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Infroduction

Within the seafood twduwitey, many
commaodities are graded by size, as are s
lops and shrimp, with the Rrgee sizes
manding a higher market value. The value
disparity between sizes is ot necessardy
based on percetved quality difterences (seoall
scallaps and shrimp maintain o strong sarket
share), but mose so on the consurmer percep-
tion that bigger is better. Conseguently, larper,
more uniform items are targeted for the
higher valued items within the food service
ix‘adustry. Additionally, institutions, cakerts

trol and prefer uniformdy sized products,

Food restructuring is 4 term used to
wdentify a process where preces of raw mabe-
rial are bound together to form a single larger
food item, typically resembling a naturat
product form. Restracturing may be achioved
by various processes inchisding forming,
pressing, molding, and stutfing the product
into casings. Restructuring an avaitable
resotrce-—such as small and /o, non-usiform
sea food pieces—to simulate a more market-
able commaodity adds value ko that product.

Market sdvamtage i increased for restructur-
ing 1 the targeted nurket form is o high
demand. Case in point: of the domestically
tardod sea scalfops, the AR mests per
powndd size is the most marketable; in {99697
Ranudings of that size scallop were drastically
rectaoed. creating a high demand for the
product. Two cooperating indusiry members
filled the market void by restoucturing 80120
count imported scallops into 20-20 count
scallops, and marketing them as “Scallop
Mudatlions.” Ineffect, the processors added
value to the small scatiops by merely increas-
ing product size, while providing the food
service industry with an alternative scaliop
prochuct of vonsstent size and quality.

Traditionathy, various hydrolyzed pre
teing, in conjunchon with salts Gincluding
pi‘t{j‘fﬁi.‘ah&,ﬂ&l‘i}, have been used as binders in
restruectisred and formed products, Thase
bindters reagatire a heat process (o torm a gel
muaadrix, either via a par-ceok o set thoe el tor
turther processed products, or a full cook in
heat-n-serve priducts. [Fa heat process is ot
used, the product genertally requires imemedi-
ate frepzing apon formaing to maintain its
desired shape and integrity until the biader s
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set by a heat process, which is usually sdmin-
isteredd by the end user  Either way, using
"heat-wet” binders limits the finished product
o the trozen market. Thermal applications
tweded for heal -set binders commonly result
in product toughening  through mobsture koss.
Furthwy, these binsders work bewt an commi.
nuted raw material, not on whole muscle
friecwn an described heve for restructured and
forrnend soafood products

The ability #0 restructure raw material
and retain the uct in & raw, freah state
provides market feutbility snd, therefore, a
marked advantage A restructured raw fresh
product praados the processor with malisple
marketing Gwsoes, iniuding sdditional
added-value prvduct development

To pevduce & restructuned raw product, 8
binder which gele al or below toom tempera:
turen {"cold wt” bnder), is necded

Threr main types of commercially avail-
able cobd et foud binders, or blends of van-
s proteinm, sre available for use with wa-
food raw material to produce restructunsd and
torted products’ enzyme activated protein
binders, hydrovolloid protein and carboly
deate polymens, and sodium siginate  bn
zyme activated bruders rely on nalurat en
Fymes i catalyze the formation of a priein
get matrin and submequent gel-raw product
freostein croma hinking, thaumbase and
transglutaminase are the ceyvenes currently
tmend i commercial cold - set bindens The
wectied tvpe of binden(s) employs hydnxol:
bk prrostena, as hydrolyzed gelatin and mah
prsteitw, solely of 0 conjunction with mods.
fiend stanhes and £on phasphates b form a
1okt pelling polymer  These form 4 gel matnx
{sstt tor hand gel} at noom lemperature or
below  The thurd type of binder, sodium
shnate, uses hvdrated fod grade gams
{alginates) as the gl lormg subsirate
Celation requires the ntroduction of calonem
s, st comumenly from calaum sutfate or
dualaum phosphate  smply adding caloium
tr the algmate pros wdes too rapud of gel
formatioet for maosd apphications, not ablowng
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tor adequate product handiing (lormang,
stuffing)} t occur. The use of a calcium
sequestrant (sodium hevametaphoaphatr),
added with the calcium sourcr to the alginate,
helps prevent premature gelation by compet-
ing fur the available calaium  For practical
applications of sodium asiginate in the reatruc:
turing of fouds, the calcium needs to be
introduced at the time of molding oe stuffing
This may be accomplished with commercial
stulfing machifes which can introduce the
calcium solution at the homn locabian, just
prior to the time the product enters the caung

The birkiees employing hydnwollond
proteine and alpinates are best used in restiuc
turnd prisduct formulations using commi-
twuted raw material, with the finished prasiuct
being breaded and frozen These difter trom
the enzyme acthivated binders which provide
functional banding on a wide range of raw
material prece sizes, from lamge whale muscle
pieves lo very simall, even commmuted mate-
tial. The potential food apphcations for these
erzyme binders i far reaching  Ths neport
focuames on results generated from sea foond
fostructuring using enzyme activated pootein
birnders.

Selection of Raw Material

Survess in restructuring seafood products
begins with the thoughtful selection of raw
material. A thorough investigation into raw
material resources, and their predicted future
avalability —prior to developawent - s im-
perative. Seloctg a resorircr with highly
variable senmary charactenstus, or o with
an unstable or kmited supply shoald be
avoided. Selection of the highest quality
resouirce possible is vital to the sucoess, and
consumer acceptance of the hnshed prsduc
The apprupriate resource ss obe which will
result in a near aumrc of the tangeted restruc.
tared product and/or 1s most acceptable by
the consumer  In the case of “Scallop Medat:
lions,” the imitial resource used in developing
that product wene small scatlops (¢ Alemys
palapmang) harvested 1in the Southwest Atlan:
tic ovean off the coast of Argeniina These



scallops possess an soft texture which made
them a good candidate for restructuring into
simulated sea scallops because the elastic
component of the binding agent did not
detract from the soft texture. Since the initial
marketing of Scallop Medallions, other scallop
resources have been used, resulting in varying
product quality parameters in terms of tex-
ture, taste, color and overall appearance.

In shrimp, some species were found to
bind successfully while others would not.
This could be the result of varying levels of a
natural endogenous enzyme (i.e. a cathepsin
enzyme), which is known to inhibit protein
binding. Deactivation of this enzyme can be
performed through heating or altering prod-
uct pH; however, product appearance and
overall quality can be compromised.

Nature of Raw Material

Forming large scallops from small ones is
successful largely because the natural texture
of scallop adductor muscles is similar for
different scallop sizes and species. The over-
all “bite” or texture of a properly formed
scallop product using small scallops is uni-
form and therefore perceived as a single unit
by the consumer. Taking small shrimp species
and forming them to mimic large shrimp or
formed products is more challenging. The
natural, rounded and crescent shape of
shrimp tails, together with their more dense
muscle fiber /bundle arrangement (as com-
pared to scallops), creates textural problems in
formed products. Individual small shrimp,
when successfully bound together, will tend
to contract during cooking, independently of
the formed product as a whole. This results in
physical distortion of cooked product, lack of
product integrity, and a non-uniform “mouth
feel,” or texture, to the consumer. However,
by breaking up the natural shape and muscle
fibers configuration of small shrimp, uniform
structured products are possible. After nu-
merous trials of grinding (chopping) small
shrimp into smaller (12, 9, 6, and 3mm) pieces
prior to binding, improved cooked product
appearance and integrity was demonstrated

but texture remained a problem. The chopped
pieces of shrimp still displayed the indepen-
dent nature of the whole shrimp pieces upon
cooking, resulting in a negatively perceived
grainy mouth-feel to the bite. This problem
was corrected by flattening out the small,
rounded shrimp prior to binding instead of
chopping/grinding. Flattening constitutes
breaking apart the muscle bundles, but leav-

ing the individual, longitudinally-oriented

muscle fibers intact. By keeping the elongated
muscle fibers intact, a layering network occurs
between flattened shrimp during blending
with binder, resulting in a more structurally
uniform finished product. The tendency for
individual flattened shrimp to contract inde-
pendent from the whole product during
cooking is reduced. This results in the struc-
tured product cooking more as a single unit,
thus improving the overall texture. Moderate
flattening tends to work best for products
marketed un-breaded, such as patties, where
the individual shrimp integrity is lost but the
general shrimp form visually remains.

Enzyme Activated Binders

Two commercial enzyme activated cold-
set binders were tested for this study:
Fibrimex, a plasma binder developed in the
Netherlands and currently being produced in
Canada, and ACTIVA, a sodium caseinate-
transglutaminase binder developed and
currently produced only in Japan. Both
enzyme activated cold-set binders reported
here are natural products federally approved
for use in food applications. They impart
littie to no odor or flavor to the restructured
product. Upon setting, the color of these
binders blend well with most sea foods. Both
binders are readily available in the United
States, with ACTIVA only recently becoming
available, while the production of Fibrimex
began in 1991 for use in the red-meat industry.

Fibrimex
There are two components to Fibrimex

which, when mixed together, form an in-
soluble protein gel and provide protein cross-
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linking between the gel and the raw material.
Both components are derived from the plasma
component of beef blood. The main compo-
nent is fibrinogen, a natural soluble protein
produced by the liver in animals and found in
blood plasma. The second component is the
enzyme thrombin, or thrombase. Both are in
liquid form. When added to the fibrinogen,
thrombin converts fibrinogen to fibrin, the
insoluble protein gel which provides the basis
for binding. This process is the same as in
blood coagulation, or clotting. Though throm-
bin is the major enzyme involved in this
process, it should be noted that thrombin is
reported to activate a transglutaminase en-
zyme also found in the plasma which contrib-
utes to gel-meat cross-linking in the binding
process (Winjngaards and Paardekooper
1989). These authors also report that fibrin
concentration of the resulting gel largely
determines its strength. The fibrin concentra-
tion is therefore controlled by the manufac-
turer by isolating additional fibrinogen from
the plasma and re-introducing it back into the
tibrinogen solution of the commercial binder.
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Fibrimex uses beef plasma fluid as the solvent
for the fibrinogen solution because it already
contains some fibrinogen and
transglutaminase.

Fibrimex solutions are distributed and
stored frozen. The manufacturer suggests
storage at -20°C to -40°C. The fibrinogen
comes in plastic, hermetically-sealed bags
containing 2.2 Ibs of fibrinogen solution.
Thrombin comes in plastic, screw-capped
bottles containing 1.75 oz of thrombin solu-
tion. The two solutions are thawed in a water
bath (20-25°C) until they are completely free
of ice crystais and the fibrinogen protein is
visibly dissolved in solution. From research
generated during the development of
Fibrimex, the mixing ratio of fibrinogen to
thrombin was determined for commercial
applications to be 20:1. This ratio generally
provides for both adequate product handling
time prior to gel formation and good gel
strength. As commercially packaged, mixing
one plastic pouch of fibrinogen solution with
one bottle of thrombin solution, provides a
20:1 ratio. The combined solutions are then



added to chilled (2-5°C) raw material and
tharoughly mired to ensure complete distri-
bution to alt pieces. The coated meat pieces
are then deliverad to caings or molda, with
care to exclude air vouds, and transforred to a
refrigerated arca (2-4°C) for cobd-setting (6-8
hrs). Orce mined al this eatio, handling
should be completed within 15 minutes.
Handling the restructured or formed product
after this period and during setting will
compromise binding. Freezing directly from
forming, not allowing for a refrigerated
setting period, can provide functional binding
i the product pasacs from the frozen state
directly to the cooked state, or if a refngerated
set period is atlowed after a slow thaw periad.
Freezing inhibits enzyme activity, which is
reactivated upon thawing Set-time is directly
related to the mixing ratio, with decreasing set
time correlated to increasing thrombin use,

By altering the fibrinogen to thrombin rati,
from 20:1 to 15:1 to 10:1, set time can be
reduced (rom 6 hes to 4 hrs to 2 hes, cespec
tively, with little compromise to product
quality parameters (see “Texture™). Product
binding is also affected by pH, with optimal
enzyme activity, and therefore functional
binding, occurnng between pH 7.7.5.

The initial production of “Scallop Medal-
hons” used Fibrimes for binding smat scal-
lopx. The Fibrimex coated scatlops were
stuffed into 36 inch plastic, 1.25.1.5 inch
diameter, perforated, tubular casings and
refrigerated overnight to allow setting. Upon
setting, the casings were stnipped, and the
formed scallop logs were sliced at predeter.
mined lengths to mimic large scallops.

ACTIVA

The pnnciple component of ACTIVA is
the enzyme transglutaminase (TG). 1tis a
naturally occurring protein substance found
in organs and tissues of mammals, fish,
shellfish and plants, as wetl as in microorgan-
tsms (Seki et al 199). The TG enzyme in
ACTIVA is derived from a fermentation
process, where TG is produced by microor-
gansms associated with the fermentation of

starch and other raw materials. The TG
produced from microorganisms is caloiam
independent (does not asquone the addtion ot
calcium for funchionality ), which ditfers trom
the calcium dependent TG derived from
mammalian sources, thus expanding its use 1n
food applications (Kuraishi et al 196). Under
the trade name ACTIVA, several furmulations
of TG containing protein binders are commer-
cially produced. Though the principle com-
pooent of ACTIVA products is the enzvme
TG, the bulk of the product consists ot a
protein substrate, vither sodium caseinate
(milk protein) and /or carbohydrates (dextnin,
mattudextnn, starches), depending upon its
food application. The product tested for the
present study on sea find binding was
ACTIVA TG-RM. a blend of sodium caseimate
(BP%), dextrin (39 5%), and TG (05%), The
casein provides the protein substrate tor T4
binding reaction. Protein sourves from gebatin
and soy may also serve as good substrates
The commercial product is a fine, white to ot
white powder, distnbuted in vacoum packed
pouches and does not requine refngeration
The reasoming for the vacuum pack s that 1€
1 susceptible to odidation, which reduce
enzyme activity.

Gel formation and protein cross linhang
1 inhated with the introduction of water
ACTIVA products can be either pre-hy drated
(wet application) pricoe to moxng with raw
precduct to be bound, or applicd dry (dry
application) by sprinkling «wer the meat
surfaces. The amount of waler used for
hydration in the wet apphcation can vary
from 2.5-4 parts of water to one part of dry
binder. A 21 ratio of less proidduces a “paste”
too thick for adequate distribution onto meat
preces. 1 more protem substrate {sodium
caseinate) is added to the commerncalty
available pre-blended product, more water
will be needed 1o acquire proper hydraton,
In dry applications, moisture from the meat
surfaces initiates binding. For applications
requanng high ACTIVA usage rates (175 2%),
the wet application (3-4:1, water:buuder) s
actvised over dry application method 15 order
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to facilitate meat surface coverage and to
avoid clumping associated with dry applica-
tions. TG catalyzes the gelling and cross-
linking of proteins through the formation of
strong chemical (covalent) bonds between
individual protein molecules (Motoki and Nio
1983). Binding begins within the protein
substrate and continues between this sub-
strate and the proteins from the raw material.
As with the plasma binder, once initiated,
handling time is short before setting occurs.
Unlike the plasma binder, however, tempera-
ture is more important to set time than other
processing parameters. In trials forming
shrimp patties, setting time was observed to
range from 3.5 hrs at 3-5°C, down to 1.5 hrs at
20°C. TG is reported by the manufacturer to
be active over a wide pH range. All experi-
mentations were conducted with sea foods
within the neutral pH range, with functional
binding achieved.

Once mixing binder with raw material,
handling (stuffing, molding, forming) needs
to be completed within 15 minutes to ensure
proper binding. To provide for better binding
of raw material, applied pressure during
setting and the exclusion of air pockets is
important. Though set time can be highly
manipulatory by controlling temperature, it is
advised to follow established industry Good
Manufacturing Practices (GMP) as to food
refrigeration. Raw material should always be
kept chilled (2-5°C throughout the restructur-
ing process. Inactivation of TG is reported by
the manufacturer to occur at 75°C, and
thought to occur upon freezing. However,
these parameters were not tested. Continua-
tion of protein cross-linking in fresh refriger-
ated restructured products, and its effect on
product texture during a typical shelf-life
period, was addressed and is presented in the
following section.

Binder Effect on
Quality Parameters

Both enzyme activated binders effect
certain quality characteristics such as texture,
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drip loss and overall appearance of the re-
structured product, with the degree of impact
largely dependent upon binder usage levels.
For testing these effects, formed scallops were
produced using varying levels of Fibrimex
and ACTIVA TG-RM. Thirty pounds of frozen
120-150 count bay scallops from China were
completely thawed, thoroughly mixed to-
gether then divided for use with both binders.
Usage levels tested for Fibrimex included
10%, 8%, 6%, 4%, and 2%. Levels for ACTIVA
TG-RM included 2% (wet application), 1.5%
{dry application), 1.5% (wet application), 1.0%
and 0.5% (dry applications.)

Texture

In food restructuring, sea foods are
considered to have a softer, more delicate
texture than red meats, poultry and pork
products. The addition of a protein binder,
which most often results in an insoluble,
elastic polymer, will therefore effect sea food
texture more than other meat products. Re-
structured products should be formulated to
provide a near mimic of the natural product,
with texture being a key component of suc-
cess.

Usage level of Fibrimex and ACTIVA to
raw material is largely dependent on piece
size. Functional binding is only achieved if
the binding solution is distributed over the
surface area of adjoining pieces of raw rmate-
rial. Structured products using large pieces of
raw material have less surface area for cover-
age than products using small pieces. There-
fore, more binder is generally needed when
using smaller pieces. The resulting polymer
formed from gel formation and protein cross-
linking is a very elastic structure, which in
most seafood restructuring applications
should be incorporated at the minimal
amount, only to which functional binding is
achieved. Too much binder causes a tough,
chewy texture and affects moisture retention.
Further, excessive usage results in a visual
demarcation of pieces within the restructured
product, and increases production costs. The
type of raw material used, distribution



method (wet verses frozen), retail handling/
display (re-hydration from contact with thaw
drip), and possible further added-value
processing, can make the binder-piece inter-
face more noticeable.

In the development of restructured sea
foods, maintaining textural quality is of major
importance. Shear strength, a measurement of
texture, was evaluated for formed scallops
using Fibrimex and ACTIVA TG-RM. A Food
Technology Corporation Texturepress (model
T-1200-G} was used to measure shear press
units, the amount of force required to com-
press, shear and extrude a food product
through a shear-compression cell. The lower
the shear press units, the softer the texture.
Since the product tested is formed with
numerous individual whole scallops with
random orientation, individual texture read-
ings varied from sample to sample. Trial runs
indicated that with consistent orientation of a
single formed scallop in the press cell, five
replications (N=5) for a given treatment
provided the least variation, and therefore the
maost consistent average sheer press values.

All products tested for cooked shear strength
were broiled at the same time for the same
duration. Cook time was determined by trial
runs where the product’s internal temperature
was monitored by thermocouples and reached
70°C.

The addition of either binder imparts a
degree of added elasticity to the formed
products” textural profile (Figures 1, 2), and is
observed to increase with increased usage
levels. The texture difference between the
restructured product and the targeted natural
product should be as minimal as possible
without sacrificing binding strength. In a trial
run using 80-120 count frozen/thawed bay
scallops from China (Argopecten rrradians,
Chiamys farrerty and varying the usage levels
of both binders, formed scallops were made
and compared to domestic sea scallops
(Placopecten magelianicus). Fibrimex at 6% and
TG-RM at 1.5% was observed to provide the
closest match of formed scallop texture to that
of the various sea scallop products tested,
without compromising binding strength
(Figure 3).

Figure 1. Texture changes in formed
scallops with varying Fibrimex levels.
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Figure 2. Texture changes in formed
scallops with varying ACTIVA levels.
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As with all food quality characteristics,
product consistency is important for both the
processor and the end user. Since texture in
formed products is vital, variations occurring
in product texture should be considered
during product formulation. The coeffictent
of variation {standard deviation /mean x 100}
was calculated on formed scallops (N=5)
using both binders (Figures 4,5). The amount
of variation generally increased at both the
low and high usage levels for both binders,
indicating less product consistency when too
much or too little binder is used. A difference
between binders was observed when compatr-
ing the texture variation occurring upon
cooking. Texture became more variable upon
cooking with Fibrimex at all usage levels,
while TG-RM provided less variability in
cooked texture for al usage leveis. When TG-
RM was used, texture variation is observed
between application methods (Figure 6).
Since moisture is added to the system with
the wet method, corresponding moisture
content and drip loss is increased. The addi-

tion of moisture (water) results in less varia-
tion in raw product texture, but more varia-
tion in cook texture. One could theorize that
moisture addition aids in TG distribution
during forming, providing a more consistent
scallop-binder interaction, while elevated
moisture loss upon cooking provides for more
variation in resulting texture.

Flexibility in usage levels without greatly
impacting texture and other quality attributes
can be achieved by altering the ratio of pro-
tein substrate to enzyme. Manipuiating the
ratio in Fibrimex is straightforward since the
two components are distributed as a two-part
process. ACTIVA products come pre-
blended, thus limiting the user to acquiring
specialized blends, or obtaining separate
ingredients (proteins as sodium caseinate, soy
or gelatin) and altering the amount of protein
substrate. By altering the recommended
fibrinogen to thrombin ratio of 2(:1 in
Fibrimex, total usage level for a given product
was observed to remain the same withoaut

25

Figure 4. Variation in texture (N=5)
in formed scallops using Fibrimex.
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Figure 5. Variation in texture (N=5)
in formed scallops using TG-RM.
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effecting binding strength. Initial research in
the development of scallop medallions used
60-80 count scallops. An optimal usage level
of 4.5% was determined using a 20:1 Fibrimex
ratio. Industry is progressively using smaller
scallops of varying species. Typically, the
smaller the scallops, the larger the surface
area to be bound, the more binder needed.
Therefore, substituting 120-150 count scallops
for the 60-80 count scallops should dictate a
higher usage level. However, by reducing the
amount of fibrinogen to thrombin while
maintaining the total usage level of 4.5%,
functional binding was achieved with the
smaller scatlops without significantly effect-
ing texture (Figure 7). Increasing the throm-
bin enzyme concentration also reduces setting
time, which can be used to a processor’s
advantage.

Enzymes are inactivated with heat, and
generally thought to be inactivated, or at least
inhibited under freezing conditions. These

binders rely on enzyme activity during refrig-
erated conditions for functional protein cross-
linking. It was proposed to what extent this
cross-linking would continue during refrig-
eration, and, most importantly, its effect on
texture if held for extended periods required
for shipping and handling. In comparing
fresh formed scallops made by both enzyme
activated binders to frozen-then-thawed
domestic sea scallops, no increase in texture
was evident through a 14 day refrigerated
period (Figure 8). Fluctuations observed in
shear units during this period were consistent
to each test sample, implicating other factors,
such as natural autolytic decomposition.

Moisture Retention

Successful binding depends largely on
thorough coverage of the raw material with
the binder, In products formed by stutfing
into casings, raw material surfaces which are
not bound to each other are also covered with

Figure 7. Formed scallops using 4.5%
Fibrimex and 120/150 count scallops.
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Figure 8. Texture Change over
refrigerated shelf-life
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the binding matrix. Once set, the binder
provides a moisture barrier which serves to
minimize drip during fresh refrigerated
storage, and through the freeze /thaw cycle
and cooking. The moisture retention capacity
of Fibrimex and ACTIVA was observed in
cooked formed scallops (Figures 9 and 10,
respectively). The usage level of both binders
affected moisture retention. [t is of interest
that Fibrimex introduces more moisture into
the product {volume of fibrinogen solution)
than ACTIVA, but maintains a better moisture
retention capacity at all usage levels. The
high moisture loss associated with ACTIVA at
the 2% level may have been due to a lack of
uniform coverage as a result of the binder
caking (thick paste) when hydrated at 3:1
{water: ACTIVA).

Appearance

Differences in the overall appearance of
restructured products using the enzyme
binders are largely attributed to improper
usage levels for a particular application. If too
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little binder is used, the raw material (espe-
cially whole muscle material as scallops and
shrimp) will be weakly bound, resulting in a
physical distortion of the formed product.
This distortion is further accentuated with
cooking. At low usage levels, the individual
scaltops partially separate from each other,
resulting in the loss of the desired scallop
shape. At the other extremne, using too much
binder can cause the visual demarcation of the
individual raw material pieces within the
restructured product.

Depending upon the raw material used,
product color may also be influenced by the
type of binder used. The fibrinogen compo-
nent of Fibrimex has a slight reddish-orange
hue, an artifact of being derived from red
blood. Atusage levels recommended for sea
food restructured products, this slight color-
ing may only be detected in white flesh
products, such as scallops. When noticed, it is
strictly in the raw state. Fibrimex becomes
opaque upon cocking and blends in with the
various shades of white typical of cooked



scatlops. The whitish color of ACTIVA-RM is
observed to be transferred to the restructured
product; however, it is somewhat diminished
at proper usage levels. It also blends in with
the white shades of light fieshed product
upon cooking. In formed scallops, ACTIVA
may have a stight whitening effect when
compared to those formed with Fibrimex;
however, it may only be discernible in a
side-by-side comparison.

Potential Limiting Factors

The use of cold-set binders with sea
foods is not without potential processing and
marketing linvitations. A potential limitation
is with formed fresh products using conven-
tional continuous forming equipment. Many
forming machines utilize a “knock-out” step

to remove the product from the ferming plate.

The combination of a required period of
refrigeration for protein binding and the
inherent low fat content of sea foods (fat
provides some product adhesion) means that

the formed product will not stay together
upon knock-out. Experimentation with
specialized processing equipment, prepara-
tion of raw material, and the use of other
ingredients with these binders will need to be
explored to develop processes which deviate
from the use of casings or sfationary molds.

Limitations also exist with both of these
binders when using “"wet,” or extensively
processed raw material. These binders rely on
protein-to-protein interaction. Excess water
reduces protein-to-protein interaction, thereby
interfering with binding. Raw material
should be non-processed and sufficiently
drained to maximize functional binding,.
Scallop medallions formed with phosphate
processed bay scallops did not achieve ad-
equate binding strength for slicing during the
normal setiing period. After an extended
refrigeration period of 2-3 days, product
would then hold up to slicing, though binding
strength was obviously compromised.
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Figure 9. Average drip loss (N=5) in
formed scallops using Fibrimex.
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Figure 10. Average drip loss (N=5) in
formed scallops using ACTIVA TG-RM.
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The use of ACTIVA in the stuffing pro-
cess may create problems in the filling and
subsequent stripping of the plastic casings.
Applying the binder by both dry and wet
application methods (but more so with dry
method) results in the product mixture acquir-
ing a tacky consistency, which causes the
mixture to adhere to the casings during
stuffing. This creates a back pressure within
the stuffer which could result in whole muscle
breakage (smear), therefore altering the
appearance of the finished product. Further,
the raw material mixture using ACTIVA does
not seem to contract within the casing, as does
Fibrimex, which makes stripping of the
casings difficult. Special casings with a
lubricant on the inside surface has been used
with some success in preventing these prob-
lems.

Marketing limitations may be related to
the fabeling declaration of a product which
uses Fibrimex. Federal food labeling agencies
are currently requiring that a statement such
as “bound with beef plasma protein” be
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prominently displayed on the front label just
after the product name in font size half that of
the product name. Such an identifier must
also be listed in the ingredients list. As far as
marketing is concerned, identifying beef
plasma within a seafood product may not be
favorable. During market development
efforts within the first year of scallop medal-
lion production, many wholesalers and chain
retail outlets based their decision not to carry
medallions because of potential consumer
rejection due to the beef plasma statement.
However, as Fibrimex increases its distribu-
tion and use within the food service industry,
its acceptance in seafood products should also
increase.

Applications

Applications for cold-set binders in sea
food product development are rapidly being
realized. These binders work best when the
raw material is confined within a rigid mold
or casing under some degree of pressure
during the refrigerated setting period. How-



ever, experimentation with other processing
equipment together with manipulating
processing parameters, should reveal other
applications. Most restructured sea foods
formed with these binders may also be used
tor further value-added processing without
loss of product integrity. Examples of further

processing includes marinading, smokin g and
breading. Incorporation of dry spices, or spice
blends (with salts), for flavored products can
be done at time of binding without interfering
with the binding process. Some applications
using the binders for seafood restructuring are
illustrated in Figure 11.

Figure 11. Seafood product applications using cold-set binders.
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