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A HISTORICAL OUTLINE AND GENERAL VIEW OF 
TECHNOLOGICAL ACTIVITIES IN REGION 2 

INTRODUCTION 

This part of the circular describes the re
s earch activities of the Bureau of Comm e rcial 
Fisheries Technology Laboratory in Pas
cagoula since its inception in early 1957 to th e 
end of fiscal year 1965. A resum e of the 
regional industry and its relation to the Lab
o ratory is given. Because this is the first of a 
planned series of annual reports, some his
torical data are included to cover the Labora
tory1s accomplishments since its beginning. 

The Laboratory maintains close liaison wi th 
several Stat e and Federal commissions and 
fisheries associations. The Gulf States Marine 
Fisheries Commission, a IS-man commission 
from the five Gulf Coast States, meets semi
annually to consider needed research and 
legislation. The Commission asks the Labora
tory from time to time to report its r e search 
results. The Commission may also r ecommend 
that State and Federal fishery laboratories 
perform certain research that may be needed. 

The Technology Laboratory works closely 
with the several State seafood commissions on 
research problems. Especially successful was 
a collaborative study with the Florida State 
Board of Conservation on the utilization of 
m ullet. In addition, the Laboratory has und er 
taken several cooperative studies with such 
o rganizatIons as the American Shrimp Canners 
Association, the Texas Shrimp Association, 
and th e National Fisheries Institute to investi
gate the preservation of quality seafoods. 

The Technological Laboratory at Pascagoula 
_s the only laboratory inRegion2 of the Bureau 
of Commercial Fisheries that is charged with 
carrying out research on fishery products 
from point of landing, through processing, and 
to market. Region 2 encompass es the States 
and coastlines of North Carolina, South Caro
lina, Georgia, Florida, Alabama, Mississippi, 

Louisiana, and Texas and the waters of the 
South Atlantic, Gulf of Mexico, and Caribbean. 
The wide diversity and size of the fishing 
industries served by the Laboratory are well 
known. 

The principal fisheries are described in 
further detail later in the report, but it is 
interesting to note that most of the shrimp 
caught in th e United States are landed in 
Region 2. In 1964 shrimp accounted for 17.9 
percent of the total dollars paid for all species 
of fish and shellfish caught by U.S. fishermen. 
The value of shrimp was some 20 percent 
more than for the second most valuable item. 
In 1964, statistics also show that some 36 
percent of the total tonnage of U.S. fishery 
products was landed within Region 2 borders . 

HISTORY 

The Technological Laboratory at Pascagoula 
came into being in late 1957 following the 
construction of the Pascagoula Fisheries 
Station building, which it shares with two other 
Branches of the Bureau of Commercial Fish
eries. The Laboratory Director spent con
siderable time in early 1957 visiting the 
industry and determining which problems most 
pressingly needed technological study. Follow
ing the installation of the Laboratory furniture 
and equipment in spring 1958, the Laboratory 
Dir ec tor, assisted by a chemist and a laboratory 
technician, started formal technological studies 
to aid industry in the region. 

As is true in any r esearch organization, one 
main effort in original form multiplies, finds 
new directions, and then unifies into a whole. 
The main object of any technological research 
laboratory is, of course, to aid the industry 
and the public. The methods with which this is 
don e vary with the industry it serves and i ts 



Figure l.--An exterior view of the Bureau of Commercial Fisheries installation in Pascagoula, ,11ss ., 
where the Bureau's Technological Laboratory is located. 

location. From the beginning the Technological 
Laboratory has held that the interest of the 
fishing industry of Region 2 in relation to the 
national welfare is the foremost consideration 
in planning and conducting res earch projects. 
In serving Region 2, the Laboratory has con
centrated its efforts both in aiding established 
fishing industries and in developing the use of 
underutilized species. At the same time that 
the research effort and potential at the Labora 
tory was enlarging, the character of the 
Region's fishery industry changed from that of 
a local one to a national one. To keep pace 
with the growing interests of the industry, the 
Laboratory began conducting res earch that was 
national in scope . As a result the national 
research effort of the Bureau on composition 
of fish and shellfish, the control of pesticide 
residues in fish and shellfish, and the eff ec ts 
and control of microbial flora on fishery 
products is now concentrated at our Labora
tory. Following is a brief resume of the wor k 
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accomplished between the start of research in 
late fiscal year 1958 through fiscal year 1964. 

Chemistry 
Chemical research has been the major p r o 

gram at the Laboratory in Pascagoula in 
recent years . A program entitled "The 
Chemistry of Gulf Marine P r oducts" wa s 
started in fiscal year 1958 with the employment 
of a chemist and a laborator y t echnician. The 
initial p r oject, the p r oximat e compo siti on of 
industrial fish , led throughout the next few 
years to a character ization of the proximate 
composition of 17 of the most commonly 
trawled species in the Gulf. Monthly samples 
revealed that the compo sition of these species 
exhibited a yea rly variation- -particular ly in 
oil and moistur e content . An examination of the 
oil , moisture, protein, and ash content re
co rd ed throughout the year together with other 
data collected on the size of the fish, the date 
of catch, and th e location of catch revealed 
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of the processed product. Cooperative studies 
with various industry trade organizations are 
being started. The project on composition and 
nutritive value of fish and shellfish has in
creased funding with additional national con
tributions. A study of the pesticide residue 
levels in proc es s ed fish and fishery products 
is also being started. 

Food Technology 

In its early days, the Laboratory embarked 
upon a fishery technological program for 
developing methods of using underutilized 
species. The canning of Gulf marine products 
was started to encourage a greater use of 
certain species. Sardinelike fishes obtained 
from the M/V Oregon were canned. Of the 
several species canned, round herring and a 
Sardinella species showed promise as sardines. 

Technologists noted that a large amount of 
oyster juice was lost from the steam box at all 
oyster canneries. A project was begun at the 
request of industry to develop a canned oyster 
soup using concentrated reclaimed juice. The 
product was successfully manufactured without 
adding milk. Another recipe for the production 
of oyster stew using reclaimed juice with milk 
and an added stabilizer was experimentally 
completed . 

A species of shrimp (Xiphopenaeus kroyeri), 
known locally as "seabobs", tends to cause a 
more rapid blackening of th e can and its con
tents than does other species under certain 
conditions . The appearance of this condition of 
the shrimp is often indicated by a decrease in 
acidity of the meats after catch. Pascagoula 
food technologists collaborated with the 
chemists in an attempt to control the blackening 
by chemical additives and lemon juice. This 
study led to our establishing a formal project 
to determine the chemical alterations occurring 
in all commercial species during storage. 

Food technologists attempted to solve the 
problem of short shelf life of smoked fish 
caus ed by mold growth. A pilot smokehous e 
was constructed near the Laboratory. Potas
sium sorbate was found to prevent mold for up 
to 14 wk. (weeks) when applied to mullet fillets 
through the use of a 1 percent presmoke dip. 
Use of the dip, however, appeared to raise a 
new problem--that of rancidity from oxidation 
of the polyunsaturated fish oil. Another additive, 
BHT (butylated hydroxy toluene), an antioxidant 
approved for cooking oils and oleomargarines 
and other food products, proved to be an 
effective antioxidant. 

Fishery technologists were asked to study the 
fr eezing pres ervation and storage characteris
tics of the new calico scallop resource dis 
covered off Cape Kennedy by the M/ V Silver 
Bay. Technologists went aboard the Silver Bay 
and supervised the shucking of a large sample 
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of the scallops. These scallops were returned 
to the Lab·oratory and frozen for later taste 
panel tests after the scallops had been held 
for a prolonged period in frozen storage . During 
a later period the Silver Bay delivered shell 
stock to the Laboratory for addit ional studies. 
In a collaborative project with the Gulf Explor
atory and Gulf Research unit , a device using 
vacuum and heat for shucking scallops was 
invented and put into trial operation. Thes e 
initial experiments formed the basis for a later 
industrial application. 

To obtain an objective test for assessing the 
storage life of iced scallops, we compared 
available chemical tests with the more usual 
organoleptic(sensory) tests. Trimethylamine 
(a basic substance), volatile acids, pH (measure 
of acidity and alkalinity), volatile bases , tur 
bidity produced by the addition of picric acid, 
and taste-panel scores were determined on 
samples of iced scallops over a 23 - day period 
and on a frozen sample used as the control.l 
Trimethylamine and volatile acids showed an 
incr eas e in value only after the taste panel had 
rejected the scallops. Picric acid turbidity 
closely correlated with the sensory test, par 
ticularly after the 16th day, and confirmed 
advanced decomposition. When the pH had 
increased to above 6.65 (slightly acid), the 
panel judged the scallops to be inedible . 
Volatile bas e values could not be us ed to 
assess quality as they were erratic. All in all, 
sensory evaluations were the most reliable 
means for detecting spoilage in the scallops 
since the chemical analyses did not indicate 
spoilage until it was well advanced . 

On the basis of the foregoing tests, we con
cluded that the maximum storage life of the 
scallops stored in iced polyethylene bags was 
9 days. We also concluded that a trained taste 
panel could make organoleptic analysis for 
quality and freshness more accurately than was 
pos sible with the available chemical analys es. 

Mullet utilization was the subject of a 
collaborative project with the Florida State 
Department of Cons ervation during fi s cal yea r s 
1961 and 1964. Our Laboratory planned a pilo t 
canning project designed to determine the bes t 
procedure for producing a good light-colored 
boneless fish suitable for institutional u s e . 
Several thousands of pounds of mullet went 
into both I-lb . (pound) and 4 - lb. cans befor e a 
type of pack was formulated that was favo r abl y 
received by the taste panel. The canning method 
was widely distributed throughout the Region; 
and at present there are three fi r ms in Florid a 
packing -canned mullet in limi t ed amounts. 

1 Since we were trying to find a tes t which might show 
signs of decreasing quality prior to taste- panel ascer 
tation, chemical tests which showed no discernible changes 
prior to those ascertained by the taste- panel were judged 
useless. 



Inspection 

In November 1958, the functions of the 
Seafood Inspection Service for Region 2 were 
transferred from the Bureau's Technological 
Laboratory at College Park to the Technological 
Laboratory at Pascagoula. At that time each of 
the eight plants under continuous USDI (U.S. 
Department of the Interior) Inspection had an 
inspector under the immediate direction of our 
Laboratory. Region 2 Inspection Service in
creased until, by 1962, 18 plants were under 
continuous inspection by 20 inspectors, 2 area 
supervisors, and a regional supervisor. The 
industry has had some production fluctuations 
that have caused variations in the number of 
plants under inspection. By fiscal year 1965 
the number of plants in the Region subscribing 
to USDI Inspection Service was about 16. 

The Develooment of Voluntary S tan dar d s of 
Grade for Fishery Products 

This study was funded as a program at our 
Laboratory in fiscal year 1960. The initial 
projects were for Frozen Raw Headless Shrimp 
and Fresh or Frozen Cooked Peeled Shrimp. 
Later a project was added to develop a standard 
for Frozen Raw Peeled Deveined Shrimp. In 
fiscal year 1962 the Bureau asked the Labora
tory to provide a revision of the Frozen Raw 
Breaded Shrimp Standard then in use in the 
ins pected plants. Attempts to r evis e the stand
ard to reflect market conditions more closely 
resulted in the industry requesting a larg e 
scale in- plant study. A team was formed with 
one of our food technologists, a National 
Fisheries Institute food technologist, and a 
supervisor from the Region 2 InspectionServ
ice. Their study embodied work at plants in 
Georgia, Florida, Texas, Arizona, and Cali
fornia. A large amount of data was obtained as 

Fi6ure 3.--Picking shrimp prior to breading at a USDI 
inspected plant. 
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to the effect of processing variables on the 
amount of shrimp meat found by the official 
debreading method after frozen storage of the 
material for intervals of 24 hr. (hours), 
30 days, 60 days, and 6 mo . (months). The data 
were statistically analyzed and aided in the 
promulgation of a revision of the Breaded 
Shrimp Standard. Peeling the shrimp into an 
ice - water holding prior to breading, rather 
than peeling directly onto the line, was shown 
to affect the control of moisture passage from 
the shrimp material to the breading. At the 
beginning of fiscal year 1965, all standards 
development was transferred to the Bureau's 
Laboratory at Gloucester; the Pascagoula staff 
was as signed other technological duties. 

Figure 4.--Debreading equipment is used to determine the 
amount of shrimp meat in frozen raw breaded shrimp. 

Microbiology 

Microbiological studies have formed a por
tion of the Laboratory's research program 
since 1957. With the start of the Seafood 
Inspection Service in October 1958, our Lab
oratory analyzed larger samples of frozen 
seafoods. Arrangements were made with the 
plant inspectors to ship large samples of 
production-line material in dry ice via air 
express to Pascagoula for microbiological 
analyses. A series of daily samples was 
obtained from each plant under continuous 
inspection. 

Each sample submitted was analyzed for 
Escherichia coli, the coliform group, the 
Salmonellae, ---streptococcus faecalis, and 
coagulase-positive Staphylococcus aureus. 
Results showed a tremendous variation in 
bacterial count between plants and even be
tween days in the same plant. An attempt was 
made to correlate the plant's sanitary condition 
with the counts obtained. We soon found, 



however, that apparently clean plants mlght 
have high counts, whereas sanitarily poorer 
plants might have lower counts . Clos er scrutiny 
revealed that handling and processing m thods 
affected the microbiological flora mor than 
did poor housekeeping. We showed each 
operator the results of the bacteriologic 1 
survey of his plant and product and suggested 
ways of improving th conditions . ThCllldustry 
reacted most favorably. 

In addi hon, the Seafood Ins pec tion S ervic 
required that all new products off r d to b 
packed under contmuous USDI inspection must 
be examined bacteriologic..ally fIrst before 
approval for the use of the USDI shield on th . 
new label was given. Samples from a pilot run 
were collected by the mspector and shipped in 
dry ice via air express to the Pascagoula 
Laboratory for a thorough examination. If the 
bacterial flora indicated satisfactory condi
tions, permlsslon for the product to be packed 
under the shield was immediately wired to th' 
lnspector. In the few mstances of a bacteno
logical report showing unsatisfactory condi
tions, handling and processing methods had to 
be altered before permission could be grant d. 
The us e of bacteriology as a tool for llldlcating 
the need to improve the product was well re
ceived by plant managers. 

In a comparative study, a series of sampl·s 
of breaded shnmp from nonmsp cted plants 
was obtained from local supermarkets for 
bacteriological analysis. The'> e sampl s also 
exhibit e d tremendous variablllty in numbers 
and kinds of bactena commonly used as mdl
cators of improper sanitahon and handling 
methods. In general, raw frozen seafoods had 
m o re bacteria than did cooked frozen seafoods. 

THE REGION'S FISHING INDUSTRIES 
The industries in Region 2 are among the 

largest in the United States in terms of both 
production and dollar value. The Laboratory 
has tried to serve these industries through
out its existence as well as help find ways to 
create new industries through the use of 
underutilized s p e c i e s. A brief description 
of the larger fishery industnes in Region 2 
will serve to develop the connection between 
the Laboratory's main research efforts and 
the industry. 

The domestic shrimp industry, located 
almost wholly in Region 2, is the nation's 
number one fishing industry in terms of dollar 
value. During calendar year 1964, the shrimp 
fleet caught 208 million lb. of shrimp valued at 
$70 million. Most of the shrimp catch is sold 
as fresh or frozen headles s shrimp. A signifi
cant amount of shrimp, however, is now passing 
into the consumer chain as raw frozen breaded 
shrimp (about 33 percent of the total volume ). 
The shrimp canning industry accounts for a 
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consid ·rablc· porhon of th(' proc( ss 
sold each y oar (about 7 p rc nt) . 

Oystprs in R(;glOn 2 brough OVf'r $7.5 mIl 
lion to the flsherml n , who harv( tl c:I th sh 11 
stock that yi ·lded 22 . 7 mIlllOn lb . of mats m 
19 2 . Thf oyst! r industry 1S compl( t('ly b s d 
upon thr· AmI rican oyst .r , Crassostr 'a Vlr 
!i:,.l1lca, which Sllppli th - oystf>r industry 
throughout the east rn Unlt('d Stat 5 . 

The som( yUH a c tch of {)5 .7 millIOn lb. of 
crab m at bro 19ht th fIsh ·rmen $3 .4 mlll1on . 
The mdustry, conSIsting m a larg m aStH 
of small sc. tt'r d plants , pr S('nts many 
possibilities for mprovf m nt thro 1 h ch
nological study . rh crilb m at mdustry is 
also support(·d b, d singl p Cl'S m H glonZ . 
The bl . crab, Callin ct !:i sapId 5 , IS h s..,le 
sourc of supply for th crab m at mdus ry 
along h Atlantic and Gulf of 1.XICO coa ts. 

Th m nhad n fish .ry 1 d all oth r hshprl 
in the REgIon In onnag with over 1,214 
mIllion lb ., worth 13.2 mllilon, b mg landpd 
m 1 Z. Qr voort~ patronus and~ . smithl!,i:1re 
th~ two !:ip Cl !:i of m nhad n commonly caugh 
in the Sou h Atlantic and Gull of XICO . 
M nhad n are us d for r ductlOn 1n 0 fl"h 
m aI, fish solubl s, and fish oil. 0 h r md s 
trIal hsh in th RegIon ar s d as ra v 
mat nal for s lch prod cts as p tfood, mInk 
feed, and fIsh m >a1. In 19 2 sorrf 6 . mllhon 
lb. wer landed for th.!:i P rpos s . T tal val e 
of this fish ry vas 1 .2 mlllion III 1 :i f .2. 

Fresh-wat r hsh, crayfish, muss 15, alt
water finhsh, clams, and scallops are but a few 
of the hshery reSOlrces needing technologlcal 
attention. 

Figure 5. --An oys ter shucking operation. 

OTHER FISHERY RESEARCH FACILITIES 
IN THE AREA 

The Technological Laboratory at Pascagoula 
shar es information and res earch publications 



WIt severa ot er flS ery research l a b 
oratories nearby. Through an exchang e of i n
formation, all laboratories are cognizant of 
the others' projects so as to prevent duplIca
tion of effort . 

The Gulf Coast Research Laborato ry at 
Ocean Springs, Miss., is a biologIcal teaching 
and research facility under the direction of the 
State of Mississippi College Board. Graduat e 
and undergraduate courses are offer ed f o r 
accreditation at several southern universiti e s. 
A program of marine biological research is 
carried out by a permanent staff in a n ew 
modern laboratory. 

The U . S. Public Health Service's Dauphin 
Island Shellfish R es earch Center locat ed n earby 
in Alabama is devoted to a wide variety of 
projects related to pollution in the shellfish 
growing areas . In the field of pesticide research 
this US PHS Center maintains especially clos e 
contact with the Laboratory in Pascagoula 
because both are studying pesticides in shell
fish but at different levels in the proc essing 
chains. Microbiologists at the Pascagoula 

Labo r a to r y ar mt r st d 
I sland Center's 5 udl 0 pol 
ent e r ic organlsms whIch ml 
o v e r In the £inal con 'umer p c 

The Bur eau of Comm rClal 
logical R search Laborato at 
F la ., is studymg poll hon b) p S IC 
thei r eff ec t on th mann amm 1 
na t ive habItat . Smce th Labora 
cagoula begins measurmg p 
a t the point of catch, ther 1 

bet ween the two laboratones . 
The U.S. Department of AgrIcul u 

t ains an insecticide r starch labora rv 
Gulfpo rt, M ISS . There has be nan xc.han ~ f 
inf o r mation on methods of analysl 
tho s e insecticides that might po~~ 

e stua r ine areas , be picked up by £Ish or sh 
fi s h , and thus be found In some pr C 5 d 
seafoods . With a more compl 'te KnOW. dg f 
the u s age of these dangerous chemlca 5, thl 
Bur eau of CommercIal FIsh nes WIll b abl 
to discuss hmltations for theIr us on or n Jr 
the fishing ground s. 

THE CHEMICAL RESEARCH PROGRAM 

In all our chemical res earch pr o j ects, we 
emphasized the development of methods of 
analysis of fishery products. S everal s i gnifi 
cant contributions to the knowledg e of seafo ods 
and th eir processing were made. Th e past 
year's research, including a few r e lated facts 
from previous research, will be discussed by 
individual project. 

THE COMPOSITION AND NUTRITIVE VALUE 
OF FISH AND SHELLFISH 

The composition of fish and she llfi sh vari e s 
not only from species to species but fr om one 
sample to another. Research work ers in the 
field are not in agreement about th e und erlying 
reasons for this variation, and a numb e r of 
factors have been set forth as b e ing cau s es . 
Among these are (1) season, (2) g eographic 
area of catch, (3) size, (4) s ex, (5) matur i t y of 
gonads, (6) physical activity prior t o captu r e , 
(7) feed, and (8) type of flesh. Detail ed studi es 
at Pascagoula have shown that, in all pr oba 
bility, the variations cannot b e explained by a 
simple assumption that one of th e s e fac t o r s 
causes the variation in all species. Ind eed , it 
is quite probable that eithe r th e r e i s a multi 
plicity of caus e s o r that th e r e is a specif ically 
different cause in each cas e . Sa mpl e s bei ng 
analyzed curr ently ar e (1) Che sapea ke Bay 
blue crab body meat, claw mea t, a nd offal , 
(2) Dungeness crab body m eat and claw meat, 
(3) brown shrimp tail meat a nd offa l , (4 ) fillets 
from high- w e ight male and f emale as well as 
fillets from low-weight male a nd f emale ocean 
perch, and (5) whol e al ewif e . 
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Varia tion in Composition 

Seasonal variations. -- Molsture and 011 ar 
gener ally accepted to be th most vanabl f 
the constituents on a seasonal baSIS cl.nd In 
general bear an inverse relation to achoth r. 
Although moisture and oil did vary s clsonal 
in all samples examined, the usual mv r 
r elation did not hold true in al wlf ground 
whole, nor In brown shrimp tall me ts. 'llro
gen content varied seasonallymal' butal If, 
DUIlgeness crab body meat, brown shruTlp la 
meat , and brown shrimp offal. A!tho 19h th 
nitrogen content either remain d t bl 
va r ied according to the sample of th sp Cl 
examined, certain indiVIdual amIno aCId 
been found to vary seasonally in a!l sampl 
te s ted so far (Dungeness crab has not b n 
analyzed to Gate) . Further, th total conc n ra
tion of the protein amino aClds gen ra:J nac 
a low point as the nitrogen cont nt r a s a 
high point . Table I lists th ammo aCIds th 
vaned significantly at the ';-p rc n 
better in concentration througho t th s 
fo r each of the san-pI s assayed. In g n 
the variation in mdividual ammo ac ds ap t 

to depend more on a state of a ttVlt 
ammal than it did on any oth r par 
factor . The trace min ra~ cont nt, as far 
chloride, phosphate. sodIUm, cl. d P tas 
are concerned, also varled s 
samples studled. 

DIfferences in typ 
slgnificant differenc 5 

cor ent between sample 
blue crab body mat, c a 
material; (2) brown hnmp tall 



Table l.--Amino acids and related compounds 
tha t vary significantly (at the 5-percent 
level or greater) throughout the year in 
various fish and shellfish 

Blue crab (Callinectes sapidus); 

Body meat; 

Alanine 
Glycine 
Histidine 
Hydroxylysine 
Hydroxyproline 
Ornithine 
Proline 
Tryptophan 
Urea 

Offal; 

lv'sine 
Proline 
Taurine 

Brown shrimp (Penaeus aztecus); 

Tail meat; 

Alanine 
Arginine 
Aspartic acid 
Cystine/2 
Glutamic acid 
Glycine 
Histidine 
Isoleucine 
Leucine 
lv'sine 
Methionine 
Phenylalanine 
Proline 
Serine 
Threonine 
Valine 

Alewife (Alosa pseudoharengus) ; 
Ground WhOle; 

Aspartic acid 
Ethanolamine 
Hydroxylysine 
Hydroxyproline 
Ornithine 
Taurine 
Urea 
Valine 

Claw meat: 

Alanine 
Arginine 
Aspartic acid 
Glycine 
Histidine 
Leucine 
lv'sine 
Ornithine 
Phenylalanine 
Proline 
Tryptophan 
Tyrosine 

Offal: 

Alanine 
Arginine 
Aspartic acid 
Cystine/2 
Glycine 
Ornithine 
Serine 
Taurine 
Threonine 
Urea 

and (3) low-weight male or female ocean perch 
fillets and high-weight male or female ocean 
perch fillets. The body meat, claw meat, and 
offal of the blue crab do not differ significantly 
throughout the year in aspartic acid, cystine, 
hydroxyproline, phenylalanine, proline, serine, 
threonine, tyrosine, and ethanolamine. The 
other amino acids do vary in concentration in 
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Figure 6.--Chemlst preparing a run on the automatic 
amino acid analyzer. 

the three types of samples at one time of the 
year or another. Lysine and arglnlne, how 
ever, were significantly higher m the claw 
meat and the body meat of the blue crab durmg 
all of the sampling penod. A number of the 
amino aClds dlffer in brown shrimp tail meat 
and waste material dunng the same month . 
Throughout the year the tail meat, however , 
was consistently higher in arglnine, whereas 
the offal was consistently higher in alanme, 
histidine, ornithine, taurlne, urea , and valine . 
The chlonde and phosphorus content of the 
three types of blue crab samples and the two 
types of brown shrimp samples differed from 
each other throughout the year . There was no 
difference, however, in the content of these two 
components in the oc ean perch fillets . 

Species differences .--Suggestions by several 
taxonomists have been considered concerning 
the probability of significant variance among 
the amino acid concentrations of various 
species and the use of this variation as a 
taxonomic measure . The consensus is that the 
individual amino acids of the whole animal 
will vary so widely in concentration owing to 
the previously mentioned influences that iden
tification would become improbable if not 
impossible. Recently, however, attention has 
been paid to the profile concept wher ein the 
pattern of certain of the amino acid concentra
tions has been used to distinguish between 
species. During February 1964 the R/V Oregon 



lia an opportunity to collect samples of brown 
shrimp, white shrimp , and pink speckled 
(Penaeopsis m egalops ) shrimp from nearly 
the same geographic area and within 1 day of 
each other. In fact, t he browns and whites 
were caught in the sam e trawl and could be 
considered as living in a similar environment. 
The pink speckled shrimp, however, are a 
d eepwater shrimp found in the Gulf near the 
200 fath. (fathom) curve. Table 2 shows the 
amino acid concentration of the tail portion of 
each of th e s e shrimp together with the signifi 
cant diff e renc es. As is readily apparent, the 
brown shrimp were significantly different from 
ei th e r th e white o r t he pink speckleds in a 
number of the amino acids; the difference in 
the browns and the pink speckleds were the 
most pronounced. Little difference existed 
b e tw een th e whit es and the pink speckleds. 
Only hydroxyproline had a significant dif
ference in all thr ee species. Although the 
browns and th e whitesaremorecloselyrelated 

In a taxonomic s ns , 
acid levels d o not r 
slmilanty. If his t)pt ofanaly 1 

us eful, the browns and whltC'S , WhICh 
the same genus, shouldbemor clos. r 
to each other In amino aCId lev ~ t an 
IS to the p10k speckleds, anoth r 
be that amino aCld patt rns fT\ay b 
taxonomic sens , but th e analysIs 
species does not allo\ a logIcal 1n rpr t on 
of pattern. As a further corollary, It app ar 
that depth or envi r onment has lIt I 0 do 'vI h 
changes in am ino acid conc t'ntration . If hI 
were true, the browns and whIt s sho .ld '> 
more closely related than eIther (If th mar t 
the p10k speckled s. 

Yearly and geographic vanahons .-- fhr 
samples of brown shrimp obtained at dlff rent 
times--two from the same ar a apd 10 th 
same year, one fr om a different arta and 10 

differ ent year--showed bttl dIffer nc 10 

amino aCId concentratlOns (tabl ~) . \'h( r 

Table 2 .--Average amino acid concentrations in three spe'iec of G~:f -f Mex~ 5 ri 
caught February 1964 

Average amino acid concentration 

Amino acid 
Brown White Pink speckled 

~lgnlfi_r~+ -F 'i 
dlfferen ':. in ..in 

aC'id (, ,t n 
----------------------------1---------L--------+--------------------~ 

1 Alanine .................... . 
Arginine ................... . 
Aspartic acid .... . ......... . 
Cystine/2 .................•. 
Glutamic acid ..............• 
Glycine .................... . 
Histidine ..........•........ 
Hydroxylysine .............. . 
Hydroxyproline ............. . 
Isoleucine .......... . ...... . 
Leucine .................... . 
Lysine ..................... . 
Methionine ................. . 
Ornithine .................. . 
Phenylalanine ....... .. ..... . 
Proline .................... . 
Serine ..................... . 
Taurine .................... . 
Threonine .................. . 
Tyrosine ............ .. ..... . 
Urea .................. . .... . 
Valine ..................... . 

Latitude N ................ . 

Longi tude W. . ............. . 

Depth (fath . ) .............. . 

Date ........... ..... . ...... . 

3 . 64 
3 . 81 
4 . 14 

.36 
4 . 97 
6 .19 

. 79 

. 03 

.ll 
2 . 02 
3 . 59 
3 . 52 
1.04 

.10 
1.20 
2.29 
1 .96 

. 31 
1. 77 

. 85 

. 08 
2 . 31 

29°01' 

90°12' 

7 

Feb . 20, 
1964 

.u mOles/mg . N 

4 . 36 4 .88 Hl'P 
3 . 81 4,r)6 
5 . 57 5 .17 r= 

. 38 .48 
6 . 22 6 . 23 B,I=t-
6 . 96 5 . '7 Bc:~ to 

. 86 4 If -J 

. 04 ,1 

. 01 . 21 j;F t 
2.59 2 .bl otof u 

4.32 4 . 36 Bto:'~ 

3.46 3.8.::: D,I=F, '1' 

1.25 1.4... B::F' 
. ll . L' 

1.42 1.;'1 x' 

2 .47 2 .81 
2.40 2.52 Bf 

. 65 1.():' E;c 

2 . 16 2 . 31 B:t 
. 89 .87 
-- .12 

2.80 2 .98 I Ex,' 1 Ex: 
-~ 

290 01' 28°04 ' 

90°12 ' 900 11 .5' 

7 190 

Feb. 20, Feb. 21 , :964 
1964 
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significant diff er enc es did occur, it is appar ent 
that it is the progression from the amino acid 
concentration p revalent in the winter to the 
amino acid concentration prevalent in the 
summer that results in the development of the 
significant difference. For example, the Jan
uary and February samples encompassing the 
different years and different geographic loca
tions might not be significantly different, but 
the March sample would be significantly dif
fer ent from the others in a particular amino 
acid concentration; or the February and March 
samples might not be diffe r ent , but the January 
one would. Thus, except for lysine, shrimp 
caught in different years at different locations 
had ess entially the same concentration of 
amino acids on a nitrogen content ba sis. Of the 
amino acids that varied in concentration, the 
only amino acid not in this category of single 
variation is lysine, for which all three sample s 
wer e significantly different . From an examina 
tion of the seasonal variation, however, it is 
apparent that the February sample represented 
the high point of the characteristic seasonal 
curve for lysine. 

Table 3 .--Amino acid con cent r a tion of b r own 
shrimp tai l me a ts collected in t wo years 
and in two geogr aphi c a reas in the Gulf of 
Mexico , 1963 - 64 

Amino ac i d 

Alanine ....... . 
Arginine . ..... . 
Aspartic acid .. 
Cystine/2 .. ... . 
Glutamic acid .. 
Glycine ... . ... . 
Histidine .... " 
Hydroxylysine .. 
Hydroxypr olin e . 
Isoleucine .... . 
Leucine .... . .. . 
lifsine . . .... .. . 
Methionine .... . 
Ornithine ... . . . 
Phenylalanine .. 
Proline ...... " 
0erine . . ...... . 
laurine ....... . 
Threonine ..... . 
Tryptophan ... . . 
Tyrosine ...... . 
IJrea .......... . 
Valine ....... . . 

Amino acid concent rat i on in 
sampl es taken in: 

3 . 70 
3 . 16 
3 . 98 

. 33 
4 . 90 
6 . 35 

. 67 

. 05 

. 09 
1.86 
3 . 35 
2 . 82 

. 87 

. 13 
1.11 
2 . 11 
1. 92 

. 47 
1. 70 

. 39 

. 77 

. 07 
2 . 06 

p mol es/mg . N 

3 . 64 
3 . 81 
4 . 14 

. 36 
4 . 97 
6 . 19 

. 79 

. 03 

. 11 
2 . 02 
3.59 
3 . 52 
1.04 

. 10 
1.20 
2 . 29 
1 . 96 

.31 
1. 77 

. 85 

. 08 
2.31 

4 .26 
3 . 60 
4 . 64 

. 09 
5 . 64 
6 . 45 

. 76 

. 01 

.03 
2. 13 
3 . 87 
3 . 11 
1. 06 

. 12 
1.30 
2.46 
2.33 

. 57 
1.93 

.45 

. 74 

. 16 
2 . 57 

1 Mouth of Pascagoula River, Mi ss . 
2 Off Timbolier Bay, La. 
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Sex.--In one sample of the Chesapeake Bay 
blue-crab ther e were sufficient males and 
females to divide the body meat sample 
according to sex. There were no significant 
differences discernible in proximate composi 
tion, amino acid (taurine is an exception), 
chloride, phosphate, sodium, or potassium con
centrations. 

Nutritive Value 

The amino acid pattern of all species tested 
so far indicates that the nutritive value of these 
fish and shellfish is as good as or superior to 
other animal m eats. Thus, portion for portion, 
equal protein value is obtained when meat of 
these tested sp ec ies are eaten . 

Re sults previously obtained indicate that the 
Chesapeake Bay blue crab and the Dungeness 
c rab contain very low amounts of cholesterol: 
Blue crab body meat averages 98 mg. (milli 
grams ) per 100 g. (grams) of meat; Dungeness 
crab body meat, 63 mg. per 100 g.; and 
Dungeness crab claw meat, 52 mg. per 100 g. 
Th e cholest e rol content of brown shrimp is 
higher -- 156 mg. per 100 g. 

The sodium and potassium concentration in 
a variety of fresh and processed seafoods were 
analyzed in connection with the development of 
a method for the Association of Official 
Agricultural Chemists (table 4), Although the 
sodium and potassium content of the five in
tensively studied (Chesapeake Bay blue crab, 
ocean perch, Dungeness crab, alewife, and 
brown shrimp) samples varied throughout the 
year, a yea rly average value for these species 
is also included in the table. 

Thiaminase Studies 

At the r e quest of industry, a cooperative 
projec t with the Bureau's Technological Lab 
o ratory at Ann Arbor w as undertaken to 
determine the presence of thiaminase "in six 
species of industrial fish. Thiaminase is a 
biologically active enzyme, sometimes present 
in fish, that destroys thiamine in the diet • 
Thiaminase is inactivated by heat. The species 
s elec ted for testing are those that form the 
major part of the industrial fish catch- -Atlantic 
croaker (Micropogon undulatus), Atlantic cut 
lassfish or silver eel s (Trichiurus lepturus) , 
Southern kingfish or king whi ting (Menticirrhus 
americanus), searobin (Prionotus sp.), spot 
(Leiostomus xanthurus) , and silver seatrout 
or white trout (Cynoscion nothus). Samples 
were collected by commercial vessels in 6 to 
11 fathoms of water near Grand Isle, La . , 
July 19, 1964; November 4, 1964; February 19, 
1965; and June 27, 1965. No thiaminas e activity 
appeared in any of the samples tested. 



Table 4 .--Market survey of the sodium and 
potassium concentration in various fishery 
products 

Prcduct 1 

Cod , frozen fillet ...... . 
Flounder, fresh fillet . . . 
Haddock, frozen fille t .. . 
~fullet, fresh fille t .... . 
Salmon, canned .......... . 
Tuna , canned ............ . 
Clams, canned , salt added 
Crab , Alaskan King, 

cooked and frozen ..... . 
Lobster, African Rock , 

frozen ................ . 
Oysters , raw washed ..... . 
Shrimp, raw washed ...... . 
Crab , Chesapeake Bay 

blue , frozen body meat . 
Crab , Chesapeake Bay 

blue , frozen claw meat . 
Crab , Dungeness, frozen 

body meat ...... ....... . 
Crab , Dungeness, frozen 

claw meat ............. . 
Crab , Dungeness , canned 

cooked in brine ...... ~. 
:rab , Dungeness , canned , 

cooked without brine ... 
Shrimp, brown, frozen 

tails ................. . 
Alewife, frozen whole ... . 
Ocean perch, frozen 

fillet ................ . 

Average 
concentration in: 

Sodium Potassium 

rng . /100 g . 

74 
76 

168 
83 

482 
482 
434 

446 

450 
149 
220 

299 

375 

239 

354 

791 

169 

197 
110 

111 

332 
436 
396 
307 
336 
382 
205 

230 

334 
198 
320 

316 

282 

371 

337 

163 

286 

357 
311 

345 

1 Samples were obtained i n local super 
markets at t he end of the distribution chain . 

CHEMICAL REACTIONS IN PROCESSED 
SEAFOODS 

A year was devoted to a cooperative study 
between the Laboratory and th e American 
Shrimp Canner's Association. The purpose of 
the study was to process and store a large 
test pack of canned shrimp to determine means 
of increasing the shelf life and quality of this 
p r oduct. Twenty-four variations of processing 
conditions were us ed, and withdrawals from 
storage were· set at 0, 3, 6, 12, 18, and 24 mo. 
(months). To date, samples up to and including 
the 12-mo. storage period have been analyzed; 
however, it will not be possible to predict the 
best method of processing among the variables 
tried until after the 24-mo. withdrawal. Par-
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ticular attention is being paid to texture, taste, 
iron sulfide discoloration, opaqueness of the 
liquor, and nitrogen content of th e liquor. 
Several pertinent facts are evident, however, 
without waiting until the tests are complete. 
The shrimp meats have a small loss in net 
weight over the first 3 mo. of storage. The pH 
of the liquor remains fairly constant until after 
the third month of storage when it begins to 
decline. The opaqueness of the liquor (a 
measure of the amount of protein material 
being solubilized) slowly increases during 
storage except for those packs that are ex
tremely milky at the beginning of the storage 
period. The increase in opacity correlates 
well with the increase in nitrogen content of 
the liquor and the development of undesirable 
texture. At the completion of the storage test 
we expect that it will be possible to predict the 
most desirable process for producing canned 
shrimp with a long shelf life and desirable 
quality. 

A study, also at the r e quest of industry, of 
the possibilities of increasing th e GradeAiced 
storag e life of brown, white, and pink shrimp 
resulted in a series of papers presented at a 
Symposium, sponsored by our Laboratory and 
attended by industry members from Florida 
to Texas, that w as held in Pascagoula April 14, 
1965. Since the results of this study are most 
clearly presented in terms of microbiology, 
chemistry, histology, and food technology, th ey 
will be presented in a special section at the 
end of this circular. 

PESTICIDE RESIDUES IN FISH AND 
SHELLFISH 

At the beginning of fiscal year 1965, the 
Laboratory undertook a new national project 
concerned with assaying the pesticide residues 
present in processed fishery products and 
developing methods of control. The changes 
in agricultural procedures in the past 20 yr., 
(years), necessitated by feeding a growing 
population, have also brought changes in all of 
the foodstuffs we eat. Pesticide residues of 
varying proportions are found in almost all our 
food supply. To keep abreast of the situation 
a number of Government agencies - -among 
them the U.S. Department of Agriculture, the 
U. S. Department of Health, Education and Wel
fare, and the U.S. Department of the Interior-
have agreed to monitor certain portions of the 
nation's food supply falling under their various 
jurisdictions. As the methods of detection of 
the various pesticide residues have increased 
in sensitivity, agricultural scientists have 
shown that most foods contain minute traces of 
the more common residues - -amounts well 
under tolerances allowed. A survey of fishery 



prod cts as ma!"~eted ':as started. One of the 
mo t s' gnificant facts to emerge from this 
Initial survey was that- - at least in the limited 
n mber of samples analyzed - -there is little 
eVldence of the presence of chlorinated pesti 
CIde" other than DDT, DDD, and DDE. These 
last three, howe\'er, are present to some 
degree m almost every fishery product tested . 
Th-ere s some e\'ldence that heat processIng , 
partlC lady of OIly products, redJ-ces the 
oestlclOe resIdue level somewhat (table 5) . 
A st dy of the effect of heat processing upon 
re31due levels wlll be started next year. 
The dfect of dressIng fishery products In 
r d c ng resld e levels IS shown in table 6. 
As wo ~d be expected, a large amount of the 
resld e present In the flsh IS removed along 
WIth the VItal organs , leaVing somewhat less 
than ha~f m the edible portlOn. Both the cod 
and haddock samples shown in table 5 were 
obtaIned m- the- round at the same hme from 
ve~s 15 fishmg the Grand Bank of Newfound
land. The cod samples contained conSiderably 
mort:' residues than dId the haddock samples. 
rhe pe~tlclde residue content of six speCIes of 
industrial fish is shown in table 7. At least 16 
hsh of each species were ground whole for each 
analysis . The fishwere obtained at three widely 
s V'C d tImes throughout 1 year I s penod from 
nt:'arly the same geographIC area. The vari-

blhty of resld e levels shown Indicates that 
lnVE stlgatlon Into seasonal variations in pestI
CIde re::;ld e levels should be undertaken. 

Dlfhcultie::; WIth tne FlorislP separation of 
chlonnat d pestIcide residues necessitated 

tudy of the propertIes of this absorbent. 
fInd that successful separahon and re

" rv could be achIeved by adding 0.7 percent 
y Ight of water after the absorbent was 
c.tlvat d by heatmg It at 1300 C. 

ames n.fE.rrcd to in this publication do not 
ld r E.mem of c.Orr! mE-roal products. 
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Table 5 .-- Fes~icide resi ue levels in 
vari::,us fishery .r:;roducts 

Concentra t.i::m :)1': 

Froduct. 1 

DDT DDD DDE 

Parts .Qer million 

Oysters. fresr, J.:::l.J :.ClC T2 
. 010 . 010 T 
. 010 . 010 , 

. Ole . 010 T 

. C'lO . 010 T 

Oysters, canned N~n,,:: T T 
· . dC' . .. T T 
· . d:=; .. . T T 
.. do ... T T 
• . do ... T None 
• . do . . • T Dc . 
· . do ... 0.014 Do . 
· . do ... . 01 .. T 
· . d=:> ... T T 
· . do ... T T 
· . do ... . 015 None 
· . dc • .• T T 
0.02 . 030 T 
N::me . 040 0 . 03 

Shrim~ tails, fresh None None N:me 
T T 0 . 063 

None None None 
· . do . • . , . do •.. Do . 

T T T 
T T T 

Shrimp, canned None T 0 . 043 
· . do ... Nene T 
0 . 020 0 . 020 T 

.040 . 030 T 

.010 . 020 T 
None . 020 T 

PctfJod 0 . 014 .035 0 . 078 
.015 . 036 . 058 
. 011 . 024 . 059 

T.ma lCJins, fr:nen v .343 0. 181 0 . 157 

Tuna, canned 
N::ne N~ne None (6 samples) 

...,almon, canned None N::me None (6 samples) 

.... rab neat, canned 
h~ne N~ne None (3 _wnpl~s J 

~ .~ples wer~ ~btained in lc~al supermarkets 
at the eIld )f the distributi~n chuin . 

2'I = 7r"iC'e, 1 Be than . 1 parts per million . 



La .ecv of dressing 
portion of tl1r<~e f .ishery 

1-· 
-

DD:' 
Product 

Offal lliib1", 

American l :)tst.er farts 

(average ::;f 6) ....... . It 2 

C,:,d : Nv . 1 ....... . 0..: ... • L l..L 1 . - 2 ....... . 097 . C51 j 1 ,,, . 
No . J ....... . 291 . 004 .u8 .. 
j~,-, • ......... . 703 . 10.. • .. l( 

J~Q . 5 ....... . 474 . U5? . 1. i)tl 

!-JaddQck: Nc. . 1 ....... .151 iLme '- .OF..I 

No . 2 ....... T NJne ! .. nl. 
N:) . 3 ....... T ,J::ne 
N:J . 'T ••••••• . 133 None ~ . 15 ... 
110 . 5 ....... . 187 r ..., r.~ 

· ~v 

No . 6 ....... T Ibne H. 

1 T = Trace , less t.han 0 . 01 parts per mi1li -n o 

Table 7 .--Pesticide residue levels in six species of fish obtained at ifferen+ tim s at c 

Common name Scientific name 

Silver seatrout or 
.. hi te trout ••......•.. Cynoscion nothus ....... 

Searobin ... .... ..•..•. .. Prionotus sp. . ........ 
Spot ... . •.. ..... ..•..... Leiostomus xanthurus . . . 

Atlantic croaker ........ MicroEogon undulatus ... 

Atlantic cutlassfish or 
silver eeL ........... Tricbiurus leEturus .•.. 

Southern kingfish or 
king whiting •... . ...•. Mentlcirrhus americanus 

1 T = Trace, less than 0 .01 parts per million. 

Hi ver Delta. 1964-65 
-- -- -

Coneen rat1 n r: 
- - -

DDT 1n: DD 1n: 

11/4/64 2/1~ 6/28/6~ 11/4 /64 2/19/65 ( 
~ 1 

Parts Eer million 

0 . 020 Tl T 

None T None 

.015 T None 

None T T 

None T T 

None T T 

Farts per ml111 . 

O. 02.0 I T 

rio ne e 

Ol.~ I 

ne I No 

one l 
ne 

t; 

0 

THE MICROBIOLOGICAL RESEARCH PROGRAM 

The present microbiological program em
bodies separate projects for manne and ter
rigenous (land-derived) organisms; however, 
only the terrigenous project remains active 
following the Iced Shrimp Symp'osium. 

BACTERIA OF TERRIGENOUS ORIGI 

Bacteriology of Frozen Foods 
The analyses formerly made as a part of 

the U.S . Department of the Interior Inspection 
Service were incorporated into a project in 
early fiscal year 1964. fan), samples of frozen 
raw breaded shrimp were assayed for bacteria 
of public health significance- - e.g ., total plate 
counts, the coliform group, EscherichIa coh, 
§almonella, Streptococcus fa e call f. and 

[ 



ln a frozen raw produc t produced under good 
commercial practice . 

With the addition of a fourth microbiologist 
in 1965, the project on frozen seafoods was 
broadened to include precooked items . Samples 
were taken by the inspectors of plants under 
continuous USDI inspection and shipped in 
dry ice to the Laboratory . Full recognition 
must be given to the fact that fr eezing may 
prevent growth and reproduction of from 60 to 
80 percent of the terrigenous microorganisms 
found on the frozen product . The initial results 
on precooked products in inspected plants 
showed that the incidence of bacteria of public 
health significance was encour agingly low. 
A complete survey will require more months 
of work. 

Thus far, microbial analyses have been 
completed on 36 samples of various pre
cooked fishery products. Samples examined 
included breaded shrimp, shrimp creole, 
breaded cod portions, haddock, and pollock fish 
sticks. The study was designed to determine 
total plate counts, E. coli, colifor ms, Strep
tococcus faecalis, Salmonella , and coagulase 
positive staphylococci . All of the samples 
analyzed were collected by resident USDI 
inspectors from their respective plants. 

Preliminary results indicate a total absence 
of E. coll, Streptococcus faecalis, Salmonella, 
and coagulas e-positive staphylococci in the 
products thus far examined . The overall total 
plate counts for samples examined range from 
20 to 2,200 cells per gram of precooked 
breaded shrimp; 10,450 to 20,700 cells per 
gram for shrimp creole; 5,200 to 61,000 cells 
per gram for precookec breaded fish. These 
counts reflect a rather good product picture . 
The coliform MPN 3 values ranged from 0 t o 
230 per 100 g. for precooked breaded shrimp; 
2,300 to 46,000 per 100 g. in shrimp creole; 
91 to 230 per 100 g. in precooked fish . 

Studies on Clostridium botulinum 

In midyear of fiscal year 1964, we again 
increased the staff to allow fuller att ention to 
the problem of botulism in fishery p r oducts . 
We obtained additional laboratory space by 
remodehng underutilized freezer rooms int o 
isolated botulism research areas. A project 
on the nutritional requirements of type E 
Cl. botulinum was started with the D-8 strain. 
-Amino acids, vltamins, fatty acids, classical 
preservatlve acids, and the constituents of 
nucleic acid were evaluated in synthetic media 
for thelr ability to support Cl. botulinum spore 
germination, vegetative growth, sporulation, 
and toxin formation. We found that the D- 8 
strain of Cl. botulinum had no absolute nutri 
bonal requirements. Toxin was never produced 
ln synthetlc media until citnc or lactic acid 
vas added. Once begun, however, toxin forma-

5. IP. '= 'llost probable numbers of bacteria. 

14 

Figure 8. -- A microscope is an essential part of the 
fluorescent an tibody technique used to detect Cl. botul
inum. 

tion would c ontinue when the culture was 
transferred to media not containing thes e acids . 
We tested some strains other than D- 8 type E 
and found them not to have this requirement . 
We concluded that attempts to control the 
organism thr ough its nutritional requirement s 
would be less likely to produce immediate 
success than other possible control methods. 

A verbal report from a foreign investigator 
wa s the only previous r eco rd of type E 
Cl. botulinum in the Gulf of Mexico. As an 
adjunct t o th e phase of wo rk concerned with 
type E, a very limited survey was undertaken 
to confirm this verbal report which dealt with 
the presence of this type EfromFreeport, Tex . 
In an effort to confirm this report, th e Pasca 
goula microbiologists tested 36 mud samples 
taken from various points in Galveston Bay. 
On th e 36 mud samples, two were positive for 
type E Cl. botulinum. In view of th e s e isolations 
and the verbal report, the concept that endemic 
Cl. botulinum is peculiar to northern land 
masses above 40 0 N . should be re-examined. 

During the latter part of fiscal year 1965, 
AEC (U.S. Atomic Energy Commis sion) became 
inter es ted in our botulism studies. A contract 
was signed between the AEC a:t:ld the BCF, 
adding a microbiologist to the Pascagoula 
staf£. The planned survey will require the col 
lection of samples from Gulf inshore areas to 
determine the incidence of Cl. botulinum 
type E • . The microbiologi sts will gather sam 
ples from the bays, rivers, and estuarine 
areas f o r analysis in the laboratory. Samples 
have already been obtained from Key West to 
Panama City, Fla., and from the Biloxi Bay
Pascagoula area in Mississippi. In preparation 
for this additional project, part of the unus ed 
spac e of the pilot canning plant was converted 
into a third bacteriology laboratory. 



The new fluoresc ent antibody staining method 
developed by British workers to microscop
ically identify Cl. botulinum types will b e 
compared with the toxin production-mouse 

inj ection method already accepted. Pascagoula 
s amples now receive analysis under both 
methods . 

THE SYMPOSIA 

On several occasions, our Laboratory has 
started special "crash" programs to s olve 
a particularly pressing industry problem. 
Often the r esults of the studies are published 
and distributed to interested parties. On two 
occasions the staff held conf e r enc e s, o r s ym 
p osia, with members of the industry t o present 
mor e fully the data and t o answer questions. 
Th e s e symposia have proved to be good meth
ods f o r gaining industry acceptance of the 
results and for quickly diss eminating a large 
volume o f technical information . Members of 
the industry have shown an eager ness to 
c ooperat e by traveling great distances to 
attend the meetings . 

THE CANNED SHRIMP SYMPOSIUM 

A canned shrimp t echnological symposium 
was held in the Pascagoula Technological 
Library in 1964 . A lmost ever y major shrimp 
canning firm between Mobile Bay and Galves
t on Bay was r epr e s ented. The g r oup was 
welcomed by Hermes Gautier , then Chairman 
of the Gulf States Marine Fisheries Commis 
sion. In add i tion t o th e industry members, 
the meeting had r epr e s entatives from the 

National Fisheries Institute, the American 
Can Company, the Continental Can Company, 
Sunkist Growers Citrus Products, and private 
t echnological consultants. 

Pascagoula staff members presented talks 
on "The Chemistry of Iron Sulphide Discol
oration," "Quality Control by Bacteriological 
Analysis , " "Shelf Life and Quality Extension 
by Use of Additives," and "Compliance with 
State and Federal Regulatory Acts." Following 
the talks, a series of open-panel discussions 
were held with full industry participation. 
In general the industry accepted the suggestions 
for impr ovements; however , for economic 
reasons, not all suggestions were adopted in 
the processing plants. 

THE FRESH ICED SHRIMP SYMPOSIUM 

A fresh iced sprimp symposium was held on 
April 14, 1965, following an intensive 60 -day 
study by the Pascagoula technological staff, 
whose members took short trips on shrimp 
vessels and collected samples of three com
mercial shrimp species--pinks, whites, and 
browns. The results of this study are described 
below. 

ICED SHRIMP STORAGE STUDY 

EXPERIMENTAL 

Sampling Methods 

B r own shrimp and white shrimpw ere caught 
on trashy, muddy bottoms near the mouths of 
rivers , and pink shrimp were t aken from clean 
sand bottoms off Tortugas. Thr ee typ es of 
samples we r e taken di r ectly from the trawl 
as it emptied on deck. An a s eptically col
lected sample wa s picked up with sterile 
forceps and p lac ed in sterile jars of ice . 
Another sample was washed exceedingly well, 
aft e r th e shrimp wer e headed by hand, and 
mixed with ice in a 2:1 r atio. Th e third sample 
was washed f o llowing no rmal commercial 
p ract i c e and iced in a 2:1 ratio. All shrimp 
wer e br ought to th e Laboratory in less than 
3 days. 

At the L abo ratory, a large amount of ice 
wa s placed in th e bottom of commercial 
shrimp boxes before the shrimp were added; 
the ice wa s well packed into the corners and 
around the sides. This was done to keep the 
shrimp from coming in contact with the box 
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as the ice melted. The shrimp and ice were 
mixed in a ratio of two parts ice to one part 
of shrimp, and a large cap of crushed ice was 
placed over the shrimp. The boxes were 
all placed so that they would drain adequately. 
We added a fresh layer of ice to the top of 
each box daily and turned and re-iced the 
shrimp on an average of every 2 days. 

Daily withdrawals were made for study at 
the Laboratory. Because the aseptically col
lected sample had only a few shrimp, we could 
not perform a large number of analyses on it; 
consequently, although we made routine daily 
withdrawals for microbiological purposes, 
we withdrew only a few for chemical and 
or ganoleptic analys es. 

Organoleptic Analysis 
One of the tests on the shrimp was daily 

grading by organoleptic analysis. The major 
criteria for these analyses were appearance 
and odor of the raw shrimp, and taste of the 
cooked shrimp. The grades were designated 
as A, B, substandard, and inedible. Figure 9 



shows the time in days that the shrimp re
mained in each grade. Usually, the shrimp 
that had a good wa sh reached Grade B much 
later than did th e sam e species that were 
wa shed in the usual manner. The good - washed 
shrimp often r emained in Grade B longer than 
did the average-washed shrimp. 
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(A ) 

trow" $hrimp: 

Pink shrimp: 
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Figure 9.--0rganoleptic grade patterns obtained during 
the iced storage of (A) white shrimp, good wash; (B) 

white shrimp, average wash; (C) pink shrimp, good 
wash; (0) pink shrimp, average wash; (E) brown shrimp, 
good wash; and (F) brown shrimp, average wash. 

Bacteriological Methods 

We used the standard t o t al plate count 
method to determine daily the number of 
bacteria per gram of shrimp. The procedur e 
for making the total plate count was as follows: 
50 g. of headless shrimp with shell intact 
were placed in a sterile Waring blendor jar. 
containing 450 cc. of sterile phosphate buffer 
and blended for 2 min. (minutes) . From this 
blended portion further dilutions we re made as 
needed. Each dilution was plated by pipetting 1.0 
cc. of the dilution into an empt y petri dish and 
pouring sterile melted Tryptone Glucose Ex
tract Agar into the plate, mixing, and allowing to 
solidify. The medium was prepared with both 
distilled water and with filtered sea water. 
Once inoculated, the plates were divided into 
two groups --one being incubat ed at 25 0 C. 
(77 0 F.) and the other groupat37 0 C . (9 8 .60 F.). 
The plates were incubated at these t emper
atures for 48 hr. at which tim e they were 
removed and the colonies counted. The total 
plate count for each sample was determined 
by averaging duplicate plates of the same 
dilution. 

Chemical Methods 
Biochemical analyses were planned so as to 

follow protein and connective tissue degra-
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dation by enzymes and bacteria. Fractions of 
the protein followed were: (1) the nonprotein 
nitrogen (NPN) fraction composed of amino 
acids and small peptides; (2) the salt-soluble 
fraction composed of enzymes, muscle pro
teins, sarcoplasmic proteins, and a portion of 
the connective tissue; and (3) the acid-soluble 
fraction composed of most of the remainder of 
the connective tis sue. 

The fractionation was accomplished in the 
following manner. Six shrimp were blended at 
4 0 C. (39.2 0 F.) in a Waring blendor (equipped 
with baffle) WIth a volume of phosphate buffer, 
pH 7.0, ionic strength 1.0, about 10 times 
the ir weight for 90 sec. (seconds). The homo
genate obtained was centrifuged at 3,000 x grav 
ity for 20 min. at 4 0 C. The supernate was care
fully r emoved from th e insoluble protein 
material. The NPN fraction w as prepared by 
taking a portion of the supernate and precipi 
tating the protein material with trichloracetic 
acid . We consider ed the salt-s oluble fraction 
to be the difference in value betw een th e 
supernate and th e NPN fractions. The insoluble 
material collected above was reblend ed with 
a pH 3 . 6 Sorenson citrate buffer in a Wa ring 
blendor at 4 0 C. The blend was allowed to 
stand for 24 h r. in the cold and was then 
centrifuged at 16,000 x gravity to remove in
soluble materials. We considered th e super
nate from this fraction t o be the acid-s oluble 
fraction. 

Duplicate nitrogen values were obtained on 
each fraction ever y day to follow th e degra 
dation of the shrimp tissues. Nitrogen values 
w er e obtained with the standard micro - Kj eldahl 
technique and are r eported as the average of 
th e duplicate values. An additional analysis, 
that of the amino acid hydroxyproline, was 
used to r eflect changes in the connective tissue. 
The colorimetric method of Bergman and 
Loxley was adapted to our needs . Duplicate 
determinations of hydroxyproline were made 
for each fraction; we report the results as 
averages of the duplicate value. 

Histological Methods 

In order to follow the changes in the muscle 
and structural parts of the shrimp during the 
iced-storage period, we used classical histo
logical methods of microscopic analysis. The 
sixth abdominal somite of the shrimp was 
selected as the point from which to obtain 
the tissu e sections . This somite was chosen 
because it was the smallest and thereby 
the easiest to embed and section, 

Following the removal of the shell, a section 
of tissu e about one-quarter inch long was re
moved from the somite and placed in Zenker' s 
fixative, dehydrated, imbedded in paraffin, 
sectioned, and stained. 



RESULTS AND DISCUSSION 

Bacteriological Results 

From a bacteriological standpoint, the first 
important fact noted about th e bacteriology of 
shrimp is that the numbers of bacteria have 
a very high degree of variability. This vari
ability may be due to one or more of the 
following factors: size of shrimp, type of 
bottom inhabited, intestinal flora, and chance 
contact with extraneous contaminants. We noted 
that the bacterial counts on the white shrimp 
were initially higher than on the browns, 
which were higher than th e pinks (figs. 10, 11, 
and 13). This order was followed throughout 
the study: th e white shrimp reached much 
higher counts than did th e brown shrimp; and 
they, in turn, reached much higher counts than 
did the pink shrimp. The simplest explanation, 
although not the only, for th ese diff erences is 
the type of bottom the shrimp came from- - since 
a muddy bottom tends to have a much higher 
bacterial count per gram of sediment than 
does a sandy bottom. 

Following the removal of the shrimp from 
its natural habitat, a series of standard prac
tices begins, each of which influences sub
sequent bact erial d evelopments. First the 
shrimp are headed. Heading reduces the bac 
terial load from 50 to 8 0 percent, because the 
major portion of th e shrimp' s bacterial load is 
found in the cephalothorax, or head. At th e 
same time this native load is being drastically 
reduced, handling is introducing extraneous 
bacteria. Actually, this introduction of bacteria 
begins prior to heading and continues through
o ut the storage period. Once the shrimp ar e 
entrapped in the trawl and brought aboard 
a vessel, th ey are imm ediately exposed to con
tamination by foreign microorganisms. Most 
o f these contaminants are introduced from 
e ither the vessel, equipment, or crew and 
a re of terrigenous origin. Examples of these 
type s of contaminants would be coliforms, E. 
coli, streptococ ci, staphylococci, Salmonella, 
PrOteus, and many others. 

The second major event in this series is 
the process of wa shing the shrimp. Efficient 
w ashing may r educe th e initial bacterial count 
as much as 75 percent. Results from this study 
indicated that washing had no great effect in 
maintaining low e r bacterial co~nts during th e 
first week of storage; however, during th e 
second week of storage it became clear that 
this initial washing played a very important 
role in its ultimate effect on bacterial counts 
(figs. 10, 11, and 13). The type of bottom from 
which the shrimp are taken should influenc e 
the type and extent of washing the product 
is given. A shrimp caught on a muddy bottom 
requires a much better wash than a shrimp 
caught on a clear sandy bottom . 
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Figure 10.--Tota l pla te counts of homogenates of white 
shrim p on salt-water media at 250 C. 
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Figure 12.--Comparative total plate counts during the 
first 7 days of iced storage of pink and white shrimp 
on salt-water media at 250 C. 

The third major event in the series begins 
when the shrimp are first placed in ice and 
continues throughout the iced storage . When 
shrimp are iced, an artificial environment 
is established to which the bacter ia pr es ent 
must adapt. This change in temperature, and 
in some cases salinit y, tends to bring about 
a change in the microbial population. 

The first major bacterial population change 
occurred in the white and pink shrimp between 
the fourth and fifth days (fig. 12). The change 
can probably be attributed to the loss of 
micrococci. This hypothesis is supported by 
a mar ked r eduction of thes e morphological 
types from stained smears and the almost 
total abs ence of typical colonies . This change 
was delayed somewhat in the brown shrimp 
as it did not occur until the seventh and 
eighth days (fig. 13); however, the same r ea 
sons for the change might apply equally 
well for this group . 

The second m a j 0 r bacterial population 
change occurred between the 10th and lIth 
days in the white good - washed and the brown 
good-washed shrimp (figs. 10 and 13). On the 
9th and lOth days the same change occurr ed in 
the good-washed pinks (fig. 11). This change in 
population corresponds to the sharp drop in 
the number of Flavobacterium . The change 
might be attributed to the reduced salinity of 

18 

the shrimp because the Flavobacter are 
more adapted to live in higher salinities than 
are the o th e r species pres ent. 

The third major change in population took 
place between the 12th and 15th days in all 
three species (figs. 10, 11, and 13). This 
change seems to represent the points where 
a r eduction occurs in the number of pseudo 
monads r emain ing and an increase occurs in 
th e number of Achromobacter . In this period, 
Achromobacter becomes the dominant type 
of microorganism in the spoilage pattern. 

When shrimp are iced, they are usually 
plac ed in alternate layers of shrimp and ice. 
This layering may bring about another change 
in the shrimp bacteriologically . When shrimp 
are layered in a bin or box, the thickness of 
th e layers should be held to a minimum and 
ice should be scattered in with the shrimp . 
The added ice within the shrimp layers facili 
tates the wa shing e ff ect that normally takes 
place . It also r educes the density of packing , 
which could easily r e sult in anaerobic condi 
tions. This dens e packing may result in " bilgy 
shrimp " due to anaerobic microorganisms. 
Studies have been made of the differences in 
bacterial counts in the different layer s of 
shrimp (Green, 1949 4 ). Green found that the 
bacterial counts of shrimp in the uppermost 

4 Green, Margaret, 1949. Bacteriology of shrimp. 
II. Quanti tative studies on freshly caught and iced shrimp. 
Food Res. 11: 372- 383. 
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Figure 13.--Total plate counts of homogenates of broWn 
shrimp on salt-water media at 250 C. 



layer of a bin or box had about a twofold in
crease in bacterial counts, whereas the shrimp 
in the bottom layer had about a thousandfold 
increase. The difference in numbers is pro
duced by a steady washing that takes place as 
a result of melhng ice. Consequently, the 
shrimp in the lower layer are immersed, or at 
least subjected to the washings from the upper 
layers, which produces an enormous increase 
in bacterial counts. Thus, "melt water" should 
be prevented from percolating through more 
than two or three layers of shrimp. 

The microbial populations of the whi t e and 
pink shrimp that were aseptically collected 
(fig. 14) compare well with those of the good
and average-washed shrimp. As we expec ted, 
counts on th e white shrimp were consistently 
higher. Both whites and pinks show ed two 
major population changes occurring between 
th e 10th and 14th days. Although th e bacteria 
counts were never as high as for th e commer
cially collected samples, the spoilag e pattern 
was the same except for the tim e required. 
The commercially collected species spoiled 
long befor e the as eptically collected species. 
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Figure 14.--Total plate counts of aseptically collected 
white and pink shrimp homogenates on sea-water media 
at 2So e. 

Chemical Results 

The nitrogen content of the acid - soluble 
fraction of both the average- and good - washed 
white shrimp follow each other clos ely through-
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out the period of storage- - both begin at 
0.5 mg./ g. of shnmp and proceed to a value 
almost half of that through the penod of 
Grad e A life of the shrimp (fig. 15(A)). The 
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nitrogen then r emains much the same in this 
fraction through the period s of Grade B, 
Grade Substandard, and Inedible. 

The nitrogen content of the salt- soluble 
fraction of the average - and good - washed 
white shrimp samples do not differ g r eatly 
from one another (fig. 16(A)). But, signifi
cantly, by the time that the Grade A period 
is over, only two-thirds of the original nitr o 
gen remains in this particular fraction. From 
thereon the nitrogen values remain fairly 
constant. 

Figure 17(A) shows the nitrogen content of 
the NPN (nonprotein nitrogen) fraction of the 
white shrimp. By the time that the Grade A 
period is over the nitrogen content has fallen 
to about half that of the original first-day 
shrimp and changes little thereafter . It appears 
that enzymatic action is causing the proteins 
to become more soluble. Once a certainloss is 
experienced, the shrimp become Grade Band 
from thereon become substandard by reason 
of developing off-odors and tastes. The off
odors and tastes probably result from further 
enzymatic degradation of certain products of 
the beginning degradation of the proteins . 
Figures 15 (B,G), 16 (B,G) and 17 (B,G) rep
resent the nitrogen content of the three frac
tions of pink and brown shrimp. The same 
reasoning can be applied to each of these series. 

Our hypothesis at the beginning of the study 
was that as certain genera of bacteria grew 
on the shrimp or in the shrimp, a collagenase 
would break down the connective tissue thus 
causing it to weaken. This action would be 
indicated by an increase of hydroxyproline in 
the most soluble fractions of the shrimp meats. 
There is little difference between the hydro
xyproline values of the good- and the average
washed white shrimp (fig. 18(A)). The initial 
hydroxyproline content is little less than 2 /lg. 
(micrograms) per mg of N and increases to 
5 /lg. or better by the time the shrimp have 
passed from Grade A to B. The significant 
point is the manner in which it incr eas es. 
On the sixth day it increases to 7 - 8 micro
grams; by the 10th to llthdaythegood-washed 
shrimp is ahead of the average - washed by 1 day. 
There is then a dip with the sameday's differ 
ence, followed by a peak at 13th and 15th days . 
The corresponding bacterial growth curve 
(fig. 10) shows that the peaks c orre spond, 
as do the dips. In othe r words- - as each 
separate bacterial population takes over, fur
ther damage takes place. 

In shrimp, the hydroxyproline content of 
the salt-soluble fraction disappears altog ethe r 
on the ninth day (fig. 19 (A)) indicating th e 
absence of collagens forming th e salt-s olubl e 
group. 

Although some of the hydroxyproline content 
of the NPN fraction of the whit e shrimp is 
almost certainly washed out with the ice 
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water, there is again produced the s ame s ort 
of pattern as was indicated above in the acid 
soluble fraction (fig . 20(A)). Ther e i s a r i s e on 
the fifth to the sixth day, a mor e dramat ic 
increase of fourfold by the 10th day, a fur t h e r 
increase on the 12th day of sixfold over t he 
first day. This fraction , too , follows t he same 
general pattern as the bacterial growth pattern. 
The patterns are the same in all species studie s 
(figs. 18(B,C), 19(B , C), and 20(B,C)) . 

The only notable difference in pattern is in 
the salt - soluble hydroxyproline content of t he 
pinks and browns. Her ether e is a slight r i s e 
on the 12th to the 13th day due to the appear 
ance of hydroxyproline in the salt - soluble 
fraction. The bacterial curve that the chemical 
curves have been related to is the one that 
shows the growth in salt- water medium at 
25 0 C.- - the estuarine forms previously indi 
cated as having a high proportion of collagen
ase. This series of hydroxyproline and nitro 
gen experiments was also performed upon 
several samples from the as eptically collected 
lot of shrimp. The chemical picture obtained 
was exactly the same as previously indicated • 
The nitrogen content of the aseptic lot fell as 
low as the nitrogen content of the commer 
cially treated lots, and the hydroxyproline 
content of the acid and NPN fractions ros e 
as high. There is a good indication that the 
estuarine bacteria, pr es ent on the shrimp as 
it is caught, do the damage to the actual struc 
ture of the shrimp. 

The initial pH of the good-washed whites 
was almost 7.4 and that of the average - washed 
was 7.3 (fig. 2l(A)). The pHofthe good- washed 
white remains lower than that of the average 
washed until the ninth day, when both ar e equal. 
Both then follow generally the same pattern 
throughout the remainder of the storage period . 

The initial pH of the pinks was somewhat 
lower; by the third day the good - washed pinks 
had a pH of 7.1 and the average - washed pinks 
a pH of 6.9. In this instance washing seemed 
actually to cause a rise in pH (fig.21 (B ) ). 

The br owns had reached a pH of 7 . 1 for the 
good-washed and 7.4 for the average - washed 
by the fifth day (fig . 21(C)). Once again the 
average-washed shrimp seem to have the 
advantage in pH until the 10th day when both 
lots become equal. 

Histological Results 

Histological sections were stained and 
studied at intervals to point out the amount of 
deterioration of connective tissue at various 
times during the population shifts. Consider 
able destruction of the epithelium and swelling 
of th e connective tissue were noted as early 
as the seventh day. By the 14th day, the con
nective tissue was sloughing and disrupted and 



14.D r--------------------------, 
z 
;; 
= 12 .0 
Z 

• · ~ 10.0 

:: 
i 
: B.O 

~ 
2 
~ 6.0 
w 
~ 
~ 
:x: 4.0 

• · · ~ 

2 2.0 

i 

WHITE SHRIMP 

_GOOD WASH 
_ _ A'VEIU.Gf WASH 

( A) r-

__ .... / t! , 
' , ' 

, 

1 

/,.- ... '"(/ 

/' 

r ........ " I • 
I 
I 

I 
I 
I 
I 
I 

t - -& 
1 

I 
I 

I 

D.D D!---~--!--......I!--~!--~lD!--~11!--~1.~-"'"""16,.....-"'""",8 
AGE ( DAYS ) 

14D ~-------------------------~ 

z 
;; 
2 12.0 

z 

• · !; IO.O 
o 

;: S.O 

2 !: 6.0 
w 
o 
a · :t 4,0 

• · ~ 

~ ~.O 

i 

PINK SHRIMP 

_ GOO D WASH 

_ _ AVER.t.GE WASH 

( ' ) 

D.D .!-D --~--....L--+--+--.,.lD~-....,.)1,....-....,.14,....-~16---:!,8 
Am: ( DAYS ) 

14.D r-------------------~=------, 
z 
;; 
= 12.0 

Z 

• · g 10.0 

• 
;;: B.O 

z 
2 
~ 6.0 
w 
o 
a · ::t 4.0 

i · ~ 

~ 2.0 

• 

.. OWN SHRIMP 

_GOOD WASH 
_ _ AVf!tAGE WASH 

(e) 

D.O ~D ---+--~--+--+---!,1O!--~11:---:':)':---+.,6~--;\)8 
AGE ( DAYS) 

Figure 20. --Change in hydroxyproline con tent of the NPN 
fraction s of (A) white shrimp, (8) pink shrimp, and (C) 
brown shrimp during iced storage . 

23 

% . 

% . 

WHIT( SHIlIMP 

~OWASH 
__ ,.VUAGE WA SH 

( ' ) 

.... _---- -/----_ .... -

PINK SHR IMP 

_GOOD WASH 

-_ AVERAGE WASH 

( e ) 

I', 

)D 
AGE ( DAYS ) 

)1 

/1 '\ _.Ji>---Jo.... .......... ,.-_------ .... --

). 16 18 

10 
AGE ( DAYS) 

)1 (6 )8 

% . 

BROWN SHRIMP 
GOOD WA SH 

__ AVUAGE WASH 

(e) 

/r-_ ... __ f" '" , , 
,/ r-~_~ 

10 
AGE (DAYS) 

11 I. 16 18 

Figure 21. --Change in pH of (A) white shrimp, (8) pink 
shrimp, and (C) brown shrimp during iced storage. 

wa s accompanied by bacterial invasion of the 
muscle tissue . Sections of the wood of the 
shrimp boxes showed that large numbers of 
micro-organisms were invading the wood and 
we r e also on the surface where they could 
readily contaminate the shrimp. 

RECOMMENDATIONS FOR HANDLING 
SHRIMP 

1. Handle the shrimp quickly while they are 
on deck . Carry out the sorting, heading, 
washing, and icing in the shade ifpossib1e 
(consider rigging some sort of tarp for 
shade) . 



2. Wash the snrimp adequately wltb a jet 
hose, both before icing and at th e dock. 
(Fluming will not r educe th e bacterial 
load on th e shrimp unless th e wat er is 
rushed past th e shrimp and drained out of 
the flum e end) . 

3. Clean the hose, equipment, hands, and 
deck, to r educe contamination by land 
bacteria. 

4. Mix two parts shrimp wit h one part ice 
rather than forming layers of shrimp 
between ice. 

5. Treat flooring to reduce pockets that will 
hold shrimp and juices . 

6 . Make sure that the bilge pump operates 
efficiently . 

7 . Seal penl5oara-s- and use polyethylene lor 
sheathing so that it can be tak 'n off 
occasionally to allow the wood to dry . 

8 . Use adequate amount of Ice on bottom, 
sides, and top of the box or holds so that 
shrimp will not come Into contact with 
any material o th e r than ice . 

9 . Maintain a temperature slightly higher 
than 32 0 F . so that th e ice will melt. 

10. Re-ice the sides and top if necessa ry to 
prevent shrimp from touching the sides o f 
the vessel. 

11. Aiter the cargo is discharged, scrub the 
hold and equipment wlth chlor mat ed wa ter . 
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