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The optimum conditions for the proteolytic solubilization of 

trash fish and processing carcass waste in a simple shell-in-tube 

heat exchange system was investigated.    The nutritional and chemi- 

cal effects of processing variables were evaluated. 

An exogenous source of proteolytic enzymes (albacore tuna 

viscera,   Thunnus alalunga) yielded a linear increase in the rate of 

the proteolytic hydrolysis of ground whole Pacific hake (Merluccius 

productus) up to 40% in the reaction mixture at 55   C.    At 60  C opti- 

mum temperature for proteolytic hydrolysis was established with a 

20% viscera 80% hake reaction mixture.    Acidification of hake with 

85% H  PO    greatly accelerated proteolytic hydrolysis yielding an 

optimum between pH 3.6 and 3.7.     The optimum pH for liquification 

based upon the viscometric properties of reaction mixtures varied 

from that for hydrolysis and was between 4. 3 and 5.1. 



The chemical characteristics of the proteolytic solubilization 

of hake at 55   C was determined.     The total nitrogen and free amino 

and  tyrosine   equivalent content of trichloroacetic acid (TCA),   water 

and sodium dodecylsulfate (SDS) fractions of reactions containing 0, 

2 and 4% 85% H  PO    were determined at various times over a two hr 

period.    With accelerated reactions  (2 and 4% 85% H  PO   ) the rate of 

hydrolysis was greatly reduced after 30 min.     Under less than opti- 

mum pH conditions  (0% 85% H  PO  ) proteolytic hydrolysis proceeded 

in a linear fashion throughout the two hr period.    The relationship be- 

tween the quantities of chemical indices in the TCA and water frac- 

tions suggested that the majority of the proteolytic action yielded 

amino acids and short peptides.     The total nitrogen content of the SDS 

soluble fraction inferred that very little of the protein that was not 

SDS soluble was being solubilized. 

The protein efficiency ratio of samples of hake reacted at 55   C 

in the presence of 0,   2 and 4% (wt  /wt  ) 85% H  PO    at 30,   60,   and 
3       4 

120 min was determined to assess the nutritional effects of proteo- 

lytic solubilization.    Proteolytic action reduced protein quality to a 

degree related directly to the level of acid accelerated proteolytic 

action.    Full reduction in quality was accomplished at the end of 30 

min for reaction mixtures containing 0 and 2% acid in comparison to 

a raw hake control; no reduction was observed between 30 and 120 

min.    In addition to the initial reduction in quality within the first 30 



min of reaction,   mixtures containing 4% acid were significantly re- 

duced between 30 and 120 min.    Conversion of native protein to 

nutritionally less utilizable amino acids and peptides probably played 

the major role in reducing protein quality in reaction mixtures con- 

taining 0 and 2% acid.    The time dependent reduction in protein 

quality for the reactions containing 4% supports the destruction of 

amino acids,   probably tryptophan,   at this higher level of acidity. 
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HEAT AND ACID INDUCED AUTOLYTIC DIGESTION OF 
PACIFIC HAKE (Merluccius productus) 

INTRODUCTION 

The coastal waters off Oregon and Washington yield a large 

variety of seafoods.    Flatfish,   rockfish,   cod,   salmon,   crab and 

shrimp make up the bulk of these landings.    Once on board,   fish are 

immediately iced to insure good quality.    At the processing plant, 

the resulting method of processing depends on the type of fish.    Gen- 

erally,   fish are processed the day the plant receives them.    If not, 

they are placed in large bins, iced and processed the following day. 

Depending on the specie,   fish are either filleted or dressed. 

Filleting involves the removal of only the lateral meaty portions of 

the fish yielding approximately 70% of the round weight (frame or 

carcass) as waste.    Butchering or dressing on the other hand,   calls 

for removal of the head and viscera only,   resulting in a lower per- 

centage of waste at the processing plant (Stansby,   1963). 

Recently,   wastes generated from the processing of seafoods 

have become a concern to many.    In 1970,   1. 2 billion pounds of 

solid wastes were generated by the fishing industry in the United 

States and only 50% of this was recovered as feeds for livestock or 

furbearing animals (Soderquist et al. ,   1970).    The remaining 600 

million pounds required disposal by one of the following:   dumping 



into waterways,   landfills or incineration (Kreag and Smith,   1973). 

With today's more stringent pollution control laws,   increasing em- 

phasis has been placed upon developing methods of transforming sea- 

food processing waste into saleable products  (Crawford,   1976).    These 

marketable products include fish glues,   pelletized fish foods,   meals, 

fertilizers,   oils and concentrates (Brody,   1965).    With the sharpened 

food demands of today,   greatest emphasis has been in preparing pro- 

tein concentrates to be consumed by fish,   livestock and man. 

Conservatively speaking the potential harvest from the sea has 

been estimated at 500 billion pounds annually.    However,   only about 

15% of this is currently being taken.    This not only emphasizes the 

need for improvements in methods of waste disposal,   but also indi- 

cates a requirement for greater utilization of the sea as a whole. 

Recently,   research has pointed in this direction by attempting to find 

avenues of utilization of "trash fish" whose abundance was once ig- 

nored and often irritating.     These include fish such as hake,   spiny 

dogfish,   starry and arrowtooth flounder.    This project was initiated 

to investigate the hydrolysis or liquification of "trash fish" and car- 

cass waste utilizing Pacific hake (Merluccius productus) as a raw 

material into a product that could ultimately be used as a protein 

supplement in feedstuffs.    The objectives of this investigation were 

to:    (1) determine optimum processing conditions and (2) define the 

chemical and nutritional effects of processing. 



REVIEW OF LITERATURE 

Hake (Merluccius productus) 

Pacific hake is often classified as a demersal species,   but its 

distribution and behavior suggest a largely pelagic existence although 

it is often found near the seabed over the continental shelf (Alverson 

et al. ,   1969).     The genus Merluccius is represented in all coastal 

areas of the Atlantic and Pacific Oceans in both hemispheres,   however 

the   species productus is found exclusively on the Pacific coast of 

the United States and Canada (Ginsburg,   1954).    It feeds almost 

exclusively on a variety of pelagic fishes and animal plankton. 

Growth is relatively fast,   especially during its first three or four 

years.    Mature hake weight on the average of 2.68 pounds and are 

20.5  inches long; maximum observed length has been about 33.5 

inches.     The standing crop of hake off the Oregon and Washington 

coasts has been estimated to be in the order of 1.0-1.1  billion pounds 

(Alverson et al.,   1969). 

Development of the Fishery 

Before 1965,   the only hake landings of any consequence were 

those incidentally caught by U.S.   otter trawl vessels fishing off cen- 

tral and northern California.    For the period 1959-63 the average 



annual hake catch in California was 495, 000 pounds (Greenwood and 

Mackett,   1965) which was used by fur and pet food industries  (Best, 

1959).    Until recently,   the hake landings off the Oregon and Washing- 

ton coasts,   which were also incidental,   were totally discarded (Nel- 

son,   1970). 

Hake is ground and frozen for pet food and has been reduced to 

fish meal.    The reduced meal was used primarily as a poultry diet 

supplement (Finch,   1970).    From a commercial standpoint,   the high 

incidence of infestation by the myxosporidian parasite in catches has 

precluded its extensive use as fresh or frozen fillets because of the 

number of fish possessing a mushy texture (Dassow et al.,   1970). 

Most of the Soviet catch,   which is quick frozen,   is subsequently mar- 

keted for human consumption (Nelson,   1970).    A heavy commercial 

harvesting of hake may substantially reduce the parasite problem as 

it did with lemon sole in the early fifties.    Reducing the standing 

stock of lemon sole to about half its initial number diminished a 

myxosporidian infection from a 21% incidence in 1951 to less than 1% 

in 1954 (Forrester,   1956). 

Characteristics of Pacific Hake 

The color of the flesh varies from an off-white to pink; how- 

ever, it is within the normal range of other Pacific fish marketed. 

Although the odor of the raw flesh is neutral,   the whole hake develops 



a strong persistent odor on the skin in less than a day if uniced and, 

therefore,   fresh catches necessitate immediate icing.     The bland 

flavor that is exhibited by properly cooked fresh hake is considered 

desirable by consumers (Dassow et al.,   1970). 

The normal soft and tender texture of Pacific hake is compar- 

able to Dover or English sole,   but processors often complain of an 

undesirably soft and mushy texture.    The individual hake fillets that 

exhibit the mushy characteristic have been found to be heavily infected 

by a myxosporidian parasite.     The action of this parasite is to inflict 

serious proteolysis of the muscle tissue with an accompanying lique- 

faction and mushiness.    In some samples of fresh hake,   levels of 

proteolytic activity up to 14 times greater than those in normal tex- 

tured,   uninfected controls have been found (Dassow et al.,   1970). 

Current Processing Improvements 

Attempts have been made to treat or handle hake in such a way 

to produce products acceptable to the consumer.    One undesirable 

quality of hake,   the drip characteristic of refrigerated,   frozen, thaw- 

ed or cooked fillets has been partially remedied by Dassow et al. 

(1970) who by the addition of 7. 5% sodium tripolyphosphate plus 2% 

sodium chloride effectively prevented drip in fillets stored at 36   F 

after 11 days.   Frozen storage of hake fillet portions in blocks has 

been shown to be beneficial to shelf life stability and acceptance 



(Crawford et al. ,   1972).    Minced hake flesh resulting from machine 

separation has been demonstrated to have acceptable qualities 

(Babbit et al. ,   1972).    This particular form of raw product would be 

acceptable for many types of frozen prepared foods such as pre- 

cooked breaded fish sticks (Dassow et al. ,   1970). 

Processing Fish Protein 

Fish protein concentrate,   which is often over 90% protein,   is 

proposed for use in various parts of the world as an important source 

of inexpensive complete protein for both man and animals (Finch, 

1970).   The U.  S.   regulations have been changed so that it is now 

legal to market whole fish protein which has had fat and water re- 

moved by an extraction process using isopropyl alcohol (Kreag and 

Smith,   1973).  Whole hake,   menhaden,   anchovy and herring may be 

processed and marketed in this manner. 

Research directed toward developing improved or alternate 

processes for the production of fish protein concentrates have evalu- 

ated means of reducing whole fish into a more workable liquid form 

through enzymatic attack.     This not only improves fat extractability, 

but enhances the protein solubility of the final product (Mackie,   1974). 

Liquification of fish protein has long been utilized as a means of 

processing fish within a preservation procedure and represents an 

active area of food research. 



Fermentation 

In this process the proteolytic enzymes of the viscera and diges- 

tive tract (trypsin,   chymotrypsin and pepsin) and catheptic enzymes 

of the muscle slowly hydrolyze the fish.    High concentrations of salt 

and relatively high ambient temperatures are maintained to produce 

liquefied sauces composed predominantly of free amino acids.    The 

elevated salt concentration prevents growth of spoilage microorgan- 

isms (Mackie,   1974). 

Although rarely used in the United States,   fermentation of fish 

by the addition of large quantities of salt has been used as a biologi- 

cal method of preservation for thousands of years,   particularly in 

Southeast Asia and its use continues today.    The process which varies 

locally usually begins with whole or gutted fish,   relying on autolysis 

or proteases from microbial cultures,   respectively   (VanVeen,    1965). 

In the Western world this high salt concentration that some 

Eastern cultures have grown accustomed to is unacceptable.    The 

main flow of Western research concerning fermentation is directed 

toward the utilization of various bacteria,   yeasts and n^olds under 

low salt conditions.    A patented process was developed in Uruguay in 

which a proteolytic yeast was used to ferment fish (Berhillo and 

Hettich,   1961).    After screening hundreds of cultures,   Burkholder 

et al.   (1965) reported seven yeasts and one mold that were 
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organoleptically acceptable.    Two of the microorganisms,   through 

utilization of non-protein nitrogen and triglycerides,   were able to 

reduce the fat content and substantially increase the protein content 

of a menhaden ferment,   while producing neutral to pleasant flavors 

and aromas. 

Ensilage 

The ensilage process makes use of strong mineral or organic 

acids which are added to maintain the pH below 4 preventing bacter- 

ial growth.    Under these conditions,   native enzymes partially hydro- 

lyze the fish over a period of several weeks;   the rate of autolysis 

being dependent on ambient temperature and the relative amount of 

visceral organs present (Mackie,   1974).    This process has been 

studied most extensively in the Scandinavian countries where fish 

silage is produced industrially for animal feed.    Formic acid is pre- 

ferred in the silage process since it makes free amino acids less 

available to microorganisms and the product is stable at a higher pH 

(Hale,   1972). 

Autolysis 

In Japan,   a protein concentrate has been prepared by the au- 

tolysis of sardines under acid conditions using chloratetracycline as 

a preservative and later incorporated into a breast milk substitute 
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at the 12% level (Hale,   1972).    Similarly,   Freeman and Hoogland 

(1956) found that digestive enzymes in the viscera of cod and haddock 

are present in sufficient quantities to adequately hydrolyze the waste 

viscera.    The rates of digestion were not enhanced by added proteo- 

lytic enzymes (pepsin) during a two week period at which time the 

mixtures were preserved with sodium nitrite.    McBride et al.   (1961) 

accomplished complete autolytic digestion of whole Pacific herring 

in 72 hours.    The entire mixture was acidified and maintained at a 

o 
temperature of 37  C.    Koury et al.   (1971) found that at the optimal 

conditions for the autolytic digestion of hake,   protein cleavage was 

extensive and subunits were too small to be coagulable by isopropyl 

alcohol. 

Exogenous Enzymes 

The digestion of fish protein with papain has been thoroughly 

examined by Sen et al.   (1962).    They found that a variety of products 

would be produced depending upon pH.    Their results indicated that a 

shift in hydrolysis pH from 5 to 7 and to a lesser extent,   a shift in 

temperature from 55 to 40  C resulted in hydrolyzates with peptides 

of greater chain length.    This difference was explained as a reflec- 

tion of the higher activity of papain at its pH optimum,   resulting in 

hydrolyzates containing larger quantities of peptides of lower molec- 

ular aggregates. 
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Pepsin has also been used in the hydrolysis of fish (McBride 

et al. ,   1961 and Tarkey et al. ,   1973).    In comparing pepsin,   bromelin 

and Rhozyme B-6,   McBride et al.   (I96I) found that the most effective 

enzyme treatment was digestion of precooked herring at pH 2 with 

pepsin.    Tarkey et al.   (1973) used pepsin in an attempt to develop a 

procedure for economical yield of high grade protein from fish waste 

(English sole,   Parophrys vetulus).    The resultant hydrolyzate when 

mixed with casein yielded protein efficiency ratios equivalent to that 

of pure casein.    Bromelin has also been used successfully in the pro- 

duction of an enzymatic protein hydrolyzate from Chilean hake 

(Merluccius igayi) fillets.    As a supplement to cereal protein,   the 

hydrolyzate improved the concentration and quality of the protein 

(Yanez et al., 1976).    The relative activities of other commercially 

available proteolytic enzymes acting on a fish protein substrate are 

reported by Hale (1969). 

Microbiological cultures have also been used as sources of en- 

zymes.    Proteolytic species are common among the genera Bacillus, 

Clostridium,   Pseudomonas and Proteus (Frazier,   1967).    A strepto- 

myces protease was used to produce a liquefied fish protein for the 

possible use in infant diets (Hale,   1972).    Ehlert (1962) used a dead 

culture of lactic acid bacteria as an enzyme source to hydrolyze 

mechanically disintegrated fish.    This process resulted in a hydro- 

lyzate that was quite stable below pH 4 and allowed for a superior 
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oil separation. 

A more economical source of enzymes are those contained in 

viscera of various fish.    Bedford in 195 7 patented a process in which 

fish was hydrolyzed by enzymes contained in raw tuna viscera at a 

constant temperature of 50  C.    The process involves a preliminary 

hydrolysis at pH 5-5.6 followed by further hydrolysis at pH 8 to make 

full use of all the visceral enzymes.    The rate of digestion was shown 

to increase substantially if minor amounts of NaCl and urea were 

added. 

Proteolytic Enzymes 

Classification of Digestive Enzymes 

As an aid in analysis of proteolytic enzymes,   various classifi- 

cation techniques have been proposed.    Perhaps the most elemental, 

as well as simplest classification,   has been in regard to the pH of 

optimum activity; the acidic and alkaline proteases.    In marine fish 

and man alike,   this means of classification can include proteolytic 

activity from both the digestive tract as well as muscle proteases 

(cathepsins). 

Acidic Proteases 

Pepsin being the most important acidic protease has drawn in- 

tensive investigation.    Although the specificity of pepsin is rather 
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broad in nature (Tang,   1963),   the specific activity varies depending 

upon the source (Mathies and Norris,   1953).    Of those investigated, 

pepsins from yellowfin,   albacore and bluefin tuna exhibited the high- 

est proteolytic activity. 

The acidic group of proteolytic enzymes known as the cathepsins 

have also been isolated and verified in fish.    The acidic cathepsin 

is generally referred to as cathepsin A,   however,   the presence of 

cathepsins B and C have also been confirmed (Makinodan and Ikeda, 

1969 and Morishita,   1972).    Their activity has been estimated to be 

ten times greater than bovine muscle cathepsin (Siebert and Schmitt, 

1965).    Cathepsin D,   which also has optimal activity in the acidic 

range was later isolated in the lysosomal fraction of skeletal muscle 

of winter flounder (Reddi et al. ,   1972). 

Basic Proteases 

Alkaline proteases being a more diverse group are classified 

according to their mode of action as well.    Endopeptidases,   which 

hydrolyze peptide bonds in the interior of the protein chain include 

trypsin,   chymotrypsin and elastase (Walsh and Wilcox,   1970),   where- 

as exopeptidases which include the carboxypeptidases and amino pep- 

tidases cleave terminal amino acids from protein or peptide chains 

(Whitaker,    1972).    The alkaline cathepsin of fish is commonly re- 

ferred to as the "alkolophile" cathepsin.    While all fish composed 
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of predominantly white muscle tissue exhibit substantial alkaline 

proteinase activity,   the red or pink muscle fish,   e.g.,   albacore, 

mackeral and sardine,   appeared to have low or non-measurable 

alkaline catheptic activity (McKinodan and Ikeda,   1969). 

Characteristics of Enzymes 

Marine fish show great diversity as to food,   feeding habits and 

rate and type of metabolism.    Great variation is shown in the develop- 

ment of the different organs concerned with digestion.    The proteo- 

lytic activity of various fish have been found to be effected by numer- 

ous parameters (Chesley,   1934).     Kashiwada (1952) found an existing 

relationship between the activity of proteases in skipjack tuna and the 

season of the year. Specifically,   the activity rose in the spring,   de- 

clined slowly in the summer months and rose again in the fall.    En- 

zymes of other marine fish have been found to vary with the season as 

well (Chambers et al. ,   1975).    Dietary intake has also been found to 

influence proteolytic activity of carp (Kawai and Ikeda,   1973).    In 

assaying for proteolytic activity of several species,   wide variation 

found within an individual species was attributed to differences in 

feeding state (Crawford,   1976). 

These differences have resulted in several reports regarding 

the temperature optimums concerning various fish autolysis systems. 

Freeman and Hoogland (1956) found 37   C at pH 8 to be optimum for 
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o 
the autolysis of cod viscera; whereas,   Koury et al.   (1971) found 30  C 

at pH 3 to be the optimum for the autolysis of whole hake.    Similarly, 

a variety of optiraums have been reported for purified enzyme systems 

(Mathies and Norris,   1953 and Katsumata et al.,   1974). 

Characterization of Proteolytic Activity 

A variety of assays have been employed to measure proteolytic 

activity.    A common method used to monitor hydrolysis is the in- 

crease in soluble a-amino acid nitrogen (Sen et al. ,   1962).    Tarky 

et al.   (1973) used the ratio of total nitrogen (Kjeldahl) solubilized to 

that originally contained in a total substrate-water mixture as the 

measure of hydrolysis.    Others used the rate of total solids break- 

down as an indication of hydrolytic progress (Freeman and Hoogland, 

1956 and McBride et al.,   1961).    The uniformity of amino acid con- 

tent in proteins has also been exploited as a means of measuring 

hydrolysis.    Specifically,   the release of tyrosine as measured by 

Lowry et al.    (1951)   is used as a measure of hydrolysis (Worowski, 

1973). 
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MATERIALS AND METHODS 

Preparation of Fish Samples 

Samples of Pacific hake (Merluccius productus) were obtained 

through Pacific Shrimp,   Inc. ,   Warrenton,   Oregon.     Upon receipt, 

the hake was individually frozen at -30  F,   placed in large protective 

o 
bags and maintained at 0  F until used. 

Twelve hours prior to digestion samples were removed from 

the 0  F freezer and placed in a cold room (32  F) to temper.    At the 

end of this period the sample was run through a Globe meat grinder 

two times; initially outfitted with a 3/8" plate and finally through a 

1/8" plate.    The final ground material was then mixed thoroughly 

and held at 32  F until needed. 

Samples of albacore tuna fish (Thunnus alalunga) were obtained 

soon after evisceration of thawed frozen fish from Bumble Bee Sea- 

foods,   Inc. , Astoria,   Oregon.     The viscera samples were immedi- 

ately frozen (-30  F) in blocks,   cut (while frozen) into slabs,   vacuum 

sealed in moisture-vapor proof film,   and held at 0  F.    The viscera 

was prepared for experimental purposes in the same manner as the 

hake with the exception that the viscera was ground twice through a 

1/8" plate. 
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Apparatus 

All reactions were accomplished using a digestion unit devel- 

oped by Duncan K.   Law of the Oregon State University Seafoods Lab- 

oratory,   Astoria,   Oregon.    The digestion unit is broken down into 

three basic units consisting of:    1) an open reaction holding vessel, 

2) a pump    and 3) a heat exchange system (Fig.   1).    The reaction 

mixture in the holding vessel was subjected to constant stirring by 

means of a mixer.    The sample was pumped continuously through a 

simple shell-in-tube heat exchanger in which water was used as the 

exchange medium.    The temperature of the reaction mixture was 

controlled by varying the flow rate of the water through the heat ex- 

change system. 

Chemical Procedures 

Tyrosine was measured using a modified Lowry technique 

(Lowry et al. ,   1951) and was used as a measure of hydrolysis.    To 

one ml of appropriately diluted sample,   1 ml of phenol reagent (di- 

luted 1:1 with water) and 3 ml 14% NaHCO    was added.    After a 15 

min time lapse,   the color was measured at 660 nm.    Tyrosine ■was 

used as a standard and all kinetic data was expressed as mg tyrosine/ 

16 mg reaction mixture total nitrogen.    Free amino nitrogen was de- 

termined using the ninhydrin analysis performed according to Moore 



Mixer 

Reaction vessel 

Heat exchanger 

Pump 

Figure 1.   Digestion unit. 
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and Stein (1954) and reported as mg glycine/16 mg reaction mixture 

total nitrogen.    Total nitrogen content was determined using the 

semi -micro-Kjeldahl procedure (AOAC,   1970) and reported as mg 

nitrogen/16 mg reaction mixture total nitrogen. 

Exogenous Enzyme Concentration 

Enzymes contained in tuna viscera (TV) were used as an ex- 

ogenous enzyme source.    Hake was reacted with TV at ratios of 

10:0,   9.5:0.5,   9:1,   8:2,   7:3,   and 6:4 (hake:TV wt. /wt  ;  10 kg) for 

approximately 30 min at 55   C.    Sullivan (1975) indicated tlje opti- 

mum temperature for TV proteases was between 50 and 60  C. 

Hake was placed in the reaction vessel as a separate component and 

allowed to circulate until it reached 55   C (about 5 min).    An appro- 

priate quantity of TV was added and the time recorded as zero. 

Samples (10 gms) were weighed out at intervals bracketing 5,   15, 

and 30 min.      The addition of 90 mis of 5% trichloroacetic  acid (TCA) 

to each sample served as a means to stop the reaction.    After stand- 

ing for 30 min the samples were gravity filtered through VWR 

Scientific analytical filter paper No.   588 and the filtrate was anal- 

yzed for tyrosine.    An additional intact sample was taken for total 

nitrogen analysis. 
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Temperature Optimum 

The optimum temperature for reaction was determined using 

10 kg reaction mixtures containing eight parts hake and two parts TV. 

The components were mechanically mixed and the entire reaction 

mixture was transferred to the digestion unit.    Pumping was initiated 

immediately,   with time zero being the time at ■which the reactants 

reached the desired temperature.    Reactions were carried out at 43, 

50,   55,   60,   65 and 70  C.    Sampling and analysis procedures were 

similar to those previously described. 

pH Optimum 

The optimum pH for reaction was determined using 8 kg reac- 

tion mixtures at 55   C.    Hake (7520 gm) was mechanically mixed with 

480 gm (6% wt /wt ) of water and/or appropriate quantities of 85% 

H  PO  ,   transferred to the digestion unit,   and pumping was initiated 

immediately.    Time zero was designated as the time when the reac- 

tion mixture reached 55   C.    Levels of acidification included;   0,   1, 

2,   3,   4,   5 and 6% 85% H  PO    (wt. /wt  ).    Sampling and analysis pro- 

cedures were similar to those previously described. 
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Rheology 

The change in viscosity with time and pH was measured using 

a Brookfield viscometer.    Seven kg reaction mixtures containing 0, 

0. 5,   0. 75,   1,   2,   and 3% 85% HiP0, were reacted at 550C for 50 

min.      Time zero was taken as the time at which free pumping was 

achieved.    The viscosity of the reaction mixture was determined at 

0,   5,   10,   15,   20,   25,   30,   40,   and 50 min.    Appropriate speed and 

spindles -were chosen so that viscosity measurements fell within 

the viscometers maximum range of accuracy.    At each time period 

five readings were taken and averaged.    The operational technique 

adopted for measuring the viscosity was to allow the viscometer to 

make one revolution,   depress clutch for 15 seconds,   then release 

clutch and record the subsequent reading along with the speed and 

spindle used. 

Reaction Chemical Characteristics 

Mixtures of hake and 0,   2 and 4% 85% H PO    (wt. /wt ) (12 kg) 

were reacted for 2 hrs at 55   C.    Each reaction was sampled at 0,   5, 

10,    15,    20,    25,   30,   40,   50,   60,   80,   100,   and 120 min.     At each 

sampling time three 10 gm samples were obtained.    An additional 

sample for total reaction mixture nitrogen was also taken. 

To one sample,   90 mis of 5% TCA was added.    Subsequent 
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handling of this sample was analogous to that previously described. 

_3 
To a second sample,   90 mis of a 10       M solution of the enzyme in- 

hibitor phenylmethylsulfonamide (PMSF) was added.    At the end of 

1 hr,   a 50 ml aliquot was removed and centrifuged at 10, 500 x g 

for 15 min,   the supernatant was decanted and stored for analysis. 

-3 
To the third sample a combination of 45 mis of 10      M PMSF and 45 

mis of a 2% sodium dodecysulfate (solubilizing agent) was added and 

placed in a constant temperature water bath (37  C) for 12 hrs with 

constant agitation.    The samples were removed and 50 ml aliquots 

were centrifuged for 15 min at 10, 500 x g,   the supernatant was de- 

canted and stored for analysis. 

Each sample was subjected to a modified Lowry,   Kjeldahl,   and 

ninhydrin analyses. 

Reaction Nutritional Characteristics 

Mixtures of hake with 0,   2 and 4% 85% H,PO    (wt  /wt ) (15 kg) 

were reacted for 2 hrs at 55   C.    Four kg samples were removed at 

o 
30,   60,   and 120 min and frozen at -30  C.    All samples including a 

raw hake sample were mixed 2:1 (wt  /wt   ) with corn starch and 

drum dried.    The drum dried samples were passed through a 0. 02-in 

sieve of a high speed hammermill.    Mixing with corn starch facili- 

tated drum drying and assured thorough milling.    The protein effi- 

ciency ratio of samples was determined by AOAC (1970) procedures 
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using ten male replicates in each assay group.    Data were analyzed 

using analysis of variance procedures and the difference between in- 

dividual treatment means was evaluated using Duncan's multiple 

range test. 
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RESULTS AND DISCUSSION 

Exogenous Enzyme Concentration 

Visceral waste from the seafoods industry contains relatively 

high levels of a broad range of proteolytic enzymes.    Processing 

procedures for tuna yield large quantities of viscera separated from 

the remainder of the waste and offers a readily available commercial 

supply.    The effect of added tuna viscera (TV) waste as an exogenous 

source of proteolytic enzymes to hake was evaluated as a means of 

enhancing the rate of proteolytic solubilization. 

Replacement of hake in the reaction mixture with 5,   10,   20,   30 

and 40% albacore TV yielded corresponding incremental increases in 

the apparent estimated rate of proteolytic hydrolysis based upon the 

release of trichloroacetic acid (TCA) soluble tyrosine equivalents 

(Fig.   2).     The apparent rate of hydrolysis measured between 5 and 

15   min after   the reaction mixture reached 55   C increased in a lin- 

ear manner (r = . 9885) as TV levels ranged from 0 to 40% (Fig.   3). 

For each 1% increase in TV concentration an estimated increase of 

.0016 mg tyrosine equivalents/16 mg reaction mixture total nitrogen/ 

min was observed.    The rate responses observed did not reflect a 

saturation of the available protein substrate with enzyme. 

The observed rates of hydrolysis were effected in varying 
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Figure 2.   Proteolytic activity of hake and of mixtures with albacore tuna 
viscera (%) at 550C. 
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% Tuna viscera Rate x 10 

0 1.03 
S 1.21 

10 2.28 
20 4.56 
30 5.19 
40 7.25 

% Tuna viscera 

Figure 3.    Effect of albacore tuna viscera levels {%) on the rate of proteolytic 
activity in mixtures of hake at 55 C. 
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degrees by the lag time required to reach 55   C and by the physical 

and protein substrate compositional changes brought about by adding 

relatively large quantities of TV to the reaction mixtures.    Tuna 

viscera increased the efficiency of the digestion unit's pump result- 

ing in an over-all reduction in the lag time required to reach 55   C 

from 7  to  5  min as   TV  concentrations  were  increased  from 0 to 

40% in the reaction mixture.    This relatively long lag period resulted 

in TV concentration dependent increases in zero time tyrosine levels 

(Fig.   2).    These higher zero time levels were related to hydrolysis 

during the lag time and higher levels of free tyrosine in TV over 

hake.    The effect of TV protein on reaction mixture substrate char- 

acteristics is difficult to assess,   but substrate solubility and the 

amount of reaction mixture protein available to enzymatic attack was 

probably increased by TV. 

Temperature Optimum 

The broad range of proteases investigated are from cold blood- 

ed animals,   but the temperature for their maximum activity is much 

higher.    The apparent rate of hydrolysis for reaction mixtures con- 

taining 80% hake and 20% TV was determined at 43,   50,   55, 60, 65, 

and 70OC. 

The temperature optimum for the broad mix of proteases con- 

tained in hake appears to be near 60  C.    Heating up to 60  C 
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progressively increased proteolytic action as indicated by release 

of TCA soluble tyrosine equivalents (Fig.  4 and 5).    Temperatures 

above 60  C greatly reduced the rate of hydrolysis.    Although the 

pumping and substrate composition characteristics of the reaction 

mixture was the same in this experiment,   the lag time was temper- 

ature dependent and affected the initial zero time tyrosine levels in 

reaction mixtures (Fig.   4). 

The temperature optimum of near 60  C determined using the 

relatively large quantities of material and a pumping heat exchange 

system in this investigation corresponds closely to that reported by 

others using small systems and procedures.    Koury et al.   (1971) 

found that the auto lysis of whole hake was optimal at 60  C; higher 

temperatures decreased the rates of autolysis rapidly.    Katsumata 

et al.   (1974) supported these findings as well by demonstrating that 

proteinases from bonita tuna were rapidly inactivated at temperatures 

above 60  C.    Mackie (1974) successfully used temperatures above 

50-60   C to accelerate the proteolytic digestion of fish waste.    Pro- 

teases contained in the pyloric caeca of albacore tuna were shown to 

have an optimum temperature for activity near 60  C (Sullivan,   1975). 

pH Optimum 

Work by Sullivan (1975) indicated that extracts of whole alba- 

core tuna viscera yielded protease activity optimums at pH 1.5,   3. 1 
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Figure 4.    Proteolytic activity of a mixture of hake (80%) and albacore tuna 
viscera (20%) at various temperatures. 
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Figure 5.   Effect of temperature on the rate of proteolytic activity in a 
mixture of hake (80%) and albacore tuna viscera (20%). 
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to 3. 5 and at approximately 9. 5 with a 30 fold increase in activity 

from pH 6. 0 to 3. 5.    The proteolytic activity of hake at 55   C was 

determined at 0,   1,   2,   3,   4,   5,   and 6% 85% H3PO    (wt /wt  ) to 

evaluate the effect of pH on the proteolytic solublization  of whole 

fish protein in a pumping heat exchange system. 

Acidification of hake greatly enhanced the proteolytic action of 

endogenous enzymes (Fig.   6 and 7).    The optimum pH for hydrolysis 

was found to be between pH 3. 6 and 3. 7 as measured by the release 

of TCA soluble tyrosine equivalents.    Proteolytic activity was re- 

duced rapidly at pH levels lower than 3. 6. 

Rheology 

For industrial purposes it is advantageous to convert trash 

fish and carcass waste to a liquid form.    Conversion to a liquid form: 

1) speeds handling and bulk transportation,   2) makes possible an effi- 

cient and economical means of separating bones,   3) yields a product 

that can be stored through stabilization with acid and mold inhibitors 

and 4) produces a product which potentially can be defatted utilizing 

efficient liquid-liquid extraction systems.    Utilizing fish protein in a 

wet form has an obvious energy advantage over a dried product. 

The rate of liquification of hake was investigated at 55 C as a 

function of time and pH. The rheological properties of hake treated 

with. 5,   .75,   1.0,   2.0,   and 3. 0% 85% H  PO    (wt  /wt  ) were 
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Figure 6.    Proteolytic activity of hake containing various levels {%) of 85% 
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determined over a 50 min time period. 

Acidification greatly enhanced the liquification of hake.     The 

viscosity of hake with no added acid was only reduced to 2700 centi- 

poise units after 30 min at 55   C,   while acidification with 1% acid 

yields a viscosity equivalent to 220 centipoise units; approximately 

a 12 fold difference (Fig.  8).    The optimum pH for the liquification 

of hake was found to be between 4. 3 (1% 85% H PO  ) and 5. 1 (2% 

85% H3P04) (Fig.   9). 

Acid enhanced liquification greatly eased the separation of 

bone.    Laboratory evaluation indicated that bone separation was 

directly related to the degree of liquification.    Figure 10 illustrates 

the physical characteristics of hake,   the liquefied material and the 

separated,   washed and dried bones. 

The optimal pH for liquification varied considerably from that 

for over-all proteolytic activity (pH 3.6-3. 7).    Since the connective 

tissue of the fish was degraded releasing the bone,   protease systems 

specific for connective tissue or perhaps collagen may be respon- 

sible for the enhanced liquification effect at a pH higher than the 

optimal for over-all proteolytic activity.    Many fish especially 

carnivorous ones feed on animal tissues containing collagen as a 

constituent protein.    Since collagen is resistant under non-denaturing 

conditions to common proteases such as trypsin,   chymotrypsin,   and 

pepsin,   it seems reasonable to assume that a specific enzyme 
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Figure 8.    Liquification of hake containing various levels {%) of 85% H.PO    (% wt /wt ). 
(All viscometric values for hake containing 0% H PO   were off   the 
scale of the figure; values ranged from 52, 200 at zero time to 2,160 
at 50 min. ) 
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Figure 9.    Effect of pH and time on the liquification of hake. 
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Figure 10.    Photographs of raw hake,  acid hydrolyzed hake,  and separated bones. 
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capable of degrading native collagen may be present in the digestive 

organs of fish.    Yoshinaka et al.   (1973) detected such collagenolytic 

activity in the pyloric caeca of yellow tail (Seriola quinqueradiata). 

The pH optimum observed for liquification lies near the iso- 

electric point of fish protein.    The reduced solubility and hydrata- 

bility of proteins at this pH clearly played an important role in de- 

termining the viscometric properties of reaction mixtures.    Since 

the isoelectric point of most proteases does not lie at the optimum 

pH for liquification,   the relationship between available substrate and 

enzyme concentration may have been considerably altered under 

optimum conditions for liquification. 

Reaction Chemical Characteristics 

Hydrolysis reactions containing 0,   2 and 4% 85% H  PO    were 

carried out for 2 hrs in an effort to examine the characteristics of 

hydrolysis more closely.    Analysis consisted of the modified Lowry 

(tyrosine groups),   ninhydrin (free amino groups) and Kjeldahl (total 

nitrogen) procedures on TCA,   water,   and sodium dodecylsulfate (SDS) 

soluble fractions. 

Results showed at the 0% acid reaction hydrolysis proceeded 

in a linear fashion throughout the 2 hr period indicating a slow but 

constant rate of hydrolysis  (Table 1).    The major portion of hydrolysis 

in the 2 and 4% acid reactions was attained by 30 min reaction time. 
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Table 1.   Chemical characteristics of proteolytic solubilization. 

W 5 

Reaction time (min) 

120 
Fraction/Analysis/% 1 

30 60 80 
„      4 
Rate 

TCA     Lowry 

% 

0 

31.4 51.7 76.3 87.0 117.4 7.4 
77.2 158.2 145.5 159.9 166.9 38.2 
78.2 115.7 119.5 125.6 131.2 31.5 

2-6 
Ninhydrin 2.18 4.35 6.73 7.72 9.47 6.S 

2 2.45 7.71 9.80 10.56 10.83 21.1 
4 

0 

2.36 4.23 5.05 --- 5.10 13.7 

Kjeldhal3"7 2.34 3.55 4.48 4.77 6.03 2.9 
2 3.49 7.50 7.92 8.23 8. is 14.1 
4 

0 

2.11 5.51 5.68 5.78 6.13 9.8 

Water   Lowry 80.3 104.4 115.7 130.4 164.6 6.4 

2 106.2 148.0 154.7 164.2 166.5 35.0 
4 

0 

63.8 121.9 133.9 151.9 136.9 28.3 

Ninhydrin 5.34 5.67 8.32 9.57 10.40 5.0 
2 7.17 9.13 11.15 11.39   9.7 
4 

0 

2.56 4.77 4.84 4.88 5.01 8.2 

Kjeldahl 4.06 5.77 6.25 7.20 7.40 2.6 
2 5.88 8.22 8.53 9.21 9.24 13.0 
4 

0 

3.33 6.13 6.51 6.48 6.60 8.1 

SDS       Lowry 364.1 374.6 -.- 410.4 430.9 5.8 
2 328.6 361.4 384.2 411.8 414.2 13.1 
4 

0 

103.3   116.3 121.5 126.7 5.0 

Ninhydrin 7.32 8.88 9.50 9.58 9.68 5.4 
2 6.99 9.35 11.00 11.12 11.19 7.7 
4 

0 

4.63 4.76 5.46 5.55 5.65 5.5 

Kjeldhal 13.73 14.15 14.26 14.30 14.26 3.0 
2 11.33 11.47 11.58 11.62 11.81 0.6 
4 6.24 6.29 6.43 6.52 6.60 0.2 

1 2 
Units:   .mg tyrosine equivalent/16 mg reaction total NxlO 

mg glycine equivalent/16 mg reaction total NxlO 
mg N/16 mg reaction total N 

4 
Initial rate:   units/min (between 5 to 20 min) 

mg tyrosine equivalent/16 mg reaction total N/minxlO 
6 .4 

mg glycine equivalent/16 mg reaction total N/minxlO 
mg N/16 mg reaction total N/minxlO 

8 9 10 
pH=6.6 pH=4.5 pH^-5 
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This apparent major reduction in proteolytic activity after 30 min 

may be due to enzymatic self-autolysis. 

Comparison of data for TCA and water fractions at the end of 

the 2 hr period gives an indication of the mode of proteolytic action. 

Since the total quantities of chemical indices at the end of 2 hrs in the 

TCA and water fractions were comparable,   terminal amino acid and 

small peptide cleavage is suggested.    Hydrolysis rates in the SDS 

soluble fraction measured by the Kjeldahl procedure indicate limited 

proteolytic action outside the non-SDS soluble protein fraction.    Initial 

rates (Table 1) in general support earlier work (Fig.   7). 

Reaction Nutritional Characteristics 

The protein efficiency ratio of samples of hake reacted in the 

presence of 0,   2 and 4% (wt  /wt  ) 85% H  PO    at 30,   60 and 120 min 

was determined to assess the nutritional effect of proteolytic solubi.l- 

ization.    In addition to ANRC casein,   a sample of raw hake was util- 

ized as a control. 

Factorial analysis of data excluding that for casein and raw hake 

showed that the acidity of the reaction mixture significantly reduced 

protein efficiency ratio values over-all for each incremental increase 

in acid (Table 2).    Feed consumed and gain were similarly reduced. 

Reaction time did not significantly effect protein efficiency ratio,   feed 

consumed or gain. 
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Table 2.    Nutritional effect of proteolytic solubilization;   Statistical analyses; factorial experiment. 

PER 

Feed (gm) 

Gain (gm) 

F-value 

Reaction 
Reaction time Acidity time x acidity 

0.032 22. 586*** 2. 882* 

1.017 5.303** 0.484 

0.340 18.981*** 0.972 

PER 

Feed (gm) 

Gain (gm) 

Factor Mean Ranking 

Reaction time 

30>60>120 

30<60<120 

30^60<120 

Acidity 

0>2>4 

0>2>4 

0>2>4 

* Sig.  at P< . 05 

Protein efficiency ratio 

** Sig.  at P< . 01 *** Sig.  at P<.005 

Mean values with the same underline did not vary significantly (P ^ . 05) from each other 
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Analysis of data including that for casein and raw hake showed 

that feed consumption,   weight gain and protein efficiency ratio varied 

significantly at the P< .005 level (Table 3). 

Although protein efficiency ratios were shown to be significantly 

reduced by acid in the reaction mixture,   inspection of individual treat- 

ment means showed the effect to be minimal at the 2% level and that 

the over-all result shown by factorial analysis was largely associated 

with the 4% level of acid.    Ratios for the 2% acid level at 60 and 120 

min reaction time did not vary significantly from ratios yielded by 

0% at 30 and 6'0 min reaction time.     Protein efficiency ratios for re- 

action mixtures containing 4% acid after 60 and  120 min reaction time 

only,   varied significantly from their counterparts containing 0% acid. 

The ratios for reaction mixtures containing 4% acid were generally 

lower than those containing 2%,   but only significantly so after 120 min 

reaction time. 

Factorial analysis showed no over-all significant effect of re- 

action time on protein efficiency ratio (Table 2).    Inspection of in- 

dividual treatment means showed a significant unfavorable effect for 

the mixture containing 4% acid,   however no significant effect was ob- . 

served for mixtures containing 0 and 2% acid (Table 3).     The significant 

unfavorable effect for reaction mixtures containing 4% acid was masked 

in the factorial analysis design by an apparent non-significant increase 

in ratio with reaction time for both the 0 and 2% acid reaction mixtures. 



Table 3.    Nutritional effect of proteolytic solubilization.   Randomized block design; ranking of treatment means. 

0%/30 min 

0%/60 min 

0%/120 min 

Z%/ 30 min 

2%/60 min 

2%/120 min 

4%/ 30 min 

4%/60 min 

4%/120 min 

Raw Hake 

Casein 

Feed Consumption (gm) 

.ab 
364. 8+43. 7 

362.1+43.0 
-ab 

381.8+46.4 

347. 6+62. 8 

376.1+45.8 

362. 4+62. 9 

325.5+28.8 

ab 

abc 

ab 

ab 

328.3+42.9 
ab 

344. 6+24. 9 
ab 

439.6+56.6 

415.2+59.6 
cd 

Weight Gain (gm) 

112.4+14.5 

109. 6+22. 6 
ab 

117.3+16.8 

92. 2+14. 6 
abed 

103.8+14.3 
abc 

103.4+27. 1 

89. 2+12. 9" 

abc 

_cd 

84.0+13.5 

83.9+12.8 

143. 3+22. 4 

141. 1+23.3 

Protein 
2 

Efficiency Ratio 

.abc 
3. 278+.176 

3.334+. 454 
ab 

3.409+. 197 
a 

2. 963+.217 
-de 

3. 070+. 254 

3. 127+. 381 

bede 

bed 

cde 
3. 03 9+. 268 

2. 834+. 192e 

2. 693+. 236 

3.623f.416g 

3. 768+.168 g 

% of % of 
Raw Hake ANRC Casein 

90.5 87.0 

92.0 88.5 

94.0 90.5 

81.8 78.6 

83.7 81.5 

86.3 83.0 

83.9 80.6 

78.2 75.2 

74.3 71.5 

100.0 96. 1 

104.0 100.0 

Percent 85% HPO /hydrolysis time (min). 
2 

Sig.   at P< .005. 

Mean values in a column with same exponent letter did not vary significantly (P< .05) from each other. 

4*. 
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Although significant at P <  .05 within the factorial design, 

feed consumption did not vary significantly among the reaction mix- 

ture samples regardless of acidity or reaction time.    Weight gain for 

reaction mixtures containing 0 and 2% acid did not vary significantly, 

but reaction mixtures containing 4% acid after 60 and 120 min re- 

action time were significantly reduced from all samples of reaction 

mixtures containing 0 and 2% acid. 

Raw hake and casein proved to be a superior source of protein 

to all samples subjected to proteolytic solubilization.    Both sources 

of protein yielded significantly higher protein efficiency ratios.    Sig- 

nificantly high gains were achieved through superior conversion of 

more feed.    Ratios for reaction mixtures containing 0,   2 and 4% 

acid were reduced to 90. 5-94. 0,   83.7-86. 3 and 74. 3-83. 9%,   res- 

pectively,   of those for raw hake. 

The destruction of essential amino acids and the conversion of 

native proteins to nutritionally less utilizable amino acids and pep- 

tides probably played an important role in reducing protein quality. 

Proteolytic solubilization of hake did not yield a time dependent 

reduction in protein quality at reaction times greater than 30 min 

for reaction mixtures containing 0 and 2% acid.    This suggests that 

protein quality reductions -were largely due to a conversion of native 

protein to less nutritionally utilizable amino acids and peptides.    The 

higher protein quality of reaction mixtures containing 0 over 2% 
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acid is reflected in lower TCA soluble nitrogen levels for the former 

(Table 1).    In addition to this possible mechanism for protein quality 

reduction,   the time dependent reduction observed for reaction mix- 

tures containing 4% acid suggests the destruction of amino acids. 

Other workers have observed destruction,   particularly tryptophan, 

during acid catalyzed protein hydrolysis  (Tarky et al. ,   1973 and 

Hale,   1969). 

The increase in protein efficiency ratios  (although not signifi- 

cantly with the number of replicates involved) after 30 min of reaction 

time for mixtures containing 0 and 2% acid was surprising.    The rate 

of increase in ratios estimated by linear regression proved to be 

greater for the reaction mixture containing 2% (r = . 9344; m = 1.697 

-3 -3 
x 10     ) than that containing 0% (r = . 9948; m = 1.416 x 10     ) acid. 

This may reflect the solubilization of protein by proteolytic action 

yielding a more digestible protein complement,   which was accelerated 

in the case of the mixture containing 2% acid.    This suggestion is 

supported by evidence of slow,   but continuing hydrolysis after 30 min 

of reaction time (Table 1). 
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SUMMARY 

The optimum condition for the proteolytic   solubilization of 

trash fish and processing carcass waste in a simple shell--in-tube 

heat exchange system was investigated using Pacific hake. 

Incremental increases of albacore tuna viscera as a source of 

exogenous enzymes greatly increased the initial rate of hydrolysis of 

hake at 55   C.    The rate was shown to increase in a linear manner up 

to 40%.    A temperature optimum of 60  C was established using a 20% 

tuna viscera 80% hake reaction mixture.    Proteolysis was shown to 

be optimum at pH 3. 6-3. 7 at 55   C for hake reaction mixtures acidi- 

fied with 85% H PO   .    The pH for liquification of hake differed from 

the optimum for proteolytic action at 55   C and was optimum between 

4. 3 and 5. 1. 

Reactions carried out for 2 hrs revealed that at their natural 

pH the endogenous proteolytic enzymes of hake were active through- 

out the entire period,   although at a rather slow rate.    Reduction of 

the pH with 2 and 4% 85% H  PO    greatly increased the rate of hydro- 

lysis which after 30 min was greatly reduced; probably through self- 

autolysis of the endogenous enzyme systems.    Analysis of trichloro- 

acetic acid and sodium dodecylsulfate soluble fractions suggested 

the major mode of enzymatic action to be that of single amino acid 

and short peptide cleavage.    Total nitrogen analysis of the sodium 
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dodecylsulfate soluble fraction of reaction mixtures indicated that 

very little protein outside of this fraction was subjected to proteo- 

lytic solubilization. 

Proteolytic solubilization of hake reduced the protein efficiency 

ratio from that of a raw hake and casein control.    Acidification of 

reaction mixtures with 2 and 4% 85% H  PO    accelerated proteolytic 

action and yielded reduced protein quality.     The protein quality of 

reaction mixtures containing 0 and 2% 85% H PO    were not reduced 

between 30 and 120 min of reaction time.    Conversely,   the protein 

quality of reaction mixtures containing 4% 85% H  PO    was signifi- 

cantly reduced.    Conversion of native protein to nutritionally less 

utilizable amino acids and peptides probably played a major role in 

reducing the quality of protein in reaction mixtures containing 0 and 

2% 85% H  PO   .    In addition to this mechanism,   the time dependent 

reduction of protein quality for reaction mixtures containing 4% 85% 

H  PO    suggests the destruction of amino acids,   probably tryptophan. 
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