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Uke meat, fish and other seafood may be spoiled by autolysis, oxidation, or bacteria activity,
or most commonly by combinations of these. Most fish flesh, however, is considered more perishable
than meat because of more rapid autolysis by the fish enzymes, and because of the less acid reaction
of fish flesh that favors microbial growth �!.

In an effort to retard spoilage in food systems, the use of organic acids as antimicrobial agents
has been extensively studied �, 2, 3, 5!. However, in many instances the interaction between the
organic acids and the food to be preserved results in undesirable chemical and physical changes in
the finished product.

Except for seafood, the food industry relies heavily upon the use of antimicrobial agents to
extend shelf life and preserve freshness of products. It is therefore essential that objective
measurement devices be utilized in the evaluation of foods. These devices wiII assist researchers and
quality control personnel in making the most accurate decisions concerning the utlllzatlon of
antimicrobial agents in food products and, their  antimicrobial agents! effect on the quality of the food
at different intervals during storage.

This study was undertaken to determine the antimicrobial effects of lactic acid, acetic acid, and
sodium lactate on fresh fish fillets stored under simulated retail conditions; to compare the color
changes that occur in the fillets; and to evaluate the effectiveness of the COLORMET spectrum analyzer
in providing objective color measurements.

MATERIALS AND METHODS

Fresh skinless fillets of Florida Mullet
 MMit ~ce h tus and Black aea Bass  intr ~dtts ~riots were purchased from a local seafood
supplierinGainesville, Florida. Thefishwereharvestedtwentyhourspriortofilleting. Thefilletswere
immediately rinsed in an ice water bath �0:50, tap water:crushed Ice!. For each fish, the rinsed fillets
were divided into six groups and subjected to six treatments, including: control, no acid added; 1.0
% lactic acid; combination of 0.5 % lactic acid and 0.5 % acetic ackl; 1.0% acetic acid; 1.0 % sodium
lactate and; 2,0 % sodium lactate  PURAC Inc., Arlington Hts., IL!. The treatments were applied by
immersion of the fillets in the solutions for 60 seconds.

The treated fillets were stored on crushed ice for eight hours each day at approximately 3345
F, After eight hours storage, the fillets were rinsed in an ice water bath. The fillets were packed in
layers in crushed ice, and stored overnight at 33-35 F. On the following morning, the fillets were
removed from the crushed ice, and displayed for eight hours on crushed ice �3-35 F!. This procedure
continued through 6 days.
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The fillets were analyzed after 0, 3, and 6 days storage at 33-35 F, The analyses included color
measurements and aerobic plate counts. The pH values of the treatment solutions were as presented
below:

Table 1. pH Values for Treatment Solutions

pH ValueTreatment

Control

1.0 % Lactic acid

6.41

2.15

0.5 % Lactic acid: 0.5 % acetic acid 2.24

1.0 % Acetic acid

1.0 % Sodium lactate

2.0 % Sodium Lactate

2.72

5.67

5.71

The color measurements were determined with a hand-held spectrum analyzer referred to as
COLORMET  Instrumar LTD, St, John' s, NF!, It provided readings of spectral reflectance, L  degree
of whiteness!, a  degree of redness!, and b  degree of yellow/brown! color values. Duplicate 3-
centimeter diameter areas of each fillet were measured for color. Subjective observations concerning
the color changes in the fillets during storage were also recorded by the researcher, where a score of
1 = extreme off-color; 3 = fair, acceptable color; and 5 =excellent color  i.e. fillet exhibited characteristic
fresh color!,

Mi robiol i I Anal is

The aerobic plate count method was employed as instructed by Busta ~t al �!.

RESULTS AND DISCUSSION

Similar results were reported for the Black Sea Bass fillets. Except for the fillets treated with
a combination of lactic and acetic acid, all fillets resulted in color changes due to the Initial treatment
 i.e. Day 0! of the fillets prior to storage. The acid  lactic and acetic acid! treated fillets exhibited a
cooked appearance, that was evident by the elevated 'L' values when compared to the control fillets.

The objective, as well as subjective evaluation of the fillets revealed that as storage time
increased, the color of the fillets deteriorated  Tables 2, 3, and 4!. In addition, color changes were
observed as a result of the acid treatments. Three hours after acid treatment of the fillets, color
changes were observed, The 'L' color values, which measured the degree of lightness exhibited by
the mullet fillets, revealed that treatment with the acids resulted in a bleaching of the characteristic red
oxymyoglobin pigment associated with fresh mullet. The 'a' color values, which measured the degree
of redness in the mullet fillets, were significantly  observed! lower for aII acid treated fillets when
compared to the control fillets. The color loss, as determined by the COLORMET and subjective color
evaluations, occurred at a slower rate for the mullet fillets treated with sodium lactate through 6 days
storage.
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Except for the Black Sea Bass frets on day 6, the total microbial population of all acid-treated
fillets remained less than one-million through 6 days storage  Table 5!.

CONCLUSIONS

The color of all fillets deteriorated as storage time increased. This was evident from
the data collected with the COLORMET, as well as subjective color measurements.

2. Treatment of the fillets  Black Sea Bass and Mullet! with 1.0% lactic acid, 1.0% acetic
acid and a combination of 0.5 % lactic acid and 0.5 % acetic acid resulted in
accelerated loss of color.

3. Treatment of the fillets  Black Sea Bass and Mullet! with sodium lactate resulted in
color stability through 3 days for the fillets treated with 2.0 % sodium lactate, and
through 6 days for the fillets treated with 1.0 % sodium lactate.

4. Except for the control fillets, and the fillets treated with sodium lactate, all treatments
resulted in soft  undesirable! textures.

The total microbial population of all acid-treated fillets remained less than one-miliion
through 6 days storage.

The color values recorded for COLORMET revealed a positive correlation to visual
color differences observed by the researcher.

7, The COLORMET provided objective measurements for the evaluation of color changes
in the fish fillets during simulated retail supermarket storage.

8. The COLORMET provided a rapid, easy and convenient method for determining the
effects of the acids on color stability during storage of the fillets.
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Emerging issues necessitate a more complete economic evaluation of the seafood
processing industry. Included among these issues are  i! mandatory inspection of seafood,
 ii! creation of regional and/or species speciTic seafood marketing councils, and  iii! an
increasing concern about seafood processing discharges and calls for their reduction.

The nation's production of processed shrimp equalled $1,175 billion in 1988. Seventy-
nine percent, or $932 million, of this processing activity occurred in the Southeast  defined as
the coastal states of North Carolina through Texas!. Shrimp processing activities typically
account for about a quarter of the nation's and upwards of two-thirds of the Southeast's total
seafood processing activities by value and represent the largest seafood processing
component at both the regional and national level.

OBJECTIVES AND METHODS

The focus of this paper is the Southeast shrimp processing industry. Such a limitation
is justified based on the significance of this industry. Specifically, the paper will present an
economic analysis of the Southeast shrimp processing industry with emphasis on product
form, This analysis covers the 197348 period and is based on the latest available secondary
data from the National Marine Fisheries Service  NMFS!, Fisheries Statistics Division.

The processing data used in this analysis represents voluntary dealer responses to
annual end-of-year surveys conducted by NMFS personnel. These surveys represent a
census of ail seafood processing facilities and elicit information pertaining to the production
 pounds and value! of a variety of value-added seafood products and associated employment.
The data represent detailed processing information on each processing facility through time
and is by far the most complete set of Information available on the Southeast seafood
processing industry. For purposes of this analysis, all quantities of processed shrimp have
been converted to a headless sheII~n basis by using the conversion factors developed by
NMFS, These conversions are: 1.00 for headless shell-on shrimp, 1.28 for peeled raw shrimp,
1.97 for peeled cooked shrimp, 0.63 for breaded shrimp  raw and cooked!, and either 4.83,
13.63, or 29.76 for canned and specialty shrimp products; depending upon the type. Thus, for
instance, peeled cooked shrimp was converted to a headiess shell-on basis by multiplying the
product weight of the peeled cooked shrimp by 1.97. The conversion allows for more
accurate aggregation across product forms. Also, the conversion process allows for a more
direct comparison among product types and facilitates discussion,

Use of the conversion procedure means that all prices discussed throughout the
paper, even those related to specNc product forms, are presented on a headless shell-on
basis. This is because the values reported by NMFS were divided by the converted weights,
l.e., headless sheli-on weights. Thus, for example, the calculated price per pound of peeled
raw shrimp will be lower than that price which occurred at the time of sale by 22%  i.e.,
value/ pounds * 1.28!! while the price per pound of breaded shrimp will be higher by about
59%  i.e., value/ pounds 0.63!!.
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SOUTHEASTERN SHRIMP PROCESSING ACTIVITIES

Southeastern shrimp processing activities are examined in this section of the paper.
To do so, the industry in its aggregate is first examined. Second, attention is given to analysis
of the primary shrimp products produced by the industry. Then, production of these primary
shrimp products are compared amongst one another and to the aggregate. Finally, a
summary is provided.

A re t Shrim Pr sin A iviti

Shrimp processing activities occur in all the Southeastern states with the exception of
South Carolina in some years. The total number of plants engaged in these activities, as
indicated in Table 1, has gradually been declining when evaluated on a four-year basis and
this decline has been particularly evident during the 1984-88 period. The 151 plants engaged
In shrimp processing activities on an annual basis during 1985-88 represent a reduction of 14
 about 9%! when compared to the 165 plants operating during 1981 ~ and a reduction of 22
 about 13%! when compared to the average of 173 plants engaged in shrimp processing
activities annually during the 1973-76 period.

Table 1. Selected Statistics Pertaining to Aggregate Southeast Shrimp Processing
Activities for Selected Time Periods, 1973-88

PERIOD PLANT POUNDS Current Deflated Current Deflated

$1,000s � $/Ib�1,000s

1973-76 avg. 173 185,388 396,284 917,773 2.14 4.95
1977-80 avg. 172 223,012 699,827 1,187,893 3,14 5.33
1980~ avg. 165 230,259 909,819 1,099,628 3.95 4.78
1985-88 avg. 151 268,443 996,937 1,054,636 3.71 3.93

processed pounds are expressed on a headless shell-on basis

the deflated processed value and price are based on the 1988
Consumer Price Index, i.e., 1988 = 100

While the number of Southeast shrimp processing plants has been dedining, the
quantity of shdmp being processed has been steadily Increasing  Table 1!. For Instance, the
230.3 million pounds being processed annually during 1980~ represents about a 24%
increase over annual processing activities of 185.4 million pounds during 1973-76. By 1985-
88, average annual processing activities had increased to 268.4 million pounds, or about a
45% increase above the shrimp processing activities observed annually during 1973-76,
Roberts et al. �! have traced these increasing processing actMties to a greater utilization of
imported shrimp; needed in light of insufficient domestic landings. Relevant findings are found
elsewhere in these Proceedings  Keithly et al.!.

Increasing processing activities in conjunction with a decline in processing plants
indicate that production per plant Is increasing. This is dearly shown in Table 2. Overall,
average annual shrimp production per plant during 198548, 1.78 million pounds, Is 27%
above that observed during 198144 �.40 million pounds! and about 66% above that
observed during 1973-76 �.07 million pounds!.
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Average Aggregate Shrimp Processing Activities per Plant
in the Southeast for Selected Time Periods, 197348.

Table 2.

PROCESSED POUNDS PR CE ED VAL E PER PLANT
PER PLANT Current Deflated

TIME

PERIOD

$1,000s1,000s

1973-76 avg.
1977-80 avg.
1981-84 avg.
1985-88 avg.

1,071.6

1,296.6
1,395.5

1,777.8

2,290.7
4,068.8

5,514.1
6,602,2

5,305.0
6,906.4

6,664.4

6,984.3

Source: Compiled from information in Table 1.

' processed pounds are expressed on a headless shell-on basis

The total value of Southeastern shrimp processing activities has increased steadily
during the 1973-88 period  Table 1! with the average being one billion dollars annually during
1985-88. This increasing value is the result of two factors. First, as noted, the quantity being
processed has been increasing. Second, the price of the processed product has, until
recently, been increasing  Table 1!, For instance, processors received an average of $3.95
per pound for their product  expressed on a headless. shell-on basis! during 1981-84
compared to only $2,14 during 1973-76, The average price received during 1985~, $3.71
per pound, however, is below the 1980~ average price by about $0.24 per pound.

When examined on a per plant basis, the current annual value of processing activities
has almost tripled between 1973-76 and 198548; from $2.29 mellon to $6.60 million  Table 2!.
After adjusting for inflation, however, per plant shrimp processing activities have remained
virtually unchanged since the 1977M period. This finding, in conjunction with the fact that
the quantity of shrimp processed per plant has increased by more than a third during the
same period, would tend to Indicate that Industry real profitability may be declining unless
one of the following conditions hold:  I! plants are realizing economies to sade in their
production processes,  ll! there has been significant technological change within the
production process,  iii! input costs are dedinlng, or  iv! some amalgam of the above factors
is occurring. Of these different factors, the Imput cost of raw shrimp, the largest component
of variable costs, has dedined In recent years. Whether the dedine In shrimp imput costs has
been sufficient such that plants have realized no loss in real profitability, or whether other
changes have occurred to the extant that plants have maintained previous levels of real
profitability, IS unknOWn WithOut COlleCtiOn and analySiS Of primary data.

Much of the increasing price and, hence, value is attributable to inflation. To remove
these inflationary effects, annual prices and values were adjusted to the 1988 dollars by
dividing the current figures by the 1988 Consumer Price Index. Such a procedure resulted in
estimates of deflated, or real, prices and values which are given in Table 1. As indicated, the
deflated value of Southeast shrimp processing activities peaked at about $1.19 billion annually
during 197740 and has since fallen by about 11% to $1.054 billion annually during 1985-88.
This dedine has come in spite of large increases in the quantity processed, indicating a
decline in the deflated price of the processed product, This decline is identffied in Table 1,
with the average annual deflated price falling from $5.33 per pound during 1977-80 to $3.93
per pound during 1985-88, and is largely the result of Increasing imports. Discussion of these
increasing imports and their impact on prices is presented elsewhere in this proceedings issue
 Keithly et al.!.
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Pr ssin A tivities B Pr t F rm

For discussion purposes, Southeast shrimp processing activities were evaluated on
the basis of four, all inclusive, product forms:  i! raw headless,  ii! peeled, both raw and
cooked,  iii! breaded, and  iv! "other". This "other" category consists of canned shrimp and
speciaity products such as gumbos and dried shrimp,

As indicated in Table 3, many of the Southeast shrimp processing plants produce
more than one of the aforementioned product forms, During 1973-76, for example, an
average of 27 Southeastern shrimp processing plants produced two product forms on an
annual basis white another 15 plants produced at least three different types of processed
shrimp. Altogether, an average of 42 of the 173 plants engaged in processing activities during
1973-76, or 24% of the total, produced more than one processed shrimp product on an
annual basis.

Average Number of Shrimp Products Produced by
Southeast Shrimp Processing Plants, for Selected Time
Periods, 1973-88.

Table 3.

TIME

PERIOD
N MBER OF PROD S PR DUCED

one two 3 or 4

NO, OF

PLANTS

1973-76 avg.
197740 avg.
1981-84 avg.
1985-88 avg.

15

15

15

18

173

172

165

151

130
1'l8

110

90

27

38

40

42

Source: Unpublished data provided by National Marine Fisheries
Service, Fisheries Statistics DNIsion.

In general, there is a clear trend in the percentage of Southeast shrimp plants
processing more than one shrimp product. Several explanations can be given for the
apparent increase in diversification. First, increased imports may have allowed for more
continuous year-round plant operations and, hence, an increased possibility for diversification.
Second, increased imports may have provided additional sources of those specNc size count
shrimp needed to produce the more value-added products. Third, diversification may have
been undertaken by Southeast shrimp plants as a means of reducing risk associated with the
production of only one product form. Finally, consumer demand for the different product
forms may have increased and plants have diversified as a means of capturing' this demand.

Analysis of the four different shrimp product forms is provided below. The information
used for this analysis is given in Tables 4 and 5.

R w h I hiim r in . The number of Southeast shrimp plants processing a raw
headless shrimp product consistently exceeds one-hundred  Table 4! and there appears to be
no long-run trend towards either an increasing or decreasing number of plants producing this
product when evaluated on a four-year basis. The production of raw headless shrimp on an
annual basis has averaged about 100 million pounds since the 1977-80 period like the number
of plants, there was no trend towards either Increasing or decreasing production. This likely

Though the total number of Southeast shrimp processing plants had declined to an
average of 151 by 1985M, the number producing more than one shrimp product increased to
60; or 40% of the total. The number of plants processing three or more shrimp product forms,
18, constitutes 11.9% of the total and is about three percentage points above the 8.7% �5 of
173! observed during 1973-76.
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reflects the fact that Southeast shrimp landings have remained relatively constant, when
examined on a iong-run basis, since the mid 1970s. Domestic landings, rather than imports,
represent the core input product for raw headless processing activities.

While the current value of raw headless shrimp processing activities has consistently
increased, from an average of $166.7 million annually during 1973-76 to $438.3 million during
1985-88, the deflated value of these activities has fallen sharply since its peak during 1977-80
 Table 4!. The annual deflated value of raw headless shrimp processing activities during the
1985-88 period, $464.6 million, was only about 80% of the $582.8 million annual activities
observed during 1977-80; despite the fact that the annual pounds processed during 1985-88,
105.2 million, was almost 7% above that occurring during 1977M.

The reason for the decline in the deflated value of raw headless shrimp processing
activities since the 1977%0 period is, as indicated in Table 4, the result of a slgniTicant decline
in the deflated product price. Overall, the calculated deflated price of $4.41 per pound during
1985-88 was only 75% of the peak 1977-80 deflated price of $5.90 per pound.

Raw headless shrimp processing activities per plant, evaluated on a four year period,
have ranged from a low of 685.6 thousand pounds annually during 1973-76 to a high of 915,1
thousand per plant during 1985M  Table 5!. The current value of raw headless processing
activities per plant has more than doubled between the 1973-76 and the 1985-88 periods from
$1.57 million to $3.81 million. When expressed on a deflated basis, however, raw headless
shrimp processing activities per plant fell sharply since the 1977-80 period and currently
average about 80% of those observed during the peak period  $4.04 million annually during
1985-88 compared to $5.07 million during 1977-80!.

Pe I hrim w n k r ce in, The number of Southeast shrimp processing
plants engaged in peeling activities has been increasing consistently during the 1973-88 period
when evaluated on a four year basis  Table 4!. For instance, the 59 plants engaged In peeling
activities on an annual basis during 197740 represent a 25% Increase above the 47 reported
annually during 1973-76. The 69 plants reported annually during 1985M represent a 17%
increase above the 59 reported annually during 1977-80 and almost a 50% increase above the
1973-76 average of 47 plants.

As with the number of plants, the total production of peeled shrimp has been
increasing consistently during the 197348 period when evaluated on a four year basis  Table
4!. Production of 72.3 million pounds annually during the 198144 period was more than a
third greater than the 52.5 mNion pounds annually produced during 197740 and was more
than double the 1973-76 annual production of 35.2 million pounds. Annual production during
1985-88 was just shy of 100 million pounds.

The production of peeled shrimp per plant increased consistently during the 1973~
period when evaluated on a four year basis  Table 5!. It has not expanded as greatly as the
total production of peeled shrimp, however, due to the increasing number of plants engaged
in peeling activities. The 1.4 million pounds of peeled shrimp per plant annually during 1985-
88 does represent about a 90% increase above the 748.9 thousand pounds reported annually
during 1973-76  Table 5!.

Both the current and deflated values of total peeled shrimp processing activities
increased during the 1973~ period gable 4!. The sharp dedlne in the deflated price per
pound of the processed peeled shrimp since 197740  from $3.95 to $2.63 during 1985-88!
indicates that the deflated value trended up because of the increased quantity processed. On
a per plant basis, the deflated value of peeled shrimp processing actMties has shown only
minimal growth between the 1977~ and 1985-88 periods, from $3.52 million to $3.72 million



 Table 5!, .even though the processed quantity per plant has expanded by close to 60% for the
period. The relatively stable deflated value of peeled processing activities per plant in
conjunction with large quantity increases indicates profitability per unit of output, i,e., pound of
peeled shrimp, could have decreased. This would be the case if significant decreases in real
input costs per unit of output did not occur.

Selected Statistics Pertaining to Southeast Shrimp
Processing Activities by Product Form for Selected Time
Periods, 1973-88.

Table 4.

PRODUCT

FORM &

PERIOD PLANTS POUNDS Current Deflated Current Deflated

� - $1 000s �- � 5/Ib�1,000 Ibs

1973-76 avg, 106
1977-80 avg. 115
1980-84 avg. 125
1985-88 avg. 115

1973-76 avg. 47
1977M avg, 59
198144 avg. 61
1985-88 avg. 69

1973-76 avg. 45
197740 avg. 33
1981-84 avg, 26
198548 avg. 26

Source: Compiled from unpublished data provided by the National
Marine Fisheries Service, Fisheries Statistics Division.

processed pounds are expressed on a headless shell-on basis

the deflated processed values and prices are based on the 1988
Consumer Price Index

her"

1973-76 avg.
1977M avg.
1981~ avg.
198548 avg.

37

31

24

20

72,677
98,621

94,344
105,231

35,197
52,522
72,259
97,464

52,327
48,393
48,209
56,065

25,142
23,476
15,388

9,683

166,726 382,465 2.29
340,817 582,794 3.46
403,520 488,035 4.28
438,262 464,624 4.16

57,993 134,036 1.65
124,333 207,397 2.37
193,836 234,455 2.68
242,566 256,422 2,49

139,817 326,570 2.67
189,341 321,108 3.91
275,021 331,633 5.70
293,135 310,655 5.23

31,862 75,164 1.27
45,362 76,638 1.93
37,583 45,673 2.44
21,745 22,956 2.25

5.26

5.90

5. I7

4,41

3.81

3.95
3.24

2.63

6.24

6.64

6.87

5.54

2.99

3.26

2.97

2.37
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Table 5. Average Shrimp Processing Activities Per Plant ln the
Southeast by Product Form for Selected Time Periods, 197348.

PRODUCT

FORM 8 TIME
PROCESSED LBS. PROCE ED VAL E PER PLANT PERI D

PER PLANT'b Current Deflated

� $1,000s1,000 Ibs

Br Rw k

Source: Compiled from data in Table 4.

' processed pounds are expressed on a headless shell-on basis

processed pounds and value per plant relate only to those plants
engaged in that particular processing actNIty

Br hrim r n . The number of Southeastern shrimp processing plants engaged
ln breading activities has signHicantly decreased during the 1973~ period, when evaluated on
a four year basis  Table 4!. The largest dedine appears to have occurred during the 1970s,
especially dunng the earlier years, with little apparent change after 1980. Though not shown
in the table, much of the initial decline in breaders occurred in Texas and is believed to be the
result of increased restriction of U.S. shrimp boats in Mexican waters.

Production of breaded shrimp ln the Southeast region was relatively stable when
evaluated on a four year basis. The annual peak production of 56.1 million pounds during
1985~ exceeded the 1981 ~ Iow production of 48.2 million pounds by only about 15%

1973-76 avg.
1977-80 avg.
1981-84 avg,
1985-88 avg.

1973-76 avg,
197740 avg.
1981-84 avg.
1985-88 avg.

1973-76 avg.
197740 avg.
1981 ~ avg.
1985-88 avg.

~their"
1973-76 avg.
1977-80 avg.
1981-84 avg.
198548 avg.

685.6

857.6

754.8

915.1

748.9

890.2

1,184.6

1,412.5

1,163.8
1,466.5
1,854.2
2,156,3

679.5

757.3

641.2

484.2

1,572.9
2,963.6

3,228,2
3,811.0

1,233.9

2,107.3

3,177.6
3,515.4

3,107.0
5,737.6

10,577.7
11,274.4

861.1

1,463.3

1,566.0
1,087.3

3,608.2
5,067.8

3,904.3

4,040.2

2,851.8

3,515.2
3,843.5
3,716.3

7,257.1
9,730.5
12,755.1

11,948.3

2,031.5

2,472.2
1,903.0

1,147.8
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 Table 4!, Due to the decline in the number of shrimp processing plants engaged in breading
activities, however, breading activities per plant increased significantly during 1973-88  Tabie
5!. For example, annual breading activities per plant during 1985-88, averaging 2.16 million
pounds. This exceeded the 1973-76 annual activities of 1.16 million pounds by one million
pounds  85%!.

The value of Southeastern shrimp breading activities consistently increased when
evaluated on a four year basis  Table 4! while the value per plant increased even more sharply
 Tabie 5!. The decreasing number of plants was responsible. On a deflated basis, however,
the total value of shrimp breading activities has remained quite constant; except for a slight
decline during 1985-88 which occurred in spite of increased production. This decline  Table
4! was the result of falling deflated prices of the processed breaded shrimp which averaged
$5.54 per pound during 1985-88 compared to $6.87 per pound during 1981 ~.

After increasing rapidly through the 1981~ period, the deflated value of shrimp
breading activities per plant decreased during the latest four year period  Table 5!; even
though production per plant increased. This decline was due to falling breaded shrimp prices.

"0th r" hrim ro in

The number of Southeastern shrimp processing plants conducting "other" shrimp
processing activities has been declining  Table 4!. Overall, only slightly more than one-half of
the number of shrimp plants engaged in "other" shrimp processing activities during 1973-76
were active during 1985~. This decline largely reflects the demise of the shrimp canning
industry in the Southeast and may also reflect a reduction in the number of plants producing
specialty products such as gumbos.

The quantity produced of "other shrimp products also underwent a significant decline
 Table 5!. Overall, annual production during 1985~, averaging 9.7 million pounds, was less
than 40% of the 25.1 million pounds produced annually dudng 1973-76. The production per
plant, after peaking at 757.3 thousand pounds annually during 1977~, dropped to only 484.2
thousand pounds annually during 198548  Table 5!; a reduction of almost 40%,

After peaking during the 197740 period, both the current and deflated values of
other" shrimp processing activities in the Southeast experienced sharp declines. For
instance, the current value of these activities decreased, from $45,4 million annually to $21.7
million �8%!. The deflated value fell from $76.6 million to $23.0 million p0%!, Table 4, The
deflated value of other shrimp production per plant during the same period fell from $2.5
million during 1977M to $1.1 million during 198548 �5%!, Table 5.

DlSCUSSlON

A number of observations can be made by comparing the aggregate Southeastern
shrimp processing information with that provided for the different product forms, Among
these observations is that increasing processing activities, as measured by the percentage of
total processing plants engaged in the production of the different product types, is primarily
centered around the raw and peeled product. This is evident from the information contained
in Table 6. With respect to the raw headless product, 61.3% of the Southeast shrimp
processing plants were engaged in the production of this product, on average, during the
1973-76 period. By the 198548 period, an average of 76.2% of the Southeast shrimp
processing plants were engaged in this activity. The percentage of plants engaged in peeling
activities increased by about two-thirds during the same period; from 27.2% to 45.7%. The
percentage of plants engaged in breading and 'other actMties exhibited, on the other hand,
relatively large declines. The percentage of plants engaged in breading actMties fell from
26.0% during 1973-76 to less than 16% during 1981 ~ before marginally increasing to 17.2%
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during 1985-88. The percentage of plants producing "other" products fell from 21.4% during
1973-76 to 13,2% in 1985-88, or by about 40%. Based on this information, it would appear
that most diversification is into peeling activities.

Table 6. Percentage of Southeastern Shrimp Processing Plants Engaged in Production
Activities by Product Form for Selected Time Periods, 1973-88.

TIME

PERIOD
PROD TI N A IVITY

Raw Headless Peeling Breading "Other"

Source; Compiled from data in Tables 1 and 4.

Note: Horizontal summation of percentages In a given time period
will exceed 100 because some plants produce more than one
product.

Though the percentage of Southeast shrimp plants producing a raw headless product
has been increasing during 1973-78, the production of this product, when evaluated as a
percentage of total Southeastern shrimp processing activities, has remained relatively stable.
This is the case In terms of both pounds and value  Table 7!. In terms of pounds, raw
headless shrimp production consistently averaged from about 39% to 44% of total shrimp
processing activities in the Southeast region when evaluated on a four year basis. In value
terms, the percentage runs about three to five points higher.

Table 7. Percentage of Aggregate Southeast Shrimp Processing Activities, In Pounds and
Value, Represented by Different Product Forms for Selected Time Periods, 1973-88.

PR F RM

PERIOD Lbs. Value Lbs. Value Lbs. Value Lbs. Value

% of Aggregate Activities

1973-76 avg. 39.2 42.1 19.0 14.6 28.2 35.3 13.6 8.0
197740 avg. 44.2 48.7 23.6 17.8 21;7 27.1 10.5 6.5
1981 ~ avg. 41.0 44.4 31.4 21.3 20.9 30.2 6.7 4.1
1985~ avg. 39.2 44.0 36.3 24.3 20.9 29.4 3.6 2.2

1973-76 avg,
1977-80 avg.
1981~ avg,
1985-88 avg.

61.3

66.9

75.8

76.2

27.2
34.3

37.0

45.7

26.0
19.2

15.8
'I7.2

21,4
18.0

14.6

13.2
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Peeled shrimp accounted for 19% of the Southeast shrimp processing activities by
poundage and 14.6% by value during the 1973-76 period  Table 7!, By the 1985~ period, its
percentage share had nearly doubled to 36.3% while its share by value had increased two-
thirds to 24.3%. Breaded and "other" activities as a percentage of total Southeast shrimp
processing activities have exhibited significant declines during the 1973-88 period, Overall, the
majority of growth in the Southeast shrimp processing industry, as measured in terms of either
pounds or value, appears to be in the peeled category.

Finally, some observations on processed shrimp prices are in order, As indicated in
Table 4, the price of breaded shrimp is consistently the highest among all product forms,
followed by raw headless, peeled, and other. Recall, however, that these prices have been
calculated after aII products have been converted to a headless shell-on basis. All product
prices, whether expressed in current or deflated terms, have declined during the 1985-88
period when compared to the previous four year period and in most cases, the deflated price
has been dedining since the 1977-80 period. The largest percentage decline in the deflated
price has been observed in the peeled category where price has declined by a third since its
peak  $2,63 in 1985~ compared to $3.95 during 1977-80!, followed by "other" shrimp � 27%
decline!, raw headless �5% decline!, and breaded �0% decline!.

SUMMARY

The Southeast shrimp processing industry has been examined from an economic
perspective. Results show that while the number of plants decreased during the 1973-78
period, the production activities, as measured by total pounds, increased. Most of this
increased activity was due to peeled product, Though processing activities in terms of
pounds being processed has been increasing, the deflated value of these processing activities
has exhibited no growth since the mid 1970s due to a sharp decline in the deflated price of all
forms of processed shrimp, i.e., raw headless, peeled, breaded, and "others.
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COMPARISON OF SURIMI GEL STRENGTH MEASUREMENT TECHNIQUES

Marvln A. Tung, Ph.D., Douglas S. Singer and lan J. Brltt
Canadian institute of Fisheries Technology

Department of Food Science and Technology
Technical University of Nova Scotia

Box 1000, Halifax, NS, Canada, B3J 2X4

Rheologically, surimi gels exhibit viscoelastic behavior, possessing solid-like elastic and
Ruid-like viscous properties simultaneously. Currently utilized physical testing procedures to
evaluate surimi quality range in nature from empirical to fundamental  Figure 1!. Torsion and
puncture-probe tests have been used widely to evaluate the strength and functionality of surimi
gels, but there is little information on their relationship to fundamental viscoelastic parameters.
This work compares data from several large deformation test methods  puncture, using spherical,
fiat, rounded and cone- shaped end geometries; torsion; Kramer shear/compression; failure
compression; and compression resulting in biaxial extension! as well as viscoelastic properties
determined from small amplitude oscillatory shear testing. Comparisons are made for different
grades and mixtures of Alaskan pollock and silver hake surimis.

MATERIAL AND METHODS

Three surimis were used in these studies: Grade B and C Alaskan pollock surimi
produced at a shore-based processing facility  Alaska Fisheries Development Foundation,
Anchorage, AK! and silver hake surimi produced at sea off Nova Scotia, Canada on a Japanese
research vessel. The B and C grade pollock surimis were downgraded due to moisture content
and color, respectively. In addition, tests were also performed on three mixtures formed

PHYSICAL TESTING PROCEDURES

Kramer shear/compression

puncture probes

failure compression

cone penetrometer

modulus of deformability

torsion

small amplitude oscillation

Empirical

Fundamental

Figure 1. ClassTiication of testing procedures used in this study

It is well understood that surimi is a sol comprised of washed and refined fish myofibrillar
proteins combined with cryoprotectants for cold storage stability �,7!. During the production of
food products, such as kamaboko, the surimi sol combined with NaCI, flavor additives and texture
enhancers is set into a gel through the application of heat as the actomyosin forms a three
dimensional crosslinked structure. The gel forming process may be enhanced by using
temperature setting histories which include a preset period below 50.C during which myofibrils
form a more isotropic matrix.
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by combining 50% of one surimi with 50% of a second. In all cases, gels were produced by
combining surimi, tempered at -5 C for 16-18 h, with 2% NaQ under vacuum In a cutter/mixer
 Stephan VCM12, A. Stephan u. Sohne GmbH & Co., Hameln, FRG!. Sample tubes were filled
using a sausage stuffer and heated at 40 C for 15, 30 or 40 min, then at 90 C for 15, 20 or 36
min for tubes of 20, 25 and 50 mm diameter, respectively. After heat setting, the gels were cooled
in ice water and stored at approximately 20 C for 16-18 h prior to testing. Proximate analyses of
the gels are reported in Table 1.

Table 1. Proximate analyses of the surimis tested

MOISTURE, % PROTEIN, % FAT, %
 sd!  sd!  sd!

SAMPLE

78.7

 o.o6!
75.1

�.10!
76.9

�.10!

Puncture and compressive tests were completed using an Instron Model TM  Instron
Corporation, Canton, MA! physical testing machine with operational settings as recorded in Table
2 using vertically oriented cylindrical samples, 25 mm high by 30 mrn in diameter.

Table 2. Operating conditions for Instron testing

FIXTURE CROSSHEAD SPEED
 mm/min!

CHART SPEED
 mm/min!

FULL SCALE FORCE

 kg!

Puncture Probes
Flat and Round Probes
Cone Penetrometer

Kramer Shear/Compression
Failure Compression
Elastic Compression

Three puncture probe geometries were studied: 5 mm diameter sphericaiwnded probe,
7.9 mm �/16 ln! flat-ended probe and 7.9 mrn �/16 ln! round- ended probe. The results of these
tests were analyzed for maximum force at failure. As the forcedeformatlon responses were
essentially linear, the modulus to failure was calculated as the force at failure dMded by the
penetration to failure; and the compressive energy was derived from the area under the force
deformation curve, calculated as one-half of the force at failure multiplied by the deformation to
failure.

Gals were further characterized on the basis of compressive force at failure as a measure
of the cohesiveness of the gel �!. Samples were compressed between parallel platens with 2
sheets of filter paper  ili1001 070, Whatman international Ltd., Maidstone, UK! positioned under
the lower surface. From the moisture collected, a measure of the expressible moisture could be
derived.

GR B Pollock

GR C Pollock

Silver Hake

50

10

50

50

50

50

13.0

�.14!
15.9

�.08!
13.6

 o.o9!

200

50

200

200

200

200

0.2

 o.o2!
0.5

 o.oa!
1.5

�.03!

1-2

2
2-5

50

100-200

10-20



Kramer shear/compression tests were completed using a cell with the sample cavity
volume reduced by spacers Inserted in the ceil to reduce the number of blades to 2 compared
to the standard 10. Gels were cut into approximately 3 mm cubes and 50 g samples were placed
in the cell with a minimum of compression. The maximum recorded force during the
shear/compression test was used to characterize the sample.

Cone penetrometer tests were completed using a circular cone made of polished brass
with an internal cone angle of 60 degrees. The penetration stress at a vertical penetration of 10
mm was calculated for each sample using the relationship reported by Tanaka et al,  8!:

o - F cos �/2! cot   8/2! /KA

Where: op is the penetration stress, F is the applied force, 8 is the internal cone angle and h is
the penetration depth.

Samples for torsion tests were formed in dumbbell shapes with a minimum diameter of
10 mm at the horizontal midplane using a milling machine  North Carolina State University,
Raleigh, NC!. Plates, glued with cyanoacrylate adhesive to the ends of samples, held the
specimens during milling and when mounted in the torsion fixture  North Carolina State University,
Raleigh, NC! mounted on a Brookfield 5xHBTD viscometer  Brookfield Engineering Laboratories,
Inc. Stoughton, MA!. Before testing, the vlscometer was calibrated for deviations resulting from
design of the viscometer. In these instruments the torque on the sample was applied through a
spring and the torque reading was the sum of the torsional deformation of the sample as well as
the spring, The spring deformation was therefore determined and subtracted from the observed
reading to obtain accurate measurements of torque at failure and sample strain. The viscometer
was operated at 2.5 rpm with the output recorded on a stripchart recorder. From the data, the
maximum stress and strain were calculated using the relationships proposed by Hamann �! and
the rigidity was derived by dividing the stress by the strain at failure.

The modulus of deformability �! was calculated from the stress/strain response observed
during compression of samples between lubricated teflon piatens. Measurements of sample
diameter before testing and in the compressed state taken with digital calipers indicated
conservation of volume for strains up to 20%, thereby implying a Poisson's ratio approaching 0.5.
Based on this observation the true stress/strain behavior was determined from the
force/deformation data and linear regression analyses of these data were used to determine the
slope of the stress/strain curves or the apparent modulus of deformability for each sample. The
term deformabiiity modulus was used instead of elastic or Young's modulus; since, during testing,
energy was dissipated as heat due to the viscous fiow component observed during deformation.
The stress/strain curve observed upon removal of the deforming stress did not coincide with the
curve recorded for compression; thus, the material was not truly elastic. In addition, the term
apparent was used since the stress/strain curve was dependent on sample configuration and rate
of deformation. This was analogous to the measurement of apparent viscosity of non-Newtonian
fluids where viscosity changes with rate of shear and with shear stress.

Small deformation oscillatory shear testing was completed using a Carri-Med CS500
controlled stress rheometer  Carrl-Med Ltd., Dorklng, UK!. Samples 5 mm in height cut from a 50
mm diameter cylinder of gel were Initially subjected to a torque sweep at a frequency of 6.28 s
� Hz! to determine a linear vlscoelastlc range. Applying a stress within that range, fresh samples
were then subjected to a frequency sweep from 0.063 to 62.8 s ' �.01-10.0 Hz!. From those data
the storage modulus  G'!, dynamic viscosity  q'! and loss tangent  tan s!, were calculated at a
frequency of 5.34 s ' �.85 Hz! using the rheometer software. These dynamic shear properties
were then employed ln comparisons with results obtained by other test procedures.



RESULTS AND DISCUSSION

Figures 2-5 are photographs showing the sample deformation during the execution of
some of the test procedures used in this study, The left-hand sequence of photographs in Figure
2 shows the compression of a cylindrical gel sample between lubricated teflon platens. The
vertical waIIs of the sample remained essentiaIIy parallel during the test indicating the magnitude
of the friction force acting on the contact surfaces was small. As friction at the contact surfaces
increased, the sample became barrel-shaped during compression. Frames 1 and 2 in the right-
hand sequence in Figure 2 show failure compression between parallel platens with filter paper
positioned on the lower platen to absorb expressed moisture. Frame 3 shows the sample after
compression, to illustrate the barrelled shape and fracture in the sidewall of the sample,

A typical Kramer shear/compression test is depicted by the sequence of photographs in
Figure 3. The sample was compressed below the leading edge of the downward moving blades,
while at the same time sample located between the blades and between the blades and the cell
walls imparted a shear stress force on the vertical faces of the blades.

The sequence of photographs in Figure 4 shows the polished brass cone penetrating a
sample. The sample deformation observed in Frame 4 suggested that sample size may affect
results calculated at this depth of penetration. In this study, the penetration stress was calculated
when the cone penetration was approxlmatefy as shown in Frame 3 to minimize the effect.

Figure 5 shows the deformation of a sample during torsion testing where the sample
approached a full revolution of strain  Frames 7 and 8! before failing. Note the sample fracture
on a 45 plane and the deformation in the unmilled end-pieces.

Data collected from the dNerent test methods were compared in two ways using Systat
statistics software  9!: 1! an analysis of variance of indMdual tests and 2! a comparison of the
linear correlations between tests as reported in Tables 3 and 4, respectively. The first set of
analyses compared the sensitivity of individual test procedures to dNerentiate between the
different gels. To facilitate the comparison, test results were normalized by dividing each result
by the maximum result such that all data fell between 0 and 1. Mitchell �! reported that ranking
of gals using rupture forces and small deformations will not necessarily correspond. Also, the
application of the results should be considered when choosing a test procedure. For example,
If sensory acceptance is of interest then a test more sensitive than the ability of panelists to
dNerenthte or rank a series of gels may have no practical significance. Assuming dNerences in
gel structure resulting from molecular Interactions was reflected in changes in the storage
modulus  G'!, of the other test procedures, dNerentiatlon between gels was best achieved from
the modulus of deformation, apparent stress from the cone penetrometer and maximum force
from Kramer shear/compression tests. Other procedures were fess effective or incapable of
dNerentiating between gels.
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3

Figure 2. Compression testing showing compression between lubricated surfaces in the left-hand
sequence and failure compression in the right-hand sequence with filter paper on the lower platen
to collect expressible moisture

Figure 3. A sequence of photographs showing a typical Kramer shear/compression test
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Figure 4. A sequence of photographs showing a typical cone penetrometer test

Figure 5, A sequence of photographs showing a typical torsion test



414

Table 3. Normalized Mean Test Results Using C-Grade
Pollock  CP!, B-Grade Pollock  BP! and Silver Hake  SH!

TEST SURIMI

CP+SHBP+CP SH BPCP BP+SH

Storage Modulus

Dynamic Viscosity

Loss Tangent

Torsion Stress

Torsion Strain

The results are mean values with the coefficient of variation  X!
associated with each mean in parentheses. Values in a row with
the same letter are not significantly different  p>0.05!.

Torsion Rigidity

Nodulus of Deformability

Cone Penetrometer

Kramer Shear/Compression

Failure Deformation

Spherical Probe Force

Spherical Probe Energy

Spherical Probe Nodulus

Round Probe Force

Round Probe Energy

Round Probe Modulus

Flat Probe Force

Flat Probe Energy

Flat Probe Nodulus

1.00'

�.1!
1 00a

�.5!
0.94'

� 3!
1.00

�.0!
0.78a

�.4!
1.00'

�.6!
1.00'

�4!
1 00'

 8.5!
1.00c

�0!
1 00'

�4!
0. 95cb

�.9!
0 76'

�2!
1.00$

�.4!
0.95c

 9.4!
0. 84cb

�5!
1 00c

�.8!
0. 9/4

 9.1!
0 83bc

�6!
1.004

�.6!

0.55b

�.2!
0.56b

�.4!
1.00'

�.9!
0.68'

�.2!
0.87'

�.4!
0 61c

�.5!
0.66b

 8.7!
0.70'

�.1!
0. 80b

� 8!
0.45'

�o!
0 84bc

 9,9!
0. 77'

�5!
0 77'

�.7!
0.934

�3!
0. 93~

�7!
0.85b

 8.4!
0 84bc

�.4!
0. 74c

�2!
0.84a

�.6!

0 46'

�7!
0 45

�5!
0.96c

�.7!
0. 87b

�3!
0 94

�. 6!
0. 72b

�4!
0. 69b

�.8!
0. 72b

�2!
0.85b

 8 2!
0 46'

�.6!
0. 90~

�0!
0 Blbc

�7!
0.84'

�.4!
0.978

�2!
0. 96cb

�7!
0.92b

�.6!
0. 91cb

�.3!
0 80bc

 ll!
0 9lbc

� 8!

0 40'a 0 34a

�2! �.1!
0 37a 0 33a

�2! �.3!
0.90b 0.96c

�.6! �.9!
0.81b 0.41'

�3! �0!
1.00 0.84'

 9.9! �2!
0.63' 0.38'

�5! �3!
0 56c 0 44a

�2! �.4!
0 69b 0 50c

 8.3! �.5!
0.84b 0.64'

�.4! �4!
0 45' 0.68

�.9! �1!
1.00' 0.9lcb

�5! �7!
0.98cb 1.00c

�1! �3!
0.85 0 70

 9.5! �3!
1.00c 0. 87~

�7! �8!
1.004 0.92cb

�3! �3!
0 93cb 0 76'

�1! �4!
1 00c 1 00'

 8-5! �8!
0. 91~ 1. 00'

�4! �5!
0.97 0.87'

�.9! �3!

0, 27'

�7!
0,27c

�1!
0.99'

�.9!
0.60'

�2!
0 97ab

 8-o!
0.49a

�1!
0 43

 9.2!
0 54'

 9.3!
0 67'

�.5!
0. 34a

�1!
0. 78'

�2!
0 Blbc

�9!
0. 63'

� 8!
0 77

�3!
0.80b

�8!
0 69c

�. 9!
0 78'

�6!
0 76bc

�2!
0. 71'

 9.7!
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The linear correlation analyses provided an indication of the validity of using a given test
procedure to predict viscoelastic responses which reflect the fundamental interactions of the
gel matrix. The results were plotted on linear coordinates to examine the data for curvilinear
responses and the data conformed visually to the assumption of linearity, There were highly
significant linear correlations  p<0,01! between the viscoelastic parameters of storage
modulus and dynamic viscosity and the other tests procedures with the exception of the loss
tangent as well as the force and energy measurements derived from puncture tests. Puncture
test results did show the modulus to failure provided better correlations with other test
procedures than the force to failure or compressive energy derived from the same data.
Oscillatory testing data indicated the loss tangent was essentially constant for frequencies
from 0.063 to 62.8 s, which was an indication of stable cross-linking in the gel structure. In
addition, the phase angle was approximately 10' which confirmed the highly elastic nature of
the gels. The phase angle for a purely elastic material would be 0 whereas a purely viscous
material would have a phase angle of 90 . Although the variability was greater, this elastic
nature was also observed in the relatively uniform response in torsion strain and the linear
nature of force/ deformation and stress/strain curves for the surimi gels tested in this study,
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CONSUMER ACCEPTANCE ON PASTA SUPPLEMENTED WITH SURIMI

Yao-wen Huang, Ph.D. and Anna V.A. Resurreccion
Department of Food Science and Technology

University of Georgia
Athens, georgia 30602

Surimi, a bland fish mince, has been used in our laboratory for past several years to
incorporate into pasta formulation  Huang, 1988!. A new surimi pasta was developed and its
production does not require the major change of processing equipment. In general, the
consumption of acceptable surimi pasta could increase the fish consuming population in this
country. It will deliver the health benefits of eating fish to those who are not regular seafood
consumers. Although the physical, chemical, sensory and nutritional qualities of surimi pasta
were studied  Huang, 1988; Kim et al., 1990!, the consumer perception through sensory
evaluation needs to be evaluated before the value of surimi supplementation can be determined.

The objectives of this study were to determine consumer preference to levels of surimi
in pasta and purchase intention for surimi pasta formulation; and to analyze the effect of
demographic characteristics of panelists on consumer acceptance of surimi pasta.

METHODOLOGY

A, Preparation of pasta sample

Pasta sample was made by incorporating Alaska pollock surimi  Unisea Corp., Redmond,
WA! into formulations at 0, 10, 20 and 30% levels. The base material for pasta was Durum
semolina. Pasta made from 100% Durum semolina were served as control, A laboratory pasta
machine, Pasta Mark V  The Bonnot Co., Kent, OH! ~ was used to extrude pasta in the form of
Rotelle. The optimum processing conditions for producing pasta was according to the report of
Huang �988!. Duplicate batches of fresh pasta in each formulation were produced.
B. Demographic characteristics of consumer panel

One hundred thirteen consumer panelists from metropolitan Atlanta, Georgia were
recruited from the data base to participate the testing. Panelists were selected on the basis of
availability and experience on the pasta. Demographic profile of panelists had been established
in a data base. The panel was composed 98 females and 15 males. Among them, there were
98 white, 15 black and 4 others. The panelists included 22 people under 25 years old, 19
between 35 and 44, 24 between 45 and 54, 13 between 55 and 64, whle 35 over 64. The
distribution of yearfy household income of the panel were induding 17 people under $9,999 per
year, 17 between $10,000 and $19,999, 17 between $20,000 and $29,999, 28 between $30,000
and $39,999, 12 between $40,000 and $49,999, 10 between $50,000 and $59,999, and 10 above
$60,000  Table 1!. In addition to those data, other information including education, family size,
occupation, marital status and nutritional knowledge were also available.

C. Consumer panel testing

Questionnaires were designed to Include six sensory attributes, acceptance of sale price
and frequency of buying this product compare to other pasta products. Sensory attributes
Included color, appearance, flavor, off-flavor, mouthfeel and overall acceptability. A 9-point
hedonic scale, with 1 being dislike extremely and 9 being like extremely, was used for evaluating
color, appearance, Savor, mouthfeel and overall acceptability; and a 5-point hedonic scale, with
1 being very strong and 5 being not detectable, was used for evaluating the off-flavor,
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Group
Characteristics

Total sample
 %!

 n =113!

Age:
< 34

35-44

45-54

55~

> 64

20

17

21

12

31
Sex:

Male

Female
13

87

Race:

White

Black

Others

83

13

4

Pasta samples were cooked in boiling water for 2 min, placed on disposable cups, given
a random three-digit number and evaluated immediately. Only one cooked pasta sample with a
formula was presented to the panelist for evaluation at a time. Every session was conducted for
maximum 10 panelists. The order of sample presentation was designed dNerently for each
session in order to eliminate the bias. Panelists were asked to rate each of the eight samples
 duplicate samples of four formulations! for all attdibutes in the same session. Responses to
sensory questionnaires were collected after the session was completed. A cash of $10.00 was
provided as an incentive, Sessions were conducted at the sensory evaluation facilities of the
Department of Food Science and Technology, the University of Georgia Experiment Station in
Griffin, GA. The entire testing session took two whole days.

D. Analysis of data

Data were analyzed using Analysis of various procedures of the Statistical Analysis
System  SAS, 1987!. Duncan's Multiple Range Test at ievels of 0.05 was used to find significant
differences among samples.

Table 1. Demographic characteristics of consumer panel

Yearly income:
< 9,999

10,000-19,999
20,000-29,999
30,000-39,999
40,000%9,999
50,000-59,999
> 60,000

Percent may not be equal to 100% due to rounding of numbers.

15

15

15

25

11

9

9
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RESULTS AND DISCUSSION

Means scores of the consumer panel for color, appearance, liavor, off-flavor, mouthfeel
and overall acceptability of cooked fresh pasta are presented in Table 2 . No significant
difference  p<0.05! in all attribute for pasta with up to 20% substitution of surimi was found,
Responses for all sensory attributes of pasta with 30% of surimi addition were significantly
different. However, these scores were still slightly higher than the middle point � correspond to
"slight" for off-flavor, 5 correspond to "neither like nor dislike" for the other attributes!. No
significant difference in two replications was found.

Table 2. Consumer perception of surimi pasta

Colo Appearance Flavor Off-flavor Mouthfeel AcceptanceSurimi

content

0% 6.32a 6.32a 5.93a 3.90a 5.85a

6.04a 4.06a 5,84a

5,82a

10% 6,29a 6.32a 6.00a

20% 6.27a 6,25a 5.92a

5.10b

3.99a 5.71 a

3.47b 5.02b

5.81a

5.89b 4.93b
30%

Means  n =226! with the same letter In a column are not significantly different at level of 0.05
' Color, appearance, flavor, and rnouthfeel were rated using a 9-point hedonic scale with 9 being

like extremely and 1 being dislike extremely; off-flavor was using a 5-point hedonic scale with
1 being very strong and 5 being not detectable.

The incomes of paneliM did not significantly affect scores for color of all the pasta
samples  Table 4!. It did affect scores of flavor and mouthfeel, off-flavor, appearance and flavor,
and flavor and mouthfeel for the control, 10%, 20% and 30% surlmi supplemented pasta,
respectively. However, no significant association between the income of panelists and the score
of sensory attributes was found.

No signlicant differences in scores of all attributes for all formulations regardless of sex
 Table 5! and race  Table 6! were found in this study, Purchase frequency scores of 1.16 to 1.24
on a 7-point scale correspond to "once a month" and "twice a month for up to 20% surimi added
pasta.

Table 3 showed that consumer's age was a significant factor to determine the score of
sensory attributes, Panelists with age of between 55 and 64 and older than 65 years old gave
the highest scores for surimi added pasta, while age group between 35 and 44 gave the lowest
scores. Results of this study revealed that older people would be a potential market for surimi
pasta.
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Table 3, Effect of age on consumer perception of surimi pasta

 A! Control pasta

Age Color Appearance Flavor Off-flavor Mouthfeel Acceptance

6.21ab 6.05a

5.74b 5.18b

6.52a 6.02a

6,54a 6.17a

6.50a 6.07a

 B! Pasta with 10% surimi addition

Age Color Appearance Flavor Off-flavor Mouthfeel Acceptance

6,43a 4.32a

6,05 a 4,24a

5.69a 3.63b

6.33a 4.38a

5.92a 3.99ab

 C! Pasta with 20% surimi addition

Color Appearance Flavor Off-flavor Mouthfeel AcceptanceAge

6.46a 6.16ab 6.02a 3.91a
5.34a 6.61 a 5.32a 3.95a
6.10a 6.08ab 5.88a 3.85a
6.33a 6.50a 6.17a 4.21 a
6.72a 6,67a 6.11 a 4.08a

 D! Pasta with 30% surimi addition

Age Color Appearance Flavor Off-flavor Mouthfeel Acceptance

4.98ab 3.43 bc
4.26b 2.95c
4.65b 3.04c
5.79a 4.04a
5.68a 3.85ab

Means with the same letter in a column are not significantly different at level of 0.05

>34

35-44

45-54

55-64

<65

>34

35-44

45-54

5544

<65

>34

35~

45-54

55~

<65

>34

35~

45-54

55M

<65

6,36ab

5,71b

6.38ab

6.42ab

6.54a

6,46ab

6,03ab

5.79b

6.75a

6.5Oab

5.80ab

5.21b

5.48b

6.29a

6.32a

6,41ab

6,08b

5.94b

6.83a

6.47ab

5.46c

5.40c

5.58bc

6.21 ab

6.5Oa

4,Osa

3.71 a

3.73a

4.OOa

3.99a

6,00a 6.00a

5.47a 5.21 a

5.83a 6.00a

6.13a 5.92 a

5.86a 5.89a

6.23a 6.34a

5.82a 5.90a

5.50a 5.77a

6.08a 5.33a

5.76a 5,9Oa

5.91 a 6,02a

5.21a 5.29a

5.54a 5,63a

5.67a 5.83a

5.99 a 6.07a

4.84ab 4.62bc

4.58b 4.08c
4.56b 4,50c
5.42ab 5.46ab

5,53a 5.68a
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Table 4. Effect of sex on consumer perception of surimi pasta

Surimi Sex Color Appearance Flavor Off-flavor Mouthfeel Acceptance
content

M 6.30 6.47
F 6.32 6.30

0% 6,27

5.87

10% M 6,63 6.60
F 6.24 6.28

20% M 6.37 6.67
F 6.25 6.18

30% M 5.87 6,17
F 5.85 5.84

6.60

5.95

6.33

5.85

5.37

5.06

Table 5. Effect of incomes on the consumer perception of surimi pasta

 A! Control pasta

income Color Appearance Ravor Off-Flavor Mouthfeel Acceptance
6.45a 6.22a 6,03abc 3.81 a 6. l6a
6,47a 6.68a 6.00abc 4.09a 6.06a
5.97a 6.09a 5.35 bc 3.74a 4,91b
6.27a 6.16a 5,97abc 4.10a 5.79ab
6.54a 6.58a 6.65a 3.58a 6.62a
5.90a 6.10a 5.05c 3.50a 4.90b
6,75a 6.65a 6.40ab 4.10a 6.30a

 8! Pasta with 10% surimi addition

income Color Appearance Flavor Off-Flavor Mouthfeel Acceptance
6.06a 6.00a 5.53a 3.59b 5.47a 5.75a
6.50a 6.62a 5.91a 4.06ab 5.65a 5.74a
6.44a 6.29a 6.15a 4.12ab 5.88a 6.06a
6.50a 6.59a 6.41 a 3.36a 6.11a 6.29a
5.92a 6.12a 6.00a 3.65a 6.04a 6.27a
6.05a 6.00a 6.25a 4.30a 5.75a 5.90a
6.15a 6.20a 5.70a 4.15ab 5.80a 5,75a

<10,000
10,000-
20,000-
30,000-
40,000-
50,000-
>60,000

<10,000
10,000-
20,000-
30,000-
40,000-
50,000-
>60,00

3.90 6.10 6.03
3.90 5.81 5,79

3.97 6.23 6.43
4.07 5,78 5.94

3.90 6.27 6.27
4,00 5.63 5.74

3.70 4.97 5.00
3.42 5.03 4.92
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Table 5, cont'd

 C! Pasta with 20% surimi addition

Color Appearance FlavorIncome Off-flavor Mouthfeel Acceptance

 D! Pasta with 30% surimi addition

ColorIncome Appearance Flavor Off-flavor Mouthfeel Acceptance

6.13a 5.91 a 3.66a
6.06a 5.62ab 3.71 a
6.00a 4.56bc 3.65a
5.79a 4,91abc 3.45a
5.89a 4.96abc 3.08ab
5.2Ga 3.96c 2.75I3
5.85a 5.60ab 3.75a

Means with the same letter in a column are not significantly different at level of G,G5

Table 6. Effect of race on the consumer perception of suriml pasta

Surimi

content Race
Appearance Flavor Off-flavor Mouthfeel AcceptanceColor

3.87a 5,87a

3.93a 5.85a

4.SOa S.38a

0% W

B

0

6.31 a

6.46a

6.13a

5,89a

6,27a

5.75a

S,79a

6.OOa

6.ooa

6.30a

6.57a

6.OOa

10% W

e

0

4.07ab 5.81a
3.77b 6.12a

4.63a S.7Sa

6.28ab

6.58a

5.50b

5.97a

6.31a

5,88a

6.32a

6.35a

6.13a

6.01a

6.27a

6.OOa

20% W

B

0

5.81a

5.96a

5.38a

3.99a 5.69a

3.89a 6.00a
4.38a 5.38a

6.25a

6.42a

S.7Sa

5.92a

6.15a
5.13a.

6.25a

6.62a

5.63a

4.84a

5.54a

5.13a

30% W

B

0

3.42a 4.95a

3.69a 5.50a

3.88a 5.00a

5.86a

5.89a

5.50a

S.O1a

S.81a

5.00a

S.9Oa

5.73a

6.OOa

Means with the same letter in a column are not significantly different at level of 0.05

<10,000
10,000-

20,000-
30,00G-
4G,GGO-
50,000-
>60,000

<10,000
10,000-
20,000-
30,000-
40,000-

50,000-

>60,000

6,19a

6 24a

6.68a
6.34a

6.O4a

6.OOa

6.1Oa

6.16a

6.06a

s,soa

S.89a

5.46a

S,7Oa

6.10a

6.06a 5.81ab
6.27ab 5.74ab
6.65a 6.06ab

6,29ab 5.98ab

6.19ab 6.23a
5.55b 5.05b
6.40ab 6.40a

3.81a

3,88a

4.OOa

4.18a

3.89a

3.75a

4.2Sa

5.69a

5.53a

S.88a

5.73a

S.96a

s.osa

S.9Sa

6.13a

5.56ab

4.27cd

4.59bcd

5.19abc

3.95d

S.4Sab

5.94ab

5.68ab

5.88ab

S.79ab

6.27a

5.00b

5.85ab

6.06a

5,53ab

4.32cd

4.66bc

4.92bc
3.45d

5.15abc
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CONCLUSION

Results of this study indicate the potential for the development of a surimi-supplemented
pasta. Sensory evaluation by 113 consumers showed that supplement of up to 20% of surimi
resulted in pasta judged to have favorable sensory qualities, Results also showed that 30% of
surimi addition was acceptable. Sex, race and incomes of consumers would not be the factors
to affect the sensory perception of the surimi pasta. However, older consumers gave higher
scores for pasta with higher percent of surimi supplementation than the younger ones did,
indicating that surimi pasta was more acceptable by the old people  > 55 years old!.
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INTRODUCTION

Development of fish byproducts and processes to economically support the fishing industry is a
complex task with the need for production of many types of products, Atpresent in the main, fish fillets
and 'gurry' as solid waste have been the only products. At present, the disposal of solid wastes from
this industry is costly and a nuisance.

For example, five years ago, the Gloucester Fish OProtein company paid fish processors $20,00
per ton for this waste to be converted to dehydrated fish meal, fish oils and fish 'solubfes'. These
byproducts were sold as ingredients for poultry feed, largely in the New England area in competition
with other sources of protein such as soybean meal. However, with the high cost of energy and a
process which was obsolete, the plant was shut down permanently in 1985 because of environmental
and economic problems. Since much of New England's fishing industry was served by this plant, the
disposal of fish wastes then became a problem and the Commonwealth of Massachusetts agreed to
share equaily the $20.00 cost of loading barges with this waste and dumping at sea for a limited time
until the practice was discontinued in 1986.

This created a problem of crisis proportions and threatened the continued existence of the entire
fishing industry in New England. Since that time, disposal of fish waste has been sporadic and
uncertain, utiiizing such facilities as mink farms, lobster bait suppliers and land-fills. Costs to the
operators now up to $50.00 per ton are common, dependent on the location of the filletlng operation.
The industry is in dire need of new approaches and new products which will turn a costly problem into
a profit-able source of income, especially in light of an increased demand for fish and the higher cost
of the landings to the processor,

There has been some progress in the development of composting fish wastes for the bedding
industry and the product-ion of hydrolysates by ackfNcation as a fertilizer substitute for cranberry
production. Another hydrolysate using enzymatic action has been developed to produce a high protein
product useful in the weaning of piglets. While these processes show promise for partial alleviation of
the waste disposal problem, the byproducts are of an economic value at least one order of magnitude
less than before.

Clearly, what is needed are new products which can utilize fish morsels and which are of food
grade. Two such products are surimi  now manufactured in California and sold as crab leg substitutes!
and fish/rice extrusions  under development at U Mass by Clayton! which can be flavored as high
protein snack foods. Other such products are Omega III fish oils  recently disputed as a deterent to
heart failure! and whole fish flour which is a dehydrated product, but not cleared for domestic use by
the FDA,
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Herring processed as sardines have diminished in popularity in the marketplace with a huge
percentage of plant capacity abandoned in New England. Many 'old world' and oriental fish forms such
as marinated herring, sushi, squid, ad infinitum are in demand overseas, but any such exports are far
outweighed by imports of frozen blocks of fish fillets for the breading industry which constitute one of
the largest imports into the US,

The need to which this concept is addressed is to better utilize that portion of the fish catch which
currently goes to low-valued fish products or creates a problem for disposal. The advantage of better
utilizing fish flesh which cannot be removed as fillets for human food is a greater economic return for
a larger yield of a highly nutritious foodstuff for the general public which has an increased awareness
of the benefits of fish products in their diet. Although recovery of fish flesh by the proposed process
wiii not of itself completely solve the disposal problem and in fact represents a relatively smail portion
of those wastes, it nevertheless could provide an important income to the fishing industry which would
serve to offset other costs and aspects of fish waste disposai.

In terms of economic impact, consider one annual total fish landings in Massachusetts alone during
a recent year which were valued at $250 million. If half of these landings are processed as fillets  with
as much as 500,000 pounds of gurry in a single week!, and if the process described within can lead
to a 10% increase in yield, than an increase of $12.5 million can be realized to the processors, This will
go a long way towards paying the costs incurred in the current disposal of gurry.
FILLET FISH PROCESS:

Some fish to be filleted are 'gutted and headed' prior to the fiiieting process and except for cod
cheeks, the rejected gurry has little potential as human food. This represents at least 40'a of the total
weight, somewhat dependent on size and species. Some cod heads alone have weighed more than
20 Ibs for the larger of the species. Again dependent on size and species, the fish inay be filleted in
the whole as for cod or haddock scrod.

Typical fillet yield may be as high as 30%,, but for some species such as whiting or large herring,
yields as low as 15% have been measured. The remainder of the fish is comprised of bone structure
 called frames! with attached flesh which remains after the filleting operation. Some blood vessels and
organs such as the liver cling to the underside of the backbone and can discharge undesirable color
and odor producing matter. At least 10% of edible, food grade flesh remains attached to discarded
frames.

For the most part, cutting is still done by humans wielding sharp knives with great speed and skill
such that the fine bones are avoided in the final product from the nape to the tail. Skinning of the fillets
is often part of the same operation although mechanicai skinners are in widespread use. The skins
become part of the waste stream. There are some commercial filleting machines avaiiable which pull
the fish by the tail between two rotating knives which are automatically spaced according to the
diameter of the body of a fish, as sensed and adjusted by a rniniprocessor  computer! control system
 Baader!.

In any case, the incidence of any bones in fillets is undesirable from a consumer safety  choking!
standpoint, Thus filleting operations tend to err on the side of safety leaving more flesh attached to the
frames than might appear necessary. Inspection of fillets often follows the fllleting operation either by
the naked eye or with 'candling' tables to detect off-grade product with a need for cutting out the
offending portions. A method to 'candle' white fish Nllets electronically and to automatically eject bones
has been researched at U Mass  Whitney et.al.! but has yet to be commerc-ially developed.
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NON-FILLET FISH PROCESSES:

There are commercial machines available to remove fish flesh from filleted frames utilizing a
pressure belt against a perforated steel drum. However, the consistency of the product can best be
described as mince, well suited for further processing as fish 'flour'or fish cakes.

Frugal cooks have long known that by cooking fish frames, either by steam or in boiling water,
partially cooked flesh can be easily detached with a gentle slipping motion with their fingers, We have
demostrated that cooked flesh may be blown away by a jet of compressed air or high pressure steam.
However, if the frames are cooked too long, the flesh becomes 'rubbery' and clings to the bones.

Further, any remaining blood or organs within the frame become congealed during the cooking
process, rendering them stable and fixing them to the discarded frames, From the organ-aleptical
standpoint, the ensuimg product is superb with no off-colors or flavors to a white fish product. Flesh
is gleaned as white chunks and has the mouthfeel and texture which is consistent with the needs for
culinary concoctions such as fish chowder or other fish recipes.

Such products have been canned or frozen as ingredients for soups, chowders and fish dishes
which are delectable and highly reliished in many homes and restaurants in the N.E. region. With this
potential as an economic spur, we have tried to develop a concept and unit operation to duplicate a
practice which has been long in use in many N.E. households. Another potential use for such partially
cooked chunks may be as feedback inclusion into fish blocks before freezing in order to increase
yields, But the 'bone-free' requirement of the breeding industry must be carefully observed.

Typically, these frames have thicknesses of 1/4" or less such that the heat transfer time
requirements are of the order of 1-3 minutes. As an example, since the time required for a body to
attain a desired temperature by the penetration of heat varies as the square of the least dimension, a
typical 1/4" thick fish frame can cook in 1/16 the time required to cook a 1" thick fish fillet.

MACHINE CONCEPT:

The first iteration of such a machine is essentially a continuous conveyor within a steam tunnel
which cooks the fish frames during a short time period using steam jets which impinge on both sides
of thin frame sections. Other methods of heating such as by infrared or microwave energy may be
more acceptable to processors since the need for a source of steam may be eliminated. However, this
has yet to be investigated.

Our initial design of a machine incorporated a steam injection principle so that a short tunnel but
8 feet long with a typical processing time of approximately one minute was provided. This method
partially cooked the fish flesh to a condition where It could easily slip off bone structures without
dislodging db bones from vertebra. Fine bones from the nape, fins and tall tended to become
dislodged and will require further study, The fish chunks that emerged were moist and tender, well
suited for chowder stock or other such uses,

As a prototype steam tunnel, the shell of a commercial continuous dishwasher was altered by
reducing the speed to approximately 8 feet per minute. A variable speed gear  DC! motor with a chain
and sprocket final drive completed the transform-ation. The typical open chain conveyor was fitted with
a removable tray which was pushed along the path by conventional attachment links so that easy
access to and from the tunnel was possible for our Initial pilot studies, A wire grill was mounted
vertically on the tray so that its plane was aligned with the direction of travel. Fish frames were attached
to the wire grill so that high pressure culinary steam could impinge on both sides. In a future iteration,
the open conveyor and sliding pan could be replaced by a horizontal wire conveyor belt on which the
fish frames would lay flat as In the sketch of Figure l.
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Two banks of four 1/2" stainless steel tubes were plumbed as manifolds, one on each side of the
longitudinal path so that jets �/64" holes, 2" o.c.! of live steam at 30 psi cooked the fish flesh. The
tubes were spaced vertically at 2 inch intervals, Cooking juices and condensate were recovered in the
tray as a potential broth constituent for a final product. Excess steam escaped to the environment,
perhaps unacceptable in a commercial process.

Future models could have heat sources  either steam jets or other forms of energy! above and
below horizontally conveyed frames, In lieu of steam Jets, culinary compressed air can be utilized to
separate flesh by downward blowing of partially cooked chunks from frames, Electronic inspection for
bones may be required to insure a consumer safe product, somewhat dependent on species. Also, it
may be necessary to remove the unsklnned tail section as part of the cutting process to eliminate the
incidence of attached skin or other unusable parts of the frame in the final product.
FLOW CHART:

This rnachine concept is a 'low-tech' approach with minimal investment and energy requirements.
Incorporation of such a machine into typical filleting process lines is illustrated by the flowchart in
Figure 1.

The outputs from typical filleting operations are fish fillets and gurry, In a redesigned process, we
propose that heads, viscera  and perhaps the tail! be separated from the fillet producing section, either
before or after filleting and directed to the stream of gurry much as before. The fillets would be directed
to the washing and packing operations as the product of primary importance as is the usual practice.

However, an altered process would divert the filleted frames with attached fish rnorsels to the
proposed machine where the partially cooked chunks of fish would emerge as a secondary food grade
stream for either on-site packaging as a frozen or canned product. We envision freezing as the better
option because less machinery would be involved for what will be a relatively low volume -perhaps
10% of the fillet output.

Finally, the spent, stripped fish frames would be directed to the main gurry stream for further
processing as fish hydroysates, as compost or rendered into fish meal by state-of-the-art dehydration
plants. Current high costs of energy and capital outlay may preclude the last option.

If sufficient numbers of processors are within dose proximity of each other, then it may well be that
collection of individual outputs can be made by a local  cooperative! canning facility which could
market either fish chunks for chowder, or fish chowder as a finished product-much as for the existing
clam/shellfish chowder market. Such a scheme would fit in well for large concentrations of independent
processors as at Gloucester, Ma.

CONCLUSIONS:

While this concept has not been researched sufficientl to produce conclusive results which would
lead to immediate adoption by the industry, preliminary investigations with a prototype rnachine are
sufficiently encouraging to warrant investigation by others for specific species of fish and process
conditions.

Evaluations of the proposed process by potential processors and purveyors indicated promise for
successful adoption. One outlet, a large food bank, was even willing to produce such food grade fish
products themselves in order to supply a badly needed source of protein to supplement most food
donatiions which tended to be higher in carbohydrates and fat than in proteins. Thus, consumer groups
and processors alike have indicated sufficient interest to warrant further study.
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