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FOREWORD 

Laboratory and small-scale production s tudi es by Bureau of Com
mercial Fisheries scientists have demonstrat ed that a highly nutritious 
protein concentrate suitable for human consumpt i on can be pr epar ed from 
fish. 

The development of a commercially f easibl e me thod f or manufacturing 
such a product has two-fold significance: (1) Marine Pr otein Concen
trate (MPC) can be a powerful weapon in the war on world-wide malnutri 
tion, and (2 ) large - scale manufacture of the prot ein concent r ate in the 
U. S . would mean important economic benefit s to t he domesti c f i shing in 
dustry from the fisherman through the processor. It has been estimated 
that billions of pounds of fish s uitabl e f or use as a concentrated pro
t ein product can be harves t ed annually off t he coasts of t he United 
States . 

The r esearch summarized in this r epor t was conducted i n response 
to a directive by Secretary of the In teri or Stewar t L. Udal l that the 
Bureau develop, as rapidly as pos s i bl e , a commercially feas i ble method 
for making a marine protein concentrate that would be nutri tious , 
healthful, wholesome, and inexpens ive . This repor t i s based upon 
Bureau r es earch as well as upon wor k car r ied out by other scientists in 
this country and abroad . 

While the r esults de t ailed in thi s repor t indicate a sigLificant 
achievement in the t echn ol ogy of manufacturi ng a pr otein concentrate 
from whole fish, it should not be as s umed t hat resear ch in this field 
i s complete . Mor e work needs to be done on species of schooling fish 
other than the hake used in the initi al experi ments and other manu
facturing processes besides the chemi cal method r equi r e research and 
r efinement . However, t he ma j or obs t ac l es have been surmounted and 
those problems that lie ahead appear amenable to sol ution . 
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Marine Protein Concentrate 

A SUMMARY REPORT ON THE 
DEVELOPMENT OF A PROPOSED COMMERCIAL 

MANUFACTURING PROCESS AND ON THE 
PROPERTIES OF A TEST SAMPLE 

By 

Bureau of Commercial Fisheries 
Techn ol ogi cal Labor atory 

College Park, Maryland 

ABSTRACT 

Gener a l information i s gi ven on a method to convert red 
hake into a high-quali ty marine protein concentrate for human 
consumpti on . Pl ans , as well as estimates of processing and 
product costs , ar e shown for a proposed commercial process. 
Data are presented on the physical, chemical, nutritional, 
bacteriological, and toxi col ogi cal studies on marine protein 
concentrate , produced by a method closely approximating the 
proposed commercial process. 

I NTRODUCTI ON 

The world populati on picture changes rapidly with passing years. III 
most of the emer ging countries during t he past 2 decades t here have been 
such s i gnifi cant advances in world health that populations of these coun
tries have increased more r apidly than their economic development. The 
r esult is widespread malnutriti on, particularl y protein malnutrition, for 
roughly two- thirds of the world population. At the same time, pressures 
from the populati on explosi on have greatl y reduced the proportion of 
ar able land available for cr ops and more especially for grazing animals 
that could provide vitally needed an imal protein. 

Man must, therefore, turn t o other sources of animal protein avail
able in enormous quantities and at l ow cost. 

The sea s urrounding ever y cont inent contains large underutilized or 
unutilized resources of fish. The present U. S . catch alone, now some 5 
bi l l ion pounds, could be expanded three to five times. What is needed 
is to develop a method of using fi sh as a high-quality protein supple
~ent to upgrade lesser quality vegetable proteins, which are today the 
world's principal source of this important nutri ent. The nature of the 
product must be such that it can be stor ed, shipped, and marketed at 
normal temper atures throughout the world and yet r etain the high nutri
tional value of the fresh fi sh. The product must also be inexpensive 
and be available in a f orm that can be r eadi ly introduced into a wide 
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variety of traditional food products, to ensure that it will find its 
way into the diets of the peoples in developing countries. 

MFC is a high-protein product that meets our requirements. The 
Bureau of Commercial Fisheries was , therefore, given the task of de
veloping different processes to produce various marine protein concen
trates that would meet t hese specifications. Becaus e of the urgency of 
the need, Secretary Stewart L. Udall sugges t ed that the research be 
accelerated to develop as rapidly as possibl e one s imple, practical, 
and commercially f easible method for t he prepar ation of a wholesome, nu
tritious, stable, and low-cost MFC . 

This report summarizes same of the results of these accelerated MPC 
investigations at the Bureau of Commercial Fisheries Technological Lab
oratory, College Park, Md. The laboratory has developed one commercial 
MPC process and has assessed the proper ties of a test product, derived 
from whole fish of one species and prepared by a method t hat closely 
approximates the commercial process . 

DEVELOPMENT OF A COMMERCIAL MPC PROCESS 

On the basis of knowledge and practical experience availabl e to 
Bureau scientists at the begi~ning of this accelerated program, we de
cided to "freeze" all exploratory r esearch and to concentrate on the 
study of a single solvent extraction method . Isopropyl alcohol was 
chosen as a solvent because of its unique qualifications , such as usage 
in other food processing endeavors , low toxicity, low pri ce, low boiling 
point, good efficiency in extracting water and lipids, and bactericidal 
properties. 

Red hake was chosen as t he raw material because (1) it is abundant 
off the U. S . coast; (2) it is largely unutilized as a food fish; (3) 
because we could carefully control the quali ty of the hake supplied to 
the laboratory; and (4) because this fish is available for a caosider
able period during the year. 

To devise plans for a sound commercial processing method, we 
followed a logical sequence of development, starting wi t h l aboratory 
experiments and ending in small pilot plant expe riments (model-scale 
unit stUdies) . Because of favorable r esults in the preceding studies, 
both as to the process and the product, we wer e able to use the data to 
formulate general plans for an industrial-scale plant (50 tons of raw 
fish processed per 24 hours) and to estimate processing and product 
costs involved for this size plant during 250 days of operation per 
year. (This size plant and this number of working days are considered 
minimum for a commercial endeavor and maximum for a pilot endeavor .) 

Our presentation of the plans and cost estimates for the proposed 
commercial process , however, is preceded by a general discussion of 
certain factors that need special emphasis because of the process and 
the raw material . These factors, we believe, are as important to assure 
the production of a high-quality MPC as are the suggested processing 
conditions. This section dealing with the proposed commercial process, 
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therefore, is divided into three parts--general considerations, plans for 
large-scale production units, and processing costs. 

GENERAL CONSIDERATIONS 

The design of a plant for the manufacture of MPC by a solvent
extraction procedure must meet requirements for handling food materials 
and must provide safeguards against explosions. Superimposed upon the 
physical requirements and attendant to them is the necessity to define 
certain specifications far the raw material and the solvent to be used 
in the process. There are, as well, overall requirements for the sani
tation that must be maintained at all stages of the operation. 

Physical Features of the Plant 

Among the factors important to an initial decision on the design 
and construction of a plant are the location and size of the plant and 
the building materials and requirements. 

Location and size of plant.--The efficient and economic operation 
of a 50~ton-a-day plant (raw fish input) requires a supply of fish for 
a working schedule of at least 250 days per year. If costs of the 
product are to be kept down and quality of_the product is to remain 
high, the plant should be located as near as possible to a source of 
the desired species of fish. Land transportation ,from port of landing 
to plant adds greatly to raw material costs and may detract from fish 
quality. Preferably the source of fish should be close enough so that 
most of the fish can be landed the same day they are caught or at least 
within 24 to 36 hours. If thi s is impossible, satisfactory preserva
tives mus~ be used to ensure that the processing plant will handle raw 
material of high-grade quality. 

If emergencies, such as breakdowns, occur at the plant and make it 
necessary to store the raw fish for d longer time, the fish can be 
ground, mixed with isopropyl alcohol and held in tanks. By halting en
zymatic or bacterial decomposition, the solvent effectively checks the 
spoilage of the fish. It would be equally satisfactory, if economic 
considerations warrant, to grind promptly the fresh catch on fishing 
vessels and hold the ground fish in tanks with recommended levels of 
isopropyl alcohol. This technique would maintain quality enroute to 
the processing plant. 

Selecting the location and size of the plant requires very careful 
and deliberate consideration. Failures of several early efforts at MPC 
manufacture were due largely to lack of such planning and to failure to 
maintain high-quality in the raw fish supply. 

Buildings and process eguipment.--The basic principles that deter
mine plant design are (1) MPC is a human food product; (2) an inflam
mable solvent is used in the process; and (3) to minimize contamination, 
the storage area for the finished, dry MPC must be isolated from the raw 
fish handling and processing sections. Regulations covering the first 
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Table l.--Commercial specifications for 91 percent and anhydrous isopropyl alcoho11/ 

Minimum Specific Maximum Distillation Water 
Type of concentra- gravities non- Min. Max. Resi- dilution 

isopropyl tion of 200 /20 0 C. !Maximum volatile ini- dry dual trans-
alcohol alcohol Min. Max. Acidity color matter tial point odor ~arency 

Percent G. /m1. G./ml. Weight Hazen Mg./IOO °C. °C. 
EY Eercent units mI. 

volume of 
acetic Clear 
acid at 

infinite 
91 percent 91.0 0.8175 0.8190 0.002 10 2 79.7 80.7 None dilution 

Clear 
at 

infinite 
Anhydrous 99.0 0.7876 0.7876 0.002 10 2 81.5 83.0 None dilution 

1/ Either of these commercially available forms of the solvent is considered acceptable for the 
process herein described. Economic and other considerations would determine choice. 



When delivered, the fish should be examined routinely by an ex
perienced inspector to provide satisfactory control of the quality of 
the raw material. The fish should meet the following general require
ments: belly walls should be intact; gills should be still red - not 
discolored grey or brown; eyes should be normal, with bright color, and 
not be sunken and clouded; and the skin should be generally intact. 

The fish should be unloaded in baskets or boxes or by an elevator 
conveyor in such a manner that the flesh will not be damaged by cutting, 
tearing, or crushing. Raw fish in the plant should be stored for as 
short a time as practical to ensure that the processing equipment oper
ates at an efficient level (average 75 percent capacity during the 
period on stream) . Unless some suitable method of holding the fish is 
available , as described earlier, vessel landings should not be scheduled 
so that the raw fish will have to be held at the plant for mor e than 48 
hours--normally, the fish should start t hrough the process within 12 
hours after bei ng landed at the plant . 

Sanitation 

Good food-plant sanitation practices must be followed in the manu
facture of MPC to ensure a final product of good quality and one that 
is safe microbiologically. Sanitation practices should start on the 
deck of the fishing vessel and be continued through t he plant until the 
finished product has been packaged. 

On the vessel.--The film-like coating over the skin of fish often 
has large numbers of microorganisms , which may contaminate heavily not 
only the vessel hold but also the deck boards , hold surfaces, and items 
repeatedly used in handling the fish--such as shovels, wash tanks , 
baskets, boxes, and penboards. After the f ish have been unloaded at 
the dock, the hold of the vessel and all other surfaces and utensils 
involved should be washed down thoroughly, preferably wi t h a pressure 
gun and a detergent solution . After the or ganic detritus has been re
moved, a spray of a s olution of sodium hypochlorite--300 parts per 
million of available chlorine--will give effective sterilization. 

In the plant. --Many of the f eatures of the building layout, equip
ment design, lighting , ventilation, and materials-handling process pro
posed for MPC manufacturing plants ar e common to any well-designed food 
processing plant because of their important role in maintaining good 
sanitation. 

Even the best equipment and building construction concepts are of 
little value, however, unless vital cleaning operations are given con
tinuous attention. In general, it i s good practice to flush equipment 
with cold or preferably lukewarm water (380 -460 C. - 1000 -1150 F.) to 
remove or loosen adhering particles of fish. Further operations in
clude: (1) cleaning the equipment with a suitable solution at the 
proper temperature for optimum effect; (2) thoroughly brushing the hard
to remove solids; (3) rinsing with hot water (820 C. - 1800 F.); and (4) 
final sanitizing . 
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Also important to the maintenance of good sanitation is control of 
rodent and insect pests. Proper screening and good building construc
tion are effective only if sc r eens are kept in good condition , doors are 
kept closed, and other safeguards against entrance of t hese pests are 
maintained. Insecticides and rodenticides , when needed and where per
mitted, should be handle d with care, because mos t are toxi c to humans 
and should never be used in such a manner that they might in jure plant 
personnel or contaminat e the product . These chemicals s hould be stored 
entirely separate from the storage ar eas holding t he product or the 
packaging material. All s uch pesticide con tainers should be clearly 
and conspicuously l abe l ed as a toxicity and as to proper methods of 
application. 

In the final ana lysis , t he wor ker i s the most important barrier 
against product contamination, and perhaps mor e importantly he is r e 
sponsible f or maintaining good sanitation . Each worker sh ould have a 
r egular medical examination . He should be provided with cl ean pro
tective outergarments and be required to maintain high standards of 
personal hygi ene . 

Packaging.--AII precautions taken to prepar e and package a s t erile 
sanitary product are useful onl y if the package i s effective under all 
conditions of handl i ng, storage, and di stributi on. The packaging ma 
t eri al itself must be cl ean and free from substances t hat might aff ect 
product odor, flavor, and appearance , or cause microbi a l contamination . 
According to the Feder a l Food, Drug, and Cosmetic Act , Sec . 402 (2) (6), 
a "food would be deemed adulterated--if i ts container i s composed, in 
whole or in part, of any poison ous or de l eterious substance whi ch may 
r ender the contents i njurious to health." Other f actor s i mpor tant in a 
suitable packaging material f or MPC ar e moisture - vapor permeability , 
gas permeability, heat seal abili ty, stability t o sunli ght and ultra 
violet light, and nor mal temperature effects . All these factors must 
be consider ed . 

PLANS FOR COMMERCIAL PRODUCTION UNITS 

Having cons idered general mat ters , associ ated with the commer ci al 
producti on of MPC, we must now turn our attention t o matters specific 
to the construction of a plant capabl e of processing 50 tons of r aw 
fish per day. The r at i onal e for the sel ection of process and equipment 
is presented in this section, after which pertinent operating procedures 
ar e described . To illustrate the continuous sequence of the projected 
production procedure , we present an overall materi al s -handling schedule , 
which is followed by a general discussi on secti on . 

All of the di scuss i ons pertain to a plant with a capacity of 50 
tons of raw mat erial per day . Such i tems , however , as the foll owing 
schematic flow diagr am would r emain essenti ally unchanged for plants 
with processing capacities either somewhat smaller or l ar ger than that 
of the 50- ton plant. It would primarily be the dimensions or capaci ty 
of the equipment and the schedules of operati on that would vary f or 
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plants of different capaci ties . All t h e equipment discussed is of con
ventional design and is believed to be r eadily available. 

Selection of Process and Equipment 

Process. --Based on the experimental results obt ai ned t o date in 
this program and on the engineering analyses perfor med, a scheme or pro
posal for the large- scale manufacture of MPC is presented for the in
formation of the public and for revi ew of commercial concer ns i nter es ted 
in MPC. The process uses red hake as the starting material and i sopropyl 
alcohol as the solvent for the extraction of water and lipids. A s che
matic flow diagram is presented in Fi gure 1, which shows a manufacturi ng 
technique that can be described as a three - stage, countercurrent extr ac
tion of suitable quality fish by isopropyl alcohol. 

Eguipment.--In selecting the equipment, we took great care to ensure 
that every suggested piece of equipment is commercially available and 
suitable for the processing of a human food product such as is contem
plated for MPC. 

The equipment chosen f or the production of MPC comprises the follow
ing major items. 

1. Food grinder of the meat- grinder type , easi ly disassembled for 
cleaning and sterilizing . 

2. Process tanks , including one cover ed stainless- steel mix tank 
with variable- speed agitator capable of thoroughl y mixing t he 
viscous ground fish- solvent slurry and two cover ed, jacketed, 
stainless - steel extraction tanks, each equipped with a var iable
speed agitator . 

3. Continuous horizontal centrifuge. 

4. Conventional solvent r ecovery plant. 

5. Rotating (double-cone) vacuum dryer. 

6 . Vacuum system with solvent deodorizing equipment . 

7. Grinding equipment. 

8 . Slurry pumps . 

9. Solvent-storage tanks. 

Operating Procedures for the Production of MPC 

Figure 1 shows an installation capable of process ing 50 tons of raw 
fish per day . The proposed operating procedure for such a plant is 
based upon the essential operating and equipment features of the model-
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scale unit in which the simpl and successful prototype process was 
worked out . Just as for th model-sc le unit (cap ci y 600 pounds of 
raw fi sh per day), the oper tion of the larg r plsnt is ess ·ntially a 
countercurrent batch solvent extraction . For the sake of simplicity, 
we decided to base operatin nd co t an ly is of th~ projected indus 
trial plant upon the use of th arne type of ch mic 1 processin eq p
ment used in the model - scale unit . This deci ion should not eaken, 
however, to infer that possibly mor- f[ ctiv sp ci'lized pi ces of 
equipment should not be desi ned n bu r'ther h st n ~rd 
engineering equipment as ~ ted 1 r consi pr i -
cal , and simple to inst 11 and oper t . 

Raw material pretreatment . --Fr sh whole fi h r tored ' n s.rl table 
facilities such as s3nitary, linea concre ~ nks ' during S orage time 
the fish are kept at temper·tur_s clo 0 00 C. (320 . ) . stor ge 
capacity of 100 tons of fi h (2- day processin " 'nventory) should be 
adequate . The amount of refrig r tion requir_ is 0 e equ 1 
to the amount of fish proce d' tha is 50 s 0 r_fri "era ion r 
day . 

The fish are transferred from stor-ge 
weighed, and fed to a rinder by mans of a 
up fish is then fed to the fir t ex r c or ( 
8-1/3 tons per batch . 

rinsed :i h fr sh ( a er 
1 convey r . The rOJnd 
. 1) in qu n :ties of 

Extraction of water 3-n lipid . --The firs s "e 0 he ex rac . on 
process , the dehydration takes p1acG in Extrac or :~ . 1 unhea ed 
vessel in which the ground fish is mixed lth he centrif ate ob ained 
from stage two of the previous batch equence of ex rac ions . This 
centrifugate is called Miscella - 2 (~ee Fig . 2) . The emperature in 
Extractor No . 1 is expected to be wi hin the ran e 0 200 0)00 C. 
(680 to 860 F. ) during this phase . iscella - 2 is about 4 250 gallons 
and contains about 0 . 5 weight - percen lipi s dissolved in he isopropyl 
alcohol -water mixtur p

• 

After Extractor No . 1 is filled and the slurry is agi ated for an 
additional 50 minutes , the ves el contents are fed to a continuous cen
trifuge . During the ensuing centrifu ation , the slurry is separated 
into Miscella M- l and a wet cake (S- l) ' the latter is conveyed con in
uously to Extractor No . 2 . Miscella M- l, obtained fram the first sage 
of the sequence of extractions , is the most dilute of the three miscellae 
obtained during the extractions . It contains all the water and lipids 
extracted from one batch of the raw material . iscella f. - 1 is sent to 
Storage Tank No . 1 for recovery of solvent and other valuable components . 
The volume of M- l is nearly 6, 000 gallons per batch, and contai ns about 
67 weight- percent azeotropic i sopropyl alcohol, 31 weight- percent addi 
tional water, 1 weight- percent lipid and 1 weight- percent protein and 
ash . (Azeotropic isopropyl alcohol is a constant-boiling mixture con 
taining 87 . 7 weight- percent isopropyl alcohol and 12 . 3 weight- percent 
i sopropyl alcohol and 12 . 3 weight- percent water . ) 
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The second extraction stage takes place in the jacketed Extractor 
No . 2 . The wet cake (S-l) from the first stage i s added continuously 
with agitation to the extractor , which contains the cent rifugate, or 
Miscel l a M- 3, obtained from the third stage of the previ ous batch se 
quence of extractions . Extracti on temperature during thi s stage i s 
maintained at about 750 c. (1670 F . ) . Analysis of the cake (S- l) en
tering the hot extraction stage shows it to be almost completely de
hydrated but with a lipid content of about 5 weight- per cent . During 
the 90-minute extraction , the average lipid content of the cake is 
reduced to about 1 weight-percent , calculated on a dry solids basi s . 

The contents of Extractor No .2 are centrifuged, and the resultant 
wet cake (S- 2) i s conveyed continuously to Extractor No . 3, which con
tains 3,400 gallons of freshly distilled and purifi ed hot i sopropyl 
alcohol. Miscella M- 2, obtained from the centrifugation of the second 
extracti on stage is delivered to Extractor No . 1 for the next batch. 

Extractor No . 3 i s also a steam- jacketed vessel in which the t hird 
and final extraction step takes place at about 750 C. ( 1670 F. ) . The 
wet cake (S-2) is added to the f r esh isopropyl alcohol and extr acted 
f or about 70 minutes with agi tation. During this stage , t he lipid con 
tent in the solids is lowered to a l evel of about 0.3 weight- percent . 

The contents of Extractor No . J are centrifuged and washed wi t h 
fresh isopropanol for about 50 minutes . Mi scella M- 3 is sent to Ex
tractor No. 2 for the next batch extraction sequence, and the wet cake 
(S - J) is conveyed to a desolventizing device, such as , for instance , a 
rotating vacuum drum dryer . 

Desolventization .--Solvent i s removed from t he wet cake (S- 3) in 
the heated r otating vacuum dryer . The solids content of the wet cake 
at this stage is about 50 percent, or about 2,500 pounds of dry solids 
and 2,500 pounds of isopropyl alcohol . The suggested desolventi zing 
temperature should be kept as low as possible and certain l y should not 
exceed 900 C. (1940 F.). The percent~ge of residual volati l es in the 
MPC is to be less than 1 percent by weight at the end of the desolven 
tizing stage . 

Vapors drawn off the solids in the dryer are condensed by using 
refrigerated brine as the coolant . The composition of the condensate 
is essentially azeotropic isopropyl alcohol. It is pure enough to be 
pumped directly to Storage Tank No . 2 for reuse without addi tional 
processing . At vacuums of 26 to 29 inches of mercury, about 99 percent 
of the 2,500 pounds of isopropyl alcohol entering the drye r can be r e
covered . An estimated 0.5 wei ght - percent (12 . 5 pounds) of i sopropyl 
alcohol will probably be lost during the drying operation of one batch . 

Treatment of finished product .--The dried MPC is conveyed to a 
mill, where the MPC is ground to a fine powder. The powder i s packaged 
in 50-pound lined fiberboard containers and sent to storage, r eady f or 
shipment . 

The three- stage countercurrent extr acti on process , briefly de
scribed above , produces 15,000 pounds of MPC per day fr om 100,000 pounds 
of raw, lean fish. 
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Recovery of solvent.--The bulk of the isopropyl alcohol used in this 
extr action is r ecovered from Miscella M-l. Each batch of 8- 1/3 tons of 
raw fish yields about 6,000 ga llons of Miscella M-l, which is held in 
Storage Tank No.1. The miscel l a i s pumped conti nuous ly from this tank 
to a distillation col umn . The f eed mate r i a l to the column i s pr eheated 
in a steam- coil ed heat exchanger, which als o s erves as a se t t ling tank 
for the removal of the r el ativel y f ast settling fin es . 

The azeotropic isopropyl al cohol i s r ecovered by condensing the 
overhead vapors from the distillati on column. Part of the condensate , 
composed of 87 weight- percent a l cohol and 1 3 wei ght - per cent water, i s 
r eturned to the still as r eflux. The r ecovered solvent i s deodori zed 
with activated carbon or ot her device to r emove trace quant i t i es of 
odoriferous compounds, such as amines. St or age Tank No.2 contains t he 
i sopropyl alcohol r ecover ed from the vacuum dryer and the di stillate 
from the column; i t a l so contains the isopropyl alcohol r equired to make 
up solvent l osses . For each batch, the s olvent l osses ar e ant i cipated 
t o amount to about 1 percent of the 3,400 gallons of freshly di sti lled 
solvent used--that is, 34 gallons of i sopr opyl al cohol per bat ch . A 
30-day supply of i sopropyl al cohol is stor ed in St or age Tank No . 3 for 
process makeup. 

The still bottoms l eaving the r eboiler contain water, i sopropyl 
alcohol , as well as lipidS, fin e s olids ( fin es ) and other water-soluble 
components . 

Recovery of lipids .--One aspect of t he pl ant des i gn t hat has not 
yet been defined is the recovery of lipids f r om t he still bott oms . Pre
s umabl y, the fi sh oil would exi s t as a separate phase because of its low 
solubility in water; therefore , s epar ati on should be r el ati vely simple . 
In experiments performed on the dis t illati on of Miscella M-l, however, 
a l ar ge portion of t he oi l s adher ed t o the prote i n fin es . Thi s situa
ti on must be an t icipat ed when l e an fi sh ar e processed--that i s , the 
r ecovery of a high proporti on of the fi sh oils may r equire fairly com
plicated processing t echniques . If t he miscella i s fil ter ed or recen 
t rifuged to separate out the f ines befor e di stillati on, considerable 
amounts of oi l may be l ost with the fines . If the f i nes are washed with 
f r esh i sopr opyl al cohol t o r ecover the lipidS , the disti llation equip
ment will need to be l ar ger so that the added costs of these additional 
oper ati ons , materials, centrifuges , and other equipment coul d offset the 
value of the r ecover ed oil. 

Overall Mat er i al-Handling Schedule 

A vi sual gui de t o t he countercurrent fl ow of sol vent and fish solids 
i s pr esented in Figure 2 . 

The materi al-handlin g schedul e f or a pr oposed 50- ton-per- day plant 
i s shown f or a 12- hour period in Figure 3, whi ch illustr ates the contents 
and activities of t he major equipment units . I t can be seen that fresh 
i sopropyl alc ohol fed from t he storage tank to Extr actor No . 3 at Hour- 3 
fin ally l eaves the system as part of the Miscel la M- l at Hour- l l. Sim
ilarly, the batch of gr ound fish entering Extr act or No . I at Hour- O 
yields the solid product from the dryer at Hour- 9 . I t i s i mportant to 
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from fish s olids. Since steam-heat ed t anks ar e us ed and t he liquid feed 
is preheated, ther e should be no pr obl em in maintaining t his t emperature . 

An other f actor of saf ety ( f or ligi d r emoval) i n t he design of the 
50- t on-per-day plant i s t he us e of 70 C. (1580 F .) solvent f or washing 
the centrifuge cake at each stage of t he extr action . This technique is 
common indus t rial practice and wil l lower the amount of lipids carried 
to t he next stage of t he extr action i n the liquid associated wi t h the 
wet cake . The design, and t he economic evaluati on of the design , ar e 
ther ef or e cons i der ed to be cons ervative . 

PROCESSING COSTS 

A three- stage countercurrent batch extraction process should yield 
a fin i shed product with a residual lipid content of l ess than 0 . 5 percent. 
If, however , a slightly higher content of lipid were permissible, for 
instance close to 1 percent , a two-s tage extracti on process might be used, 
which would slightly r educe process ing costs . The costs f or both these 
operations therefore are examined bel ow . 

Three- Stage Countercurrent Extraction 

Table 2 presents costs f or items of equipment for a t hree-s tage, 50-
ton - per- day batch commercial pl ant . Total equipment costs are $231 ,500. 

Table 3 presents the total capi tal investment, which we estimate to 
be less than $900, 000 . 

Table 4 presents total costs of operation per day for the t hree
stage, 50- ton plant. With fi sh priced at 1.Ot per pound, the MPC would 
cost 13 .9t per pound . 

Two- Stage Countercurrent Extracti on 

Table 5 presents costs for i tems of equipment for a two- stage, 50-
ton - per - day batch commer ci al plant . Total equipment costs are $194,500. 

Table 6 pr8sents costs of the total capital investment, which we 
estimate to be l ess than $760, 000. 

Table 7 presents total costs of operation per day for the two-stage 
50- ton plant . With fish priced at 1.Ot per pound , MPC woul d cost 13 .1t 
per pound . It i s 0 .8t cheaper than the cost of the product prepared by 
a three- s t ep operati on . 
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Table 2.--Estimated equipment costs for a three-stage 50-ton-per-day 
(raw material input) batch plant 

(s/s is stainless steel) 

Description Size 
Material of Estimated 

Item construction cost 
Dollars 

1 Grinder 8,500 lb./hr. 316 sis 11,000 
2 Agitated tank T-l 7,500 gal. 316 sis 17,000 
3 Agitated tank T-2 6,500 gal. 316 sis 24,000 

(heated) 
4 Agitated tank T-3 6,000 gal. 316 sis 22,500 

(heated) 
5 Centrifuge 100 gal./min. 316 sis 38,000 
6 Storage tank ST-l 7,000 gal. 304 sis 10,500 
7 Storage tank ST-2 7,000 gal. Steel 3,500 
8 Storage tank ST-3 10,000 gal. Steel 4,500 
9 Complete still 30 gal~/min. Copper 30,000 

10 Solvent deodorizer 8 ft. Steel 1,000 
11 Vacuum dryer 150 ft. 3 316 sis 38,000 
12 Mill 625 lb./hr. 316 sis 5,000 
13 Packaging equipment 625 lb./hr. 316 sis 10,000 
14 Conveyor-fish 8,500 lb./hr. 5,500 
15 Conveyor-wet solids 5,600 lb./hr. 4,500 
16 Conveyor-dry solids 625 lb./hr. 2,500 
17 Pumps to 100 gal./min. 4 2000 

Purchased equipment costs 231,500 

Table 3.--Total capital investment estimates for a three-stage 50-ton
per-day (raw material input) batch plant 

1 
2 
3 
4 
5 
6 

7 
8 
9 

10 
11 
12 
13 

Item I Estimated cost 

Purchased equipment costs (PE) 
Equipment installation (43% PE) 
Piping (36% PE) 
Instrumentation (10% PE) 
Building (40% PE) 
Fish storage installed (200 tons of fish) 

Physical plant cost (PPC) 
Engineering and construction (20% PPC) 

Direct plant cost (DPC) 
Contractors' fee (7% DPC) 
Contingency (10% DPC) 

Fixed capital (IF) 
Working capital (total operating costs for 60 days) 

Total capital 
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Dollar 

231,500 
99,500 
83,300 
23,200 
92,600 

72 000 

537,100 
107 2400 
644,500 
45,100 
64 2500 

754,100 
125,300 

879,400 



Table 4.--Total operating costs per day of a three - stage 50 - ton-p er 
day (raw material input) batch plant 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Item 

Electric power, l¢ per kw. hr. (200 kw . /hr . ) 
Steam, 55¢ per 1,000 lb. 
Refrigeration, 90¢ per ton (50-ton) 
Fish, l¢ per pound (100,000 lb . ) 
Isopropyl alcohol, 50¢ per gal . (227 gal .) 
Supplies and maintenance materials, 0 . 0015% IF 
Operating labor, 96 hr. @ $2.50, 8 hr. @ $3.50 
Maintenance labor, 000015% IF 
Payroll extras, 15% of items 7 & 8 
General overhead, 30% of items 7 & 8 & 9 
Amortization, 0.0224% IF 
Taxes and insurance, 0.006% IF 
Interest on working capital, 0.00725 times sum of 

above twelve items 

Total operating costs 

For a production rate of 15,000 lb. MPC per day: 
Total operating cost = l3.9¢ per pound of MPC 

On a fish-free basis: 
Total operating cost = 7.3¢ per pound of MPC 

Estimated 
Cost 
Dollars 

48. 00 
224 . 40 

45 . 00 
1 000 . 00 

113 . 50 
11. 31 

268 . 00 
11. 31 
41. 90 
96 . 36 

168 . 92 
45 . 25 
15 . 03 

2,088 . 98 

Table 5.--Estimated equipment costs for a two-stage 50 -ton-per-day 
(raw material input) batch p lant 

Estimated 
Item Description Size cost 

Dollars 
1 Grinder 9,375 lb./hr. 12,000 
2 Agitated tank T-l 5,500 gal. 15 , 000 
3 Agitated tank T-2 (heated) 5,000 gal. 21,000 
4 Centrifuge 85 gal. /min. 36,000 
5 Storage tank ST-l 5,000 gal. 9,000 
6 Storage tank ST-2 7,000 gal. 3,500 
7 Storage tank ST-3 10,000 gal. 4,500 
8 Complete still 30 gaL/min. 30,000 
9 Solvent deodorizer 8 ft. ~ 1,000 

10 Vacuum dryer 100 ft. 31,000 
11 Mill 625 1b . /hr . 5 000 
12 Packaging 625 1b . /hr. 10,000 
13 Conveyors 14,725 1b . /h r. 12,500 
14 Pumps 200 gal. /min . 4,000 

Purchases equipment costs 19 ,500 
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Table 6.--Tota1 capital investment estimate for a two-stage SO-ton-per
day (raw material input) batch plant 

Item Estimated 
cost 

Dollars 
1 Purchased equipment costs (PE) 194,SOO 
2 Equipment installation (43% PE) 86,600 
3 Piping (36% PE) 70,000 
4 Instrumentation (10% PE) 19,5OO 
5 Building (40% PE) 77,800 
6 Fish storage, installed (200 tons of fish) 71 000 
7 Physical plant cost (PPC) 45S,400 
8 Engineering & construction (20% PPC) 91 1 100 
9 Direct plant cost (DPC) 546,500 

10 Contractors fee (7% DPC) 38,300 
11 Contingency (10% DPC) 54 1 600 
12 Fixed capital (IF) 639,400 
13 Working capital Ltota1 operating costs for 60 days) 117,700 

Total capital 757,100 

Table 7.-- Total operating costs per day for a two-stage 50-ton-per-day 
(raw material input) batch plant 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

Item 

Electric power, 1¢ per kw. (200 kw./hr.) 
Steam, 55¢ per 1,000 lb. 
Refrigeration, 90¢ per ton (50-ton) 
Fish, 1¢ per pound (100,000 1b) 
Isopropyl alcohol, 50¢ per gal. (227 gal.) 
Supplies and maintenance materials, 0.0015% IF 
Operating labor, 72 hr. @ $2.50; 8 hr. @ $3.50 
Maintenance labor, 0.0015% IF 
Payroll extras, 15% of items 7 & 8 
General overhead, 30% of items 7 & 8 & 9 
Amortization, 0.0224% IF 
Taxes and insurance, 0.006% IF 
Interest on working capital, 0.00725 times sum of 

above twelve items 

Estimated 
cost 

Dollars 
48.00 

224.40 
45.00 

1,000.00 
113.50 

9.S9 
208.00 

9.59 
32.64 
75.07 

143.23 
38.36 
14.12 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
Total operating costs 

For a production rate of 15,000 lb. MPC per day: 
Total operating cost = 13.1¢ per pound of MPC 

On a fish-free basis: 
Total operating cost = 6.4¢ per pound of MPC 
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PREPARATION AND PROPERTIES OF MPC TEST SAMPLE 

One of· the objects of the accelerated program was to demonstrate 
that a safe, wholesome, nutritious MPC can be made from whole fish. To 
meet this aim, we prepared an MPC test sample in model-scale unit equip
ment by an isopropyl alcohol extraction method approximating the con
ditions of the proposed commercial method. The MPC was then defined 
according to its various properties. 

PREPARATION OF THE MPC TEST SAMPLE 

About 350 pounds of MPC were produced by a batch-extraction pro
cess in the model-ecale unit, using red hake (Urophycis chusS) and 
isopropyl alcohol. Care and caution were observed at all stages of the 
procedure, from the handling of the raw material through the process iIll: 
operation, the packing step, and the storage of the end product. 

Procurement of Raw Material 

The red hake used in the production of the test srunple of MPC was 
purchased from the Salt Water Fisheries Co., Provincetown, Mass. 

About 3,000 pounds of red hake were caught by otter trawl in an 
area near No Man's land, (about five miles south of Martha's Vineyard). 
On board the vessel, the fish were immediately packed in ice. 

After the fish were unloaded they were packed into waxed cartons 
and frozen. The fish were transported in a refri: erated truck to 
Beltsville, Md., where they were immediately tran.s ferred to the freezer 
in our plant and kept at 290 C. (-200 F.) until used. 

Processing Procedure 

Sixteen batches of MPC were prepared in the manner described below 
and ultimately combined as the test srunple. 

Raw mterial pretreatment.--For each batch of MPC about 1 50 pounds 
of fish were removed from freezer storage and ground. The frozen fi sh 
were first reduced to about I-inch pieces by one pass through a Rietz 
extructor (prebreaker). ~ The chunks were collected in a stainless 
steel pot and were then transferred, still jn the frozen state, to a 
Hobart grinder. The fish were passed once through a plant having ') / 8 
inch holes, then twice through a plant having 1/8 inch holes. The 
resulting ground product had the textural appearance of ground beef. 
The temperature of the fish never exceeded 00 C. (320 F.) during this 
process. 

11 Trade names referred to in this publication does not imply endorse
ment of commercial products. 
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Extraction.--The ground fish were transferred into two JO-ga110n 
stainless steel cans and weighed, and each lot of about 75 pounds of 
fish was dispersed in 7 gallons of fresh 91 volume-percent isopropyl 
alcohol. A portable stainless steel agitator was used to slurry the 
fish and alcohol, the mixing time being 5 minutes. The two slurries 
were then combined in the mixing tank, and fresh isopropyl alcohol was 
added to bring the volume of alcohol to 45 gallons. The slurry was 
agitated for I hour. During this time, the temperature of the slurry 
r ose from 00 C. (320 F.) to a final temperature of about 40 C. (400 F.). 

The fish slurry was then pumped to a Bird horizontal centrifuge for 
the separation of the solids and the miscella. The liquid phase was 
pumped to the storage tanks; and, after they were collected, the solids 
were weighed and transferred to the extractor. Centrifugation for this 
stage usually took L~- hours. 

The solids from the dehydration stage were dispersed in the ex
tractor in 45 gallons of fresh isopropyl alcohol preheated to 790 C. 
(1- -.; 0 F.). The temperature of the mixture was next brought to about 
: J') C. (lc'5° F.) and held at that level for 1 hour with constant 
a;itation. The slurry was then pumped to the centrifuge to recover the 
extractej solids. Part of the miscella from the centrifuge was recycled 
ba cl-: to the extractor in order to maintain a pumpible slurry. All of 
tllE- mis cel1a was finally pumped to storage for future recovery of sol
\·en~ . This extraction procedure was repeated twice more, using 45 
-allons of fresh solver,t ea ch time. Centrifugation usually took about 
an hour for each stage. 

The solids from the final-stage centrifugation were weighed and 
transferred to the tumb1ulg dryer for deso1ventization. 

D~s olventization.--Since the dryer was of sufficient capacity to 
hol d about:?O pounds of material, the solids from two runs were com
billed . The dryer was operated at a vacuum of 27 to 28 inches of 
mercury and a jacket temperature of 430 C. (1100 F.). To avoid balling 
of the product, the dryer was r~tated only intermittently during the 
first hour. Thereaf~er, the dryer was rotated continuously throughout 
t he remainder of the run. In general, no more solvent condensed after 
4 hours. The jacket temperature was then increased to 540 C. (1300 F.) 
for 1 hour and finally to 660 C. (1500 F.) for 1 hour. The jacket heat 
was then turned off, and the temperature slowly fell to about 270 C. 
(800 F.). The product was allowed to cool in the rotating dryer under 
vacuum for 1 to 4 hours. 

Mixing of final product.--The eight batches of MPC resulting fram 
the 16 runs were combined into three lots by proportioning from each 
batch. The three lots were next mixed separately in the tumbling dryer 
for 1 hour. The product was then subdivided into 20-po\Uld lots, placed 
in Mylar bags, and stored in tightly closed metal cans at room temperature. 

PROPERTIES OF MPC TEST SAMPLE 

Criteria for the evaluation of the MPC test sample included a 
determination of its physical, chemical, and sensory properties, a 
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determination of its protein quality and its microbiological safety and 
an examination of its wholesomeness. ' 

These criteria, we believe, provide sufficient data to permit a 
sound judgment of the quality of MPC from the points of view of ac
ceptability, nutritive value, and safety for use. 

Physical Properties 

The physical definition of the MPC test sample included observa
tions on the color, particle size, distribution, particle identification, 
and hygroscopicity. 

The color of the sample as determined by reflectance measurements 
was off-white, with a yellowish cast. 

The ground sample was classified according to particle size distri
bution. A particle size distribution of the MPC test sample that passed 
a 100~esh screen was derived. 

The test sample was also submitted to different conditions of tem
perature and humidity to determine the rate at which the sample ab
sorbed moisture. Samples stored at 250 C. (770 F.) and 31.0 percent 
relative humidity equilibrated rapidly, with only a I-percent increase 
in weight. At higher humidities, regardless of temperature, the amount 
of water absorbed was greater and the time for equilibration increased. 

Chemical Properties 

The proximate analyses of the individual batches of MPC test sample 
and of the composite are given in table 8. 

The amino acid composition of the composition of the composite test 
sample is indicated in table 9. 

The nonprotein nitrogen content of the product compared favorably 
with that in other foods and consisted mainly of amino acids. 

Residual lipids in MPC were studied in particular as to their pos
sible role in flavor reversion or in the development of rancidity. Of 
the total lipids extractable from MPF, 40 percent were identified as 
neutral lipids (mainly triglycerides and sterols); 10 percent neutral 
lipids (mainly mono- and diglycerides); 33 percent phospholipids (pre
dominantly sphingomyelin); 8 percent remained uncharacterized. No lipid 
oxidation had occurred in the sample. Further tests showed that the 
lipids underwent no oxidative changes even after 3 months' storage of 
the extra cts • 

Inorganic analyses of the ash of the MPC sample are presented in 
tables 10 and 11. 

No sand was detected in the sample. 
The MPC test product had no fish odor, probably owing to the very 

smll levels of volatile amines observed. Amine hydrochloride mixtures 
were isolated in quantities of 0.0117 to 0.0134 percent based on the 
original weight of the MPC. Gas chromatographic separation of the mix
tures indicated that trimethylamine, methyl-, and/or dimethylamine, and 
either ethyl-, diethyl-, or triethyl amines (or a mixture of all three) 
were present. Hydrogen sulfide, mercaptans, thio-ethers, and disulfides 
were not present in detectable quantities. 
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Table 8. Proximate composition of the raw red hake and of individual batches and 
composite MPC test sample 

Proximate composition 

Raw Batch Batch Batch Batch Batch Batch Batch Batch Composite 
Component sample 1 2 3 4 5 6 7 8 sample 

------- ------ ------ -------~erce t----- ------~------ ------ ----------

Protein 15.20 81.78 81.26 78.04 80.74 80.63 79.30 81.85 82.28 81.35 
Volatiles 80.21 7.55 7.38 10.78 7.58 7.53 8.91 6.25 7.67 6.73 
Ash 3.04 14.35 13.72 13.06 13.80 13.22 13.42 13.48 12.92 13.52 
Lipids 5.82 0.17 0.15 0.17 0.13 0.19 0.15 0.21 0.19 0.20 



Table 9.--Amino acid £7mposition of raw material and composite MPC 
test sample.=. 

Concentration in: 
Amino acid 

Lysine '1:../ 
Histidine 
Arginine 
Aspartic acid 
Threonine 
Serine 
Glutamic acid 
Proline 
Glycine 
Alanine 
Valine 
Methionine 
Isoleucine 
Leucine 
Tyrosine 
Phenylalanine 
Tryptophan 
Cystine* 

Raw sample 
Percent of prote1n 

(N x 6.25) 

7.40 
1.79 
6.08 
9.51 
4.15 
4.11 

14.28 
4.86 
7.82 
6.31 
4.80 
3.05 
4.25 
7.06 
1.78 
3.88 
0.68 
0.84 

* Microbiological determination. 

MPC test sample 
Percent of prote1n 

(N x 6.25) 

8.41 
2.08 
7.13 

10.35 
4.47 
4.65 

15.39 
5.21 
8.09 
6.81 
5.26 
3.30 
4.56 
7.78 
3.35 
4.24 
1.03 
0.77 

1/ Values not strictly comparable; loss of alcohol - soluble proteins 
in MPC sample enhances amino acid percentages slightly. 

1/ Of the lysine contained in the product, 93 percent was digestible 
(available) as determined by chemical analysis. 
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Table 10. Spectrographic analysis of MPC 

Maximum concentration 

Equivalent to 
Element Based on ash original material * 

------------------Percent------------------

Sodium ca. 5 ca. 0.5 
Potassium ca. 5 ca. 0.5 
Magrtesium 2 0.2 
Silicon 2 0.2 
Aluminum 1 0.1 
Strontium 0.9 0.09 
Iron 0.9 0.09 
Tin 0.09 0.009 
Titanium 0.09 0.009 
Copper 0.009 0.0009 
Zirconium 0.009 0.0009 
Manganese 0.009 0.0009 
Barium 0.005 0.0005 
Nickel 0.005 0.0005 
Lead 0.0009 0.00009 

Elements checked but not found: zinc, cadmium, indium, bismuth, 
antimony, arsenic, thallium, gallium, germanium, chromium, cobalt, 
molybdenum, vanadium, tungsten, and silver. 

* Based on an ash content of 12.0 percent. 
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Table 11.--Minera1 content of MPC 

Determination 

Ca1ciuml} 
Phosphorus~/ 
Sodium~/ 
PotassiumJ/ 
Chloride 4/ 
Bromide2/
Iodide&/ 
F1uoride7/ 
Iron.!V -
Iodine 
Selenium 

Result 

mg./lOO g. 

3,780 
2,930 

353 
593 

1,000 
1.5 
0.1 

13 
18.9 

1 mcglg 
2 ppm 

11 Official Methods of Analysis of the Association of Official 
Agricultural Chemists (1960), section 6.011 

2/ Ibid~ section 2.023 
3/ Ibi~ section 6.016 
il Ibi~, section 18.008 
1/ Shrader, et al., 1942, Ind. Eng. Chern. Anal. Ed. 14, 1 
6/ Houston, 1950, Anal. Chern. 22: 493 
II Official Methods of Analysis of the Association of Official 

Agricultural Chemists (1960), section 24.027 
§./ Ibid., section 6.007 
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Sensory Properties 

The test sample was analyzed by the navor Profile Method (a sci
entific approach to organoleptic evaluation) immediately after produc
tion and after 9 months' storage at room temperature. Regardless of 
the age of the sample, the panel described the MPC as typical of a 
processed dry protein product with no evidence at either time of fishy 
taste or odor. 

Nutritive Quality 

Rat-feeding tests were made with the MPC test sample immediately 
after production and after 9 months' storage for comparison against a 
casein control (table 12). 

Microbiological Analyses 

Total counts of microorganisms were determined for the raw fish 
used in the preparation of the test sample and for the finished product. 
The highest count found in the raw fish was 1,500 organisms per gram. 
The finished MPC sample had counts of about 40 microorganisms per gram. 
No coliform types of Salmonella organisms were found in either the raw 
fish or the finished product. 

Wholesomeness. --An approach that has become standard in the isola
tion and characterization of physiologically potent materials such as 
vitamins and hormones was applied to determine the presence of absence 
of toxic substances in the MPC test sample. A lot from the test sample 
was first exhaustively extracted with hexane. Solids residue from that 
extraction was next extracted with chloroform. That solids residue was 
extracted with ethanol, and finally the residue was extracted with water. 
Each of the liquid extracts of these 'our solvents was concentrated to 
dryness. 

The test sample, the solids residue remaining after the sequential 
extractions, and each of the four concentrated extracts were fed to 
groups of growing rats at very high levels in the diet. The gain in 
weight, weekly food intake, and food efficiency for each animal in each 
group were determined. Tests were IlBde for urine concentration, pH and 
creatine, creatinine, and uric acid contents. A glucose tolerance test 
and hema.tology studies were also made. The animals were killed after 
4 weeks, and a complete necropsy was carried out. All unusual gross 
effects were noted. Enzyme tests on the liver and the serum were also 
included. The blood serum was examined for lipid and nitrogen content. 

The results of all experiments on the NFC sample indicate that 
there is no marked difference from the control group in any of the 
factors studied, with the exception of the high level of blood urea 
nitrogen and nitrogen poted for the high-protein-consuming groups, and 
a ma.rked increase in urinary creatine and in creatinine in the groups 
receiving the alcohol and water extracts and the MPC as such. The ex
planation suggested for the increased creatine and creatinine excretion 
was that the MPC as such probably had a high creatine content which is 
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Table 12.--Comparison of the protein quality of MPC prepared by the 
IPA extraction of hake at zero time and after 9 months' 
storage at room temperature 

Diets 

Casein control 
MPC zero time 

Casein control 
MPC 9 months' 

storage 

Average weight 
gained 

by rats 
Grams 

108.2 + 3.65 
142.2 ± 2.24 

116.2 ± 10.44 
137.3 + 10.5 

Average weight Protein 
of food con- efficien7Y 

sumed by rats ratio!. 
Grams 

338 + 7.7 3.00 
413 ± 5.02 3.24 

332 ± 18.8 3.00 
373 + 14.5 3.19 

11 Weight gained per weight of protein consumed = Protein Efficiency 
Ratio (PER). Data have been adjusted based on a PER value of 3.00 
for casein. 

accentuated in the water extract and alcohol extract. This possibility 
is now being examined • Although these results cannot be cons idered as 
conclusive, it appears that there is only a small possibility that a 
biologically active substance is present in the MPC test sample in signi
ficant amounts. So far, the results of this study indicate that sub
stances that are biologically active for the rat either are not present 
in the test sample or are not extractable in the solvents used. 

CONCLUSIONS 

The accelerated program has shown how MPC can be produced at a 
relatively low cost by a commercial solvent-erlraction method using 
isopropyl alcohol as the solvent and red hake as the raw material. It 
also has shown that a test MPC prepared from whole fish by a method ap
proximating the proposed commercial process is highly nutritious, safe, 
and wholesome and, therefore, should be entirely satisfactory as a 
dietary supplement for human consumption. 

MS. f~1563 
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