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ABSTRACT 

J:'he activities o f the Technological staff at Pasca 
goula concern product and process development , con
ta ine rization, chemical composition of fisher y products , 
pe sticide re sidue -analysis , and microbiological analysis . 
P resented a re results of research on new and improved 
methods of preventing the development of flesh browning 
in snapper , ranc id odors and flavors inSpanishmackerel, 
adverse texture chang es infrozenoysters , blue discolora
ti on s in cra b meat, green discolorations in frozen raw 
breaded shrimp, and adverse changes in canned shrimp 
during storage . A countrywide study of the shipment of 
iced fish in leakproof c onta iners is described. N e w 
attempts in increasing the iced storage life of shrimp 
through t he use o f bacteriostatic agents are discussed. 
Developments in the sanitary handling of fish meal are 
p resented, as a r e the results of a study to mechanize the 
handling of various types of industrial fish. 
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Report 
Bureau of Commercial Fisheries Technological Laboratory, 

Pascagoula, Mississippi, 

for fiscal years 1967 and 1968 

INTRODUCTION 

During fiscal years 1967 and 1968, most of 
the fisheries in Region 2 were financially 
profitable. 

The domestic shrimp industry, largely lo
cated in Region 2, became the first U .S. 
fishery to reach a $100 million exvessel 
evaluation. In spite of increasing shrimp im
ports, the consumer demand equalled the 
supply, and the price continued to move up
ward. The production of breaded shrimp is 
estimated to continue at nearly 100 million 
pounds for the year. 

Florida calico scallops have become a factor 
in the national production of scallops. Several 
vessels from Florida and Georgia are now 
landing calico scallops at St. A ugustine and 
Cape Canaveral, Fla . One of the vessels car
ries automatic processing equipment--shell 
cutting machinery and shucker- eviscerator 
units. 

Blue crab processors continued to be plagued 
w ith light landings, labor shortages, and con
sumer resistance to high retail prices. 

Menhaden landings, although higher than 
those off the east coast of the United States, 
decreased 11 percent over the previous yea r. 

Snapper, one of the Region's most desirable 
species of fish, usually marketed as whole 
fresh fish partially drawn (guts removed), 
played a part in the increasing demand for 
fresh iced fish, either as fill ets or dressed 
whole fish. 

A s the Technological Laboratory a t Pasca 
goula moved into its 10th yea r of operation, 
industry request ed more and more t echnologi 
cal advice. In keeping w it h Bureau policy , we 
gave these requests our car e ful at t ention and 
made every effort to provide infor mati on. In 
some instances, w e had t o divert manpo we r for 
a quick study if the p roblem wa s new and 
seemed to affect a substantial portion o f the 
industry. 

The Laboratory staff continues t o surve y and 
monitor technological research granted t o the 
States under Public Law 88 - 309 , "Commercial 
Fisheries Research and Development Act of 
1964 . " The staff is occasionally r equested to 
repo rt on the progress o f an Economic De
velopment A dministration project that has 
technological significance. 

During fiscal y ear 196 7 we evaluat ed the 
program of the Labor a t o r y and a lt ered it some
w hat. We halte d the microbiological p r ogram 
and the chemistry program and diverted the 
f u nd s to a more practi cal and timely program 
o f a s sistance to the Region's industry . The pur 
p os e o f the program is t o i ncreas e the eco
nomic gain o f our fi sheries through the de
velopment of new produc t s, p roc esses, and 
handling techniques. 

This report summarizes the results of 
research carri ed o ut in the pas t 2 yea rs 
under both the o l d and the new res earch 
plans. 

PROCESSING AND PRODUCT DEVELOPMENT 

In developing our program of technological 
aid to the fishing industry of Region 2, we de
termined that a number of the serious problems 
of the industry lay in the field of processing 
and product development. We selected a num
ber of species of both edible fish and shellfish 

and of industrial fish t hat could benefit in in
creased productio n and economic value if 
certain technological problems were solved . 
The reorganized program logically developed 
into two subsections , (1) edible fish and shell 
fish and (2) industrial fis h. 

ED I BL E F ISH AND SHELL F ISH 

We felt that increased economic benefit to 
the fishing industry would result from research 
on several important species in the industry . 
Reports on the research conducted so far con
cerning problems associated with the snapper, 
Lutjanus spp., Ocyurus sp.; Spanish mackerel, 
Scomberomorus maculatus; oysters, Crassos-

trea virginica; blue c rab, Callinectes sapidus; 
shrimp, Penaeus s pp .; tuna, Thunnus alalunga; 
and Coho salmon, Oncorhynchus kisutch. Stud 
ies on the containeri zat ion o f fishery products 
are also described, as are t hose aimed at de 
veloping new methods of processing fisher y 
products. 



SPECIES 

The following sections des c ribe t he resea rch 
effo rts that are being made to solve p r o b l ems 
p revent i n g greater utiliza t ion and ec on o m i c 
benefit of the several spe c ies . 

Snapper 

We examined the pres ent mark et p otential 
for snapper fille ts and s t eaks becaus e l a r g e 
stocks of snapper have been dis c ove red i n t he 
Ca r ibbean, and they me rely need a pot e ntial 
market to be p rofitably u s ed . The ma r ke t po 
tential appeare d to be qui t e promi sing p r ovided 
that solut ions we re available fo r probl e ms o f 
rapid b row ning of the fl eshy s id e o f the fi llet 
and discolorat ion o f the red skin pigment. 

Preparatory to beginnin g wo r k on t he p r ob
lem o f the browning o f snappe r s t e a ks and 
fille ts, w e visited the majo r Missi s s i ppi , 
Alabama , and Florida snapper p roduc ers a n d 
processo rs. W hile on the tou r , we l ea rned that , 
in addition to the brow ning a n d di sc ol orations , 
the snappe r p roducers had a p r o blem w ith the 
shrinking and curling of the skin when Ca r ib 
bean and yellowtail snapper were cooked. We 
co n duct d a short experiment t o t r y to find how 
to elimina te the s kin - cur ling . We c ut fillets o f 
bo th species into I - inch cubes , dipped them in 
a 10 - percent solution of each o f t he chemical s 
listed below, and cooked them for 30 second s 
in a microwave oven to encourage skin curling . 
The chemicals used we r e sodium chloride , cal 
cium chloride, potass ium chloride , disodium 
hydrogen phosphate, potassium di h yd r ogen 
phosphate , sodium carbonate , sodium cit r a t e , 
citric acid , ace t ic acid, and sodium t r ipoly 
phosphate. The only promising addi t ive was 
citric acid . 

Since the use of citric acid appeared to be 
beneficial in solving this proble m we expe r i 
ment ed further to find the best condit ions fo r 
its use . Several Ca r ibbean and y ellowt ail 
snappers we re dippe d whole fo r I minut e in a 
10 - percent citr ic acid solution; some we r e 
no t dipped . Aft er being fro zen several w e eks , 
the fish we re then thawed , deheaded, s t eaked, 
and broiled. The nondipped cont rols o f bo th 
species curled excessively, whe reas the c itr ic 
acid tr ea t ed steak s did not curl at all. T he 
exc ellent text ure and appearance o f t he t reate d 
steaks was indica te d by the organolept ic s c o r e 
they rece ived fr o m our taste panel. We t hen 
notified industry o f this relatively easy a n d 
inexpensive way to eliminate the skin shrink
age of certain snapper species . 

In an effo rt to solve t he browning probl em 
in frozen snapper steaks and fillets, w e put up 
a test pack o f snappe r steaks and fillets . We 
decided to attack the browning problem fir s t 
by using antioxidants. We felt that the inabili t y 
of antioxidant s to penetrate t he fish flesh and 
skin might be responsible for the inadequat e 
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p rotection of fisher y products with antioxidants 
found b y other w orkers in this field; therefore, 
w e de vised a semiautomatic injection system 
that uses hypodermic needles and an automatic 
s y ringe. We successfully used this system to 
inject solutions of seven different antioxidants 
into the fish prio r to steaking or filleting them. 
T o test the effic i ency of the system we incor
porated an oil- soluble d y e in the mixture of (a) 
vegetabl e oil and (b) emulsify ing agent, water, 
and vegetable oil. Fillets and steaks were both 
subjected to a series of injections. A fairly 
even coverage w as obtained w ith about 4 ml. 
of solution. Oil injections--such as might be 
used for BHA (buty lated h y droxyanisole), BHT 
(buty lated h y droxy toluene), Tenox 4, and 
Tenox 6l -- w ere not at all s a tisfactor y since 
t h e a ntioxidant did no t penetrate the fillet 
e v enly . For this reason all oil soluble ma
terials w ere injected in anoil- water emulsion. 

W e obtained 1,400 pounds o f fresh, gutted, 
iced y ellow e y e snapper from a local fishery. 
The chemical additives used in this experi
ment w ere B HA, BHT, p ropy l gallate, Tenox 4, 
T e n ox 6, a s co rbic a cid, and Na2EDT A (the 
d is o d ium salt o f e thy l enediaminetetraacetic 
a c id ). We u sed three different methods to apply 
each o f t hese chemi c a ls: (I) dipping the steaks 
and fillets ; (2 ) i n j ecting the fish before steaking 
or filleting ; and (3 ) i nj e cting the fish before 
e ither st eaking or f illeting them and then 
d i ppin g t he steak or fillet. All of the stea ks and 
fi ll e ts, a ft er be ing gla ze d, w ere stored in wax
c oated b oxes with wax-pa per s e parators. We 
a l so p r ocess e d control p a cks of steaks and 
fi llet s. 

T o a scertain whethe r atmospheric oxy gen or . 
oxyg e n in the water gla z e was play ing a role in 
t he bro wning of snapper flesh, w e put into 
va cuum sealed Cry o vac ba g s s e veral boxes of 
control f illets a nd froze them. W e a lso dipped 
f i ll e ts in citr i c acid, Tenox 4, and Tenox 6, and 
packaged them in Cry ovac vacuum bags 
to a scertain whether the additional protection 
o f th e vacuum p ackage wo uld prove b e neficial. 

We e valuated the pack o rga noleptically as 
well as che m i cally . The chemical tests in
clud ed free a nd total ribose d eterminations on 
th e m e at, free amino a cid c ontent of the meat, 
and reflectance measureme nts to determine the 
degre e of brow ning that h a d taken place. Our 
t as te panel scored the pa c k after it had been 
stored at - I OOF. for 9 months. The panel scored 
4 5 p erc e nt o f the t o tal pack as inedible. The 
fi llets that received the highe st organoleptic 
score after 9 m onths of storage w ere the ones 
that had been tr eat ed w ith citric a cid and pack
aged in C r yovac va cuum bags. Fillets injected 
wit h ascorbic a c i d received the lowest score. 
By t h e end of 9 m onths of storage w e could see 
that a nt ioxi d a nt s w ere not e fficient in control 
lin g the browning of th e sna p p e r flesh. The 

lReferences to trade names in this publication do not 
imply endorsement of commercial products. 



Figure l.--Processing snapper in vacuum bags to prevent browning. 

fillets that had been packaged in Cryovac 
vacuum bags had much better quality organolep
tic ally (taste, appearance, texture) than the 
ones that were glazed and stored in the wax
coated c ar tons. This finding indicates that the 
browning reacti on is partially of an oxidati ve 
nature but not one which can be controlled by 
ordinary a ntioxidants . 

W e learned from our initial review of t he 
literature that the flesh has amino acids and 
certain sugars that can react and cause the 
brow ning. Armed wit h thi s information and the 
fact that antioxidants did not seem to inhibit t he 
brow ning of the snapper flesh, w e put up another 
test pack of snapper that we treated w ith chemi
cals that suppress the reaction of amino acids 
with sugars. The chemicals that w e used in 
amounts not exceeding Food and Drug Adminis
tration additive allowances were TDP (3 , 3 '
thiodipropionic acid), glutathione, Na2 EDT A + 
PG (propyl gallate), and TBHQ (mono-tertiary 
butylhydroquinone). W e used only fillets in this 
pack. The chemicals w ere injected into the 
fillets, w hich wer e packaged in Cry ovac vacuum 
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sealed bags. We also processed controls, which 
we r e untreated. The pack was evaluated organ
oleptically as well as chemically. The chemical 
tests o n the flesh included free and total ribose 
determinations , free amino acid determina
tions, and reflectance measurements. 

After 6 months of storage at - 1 0 0 F., the 
flesh o f the fillets that had been treated wi th 
T DP and glutathione was nearly as light in 
color as that of a freshly filleted fresh snapper. 
The flesh of the c ontrol fillets, the TBHQ 
fillets, and the Na2 EDTA + PG fillets was very 
bro wn at the end o f 6 months of frozen storage. 
A cco rding to the free ribose data, the chemi
cals TDP and glutathione had almost completely 
inhibited the reaction between the amino acids 
and sugars present in the flesh. This inhibition 
is the reason for the light-colored flesh of the 
fill ets treate d with these two chemicals. Be
ca use t he fill ets t::-eate d with TDP and glutathi
one were 6iven t he highest organoleptic score 
b y our taste panel , we felt that we had a good 
product that could be produced for a minimum 
in ext ra cost. 



T h e n ex s ep wa s 0 de ermine the consumer 
a p pea l of he package and of the fillets and the 
p r o spec Ive price in t he retai l market. These 
a re n e firs q es ions h a a prospective proc 
e s o r wo l d as k wh en old of the product. 

Beca u se 0 r Laborato r y staff has less than 
25 p e o ple who could be classed a s representa -

! ve c o ns u mers , we had to arrang e to have 
m e mb ers of the surrounding community serve 
o r. 0 r cons u mer taste panel. One hundred 
peopl e .... hom w e contacted at rando m agreed t o 
pa r IC lpate in retu rn for a s uppe r o f snapp er. 

',\ e gave these people frozen samples to tr y . 
,\' e ha d o b tained , f rom a local source , 550 
po 'nd s o f fresh yelloweye snapper, which we 
sca.ed a nd filleted . These fillets we r e pack
aged In C r y ovac bags , fr o zen , and given to t he 
!>a "l1ple rs . After cooking t he p roduct b y me th
od!:> l eft to their disc retion, each family filled 
o a 1 O- question form . From these question
r.alres w e learned t ha t abou t 5 percent o f the 
t a n el w ould pa y be t ween $1 . 00 and $1 . 50 pe r 
12. oz.. package for snapper fi ll ets if they were 
available to the public . This stated pr ice i s 
aboll .·.'ha t these f illets would have t o sell f o r 

hp re t aIl level. All o f the families thought 
na ne fille ts were packaged very a ttracti vely . 
lan) famili es remarked t ha t the clea r Cryovac 

bdg not o nly allowed them to s ee both sides of 
:,e fille s to give t hem a be tt e r idea o f t he 

qual! y , bu t a lsogave t hemanideaofthe amount 
o f fl!>h t o pu rchase . Ninety -three percent of the 
IJdnel al!>o Ind i cated on t heir ques tionnaire that 
hese fr oze n f illets w ere equa l to, or better in 

t d s e t ha n , fresh iced fish . As a ne w fis hery 
p r oduc t , t hi S {orzen Cryovac - packaged snappe r 
~'a!:> r ecei ved extremely well by the general 

f.- .bllc In t hiS a rea. 

Spal1l ' h Macker 1 

D velop ment o f rancidity in oily fish during 
f roz.en to r a g e has l o ng been a p r oblem to the 
fl hlng Indu s r y . ThiS rancidity has resulted in 
.,hor t'r !>helf li f e o f certain species and a loss 
)f proh., 0 t he md u s ry . An t ioxidants have 
~ro ~h ~omp re lief from rancidi ty . The g rea t
,'s u!>,' o f an lo xldants to retard r ancidity has 
be n WI h foods o f other than marine orig in. 
fnl' f ishing Indu r y has used antioxida nts ina 

I.ml d ·.~·a\' 0 p r e serve fish meal or certain 
I,·.il "pl'("les o f fish such as haddock and cod . 
ll .. c.l 'it' o f r .lncld l y , fatty fish species such as 
<;p Inlsh m.lck er I a nd triped mulle t , Mu il 
c'·phal • ." ha v e had l a rge losses in pro fi t and 
IT, rC()f·cl. t sal 

~"\'''r< I 
t I ~ .. t 

• r chers have shown recently 
o r _ a n d fl a vor could develop 
o Yl'le n . The y found that minut e 

q o f copp r o r I ron will Induce the 

r. t ,. r 

o f r ancid odo r and flavor . It 
h .. d ev lopmen of rancidi t y 

h be 'of o l d In natu r 
Ion o f he 011 m h 
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normal manner or th r ough metal ion catalyzed 
reactions. 

W e realized the tr emendous help a sol ution 
to the rancidity problem would be to the fishing 
industr y . In January 1968, we startedaproject 
that we hope will offer some relief to the in
dustry . One thousand and one hundred pounds 
of Spanish mackerel were recei ved from Mara 
t hon, Fla ., by air . The fish, which w ere less 
than 24 hours old and in pe rfec t condition, were 
treated with a variety of antioxidants by (I) 
injecting, (2) dipping , and (3) injecting and 
dipping . The fish were treated ei ther as whole 
fish or as fillets. Fillets we re packed in vacuum 
and wi th an ice - wate r glaze . Whole fish we re 
glazed. The antioxidants used w ere Tenox 4 
(BHA and BHT) and Tenox 6 (B HA, BHT, PC, 
citric acid, and propylene glycol). Na2 EDTA 
wa s also used in combination with Tenox 4 and 
Tenox 6 or by itself. Organoleptic and chemi 
cal evaluations have been made at 2 - week, 1-
month, and 3 - month int ervals to date . R e sults 
from the 2 - week samples were used a s a base 
line denoting extremely fresh fish . Our taste 
panel scores for all samples on the 2 - week 
dra w we re 3 .5 or better . After 3 months of 
frozen storag e , organolepti c t es ts showed all 
samples still t o be in good c ondition with scores 
of 3.0 to 4.4 . These s c ores , however , we re a 
slight decrease over the corresponding ini t ial 
Scores . The major producers o f Spanish mack
erel estimate that 6 months o f storage time 
elapse before Spanish mackerel has noticeable 
rancidity . After the 3 - mont h draw, our expert 
tast e panel detected no rancidity . The t a ste 
panel preferred mackerel packed in vacuum or 
treat ed with EDTA after 3 months of storage . 

Chemical tests included FF A (fr ee fatty a cid) 
and peroxide values . All samples had increa sed 
peroxide values and FF A content over the 3 
months I storage time. Comparison o f peroxi de 
values wi t h organoleptic scores are no t signif
icant , inasmuch as samples with better organo 
leptic scores had higher peroxide values . FF A 
content followed a tr end similar to that followed 
by peroxide values. 

The data collected after 3 months o f frozen 
storage show that samples tr ea t ed wi th 
Na2 EDTA received better organoleptic scores 
and had lower peroxide and FF A values than the 
controls . 

Oysters 

From talks wi th several members of the 
oyster industry , we found t hat they would like 
t o be able to freeze " fat " oysters and have 
them retain their fresh-as-raw-stock t as te, 
texture , and appearance for 6 months or 
longer . This fr eez ing capability would provid 
a supply o f good oys ters during the season when 
t he oys ters are lean , or thin . Although froz n 
oys t ers have been marketed for 20-25 y ars , 
t h length of time the y can be stor d and thaw d 
in a high quali t y condi t ion i only about I month. 
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r-ee:t r . They · ... ·ere ransfe r ed 0 a walk - ' n 
lreez.er and 5 ored a _ 100 F . fo r exa mi ation 
cO I , 3 , 6 , , and 12 mon h s o f o rage . Add i 
lonal 0)'5 ers '.vere I F (ind lvidua ly quick 

frozen) and glazed 10 he above li q uid s , sealed 
n Cr 'ovac bags , and s o r ed in h e same man

ner a he canned oys e r s . 
The froz.en canned ors er s and glaz.e d Cr y o 

vac 0.,. er5 ·~·ere es ed fo r o r ga no l eptic rat 
lng, pH, and gl ycogen cont ent imm ed iatel y af er 
fre zing and with each sub sequent d ra w . 

All pacl<"s s ored 1 mont h s howed Ii tle dif
fe rence from newly pu r cha se d ra w o y sters in 
all e , ex ure , and appea ranc e . T hose oysters 

t-l ure 3.- - fr Zell ra 

s ored for 3 mon hand 6 mon h had a wide 
range of organolept ic scores-- the odium chlo 
ride rea ment had the highest core and the 
gl ' cogen treatment t he lo~ est score . Re ults 
of he s udy indica te hat s odium chloride solu-
ion is best for packing oysters whether they 

are frozen in cans o r sea led in vacuum ba s . 
Six months appears to be t he rna imum length 
of time that oysters can be froze n and still be 
acceptable in taste, texture , and appearance 
when compared to fresh raw oys ters . This 
method of w et packing frozen oysters does re 
sult , however , in the desired increase in 
storage life . 

oy Ie r 011 h h If - h 11. 



pH values remained rather constant through 
the experiment . The glycogen content of the 
different packs varied considerably but could 
not b e correlated with organoleptic ratings , 
type of liqui d medium, or length of storage . 

Blue Crab 

The pasteurized and canned blue crab meat 
industry has been plagued for many years wit h 
th e sporadic blueing ofthe picked meat. We ha ve 
started research to determine the cause and to 
solve this p roblem. We suspect t hat wha t one 
segment of t he indus try calls blueing, another 
calls blue - greying (iron sulfide discoloration) 
and tha t even several t ypes of "blueing " occur . 
Many worke rs believe t hat t he discoloration is 
caused by different f a ctor s and t hus may not be 
the same problem in each instance . For ex
ample , an occas ional spot will form in the blue 
crab meat . This blue is very dis crete and 
does not affect the entire contents o f t he can. 
On the other hand, a b lue - grey discolorat ion 
sometimes affects the enti r e contents o f the 
can. Still another variation in this phenomenon 
is a d e finit e grey color associatedwitha break 
in the enamel of the can- - obviously the age - old 
problem of iron sulfide discoloration . 

We urned our a t tention t o t he blue or blue 
grey discoloration. A review of the literat ure 
shows the cause to be at tributed to : (1) metal 
ions, such as coppe r and iron, forming a com
plex with the proteins , (2 ) lo w - quali t y raw ma
t erial, (3) overheating o f the canned product, 
and (4) the presence of excessive sulfur in the 
female crab during certain seasons ofthe year. 
Several " cures" have b een suggested, butnone 
seems to w ork. 

After a car e ful study of the literature, we 
decided to study first the copper and iron com
plex theory. We performed th r ee experiments . 

1 . We conducted an experiment that called 
for including chelating agent s t o tie up the 
metals (e . g ., Na 2 EDTA ) and for including 
acids (e.g., l a ctic a nd citric a cid s) to lower 
th e pH. Research wo rkers had sugges t ed that 
each of these ac t ions is an effec t ive remedy . 
The crab meat was treated with each chemical , 
sealed in cans , and pasteurized according to 
commercial practi c e . After s t orage for 1 y ear 
at 40

0 
F. , none o f the cans , including controls , 

had blueing. Some of the additives had a detri 
mental effect on the crab meat , whe reas others 
caus ed no ill e ffects. A similar experiment 
with chelating agents and acids was conducted 
s imultaneously wi t h cans t hat had the inside 
enamel purposely scratched. Results showed 
some " rusting " in the can seams throughout all 
tr eatm ents in both experiments . We saw no 
blue-grey discoloration, however, in " scratch
ed " cans with the exception of those treated 
wi th citric acid . Those treated w ith E DTA and 
ladic acid did not discolor to a noticeable de 
gree. 

7 

2 . We made another experimen 0 de er 
mine i f th e pasteurizing t ime and mpera ure 
affected the color of pasteuriz d crab mea . 
We heate d cans of c r ab meat for 5 , 10, 20 , and 
30 m inutes at 170 0 , 180 0

, and 190 0 F . The can 
were stored 12 mont hs a t 40 0 F. and examined 
periodically . Results show that pas eurizing at 
1700 F ., regardless of t ime at his tempera 
ture, had no effect on t he color . Crab meat 
heated to 18 0 0 F. was slightly discolored 
thr oughout the can; again , there wa no ap 
preciable difference between packs pasteurized 
for different lengths of tim e at this tempera
t ure . pasteurization at 190 0 F. caused the 
greatest amount of discoloration, which again 
was independent of time of pas t eur i zation . The 
conclusion from th is wo r k is that overheating 
does cause some bl ue - g rey discoloration; 
ther e fore , pasteuri zation t empe r a t ures should 
be held to a minimum . Pasteurization imes 
should be adjusted so that they suitably reduce 
hazardous bacterial counts at the lowest tem
perature possible . Length o f t ime a t th e 
pasteurizing temper a tur es does not a ffect the 
color . 

3. Our third e x periment was made to learn 
how the quality o f the ra w crab meat a ff ected 
the quality of the pasteurized crab meat. W 
obt ained fr e sh picked crab meat and pasteur 
ized portions after 0 , 1, 3 , 6 , and 10 days 
storage o f the picked crab meat a t 40 0 F. We 
pasteurized the cans us ing commercial grac
tices including refrigerated storage (40 F . ). 
We made bacteriological , organoleptic , and 
color analyses at regular int ervals . The dis
color ation increased in the pasteurized meat 
as t he time of " aging " (b e fore pasteurization) 
inc reased . Storage time o f t he pa steurized 
me at has little to do wi t h discoloration. The 
crab meat "a ged " 10 days before pasteurizing 
commenced, however , was spoiled after I 
month of storage . 

Shrimp 

Since the shrimp industry o f Region 2 is so 
large and manufactures such a wide array o f 
products , we found several problem areas 
connected with various facets of the mdustr),. 
Research on shrimp processes and products 
which w e conducted is described in the follow
ing paragraphs. 

Frozen raw breaded shrimp.--An industry 
problem of rather large economic proportions 
was brought to the Laborator y by several of 
the largest producers o f frozen raw breaded 
shrimp. Frozen ra w breaded shrimp were being 
rejected by distributors , brokers , retailer s , 
and customers wi t h regularity , owing to he 
appearance o f green spots on the breading sur 
face. After careful examina ion, several de rl

mental qualit ie s were ObVlOU . The green ap
pearance consisted o f large fla areas of hree 
different sha d es o f green (dull blue- reen , 
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bright green, and bright blue), originating at the 
shrimp- breading interface. 

We made a microbiological and chemical 
analysis of the shrimp. No organisms on the 
shrimp, either bacteria or molds, were found 
capable of producing the various colors. The 
shrimp were found to have a high pH and a 
strong smell of ammonia. Chemi cal analysis 
of the batter and breading from the shrimp 
revealed a high content of iron, chromium, 
cobalt, nickel, and copper. Analyses for iron 
and other trace minerals in colored and non
colored breaded shrimp suggested the possi
bility of colored ammonia complexes. Con
siderably more than the expect~d amount of 
iron found in the samples w as in the f errous 
state. Ferrous ion produces a grey- green color 
when complexed wi th ammonia. 

Upon closer examination w e found magnetiz
able black particles on the cut surfaces of the 
shrimp, and these particles were the clue t o the 
problem. To recover the black particles, we 
digested several samples of breading from 
colored shrimp w ith NaOH (sodium hyd roxide ) 
and filtered the digest mixture. The recovered 
black particles were placed on ammoniacal 
shrimp. These were then processed by a hand 
batter and breading operation after w hich they 
were fro zen. After several day s in fro zen 
storage, the shrimp were allow ed to thaw 
momentarily. The temperature fluctuation was 
repeated a second time. The characteristic 
g reen colors appeared after the second thaw. 

We made a plant visit t o survey the manu
facturing practices, as w ell as to draw a num
ber of samples. Sources of water to the plant 
and online samples we re analyzed for trace 
minerals. The major source of contamination 
with metal residue wa s not found because on
line samples contained residues but closed
water supplies did not. The p ossibility arose 
that metal residu es were airborne; therefore, 
air samples w ere t aken with an air- sampling 
vacuum pump. The air samples contained 
significant amounts of cobalt, manganese, and 
nickel. Apparently, metal dust carried into the 
plant by air currents was settling onopen water 
tanks, shrimp, breading, and batter. Then, 
through a complex reaction at the shrimp 
breading interface w hich takes p l ace at tem
peratures near fre ezing, metal ions are pro
duced that combine with ammonia to produce 
various colored compounds. We made recom
mendations rega rding the elimination of th e 
air borne contaminant s. 

Canned shrimp. - - During the past biennium 
we processed a test pack of canned shrimp i n 
the laboratory. We were trying (1) to control 
the formation of struvite in canned shrimp 
and (2) to give the shrimp a firmer, more 
desirable texture. A possible new food additive 
wa s added to the pack in the liquid medium 
at levels of 0 . 25 percent, 0.50 percent, and 
1.00 percent. We processed this pack under 
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simulated commercial conditions . To provide 
optimum conditions for struvite to form, how
ever, we stored the pack under refrigeration 
so that we could evaluate the capability of the 
additive as a preventor of struvite. We found 
that if th e shrimp are to be stored for 1 
year or less, that the 0.25 percent level of 
additive produced the best textured shrimp 
with lit tle o r no struvite formati on. If the 
shrimp are to be stored for 1 year or longer, 
how ever, th e 0.50 percent level of additive 
produced the best textur ed shrimp wi t h little 
or no struvite. 

In cooperation wit h the American Shrimp 
Canners Associati on, we helped put up a test 
pack of c anned shrimp at a New Orleans 
shrimp canning plant. The purposes of putting 
up this pack were also twofold: namely , (1) to 
control struvit e formation in canned shri mp 
and (2) to give the shrimp a more desirable 
t exture. This pack had the same additive 
mentioned previously . The additive wa s added 
t o this pack at levels o f 0.25 percent and 
0.5 a percent in the liquid medium. To as certain 
th e e ffect of size on th e usefulness of th e 
additive, we used both small and jumbo shrimp. 
We divided the pack into three equal lots and 
stored one lot in a conventional warehouse , 
another in an air - conditioned warehouse , and 
th e third lot i n the conventional warehouse for 
3 months and then rotat ed to the air - conditioned 
wa r ehouse to be stor ed there for 3 months. 
The 3-month rotating cycle of this third lot 
was continued throughout the storage period. 
A ft er 18 months of storage, we found that 
the c ans of shrimp that (1) contained the 
0. 50-percent level of additi ve and that (2) had 
b een stored in an air-conditioned warehouse 
for this period of t ime had the best texture 
in packs of both si zes of shrimp. We found 
also that struvite seldom form ed i n these 
packs. 

Shrimp t exture. -- To gain more knowledge 
about how marine organisms destroy shrimp 
connective tissue, we developed a method to 
isolate and purify th e insoluble collagen of 
shrimp. By learning more about the nature 
of shrimp collagen from a chemical standpoint, 
we felt we could better understand its destruc
tion, which is accompanie d by softening of 
te xture . 

The method used for the isolation of in 
soluble shrimp collagen was a modified pro 
cedure of Veis, Anesey, and Cohen. This 
procedure involved extraction of homogenized 
shrimp meats with different buffer s. All of 
the foreign protein was removed by these 
extractions, and the pure insoluble collagen 
wa s left. After isolating and purifying in
soluble shrimp collagen, we t hen made several 
chemical and physical analyses of it. The 
analyses included determinations of hexose , 
amide nitrogen, amino acids, total nitrogen, 
and x - ray diffraction pattern. Insoluble shrimp 
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colla en ha an 1 ammo aCid c ompo -
lion . 1 con ain mino aCid ryptophan, 

which 1 no found In any 0 h r coli en . 1 
dl playa he hlghe lysine con en of any 
r epor d collag Shrimp colla n con ain 
a bou one- thIrd amoun of hydroxyprol me 
normally found oth r collag n . This 10 
hydroxyproline con ugge ha hrlmp ' e 
collagen 18 no a rally ound as 0 her 
collagen . Thi c ral weaknes acc o nt 
for the fact tha hrimp connective I a e, of 
which collagen is the major con I en. I 
r lativ ly easily de tr oy d by the enz.yme 

ye t m of micro organi ms . 

PRESERVATIO 

Method of pre ervation of fi hery prod cts 
which allow lnc reas ed quality, yi Id , and 

torag life are always in demand . Durmg 
hecal year 19 7 and 1968. we experimented 
with the use of nitrofurans and radio stenhza
t ion to ascertain their eff ctiveness in achlev 
ing one or more of these goal . 

Nitrofurans 
itrofurans are organic chemical com

pounds , many of which have bacterio tatic 
properties . In other word, compounds of 
this type tend to prevent the growth and 
mUltiplication of bacteria . The Japanese have 
demonstrated the effectiveness of many nitr o 
furans in inhibiting bacterial growth on flshery 
products . Furylfuramide ha b en hown 0 

be the greatest inhibitor of bacteria growth 
of all the nitrofuran compounds . Thls com 
pound, although not as yet approved by FDA 
(U.S . Food and Drug AdmlnistratlOn), has been 
approved by the Ministry of W Hare of Japan 
for us in fi hery product such as kamaboko 
(fi h sau agel . Furylfuramide has been used 
succ ssfully for 14 year In Japan, however, 
ther I no record of any ni rofuran haVing 
b n us d to pre erve food In the Unl ed 

tat e 
Approval of 

b t ed 
food 

I tanc 
hav 

a a 

ch em ical a 
p r od c t 
s r a ed 

A wa . 
no a 
In 

0 e I Ion 
chem ical. 

rihl 

11 

a 

Ion 

1\ r ! In ... 
t t • r 

"r!!,· \,.. 
r .. 



on : 
been 

ere de\'e oped 
and fcoz.en 'or 

l~ 

a 
ora emp . 

Fl h cake 
~a mon, ng 
develop·d for 
modlflca 10ns, we found 

1 lng of cornm aI , gela In, 

'on ng was ace p able. The 

n t Irr 

o 

non 
Ra 

everal 
a formula con 
wa er, and ea

a te panel rated 

1 



the irradiated salmon cake s h igher t han they 
rated the tuna cakes ; how e v e r, bot h r e c ei v ed 
very high organoleptic scores . Liquid hicko r y 
smoke was added to each of the abo v e p r od uc ts . 
The "smoked" product was rat ed e q ua l to o r 
better than the comparable product wit hou t 
smoke. The smoke flavor apparently tends t o 
mask the irradiation flavors and odors. In 
fact, smoked products produced the h ighe st 
panel sc ores of all items developed. 

A f i s h loaf was pr pared f rom na and 
sa l m on . We t es t ed 10 dlff r n form la lon, 
includin g 1 t ha t was pr par d epara ly 
w i t h t oma t o s auce . The two prod c 
t he h ighe s t panel scores befor b In lr r adla 
w e r e p r o d uced in large quantI I s for Irrad13-
ti on . T he i rrad ia t ed p r oduc s w r acce abl 
t o t he pa n el; salmon ra ed the hlghe Th 
p r oducts (both tuna and s almon) wi th 
s auc e r at e d lowe r t han t hose WI hou h 

CONTAINERIZA liON OF FISHER Y PRODUCTS 

We presented results of a Bu r eauwid e study 
of iced seafood shipping containers at t h e 
National Fisheries Institute meeting held in 
San Francisco in Apr il 1968 . 

We began this study in an effort t o find an 
economical and efficient means of shipping 
small lots o f fresh iced seafoods i n l ea k 
proof containers . Includ ed in the stud y w er e 
boxes of several des igns. The most notabl e 
differ ence among the d e signs w as wh e t he r 
the box was of one - piece styr o f oam con 
struction wi th lid (commercial box, S e attl e 
crab box) or of br e akdown multiple - pie c e 
construction wi th lid (Pascag oula b o x , Glouces
ter box). We did this study becaus e comm on 
carriers refus ed to accept wo od e n b oxes o r 
barrels which have to be re-ic e d and wh i ch 
leak ice wa t e r. 

Tabl e 1 indica t es t he box IS y t 0 b d -
s igned t hat will satis f y complete ly h n ds of 
th e fr esh iced sea f ood indus t ry . Th pr 5 n 
b oxe s gener ally allow t h seafood t o r ach It S 
d e stinati o n in good condi t ion but are th m lv· 
r eceived in p oo r c ondi t IOn . Beca s th s con
t ain e r s a r e r ela t i v ely expensIve , It would b 
e c onom ica lly d e s i r able to design a box ha 
would withs t and r e peated usage . 

W e f e lt tha t it was necessary t o establlsh 
a m e t h od f o r e ff icient ly sanitizmg a contam r 
i f i t were t o b eu s edas amultiple-trip iced a 
food box . Therefo r e, a large s h ipmen o f fr sh 
£ish was m a de in s eve r al commercIally con
struc t ed poly sty r ene cont ainers as w 11 as In 
th e comm o n wood en f ish boxes . W examm d 
th e s e cont ainer s bac t eriologIca lly be fo r and 
a ft e r t h e shi p m ent and a ft er th o r ough cl ea nm~ 

Tab le l,- - Res ults of t he Bureau of Comme r ci a l Fi she rie s and National 
Fi s he ri es I n st i tute containerization st udy 

Boxes: 
Receive d 

Boxes with good Bad I y Pe r cent age 
Type cont ainer sh ipped f i sh dama -'ed damaged 

Number Number NUr.Jber Percent 

Commerc i a l box 42 35 30 71 

Gl ouceste r box 6 5 0 0 

Pascagoula box 43 35 26 60 

Seattle crab box 2 2 0 0 

Total 93 77 56 60 

Breakdown of damage by shippers 
Boxes dama 

Type con tainer Tr uck REA llrai I REA air 
Number Number Number 

Conune r c ia 1 box I of I 5 of 5 13 of 

Gl o ucester box - 0 of 2 0 of 

Pascagoula box I o f I 4 of 6 12 of 

Sea ttle c r ab box 0 of I - -

Total 2 of 3 9 of 13 25 of 

1 Railway ~-press Agency 
2 Cardboard tor n and dir y 
Remarks : The only bad fish found '.ere in 

broken boxes" days in rW1si 
or in good boxes delayed ., days 
or more. 

13 

15 
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16 

32 

ed by: 
Air freight 

Number 

11 of 16 

0 of 3 
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20 of 36 

Lost or 
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that influence salmonellosis, and (3) the con
trol methods that have proven successful 
in similar industries would be of value to 
the fish meal industry. 

After FDA promulgated the recent regulation 
forbidding the interstate shipment of animal 
feed ingredients contaminated with any species 
of the bacterial genus Salmonella, we formu
lated a project that involved an operational 
procedure review of each fish meal producing 
facility. While at a plant, we instructed plant 
management on the scope of product contami
nation and necessary preventive control 
measures. 

To date, we have visited 33 fishmeal pro
ducing facilities in Regions 2, 3, and 4. Before 
wide audiences, we have made formal pres
entations of instructive material. In these 
presentations w e emphasized that we ask 
them to follo w certain guidelines, which can
not be considered as clear-cut rules. At 
each plant, after w e made a detailed inspection 
of all operational procedures, we suggested 
those measures that the facility should t ake 
to produce a Salmonellae-free product. 

Figure 8. -- P r eparation of materials to be used for 
sanitizing box cars to prevent r econta mination 
of fish meal during shipment. 

DEVelOPMENT OF PROTOTYPE MECHANICAL DEVICE: 

ONBOARD FISH PRESS 

Due to the ever-increasing need for protein 
for human and animal consumption, we for e
saw that every effort must be made to utilize 
all protein sources that are reasonably avail
able to us. 

Shrimping today is one of the larg est 
fisheries in the world. The Gulf St a tes' catch 
of shrimp wa s more than 19 5 million pounds 
in 1965 and 179 million pounds in 1966 . We 
estimate that for each pound o f shrimp caught, 
6 pounds of industrial fis h are caught- -or an 
average for the 2 yea rs of 1 billion pounds of 
fish. These industrial fish are thrown over
boa rd, because space is at a premium on 
most shrimp boats. In addition, a number of 
unutilized species of anchovies and herring 
are available in the waters of the Gulf of 
Mexico and South Atlantic for w hich industry 
has no efficient procedures now. With these 
facts in mind, we are a ttempting to develop an 
onboard vessel press to remove the bulk of 
the moisture from the fish and thus produce 
a semiprocessed product that can be stored 
in a small area. 

We fabricated a h e a vy - dut y d r um with per 
forated screens and a c oncave and convex 
pis t on that would exert a p r ess ur e of 10 , 000 
pounds to squeeze mois t u r e f rom seve r al 
speci es of fish. The devi c e p r es s ed 60 percent 
o f the moisture from the raw ancho vylike 
fi s h; ho w ever, only a s littl e as 5 percent o f 
th e moisture could b e r emo ved for s ome other 
spec ies of fish. A s th e expe r iment proceeded it 
became quite ob vious that we woul d have to 
c ook the large fish b e f o re we pres sed them. 
We felt, ho w ever, that p re s s d r ying of ra w 
anchovylike fish could b e come a p r actical and 
economical process at sea . 

A nother phase o f t h is project was to in
vestigate the practica lity o f a direct heat 
dr y ing operation to make fi sh meal a t sea. This 
s t udy involved dry ing whol e , s mall fi sh wi thout 
pressing out e ith er the o i l or the wat er . We fab 
ricated a gas -fir e d rot a ting oven . Samples we re 
subjected to 250 0 F. for up to 12 hours. Very 
littl e w a te r was remo v e d . Mo r e expe r imenta 
tion will be nec e ss a r y b e fore a satis factory 
method of dry ing w hol e f i s h can b e developed. 

COMPOSITION OF FISH AND SHELL FISH 

The project entitled " Composition and Nutri
tive Value of Fish and Shellfish " wa s concluded 
during the bi ennium. Species studied we re 
Chesapeake Bay blue crab, Dungenes s crab, 
Cancer magister; brown shrimp, Penaeus 
aztecus; ocean perch, Sebastes marinus ; ale-
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wife , A losa pseudoha r e n gus ; Atlantic croaker , 
MicropogOn undulatus, and striped mullet . 

We analyzed not on l y the p r oximate com
position of these species b u t a l so their amino 
acid, lipid, mineral, st e r o i d , and vitamin 
contents. We sampled th e va r ious species 
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dieldrin were added to water a n d p r ocessed 
a t t he 3 , 7 , 7 , and 3 p . p . m . leve l , r espec t i v ely, 
recoveries were 16, 90, 68, a nd 93 percent. 
The higher leve l o f added pesticid es did no t 
r esult in a higher amount recovered, w hich 
should have occurred if the analy s i s p roc edure 
was a t fault; in most instances t h e a m ount 
reco ve r ed w as low er . The recovery o f adde d 
hept achlor and DDT did not decrease, nor did 
the reco very of t heir degradation products , 

some pa r 
is depe n dent on t he quan I y of pe IClde I 
the can . Subs t a n la ion was hu ob ain d 1 

support o f an earlier theory ha 
be t ween the pes t icides and ca 
was acc ele r a t ed by hea lng. 

The projec t e n ded June 30 , 1 7 . 

U.S.D.I. INSPECTION SERVICE CONSULTATION 

MICROBIOLOGICAL ANALYSES 
OF SAMPLES 

This Laboratory provides t e chnolog i cal ad
vice to the U .S . D . L ( Unit e d State s Department 
of t he Interior) inspection personnel and to 
the inspecte d plant s in Region 2 . Me mbers of 
the staff are occasionally called u p on to v i s i t 
the inspect ed plant s a n d p rovid e on-the - spot 
advi c e on a tr oublesome p robl e m. 

It is a regional practi c e that n ew products 
offered for prod uc ti on und er the U.S.D.L shield 
must first be thoroughly examined before p e r 
mis sion is grant ed . This e x amination alway s 
includes a bacteriological a naly sis for total 
plate count , mos t probable numbers of coliform 
group present, and a determina t i on of the n um
b ers of Escherichia c oli in t he frozen sea
food . A taste - panel eva l u ation of the c ooked 
product foll o w s the ba c t e riologic al analy si s . 
Table 2 show s r esults of the s a mples examined 
during t he year. 

Tabl e 2 . -- Req ues t s for inspection to use U.S .0.1. shield 

Pa ckages 
Plant Product exami ned Results 

Number 

A Br e aded shrimp cubes 6 Re fuse d 
Br e aded shrimp por t i ons 6 Refused 
Br e ad ed shr imp sticks 6 Re fused 
Sma 11 st uffed shr imp 6 Gr an ted 
Large stu ffed sh rimp 6 Gran ted 
St uffed flo unde r f i 11e ts 6 Gr an t ed 

B Peeled and deveined sh rimp 8 Granted 

C Sh rimp sticks 6 Refu sed 
Shr imp cakes 6 Refused 
St uffed shrimp 6 Refu sed 
Shr imp portions 6 Re fused 
Stuffed sh r imp 6 Refused 
Stuffed flounder f i llets 6 Refused 

In addition, l o t inspections are frequ ntly 
p erformed when the reques ing plan I n ar 
ou r Labo r a t o r y . Table 3 shows lot In p c 
ti ons made du r ing t he year . 

FROZEN RAW BREADED SHRIM P 
A memb e r o f t he Pascagoula s aff VISI ed 

all inspe ct ed plants in Regions 2, 3 , and for 
t h e p urpose o f acquainting managemen WI h he 
ne w stringent r egula t ions for " Good ,1anu
fac t u ring P ra c t i c es " p r omulgated by the FDA . 
He inspec t e d each plant and inform d h 
manager o f p o ss i b le danger spots tha mi~ht 
allow the finishe d p r oduct to be bac e n ologl
cally cont a m inat ed . Talks were presen ed a 
joint FDA / BC F b r eaded shrimp am a 10 

w orkshops in Brownsvi lle , Tex . , and Los 
A ngeles , C a li f. As a result of informatlO 
gaine d fr o m t hese operation proc dure re
vi ew s, t he m icrobiology 5 aff and In!;pec Ion 
personnel ha v e wri ten a pubhca Ion deahn~ 
wit h sanita t ion guideltnes for the b red df'd 
sh ri mp indus try . 

Local i on 
of 

',Jarehouse 

Ba ton Rouge. La. 

New Orleans. La 

Table ~ .-- !.J..-'.. r, t'--' • 

Prnduc t 

Peci<: . '" 'H lnl hd 

Mt.'nhlden(t5t ,,1 
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IIhrtnp 

Bayou 1.1 Bat n .!, Ala fr no ra'" }-"... l' 

Mobile . Ala. Froz('n r."'''' h .. 

Pascagoula. ~11s 

Pascagoula. ~151 Fr .leI"! r .. h,,·. 
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As the Nation's principal conservation agency, the Depart
ment of the Interior has basic responsibilities for water, 
fish, wildlife, mineral, land, park, and recreational re
sources. Indian and Territorial affairs are other major 
concerns of America's "Department of Natural Resources." 

The Department works to assure the wisest choice in 
managing all our resources so each will make its full 
contribution to a better United States -- now and in the future. 
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