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INTRODUCTION

Shrimp constitutes one of the principal marine products
exported by Brazil mainly from its region of North and North-
East. The country exports about 16,000 metric tons of frozen
shrimps to U.S.A. and Japan. In the importing country, the
frozen shrimps are usually thawed and refrozen in new
packaging material which induces the occurrence of melanosis
due to reduction in sulfite levels.

Melanosis in shrimps manifests as black spots localized
principally in cephalothorax, and in junctions and bases of
segments. This phenomenon constitutes a great problem for
shrimp industry as in order to improve the quality of the
crustacean, peeling is recommended which consequently results
in an increase in labor cost and reduction in yields. Though
there is no statistical data available on the incidence of
melanosis in shrimps, yet it is estimated to be about 24 by
the processing industries in Brazil.

The enzymic reaction responsible for black spots forma-
tion has been investigated mainly from biochemical aspects.
Many studies on isolation, purification and characterization
of phenoloxidases from crustacean species have been performed
 Bailey et al., 1960; Savagaon and Sreenivasan, 1978;
Marshall et al., 1984; Simpson et al., 1987!. Cobb �977!
reported that there exists possibly a relation between molt
cycle and melanosis in shrimps.

Ogawa et al. �983! studied the mechanism of black
discoloration in spiny lobster tails from the physiological
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viewpoint. He reported that melanosis is induced by trauma-
tisms occurred in live lobsters and associated the phenomenon
with physiological factors such as molt stage, sex and other
conditions at the time of death of crustacean. The present
work is an attempt to investigate the black spots formation
in shrimps from the viewpoint of physiological conditions.

NATERHiLlS AND METHODS

Fresh white shrimps  g~~~ ~i~~~t! were acquired live
and transported to a small aquarium in the "Laboratorio de
Ciencias do Mar", Fortaleza, Brazil.

e e anosis:

Treatments:

After adaptation for a minimum period of 1 day in
aquarium, the live shrimps were submitted to the following
treatments:

Treatment-I: About 200 forced movements of flexion in tail
for 90 seconds were applied.

Treatment-II: The junctions of the segments in the dorsal
part were initially cut to the size of about
3-5 mm in length and 2 mm in depth, and forced
movements as described in treatment-I were
later applied. The shrimps still alive were
left in sea water for 90 min at ambient
temperature �S+2oC! in the proportion of 10
shrimps per 5 L of water.

Treatment-III: After confining the shrimps for 3 hours in a
plastic bucket containing sea water, the
shrimps � dead or almost dead � were later
injured in the manner described in treatment-
IX.

After termination of each treatment, shrimps were indivi-
dually analyzed for parameters such as weight, length, stage
of the molt cycle and sex. After deheading, the tails were
preserved in ice maintained in perforated containers which
were kept in a refrigerator at 5+2 C for a period varying
from 7 to 10 days.

Methods of Analysis:

The stages of the molt cycle were designated according to
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the following physiological attributes  Drach and Tchernigov-
tzeff, 1967!:

Stage A: Immediately after the molt, the exoskeleton is
entirely deformable under the application of small
pressure.

Stage 8: The dorsal part is no more deformable but the rest
remains flexible in certain regions; the ventral
portion is still soft.

Stage C: The exoskeleton possesses a hard texture.
Stage D: The formation of pigmented layer of cuticula and

reabsorption of old exoskeleton occurs  Period of
preparation for the molt!.

The intensity of black spots in shrimps was visually
evaluated at junctions and bases of segments. At junctions, a
scale varying from 0  zero! to 5 scores was attributed
wherein score 0 stands for absence of any black spots and
score 5 designates that all junctions were dark. A scale
between 0  zero! representing absence of any black spots and
10 representing complete darkening, was used to evaluate the
discoloration at bases of segments.

The statistical evaluation of data consisted of analysis
of variance and comparison between the means  Steel and
Torrie, 1980!.

e a

Shrimps used for this study were already dead and did not
possess any signs, of melanosis. After initial determination
of weight, length, sex and molt-cycle of shrimps, a test
procedure to indicate melanosis was developed. About 3 ml of
catechol solutions of varying concentrations �.2; 0.4: 0.6;
0-8; 1.0; 1.5; 2.0 M! prepared in Sorenson phosphate buffer
at 6.8 pH were injected by applying 2 ml at five junctions of
segments and 1 ml at two sides of cephalothorax, and later
the time necessary for the start of enzymic reaction was
noted. Initiation of enzymic reaction was considered at the
instant when darkening was observed for the first time. Three
shrimps were tested for each concentration of catechol.

The tendency for the appearance of black spots was
analyzed in function to catechol concentration and reaction
time. Regression equation and coefficient of correlation were
calculated  Steel and Torrie, 1980!.
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RESULTS AND DISCUSSION

osis:

The distribution of shrimps utilized in the present study
according to length and sex is presented in Table 1.

Table 1. Classification according to the length of
shrimps utilized for reproduction of melanasis.

Number of samplesRange of
length

 cm! Male Female Total

2

20

22

29

12

3

30

47

33

12

8 � 10

10 � 12

12 � 14

14 - 16

16 � 18

1

10

25

4

Total 12540 85

Results on the incidence of black spots in shrimps
submitted to three treatments are presented in Table 2.
Highest incidence of black spots was observed in treatment-II
 93.47%!, which happened to be the mast severe treatment with
respect to traumatism suffered by shrimps. Treatment-I
resulted in 78.64 of shrimps possessing black spots while
treatment-III had incidence in 73.334 of shrimps. The average
intensity of black spots was also found to be the highest
�.53 score! in treatment-II as compared ta treatment-I �.47
score! and treatment-III �.98 score!. Junctions were found
to be mare susceptible, for darkening as compared to bases of
segments. The results in Table 2 also reveal that in general,
female subjects were more sensitive to darkening as compared
to male subjects. However, the data �004! for black spots
formatian for male subjects at junctions of segments in
treatment-III should be ignored as the number of samples in
this case had been minimum. Ogawa et al. �983! observed the
phenomenon of melanosis reproduction in lobsters to 1004
level when injuries such as making small holes in cuticle
were practiced.

Data on incidence of black spots in meat and shell of
tails when examined after peeling, are presented in Table 3.



Table 2. Effect of different treatments on the appearance
of black spots in shrimp tails.

Treatments

Characteristics

No. of samples:
Male

Female

Total

19
27

46

1

46

15

21
44

65

Shrimps possessing black
spots �! 93.47 73.3378.6

Average of the scores of
black spots 0.983.531.47

Shrimps having black
spots �! at:

Junctions:
Male

Female

100.0

100.0

100.0

71. 4
16.9

67.7

Bases:

Male
Female

0

26.7
6 ~ 1

10.7

13. 0

21.7
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Appearance of black spots at junctions was found to be more
predominant in superficial meat as compared to carapace.
Highest incidence �3%! of black spots was observed in the
meat portion of junctions of shrimps subjected to treatment-
II, followed by treatment-III �0.4%! and treatment-I
�6.14!. This difference led us to suppose that more severe
injuries such as cuts at junctions in the case of treatments
II and III provoked occurrence of black spots to a greater
extent, attaining even the superficial meat- The fact that
the incidence has been higher for treatment-II than treat-
ment-III, is related to higher vitality  treatment-II! of
animals with regard to suffering which had distinct diffe-
rence between the treatments. On the other hand, for bases of
segments, the predominance of black spots was in the shell.
Incidence of black spots was higher for treatment-I �1.5%!
than treatment-II �4.4%!.

In treatment-II, shrimps remained alive for some time



Table 3. Incidence of black spots in meat and exoskeleton
of shrimps submitted to different treatments.

Incidence �! inLocation of
black spots

Absence of

black spots
 >!

Treat.
Shell Meat

Junctions
Bases

57.0

52.3

16.9

41.5

26.1

6.2

Junctions
Bases

73.0

2.2

22.7

73 ' 4
4.3

24 ' 4

Junctions
Bases

46.7

86.6
13.3

6 ' 7

40.4

6.7

Table 4. Analysis of variance and comparison between
means for male and female shrimps submitted to
treatment-II.

Female

27
Male

19

Sex

No. of shrimps

Junctions of segments

3.59

1.36

X

s

Fo

3.44

1.63

1-44  NS!

Bases of segments

1.74

2.90
X

Fo

2 ' 47

3.75

1.66  NS!
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after suffering injuries. During this period, it is possible
that there is an accumulation of hemolinf in traumatized
portions which serves to repair the injured cells. This may
consequently result in higher concentration of activated
enzymes and substrates involved in browning reaction. Thus,
in our understanding, the mechanism of melanosis in shrimps
is a consequence of the conditions at the time of death of
animal in relation to practice or absence of injuries.
Furthermore, lack or delay in supply of ice enhances the
oxyenzymic reaction which would further be facilitated by



higher ambient temperature, exposition to air, etc.

The data was analyzed ta find any significative diffe-
rence in black spots farmation between males and females
 Table 4!, and between molt cycles C and D  Table 5!. No
evidence of any significative difference between these
parameters was observed. Cobb �977! associated melanosis in
shrimps to the stages of molt cycle and. reported occurrence
of this phenomenon as one of the technological effects of
stages between inter and pre-molt.

Table 5. Analysis of variance and comparison between
means for different molt stages of shrimps
submitted to treatment-II.

Holt stage
No. of shrimps

D

15
C

31

Junctions of segments

3.3

1.69
3.6

1 ' 35

X

s

Fo 1.07  NS!

Bases of segments

1.77

2 ' 98
X

s

Fo

2.6

3.81

1. 63  NS!

d' ato

118

'Zhe individuals used in these experiments belonged to the
stage C of molt cycle. According to Cobb �977!, there is an
accumulation of N-acetyldopamine  a precursor of melanin! in
shrimps in the period of intermolt, and during the premolt
stage. This compound gets activated to form new epicuticle
whereby the individuals became more susceptible for the
appearance of black spots. Ogawa et al. �984! also observed
this vulnerability in lobsters.

Results on the initiation of darkening in shrimps
injected with catechol solutions at different concentrations
are presented in Table 6. It can be observed that the
reaction time for the appearance of black spats decreases
with the increase in catechol concentration. The relationship



Table 6. Initiation of darkening in shrimps   C-stage
molt! submitted to catechol injections at different
concentrations.

Conc. of Initiation time
catechol for darkening

 M!  min!

Shrimps

Wt. Length Sex
 g!  cm!

No.

e-0.729XRegression equation:

Coefficient of correlation  r! = -0.99
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1 2 3 4 5 6 7 8
9

10

11

12

13
14

15

16
17

18

19

20

21

13 ~ 0
8.0

5.5
6.5

6.0

5.0

6.0

23. 0

10. 5

20 ~ 0

6.0

6.0

9.5

6.0

6.0

6.0

5.0

10.0

22.0

10.0

19.5

12. 0

10. 5
9.5

10. 5

10. 0

10. 5

10 ' 5

14.0

11.5

14.0

10.5

9.5

12. 0

11.0

10.5

10 ' 0

9.5

11.0

15. 0

11.0

14.0

F F

M M M
M

F F p F
p

M F
M

p

M M F F F
F

0.2

0.2

0.2

0.4

0 ' 4

0.4

0.6

0.6

0.6

0.8

0.8
0.8

1.0

1 ~ 0
1.0

1.5

1 ~ 5
1.5

2 ~ 0

2.0

2.0

28
28
28

26

26

26
23

23

23

18

18

18

15

15
15

ll

ll
ll

8 8 8
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between time for the change in color  Y! versus catechol
concentration  X! could be expressed by the regression
equation:
Y = 33.30 e whose correlation coefficient  -0.99! was
found to be very significant.

All the concentrations of catechol tried had their effect
on black spots formation. Hovever, concentrations higher than
1 M could result in protein denaturation from the breakage of
carotene-protein complex. Due to the denaturation of pro-
teins, white clots mainly at the bases af segments were
observed which could be due to the accumulation af hemolinf
in this area. Melanosis vas not noticed at the places where
denaturation occurred. When catechal vas injected to a live
shrimp, there was an appearance af white milky fj.uid which
demanstrates a circulation of hemolinf at bases and junctions
of segments.

Based an results presented in Table 6, it is possible to
formulate a test for melanin indicator in shrimps. This test
vould serve to analyze the immunity or susceptibility of
shrimps to enzymic reaction. Catechol at a concentration of 1
M could be used for performing the test in frozen shrimp
industry. However, large scale application trials and storage
studies need to be undertaken.
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REDUCTION OF SULFITING AGENTS IN PREVENTING SHRIMP MELANOSIS

W. Steven Otwell, Marty R. Marshall and. Larry Barton
Food Science and Human Nutrition Department

Unversity of Florida
Gainesville, FL 32611

INTRODUCTION

Regulatory and consumer concern for sulfiting agents used as
preservatives on foods continues to demand alternative or reduced
treatments. Although sulfite treated shrimp have caused limited
incidences of adverse sulfite aggravated reactions and human
feeding trials have demonstrated that sulfited shrimp are not a
culprit for initiating hyper- sulfite!sensitive asthmatic responses
�!, sulfited shrimp are still considered problematic. This concern
is enhanced by occasional regulatory actions for raw shrimp
exceeding the allowable sulfite residual level of 100 ppm measured
as S02 on the edible partion �!. Thus further work was necessary
to fi2nd controls that prevent shrimp melanosis {'blackspot'! and
replace or reduce sulfite residuals.

Materials and Methods

Prior work �! had demonstrated that controls beyand typical
icing and washing were necessary to pzevent the on-set of shrimp
melanosis which was obvious within 3 days and severe within 7 days
post-harvest on ice. The test species was pink shrimp  Penaeus
~i~ggg! harvested near Key West, Florida. The selection of test
species and procurement of fresh untreated samples are critical to
interpretation af any treatment results.

The basic established test procedure used fresh  within 24
hour past-harvest! heals-on pink shrimp. The head-on shrimp is mare
prone to develop obvious melanosis. All shrimp were routinely
washed on-board and temporarily stored in ice. The basic
experimental procedure was to rinse 400-600 grams of shrimp in 2.5
liters of variable dip compositions and concentrations for 1
minute, then drain and package in plastic bags to be stored in ice.
The bags were considered necessary to eliminate the variable
influence of melting ice. Three bags or replications were prepared
per treatment. Iced containers with packaged shrimp were stored
in 35'F {1.7'C! refrigeration, and reicing every other day.

Development of melanosis was scored and photographed routinely
during 2 weeks storage. The bags of shrimp had been numbered such
that the investigator could not distinguish amongst the various
treatments. One experienced investigator did all scoring relative
to a 10 point melanosis scale  Table 1!. The scale was accompanied
by pze-developed color prints depicting common examples of the
advancing stages for melanosis. The intent was ta screen for
obvious differences between treatments.
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The various dips or chemical treatments included controls  no
treatment!, customary sodium bisulfite used in varying
concentrations,' and a variety of single compounds and/or mixtures
prepared in varying concentrations  Table 2.!. Three field trials
 Oct. 1987 and June 12 and 18, 1988! were necessary to accommodate
all the variable treatments. A control was run for each trial to
account for the variable expression of melanosis as could be
influenced by the past-harvest condition of the shrimp and the
particular stage of molt.

Prior Results

Previous studies �! attempting to find alternatives for
sulfiting agents to control shrimp melanosis have used similar
procedures with various dips containing; sodium bicarbonate,
potassium bromate, calcium chloride, erythrobate, ascorbic acid,
boric acid, citric acid, phosphoric acid, sodium tripolyphosphate,
disodium phosphate, sodium hexametaphosphate, EDTA, glycine,
taurine, hydrogen peroxide and a commercial blend, BL7. Comparative
results suggest dips containing mixtures of bisulfite plus citric
acid, erythrobate, and/or ZDTA could only offer moderate prevention
of melanosis.

Sulfited residuals expressed as S02 ppm of edible meat were
determined for select samples run in triplicate by the standard
A.O.A.C procedure �!.

Results and Discussion

The onset of melanosis in the controls was typically scored
between 4 to 5 within the first seven days of storage, advancing
to scores over 8 after seven days. This adverse reaction
demonstrates the necessity for treatments to prevent melanosis.
The use of 1.25% sodium bisulfite dips provided adequate prevention
of melanosis more so than the 0.54 sodium bisulfite dip. Also, the
variable expression of melanosis per trial demonstrates the
necessity for untreated controls and customary sodium bisulfite
treatments per trial  Tables 3-5!. These results are consistent
with prior work �!.

The less successful treatments are listed in Tables 3-5. In
the October trials  Table 3! the commercial preparation of HQ
Bacterol F at 1.54 seem to provide adequate control, yet this
commercial blend contains 674 sulfites thus providing a treatment
equivalent to 1.2% sodium bisulfite alone. The treatments with
gluconic acid and various concentrations of glucose
oxidase/catalase offer only moderate to no prevention of melanosis.
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Table 1. Scale used to describe and rate the occurrence of
melanosis  blackspot! on pink shrimp.

Table 2. Compounds used individually and in mixtures to prepare
dips foi treating pink shrimp to control melanosis.

Co o

Sodium bisulfite

omm

Reducing agent with legal
sanction �!

Commercial blends
BL-ACT-S

HQ Bacterol F

FMC Corp., Marine Colloids Div.
Rockland, MZ

Carrageenan blends
 RE 9247 & 9387!

Antioxidant, Oscar Mayer
Ingredients Co., Madison, WI

Flavor Guard I

Gluconic Acid  GDL-
glucono-delta-lactone!

Glucose oxidase/Catalase
 GO/CAT. or Ovazyme;
HP high purity!

Keltrol T

Lactic acid Acidulent, PURAC, Inc.
Arlington Heights, 1L

Proteinases
 Corolase, C-PN & C-7018!

Rohm Tech., Inc.
Maiden, MA
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0 2 4 6 8
10

Absent

Slight, noticeable on some shrimp
Slight, noticeable on most shrimp
Moderate, noticeable on most shrimp
Heavy, noticeable on most shrimp
Heavy, totally unacceptable

Shimakyu Chemical Co., Ltd
Osaka, Japan
Hispano Quimica S.A.
Barcelona, Spain

Acidulent, Finnsugar Biochem., Inc.

Acidulent and reducing agent via
enzymes, Finnsugar Biochem., Inc.



Table 3. Average melanosis ratings for the October, 1987 treatment
trials to prevent 'blackspot' on pink shrimp.

Dip to a e

0 2e t t

No Dip 5 8 9Controls

BIS

HQ Bactrol F

Gluconic Acid

GO/CAT

GO/CAT  HP!

GO/CAT � Glucose oxidase/Catalase; HP � high purity; Bis " sodium
bisulfite
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GO/CAT +
+ BIS �. 5%!

GO/CAT  HP !
+ Bis �. 54!

0.54

1.254

0.5%

1.04

1 ~ 54

0.254

0.75%

1.254

1 unit/oz.
10 unit/oz.

100 unit/oz.

1 unit/oz.
10 unit/oz.

100 unit/oz.

1 unit/oz.
10 unit/oz.

100 unit/oz.

1 unit/oz.
10 unit/oz.

100 unit/oz.

3 4 5 7

1 3 4 6

2 7 9

1 3 8

1 2 3 5

5 9

5 8

6 10

1 5 7 8

1 3 7 8

2 3 8 8

1 1 4 4

1 3 5 7

1 5 5 7



The June 12 trial  Table 4! suggested a 0.14 Keltrol T plus
0.54 sodium bisulfite effectively retarded melanosis, yet the long
term results {beyond 7 days! were less effective than the customary
industry practice of a 1.25% sodium bisulfite dip.

Likewise, the June 18 trial {Table 5! did not yield any
treatments more effective than the sodium bisulfite treatments
alone. Effectiveness of the Flavor Guard was enhanced by the
addition of 0 ' 5% bisulfite, but the combined long term results
 beyond 7 days! were equivalent to use of 0.54 sodium bisulfite
alone. Again the apparently effective commercial blend, BL-ACT-S
contained an equivalent portion of sulfiting agents.

The most effective treatments appeared to be dips with various
carrageenans or lactic acid plus reduced concentrations of sodium
bisulfite  Figures 1 and 2!. The carrageenans were initially  Oct.
1987! mixed with 0.5t sodium bisulfite to provide dip treatments
that were as effective or better melanosis controls than the
customary 1.254 sodium bisulfite dip alone {Fig. 1A!. Use of
carrageenans alone did not retard melanosis. Subsequent field
trials {June, 1988! verified these initial observations  Figs. 1B
and C!. The inclusion of organic acids  citrate and lactate! and
antioxidants  BHT! did not alter the protective influence of the
carrageenan plus sodium bisulfite dips.

Although the carrageenans had been prepared by the
manufacturer to allow for easier mixing, the carrageenan blends
required more mixing time as for other ingredients to assure
complete dissolution. The resulting dips were slightly more viscous
and imparted a noticeable surface film on the shrimp. The film was
slightly opaque, but not objectionable and could be easily removed
with subsequent washing in tap water. This 'coating' phenomenon
was thought to play a role in preventing melanosis by decreasing
the surface exposure to oxygen, retaining sulfite, and possibly
evolving the sulfite residuals in the carrageenan molecules.
Likewise, this 'coating' could serve as an helpful glazing material
for frozen shrimp.

The trials with lactic acid and sodium bisulfite treatments
indicated the use of this acidulent enhanced the protective
influence of the sulfiting agent  Fig. 2!. With a lactic acid
concentration of 0.54 the protective influence increased with
higher sulfite concentrations  Fig. 2A!. The 0.54 lactic acid plus
0.75% sodium bisulfite dip was equivalent to the standard treatment
of 1.254 sodium bisulfite alone. With a higher concentration of
lactic acid �.04! the protective influence for all sulfite
concentrations was similar and equivalent to the customary 1.254
sodium bisulfite treatment.

Note, the experimental procedure and melanosis rating scale
did not account for the clean, glossy appearance for shrimp treated
with 1.254 bisulfite at any lactic acid concentrations. This
'polished' appearance was distinct from shrimp dipped in 1.254
sodium bisulfite alone, and was not objectionable.
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Table 4. Average melanosis ratings for the June 12, 1988 treatment
trials to prevent 'blackspot' on pink shrimp.

Dip a s

t e

No Dip 2 4.5 5 9Control

BIS

BIS � sodium bisulfite

Table 5. Average melanosis ratings for the June 18, 1988 treatment
trials for prevent 'blackspot' on pink shrimp.

Dip as to
7 11

No DipControl

BIS

BL-ACT-S

Flavor Guard

C-7018

BIS � sodium bisulfite
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Keltrol T

+ BIS

Flavor Guard

+ BIS

Proteinases
C-PN

0.5%

1. 25%

0.075% + G%

0.075% + 0.5%
0.010% + 0.5%

0.5%
1.25%

0. 5%

1. 0%

0.05%
0.1%

0.5%

0.05% + 0.5%

0.1% + 0.5%
0.5% + 0.5%

0.1%

0.5%

0.5%

1.0%
2.0%

0 1 3.5 7

G 0 2 3.5

3 7 7 9
G 1.5 3 4.5

1 1 4 5.5

3 4.5 6

1 2.5 3

4 6 6 ~ 5

2.5 4 4

7 10

6 10

7 10

1 3

1.5 4

2 4.5

1 6 ' 5 10

2.5 8 10

1 8 10

1 7 10

1 7 10



Although these lactic acid dip treatment did not impart any
detectable change in color, flavor or cooked taste, the dip
solutions, particularly when initial mixed, emit a strong sulfur
dioxide vapor. The vapor can irritate the eyes and respiratory
tract and be lethal if not adequately vented.
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Thus, continuing work to develop sulfite alternatives for
prevention of shrimp melanosis  blackspot! indicates dip treatments
containing combinations of particular carrageenans or lactic acid
reduce the effective concentrations of sodium bisulfite.
Carrageenans or lactic acid combinations with 0.54 bisulfite were
comparable to the standard one minute dip in 1.254 sodium
bisulfite. These alternative treatments substantially reduced the
residual sulfite concentrations  expressed as S02! on the raw
edible portions of the treated shrimp. Residual concentrations for
shrimp dipped in 1.254 sodium bisulfite for 1 minute ranged from
50 to 197 ppm �!. Residuals for the 1.9% lactic acid + 0.5%
sodium bisulfite dip ranged from 20 to 60 ppm, while that for the
carrageenans + 0.54 sodium bisulfite ranged from 35 to 90 ppm. The
wide range in residuals per treatment is due to the variable
condition of the shrimp prior to treatment and inherit variability
in the standard SO2 analytical procedure.





AN IMPROVED PHOSPHATE FORMULATION FOR SEAFOOD PRODUCTS

Gladden M. Brooks

Food and Fiber Center, Mississippi Cooperative Extension Service, Mississippi
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INTRODUCTION

Long-term storage of seafood products, particularly fatty fish, presents

a problem regarding fat rancidity, freezer burn, and general product deterio-

ration.

Sodium tripolyphosphate has been used in many seafood products for pre-

vention of drip loss and freezer burn  Mahon, 1962!. Researchers agree that

phosphate and phosphate and salt solutions improve shelf life and flavor of

seafood products  Sgostrom, 1948; Sen, 1964; Tarr, 1969; Watts, 1961!.

Metallic ions actually trigger or enhance the development of oxidative

rancidity  Batra, 1965!. Research also indicates that both hexametaphosphate

and citric acid chelate or react with metallic ions and help retard rancidity

 Hunt, 1955; Burhans, l942; Madrazo, 1964; Rose, l962!. These two compounds

in combination have a synergistic effect. Research has also shown that ascor-

bic acid and its isomer, sodium erythorbate serve as an anti oxidant  Grossmann,

1962!.

Industry practices have shown that hexametaphosphate solutions tend to

decrease the glassy appearance of seafood products and also have a lower pH.

Materials and Methods

An instantized highly soluble mixture of sodium tripolyphosphate and

hexametaphosphate was used as one phosphate source  Brifisol 512, BK � Laden-

burg!. While the other phosphate was sodium tripolyphosphate containing lemon

solids  Lemophos, Stauffer Chemical Co!.
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Results and Discussion

Fat analyses showed the three lots of fish to be very similar in fat

levels. Both of the injected lots of fish contained approximately three per-

cent higher moisture levels than the control. The free-fatty acid leveLs were

approximately the same for all lots  See Figure 1!.

Fi ure l

Lemo-PhosBK-LadenburgControlSample

79.91%%u

4. 48X
79.27X

4.42X
76.3X

5.78X
Moisture

Fat  As received!
Free Fatty Acid  as Oleic!

As Received

Oil basis

0. 046X

0.21X
0.047X

0.22X
0.061X

0.25X
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Two lots of catfish � oz. fillets! were injected with a Townsend injector.

One lot of fillets was injected with a five percent solution containing 97.40

percent Brifisol 512  B K � Ladenburg!, 2.5 percent citric acid and 0.10 percent

sodium erythorbate. The other lot of fillets was injected with a five percent

solution of Lemophos  Stauffer Chemical Company! containing sodium tripoly-

phosphate and lemon solids. A non-injected control was used for comparison.

Both lots along with control were frozen on a spiral freezer to a core tempera-

ture of twelve degrees to fifteen degrees F and placed in a blast freezer at

minus 40'F overnight. After 24 hours, both lots, along with the control, were

held at O'F throughout the 90-day period of shelf life examination.

TBA  thiobarbituric acid! numbers were performed on both lots of fish and

the control. On the first, 45th, and 90th day of frozen storage, the TBA

analyses were performed. Moisture, fat, and free fatty acids analyses were

performed initially on all three lots.



TBA numbers for all three lots were very similar on the beginning date

 see Figure 2!. On the 45th day, both the control and the sample marked BK-

Ladenburg remained unchanged while the Lemophos sample showed an increase.

After the 90th day, the control increased from 0.22 to 1.01. The Lemophos

increased from 0.19 to 1.29 and the sample marked BK-Ladenburg increased from

0.20 to 0.55. The level of increase in the cont'rol or uninjected sample has

been noted on research done by other researchers. The level of TBA increase

in the Lemophos sample is somewhat higher than results from other researchers.

The low level of increase in TBA's in the BK-Ladenburg sample is noteworthy

after 90 davs of 0'F storage. The low level of TBA increase in the BK-Laden-

burg sample would indicate a superior catfish product after 90 days.

Figure 2

Anti-Oxidant Comparison

'l.2

1.0

TBA

mg/1000g
0.4

0.4

0.2

0.0

days

One can only assume that the antioxidant effect of the sodium erythor-

bate in conjunction with the citric acid  which prevents oxidation by chelating

metallic ions! had an overall positive effect in prevention of oxidative rancidity.
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INTRODUCTION

As more Americans recognize seafood's potential health
benefits, the need for accurate, up-to-date comgositional
data has become quite apparent. Seafood nutrition infor-
mation is vital to a wide range of user groups including
health professionals, home economists, marketing specialists,
restaurants, seafood technologists, and the seafood industry
as a whole.

Currently available references on the nutrient
composition of seafoods coze from a variety of sources. Both
the National Marine Fisheries Service and the United States
Department of Agriculture have been key contributors in
generating and compiling cozpositional data on seafoods �-
13!. Likewise, other researchers have published hundreds of
scientific papers on the nutritional value of various
species, while groups such as trade associations, research
foundations, marketing specialists and the food industry have
produced numerous seafood composition tables �2-14!.
Unfortunately, much of this information on seafood.
composition is scattered, inconspicuous and difficult to
obtain. In addition, written handbooks require periodic
updates and modifications as new research is published.

Also, the information in these references or the format
in which it is presented is sometimes incompatible with
certain users' needs. For example, while Sidwell's 1981
publication �! offers a descriptive and detailed listing of
all available analytical results for 1500 species, it, is
somewhat inconvenient for practical users such as clinical
dietitians and home economists. The volume is large and
cumbersome and the data for one particular species can appear
in up to twenty two different tables within the reference.
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By the same token, other composition tables are too general
for researchers interested in obtaining all the available
data for a particular species.

In view of these limitations, we have developed a
qualified nutritional database for 260 Southeastern species
with the following objectives in mind:

Produce a more unified, complete and accurate review of
compositional data for Southeastern seafood species
 Texas to North Carolina!.

Computerize the database, allowing future analytical
work to be easily accommodated.

2

Provide the data in various formats  both printed and
computerized! that would meet the needs of different
user groups and be easily accessible.

3.

Enhance the utility of the database by providing
nomenclature listings, retention factors for cooked
seafoods, and a complete list of screened analytical
references.

4.

METHODS

s Our work focused on marine and
fresh-water seafood species from the Southeast. Species
selection was based on three criteria:

a marine and/or freshwater species common to
waters in the southeastern sector  Texas through
North Carolina!

a species with current or future commercial or
recreational interest

an edible species
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Lastly, many of these references contain mislabeled
tables, inappropriate nomenclature, obvious mistakes in
assigning units of measure and questionable data.
Unfortunately, this erroneous information is often found in
the same handbooks that users commonly rely on for seafood
composition data.



e atu e w � More than 1500 references were

screened for content and methods relative to providing
compositional data on selected southeastern species.
Each reference was designated as a primary, background
or nonacceptable reference, based on the following
criteria:

2 ~

primary references cont,ained original data and
provided proper species identification  based on
the FDA and NMFS current "Fish List" !, acceptable
sample procurement and treatment  only data for
raw muscle was used! and appropriate analytical
methods.

bao3tground references contained questionable
species identification, questionable analytical
methods, unacceptable sampling techniques or
sample preparation, and/or results that
substantially deviated from the average  more than
3 standard deviations away from the mean of values
reported in other references!. Also, review
publications were considered background refer-
ences.

aoaacceptable references did not offer any useful
data. For instance, some references applied only
to cooked or processed. seafoods, while others
contained data for nonregional species.

 Note: Any exceptions to the above criteria were
documented.!

As each new primary or background reference was
obtained, it was sequentially numbered and added to the
seafood nutrition reference file. A reference list was
simultaneously prepared.

3 ~
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st c'nose b e � As a way to
catalog the data found in each reference, we developed
a species/reference table. Each primary and background
reference was tabulated according to the species that
were analyzed and nutrient values that were reported for
each species.



stern s ecies�s 0

The initial literature review prompted laboratory
analysis of twenty-five southeastern seafood species for
which there was little or no data available in the
literature.

tio o u eadsheets � Using only
primary references, we transferred nutrient data onto
spreadsheets  one set of spreadsheets per species!.
The data from each reference was recorded separately,
along with the author's name, publication date, and any
special notes pertaining to the data in the reference.
Xf a reference provided more than one value for a
particular nutrient  far example, three lipid values for
striped mullet obtained at three different times of the
year!, we recorded the mean and range of the values
given. Also, we made the necessary calculations and
conversions for data presented on a dry-weight basis or
in non-acceptable units.

v ew an v ' cat'on � Each reference and spread-
sheet, as well as the species/reference table, were
reviewed to verify that all of the following were
correct: reference designation, species identification
and methods, tabulation of references in species/
reference table, data transfer onto spreadsheets and
calculations and conversions of weight units. Also, we
checked for proper identification of outliers  values
greater than three standard deviations away from the
means of other values! and identification of overlapping
data  identical data reported in more than one
reference!.

of n en For each species, we
determined a series of average nutrient values, based
on data from primary references only. Also, for each
average nutrient value, we recorded the number of
references used to determine that average, plus an
overall raage  the highest and lowest observed values
reported in the primary references for that particular
nutrient and species!.
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RESULTS

Reference tile aad Refereace Lists: From approximately
1500 references that were reviewed, we identified 91
primary references and 86 background references for the
reference file. All others were designated as non-
acceptable; however, we did include 77 of the non-
acceptable references in the file because they were
nonregional publications useful for comparison with data
of similar southeastern species. Two versions of the
reference list are available: one in alphabetical order
and one in numerical order.

Species/Reference Table: As shown in table 1, the
species/reference table catalogs each primary and
background reference. Thus a user can easily identify
the sources of data for any particular species. For
example, the table indicates that six references provide
proximate data for swordfish: 247, 250, 7,8,68 and 138
 these numbers correlate with the numbers used in the
reference file!. Numbers printed in bold type �46 and
250! indicate primary references, while the others are
background references. With this information, a user
could then go back to the reference list and obtain
citations for all six references. Also, the table
indicates instances where no data is available  i.e.
goldface and sand tilefish!.

2.

Spreadsheets: For each species, the spreadsheet s!
displays all the available data from primary references.
Each spreadsheet provides columns for thirty-three
nutrients. At the bottom of each nutrient column appear
three summary values: an average nutrient value, the
number of references used to determine each average
nutrient value, and an overall range. As new primary
references are added to the reference file, the data
will be transferred onto the appropriate spreadsheets
and the summary information at the bottom of the
spreadsheets will be adjusted accordingly.

3 ~
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The database for Southeastern seafood species contains
the following components:



Table 1. Excerpt from Species/Reference Table

Proximates Lipid/ Cholesterol Amino
c s

Common

Tilapia fP!,

Blue

Mozambique 7

Tilefish,

Blackline 67

Blueline 246

67

247 ' 255 255

Goldface

Sand

Tilefish 98~247~
250p7

247g250i255 2SS

Vernacular and Nomenclature Lists: To help users
properly identify species, we included a limited
vernacular reference which cross-lists vernacular and

common names. One version of the list is alphabetized
by common names, another is alphabetized by the
vernaculars. Likewise, a nomenclature list is included
which indicates common, scientific and 'proposed' market
names for each species. With these lists available, a
user can determine any form of the name that is needed
 the spreadsheets and data are arranged according to
common names!.

4.

Both vernacular and 'proposed' market names are
based on "The Fish List � FDA Guide to Acceptable
Market Names for Food Fish Sold in INTERSTATE COMMERCE,
1988"  by Mary Snyder, FDA Division of Regulatory
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Swordfish 247g250g7, 12g247p250g 250 1,7,8 250
8g 68~ 1381' 8I 10



Guidance; preprinted version!. The common and
scientific names were taken directly from the "official"
list published by the American Fisheries Society
 special publication no. 12, "Common and Scientific

Names of Fisheries from the United States and Canada"
Fourth Edition, 1980!.

Footnotes: Although we attempted to follow the standard
methods that were outlined, special circumstances
related to a species or reference often dictated that
we deviate from those methods. Any exceptions were
documented and recorded as footnotes. For example,
while reviewing the data for Eastern oysters, we
discovered that reference 213 presented values for
samples taken from Louisiana, Alabama and Maryland �7!.
Xn this case, we retained the publication as a primary
reference, although we excluded the data from Maryland
since it is not representative of oysters harvested in
the Southeast. This decision was documented as a
footnote.

5 ~

DISCUSSION

In order to develop a qualified database, we had to make
certain decisions and accommodations for data that was
variable, erroneous and insufficient.

To accommodate the variability in the data, yet still
offer an average value for each nutrient, we chose to provide
an average nutrient value, the number of references used to
determine that value, and an overall range. The range should
help users appreciate the limitation of the single average
value.
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Variable Cata � Many references have demonstrated that
natural and environmental factors  maturity, sex, size,
season, location, migration, etc.! are partially responsible
for the variability found in seafood composition data. Also,
it is very likely that lab variation, both within and between
labs, accounts for a portion of variance found in the
literature. Hollman and Katan �8! found that, major
laboratories that were sent identical food samples produced
highly variable analytical results, even when typical sources
of error had already been reduced or eliminated. Thus, the
variability of seafood composition data most likely results
from a combination of factors, both natural and analytical.



Erroneous Cata � There was a surprising amount of
erroneous data in the literature, most of which was related
to mislabeled tables and misidentified species. When we were
unable to contact the investigators and did not have enough
evidence to make a reasonable assumption, we designated the
reference as 'background'. On the other hand, when mistakes
were fairly obvious, when we were very familiar with an
author's work, or when we were able to contact the
investigator and obtain the correct information, we zetained
the publication as a primary reference and made an
appropriate footnote.

Zasufficient Cata � Oftentimes, a reference supplied
only part of the necessary information. For example, most
fatty acid data is reported as weight percent of fatty acids.
Kinsella et al. �9! point out that this is useful for
comparative purposes, however, for dietary evaluation, it is
important to know actual quantities of fatty acid in the food
 gzams of fatty acid per 100 grams of tissue!. To make this
conversion, it is necessary to know total lipid content, as
well as fatty acid content of the lipid, a crucial piece of
information that researchers often omit. Thus, Weihrauch et
al. �0! derived conversion factors for seafoods and other
foods, which calculate the weight of fatty acids present in
1 gram of fat when only total fat is given. Although this
conversion factor only estimates the actual fatty acid
content, it is a consistent and effective way to utilize
fatty acid data which otherwise would have only limited
applications.

In other instances, references provided data on a dry
weight basis without providing moisture values. In that
case, we used the average moisture value for that species as
determined from other primary references. In a similar
example, a reference presented sterols as a percentage of
total lipid but did not provide a value for total lipid.
Again, we made the necessary calculations using the average
lipid value determined from other primary references.

Insufficient data also refers to the general lack of
data in the literature for certain species and nutrients.
For example, limited analytical work has been done on
underutilized species that have just recently generated
commercial interest, such as rock shrimp and sandbar shark.
Likewise, researchers have mostly focused on the proximate
and fatty acid content of seafoods, so that much less
attention has been given to other nutrients, especially
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vitamins, trace minerals, amino acids and carbohydrates
 which are thought to be present in limited amounts in
shellfish, although very fev studies have actually analyzed
carbohydrate in shellfish!. When no data was available, we
simply left the spreadsheet blank. Hopefully documentation
of this limited information vill encourage mare basic
analytical research on seafoods. In the meantime, users can
estimate missing values by Looking at data for a similar
species, provided they indicate that they have done so.

CONCLUSION

Through a systematic process of screening the
literature, cataloging the information, and combining the
data into a comprehensive and useful form, we have produced
a qualified database for Southeastern seafood species.
Recommended publications are summarized for quick and
convenient, reference, while the species/reference table
allows users to refer to background information and original
articles. The continued plan of vork involves completing
published and computerized versions of data collected thus
far.

Recognizing the database will be continually
supplemented with future publications, this initial phase of
the project focused on establishing a basic foundation which
could receive future additions, yet always remain accessible
and useful for the intended audiences. Likewise, this
regional effort vas designed for direct integration with
similar national data bases maintained by the U.S. Department
of Agriculture's Human Commerce's National Marine Fisheries
Service. Thus, this project represents a benchmark in
assembling and organizing the nutrient composition database
for Southeastern seafoods.
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