
Background Report Reference 

AP-42 Section Number: 9.13.1 

Background Chapter: 2 

Reference Number: 9 

Title: "The Potential for Minced Fish" in 
Food Technology 

Joe M. Regenstein 

March 1986 

EPA
Text Box
Note: This is a reference cited in AP 42, Compilation of Air Pollutant Emission Factors, Volume I Stationary Point and Area Sources.  AP42 is located on the EPA web site at www.epa.gov/ttn/chief/ap42/

The file name refers to the reference number, the AP42 chapter and section.  The file name "ref02_c01s02.pdf" would mean the reference is from AP42 chapter 1 section 2.  The reference may be from a previous version of the section and no longer cited.  The primary source should always be checked.




AP-42 Section __ 

..The Potential for Minced Fish 

fattier red meats. With this move away from grain-fed 
beef has come an increase in the consumption of 
comminuted (hamburger-style) meat. As the quality of 
the red meat from the point of view of texture/ 
tenderness decreases, the use of mechanical tenderiza- 
tion (e.g., comminuting, reforming) increases. 

Do all of these changes offer any opportunities for 
the fish industry? I believe that they do and that one of 
the routes the industry may take is to increase the 
production of fish mince. Fish mince can be used as the 
starting material for surimi and the whole collection of 
products that are then formed from the ingredient 
surimi. I think that this may not be the best route for 
most of the fishing/food industry to pursue in the 
development of our fishing resources. Instead, it may 
be better to use minced fish directly or with minimal 
processing. 

Sources of Raw Material 
There are essentially three sources of raw material 

for mincing. 
The Underutilized Species. These species are not 

being fished in sufficient quantities with respect to 
what the biologists say is available because there is 
usually not sufficient incentive for fishermen to catch 
these fish. Though these species have often been 
thought of as the major source of minced fish, the cost 
of a directed fishery for these fish may be almost as 
high as for the currently caught species. Often these 
fish are caught along with more desirable species (e.g., 
the shrimp by-catch) and would take up valuable 
on-board space. I have sometimes defined an underuti- 
lized species as one that is catchable only when some- 
thing more valuable is also around. The fisherman may 
be willing to bring some in for a reasonable price but it 
is difficult for a processing plant to plan a business 
around such a variable catch. 

Another problem we discovered when we first dealt 
with underutilized species is that they may be there 
and unfishable for other reasons. For example, white 
sucker or freshwater mullet is easy to catch in the 
Great Lakes in the summer when they school. Unfortu- 
nately, they do this close to shore. Lakeside residents 
are known to shoot at  commercial fishing boats that 
come too close to shore and interfere with the sports 
fish. 

Thus, to be successful with underutilized species, 
both the fishery and the processing facilities must be 
developed at  about the same time and properly inte- 
grated-a difficult assignment. 

Industrial Fish. Those fish that are bein used for 
making fish meal and fish oil may represent a%out 25% 
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Minced Fish (continued) 

or more of the fish catch worldwide. A number of 
difficulties must be overcome before these fish can be 
used directly for human consumption. First, they are 
often caught in large quantities. Thus, various forms of 
mechanical harvesting (e.g., pumping) and minimal 
on-board handling are used. Some of these handling 
and storage methods make the fish unsuitable for 
direct human use. Second these are often smaller fish 
80 that further processing, especially viscera removal, is 
difficult and/or costly. Third, the high oil content of 
these species makes them relatively difficult to handle 
and store, but this same property may someday be an 
asset. Again, in the future we may see this resource 
developed. 

Food Grade Waste Materials. In some cases, fish 
may be too big or too small to process normally, or if 
the fish has had some mechanical damage, they may he 
a candidate for alternate forms of processing. Also, 
when fillets are prepared, pieces of prime quality fish 
flesh remain with the bone rack. These racks are 
available for further processing, specifically mincing. 
The material obtained after processing is similar in 
composition to a regular fish fillet. 

The biggest available source of wasted fish flesh 
material is currently receiving a minimum of recovery 
effort: filleting waste. The flesh that adheres to the 
bones during filleting and is not subsequently recov- 
ered for anything better than fish meal or mink food 
may represent 10-20% of the weight of the original 
fish. The head also contains an additional 10-15% fish 
flesh. 

Deboning Fish 
A number of different pieces of equipment are 

available for separating meat from the bone so that 
processors can take advantage of these waste materials. 
Because fish are relatively soft, a simpler piece of 
equipment can usually be used than that which is used 
with red meats or poultry. A schematic of the most 
common type of fish deboner is shown in Fig. 1. The 
fish is pressed between the belt and the drum. The 
flesh, fat, and blood are squeezed through the drum 
holes. The amount of pressure being applied is fairly 
low so the size of the holes can be larger than those 
used for red meat deboning. Commercially, hole sizes 
of 3 or 5 mm are generally used as compared to 0.5 to 2 
mm for poultry and red meat. Thus, the material 
obtained from the deboner has much more texture 
than the meat obtained from the higher pressure 
machines. 

I have previously suggested (Regenstein, 1981) that 
the fish processor desiring a very high quality product 
might actually back off a bit from the maximum 
“practical” yield on the deboner to get a slightly higher 
quality product. The processor could then take the 
“waste” stream from this step and run it through a 
higher pressure poultryhed meat machine for the 
greatest yield. The two mince streams would be used 
differently. 

An Icelandic company (Kwik) has demonstrated the 
feasibility of a machine for removing the fish meat 
from the head of a fish, or a t  least cod fish, but the 
commercial version of the equipment is not yet avail- 
able in North America. The Canadians, or a t  least 
those in areas like Newfoundland, remove the cod 
toungues by hand or by machine and consider them a 
delicacy. 

Norwegians have in recent years developed a floab. 
tion process for obtaining fish mince from whole 
fish, particularly capelin. Further develoqment of t& 
technology may open up new opportunities for :he 
direct human use of the industrial fishes. 

Note that the above deboning equipment & 
used, along with other types of equipment, to remow 
flesh from other marine animals (Le., molluscs 
crustaceans), but these uses will not be disc- 
further in this article. 

Color 
When deboning is completed, the finished produn 

can vary in color, depending on what parts of the fish 
are processed. If trim waste is run through the deboner, 
such as the fillet trim pieces with pinbones, a 1 . q  

white material can be obtained. This material is corn- 
mercially available and is used in many products, 
including fish sticks and portions, fish cakes, md 
seafood dishes where it is used as an extender. 

If whole fish is run through the deboner, a more 
pinkish material is obtained since some of the blood 
from the backbone and kidney will become incorpor- 
ated into the flesh. 

If fish frames (the filleting waste without any heed 
meat or viscera) are processed, an even darker-red- 
colored material is obtained since more blood is incor- 
porated in proportion to the white flesh. More kidney 
tissue is also included as well as the main nerve tissue 
which runs dorsally along the backbone. 

In the preceding discussion, we have assumed that 
the flesh of the fish being minced was essentially white. 
Clearly, if the fish kpigmented, then this color will 
carry through to the mince. In addition, some pigments 
from the skin may also become incorporated into the 
mince darkening it further. The fishing industry has 
demanded that fish products be white in color, and 
.thus the darker forms of minces have not even Lepn 
considered. The addition of blood and kidneys tu  \!it 
mince gives it a distinctly red color. However, if one 
looks at  the total flesh food marketplace, the major 
comminuted meat is hamburger and i t  is very red. In 
fact the industry may be missing a tremendous oppor- 
tunity by not thinking in terms of “Red is Beauti- 
ful.” 

As food scientists, we also need to be concerned with 
the nutritional status of those for whom we prepare the 
food. We need to look more closely at  the total meal 
foods market, and in this context, the red colw 
frame minces also represents some increase in thF i : ~ : :  
content of the diet. Iron status is a major concern IC the 
U.S. diet, particularly for females from pubercy to 
menopause. Thus, the increase in blood tissue might be 
considered desirable. The absorptivity of fish heme 
and non-heme iron is clearly a topic that needs some 
further investigation. 

Another possible beneficial effect of the blood tissue 
in fish mince is in the area of “meat-like” flavor. Blood 
tissue will affect the flavor, in addition to the Color. cd 
the final product; possibly in a direction that IS favor- 
able with respect to using fish meat as a red men: 
replacement. 

Notice that I am proposing to use the fish meat as 2 
total replacement for red meat, not as part of a mixture 
with other flesh foods. There is currently an effort 
being made to have fish meat approved for use in mea1 
and poultry hot dogs at  a 15% addition level. I b e h e  
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t.h% effort is misplaced in .that it would give w& 6ah the same extender image that soybeans 
labeled with in their earlier market develop- w 

@: 
g t a b w g  Fish Minces 

must be prepared under sani- 

& o u t  of au. 
?.The mince does not hold up as well in frozen storage 
& regular frozen fish because of the changes induced 
@mincing (e.g., tissue disruption). Of particular con- - are the minces obtained from the commercially 
important gadoid 6sh (i.e., cod, haddock, hake, pollock, 
whiting, and cusk), where the compound trimethylam- 
ine oxide (TMAO) can be broken down, presumably by 
m a t i c  action, to dimethylamine (DMA) and formal- 
dehyde (FA). The latter compound ,is highly reactive 
and leads to a change in texture that 1s often referred to 
as “cottony” or “spongy.” Essentially, the mince parti- 
des become crosslinked so that the water retained by 
the product causes the product to behave like a 
sponge-the water can be expelled and then read- 
wrbed. In eating, the moisture is all released on the 
hat bite and the remaining dry sponge then has a 
”cottony” texture. 

At this time, the best way to prevent this reaction 
from occurring is to store the fish a t  sufficiently cold 
temperatures (i.e., below -30’0 where the enzymatic 
activity is severely reduced. Unfortunately, the North 
American cold store system is not operated at this cold 
a temperature. Unpublished results from our lab offer 
two hopes. One, we have found that starch may have a 
beneficial effect in protecting texture. Also, if one 
atores mince long enough at  very cold temperatures, I t  
may subsequently be sufficiently “stable” to be able to 
survive the normal cold store chain. 

Another way that can be used to stabilize fish minces 
is to wash out the TMAO. This means that large 
amounts of water have to be used (and apparently 
seawater doesn’t work). The process also removes 
about 25% of the total protein, some of the fish fat 
(which might now be considered a desirable compo- 
nent) and most of the water soluble vitamins and 
minerals. This creates a potential waste stream that 
will require further treatment. The washing process 
also requires additional equipment including dewater- 
h g  equipment. Even then, to maintain the gelling 
characteristics of the remaining material during frozen 
atorage requires stabilization. This is usually done with 
the addition of additives up to 8% by weigh-% 
BURO8e and 4% sorbitol being the usual additives of 
choice. The product at that time is then called surimi. 
%use of all the processing the minced fish receives, 
the raw material cost has gone up significantly from 
that of the starting mince. These concerns account for 
some of my negative attitudes towards surimi. 

A small aside with respect to the study of DMA/FA 
induced texture changes in the laboratory. The tradi- 
tional approach for measuring these changes, and 
therefore of testing compounds for prevention of this 

Adiu5tableCrusher Roll 

Adjustable Belt Tension RT 
Headed & Gutted Fish 

Extruded Fish Flesh 

F;g. 1-Schematic of B Belt and Drum Fish Deboner. (From 
Lan;eer and Thomas. 19781. 

Fig. 2-Cayuga Brand (Cornell) Minced Fish in *one pound 
box Ifrozenl. 

reaction, is to measure the formation of DMA. However, 
if the additives of interest works by scavenging the FA 
after i t  is formed, then this wil l  not decrease the DMA 
level, but might even by the law of mass action cause a 
small rise in DMA formation. Thus, our laboratory is 
currently reexamining various functional and textural 
changes in conjunction with a human texture panel in 
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Minced .Fish (continued) 

order to develop appropriate methods for following the 
textural changes which are occurring in these sys- 
tems. 

The sooner minces are used in a product, particular- 
ly a cooked product, the less problems one has during 
bulk frozen storage, particularly with gadoids. Howev- 
er, with proper storage, some minces can have a 
s d c i e n t  shelf-life that they can be stored, uied, and 
even sold directly to consumers. In fact, the first 
market test product at  Cornell with minced fish was a 
one-pound box of minced fish sold directly to the 
consumer from a fish store and from six supermarket 
stores (within one chain). The product is illustrated in 

- 
Fig. 2. The cover was also a recipe booklet which gave 
suggestions as to how to use the product. 

Another problem that must be addressed is that of 
parasites. An excellent review of the problem of fish. 
borne parasites has been presented by Hfashi (19q. 
With respect to mincing and surimi pro uction, I t  IB 
probably in the best interest of the industry to emure 
that the raw material being used for either mincing or 
surimi production does not contain worms. 
Market Testing 
Minced Fish Products 

Through Cornell's market testing program initiated 

F;g. 3-Some of the Cayuga Brand 
[Cornelll Minced Fish Products that 
have been market rested. 
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fa. :: 
bp m. Robert C. Baker, products are manufactured in 
@bent quantity ?o that they can be sold for an 
w d e d  period of tune (12 to 20 weeks) in two or more 
'w During the 6rst three weeks, demonstrators are 

to 've out samples of the product or of recipes 
&using the product. The demonstrators are 

s y  in the stores only at the busiest hours. After 
three weeks, the demonstrators are removed and the 
@ducts are sold without any further promotional 
mp rt. The sales in the last three weeks of the full -Et testing period are then used as the criterion of 
aucces8 with respect to competitive products. (Because 

wme of the free publicity that surrounds a Cornell 
market test, the stores are often quite cooperative and 
willing to have us in their facilities, even on the 
&dition that they release some comparative sales 
information to us. about other competitive products.) 
The important pomt of these very limited market tests 
is that they rove that people are prepared to buy the 

prepared to repurchase the product. 
The price charged in the stores was selected so as to 

be non-competitive with the closest identifiable equiv- 
dent products. Unfortunately, we have never had an 

product, an x much more importantly, that they are 

I 

opportunity to look a t  the price sensitivity of any of our 
products. 

The use of in-store demonstrators turned out to be a 
fortuitous choice. It was really selected as a practical 
expedient because we would only be in a few stores and, 
thus, couldn't use most other forms of advertising. But 
in fact I am convinced (without any real evidence) that 
the ability to taste new and unusual products is crucial 
to the willingness of the consumer to make that first 
purchase. 

Some of the products that have been tested by 
Cornell are shown in Figure 3. These are all fish-like 
products that served the purpose of illustrating that 
6sh mince is of high enough quality that it can erform 

meat-like product made from fish mince also deserved 
to be tested. 

A frustrating aspect of the Cornell market testing 
program is the fact that after the 12 to 20 weeks of 
market testing, the product and any momentum it 
enerates dies. It is removed from the shelves, never to 

fecorne available again. It was my feeling that if we 
could use a commercial label, we might be able to work 
with a small fish company to produce and market test a 

well in fish-like applications. However, the i .f ea of a 

1 . . .: , c z I 

Fig. 5- Mimed Fish Products: (AI Tacos. IBI Fish Meatloaf. The left hand side of the loaf has been 'browned by  the addttion of a 
gravy sauce. IC1 Gelatin Fish Mold. 1Dl Fsh Snacks. These are a rnixrure of fish andrnodihedsrarch which are canned. rsrwred, siicedand 
&.o hied. 
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Minced Fish (continued) 

product. When the market test was over, the company 
could take over the marketmg of the product and 
expand ita distribution. (A more complete discussion of 
the role of the University in the development of 
commercial produds is presented in Noyes and Regen- 
stein, 1982.) 

After many years of attempting to put such a mject 

Mid-Atlantic Fisheries Development Foundation for 
such a test. Unfortunately, compromises on funding, 
the t w i g  schedule, management leadership, and the 
choice of industrial partners, all got the project off to a 
poor start. It is also possible that we attempted to take 
too many new steps at  one time: developing a new 
commercial product concept working with industrial 
partners with limited experience in the intended mar- 
ket, developing our first meat-like product, developing 
a product (Special Sea Sauce, a spaghetti sauce with 
30% fish meat) (Fig. 4) for which no equivalent red 
meat product is generally marketed, and packaging the 
product in a less than desirable form (i.e., this type of 

roduct is now usually bottled rather than canned). 
%e production runs were really not consistent with 
the previous experimental batches, and the final price 
was much higher than the initial projections. As a 
result, the S ecial Sea Sauce project was a failure. 
However, i t  &e, bring home the fact that in roduct 

to succeed! A full report of this program and the 
problems it  encountered is available from the Mid- 
Atlantic Fisheries Development Foundation (Baker et 
al., 1984: Regenstein, 19%). 

We continue to develop other products capable of 
mass production and recipes for minced fish (Regen- 
stein and Regenstein, 1982). We have demonstrated a 
number of meat-like products on various occasions, 
including fish tacos, fish chili’s, and fish curries. Figure 
5 shows some of these other products. These are all 

together, some funding was finally provided E y the 

development you cannot break all the rules an if expect 

products that we believe fit the coyumer’s need for 
nutritional and appropriate foods, atlthqut having F,,, 
obvious fish character. Clearly, the next blg hurdle i! to 
make a good fish-based sausage, hamburger, ir .cat  
pattie, and/or fish frankfurter and, most lmportantll, 
to successfully introduce it into tbe marketplace. The 
time might just be right if the whole process can be 
done right! That is the challenge we t$ face in utilizing 
the potentially valuable and very avarlable by-produrn 
of fish filleting and processing BS, an inexpenswe and 
extremely nutritious source of anlmal proteln. 
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