehyde 

raw 279 487 431 392 427 306 232 263 206 
cooked meat 261 188 328 283 359 185 144 139 108 

raw 1.4 2.6 5.2 4.4 9.2 8.9 8.9 11.2 15.3 

cooked meat 0.0 0.2 0.8 1.0 1.2 0.5 0.6 1.6 2.3 

raw 3.0 5.0 19.8 16.2 26.0 30.9 34.1 38.6 41.3 

cooked meat 1.2 1.3 2.1 4.9 9.9 11.7 11.0 13.5 14.3 

raw 7.9 10.6 27.6 27.2 38.6 36.1 38.0 41.7 33.9 
cooked meat 2.0 3.8 3.7 3.9 7.5 6 4 8.2 8.8 9.6 
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then progressively declined.    Although a portion of the decline of 

trimethylamine oxide levels during iced storage reflects its degrada- 

tion to dimethylamine and formaldehyde and possibly to trimethyl- 

amine,   some of the observed loss was clearly related to the washing 

action of melting ice. 

Trimethylamine-N levels in raw shrimp were shown to increase 

from 1. 4 at zero time to 15.3 (Jig/l 6 mg N (0. 24 to 1. 6 mg/100 gm 

shrimp) at the end of eight days of iced storage.     These results are 

in agreement with the increase in levels reported by Collins et al. 

(I960) for Pacific shrimp (Pandalus species) from 0. 24 at zero time 

to 1 . 72 mg/100 gm shrimp after eight days of iced storage.    Tri- 

methylamine levels in the cooked meat were shown to be consider- 

ably lower than those found in raw shrimp samples,   but appeared to 

follow the same general pattern of development. 

Both formaldehyde and dimethylamine levels increased rapidly 

in a parallel manner in raw shrimp and cooked meat samples during 

iced storage.     These results are not in agreement with the findings 

of Castell et al.  (19 70) who reported that in shrimp muscle there was 

no reduction of trimethylamine oxide to dimethylamine and formalde- 

hyde.   Only shrimp body meat and shell were used in their investiga- 

tion and samples did not include heads and intestinal tract. 

Enzyme systems which reduce trimethylamine oxide to di- 

methylamine and formaldehyde may be concentrated in the 
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gastrointestinal tract.    Yamada and Amano (1964) found a similar 

increase in formaldehyde which was parallel to the production of 

dimethylamine and accompanied by a decrease in trimethylamine 

oxide in the muscle of three different species of gadoid fish held at 

1. 0 to 4. CCC.    Their investigations and those of Amano et al.  (1963) 

showed that the pyloric caeca of cod contained high levels of tri- 

methylamine oxide which was rapidly reduced to dimethylamine and 

formaldehyde under sterile conditions.     Formaldehyde and dimethyl- 

amine found in cooked meat could have originated either wholly or 

partially in the gastrointestinal tract of the shrimp. 

Although levels of 3. 0 and 7. 9 Hg per 16 mg N of dimethylamine- 

N and formaldehyde,   respectively,   were found at zero time,   the exis- 

tence of formaldehyde and dimethylamine in live shrimp is not con- 

clusive.    Samples were frozen on dry ice immediately after washing 

with sea water,   about one hour post-extraction,   and held at dry ice 

temperature for about twenty-four hours prior to analysis.    This 

may suggest a very rapid reduction of trimethylamine oxide post- 

extraction and prior to freezing or its presence in the gastrointes- 

tinal tract in vivo.    Alternately,   some reduction of trimethylamine 

oxide could have occurred during the brief period the sample was 

held frozen.    Castell e£ al.   (1971) showed that dimethylamine was 

produced in frozen cod,   haddock,   pollock,   cusk and hake fillets 

held at a -50C.    Trimethylamine oxide levels in frozen hake fillets 
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held in storage at -20° F have been shown to be reduced yielding a 

parallel production of both dimethylamine and formaldehyde (Babbitt 

etal.,   1972). 

Flavor panel scores for the texture of shrimp were 

shown   to   be   significantly^ lower for zero time samples than for 

shrimp samples stored one day on ice (Table 4).    Although not sig- 

nificant,   scores for juiciness,   off-flavor and desirability were also 

somewhat lower.    Freezing the whole shrimp immediately post- 

extraction and thawing during cooking reduced the over-all quality 

of the shrimp,  particularly with regard to texture. 

From the first day of iced storage,   mean panel scores for 

texture generally showed only a slight decline.    Mean scores at the 

end of two days of iced storage did not vary significantly from those 

observed at the end of eight days. 

Flavor panel scores for juiciness progressively improved 

during the first four days of iced storage.    Mean panel scores at 

the end of four days were significantly higher than those observed 

after one day of iced storage.    After the fourth day,   scores generally 

declined to a level which was significantly lower than those found 

for shrimp stored four days.    Scores at the end of eight days of 

storage,   however,   did not vary significantly from those for shrimp 

stored only one day. 

Panel scores for off-flavor and desirability generally declined 



1 2,3 
Table 4.    Mean   flavor panel scores        for cooked meat from Pacific shrimp stored on ice. 

Storage time 

(days) Texture Juiciness Off-flavor Desirability 

0 

1 

2 

3 

4 

5 

6 

7 

8 

6.87 
ab 

8.03 

7.47 

7.15 
ab 

7.38 

6.95 
ab 

6.52 

6.90 
ab 

7.12 
.ab 

6.87 

7.18 
ab 

7.65 

8.00 
cd 

8.18 

7.63 
-be 

7.97 
cd 

7.53 

7.18 

be 

ab 

7.63 
.ab 

7.87 

7.65 
ab 

7.58 
-ab 

6.85 
cd 

7.13 
be 

7. 13 
be 

6.58 

6.28 

cd 

6.67 

6.92 

6.68 

6.42 
ab 

5.88 
.be 

5.82 
be 

5.87 

5.38 

5.42 

be 

n=30 

2 
Range of scores:   9,   "highest affirmative value, " to 1,   "lowest value. " 

Mean scores in a column with same exponent letter did not vary significantly (P < . 05) from each other. 

00 
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during the eight days of iced storage.    The greatest loss in shrimp 

quality with regard to off-flavor did not occur until after the sixth 

day of storage.    Scores for desirability did not vary significantly 

during the first three days of storage.    Scores at time periods after 

three days progressively declined,   but did not vary significantly. 

Although it is very difficult to correlate biochemical changes 

with specific organoleptic factors,   the formation of dimethylamine 

and formaldehyde showed the widest measurable range of change 

which appeared to follow the general reduction observed in organo- 

leptic quality.    The levels of these two products increased even 

through the washing effect of melting ice dearly reduced the levels 

observed from those which were actually produced.    Trimethylamine 

levels and pH were shown to increase,   but the magnitude of change 

was observed to be much less and would not yield as precise an 

index   of quality.    Tyrosine levels in the raw shrimp changed in an 

irregular manner during storage,  but levels in the cooked meat 

progressively increased and appeared to follow the observed reduc- 

tion in organoleptic quality.    Changes in total and non-protein nitro- 

gen,   carotenoid and trimethylamine oxide levels and proteolytic 

and polyphenolase activity clearly affect organoleptic quality,   but 

they appear to be of little use in reflecting the relationship between 

raw shrimp quality and the quality of the final cooked meat. 
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SUMMARY AND CONCLUSION 

The post-extraction biochemical and organoleptic changes 

which occurred in raw Pacific shrimp and cooked meat during eight 

days of iced storage were investigated. 

Microbial numbers in the raw shrimp and the pH of both raw 

shrimp and cooked meat were shown to progressively increase during 

iced storage.    Total and non-protein nitrogen and total carotenoid 

content in both raw shrimp and cooked meat decreased.    Although 

proteolytic activity was shown to decrease during storage,   the losses 

in nitrogenous components were probably related to a combination 

of proteolytic degradation coupled with the washing action of melting 

ice.    Polyphenolase activity,   although decreasing during the storage 

period,   coupled with the washing action of melting ice resulted in 

decreasing levels of tyrosine during storage.    Conversely,   levels 

in the cooked meat increased. 

Trimethylamine oxide levels were shown to decrease during 

storage,   partially reflecting its reduction to dimethylamine and 

formaldehyde and possibly trimethylamine.     Levels of dimethylamine 

and formaldehyde increased in a parallel manner during the storage 

period.     Trimethylamine levels also increased,   but at a much slower 

rate. 

The organoleptic quality of the shrimp stored on ice generally 
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declined during the storage period.    Although microbial numbers, 

pH and trimethylamine levels have in the past been used as indices 

of quality,   the magnitude of dimethylamine and formaldehyde produc- 

tion during iced storage of raw shrimp appears to offer a more 

sensitive  index   of the organoleptic quality of the final cooked 

product. 
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