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ABSTRACT 

HapLoohromis spp. is an underutilized fish.stock abundant in L. 
Victoria and occurring in many African lakes. Its small size and 
boniness make it unpcpular as human fccd. 

A prccess for prcducing fish pcwder fcr human ccnsumpticn frcm whcle 
HapLochromis by partial acid hydrclysis was develcped. Whcle fish 
was minced and mixed with hydrcchlcric acid in the ratio. 30:100 v/wo 
The mi xture was ccntinuous ly stirred fcr 30 mi nutes, neutral i sed wi th 
NaOH to. the criginal pH cf ·the mince, hcmcgenized and drum dried cr 
spray dried. The effect cf varying temperature, acid concentraticn 
and using cocked cr uncccked fish as raw material cn hydrolysis were 
investigated by determining changes in TCA-soluble N of the hydrcly
sate over the 30 minute pericd. Seven temperatures between 25 and 84cC 
and fcur acid ccncentrations (2.5M, 5M, 7.5M and 1l.3M) were investiga
ted. 

The o.vera 11 extent o.f hydro lys i 5 fcr each I run I was determi ned by 
calculating the nett increase in TCA-so.luble N expressed as % o.f to.tal 
N, and it ·ranged between 0.8% and 10.4% and 6.7% and 34.1% fo.r co.o.ked 
and unco.o.ked fish respectively. The extent o.f hydro.lysis was greater 
in uncco.ked than co.cked fish due to. the synergistic effect cf the 
endo.geno.us prcteo. lyti c enzymes in unco.cked fi sh and its absence in 
cccked fish. Co.o.king had destro.yed the enzymes. 

Eight different prcducts were prcduced. Data fcr crude prctein, true 
prctein, amino. acid prcfiles, tctal lipid, ash, NaCl, aw' in vitro 

digestibility, co.lo.ur, particle size distributio.n and sensory evalua
ticn cf the prcducts were cbtained. The data indicated the prcducts 
had a high nutriticnal value and wculd be micrcbio.lcgically stable fcr 
several mo.nths but susceptible to. o.xidative ranci.dity unless antio.xidant 
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were added. Using the data a process in which uncooked fish would 
be partially hydrolysed with 2.5M HCl at 4SoC (approximately) for 
30 minutes and the hydrolysate spray dried was proposed. 
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I. INTRODUCTION 

A considerable proportion of the world's fish catch is regarded as 
"industrial fish", a term used to describe those species of fish. 
which for various reasons are considered only suitable for reduc
tion to fish meal and oil. Statistics show that about 30% of the 
total world catch is converted to fish meal and oil (FAO, 1982). 

There are a number of reasons why certain fish stocks are regarded 
as only suitable for fish meal production. Small size and high oil 
content renders certain fish species such as anchovy and menhaden 
difficult to process by conventional methods for direct human con
sumption. In some cases the apparent "unpa1atability to human 
tastes" of particular fish species makes them unsaleable (at least 
economically) as human food, so they are best reduced to fish meal. 
Examples of such fish are the sand eel (Ammodytes marinus) and 
Norway pout (Trisopterus esmarki) (Bar10w and Burton, 1974). In 
other instances fish such as herring, winter sprat and mackerel, 
which could otherwise be utilized for human food are reduced to 
fish meal due to lack of "human consumption outlets" (Bailey, 1976). 

There is no doubt that fish meal plays an important role in allevia
ting protein shortage in human nutrition. Meal is fed to poultry, 
pigs or fish (in fish farming) which convert it into protein eaten 
by humans. However, to produce 1 kg of edible chicken protein 3 kg 
of fish meal protein is required, giving a conversion figure of 
about 33% (Bar10w and Burton, 1974). A lower conversion figure of 
about 17% is given for other domestic animals (Finch, 1970). It 
would therefore seem that there is considerable wastage along the 
line. Perhaps this apparent wastage would not matter so much in 
developed countries where there is adequate supply of protein. 
However, in developing countries, particularly in Africa, where 
protein deficiencies are chronIc (FAO, 1982) every protein source 
should primarily be utilized for human food. 
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Since the supply of food fish is not likely to increase signifi
cantly in the near future research efforts should be concentrated 
in developing.fishery products for human consumption from among 
the fish stocks that are presently· either reduced to fish meal or 
under-utilized. The most effective way of utilizing fish protein 
could be achieved by using the whole fish for the production of 
concentrated protein for human consumption (Barlow and Burton, 1974). 

This thesis is concerned with. an .acid hydrolysis method for produ
cing fish powder from whole fish (HapZoahromis spp:J for direct 
hUman consumption. 
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2. LITERATURE SURVEY 

2.1 Underutilized Fish Species 

The realisation that traditional fish species were fully exploited, 
and in some cases over-exploited '(Bailey, 1976) led many countries 
to start looking for new marine protein sources not used before. 
Studies have been conducted on the large stocks of sardines in 
Japan (Nakamura, Fujii and Ishikawa, 1978; Connell, 1982), anchoveta 
in Peru, Patagonian hake (Mepluaaius mepZuaaius (L)) in. Argentina and 
Uruguay (Lupin et al, 1980) and rattail (Maapow>us spp.) and others 
in North America (Kremsdorf et al, 1979; Connell, 1982). Blue 
whiting (Miapomesistus poutassou) , greater silver smelt (Apgentina 

sUus), 1 esser si 1 ver smelt (Apgentina sphymena) and Norway pout 
(Tpisoptepus esmapki) have been investigated in Britain and other 
European countries (Bailey, 1976),. Other species include Baltic 
sprats (Clupea sppattus (L)) in Poland (Sikorski ,and Naczk, 1982) 
and oi l-sardi nes (SapdineZZa longiaeps Va 1 enci ennes), Bombay duck 
(Happodon nehepeus), sole (Cynoglossus semifasaiatus), croaker 
(Miapopogon undulatus (L)) and silver-bellies CLeiognathus sp.) in 
India (Sripathy, 1982). 

The by-catch from shrimp trawlers off the coasts of South America, 
Africa and Asia has.also attracted a lot of attention in recent 
years (Disney, 1977; Stanley, 1981; Young and Tableros, 1981; 
Tableros and Young, 1982; Tan Sen Min et al" 1982; Young, 1982a 
and 1982b). The freshwater HapZoahopmis species complex, occurring 
in many African lakes, is another underutilized resource which has 
been the subject of much study (Dhatemwa, 1981; Ssal i, 1981; 
Mlay and Mkwizu, 1982). 

Most of the underutili.zed species are difficult to process by conven~ 

tional methods due to ,their small size, the dark colour of the flesh 
or bonjness. However a considerable degree of success has been 
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achieved using flesh/bone separators to obtain minces which are 

subsequently used to make products such as fish sticks and portions 

(King, 1976), dried/salted fish minces (Dhatemwa, 1981; Young et aZ, 

1981; Sripathy, 1982), roller dried minces (Jensen, et al, 1982) surimi 

and kamaboko (Ishii and Amano, 1974; ,Ishikawa, et aZ, 1979; 

Connell, 1982). 

The role of underutilized fish species in human nutrition is likely 

to increase particularly in communities which are chronically short 

of protein in their diets. Considering that protein-deficient 

communities are predominantly found in developing countries, where 

facilities for preserving fish in fresh or frozen form are lacking 

and distribution systems are inadequate, emphasis should be placed 

on developing dehydrated products which have a long shelf life. 

2.2 Processing of ' Under utilized Species 

The very nature of the so called underuti 1 ized specIes (their sma 11 

size or una ttracti ve appearance or boniness, etc) presents one i mme

diate problem; they would not be readily accepted by the consumer 

without changing their natural form Cas fillets or whole fish). 

Therefore the processing methods which have been developed to render 

them more acceptable to the consumer have invariably involved 

converting the fish into minces, .powders or liquids. The different 

methods and products·that have been developed are discussed in more 

detail below. 

2.2.1 Fish Meal 

Although fish had been used to feed livestock (and as a fertilizer) 

for centuries (March, 1962)industri,al fish meal production was not 

developed unti 1 the beginnIng of the 20th century (Kreuzer, 1974). 

The developl:1ent enabled full utilization of all those species of fish 
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that would otherwise not be accepted as human food fish and also 
waste from filleting operations. 

Details of fish meal manufacture are well covered by FAO (1975). 
Bri ef1y, however, the process i nvo 1 ves feedi ng the fi sh into a 
hopper (large fish being chopped coarsely first while smaller fish 
are fed in directly) from where 'they are taken to a steam cooker. 
The cooked fish are strained and then pressed into a cake which is 
subsequently dried and milled. The press liquor is fractionated 
into oil, stickwater and fine sludge by centrifugation. The oil 
is purified and sold separately. The stickwater and sludge are 
concentrated and finally added to the presscake prior to drying. 

The fi sh meal manufacturing process out1 i ned above is conti nuous 1y 
being improved, as shown by a number of patents that have been 
applied for or granted in the field. In a Norwegian Patent Appli
cation (Tronstand, 1977) a process is described where the time for 
drying fish meal is shortened, helping to prevent denaturation of 
digestible protein, destruction of vitamins and development of an 
unpleasant colour. Shimose and Tanaka (1981) describe a batch process. 
that does not pollute the environment, for making fish meal products. 
B1adh (1982). on the other hand, describes a process where fish meal 
and oil are obtained by heati.ng a finely divided fish mass using a 
heat exchanger and subsequently drying the fish in such a way that 
the resulting fish meal has the desired low water and oil content. 

While the developments described above have been based on sophisti
cated technology in developed countries other efforts have also 
been made to produce fish meal at village level, in developing 
countries. M1ay and Mkwizu (1982), for example, developed a method 
of producing fish meal from HapZoahromis using simple materials which 
are easily available locally. The meal produced by such a process was 
reported to compa re well with other mea 1 s produced by conventi ona 1 
methods. 
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Every year about 30% of the world's fish catch is converted into 
fish meal and oil (FAO, 1982). Most of this meal would subsequently 
be converted by animals into products suitable for direct human 
consumption. 
contained in 

However, a considerable amount of the nutrients 
the fish meal would be lost for human consumption as 

a result of moving one trophic level along the food chain (Finch, 
1970; Barlow and Burton, 1974; Valand, 1979). This apparent 
waste of resources becomes more pronounced when one considers the 
fact that a large part of fish meal production takes place in 
developing countries (Table l) where the supply of animal protein 
is scarce. The meal is then exported to developed countries 
(mainly Europe and the United States) where the supply of animal 
protein is abundant (Valand, 1979). 

It is in the light of this discrepancy that during the last few 
years (from the mid-seventies) serious endeavours have been made 
to produce "fish meal" sUitable for direct human consumption. 
This aspect is discussed in more detail in Section 2.2.3. 

2.2.2 Minces 

The development of flesh/bone. separators for the fishery industry 
was a major achievement in the processing of uriderutilized species. 
The machines were developed in Japan for the production of bone-free 
minced fish for subsequent use in preparation of various Japanese 
fish products (Spine"i and Dassow, 1982). Keay (1979) gives a 
brief but informative description of Hsh mince production whi.le a 
more detailed discussion on the development of flesh/bone separators 
is gi ven by Drews (1976). 

During the deboning proces.s fish (whole, fi llets, trimmings or 
frames) are fed from a hopper to pass between a moving thick e 1 as ti c 
conveyor belt and the outside of a revolving perforated stainless 



TABLE 1: Fish Meals and Solubles: Production and Exports(l) 

197B-79 1979 1980 1976-78 1979 1980 1976-78 1979 1980 average average 
PRODUCTION EXPORTS EXPORTS AS A PERCENTAGE 

thousand tonnes· thousand tonnes OF PRODUCTION 

World total 4655 4817 4692 2085 2462 2337 44.8 51. 1 49.8 

Developing countries 1429 1702 1569 980 1364 1227 68.6 80.1 78.2 

La ti n Ameri ca 1169 1445 1298 808 1.153 1019 69.1 79.8 78.5 

Afri ca 46 38 54 26 24 23 56.5 63.1 42.6 

Far East 174 200 198 115 164 162 66.1 82.0 81.8 

Developed countries 3226 3115 3123 11 05 1098 lllO 34.2 35.2 35.5 

North America 480 530 515 69 40 107 14.4 7.5 20.8 

Western Europe 1122 1010 1014 946 949 922 84.3 94.0 90.9 

Eas tern Europe 657 593 637 18 20 22 2.7 3.4 3.4 and USSR 

(1) Food and Agriculture Organisation (1982) 
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steel drum. The flesh is forced through perforations into the 
interior of the drum. A stationary screw discharges the mince from 
the end of the drum. Skin and bone are retained on the outside of 
the drum where they are continuously scraped off by a blade. 

Mincing offers three main .advantages (Ravichander and Keay, 1976). 
Firstly, it facilitates the utilization of fish species which are 
too difficult to fillet economically due to their small size or 
awkward shape. Secondly, it increases the yield of (almost) bone
free flesh compared with fi 11eting alone; up to twi ce as much can 
be recovered by separating flesh directly from headless, gutless 
fish. If the fish are filleted first an additional 8-12% flesh 
can be separated from the filleting waste. Thirdly mincing provi
des an opportunity for greater control over product flavour, 
appearance, texture and storage properties. Minces can easily be 
mixed with additives such as antioxidants, spices, etc. 

However, mincing also has its disadvantages. In the first instance 
it changes the original texture of the fish, particularly when a 
drum with smaller perforati ons i.s used and/or the tens i on on the 
belt is increased. The flavour and sometimes the colour of the 
mince may change dependi ng on whether it is from fill ets, trimmi ngs , 
frames or whole fish (Whittle, 1982). While mince from trimmings 
is of high quality, with properties similar to that directly from 
fillet, mince from frame is of lower quality; discoloured with blood 
and deteriorates more quickly in the cold store. It is thought that 
the activity of tissue enzymes, which increases when muscle tissue 
structure is disrupted during deboning, contribute to the textural, 
co lour and fl a vour changes CSvensson, 1980). Mi nced fl esh parti cu
lar1y from fatty fish such as herring (lipid content can be as high 
as 20%) may be susceptible to oxidative rancidity during cold storage 
although thi s can be controlled (Col e and Keay, 1976). 
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It has been established that to produce good quality mince the 
fish must be gutted, headed and washed and the section of backbone 
immediately above the belly cavity should be removed first (Keay, 
1979). However, it is sometimes more practical to mince the whole. 
fish first and.wash the mince afterwards. This is particularly so 
in the case of very small fish such as HapZochromis (Dhatemwa, 
1981) . 

In the following sections the.different 'uses to which minced fish 
can be put are discussed. 

2.2.2.1 'Frozen'blocks'of minces 

Minced fish can be frozen into blocks which maybe processed into 
fish cakes and patties, fish burgers, fish portions (Blackwood, 1974) 
fi sh fingers (Ravi chander and Keay, 1976) or other "frozen, battered
breaded, ready-to-fry products" (Sri pathy, 1982). The acceptabi 1 ity 
of products made from minced fish may depend on 'factors such as 
s peci es (Ra vi chander and Keay, 1976) or the actual qua 1 ity of the 
mince, in the first place (Whittle, 1982). 

Frozen mince tends to deteriorate in quality. during cold storage. 
This is usually attributed to biochemical reactions taking place 
in the mince. In gadoid species (such as cod and haddock), for 
example, trimethylamine oxide (TMAO) is a natural component of the 
muscle. In the kidney and liver tissues and pyloric caeca of these 
fish is an enzyme system that can catalyse the breakdown of TMAO to 
formaldehyde (FA) and dimethyl amine (DMA) (Svensson, 1980). It is 
the FA and DMA so produced that partly causes the deterioration in 
quality of mince from gadoid fish during cold storage. Experiments 
have shown that eliminati.on of the kidney and liver tissue and/or 
therma 1 i nactivati on of the TMAO-degradi ng enzymes pri or to deboni ng 

. can increase the storage life of frozen minces (Svensson, 1980). 
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2.2.2.2 "Surimi" and "Kamaboko" 

"Suri mi" is the Japanese name for speci a lly prepared mi nced fi sh. 
It is the raw material for making "Kamaboko" which is a preparation 
of fish jelly .. Surimi and.Kamaboko constitute the largest single 
seafood product consumed in Japan (Slavin, 1981). In 1978 produc
tion of Surimi was estimated at 365,000 tonnes (FAO, 1979). A 
detailed description of varieties and methods of Kamaboko production 
is given by Suzuki (1981). 

The production of salted and dried cakes from minced fish has been 
adopted as an effective way of processing underutilized species in 
tropical developing countries (Disney and Poulter, 1977; Young et 

aZ,1979; Dhatemwa, 1981; Stanley,1981; Young, 1982a and 1982b). 
The method has been found.to be more appropriate for a number of 
reasons. First, dried products constitute the majority of cured fish 
products in the tropics (Wood, 1981) so the consumers can easily 
identify with salted/dried cakes. Secondly, refrigeration facilities 
are inadequate, if not lacking, in most tropical countries and drying 
facilities prolong shelf life of fishery products. Dried products 
can easily be transported to areas distant from the fishing ports. 
Thirdly, salted/dried minces offer a relatively cheap source of 
valuable proteins, an important factor in developing countries. 

Del Valle (1974) described a "quick-salting process for fish" intended 
to produce a good quality but cheap product with a long shelf life 
at ambient temperature .. The fish flesh (mince or fillet) is ground 
and mixed with salt. The salt dehydrates the fish flesh and the 
salt-extracted water is removed by pressing. The cakes are finally 
dried either in the sun or artificially. The high salt content which 
can vary from 22% to 100% of the weight of wet flesh, depending on 
the species, prevents microorgani.sms and vermi.n from attacki ng the 
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fish cakes (Del Valle, 1974). In preparation for consumption the 
cakes are desa1ted by immersing once or twice in boiling water. 

As mentioned in Section 2.1 the .by-catch from shrimp trawling 
opera ti ons in tropi ca 1 waters has attracted consi derab 1 e attenti on 
from fish technologists. During shrimp trawling an average catch 
may contain between 10 and 30% shrimp, the rest being a mixture of 
up to 100 species of fish. They vary in size and chemical composi
tion (Meinke, 1974), some may even be poisonous (Stan1ey, 1981). and 
would present handling problems on board. From the operators' point 
of view it is more economical to keep the shrimp and dump the fish 
back into the sea (Meinke, 1974). The total amount of fish that is 
wasted in such a manner .is estimated to be between 4 and 6 million 
tonnes (Meinke, 1974; Disney and Pou1ter, 1977).and is probably 
higher (Stan1ey, 1981). 

Young et al (1979; 1981) have successfully produced dried salt/fish 
cakes from Mexican shrimp by-catch which could be competitively 
marketed at prices economical to the fishermen (Young, 1982b). 
Similar work has been conducted in Guyana (Stan1ey, 1981). 
Dhatemwa. (1981) produced salted/dried cakes from whole ungutted 
Haplochromis spp. Washing the mince three ti mes wi th chi 11 ed water 
removed the gut material and reduced the microbial load. Ayie1d of 
39.4% of whole fish was obtained, after washing .. The mince contained 
nematode worms (13-39/kg) which could not be removed by washing. 
The optimum sa 1t concentration was 40% (w/w) and there was some 
protei n loss, up to 5.9%, in the sa It water. The cakes were mi cro
biologically stable at 20-25~Cfor more than 14 weeks. 

. \ . 

In Denmark experiments have been carried out to produce roller-dried 
fish protei n from mi nced fish. (Herborg, et al, 1974). Jensen, et al 
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(1982) produced roller-dried Haploohromis mince mixed with 20% (w/w) 
cassava or maize flour. The products were found to be acceptable at 
"two i nforma 1 presentati ons" in Tanzani a. The producti on cos ts were 
calculated at 22 Tsh/kg (2.30 US $/kg). 

While minced fish technology has made a considerable. contribution 
towards the processing of underutilized fish resources there are 
some limitations to its application in developing countries. In 
most tropical countries only salted/dried fish minces have a poten
tial, considering the lack of cold storage facilities, distribution 
systems and the low purchasing power of the majority of the people. 
Yet a certain proportion of communities in these countries are not 
accustomed to salted/ dri ed fi.sh. Therefore some carefully planned 
marketing strategies would have to be developed. The by-products of 
the flesh/bone separation process (bones, scales, viscera etc) 
would .not be easily utilized for human food. A separate process 
would therefore be needed to convert them into animal feed or 
fertilizer to facilitate effective utilization of the resources. 

2.2.3· ·Fish·ProteinConcentrate (FPC). 

Fish protein concentrate is any stable fish preparation, suitable 
for human consumption in· which the protein is more concentrated than 
in the original fish (Windsor, 1977). Although the idea of producing 
FPC dates back to the days of Pompeii, (Windsor,1977) the first 
modern attempt to produce the product·on a commercial scale was made 
in the 1890s in Norway. In the 1930s many patents were granted in 
Germany for processes for manufacturing "a 1 bumen from fish" (Wa 11 er
stein· and Pariser, 1978). Since then research into the production of 
FPC has been carried out in a number of countries including Canada, 
USA, Chile, Morocco, Sweden (We11erstein and Pariser, 1978), Iceland 
(Hannesson, 1961), Indta (Jsmail, et al, 1968), South"Africa (Dreosti, 
1961; 1972). Fish protein concentrate technology is one of the most 
documented subjects as reviewed by Tannenbaum, et al (1974); Pariser, 
et al (1978) and Sikorski and Naczk (1981). 
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There are basically two types of FPC. Type A·which is a virtually 
odourless, tasteless powder with total fat content less than 1% 
and protein content above 75% (Windsor, 1977; Pariser and Wallerstein, 

1980) and Type B which has a fishy odour and contains some fat. 

2.2.3.1· FPCTypeA (FPCA) 

Several methods of FPC A manufacture have been developed and des

cribed usually involving .one or more solvent extraction steps, acid 
or a 1 ka 1 i treatments and other mi.sce 11 aneous trea tments (Pari ser, 
1971). However, all essentially involve the removal of most of the 
water and almost all .the fat from the fish using chemical solvents. 
The solvents most successfully used are ethanol and propanol. Acetone 
(Fougere, 1961), l,2-dichloroethane (Pariser, 1971), hexane (Hannesson, 

1961), heptane and isobutyl alcohol (Dreosti, 1961) have also been 
used but with less success. In a typical FPC A plant clean, fresh 

mincei s fed to a seri es of extractors (usua lly three) in whi ch most 
of the water is removed and the fat content reduced to about 1%. 

The FPC produced by extraction is a highly nutritious but bland 

product with no functional properti es. Although FPC was meant to 

make a major contribution towards alleviating malnutri.tion in deve
loping countries it never lived.to·its expectations (Pariser, et al, 

1978; Wallerstein and Pariser, 1978; Pariser and Wallerstein, 1980). 
The product failed to find a market among the people for whom it was 
intended. Several reasons may account for the fa i 1 ure. For example, 
the product was developed in industr.ialised countries without due 

regard to the social, cultural and eating habits of the groups for 

which it was intended. In fact FPC A was produced to American, 
Canadian or European standards (hence odourless, colourless, taste

less) without realising that the majority of Asian and African 

populations would prefer a product with a fish smell and taste. 
Secondly FPC A production requi red mass i ye inputs of capi ta 1 and 
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high technology; resources which are scarce in developing 

countries. According to Wa11erstein and Pariser (1978). 

" ..• FPC teahnoZ'ogy was deveZoped beaause 
the idea, the ·'teahniaaZ aapaaity and the 
wiZZ to areate the product existed ... 
TeahnoZogists beaame so invoZved in the 
proaess (and its intermediate goaZs) that 
their work beaame an objeative in itseZf, 
a teahnoZogiaaZ 'Mt EVerest' to be aZimbed 
beaause it was there •.. " 

2.2.3.2 [PCTypeB (FPC B) 

As a result of failure of marketing FPC A attention was focused on 

FPC B which has a distinct fishy taste and smell· and contains up 

to 10% fat. It is very similar to fish meal except that the raw 

material for FPC B has to be food grade and higher standards of 

hygiene and quality control are observed (Va1and, 1979). FPC B is 

principally produced in Norway where it is reported that there is a 

growing interest in the product among commercial food companies and 

interna ti ona 1 food aid organisations (Wray, 1982). Norwegi an FPC B 

is called Norse Fish Powder (NFP). There are three different types 

made from blue whiting, sprats or cape1in. 

Compared with FPC A production of NFP is a re1ati.ve1y. simple process. 

Freshly caught whole fish. (which. must be less than 24 hours old from 

catching) is washed and heated for 25 minutes CWray, 1982) after 

which it is pressed and centrifuged to remove part of the lipid. 

The resulting press caKe has a low fat and high protein content. 

The press liquid contains oil and water-soluble proteins and vitamins. 

The oil is separated and th.e fat-free 1 iqui d is concentrated and added 

to the press cake. The cake is finally dried and milled into NFP. 

In Norway NFP has successfully been incorporated into fi sh soups, 

fish crisps, noodles, fish balls, pizzas and fish sauces. However 
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only small amounts of NFP are used this way. The bulk of the 
product is used in relief and rehabilitation programmes in deve

loping countries (Valand, 1979; Wray, 1982). In an extensive 
survey carried out by FAO in Africa, Asia, the Carribean and Latin 
Ameri ca it was found that FPC B was generally acceptab le in 1 imited 
amounts in food-aid programmes in a number of countries (Valand, 
1979; FAO, 1980). FAO (1980), however, recommended that 

" product deveZopment shouZd be oontinued, 
both as regaPds modifioal;ions of the present 
product and of food products using FPC B as an 
ingredient ... " 

2.2.3.3 Modified FPC 

In addition to FPC B increasing efforts have also been put into 
producing an FPC with functional properties. It has been realised 
that most processes for producing FPC A involve conditions which 
cause denaturation of many of the proteins from the native confor
mation to the form of random coil or aggregations (Sikorski and 
Naczk,1981). In the final product a large proportion of hydro
phubic groups is exposed to the solvent resulting in the proteins 
showi ng an extreme ly low water affi ni ty. Consequently recent 
investigations have been centred around finding methods of improving 
the functional properties of FPC and extending its use in the food 
industry. Hyder (1972) for example, described a process for prepa
ring FPC with rehydration and emulsifying properties. The process 
involved COlTlllinution of the fish with 5% (w/w) sodium chloride, 
adjusting the pH to 2.5 with IN. HC1, extraction of the lipids with 
a 1:1 mixture of 95% ethanol and hexane by refluxing at 700e for 
30 minutes, removal of the solvents by filtration or centrifugation 
and finally drying the FPC below 700C in air or vacuum .. The FPC 
produced had an amino acid profile similar to fish muscle, was 
bacteriologically sterile and had a water retention capacity at 
least twice that of the original fish muscle. The product also could 

/ 
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be used as binder protein in sausage-like products. 

Boyarkina, et aZ (1981) described a process for manufacturing FPG 
suitable for use in meat emulsions. The product was reported to have a 
soluble protein content of 15% with all the essential amino acids, 
and was light in colour. It was free of fish flavour and had a 
swelling capacity of 500%. Soft sausages and frankfurters could be 
made using this FPG and costs were reduced without impairment of 
quality or nutritional value.· 

I n Peru a food processor developed a "refi ned fi sh protei n" (RFP) 
that was said to be suitable for inclusion in a wide range of 
processed food products including baking mixtures, cheeses, break
fast cereals, milk products, soups and plant protein products 
(Hannigan, 1982). RFP is made from the edible portions of various 
species of fish which are gently extracted using hexane and ethanol. 

Although "modified FPG" may find increasing uses in various food 
processing industries it is only likely to be used in developed 
countries (Gonnell. 1982) and only in relatively small quantities. 
It is unlikely to replace FPG.A as a "panacea for human nutrition". 
FPG B, however, may have a better chance of acceptance in developing 
countries. 

2.2.4 Fish Protein Hydro1ysates 

For the purposes of this discussion the term "fish protein hydro-
1ysates" covers those products derived from fish tissue by the 
action of enzymes, alkalis or acids either singly or in combination. 
Fish protein hydro1ysates can be prepared as dry powders or liquors 
and are finding increasing use as animal or human food ingredients. 
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2.2.4.1 Enzyme hydrolysates 

Fish hydrolysates may be produced by the action of the natural 
proteolyticenzymes of the fish (autolysis) (McBride et a~, 1961) 
or the action of commercial enzymes deliberately introduced for 
the purpose (Mackie, 19B2). Fish sauces, fish silage and other 
hydrolysed fish proteins are produced in this manner. 

2.2.4.1.1 Fish sauce 

Fish sauces for human consumption have been produced in South
East Asia for a long time. Fish sauce is known under different 
names in various countries of the region; for example nuoc-mam 
in Kampuchea (formerly Cambodia) and Vietnam; nam-pla in Thailand 
and Laos; patis in the Philippines; ketjap-ikan in Indonesia and 
ngapi, in Burma. Although there are many different types of fish 
sauce they are basically produced by the same principle; fish is 
preserved by salt and protein is hydrolysed by the endogenous enzymes 
of the fish (Van Veen, 1965; Saisithi et al, 1966). Fish sauces are 
used mainly as condiments for flavouring rice dishes. Amano (1961) 
gives a good account of the different fish sauces and their mHhods 

of manufacture. Nuoc-mam is one of the fish sauces which have 
been extensively studied. 

Recent developments in fish sauce manufacture have included attempts 
to shorten the fermentation period from several months to a few weeks. 
The use of commercial proteolytic enzymes (Howard and Dougan, 1974; 
Beddows and Ardeshir, 1979a; Ooshiro et al, 1981), raising the 
temperature (Beddows and Ardeshir, 1979a) or adding acid (Beddows 
and Ardeshir, 1979b) have been investigated for this purpose. 

Fish sauce contains a considerable amount of salt and concentrations 
between 25 and 32% NaC1 have been reported (Cbayovan et al, 1983). 
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Howe.ver, there has been increasing concern about the connection 
between high dietary sodium and hypertension (Institute of Food 
Technologists, 1980). As a result some research has been directed 
at reducing the sodium content of fish sauce without affecting the 
sensory qualities of the product. Chayovan et aZ (1983) reported 
finding that a mixture of sodium chloride and potassium chloride 
(NaC1:KC1 - 50:50) could be used as a substitute for NaC1 without 
affecting the quality of the sauce. 

2.2.4.1.2 Fish silage 

Fish silage is presently solely used for supplementing animal feeds. 
Its production is similar to fish sauce production in that the natu
ral proteolytic enzymes break down the fish tissue. The major diff
erence is in the method of preservation. During fish sauce manu
facture salt is added to prevent the growth of spoilage bacteria. 
However, during fish silage production low pH is used to preserve 
the silage. Fish silage production has been reviewed by Disney, 
Tatterson and alley (1977) and Raa and Gi1dberg (1982). 

The proximate composition of fish silage is very similar to that of 
the raw material from which it is made (Tatterson and Windsor, 1976; 
Disney, Tatterson and alley, 1977) and a number of studies have been 
conducted on its nutritional value (Whittemore and Tay1or, 1976; 
Disney, Tatterson and alley. 1977; Kompiang. Arifudin and Raa. 
1980; Raa and Gildberg. 1982; Hall. 1983). Fish silage can satis
factorily be used for feeding pigs particularly if it has a low lipid 
content {McBride. Idler and Mac1eod. 1961; Whittemore and Tay10r. 
1976}. Some studies have shown. however. that some toxic substances 
may be formed in the silage during processing. probably as a result 
of interaction between oxidized 1ipids. amino acids and proteins 
(Hall. 1983). 
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2.2.4.1.3 Other enzyme hydrolysates 

A more recent development in the preparation of fish protein hydro
lysates is the employment of commercial enzymes to accelerate the 
hydrolysis of fish tissue. The raw material (which may be whole 
fish, fillets or fish offal) is comminuted, proteolytic enzymes 
added and the mixture digested at 40-600C for about 30-60 minutes. 
The suspension is sterilised and the enzymes inactivated by heating 
for 10 minutes at 1000C. Bon~s and undigested material are removed 
by sieving after which the hydrolysate is concentrated or dried 
(Mackie, 1973; Ritchie and Mackie, 1982). Enzyme hydrolysates 
exhi bi t desi rab le functi.ona 1 properti es such as sol ubi 1 ity, unl i ke 
conventional fish meal and solvent-extracted FPC. One of the 
disadvantages of the enzyme bydrolysates, however, is the bitter 
flavour believed to be due to low molecular weight peptides produced 
during hydrolysis. Research has shown, however, that by keeping 
the duration of hydrolysis to a minimum (Mackie, 1973) and using 
enzymes with known specificity (Hill, 1965) the problem can be 
avoided. The applications of enzyme-produced protein hydrolysates 
and the mechanism of hydrolysis are reviewed by Mohr (1977) and 
Mackie (1982). 

2.2.4.2 Alkaline Hydrolysates 

Alkaline hydrolysis has not found wide application as a means of 
producing fish hydrolysates because the method results in the 
destruction of a number of amino acids. For example serine decom
poses to glycine and alanine; threoDine yields glycine, alanine 
and a-amino butyric acid; arginine gives rise to ornithine, citru
lline and ammonia while cysteine and cystine yield alanine, hydrogen 
sulphide, ammonia and pyruvic acid (Hill, 1965). The resulting 
products have very unpleasant flavours (Prendergast, 1974). Not 
surprisingly other studies have demonstrated that alkali-treated 
proteins are perhaps of lower nutritional quality than untreated ones. 
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Robbins and Ballew (19B2), for example, demonstrated that severe 
alkaline treatment of soy proteins reduced total sulphur amino 
acid bioavailability by 71% and histidine bioavailability by 80%. 
Patents, however, have been granted for processes reported to 
produce bland flavoured protein hydrolysates by alkali extraction 
(Gasser and Huster, 1973; Bosund, Bengtsson and Ostman, 1978). 
Alkaline hydrolysis is used for hydrolysing protein during the 
determination of tryptophan and also employed in the. commercial 
production of the amino acid for nutritional purposes. 

2.2.4.3 Acid Hydrolysates 

Acid hydrolysis has classically been used for the hydrolysis of 
proteins, prior to amino acid analysis (Moore and Stein, 1963) and 
for commercial production of protein hydrolysates (Prendergast, 
1974). For small quantities of proteins, particularly for amino 
acid analysis, the proteins are heated in sealed tubes in vaauo at 
1100C in 6N HCl for 24 hours. In large scale hydrolysis, however, 
the methods are more elaborate. 

The main steps for the production of commercial hydrolysates are 
outlined in Figure 1 (Prendergast, 1974). Protein and hydrochloric 
acid are cooked in a reaction vessel at elevated temperature until 
hydrolysis is complete. The mixture is pumped into a second vessel 
where it is neutralised with sodium hydroxide or sodium carbonate 
to pH 4.8 to 6.0. During hydrolysis an insoluble black material 
called humin is formed. Humin which is thought to be the product 
of a condensation reaction between tryptophan and aldehydic compo
nents, is filtered off and discarded. The filtrate is then pumped 
into another vessel ~ontaining activated carbon which absorbs the 
bitter tasting amino acid phenylalanine, colouring substances and 
tyrosine. The decolourised liquor is filtered a second time and 
either stored, concentrated to a paste in vacuum pans or dried. 
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FIGURE 1: Commercial hydrolysate production(l) 
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There are more elaborate versions where acid is recovered and 
reused in a batch or continuous process (Hampton, 1977). 

In a Canadian patent Moshy and Whaley (1963) disclose a method 
for the production of a deodorized FPC from· fish having a high 
oil content. The fish is comminuted with water to form a slurry 
which is acidified to "about the mean isoelectric point of the 
proteins contained therein" (pH 4.0-5.5). Antioxidant is then 
added to the slurry which is then passed through a 16-20 mesh 
screen to separate out bones and scales thus lowering the ash 
content to about 5% or less on a dry weight basis. The filtrate 
is heated to BOoC for about 20 minutes and then filtered to 
produce a semi-solid wet cake. The cake is mixed with a bland 
solvent such as isopropanol to extract the lipid. The solid is 
separated from the solvent by filtration. The residual solvent 
and fish odour and aroma are removed from the wet cake by a 
humidification process. The solid is subsequently vacuum dried. 

In another patent (Roels, 1972; Roels, 1974) a protein hydrolysate 
is recovered from whole fish or fish products by acid hydrolysis. 
Finely comminuted fish is digested with hydrochloric acid or sul
phuric acid at a pH of about 1 and a temperature of 120oC, and 
elevated pressure, for about 15 minutes. The mixture is cooled 
and centrifuged or filtered to remove insoluble material. The 
acidic filtrate is neutralised by the addition of a base or passed 
through a suitable ion exchange medium to the desired pH. The 
neutralised liquid is finally spray dried. The powder is pale yellow 
or brown in colour but may be further decolorized before drying by 
passing the aqueous protein solution through a charcoal adsorption 
or ion exchange column. An oil and mineral product may be obtained 
as by-products of the process. 
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Acid hydrolysis is a relatively cheap and rapid way of preparing 
hydrolysates which haVe good flavours (Prendergast, 1974). 
Although sulphuric acid and hydrochloric acid are equally good 
in effecting hydrolysis commercially, hydrochloric acid is pre
ferred because after neutralisation the resulting salt (sodium 
or potassium chloride) need not be removed s;'nce a certain amount 
of salt is used in most foods. 

2.3Fi.sh Chemistry' 

2.3.1 Fish Proteins 

Excluding water protein is the main component of the flesh of most 
fish species. By proximate analysis total nitrogen (which is a 
measure of crude protein) ranges from 2.1 to 3.0% of the fresh 
muscle weight, with clupeids and elasmobranchs having the lower 
values (Oyer and Oingle, 1961). The percentage crude protein in 
whole fish is in general slightly lower (1-2%) than that of the 
fish flesh (Murray and Burt, 1969). Some of this nitrogen is classi
fied as non-protein nitrogen (NPN) and varies from 9 to 18% of the 
total nitrogen in teleost fishes and from 33 to 39% in elasmobranchs 
(Simidu, 1961). The NPN fraction comprises: volatile bases (ammonia, 
mono-, di- and trimethyl-amines), trimethylammonium bases (trimethyl
amine oxide and betaines), guanidine derivatives (creatine and 
arginine), imidazole or glyoxaline derivatives (histidine, carno-
sine and anserine) and other varied nitrogenous compounds (urea, 
amino acids and purine derivatives). Trimethylamine oxide occurs 
only in marine fish and urea occurs only in elasmobranch fish. 
The NPN fraction is soluble in trichloroacetic acid (TCA) and the 
remaining TCA-insoluble fraction constitutes the "true-protein nitro
gen" (TPN). 
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The skeletal musculature of fish is divided into a number ef 
segments called mYotomes which are separated from'one another by 
thin sheets of connective tissue called myconunata (Dyer and Dingle, 
1961). Each myotome is made up of a large number of parallel muscle 
fibres (myofibres) ending at the boundary mYocommata. Under the 
microscope the muscle fibres appear to be striated similar to 
skeletal muscle fibres of higher animals. Each myofibre is com
posed of a number of mY0fibrils and these are in turn made up of 
filaments which are the contractile units. The spaces between 
the mY0fibrils are filled with an intracellular fluid, the sarco
plasm, which contains enzymes, nucleotides, amino acids and pep
tides. There are many detailed descriptions of the structure and 
functioning of skeletal muscle such as Huxley (1972) and Lawrie 
(1979). 

There are three types of proteins in muscle classified according 
to their solubility (Jebsen, 1961; Suzuki,1981): 

1. Sarcoplasmic proteins, which are soluble in water or dilute 
salt solutions, include enzymes and myoglobin and constitute 
26-30% of the protein in fish muscle, varying between species. 
It is generally a higher proportion in pelagic fish such as 
sardine and mackerel and lower in demersal fish like plaice 
and snapper (Suzuki, 1981). 

2. Myofibrillar proteins wh.ich are soluble in salt solutions of 
high ionic strength (>0.5) are composed of tropomYosin, actin, 
myosin and actomyosin which give the muscle its power of 
contraction. These proteins account for 66-77% of the muscle 
proteins of fishes (compared with only 40% of muscle proteins 
in mammals). 

3. Stroma proteins form the connective tissue of the muscle. They 
are insoluble even in strong salt solutions and amount only to 
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3% in teleost muscle but 10% in elasmobranchs (and 17% in 
mammals). Stroma proteins consist· mainly of collagen which, 
on boiling with water, gives rise to gelatin, a mixture of 
peptides. The amount of stroma protein relates to tenderness. 

Prolonged cold storage and dehydration of fish results in denatura
tion of myofibrillar proteins. The various bioche~ical changes 
that take place have been studied in great detail by a number of 
workers and have been reviewed by Connell (1968); Olley (1980); 
Sikorski (1980); Suzuki (1981). Various methods are used to 
measure protein denaturation and these include protein extracta-
bi 1 ity (Dyer and Morton, 1956; Dyer et aZ, 1956; Cowie and 
Little, 1966), reactions between proteins and lipids (Buttkus, 1967), 
lipid oxidation (Kolodziejska and Sikorski, 1981) and sensory 
evaluation (Connell, 1957). 

2.3.2 Fish Lipids 

Fish lipids are complex mixtures of triglycerides, phospholipids, 
diacyl glyceryl ethers, hydrocarbons, sterols, carotenoids, vitamins 
and wax esters (Malins, 1967). The total lipid content of fish 
varies widely from species to species and, especially with fatty 
fish, from one individual of the same species to another. Typical 
values for lean fish such as cod, plaice and TiZapia are about 1% in 
the flesh, whole EapZoahromis spp. about 6% and the fatty species 
such as mackerel and herring can vary between 2 and 20%. The varia
tion is caused by a number of factors such as the season of the year 
when the fish are caught, the fishing ground, the age, sex, size and 
nutritional status of the fish (Stansby and Olcott, 1963; Love, 
1970; Hardy and Keay, 1972). In all fish species, lipid content 
is subject to much wider variation than the water, protein or 
mineral content (Stansby and Olcott, 1963). There is an inverse 
relationship between lipid content and water content in fatty fish, 
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but the sum total of the two components is fairly constant at 
about 80% (Murray and Burt. 1969). 

From a nutriti ona 1 point of view fi sh 1 i pi ds provi de energy (MAFF. 
1976). are a source of essential fatty acids (Aaes-J~rgensen, 1967), 
have a cholesterol-lowering effect in man and laboratory animals 
(hypocholesterolenic agents) and are a source of vitamins A, D and 
E (Ackman, 1974). On the other hand fish lipids present a problem 
from the processing and storage point of view. 

Fish lipids contain a significant amount of highly unsaturated 
fatty acids which are highly susceptible to autoxidation resulting 
in the development of rancid off-flavours. The mechanism of lipid 
oxidation in foods is very complicated and although a considerable 
amount of research has been conducted on the subject (Labuza, 1971; 
Ackman, 1980; Hardy, 1980) some aspects of the process are not 
fully understood. However, it is believed that autoxidation involves 
three mechanisms: initiation, propagation and termination. The 
initiation step involves the production of free radicals. The primary 
initiation reaction involves oxygen, an initiator such as ultraviolet 
light and a "sensitizer" such as myoglobin and haemoglobin (Tappel, 
1955), heavy metals and their salts. Free radicals are highly reac- . 
tive so, in the presence of oxygen, they readily form peroxides or 
hydroperoxides (Figure 2). Hydroperoxides are unstable and can 
break down to produce more free radicals. thus initiating a chain 
reaction. This is the propagation stage. The break down of the hydro
peroxides into products such as aldehydes and ketones is the principal 
cause of the rancid off-flavours whi.lst reactions, particularly with 
proteins reduce the shelf life and nutritional value of the fish 
products. The propagation process is terminated when radicals inter
act with each other. The theory and mechanisms of lipid autoxidation 
are comprehensively reviewed by Labuza (1971) and Hardy (1980). 
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FIGURE 2 Overall Mechanism of Lipid Oxidation(l) 
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Lipi d oxi da ti on can be, contro 11 ed or prevented genera lly in four 
ways; storage at low temperature, prevention of the initiation 
reaction, exclusion of oxygen and removal of free radicals. The 
most common form of control is storage at low temperatures for 
every 100C reduction the oxidation rate falls by a factor Of 2 to 
3 (Hardy, 1980). However, during prolonged cold storage the fish 
is susceptible to dehydration which accelerates oxidation. The 
effect can be minimized by glazing or overwrapping with waxed 
paper, aluminium foil or plastic films; and the best effect can 
be achieved by freezing in water. The water prevents dehydration 
and also tends to remove occluded air between the fish and also 
acts as a barrier to oxygen. Vacuum packaging where fish are 
sealed in flexible bags made of materials that have a low oxygen 
permeability has been successfully used as a method of control 
(Shevchenko and Antonov, 1976). Chemical means may be used to 
reduce or prevent initiation reactions 
of the concentration of free radicals. 
antioxidants Butylated Hydroxy Toluene 

and the removal or lowering 
Compounds such as the 

(BHT) and Butylated Hydroxy 
Anisole (BHA), ascorbic acid, riboflavin derivatives (Hardy, 1980) 
have been found to be effective provided they are applied to the 
site of reaction. This can be done effectively" with minced fish 
because intimate mixing is possible (Moledina et aZ, 1977). Anti
oxidants have been used to minimize lipid oxidation during the 
production of fish protei n hydrolysates from fatty fi sh (Ritchi e 
and Mackie, 1982). 

2.3.3 Water·and·Other·Chemical Components 

Water is the main constituent of fish flesh, accounting for about 
80% of the weight of a fresh lean fish fillet. Fatty fish contain 
less water, averaging around 70% (Murray and Burt, 1969) (see 
Section 2.3.2). Some of the water is known as "free" and the rest 
"bound". "Bound water" in fres.h fish muscle is tightly bound to the 
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proteins in the structure and its loss during prolonged chilled 
. or frozen storage is associated with reduced quality of the fish 

fl esh. 

The presence of a relatively large proportion of water makes fish 
very susceptible to microbial and chemical deterioration since it 
has been demonstrated that bacteria and moulds thrive at high 
concentrations of water. Spoilage can be delayed or prevented by 
drying, salting or employing 'o'ther means which reduce the water 
activity (aw) of the fish (Troller and Christian, 1978). The 
preservative effect of aw is discussed in more detail in Section 
2.6. 

Approximately 1% of the fillet of lean fish is comprised of "ash" 
a general term used to include all non-volatile inorganic consti
tuents (minerals) of the fish. ~10st analytical work on the mineral 
content of fish has been done on fillets therefore few figures are 
available for whole fish (Causeret, 1962). Table 2~summarises the 
mineral content of some fish species. Whole fish has a much higher 
phosphorus and calcium content than the meat alone. The richness in 
the two elements is due to the skeleton and scales both of which 
contain tri-calcium phosphate (apatite) and calcium carbonate. In 
small sized species the scales particularly contain a relatively 
considerable amount of calcium. Da Costa and Stern (1956), for 
example, found that Portuguese sardines preserved in oil contain 
580, 490 or 54 mg of calcium per 100g respectively, depending on 
whether they are intact, boneless or both skinless and boneless. 
The corresponding amounts of phosphorus are 624, 545 and 320 mg 
per 100g. 

Fish also contain other chemical components such as the B vitamins 
CMurray and Burt, 1969), organic acids which arise from the tri
carboxylic acid cycle, nucleotides and volatile compounds arising 



TABLE 2Q Ash and Mineral Content of Some Fish and Fish Products 

Species I'ortlon % Na K Ca Mg mg per 100g Zn S Ana lysed Ash P Fe Cu 

Cod(l) Fillet 1.2 77 320 16 23 170 0.3 0.06 0.4 200 
Herring(l) Fillet 1 67 340 33 29 210 0.8 0.12 0.5 190 
Salmon(l) Fi llet 1 98 310 27 26 280 0.7 0.2 0.8 170 

Portuguese Whole fish 
580 624 sardines (2) (canned) - - - - - - - -

Various Whole 888 350 West African fish - - - - - - - -
species (2) 

White fish 
20.0 900 8000 4800 30 0.7 1.0 mea 1 (3) - - - -

Peruvian 
15.4 870 650 3950 250 2600 24.6 1.1 11 anchovy mea 1 - -

(3) 

Haploahl'omis Who le fi sh 5.6 - - 480 - - - - - -
spp (4) Head 8.7 - - 747 - - - - - -

Gut 1.6 - - 18 - - - - - -
Fi 11 et 1.1 - - 23 - - - - - -

~---
L-_~ ___ 

--~- ----~ ---- ------

(1) Paul and Southgate (1978); (2) Causeret (1962): (3) Windsor and Bar10w (1981); (4) Ssa1i (1981). 
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from heat processing of fish and oxidation of oil during storage 
and heating. The minor organic and inorganic components of fish 
are reviewed by Ikeda (1980). 

2.4 Fish Microbiology 

The microbiology of fish and fisbery products is particularly 
important for two reasons.; the predomi nant role of bacteri a in 
fish spoilage and the public health significance of some micro
organisms associated with fish. 

When fish is newly caught the flesh is sterile. However, the 
skin, gills and intestines may carry heavy loads of bacteria and 
estimates of 102-10 6 bacteria/cm 3 skin surface and similar or higher 
counts for the gills have been quoted (Liston, 1980). Qualitatively 
and quantitatively the microflora is a function of the.environment. 
Fish caught from tropical and subtropical waters have been found to 
show greater counts than those caught in temperate waters (Kriss, 
1971). Research has also shown that fish caught from temperate' 
waters are dominated by large numbers of psychrophilic Gram-negative 
genera (Pseudomonas, Alteromonas, MoraxelZa, Acinetobacter, Flavo

bacteriwn/Cytophaga and Vibrio) whi le fish from warmer waters are 
predominated by .the more mesophilic Gram-positive genera such as 
the Micrococcus, coryneforms and Bacillus (Shewan, 1977). Spoilage 
bacteria mainly belong to the Pseudomonas and Alteromonas groups 
(Herbert et al, 1971). 

In addition to spoilage microorganisms fish are occasionally associa
ted with certain microorganisms of public health significance. There 
are two species of pathogenic bacteria which are reported to occur 
naturally on fish. These are Clostridiwn botulinum type E and 
vibrio parahaemolyticus (Hobbs and Hodgkiss, 1982). C. botulinum 

type E causes botulism and has been known to occur in marine and lake 
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sediments and in fis~ intestines. It is unusual in being able to 
grow and produce toxin at low temperatures (3-50C). It is not 
normally present in freshly caught fish in large numbers and if 
growth and production of toxin occur in fishery products it is 
usually a result of mishandling .and processing at some stage. 
Other potentially pa thogenic bacterta occasi ona lly associated wi th 
fish includeC. perfringens. Staphylococcus. Erysipelothrix, 

E~ardsiella, Salmonella, Shigella, Franciscella, Vibrio cholerae 

and other vibrios (Liston, 1980). All these organisms are most 
probably introduced by cross-contamination from terrestrial sources. 

Salting and drying are two of the oldest preservative methods still 
wtdely used in many parts of the world, particularly in the tropics. 
Preservation is effected through the lowering of water activity, 
although NaCl itself in higher concentrations may be lethal for 
some bacteria and yeasts due to osmotic effects (Liston, 1980). 

Si nce mos t bacteria require aw values above 0.90 for growth these 
organisms play no role in the spoilage of dried foods. Scott (1957) 

has related aw levels to the probability of spoilage as follows. 
At aw values between 0.80 and 0.85 spoilage caused by fungi occurs 
within 1-2 weeks. At an aw value of 0.75 spoilage is delayed with 
fewer types of organi sms in those products that spoi 1. At an aw of 
0.70 spoilage is greatly delayed and may not occur during prolonged 
storage. At an aw of 0.65 very few organisms are known to grow, and 
spoilage is very unlikely to occur even up to 2 years. 

The lowering of pH is another effective method of inhibiting micro
bial growth and fish silage production is based on this principle. 
Most micr06rganisms do not grow below pH 4.0. 
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2.5 Acid Hydrolysis of Fish Proteins 

The literature concerning acid hydrolysis of fish proteins is appa

rently scanty. Almost all the published material on the subject 
describes processes for production of fish hydrolysates without 
discussing the mechanism and kinetics of the process (see Section 
2.2.4.3). A considerable amount of information, however, can be 
derived from amino acid sequence studies. Much of the earlier 
literature on hydrolysis can be obtained from reviews such as that 
of Synge (1943) and the later aspects of hydrolysis are reviewed by 

',,' Sanger (1952) and Hi 11 (1965), among others. 

A number of physical and chemical methods are used to follow the 
course of protein hydrolysis. Each method depends upon the measure-
ment of the disappearance of protein or the appearance of hydrolytic 
products during the course of the reaction, using techniques such as spec
trophotometry and turbidimetry, titrimetry and colorimetry (Colowick 
and Kaplan, 1957). The choice of a suitable method depends upon 
specific factors which are unique to each experimental situation and 
information required. 

Data from partial hydrolysis studies has shown that each protein with 
its specific and unique sequence of amino acids presents a wide 

variety of peptide bonds. Thus partial hydrolysis of a protein 
involves cleavage of a variety of bonds which gives rise to a complex 
mixture of products. Gordon et al,(194l) studied the partial hydro~ 
lysis of wool, edestin and gelatin using excess lON Hel at 370 C for 
several days. Throughout the course of hydrolysis aliquots of the 
reaction mixtures were analysed for total free amino acids, total 
number of peptides, average length of peptide chains and the rates 
of liberation of cysteine, ammonia (amide nitrogen) and the amino 
groups of hydroxyamino acids. The results showed that free amino 
acids were liberated right from the start of hydrolysis, and after 
about a week 37% of total residues were free amino acids. The 
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remainder of the residues were mostly dipeptides. Ammonia was 
liberated rapidly and was almost completely released within 48 
hours. Cysteine was liberated at a rate not significantly different 
from the average rate of liberation of other amino acids. The bonds 
invol ving the amino-groups of serine and threonine were more labile 
to acid hydrolysis than bonds formed by other amino acids. This 
finding was studied in more detail and confirmed by other workers 

(Hill, 1965). These results indicated that the course of partial 
acid hydrolysis is not a random process but that it exhibits a 
certain degree of specificity. 

The rapid and complete release of ammonia during the early stages of 
hydrolysis is the result of cleavage of the amide groups of glutamine 
and asparagine (Chibnall et al, 1958). Under conditions of complete 
hydrolysis the yield of ammonia is about 10% higher than that expected 
(Gordon et al, 1941) and this is attributed to the liberation of the 
a-amino nitrogen of serine and threonine as ammonia (Smyth et al, 

1962). The resistance of dipeptides to acid hydrolysis seems to be 

due to the inhibitory effects of the positively charged ammonium 
group adjacent to the susceptible bond. The positive charge tends to 
repel the H+ ions and thus the dipeptide bond is more resistant to 
hydrolysis than a similar type of bond at a greater distance from 
the amino terminus. Bonds which resist hydrolysis need not possess 
a greater thermodynamic stability than bonds which are hydrolysed. 
Once a dipeptide bond is formed it is more kinetically stable than 
an analogous bond in a polypeptide. 

Although the studies of Gordon et al (1941) did not reveal which 
peptide bonds were most resistant to acid hydrolysis later studies 
by Synge (1944) and Christensen (1943; 1944) showed that dipeptides 
containing amino terminal val ine and. leucine (Hill, 1965) were not 
cleaved completely on prolonged hydrolysis. Synge attributed the 

stability of these peptides to the steric limitation imposed by the 
isopropyl and isobutyl side chains of valine and leucine on the 
approach of H+ ions to the peptide bond. 
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The bonds formed by aspartyl residues are very susceptible to hydro

lysis in dilute acid. Under appropriate conditions, therefore, 

dilute acids can be used to specifically break those bonds formed 
by aspartic acid thus degrading high molecular weight,polypeptides 
into smaller peptides. Sanger (1949) explained the lability of the 
aspartyl bond by suggesting that the negatively charged carboxyl 
groups of aspartic acid would attract H~ ions in dilute solutions 

and thereby increase the lability of the neighbouring peptide bonds. 
However certa in 1 inkages such as that of valylaspartic acid may be 
sufficiently resistant to prevent complete liberation of aspartic 
acid (Hill, 1965). 

Under special conditions partial acid hydrolysis can be used to 

obtain peptides which contain disulphide linkages in the form in 

which they occur in the intact protein. This involves preventing 

disulphide interchange reactions which allow random cleavage and 
reformation among the disulphide bonds. This can be achieved by using 

mixtures of equal amount of 20N sulphuric acid and glacial acetic 
ac i d at 370C in the presence' of thio 1 compounds (Ryl e et a~, 1955). 

It is significant to note that partial acid hydrolysis of proteins 
under conditions favouring the disulphide interchange reaction forms 
the basis of a method for determination of cysteine and cystine con

tent of proteins (Glazer and Smith 1961). Other side reactions which 
occur between and within peptides during partial hydrolysis have been 
reviewed by Hill (1965). 

Complete acid hydrolysis of proteins is the basis for amino acid 
analysis. Total acid hydrolysis can be achieved by treatment of 

protein with 6N HCl at 1100C in vacuo for 24 hours (Moore and Stein, 

1963). Lucas and Sotelo (1982), however, claim that similar results 

can be obtained by using 6N HCl at 145 °c in vacuo for 4 hours only. 

Generally the composition of hydrolysates prepared in the manner 

described reflects the amounts of amino acids in the protein before 
hydrolysis. The exceptions are cases where certain amino acids are 
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destroyed by acid. Glutamine and asparagine are destroyed extensively 

in acid hydrolysis. Glutamine is converted quantitatively to glutamic 
acid and asparagine to aspartic acid with the concomitant release of 
stoichiometric amounts of ammonia as a result of hydrolysis of the 

amide groups. The ammonia which is produced within the first few 
minutes of hydrolysis is derived solely from these ami des (Hill, 
1965). Tryptophan in proteins is also destroyed by acid although 

considerable amounts often can be detected if oxygen and reducing 

substances are strictly excluded. 01cott and Fraenke1-Conrat (1947) 
showed that tryptophan is not destroyed extensively when heated at 

100o-1250 C in 6-7N HCl (or sulphuric acid) in vacuo. When trypto

phan is heated under similar conditions in the presence of air, zinc, 
serine, pyruvic acid, cysteine (or cystine) and a number of other" 

substances, large losses are observed with the formation of humin. 
Tryptophan is therefore best estimated by either direct analysis of 

the intact protein (Bencze and Schmid, 1957) or analysis of enzymatic 

hydrolysates (Tower et al, 1962) or by a1kal ine hydrolysis (Miller, 
1967) . 

Other amino acids are destroyed to a lesser extent as shown by 
decreasing yields as a function of time of hydrolysis. Rees (1946) 

showed that 5-10% of the serine and threonine are destroyed, the 

exact amount depending on the time of hydrolysis. Other amino acids 

such as cysteine, aspartic acid, glutamic acid, lysine, arginine, 

tyrosine and proline have also been reported to be destroyed (Hill, 

1965). Low yields of cysteine and cystine are often observed in acid 

hydro1ysates particularly when carbohydrates are present. More accu
rate results can be obtained by· determining these amino acids as 
cysteic acid (Moore, 1963). Methionine may be determined as methionine 

sulphoxide after alkylation of the thio-ether sulphur with iodoacetate 
and determination of the sulphoxide as the sulphone after oxidation with 

performic acid (Moore and Stein, 1963). 

The stability of peptide bonds formed by valine, isoleucine and leucine 

often leads to low yields of these amino acids in total hydro1ysates. 
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Usually maximal yields are obtained after hydrolysis for 70 hours 
(Noltmann et al, 1962). 

2.6 Dehydration of Fish Hydrolysates 

The removal of water from food material is one of the oldest methods 

of food preservation. The methods of removing water range from the 

simplest sun drying to the relatively sophisticated freeze drying. 

Desrosier and Desrosier (1977) restrict the term "food drying" to 

the natural sun drying, where there is limited control over the 
process, and the term "food dehydration" to describe the process of 
artificial drying where there is complete control over cl imatic 
conditions within a chamber or microenvironment control. Brennan 

et al (1979), however, use. the terms interchangeably to describe 
"the unit of operation in which nearly all the water normally present 

in a food stuff is removed by evaporation or sublimation, as a result 
of the application of heat under controlled conditions". For the 

purpose of this discussion only the drying of fish hydrolysates by 

artificial means will be considered. 

2.6.1 General Theory of Dehydration 

Foodstuffs may be dried in various media such as air, superheated 

steam, vacuum, inert gas and by direct application of heat. The 

most widely used medium, however, is air because it is abundant, 

convenient and overheating of the food can be controlled. Air conveys 
heat to the food, causing the water to vapourize, and subsequently 
removes the water vapour from the dehydrating food (Desrosier and 

Desrosier, 1977). Food dehydration is based on the principles of 

heat- and mass-transfer and these are 
references such as Van Arsdel (1973); 

Brennan et al (1979). 

well discussed 
Karel (1975); 

in a number of 
Lund (1975) and 



The overall effect of dehydration is to lower the water activity 

(aw) of the food. water activity is defined by the equation 

where aw = water activity 

E.R.H. 
100 

p = partial pressure of water in food 
po = vapour pressure of pure water at a given temperature 

E.R.H. = equilibrium relative humidity (%) 

The water activity of most tissue foods is very close to that of 

pure water since their moisture contents range from 60 to 95% on wet 

basis (Figure 3). This makes them most susceptible to microbiological 

attack. Below about 50% moisture content water activity falls rapidly 

due to various physical and chemical factors. In this region water 

activity relationships can be represented by Figure 4 (Labuza, 1968; 

Labuza, Tannenbaum and Kare 1 • 1970). The curve is ca 11 ed the water 
sorption isotherm and can be obtained by methods described by Tay10r 

(1961). The isotherm can be divided into a number of sections depen

ding on the state of the water present. Region A represents a mono

layer region which contains 5-10% water. Region B corresponds to 
adsorption of additional layers of water over the monolayer and 

region C is a capillary condensation region in which water condenses 
in the porous structure of the food and acts as a solvent for various 

solutes. Most dehydrated foods fall in the lower portion of the curve 
including the monolayer and multi1ayer regions. 

Figure 5 is 'a graphic illustration of the effect of water activity 
on the stability of foods. It can be seen that at high water activity 

levels bacterial spoilage plays the dominant role. As aw decreases 

yeast and mould growth replace bacteria as spoilage agents. The water 
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FIGURE 3: Humidity-moisture relationship for foods(l) 
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FIGURE 4: General Sorption Isotherm(l) 
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FIGURE 5:- Stability of foods as a function of water activity(l) 
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relations of microorganisms are discussed in more detail by Scott 
( 1957). 

At low water activity levels, in the absence of microbial spoilage, 
foods become more susceptible to chemical deterioration. At very 
low aw levels and in the presence of oxygen fishery products in par
ticular become highly susceptible to oxidative rancidity. This is 

due to their relatively high content of unsaturated fatty acids (see 

Section 2.3.2). The properties of water that are pertinent to lipid 
oxidation are: 

1. Water acts as a solvent in which reactants are able to dissolve, 

be transported and react. 

2. Water can interact either chemically or by hydrogen bonding with 
other species. 

A more detailed discussion of the tworoles played by water in lipid 
oxidation is given by Labuza, Tannenbaum and Karel (1970). 

Research has shown that there is an optimum moisture level for 

dehydrated foods at which the rate of rancidity development is reduced, 

if not prevented (Labuza, 1971). It has also been shown that the basic 
protective function that water exhibits when the moisture content 
increases from the absolute dry state (Figure 4) could be accounted 
for by two factors: 

1. Water interacted with metal catalysts rendering them less 
effective in lipid oxidation. 

2. Water hydrogen bonded with hydroperoxides so that they are no 

longer available for decomposition through initiation reactions 
(see Section 2.3.2). 
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The two factors slow the rate of initiation. Another theory of how 
water interacts to slow lipid oxidation was proposed by Salwin 

(1959), who suggested that water is attached to sites on the food 
surface preventing oxygen from reacting with unsaturated fatty acids. 

The suggestion was based on the finding that there is an optimum 
moisture content, close to the monolayer coverage of water on the 
food. Below this level oxidation occurred and above it other chemi

cal reactions occurred. Ideally foods should be dehydrated to a 

water activity level where physical, chemical or microbial deterio
ration are minimal. 

2.6.2 Dehydration Methods and-Equipment 

There are several possible methods and equipment for dehydration of 

fish hydrolysates. However, the nature of the product limits the 
choice to only a few. Fish hydrolysates are predominantly composed 
of protein which can easily be denatured on prolonged subjection to 
high temperatures. The presence of unsaturated fatty acids also 

warrants that the hydrolysates be dried as quickly as possible to 

minimize possible lipid oxidation. In addition a large amount of 
water has got to be removed from the hydrolysate in a relatively short 
time. When all the different permutations are taken into account only 

spray drying and drum drying remain as the most appropriate methods 

for drying fish hydrolysates. 

2.6.2.1 Spray drying 

Spray drying is used extensively in the food industry to dry solutions 

and slurries. The process essentially consists of four elements 
(Figure 6): 

A. an air heating and circulating system, (1-3) 

B: a spray-forming device (10) 
C. a drying chamber (4) 

D. a product recovery system (5, 11-13). 
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FI GURE 6: Outl i ne of a spray dryi ng orocess Cl) 
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The food material is atomized into the drying chamber where it is 

put into direct contact with a stream of heated air and rapidly 

dried into a powder. The dry particles, suspended in the air stream, 
flow into separation equipment where they are removed from the air, 

collected and packaged. Each of the steps described is actually a 

complicated and delicately balanced engineering operation and 
there are a number of references on the operation and applications 

of spray driers such as Seltzer and Settelmeyer (1949) and Masters 
(1972). 

. 
A wide range of products have been successfully spray dried including 

fish concentrates, coffee, egg, milk, blood, vegetable protein (Karel, 

1975). The process is the preferred choice in many instances due to 
the high quality of the product. The very short drying times (1-10 

seconds) and the relatively low product temperatures make the methods 
particularly suitable for drying heat sensitive foods (Brown et al, 

1973; Brennan et al, 1979). 

2.6.2.2 Drum drying 

Drum dryers consist of one or more drums which are hollow and heated 

internally usually by steam (Figure 7). The drums are mounted to 

rotate about the symmetrical axis and customarily driven with a 

variable speed drive. A thin uniform layer of the material to be 
dried is applied to the revolving drum. Heat is transferred by 

conduction through the metal wall to the thin layer of material 

from which water is vapourized during a partial revolution of a drum. 

The dried material is scraped from the rotating drum surface by a 

stationary knife, or doctor blade, which is depressed against the 
drum at the appropriate location. There are various types of dryers 

the details of which are discussed in references such as Spadaro, 
Wadsworth and Vix (1966); Brown et al (1973) and Karel (1975). 

Drum dryers have been used to dry cereals, potatoes, fish meal, 
soup stocks and milk, among other things. Although drum dryers, 
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FIGURE 7: 
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particularly operating at atmospheric conditions, have low operating 

costs compared with spray dryers, for example, their product is of a 

lower quality than that of spray dryers (Spadaro, Wadsworth and 

Vix, 1966). 
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2.7 AIt~S OF THE PRESENT WORK 

There have been several attempts to develop alternative processing 
methods for effective utilization of the underutilized stocks of 
Haploohromis in Lake Victoria. Most of these attempts have proved 
unsatisfactory (Dhatemwa , 1982). Although a plant has been built 
to reduce the fish to fish meal for animal feeds in the Tanzanian 
sector of Lake Victoria (CIFA, 1982), and there are plans to build 
a similar factory in Uganda (Uganda Ministry of Animal Industry, 
1983), it would be more benefjcial to use the resource for direct 
human consumption. Dhatemwa, (1981) showed that salted fish cakes 
could be produced from deboned Haploohromis. However the process 
resulted in low yields and some protein losses. The acceptability 
of the products in the Ugandan market was also unknown. 

This study aimed at the following: 

A. To utilize whole fish to produce a powder with which Ugandan 
consumers could identify. 

B. To produce a relatively cheap powder, fit for human consumption 
and with a high nutritional value. 

C. To produce a product which is microbiologically and chemically 
stable for long periods of time at tropical ambient conditions. 

2.8 EXPERIMENTAL RATIONALE 

Figure 8 outlines the experimental procedure for attaining the above 
mentioned objectives. The use of acid facilitated the utilisation of 
whole fish (including bones, skin and scales), minimising wastage. 
Acid also offered a relatively cheap "hydrolysing agent" which would 
cause the least undesirable effects to proteins, compared with alkali 
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and enzymes. Hydrochloric acid was chosen because after neutralisa
tion common salt (NaCl) would be produced as a by-product and its 
removal from the product would not be necessary since it is usually 
added to food during cooking. The process was also designed to 
involve the least number of necessary, but simple, operations, 
giving rise to a powdered product similar to what Ugandan consumers 
were already accustomed to. 

The main unknown parameters envisaged were: the effect of using 
cooked or uncooked fish as raw material, optimum acid concentration 
and reaction temperature, minimum duration of hydrolysis, pH changes 
during hydrolysis and the overall effect of the process on the 
nutritionally important constituents of the fish and some organolep
tic and storage properties of the product. Only those aspects consi
dered to be most relevant in assessing the proposed technology were 
considered. 
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FIGURE 8: OUTLINE OF THE EXPERIMENTAL PROCEDURE FOR PRODUCTION OF 
FISH POWDER BY ACID HYDROLYSIS 
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Notes to Figure 8: 

1: Variation was in using cooked or uncooked fish as raw 

material (See 3.3.1). 

11: Variations were in using different acia concentrations 

and different temperatures (See 3.3.2.1 and 3.3.2.2). 

Ill: Variation was in bleaching (or not) of the hydrolysate 

(see 3.3.5). 

IV: Variation was in· drum drying or spray drying (See 3.3.6). 
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3. EXPERIMENTAL 

3.1 MATERIALS 

3.1.1 Fish 

Haplochromis were caught by bottom trawling (depth 25-45 metres) 
from Kitubulu-Nsazi, an inshore fishing ground of Lake Victoria, 
Uganda. The batches used were caught during October 1982 and June 
1983. 

The fish were frozen, packed in an insulated box and flown to the 
United Kingdom. They were kept in a deep freezer (at -20oC) until 
processed. 

3.1.2 Chemicals 

Unless otherwise stated the chemicals used were of Analytical Grade. 
Single distilled water was used throughout. 

Unless otherwise stated all determinations were done in duplicate. 

3.2 METHODS 

3.2.1 Raw Material Evaluation 

3.2.1.1 Total nitrogen was determined by Kjeldahl using 
the Tecator Kjeltec System and the results expressed as percentage 
of the sample. 

3.2.1.2 Trichloroacetic acid (TCA) - insoluble nitrogen 

Approximately 2g of minced whole fish was ground with 10% TCA (10 ml) 
and filtered. The residue was washed with three 10 ml aliquots of 



TCA and after draining the 
determined as in 3.2.1.1. 
of the sample. 
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nitrogen content of the residue was 
The results were expressed as percentage 

TeA-soluble nitrogen was calculated by difference between total 
nitrogen and TCA-insoluble nitrogen and expressed as percentage of 
total nitrogen. 

3.2.1.3' Amino acids 

Samples were hydrolysed with 6N HC1 according to the method of Moore 
and Stein (1963) and analysis was performed on a Chromakon 500 amino 
acid analyser connected to an integrator for computation of the 
results. Proline and tryptophan were not determined. Hydroxyproline 
was determined according to the method of Stegemann and Stalder (1967). 

3.2.1.4 Total lipid 

This was determined by a modified Bligh and Dyer (1959) method. 
Approximately 109 of the mince was accurately weighed in a plastic 
container (chloroform and methanol resistant). Water (8 ml), methanol 
(40 m1) and chloroform (20 ml) were added in that order. The mixture 
was homogenised at constant speed for 60 seconds using a Silverson 
Laboratory homogeniser, Model L2R fitted with a tubular (17 mm) head. 
Chloroform (20 ml) was added and the mixture homogenised for 30 seconds. 
Finally water (20 ml) was added to the mixture and homogenised for a 
further 30 seconds. The homogenate was transferred to centrifuge tubes 
and centrifuged at 2000 rpm for 20 minutes. The top aqueous layer was 
discarded. The total volume of the (bottom) chloroform layer was 
measured and 20 ml pi petted into a dry tared beaker. The solvent was 
evaporated off over a steam bath and finally in an oven at lOSoC for 
15 mi nutes . After cool i nOg in a desiCcator the beaker was wei ghed and 
the lipid content determined by difference. 
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3.2.1.5 Total ash 

Was determined by igniting the sample at 5000C in a muffle furnace 
(Pearson, 1981). 

3.2.1.6 Sodium chloride 

Was determined by the titrimetric method of Mohr (Pearson, 1981). 

3.2.1.7 Moisture 

Was determined by drying the samples in an air oven at 1050C to 
constant weight (European Communities Commission Directorate-General 
for Agriculture; 1979 ). 

3.2.1.8 Standard plate count 

Aerobic mesophilic microorganisms were estimated in the raw material 
only by the Pour Plate method in Agar and incubating the samples at 
30 ± 10C for 48 hours (I CMSF, 1978). 

3.3 EXPERIMENTAL PROCEDURE 

The sequence of the individual operations in the experimental procedure 
are outlined in Figure 8. Figures 9 and 10 show the overall experi
mental scheme detailing the variable parameters and the envisaged final 
products. The apparatus set up for hydrolysis is shown in Figure 11. 

3.3.1 Fish Preparation 

Prior to processing the fish were thawed at 40C, washed and allowed 
to drain. Some fish were cooked prior to processing and others were 
processed uncooked (Figure 8 Note I and Figures 9 and 10). "Cooking" 
was attained by steaming the fish in a pressure cooker for 5 minutes. 



FIGURE 9: SCHEME FOR PRODUCING DIFFERENTLY PROCESSED FISH PRODUCTS 

Cooked 

I 
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DD SD DD 

(1 ) (2 ) (3) 

Notes: i) DD = tirum dried 
ii) SD = spray dried 

WHOLE FISH 

SD DD 

(4) (5) 

Uncooked 

I 
Bleached Unbl eached 

SD DD SD 

(6 ) (7) (8) 

iii) Final products 2,6 and 8 were not produced 
iv) Final product 4 correspohds to product Cll.3M 

in Figure 10 



FIGURE 10: FURTHER DEVELOPMENT OF THE SCHEME OUTLINED IN FIGURE 9 TO PRODUCE SELECTED FISH POWDERS 
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FIGURE 11: Apparatus for acid hydrolysis of Hap1ochromis 
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The fish (cooked or uncooked) were minced using a Hobart mincer 
model E4522. The pH of the mince was determined on a small sample 
according to the method recommended by Pearson (1981). 

3.3.2 Hydrolysis 

A sample of the mince was weighed in the reaction vessel and hydro
chloric acid added in the ratio 3:10 (v/w) and the mixture continuously 
stirred with a mechanical stirrer. Hydrolysis was assumed to have 
started when the acid-mince mixture was homogeneous and was continued 
for 30 minutes for each "run". At intervals, during the course of 
hydrolysis a1iquots (4 m1 approximately) of the reaction mixture, 
hereafter referred to as "hydrolysate", were pi petted into test tubes 
containing 10% TeA (3 m1) and the mixture vigorously shaken. The tubes 
were subsequently centrifuged at 3000 rpm for 30 minutes and the nitro
gen content of the supernatant and residue determined separately by 
Kjeldahl to give TeA-soluble and TeA-insoluble nitrogen respectively. 
The determination of TeA-soluble (and TeA-insoluble) nitrogen was a 
measure of protein hydrolysis by the acid. The effects of varying 
acid concentration and temperature on 

a) TeA-soluble nitrogen of the hydrolysate 
b) pH 
c) proximate chemical composition of the intermediates and final 

product 

were studied as detailed below (3.4). 
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3.3.2.1 ·Acid concentration 

Hydrolysis at constant temperature (580C approximately) was carried 
out using four different acid concentrations; 11.3M, 7.5M, 5M and 
2.5t1 approximately (see Figure 8 and Note II and Figure ID). 

3.3.2.2 Temperature 

For the 11.3M acid concentration hydrolysis was done at seven 
different temperatures: 25, 38, 48, 56, 65, 74 and 840 C approximately 
(see Figure 8 Note 11 and Figure ID). 

3.3.3 Neutralisation 

After hydrolysing for 30 minutes the acid was neutralised with 
sodium hydroxide solution (IOM, 7.5M, 5M and 2.5M corresponding to 
the acid concentration used) to the original pH of the mince (see 
3.3.1). 

3.3.4 Homogenisation 

The neutralised hydrolysate was homogenised, using a Silverson 
Laboratory homogeniser Model L2R fitted with a square hole high 
shear screen, at constant speed for ten minutes. The homogenate was 
filtered through a metal sieve Mesh No. 22, (aperture 710 microns 
BS 4l0:1962) prior to drying. 

3.3.5 Bleaching 

In a variation in the process the hydrolysate was bleached after the 

homogenising and sieving operations (see Figure 8 Note Ill). The 
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hydrolysate was divided into two equal parts. One part was left 
unbleached while the other was bleached with a solution of hydrogen 
peroxide according to the method of Interox Chemicals (1979). For 
every 100g of the hydrolysate a solution of anhydrous sodium carbonate 
(0.4% w/v) was added and the mixture stirred for 5 minutes. Hydrogen 
peroxide (6 ml, 0.75%, w/w) was added to the mixture and the pH 
adjusted to pH 10.5 by addition of sodium hydroxide. The mixture 
was stirred for a further 15 minutes and centrifuged at 3000 rpm for 
30 minutes and the supernatant discarded. Water was added to the 
residue and homogenised at constant speed until a homogeneous slurry 
was formed. The hydrolysate was centrifuged again, as above, after 
which another volume of water was added to the residue and homogeni
sed as before. The volume of water added was calculated so as to 
make the final solids content of the slurry 15% approximately. The 
hydrolysate was finally drum dried on a 15 by15 cm laboratory drum 
drier at 1240C producing final products 1, 3, 5 and 7 in Figure 9. 

The unbleached portion was centrifuged once, the supernatant discarded 
and the residue homogenised in water, as outlined above, prior to 
drum drying. 

3.3.6 Spray Drying 

After homogenisation and sieving (Figure 8) the hydrolysate was spray 
dried in a Becker Dryer (air inlet temperature 1850 C, exhaust tempera
ture 870 C). Final product No. 4 in Figure 9 and products Cll.3M, 
C7.5M, C5M and C2.5M in Figure 10 were produced in this manner. The 
only variation to spray drying was the drum drying of the bleached and 
unbleached products mentioned in 3.3.5 (see also Figure 8 note IV and 
Figure 9). 
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3.4 PRODUCT AND PROCESS·EVALUATION 

The overall effect of the process was evaluated by determining the 
amounts of the nutritionally important constituents of the inter
mediates and the final products (1, 3, 4, 5 and 7 in Figure 9 and 
Cll.3M, C7.5M, C5M and C2.5M in Figure 10), with particular 

emphasis on protein. 

3.4.1 Protein 

3.4.1.1 ·Total, TCA-soluble and TCA-insoluble nitrogen 

were determined (as outlined in 3.2.1.1 and 3.2.1.2) in the product, 
after bleaching (see 3.3.5) and after drying. 

3.4.1.2 Amino acids 

The amino acid composition of the final products was determined as 
described in 3.2.1.3. 

3.4.1.3 Protein digestibility 

A multienzyme in vitro method described by Hsu, et al (1977) was used 
to determine protein digestibility. The enzymes used were Porcine 
pancreatic trypsin (No. T-0134) Type IX, activity 15,000 BAEE units 
per mg protein; Bovine pancreatic n-chy~otrypsin (No. C-4129) Type 11, 

activity 51 units per mg protein and Porcine intestinal mucosa peptidase 
(No. P-7500), activity 100 units per g solid. 

The protein substrate (i.e. the final product) was prepared as an 
aqueous suspension (6.25 mg protein/ml) adjusted to pH 8.0 with O.lN 
HCl and/or NaOH while stirring in a 370 C water bath. The multienzyme 
solution (1.6 mg trypsin, 3.1 mg chymotrypsin and 1.3 mg peptidase/ml) 
was freshly prepared and maintained in an ice batch and adjusted to 
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pH B.O with 0.1 N HCl and/or NaOH. Five ml of the enzyme solution 
were added to 50 ml of the protein suspension which was being 
stirred at 370 C and the change in pH recorded automatically over a 
10 minute period using a recording pH meter. 

The procedure was repeated using casein substrate as reference 
materi al. 

3.4.2-3.4.4 Total lipid, ash and salt (NaCl) 

were determined as in 3.2.1.4, 3.2.1.5 and 3.2.1.6 respectively. 

3.4.5 Moisture 

was determined as water activity (aw) using a Navasina EEJA-3 water 
acti vity meter. 

3.4.6 Colour 

The colour of the powder was determined using the Erichsen Colorimeter 

511/E with a white tile as a reference. 

3.4.7 Organoleptic testing 

Sensory evaluation of the fish powder was conducted with the aid of an 
expert panel comprised of staff and students at the Fisheries Training 
Institute, Entebbe. The fish powder was incorporated into groundnut 
sauce (a common East African dish) and the panel asked to assess 
(i) odour, (ii) salt content, (iii) rancidity, (iv) fish taste and 
give scores ranging from 1 to 5. The mid-point score (3) was regarded 
as satisfactory for parameters (i), (ii) and (iv) and for rancidity a 
o 

score of 0 was ideal and 5 was undesirable. The panel was also asked 
to record any comments they ca red to make. A sample of the score sheet. 
used is shown in Appendix I. 

r , 
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The samples for sensory evaluation were prepared as follows: 

Sample 0: 

Sample 1: 

Sample 2: 

Sample 3: 

Only groundnut sauce - without fish powder. 

1 tablespoonful (13g approximately) of fish powder was 
added to 100 ml cold water and mixed after which it was 
added to already cooked groundnut sauce, mixed thoroughly 
and brought to the boil and served. 

Two tablespoonsful (25g approximately) of fish powder 
were added to 100 ~l cold water and the procedure for 
Sample 1 repeated. 

Three tablespoonful (39g approximately) of fish powder 
were added to 100 ml cold water and treated as Sample 1. 

3.4.8 Particle Size Analysis 

was carried out by two methods: using a Malvern Laser diffracto
meter and by sieve analysis. 
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4. RESULTS AND DISCUSSION 

4.1 RAW MATERIAL EVALUATION 

4.1.1 Total Nitrogen 

The total nitrogen of both cooked and uncooked Haplochromis was 
determined to assess the crude protein content of the raw material 
and the results are shown in Table 2k. Uncooked fish contained 9.1% 
and cooked fish contained 9.7% nitrogen, corresponding to 57.1 and 
60.6% crude protein respectively. The apparent difference between 
the two results is not significant when the respective standard 
deviations are taken into account. The two results are also in 
agreement with those reported by Ssa1i (1981) for whole (uncooked) 
Haplochromis (60%) caught during November 1980. The fish used for 
the present study were caught during October 1982 and June 1983. 
It would therefore appear that there is no periodic variation in 
raw material composition as far as crude protein is concerned . 
. This is desirable if product consistency is to be maintained. 

4.1.2 True-Protein and Non-Protein Nitrogen (NPN) 

The true-protein content of cooked and uncooked fish is shown in 
Table 2b. Non-protein nitrogen constituted approximately 17% of total 
nitrogen of uncooked fish and 15% of total nitrogen of cooked fish. 
These findings are consistent with those obtained from earlier chemi
cal composition studies on Haplochromis (Ssa1i, 1981) in which NPN 
ranged between 15.2 and 21.1%, averaging at 17%. True-protein nitro
gen was determined as TCA-inso1ub1e nitrogen which excludes low mole
cular weight nitrogenous compounds such as nuc1eotides, amino acids 
and peptides, (Ikeda, 1980). A high amount of NPN in fish tissue is 
not desirable because it renders the fish more susceptible to rapid 

bacterial spoilage because low molecular weight components such as 
amino acids are easily utilised for food by bacteria. The presence 
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of a large proportion of NPN in fish also somewhat lowers its 
nutritional value. 

The NPN content of HaFZocr~o~is compares with that of other teleost 

fishes in which it is reported to account for from 9.2 to 18.3% 
total nitrogen (Simidu, 1961). 

4.1.3 Total Lipid 

The total lipid content of uncooked and cooked fish was 24.3 and 25.3% 

respectively (Table 2~). The apparent difference between the two figures 

is not significant when the respective standard deviations are taken 
into account. The values, however, are about 19% higher than those 

obtained for fish caught during November 1980 (20.1%) (Ssali, 1981). 
Lipid plays an important role during fish processing and storage due 
to the high susceptibility to oxidation of the polyunsaturated fatty 

acids present in fish. It would therefore be desirable to have the 
lipid content of the final product as low as possible. The finding 

that the total lipid content of the fish caught in November 1982 was 

higher than that caught in November 1980 emphasises the need to carry 

out regular proximate composition analyses on the raw material to 
ensure product consistency. 

4.1.4 Total Ash 

The ash content of HaFloch~omis is shown in Table 2b(19.3%} and the 

figure is very similar to that reported by Ssali (1981) (19%). The 

relatively high proportion of ash in the fish is attributed to the 
presence of bones and scales which are rich in tri-calcium phosphate 

(apatite) and calcium carbonate (Causeret, 1962). 
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TABLE 2b Proximate com osition of cooked and uncooked Ha Zochromis 
raw materla 

Per Cent (1 ) 

Sample Total Crude "True Total Ash Nitrogen Protein Protein" Lipid 

(TNx6\2.5) 
(TCA-insolu-

(TN) ble Nx'.2..)j 

Uncooked 9.1 57.1 47.5 24.3 19.3 
fish (0.5) (3.4) (0.3) (0.8) (0.1 ) , 

n=ll n=ll n=3 n=4 n=4 
-------------------------fo--------- ------------- ----------r---------

Cooked 9.7 60.6 51.5 25.3 19.3 
fish (0.4 ) (2.3) (0.2) (1 .3) (0.1) 

n=7 n=7 n=3 n=4 n=4 

Notes: 1. Dry weight basis 
2. Standard deviation in parentheses. • 
3· fl = n",,,,,,ber oJ S"""'fI-e.S ~ ....... '""1 se~ 

TABLE 3: Standard plate count of cooked and uncooked Haplochpomis 
(raw materi a 1 ) 

• 
Count(l) 

Sample Standard Plate Standard 
per g Devi a ti on 

Uncooked fish 1-47 x 106 0.27 
---------------------fo--------------------------------- r--------------

Cooked fish 2.72 x 102 0.27 

1. Quadruplicate determinations. 
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4.1.5 Standard Plate Count (SPC) 

Table 3 shows the results of SPC for the uncooked and cooked fish. 
As expected cooking considerably reduced the bacterial load from 
1.5 x 106/g in the uncooked fish to 2.7 x 102/g in the cooked fish. 
The bacterial count for the uncooked fish was high but not unusual 
considering that the sample was whole fish containing skin, gills 
and gut material. Dhatemwa (1981) reported TVC (at 25 0 C) of 1.2 x 105 

and 6.2 x 105 for two batches of (unwashed) HapZochromis mince. 
Bacterial loads of 10 3- lOs, 106 and 10 4- 106 have been reported for 
skin (per cm 2 ), gills (per g) and guts (per g or ml) respectively of 
fish from tropical and subtropical waters (Shewan, 1977). 

Enumerating bacteria is not an ideal means of determining fish quality 
as it is expensive and time consuming and the numbers are not always 
directly related to sensory properties and cannot give useful infor
mation in the early stages of spoilage (Connell, 1982). 

Standard plate counts also provide very little information regarding 
the type of organisms present. Fish caught in polluted waters. for 
instance. are likely to carry organisms of faecal origin such as 
E.coZi. Specific tests have got to be conducted to detect such 
organisms (ICMSF. 1978). 

4.2 HYDROLYSIS 

4.2.1 Effect of Using Cooked or Uncooked Fish as Raw Material 

The effect of precooking the fish on the course of hydrolysis was 
determined by measuring the amount of TeA-soluble nitrogen of the 
hydrolysate. at intervals, over a thirty minute period. Thirty 
minutes was selected as the duration of hydrolysis for two practical 
reasons. Firstly preliminary studies showed that when fish was 
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hydrolysed at the highest temperature (84 ± 40 C) the hydrolysate 
darkened after about 35 minutes due to the formation of humin. The 
formation of humin in the final product would have made the product 
unattractive and probably reduced its nutritional value. At 30 
minutes, however, there was no sign of darkening of the hydrolysate 
even at the highest temperature. Secondly preliminary studies also 
showed that 30 minutes was the minimum amount of time required for 
the acid to soften all the fish tissues at the lowest temperature 
(250 C). For a fixed acid concentration (11.3M HC1) the studies were 
conducted at 7 different temperatures (25, 38, 48, 56, 65, 74, 85 0 C 
approximately) and at a fixed temperature (580C approximately) hydro
lysis was carried out using 4 different acid concentrations (11.3M, 
7.5M, SM and 2.SM HC1). Similar studies were conducted on uncooked 
fish and the results, expressed as TCA-soluble nitrogen as percentage 
of total nitrogen of the whole contents of the reaction vessel, are 
shown in Figures 12-21 and Appendices 2-21. 

Table 4 shows the nett increase in the amount of TCA-soluble nitrogen 
of both cooked and uncooked fish at the 7 different temperatures and 
Table 5 shows the increase with respect to the 4 acid concentrations. 

It can be seen that invariably at all temperatures and acid concentra
tions more hydrolys}s took place in uncooked, than cooked fish. The 
difference may be accounted for by the endogenous enzymes of the fi sh 
acting synergistically with the acid to break down the fish protein. 
It is highly likely that uncooked fish contained active proteolytic 
enzymes such as cathepsins (Mycek, 1970) and pepsin (Merret et al, 

1969; Ryle, 1970) which are known to be active at acid pH. Cathep
sins and pepsin have been demonstrated to occur in the peritoneal 
cavities of freshly killed carp or trout (Tarr, 1972) and pepsins from 
dogfish {Mustelus canis} have been described by Merrett et al (1969). 
It is therefore reasonable to assume that the same enzymes exist in 
Haplochromis. Considering the very low pH in the reaction vessel 
(which could be as low as pH 0.1) the most likely enzyme to have been 
active at such low pH is pepsin. 
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Pepsin exists intracellularly as the zymogen pepsinogen which is 
secreted into the stomach in this form where it is converted to 
the active enzyme pepsin by acid pH and pepsin itself (Dixon and 
Webb, 1958; Lehninger, 1975). Pepsin has very broad specificity 
but preferentially attacks peptide bonds involving residues of 
aromatic amino acids as well as leucine (Lehninger, 1975). In this 
study mincing whole fish (Figure 8) facilitated the dispersion of 
pepsinogen (and other proteolytic enzymes) throughout the fish 
tissue. When acid was added to the mince the pepsinogen was conver
ted into pepsin. The pH-activity profile of pepsin (Appendix 22) 
shows that the optimum pH of the enzyme is between pHl and 2.0. It 
is therefore feasible that under the conditions of Haplochromis 

hydrolysis the enzyme retained some of its activity. It is also 
probable that at anyone time in the reaction vessel, particularly 
during the initial period of hydrolysis, there may have existed 
"pockets" of fish tissue where the pH was optimum for pepsin activity. 

4.2.2 Effect of Temperature 

The effect of temperature on acid hydrolysis of cooked and uncooked 
Haplochromis was determined by hydrolysing the fish at seven different 
temperatures (25, 37, 46, 56, 64, 74 and 840 C approximately for cooked 
fish and 25, 38, 48, 56, 65, 74 and 840 C approximately for uncooked 
fish). The course of hydrolysis was assessed as described in 4.2.1. 

Figure 22 shows the effect of temperature on hydrolysis of cooked fish 
(see also Figures 12-18). Overall there was an increase in the amount 
of TCA-soluble nitrogen with temperature corresponding to increased 
hydrolysis. Table 4 shows the nett increase in TCA-soluble nitrogen 
of both cooked and uncooked fish for the seven different temperatures. 
As Table 4 and Figure 12 show for cooked fish at 25 0C there was hardly 
any hydrolysis at room temperature. At 37oC, however, there was a nett 
increase in TCA-soluble nitrogen of cooked fish (4.9%) and the increase 
was slightly higher than that observed for 460 C (4.1%) and 640 C (4.7%). 



70 

FIGURE 12: Acid hydrolysis of cooked and uncooked Haplochromis 

at 25 ± 1 and 25 ± 3°C respectively (11.3M HC1) 
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FIGURE 13: Acid hydrolysis of cooked and uncooked HapLoeh~omis 
at 37 ! 3 and 38 ! 20 respectively (ll.3M HCl) 
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FIGURE 14: Acid hydrolysis of cooked and uncooked Haplochromis 

at 46 ± 2 and 48 ± 3°C resoectively (11.3M HCI) 
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FIGURE 15; Acid hydrolysis of cooked and uncooked HaDlochrom:s 

at 56 ± 2 and 56 ± 4°C respectively (11.3" HC1I 
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FIGURE 16: Acid hydrolysis of cooked and uncooked Haplochromis 

at 64 ± 4 and 65 ~ 40 C respectively (11.3tl Hel) 
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FIGURE 17: Aci d hydro lys i s of cooked and uncooked Hapi-ociJromis 

at 74 ± 4 and 74 ± 60 C resrectively (11.311 HC1) 
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FIGURE 18: 
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Acid hydrolysis of cooked and uncooked Haplochromis 

at 84 ~ 40 C resnectively (11.3M HC1) 
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FIGURE 19: Acid hydrolysis of cooked and uncooked HavlochY'omis . 
at 58 ~ 4oC_resrective1y (2.5M HC1) 
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FIGURE 20: Acid hydrolysi s of cooked and uncooked Haplochromis 

at 59 ! 4 and 59 ± 3°C respectively (5M HC1) 
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FIGURE 21: Acid hydrolysis of cooked and uncooked Haplochromis 

at 58 ± 2 and 60 ± 4°C respectively (7. 5t1 HC1) 
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TABLE 4: Nett increase in TeA-soluble nitrogen of hydrolysates of 
cooked and uncooked HapZochromis 

(Acid concentration 11.3M Hel) 

Nett Increase TeA-soluble N 
Temperature (1) (% 

(Oe) Cooked Uncooked 

84 ± 4 10.4 34.1 

--------------------- ------------------------ ---------------------
74 ± 4 (74 ± 6) 6.4 25.5 

--------------------- ------------------------ --------------.-----
64 ± 4 ( 65 ± 4) 4.7 17.1 

--------------------- ----------------------- ---------------------
56 ± 2 (56 ± 4) 5.8 19.0 

----------------.-.-. --.---------------.---- ---------------------
46 ± 2 (48 ± 3) 4.1 19.9 

r-------------------- ------------------------ ---------------------
37 ± 3 (38 ± 2) 4.9 10.3 

r-------------------- ---------------------------------------------
25 ± 1 (25 ± 3) 0.8 6.7 

1. Temperature values in parentheses refer to uncooked fish, where 
different from those for cooked fish. 
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TABLE 5: Nett increase in TCA-soluble nitrogen of hydrolysates 

of cooked and uncooked Haplochromis over a 3D-minute 

period (acid concentrations 11.3M, 7.5M, 5M and 2.5M) 

Nett Increase in TCA-soluble N 
Acid Temperaturell ) (%) 

Concentra ti on . (0C) 
( M) Cooked Uncooked 

11.3 55 ± 2 (55 ± 4) 5.8 19.0 

----------------- ----------------------------------~---------------
7.5 58 ± 2 (50 ± 4) 7.2 8.7 

----------------- -----------------~---------------- --------------

5.0 59 ± 4 (59 ± 3) 3.1 9.5 

---------------- ---------------- ---------------- ----- - ---------
2.5 58 ± 4 7.1 9.0 

1. Temperature values in parentheses, refer to uncooked fish, where 

different from those for cooked fish. 
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FIGURE 22: The effect of temperature on acid hydrolysis 

of cooked .'lap Zochromis (11. 3M HC1) 
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In fact the observed order of nett increase of TeA-soluble nitrogen 
for cooked fish was 84 > 74 > 56 > 37 > 64 > 46 > 250 (Table 4). 
Yet according to the principles of chemical reaction kinetics the 
extent of hydrolysis over the seven-temperature range should have 
been expected to be in the order of increasing temperature up to the 
point at which thermal denaturation occurs. 

When evaluating these results it is important to realise that 
hydrolysis proceeded for only 30 minutes, therefore only partial 
hydrolysis was achieved. As Hill (1965) pointed out partial hydro-
lysis of a protein involves cleavage of a variety of bonds leading 
to a complex mixture of products. It should be realised that deter
mining hydrolysis by measurement of TeA-soluble nitrogen has its 
limitations; only those nitrogenous molecules below a certain mole
cular weight are soluble in TeA. Therefore although peptide bonds may 
have been broken, unless the resulting molecules ~:ere small enough 
to dissolve in TeA, such hydrolysis would not be detected by the 
method. In this study the situation was further complicated by the 
presence of not only various types of proteins (sarcoplasmic, myo
fibrillar and stroma proteins, see 2.3.1) but also 1ipids, inorganic 
salts (both endogenous and those resulting from the action of acid on 
the bones and scales) and other substances discussed in 2.3.3. The 
interaction of the various substances mentioned under the experimental 
conditions in this study is not known and would be very difficult to 
predict. There is a possibility that due to the presence of such a 
multitude of compounds new peptide bonds may be formed while others 
are being attacked by the acid. (For example, the possibility of 
rearrangement or ring formation among peptides during hydrolysis of 
proteins by enzymes and hot dilute acids was mentioned by Gordon et al 

(1941). The result would be little or no increase in TeA-soluble 
nitrogen. Although acids have been used extensively for hydrolysis 
of proteins there is little available information on the parameters 

which control the extent and specificity of acid hydrolysis (Hill, 1965). 
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Another complicating factor in this study is the fact that the fish 
used had been previously frozen for several weeks. As discussed in 
2.3.1 prolonged cold storage results in denaturation of fish proteins. 
The effect of this denaturation on protein hydrolysis is not known. 

Figure 23 (also Figures 12-18) show the effect of temperature on acid 
hydrolysis of uncooked HaplochPomis. As in the case of cooked fish 
the amount of TCA-soluble nitrogen increased with temperature, there
fore least hydrolysis took place at 250 and the most at 840 C. While 
there was no effective increase in TCA-soluble nitrogen in the case 
of cooked fish at 250 C the nett increase for uncooked fish at the same 
temperature was 6.7% (Table 4). Similarly at the highest temperature 
(84 0C) there was a substantial nett increase in TCA-soluble nitrogen 
(34.1%) (Table 4). This compares with the results from cooked fish 
where the nett increase in TCA-soluble nitrogen was only 10.4% 
(Table 4). As discussed in 4.2.1 the substantial difference between 
the two could be attributed to the presence of proteolytic enzymes in 
uncooked fish and their absence in cooked fish. 

It is significant to note that the nett increase in TCA-soluble nitro
gen of uncooked fish with respect to the seven temperatures was in 
the order 84 > 74 > 48 > 56 > 64 > 38 > 25 0 . More protein was hydro
lysed at 480 than 640 and 560 C contrary to what might have been 
expected. Work on fish silage production (see 2.2.4.1.2) has shown 
that the rate of autolysis increases with temperature but not with a 
constant Q10 value (Raa and Gildberg, 1982). The rate of autolysis 
is reported to increase very markedly within a rather narrow tempera
ture interval and this may be the temperature at which the collagen 
·in the connective tissues becomes heat denatured and thus more 
susceptible to proteolytic degradation. This process may in turn lead 
to exposure of other tissue components to digestive enzymes. From 
the results in Table 4 it is possible that the Haplochromis collagen 
was denatured around 48°C and thus the observed increased hydrolysis. 
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FIGURE 23: The effect of temperature on acid hydrolysis of 

uncooked Haplochromis (11.3M Hel) 
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The nett increase in TCA-soluble nitrogen of uncooked fish at 74 
and 840C was 2S.S% and 34.1% respectively (Table 4). The corres
ponding values for cooked fish were 6.4% and 10.4% indicating that 
there was still some enzyme acti vi ty in the uncooked fi sh even at 
such relatively high temperatures. This was in turn an indication 
of high thermostability of Haplochromis proteolytic enzymes. As 
suggested in 4.2.1 the enzymes acted synergistically with the acid 
to bring about the increased hydrolysis observed in uncooked fish. 

The results discussed in this section have important implications 
from the processing point of view. Since this study was not aimed 
at producing low-molecular weight fish hydrolysates it would be 
unnecessary to aim for processing conditions which bring about 
maximum hydrolysis. Rather the aim should be to soften all the 
fish tissues sufficiently to be turned into powder with the minimum 
inputs. However, bearing in mind the fact that before the final 
product is consumed it has to be rehydrated (see 3.4.7) some degree 
of solubility is desirable. Therefore from the results discussed 
so far (Table 4) and considering the desire to minimise production 
costs the optimum processing conditions (so far) would be to hydro
lyse uncooked fish at about 480 C. 

4.2.3 Effect of Acid Concentrations 

Four different acid concentrations (2.SM, SM, 7.SM and 11 .3M HC1) 
were used to hydrolyse cooked and uncooked fish. Changes in TCA
soluble nitrogen and pH over a 3D-minute period were determined. 
The object of experimenting with the four acid concentrations was 
to find the lowest concentration which could soften the fish tissues 
within 30 minutes sufficiently for them to be turned into powder and 
on neutralisation with alkali (Figure 8) would form enough salt (NaCl) 
to preserve the final product against microbial attack. 
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Figure 24 illustrates the changes in TCA-soluble nitrogen during 
acid hydrolysis of cooked fish at constant temperature (approxi
mately) using different concentrations of acid. Figure 25 shows 
corresponding changes in uncooked fish. Table 5 shows the nett 
increase in TCA-soluble nitrogen of cooked and uncooked fish for 
the four acid concentrations. In cooked fish the greatest increase 
occurred with the 7.5M concentration (7.2%) closely followed by the 
2.5M concentration (7.1%). The least increase occurred with the 5M 
concentration (3.1%). The nett increase in TCA-soluble nitrogen 
corresponding to the highest acid concentration (11.Y.1) was 5.8%. 
In uncooked fish. however, the highest nett increase in TCA-soluble 
nitrogen was with the 11.3M concentration (19%) and the least with 
the 7.5M concentration (8.7%). The nett increase for the 7.5M con
centration was less than half of that for the 1l.3M concentration. 
Although the 2.5M concentration is exactly half of 5M the corres
ponding nett increase in TCA-soluble nitrogen was only 5% lower than 
the increase corresponding to the 5M concentration. This indicates 
that the nett amount of hydrolysis was not necessarily directly 
proportional to the acid concentration. 

Table 5 further shows that more protein was hydrolysed in uncooked 
fish than cooked fish irrespective of the acid concentration. As 
discussed in 4.2.1 and 4.2.2 the difference was due to the activity 
of enzymes in uncooked fish and their absence in cooked fish. It is 
interesting to note that for the 11.3M and 5M acid concentrations the 
nett increase in TCA-soluble nitrogen for uncooked fish was about 3 
times that in cooked fish. Yet for the 7.5M concentration nett TCA
soluble nitrogen was only 1.2 times higher in the uncooked than cooked 
fish; and for the 2.5M concentration nett TCA-soluble nitrogen was 
about 1.3 times higher in the uncooked than cooked fish. 

The results reported above are not conclusive enough to draw definite 
conclusions regarding the effect of acid concentration on acid hydro
lysis of Haplochromic. In addition, as pointed out in 4.2.2, hydrolysis 
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FIGURE· 24: The effect of acid concentration on acid hydrolysis 
of cooked HapLochromis 

0 2.:~~ Hel 

0 5M Hel 

• 7.5M Hel 

A 11 .3M Hel 

5 10 15 20 25 30 

Time (min) 



----------------------------------.. -~ 

TABLE 11: Proximate composition of raw material and various products(l) resulting from acid hydrolysis of HarZochromis 

Sample 
Total 

Nitrogen 
(TN) 

Crude 
Protein 

(TNx6.25) 

Per cent(() 

IITrue 
Prot~in" 

(TCA-inso1ub1e 
Nx6.25) 

Total Lipid Ash Salt 
(NaCl ) 

water(3) 
Activity 

( aw) 

Uncooked fish 9.1 57.1 47.5 24.3 19.3 0.2 -
_~ ________________ tQ~§l_~_:_!! ____ t~!~l_~_:_!! ___ tQ~~l_~_=_~ _____ {Q!~l_~_=_~ _____ {Q~!l_~_:_~ _____ {Q~Q!l_~_:_~_ ----_________ _ 
Cooked fish 9.7 60.6 51.5 25.3 19.3 0.1 -

_~ ________________ tQ~~l_~_: __ Z ____ {g!~l_~_: __ Z ___ {Q~g2_~_:_~ _____ {!~~l_Q_=_~ ___ -_{Q!!1_Q_:_~ __ r __ {Q~Q§1_Q_:_1 ______________ _ 
C2.5M 7.7 48.3 64.9 14.7 28.6 4.9 0.50-0 

__________________ tQ~Q~l_~_:_~ ____ {Q!~l_~_: __ ~ ___ {Q~~l_Q_:_~ _____ {!~!l ___________ {Q!~l_~_:_~ _____ {!!~l_~_:_~ _______________ _ 
C5M 7.3 45.6 61.9 13.6 37.3 10.2 0.59 

___________________ {Q~!l_Q_:_~ ___________ Q_= __ ~ ___ {!!~1_~_:_~ _____ {!!~l ___________ {~!~1_Q_=_1 _____ {~!Ql_~_:_~ __ -____________ _ 
C7.5M 6.6 41.4 60.8 14.5 38.5 16.1 0.47 

__________________ {Q!!l_~_:_~ _____ {Q!?1_~_: __ 2 ___ {!!~1_~_:_2 _____ {Q!~l ___________ {Q!~1_~_:_~ __ r--{~!Ql-~-=-1-- ______________ _ 
C11.3f1 5.6 34.9 69.0 9.5 49.9 38.0 0.36 

___________________ {Q! gLQ_:_~ _____ JUU_= __ 1 ___ {§!!L~_:_L ___ {Q!1U_:_~ ______ {UL I}-:-Lr--{~ !QU_=_~ _______________ _ 
UA 7.0 43.7 56.5 12.6. 36.1 11.4 0.33 

___________________ (Ql __ ~_:_~ ______ {Ql __ Q_: __ g_r __ {~!~l_~_:_g ______ {!!gl_Q_:_g _______ fQl __ ~_:_g __ r __ {Q!!l_~_:_g ________________ _ 
US 7.3 45.6 67.2 11.2 31.1 0.6 0.34 

__________________ {Q!!l_Q_=_~ _____ tQ!§l_Q_= __ ? ___ fQ!§l_~_:_? _____ {!!~l_I}_=_? ______ tQ!gl_I}_:_g __ r __ fQ~Q~l~_=_? _________________ _ 
CA 6.8 42.2 63.6 9.5 40.9 12.9 0.32 

____________________ tQl __ Q_=_g ______ {Ql __ Q_: __ g_r __ (!!~l_~_:_g _____ {Q~§l_~_:_g _____ tQ!!l_~_:_g ____ {Q~g§ll}_:_~ _______________ _ 
CB 6.6 41.2 58.3 9.0 40.9 1.8 0.34 

(0. 2) n ; 2 ( 1. 1) n; 2 ( 1. 7) n ; 2 (0.4) n ; 2 (0.5) n ; 2 (0.3) n ; 2 

Notes: (41) See Appendix 23 for explanation of sample codes. 
( ) Standard/mean deviation in parentheses. 

(2) Dry weight basis. (3) Single determination. 
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FIGURE 25: The effect of acid concentration on acid hydrolysis 

of uncooked Haplochromis 
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proceeded for 30 minutes only. Yet in the few parallel studies 

that have been reported in the literature protein hydrolysis proceeds 
for several hours. Gordon et aZ (1941). for example. reported that 
during the partial acid hydrolysis of wool. edestin and gelatin using 
10N HC1 at 370 only 22.9% amino nitrogen (expressed as % of tota 1 N) 
of gelatin was evolved after 19 hours of hydrolysis. Other similar 
work reviewed by Hill (1965) confirms that it takes several hours to 
effect appreciable amount of hydrolysis using acid. In a patent 
specification described by Hampton (1977) hydrolysis of protein by 
HC1 is carried out at atmospheric pressure and/or at near the boiling 
point for 10 to 24 hours. It is therefore not surprising that in the 
case of·Haploohromis relatively little hydrolysis took place. However. 
as pointed out in 4.2.2 the objective of this study was not to achieve 
maximum hydrolysis. The acid was primarily used to effect softening 
of the fish tissues for subsequent production of powder. Therefore 
from the results shown in Table 5 and other observations during the 
course of this study. any of the four acid concentrations could soften 
the fish tissues adequately. Uncooked fish would be a better choice of 
raw material than cooked fish. 

4.2.4 ·Changes in pH During Hydrolysis 

Figure 26 illustrates the changes in pH during hydrolysis of cooked 
fish at different temperatures. Figure 27 shows similar changes in 
uncooked fish and Table 6 summarises the nett changes in pH for both 
cooked and uncooked fi sh. It can be seen from both Fi gure 26 and 
Table 6 that in the case of cooked fish there was a nett pH drop 
between time 0 and 30 minutes. However the pH drop is neither 
gradual nor related to temperature of hydrolysis nor to the nett 
increase in TCA-so1ub1e nitrogen (Table 4). It can also be seen in 

Figure 27 and Table 6 that except for the highest (840
) and lo~lest 

(25°) temperatures there was a nett pH drop for uncooked fish. As 
in the case of cooked fish there is no correlation between the nett 
pH drop and nett change in TeA-soluble nitrogen or temperature of 
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FIGURE 26: Changes in pH during acid hydrolysis of cooked 

Haplochromis at different temperatures 
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TABLE 6: Nett changes in pH after acid hydrolysis of cooked and 

uncooked·HapZochromis at different temperatures (acid 

concentration 11.3M HC1) 

Temperature (1) 
Initial pH of Mince Nett Change in pH 

(0C) I Cooked Uncooked Cooked Uncooked 

84 ± 4 7.2 6.9 . -0.60 0.05 

--------------------- -----------l------------- fo---------- -----------
74 ± 4 (74 ± 6) 7.2 I 7.0 -0.15 -0.35 

---------------------- ------------------------- ---- .. - .. --- -----------

64 ± 4 ( 65 ± 4) 7.1 6.8 -0.05 -0.25 

---------------------- ------- .. ---- -- .. --------- ---- .. ----- ---_ .. ------
56 ± 2 (56 ± 4) 7.4 6.9 -0.55 -0.40 

---------------------- ----------- ------------ ---- .. ----- ------------
46 ± 2 (48 ± 3) 6.9 6.9 -0.23 -0.05 

----------------------1------------1-------------r---------- ------------
37 ± 3 (38 ± 2) 7.4 7.0 -0.30 -0.20 

---------------------- ------------------------r---------- ------------

25 ± 1 (25 ± 3) 7.4 7.1 -0.50 0.10 

(1) Temperature values in parentheses refer to uncooked fish, where 

different from those of cooked fish. 
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hydrolysis. A pH drop as observed is a characteristic feature of 

protein hydrolysis reactions. The decline in pH is caused by the 

freeing of amino acid carboxyl groups from the protein chain by the 

hydrolytic agent (acid or enzyme). In fact pH drop during proteolysis 

has been adapted into an in vitro method for determining protein 
digestibility (Hsu et aL, 1977). The apparent irregularities in the 

pH-time curves can be attributed to a number of factors. The main one 

is the fact that there is a mixture of molecular species and ions in 
the reaction vessel which are likely to exhibit buffering tendencies. 
Therefore in the light of the complexity of the situation it is more 
meaningful to look at the general trends and overall picture (of the 

pH changes) rather than the details. 

Figures 28 and 29 respectively show the changes in pH during hydroly

sis of cooked and uncooked fish using different acid concentrations. 

Table 7 shows the nett changes in pH after hydrolysis. It is signi
ficant to note that in both cooked and uncooked fish, exceot for the 

highest acid concentration [11.3M) the pH increased rather than 

decreased over the 30 minute period. It is also of interest to note 
that the increase in pH was inversely prooortional to the acid concen
tration. This observation could also be attributed to the buffering 

capacity of fish tissues. Studies on fish silage production have shown 

that the quantity of acid required to lower the pH to 2, for example, 
depends on the concentration of protein and ash in the raw material 

according to the following empirical formula (Raa and Gildberg, 1982) 

(a x 0.14 + b x 0.9)t of 14N acid per 100 kg raw 
material 

where a = % crude protein of wet weight and b = % ash of wet weight. 
(The formula was based on work with a mixture of sulphuric and hydro

chloric acid with a normality of 14). In this study a constant volume 

of acid was added to the fish mince, irrespective of acid concentration 

(see 3.3.2). Since the % protein and ash were constant it can be seen 
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from the empirical formula that the lower the acid concentration 

the less effect it had on lowering the pH. Due to the buffering 
capacity of the fish tissues the quantity of acid needed to lower 

the pH to a given value would be inversely proportional to the acid 

concentration. 
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FIGURE 28: Changes in pH during hydrolysis of cooked HapLochromis 

using different acid concentrations 
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FIGURE 29: Changes in oH during hydrolysis of uncooked Haplocnromis 

usinq different acid concentrations 
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TABLE 7: Nett changes in pH after hydrolysis of cooked and 

uncooked Haplochromis using different acid concentrations 

Acid Initial pH of Mince Nett Change in pH 

Concentration 
(M) Cooked Uncooked Cooked Uncooked 

11.3 7.4 6.9 -0.55 -0.40 

---------------\-------------f--------------- \------------ ------------
7.5 6.85 7.0 +0.45 +0.05 

----------------------------f--------------- ---------- -----------

5 6.75 6.85 +1.10 +0.55 

--------------- ------------ --------------f------------ ------------
2.5 6.9 6.95 +2.05 +0.90 
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4.3 NEUTRALISATION 

At the end of each hydrolysis "run" the acidic hydrolysate was 

neutralised with sodium hydroxide solution (lOM, 7.5M, 5M and 2.5M 

depending on the acid concentration used for hydrolysis) to the 
ori gi na 1 pH of the mi nce (Fi gure 8). Table 8 shows both the pH of 

the mince (prior to hydrolysis) and the neutralised hydrolysates 
for all the samples. 

As the table shows the pH of the mince varied between 6.75 and 7.5, 

a variation which is not unusual. The pH of live or newly-caught 

fish is slightly alkaline and ranges between 7.05 and 7.35 (Cutting, 
1969). After death, however, the pH falls due to the breakdown of 

muscle glycogen,.anaerobially, to lactic acid. The final pH depends 
on factors such as the nutritional status of the fish. In starving 

fish there is very little glycogen in the muscle and the pH remains 
close to neutrality after death. In well fed fish, however, the 

larger amount of glycogen in the muscle gives rise to considerable 

amounts of lactic acid and hence low pH. A pH as low as 6.0 in sea-. 
caught fish has been recorded (Love, 1980). 

Post mortem pH is associated with various rather complicated phenomena 
such as rigor mortis and gaping in fish (Amlacher, 1961; Love, 1980). 
For the purposes of this study, however, the two phenomena would not 

be particularly important because the fish is comminuted and ulti

mately turned into powder. Measurement of pH of mince, therefore, 

only serves to establish the "end-point" of the neutralisation process. 

Theneutralisation step may offer an opportunity to alter the flavour 
of the final product. Orlova et al (1979) working on acid hydrolysis 

of fish, for example, found that a hydrolysate neutralised to pH 5.8-

6.0 gave "acid taste and smell but neutral". A pH range of 6.6-7.0 

gave rise to "sweet taste and ammonium smell" and when neutralised 

to pH 6.0-6.4 the hydrolysate gave a "pleasant meaty/mushroomy flavour 

and sme 11" . 
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TABLE 8: pH of mince and neutralised hydro1ysates of cooked 

and uncooked Haplocl,l'omis 

samp1e(1) pH of Mince pH of Neutralised 
Hydrolysate 

C25 7.4 7.4 

C37 7.4 7.4 

C46 6.9 6.8 

C56 7.0 7.0 

C64 7.1 7.0 

C74 7.2 7.2 

C84 7.2 7.2 

-------------------- --------------------- -----------------------
U25 7.1 6.8 

U38 7.0 7.0 

U48 6.9 6.9 

U56 6.9 6.9 

U65 6.8 6.8 

U74 7.0 7.0 

U84 6.9 6.9 

--------------------- --------------------- -----------------------
C2.5M 6.9 6.9 

C5M 6.75 6.75 

C7.5M 6.85 6.85 

---------------------- --------------------- ----------------------
U2.5M 6.95 6.95 

U5M 6.85 6.85 

U7.5M 7.0 7.0 

(1) C = cooked fish; U = uncooked. See Appendix 23 for full 
explanation of codes. 
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It is also possible at the neutralisation stage to reduce the 
potential content of sodium (cf NaC1) in the final product (see 
4.7.4). By using a mixture of KOH and NaOH solutions to neutralise 
the hydrolysate it is possible to reduce the amount of NaC1 in the 
final product. Mixtures of NaC1 and KC1 have been used to produce 
organo1~ptica11y-acceptab1e low-sodium fish sauces (Chayovan et aZ, 

1983) . 

. 4.4 HOMOGENIZATION 

The hom~genization step was incorporated because due to the varied 
nature of the raw material (flesh, skin, bones and scales) it was 
necessary to have a homogeneous hydrolysate prior to drying. After 
homogenization the hydrolysate was sieved using a metal sieve with 
an aperture of 710 microns. The object of sieving was to ensure that 
no unhomogenized particles remained in the hydrolysate for these 
could have blocked the spray drier nozzle. 

All the 11.3M and 7.5M acid concentration hydro1ysates were easily 
homogenized and no particles larger than 710 microns remained. (No 
particles were left behind after sieving). However the hydro1ysates 
of the 5M and 2.5M acid concentrations had small quantities of soft 
carti1agenous material which had not been homogenized and could not 
pass through the sieve. It was found, however, that the carti1agenous 
ma teri a 1 cou1 d eas ily be further softened (for subsequent homogeni za ti on) 
when returned to the reaction vessel. 

4.5 BLEACHING 

In the early stages of the experimental work the hydro1ysates were 
drum dried. On examination, however, it was found that the drum dried 
products had a grey, mud-like appearance which the consumers· might not 
like. So the idea of bleaching the hydro1ysates before drum drying 
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was introduced. For every bleached sample there was a control which 
was unbleached. The results of bleaching, from the colour point of 
view, are discussed appropriately in Section 4.6.5. 

As outlined in 3.3.5 the bleached hydrolysates were washed and centri
fuged twice to remove residual hydrogen peroxide. It was also 
envisaged that the washing and centrifuging would result in reduction 
of total lipid in the final product. The effect of the washing and 
centrifuging procedures on true protein nitrogen (TCA-insoluble 
nitrogen TPN) and total nitrogen was also investigated and·the 
results are shown in Figures 30 and 31 and Tables 9 and 10. The 
immediate observation is that in both cooked and uncooked fish, irres
pective of temperature there was a loss (in varying amounts) of total 
lipid, TPN and total nitrogen during washing and centrifuging. In 
cooked fish the greatest loss in the amount of total lipid occurred 
in sample C37 (Table 9 and Figure 3D) in which about 50% of the lipid 
was removed by wash i ng and centrifugati on. The 1 east reducti on in 
total lipid occurred in sample C74 where only about 10% of the original 
lipid was removed by washing and centrifugation. Over 80% of the lipid 
also remained in samples C56 and C64. In uncooked fish, however, most 
lipid was lost in sample U74 (Table 10 and Figure 31) where nearly 71% 
of the lipid was lost through washing and centrifugation. The least 
amount of lipid was lost in sample U48 where 40% of the original total 
lipid was washed and centrifuged out. 

From Tables 9 and 10 and Figures 30 and 31 it can be seen that washing 
and centrifugation removed more lipid from uncooked than cooked fish. 
At first this may seem contrary to ~Ihat would have been expected. A 
considerable proportion of lipid would have been expected to be removed 
from the cooked fish by washing and centrifugation. This is because 
experience from fish meal production has sho~m that cooking ruptures 
the cell walls releasing physiologically bound water and oil (Sikorski 
et aZ, 1984). However, what was observed in this study was that nearly 



TABLE 9: The effect of centrifuging and washing on total lipid (TL). total nitrogen (TN) and true protein nitrogen (TPN) of 
cooked Hap~oc)~omis hydrolysate 

Sample(l) 
A(2) B(3) A B A B 

. 

C 24.2 9.4 B.5 
Raw 
material ------------ ---------- ------------ ------------------------ -----------------------

C25 12.0 13.7 8.9 8.0 6.7 
------------ ___ tQ:~L _____ tQ:~L ___ tQ:1L ___ __ iQ:1L __ ___ iQdL ___ 

C37 10.8 12.2 8.2 7.5 7.1 

------------ ___ iQ& __ _____ iQ:1L ___ iQ:fL ___ __ iQ:1L __ __ iQ:fL __ 

C46 14.8 16.2 8.5 7.9 7.3 

------------- ___ iQ:~L _____ iQ:~L ___ iQ:~L ___ __ iQ:1L ___ __ tQ:~L __ 

C56 17.6 19.4 7.8 7.5 7.0 

------------- ___ t1:~L _____ tUL_ ___ iQ:1L __ __iQ:~L __ ~ __ iQ:~L __ 

C64 17.2 20.2 7.8 7.3 6.8 

------------- ___ tQ:~L. _____ tQ:1L _ ___ iQ:~L __ f---iQ:1L __ ___ iQ:1L __ 

C74 11.2 21.6 6.6 5.8 6.3 

------------- ___ iQ:~L. ____ JUL __ ___ iQ:~L ___ r--iQ:~L--- ___ iQ:~L __ 
C84 11.6 14.1 6.7 6.1 6.0 

(0.3) (0.6) (0.4) (0.5) (0.5) 

Notes: (1) See Appendix 23 for explanation of sample codes 
---- (2) Hydrolysate after 1st centrifugation (see 3.3.5) 

(3) Hydrolysate after 2nd centrifugation (see 3.3.5) 
(4) Mean deviation in parentheses 

6.5 
_ __ iQ:fL __ 

6.8 
_ __ iQ:fL __ 

6.8 
___ iQ:fL __ 

6.5 
_ __ iQ:~L_ 

6.1 
___ tQ:fL __ 

5.6 
___ iQ:~L_ 

4.2 
(0.4) 

Final Final Final 
lipid as TPN TN as 

% of as % of % of 
TL in TN of TN of 

raw raw raw 
material materi a 1 material 

100 90.4 100 

------------- ------------- ------------
56.6 69.1 85.1 

---------------------------r------------
50.4 72.3 79.8 

------------- -------------
-----------: 66.9 72.3 84.0 

------------- ------------- -----------
80.2 69.1 79.8 I 

------------- -------------r--- ---------, 
83.5 64.9 77 .6 

------------- -------------r------------
89.2 59.6 61. 7 

---------------------------r------------
58.3 44.7 64.9 

~ 

o 
w 



TABLE 10: The effect of centrifuging and washing on total lipid (Tl). total nitrogen (TN) and true protein nitrogen (TPN) of 

uncooked HapZoahromis hydrolysate 

Sample(l) 
Tl (%) TN (%) TPN (%) 

A(2) B(3) A B A B 

U 22.9 8.9 8.0 
Raw 
materi a 1 r--- ___________ iQ!12 _____ ___ lQ!§L __ ----------r--1Q!fl------------------- ----------
U25 11 .5 12.2 7.3 7.2 6.2 

------------- ___ lQ!~L _ ____ lUL ___ ___ lQ!gL ___ lQ!~L __ __ lQ!gL_ 

U38 1l.9 12.3 7.3 6.9 . 6.5 

------------- ___ lQ!!L_ ____ lQ!2L ____ ___ lQ!1L ___ lQ!§L ___ _ JQ!1L_ 

U48 9.8 13.7 7.0 6.8 6.3 
------------- ___ lUL_ ____ lQ!~L __ ___ lQ!gL ___ lQ!gL __ _JQdL _ 

U56 10.3 10.1 7.2 6.7 6.6 

------------- ___ lLgL. ____ lQ!ZL __ ___ lQ!~L _ ___ lQ!gL _ __iQ!~L __ 

U65 13.7 8.5 5.7 5.5 5.6 

------------- ___ lQ!2L _ ____ lQ!Z2 _____ ___ iQ!gL __ jQ!~L_ _JQ!!L __ 

U74 10.1 6.7 6.8 6.2 3.2 
__ lQ!1L ____ lQ!§L ___ ___ lQ!~L ___ lQ!~L __ __ iQ!gL __ -------------

U84 10.4 10.7 5.7 5.2 2.4 
(2.0) (l. 6) (0.1 ) (0.1) (0 ) 

Notes: (1) See Appendix 23 for explanation of sample codes. 
(2) Hydrolysate after first centrifugation (see 3.3.5). 
(3) Hydrolysate after second centrifugation (see 3.3.5). 
(4) Mean deviation in parentheses. 

5.9 
r--1Q!!L-----

6.0 
r--1Q!!L-----

6.0 
__ lQ!!L ____ 

6.3 
__ iQ!!L ____ 

5.0 
__lQ!QL ____ 

2.9 
. 10 2} -- -.:..- ------

2.3 
(0) 

Flna I Flnal Flnal 
1 ipi d TPN as TN as 

as % of % of TN % of 
TL of of TN of 

raw raw raw 
materi a 1 material material 

100 89.9 100 

---------- --- -------------- -----------
53.3 66.3 80.9 

-------------- --------------f------------
53.7 67.4 77.5 

-------------- --------------~-----------
59.8 67.4 76.4 

-------------- -------------- ,..-----------
44.1 70.8 75.3 

------------- --------------f------------
37.1 56.2 6l.8 

---------- ----------------- -----------
29.2 32.6 69.7 

---------- ---r-------------r-----------
46.7 25.8 58.4 
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50% of the lipid was lost in sample C37 through washing and centri
fuging but only 10% was lost in sample C74. Yet in uncooked fish, 
about 46% of the lipid was removed from U38, the sample corresponding 
to C37 and about 71% of 'the lipid was removed from U74 the correspon

ding sample to C74. From the data presented above and also the 
results in Table 2, it would appear that the fish was not cooked for 
long enough for the cells to rupture. (In fish meal production the 

fish is cooked at about 1000C for about 20 minutes (Sikorski et al, 

1984). The fish in this study was only cooked for 5 minutes (see 

3.3.1). It is possible that the cooking weakened the cells enough 
'~o be ruptured when mixed with the acid at the lower temperatures, 

hence the total 1 ipid was reduced to 56.6% and 50.4% of the original 

amount in samples C25 and C37 respectively. As the temperature 

increased however some changes in the fish tissues must have taken 
place which resulted in more lipid being retained even after washing 

and centrifugation (Figure 30). Theoretically there is a possibility 
that ionic linkages could be formed between phosphate groups of phos
pho1ipids and NH/ of proteins (Asghar and Henrickson, 1982). Ester 

and amide linkages, also, could have been formed between NH3+ and COO 

groups (of protein) and fatty acids. The end result would be the 
tra~·ping of the lipid in the form of emulsions thus retaining it even 
after washing and centrifugation. The substantial decrease in the 

lipid content of C84 could be explained in terms of the increased 
hydrolytic effect of the acid at 840 (see 4.2.2) resulting in disrup
tion of the lipid-protein bonds. 

In uncooked fish, however, the situation was different. Due to the 
presence of proteolytic enzymes the protein was readily hydrolysed 

into sma11er,mo1ecu1es in such a way that fewer lipid-protein bonds 

were formed, hence the marked reduction in total lipid as a result of 
washing and centrifugation. 

Although bleached hydro1ysates were lighter in colour than unb1eached 

ones (see 4.6.5) the bleaching procedure brought about some major 
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undesirable effects in the product. In the first place there were 
considerable losses of TPN ranging between 22% and 68% in cooked 

fish and 24% and 111% in uncooked fish. Such high protein losses 
arose mainly from the fact that the hydrates contained salt (NaCl -

a by-product of the neutral isation process) which on addition of 
'.' water formed an ideal extraction medium for the proteins. When the 

hydrolysates were centrifuged and the supernatant discarded salt 

soluble proteins were discarded with it, and some of this was TPN. 
It is significant to note that TPN losses were higher in uncooked 

fish than cooked fish. TPN losses were related to the amount of 
hydrolysis that had taken place in the samples. In hydrolysates 

where appreciable amount of hydrolysis had taken place (as shown by 

nett increase in TCA-soluble N of sample cf. Table 4) the TPN 
losses were high. In uncooked fish hydrolysis was about three times 

as much as that in cooked fish (Table 4 and Section 4.2.1). 

Another undesirable effect of the bleaching procedure was the possi
bility of oxidative rancidity induced by the hydrogen peroxide. The 
presence of salt, unsaturated fatty acids and hydrogen peroxide (an 

oxygen donor) in the hydrolysate would favour the initiation and 
propagation steps of oxidative rancidity (see 2.3.2). Hydrogen 

peroxide has also been associated with the destruction of certain 

amino acids particularly methionine, cystine and tyrosine (Koning 

and RooiJen~ 1972). There are reports, however, where it has succes

sfully been used to improve the colour of fishery products such as 

fish protein concentrate type A (FPC A) (Rasekh et al, 1972; Orlova 
et al, 1977) and marinated herring (Sims et al, 1975)"without affec

ting the nutritional value of the protein. 

It was in the light of the undesirable effects discussed above that 

the bleaching procedure was abandoned. Since it was introduced as 

a means of improving the colour of drum dried hydrolysates, in the 

first place, the drum drying method was also abandoned in favour of 
spray drying. 
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4.6 PRODUCT AND PROCESS EVALUATION 

Among the objectives of this study was to produce a fish powder of 
high nutritional value and microbiologically and chemically stable 
at tropical ambient conditions. Emphasis was placed on chemical 
analytical work as a means of assessing the nutritional quality 
of the products. The stability of the products would also be 
assessed in the light of the chemical composition data. 

4.6.1 Protein 

4.6.1.1 Total nitrogen (TN), TCA-soluble nitrogen/ 
non-protein nitrogen (NPN) and TeA-insoluble 
nitrogen/true protei n nitrogen (TPN) 

Table 11 and Figure 32 show the TN, NPN and TPN of the raw material 
and vari ous products. "Crude protei n" and "true protei n" values were 
derived by multiplying the TN and TPN values respectively by a factor 
of 6.25. Normally true protein values are lower than crude protein 
values because low molecular weight nitrogenous substances are 
excluded from the latter (see 2.3.1). In Table 11 and Figure 32, 
however, true protein values are higher than crude protein values 
except for samples U and C. This is because true protein and crude 
protein were determined on samples of slightly different composition. 
In determining true protein the samples were washed with trichloro
acetic acid solution to remove the non-protein nitrogenous compounds 
and in the process some of the salt contained in the products was 
eluted. This resulted in the nitrogen fraction increasing at the 
expense of the ash fraction. Crude protein, however, was determined 
on samples which contained all the salt effectively reducing the 
nitrogen fraction. 

Overall the results indicate that even after processing (true) protein 
formed the largest single component of the products, just as in the 
raw material. The crude protein figures, on the other hand, indicate 



TABLE 11: Proximate composition of ra~1 material and various products(l} resulting from acid hydrolysis of HapZochrorrris 

Sample 
Total 

Nitrogen 
(TN) 

Crude 
Protein 

(TNx6.2S) 

Per cent lZ ) 

"True 
Pr:ltein" 

(TCA-insoluble 
Nx6.25) 

Total Lipid Ash Salt 
(NaCl) 

Water(3} 
Acti vi ty 

(aw) 

Uncooked fish 9.1 57.1 47.5 24.3 19.3 0.2 -
_~ ________________ {Q!~l_Q_:_!! ____ {~!~l_~_:_!! ___ {Q!~l_~_:_~ _____ {Q!~l_Q_:_~ ______ {Q!!l_Q_:_~ ____ {Q!Q!l_~_:_~_ ---------------
Cooked fish 9.7 60.6 51.5 25.3 19.3 0.1 -

_~ ________________ {Q!~l_~_: __ Z ____ {~!~l_~_: __ Z ___ {Q!~l_Q_:_~ _____ {!!~l_~_:_~ ______ {Q!!l_~_:_~ _____ {Q!Q~l_~_:_~ ______________ _ 
C2_5M 7.7 48.3 64.9 14.7 28.6 4_9 0.50 

__________________ {Q!Q~l_~_:_~ ____ {Q!~l_~_: __ ~_r--{Q!~l-~-:-~------{!!!l------------{Q!~1_Q_:_1 _____ {!!21_~_:_~ __ --------------
C5M 7.3 45.6 61.9 13.6 37.3 10.2 0.59 

___________________ {Q!!l_~_:_~ ___ ----- ___ ~_: __ ~_r--{!!§l-~-:-~------(!!§l------------(~!~l_D_:_~ _____ {§!Ql_~_:_~ __ ---------------
C7.5M 6.6 41.4 60.8 14.5 38.5 16.1 0.47 

__________________ (Q!!l_~_:_~ ______ (Q!~L~_: __ ~+--1l!2L~-:-~--- ___ (Q!§L ___________ (Q!gl_~_:_1 _____ (~!QL!J_:_1 ________________ _ 
Cll.3~1 5.6 34.9 69.0 9.5 49.9 38.0 0.36 

__________________ (Q!~l_~_:_~ _____ (!!!l_Q_: __ ~ ___ {~!!1_~_:_1 _____ (Q!11_!J_:_1 ______ 11!~1_~_:_~ _____ {g!Ql_~_:_~ _______________ _ 
UA 7.0 43.7 56.5 12.6 36_1 11.4 0.33 

____________________ {Ql __ ~_:_~ ______ {Ql __ ~_: __ ~ ___ (~!11_~_:_~ _____ (l!~l_~_:_~ ______ lQl __ ~_:_g _____ (Q!ll_~_:_~ ________________ _ 
UB 7. 3 45 .6 67 . 2 11 . 2 31 . 1 0 . 6 0 . 34 

____ " ______________ {Q!!l_~_:_~ _____ {Q!§l_Q_: __ ~ ___ {Q!§l_~_:_~ _____ {l!~l_~_:_~ _____ (Q!~l_~_:_~ ____ (Q!Q~l~_:_g ________________ _ 
CA 6.8 42.2 63.6 9.5 40_9 12.9 0.32 

____________________ (Ql __ ~_:_~ _______ (Ql __ ~_: __ ~ ___ (l!~l_~_:_~ _____ {Q!§l_~_:_g ___ -_(Q!!l_~_:_g __ r--{Q!~~l~-:-~-- ---------------
CB 6.6 41. 2 58.3 9.0 40. 9 1 .8 0.34 

(0.2) n = 2 (1. I) n = 2 (1_7) n = 2 (0.4) n = 2 (O.S) n = 2 (0.3) n = 2 

Notes: (41) See Appendix 23 for explanation of sample codes. 
( ) Standard/mean deviation in parentheses. 

(2) Ory weight basis. (3) Single determination. 



FIGURE 32: Proxir.late composition of raw material and various products(l) 

resultina from acid hydrolysis of Haplochto~a 
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that as the acid concentration increased the crude protein 

effectively decreased. The crude protein content of C2.5M for 

example was approximately 6%, 15% and 32% higher than that of CSM, 
C7.5M and Cll.3M respectively. The crude protein decreased because 

of a corresponding increase of the ash and salt after neutralisation. 

Samples Cll.3M, UA, UB, CA and CB were produced using 11.3M HCl. 

However, the crude protein content of Cll.3M is, on average, 16% 

lower than that of the others because some of the salt in the latter 
was removed through washing and centrifuging prior to drying (see 
3.3.5 and Table 11). 

The crude protein content of all the products is higher than that of 

salted and dried Haplochromis developed by Dhatemwa (1981) (protein 

content 28%) and roller dried Haplochromis/carbohydrate mixtures 

developed in Tanzania (Jensen et al, 1982) (protein content 30%). 
60th the salted cakes and fish/carbohydrate mixtures are still 
under development and intended for the East African market. 

4.6.1.2 Amino acids 

Table 12 shows the amino acid profiles of the raw material and eight 
final products of acid hydrolysis of whole Haplochromis. The amino 

acid profile of the raw material was included as a reference with 

which to compare the products. The aspartic acid, serine, glycine 

and alanine contents of all the products were considerably lower 
than those of the raw material. Threonine was about 52% and 10% lower 

in C2.SM and C5M respectively than in the raw material. Methionine 

was approximately 32% lower in CSM and C7.5M than in the raw material. 

Lysine was about 11% lower in C2.5M, CSM and CA and 18% lower in 

C7.SM than in the raw material. The observed lower values in the 

products may have been due to the destruction of some of the amino 
acids by the acid during processing. There is also a possibility 
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TABLE 12: Amino acid profiles of HapZochromis and various trOducts 
resulting from acid hydrolysis of the whole fish II 

Amino Acid Sample 
g/100g C2.SM C5M C7.5M Cll.3M UA UB CA CB Protein 

Aspartic 5.1 8.7 8.2 10.6 10.5 9.2 9.7 10.7 acid 
Threonine 3.0 4.6 4.9 5.1 5.8 5.1 5.7 5.5 
Serine 4.6 5.6 7.1 6.9 7.0 6.6 6.4 6.7 
Glutamis: 17.4 15.6 16.5 18.8 18.6 16.0 17.2 16.6 acid 
Glycine 6.8 6.8 5.9 7.3 4.4 4.7 4.5 3.9 

Alanine 6.9 6.6 5.8 6.6 5.7 5.3 5.7 5.5 
Cys ti ne 0.7 0.8 0.9 0.2 1.2 0.7 1.0 <0.1 
Valine 3.6 3.8 3.5 3.5 4.4 3.7 4.2 4.3 
Methionine 1.8 1.6 1.6 2.2 2.5 1.9 2.2 2.4 
Isoleucine 3.8 3.5 3.1 4.1 4.7 3.8 4.4 5.1 
Leucine 7.6 7.4 6.7 8.2 9.1 7.6 8.6 9.0 

Tyros i ne 2.7 2.5 2.4 2.8 3.6 2.9 3.7 3.7 
Phenyl- 3.8 3.6 3.7 4.1 4.8 4.3 4.8 5.7 alanine 
Ammonia 0.5 0.5 0.5 0.6 0.4 0.5 0.4 0.4 
Lysine 7.5 7.5 7.0 8.1 8.4 8.7 7.5 7.8 
Histidine 1.8 1.9 1.7 2.3 2.3 2.0 2.1 2.2 
Arginine 5.7 5.8 5.4 6.1 6.6 5.2 5.5 5.6 

------------r------r------ ------- ,..-------- ------ ------ ---- ------
Hydroxy- 3.3 3.2 2.5 proline 2.5 - - 2.5 0.9 

------------ ------1------- -------1--------- ------ ------ ---- ------
% Protein 48.1 45.6 41.2 34.4 43.7 45.6 42.2 41.2 (N x 6.25) 

Notes: 

(1) All single determinations. 
(2) Whole fish dried in oven and ground. 
(3) See Appendix 23 for explanation of sample codes. 

WhOle 
Fish(2) 

11.8 

5.1 
9.7 

19.0 
8.5 

7.3 
0.1 
3.5 
2.2 
4.2 
8. 1 

2.9 

4.1 

0.6 
8.4 
2.0 
-

---------
4.0 

--------

55.6 
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that some amino acids are lower than expected due to incomplete 

hydrolysis of the bonds involving them, during the preparation of 

the samples for amino acid analysis. The stability of peptide 
bonds formed by valine, isoleucine and leucine, for example, may 

lead to low yields of these amino acids in total hydrolysates (Hill, 
1965). This may explain why the isoleucine values for C5M and C7.5M 
were 18% and 30% respectively lower than the raw material values. 

Leucine values for C5M and C7.5M were also 9% and 19% respectively 

lower than the corresponding values for the raw material. 

Generally more amino acid destruction (or incomplete hydrolysis) 

occurred in C2.5M, C5M and C7.5M-than in the other products. The 
relative ease with which certain amino acids are destroyed is a 
direct result of the lability of the bonds involving those amino 
acids. For example, the peptide bonds formed by the amino groups 

of serine and threonine are reported to be extremely labile. Hydro
lysis of proteins in 10N Hel at 300e and 12N Hel at 200C results in 

rapid liberation of amino groups of the hydroxyamino acids, without 
much effect on other end groups (Hill, 1965). Studies on total acid 

hydrolysis of protein for 24 hours with 6N HCl at 1100C, under con

ditions which rigidly exclude oxygen, non-protein substances and metals 
have shown that 5-10% of the serine and threonine are destroyed. The 

results in Table 12, however, show that the serine content of all the 
products was considerably lower (31-73%) than that of the raw mate

rial. The conditions of acid hydrolysis of HapZochromis to produce 

the products in the table favoured the extensive destruction of the 
aw.inoacids (presence of oxygen and other non-protein SUbstances). 

Other amino acids such as cysteine, aspartic acid, glutamic acid, lysine, 

arginine, tyrosine and proline have also been reported to be destroyed 

by acid, though to a lesser extent (Hill, 1965). 

Hydroxyproline contributed between 2.5% and 3.8% of the amino acids 

analysed in samples C2.5M, C5M, C7.5M, Cll.3M and CA. In the raw 
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material hydroxyproline accounted for 3.9% of the amino acids 

analysed. The amino acid is a structural component of collagen 
(skin, bones, scales and eyeballs). 

A certain amount of ammonia was detected in all samples. This was 
most likely to have arisen from the conversion of glutamine to 

glutamic acid and asparagine to aspartic acid. Some ammonia is 

also reported to originate from liberation of a-amino nitrogen of 

serine and threonine (Smyth et al, 1962). 

When the amino acid values for whole fish in Table 12 are compared' 
with those obtained from earlier studies (Appendix 24) it is found 
that there is some appreciable difference. Generally the values in 
Table 12 are'lower than those in Appendix 24. The difference may be 

due to experimental error or variation between laboratories. It is 
also important to take into account the fact that the results in 
Table 12 are based on a single determination. 

The purpose of determining the amino acid content of a protein, from 

a nutritional point of view is to assess the protein as a source of 

the amino acids essential in man (Appendix 25). Ssa1i (1981) found 
that whole HapZochromis would provide all the essential amino acids 
(except tryptophan which was not determined) in good quantities. 

When the values for the amino acid content of the products of acid 

hydrolysis in Table 12 are compared with the essential amino acid 
requirements in man it can be seen that the products still provide 

the essential amino acids in sufficient quantities. The exceptions 
are tryptophan which was not determined and cystine (sulphur containing) 

which was determinedi'but some cystine may have been destroyed by acid. 

It would be best to determine cystine as cysteic acid (Moore, 1963; 

Hi rs, 1967) and tryptophan by a 1 ka 1 i ne hydro 1Y'5 i 5 or other methods 

discussed in 2.5. From a nutritional point of view a1 so the lysine 

content is best evaluated as "available lysine" (Booth, 1971). 
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The amino acid analysis results in this study should not be regarded 
as conclusive but should only serve as a guide when assessing the 

effect of acid hydrolysis (as a processing method) on the nutritional 

value of Hapl.oC]h'ol'lis powder. The results show that the fish powder 
produced by acid hydrolysis would be a valuable source of essential 

amino acids in particular. Conclusive data on amino acid content of 
the fish powder produced by acid hydrolysis would be best obtained 
using a hydrolytic technique which qualitatively and quantitatively 

yields all the amino acids in the protein. By using the reagent 4N 

methanesulphonic acid containing 0.2% 3-(2-aminoethyl) indole instead 

of'6N HCl to hydrolyse the protein Simpson et a/. (1976) demonstrated 

that complete amino acid analysis of proteins from a single hydro

lysate can be achieved. For complete assessment of the nutritive 
value of a protein, however, amino acid profiling should be comple

mented ·with other studies such as digestibility of the protein. 

4.6.1.3 Protein digestibil ity 

Although the amino acid profile of a protein is a useful indicator 

of its nutritional value, the ultimate test is the digestibility and 
availabil ity of its amino acids. The classic method for determining 

protein digestibility is by using rat bioassays but this is an 
expensive and time consuming procedure. A number of in vitro methods, 
however, have been developed for measuring protein digestibility. 

Although they have some shortcomings their main advantages are that 
they are much quicker and cheaper than the bioassay method. In this 

study an in vitro method described by Hsu et a/. (1977) (see 3.4.1.3) 

was used to assess the di~estibility of the proteins of four 

Hapl.oC]hromis powders (C2.5M, C5M, C7.5M and Cll .3M). The results 

are shown in Figures 33-36 and Appendices 26-29. 

The in vitro protein digestibility method used in this study is based 

on measurement of pH drop when enzyme is added to the protein substrate. 

The pH drop results from the release of carboxyl groups from the protein 
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FIGURE 33: pH vs time curves obtained by incubation of four 

FlavlochT'omis povlders and casein with the multienzyme system 
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FIGURE 34: pH vs time curves obtained by incubation of four 

HapZochY'omis powders and casei n ~Ii th chymotryps in 
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FIGURE 35: pH vs time curves obtained by incubation of four 

HapZochromis powders ~/i th pepti dase 
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FIGURE 36: pH vs time curves obtained by incubation of four 

Haplochromis powders and casein with trypsin 
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chain by proteolytic enzyme. The digestibility is characterized 

by (1) the rate of the pH drop immediately after enzyme addition, 
(2) the extent of the pH drop 10 minutes after enzyme addition, 

and (3) the equation describing the pH drop vs time. The in vit1'O 

results should be correlated with an in vivo method result. In 

this study, however, the procedure was simplified. Only the trends 
in pH drop for each of the four Hap~ochY'omis powders and the standard 

(casein) were considered. 

Figure 33 shows the pH drop when the protein samples were incubated 

with the three enzymes which together formed the mu1tienzyme system. 

Figures 34, 35 and ~6 show the corresponding pH drop during 10 

minutes when the protein samples were incubated with chymotrYPsin. 
peptidase, and trypsin respectively, 

It can be seen that although the invididual enzymes digested the 

proteins, as shown by the pH drop curves, the mu1tienzyme system 

brought about the greatest pH drop. Casein was digested to the 
greatest extent by all enzymes except chymotrypsin which digested 

all samples except C2.5M equally (Figure 34). 

When the initial rate of pH drop (as shown by the gradient of the 

curve during the first 0.5 min), is considered, particularly for 

the mu1tienzyme (Figure 33) it can be seen that the rate is slightly 

higher for casein than the Hap~ochY'omis powders. The initial rates 

of pH drop for the fish powders are almost the same. After the first 
minute however, the rate of pH drop decreases considerably particu~ 
1ar1y for the Cll.3M sample, indicating a lesser degree of digesti

bility for the sample protein. Although the order of in vitro 

digestibility by the multienzyme system seems to be casein> CSM > 

C2.SM = C7.SM > C11.3M when the respective mean deviations for the 

four samples are taken into account, it becomes apparent that all 

the four fish powder proteins show the same degree of in vitro 
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digestibility. However, they appear to be less digestible than 

casein. 

The apparent difference in digestibility between casein and the 

Haplochromis powders may not be due to inferior quality of the fish 
powder but to buffering capacity of the fish powder proteins. (The 

buffer capacity of a solution is an indication of its effectiveness 

in minimizing the pH change that results from the addition of a 

standard quantity of strong acid or strong base). Hsu et al (1977) 

concluded-that the buffering capacity of the food proteins they 
studied did not affect their in vitro digestibility. Suyama and 

Shimizu (1982), however, found that the dipeptides carnosine, 

anserine and balenine (which are part of the non-protein nitrogen 
fraction of fish tissue) possess strong buffering capacities above 
pH 6. They also found that amino acids, organic bases, nucleotides, 

organic acids, sugars and sodium chloride had some buffering capacity. 
O'Hare et al (1984), also provided evidence suggesting that the buff

ering capacity of the protein may alter considerably the degree of 

digestibility obtained using the type of assay described by Hsu et al 

(1977). In food proteins with a high buffering capacity the detection 

of bond cleavage (pH drop) would be masked. This would be likely in 
the case of the Haplochromis powder samples because of the existence 

of the compounds investigated by Suyama and Shimizu (1982) and their 

high content of ash (Table 11). The salts and other compounds in the 

samples would resist pH change. O'Hare et al (1984) suggested a 
modification of the method described by Hsu et al (1977) involving 

the use of an automatic titrator to overcome the problem of buffering 
capacity of the proteins. 

The results for the protein digestibility of the Haplochromis powder 

protein are not sufficient to enable definite conclusions to be drawn. 
In addition to solving the equations for the pH vs time curves (Figure 

33) and determining the rate of pH drop after the enzyme addition 

it would be necessary to conduct parallel in vivo studies and correlate 
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the-in vitro and in vivo results. Fidanza (1984) reviewed in vivo 

and in vitro methods of evaluating protein quality and suggested that 

the quality evaluation procedure should start with in vitro assays 

and only move to in vivo methods if time, money and sample size are 

not limiting factors or there are some specific reasons the biological 
assays represent the final step. Allowing for the possible effect of 
the buffering capacity of the HapZoch1'omis powder proteins the results 

in this study indicate that the in vitro digestibility of the proteins 

is high. 

4.6.2 Total Lipid 

Table 11 and Figure 32 show the total lipid content of the raw material 

and eight products resulting from acid hydrolysis of Haplochromis. In 

all the products there was a reduction in the total lipid content,_ 

compa red with the raw ma teri al. I n the case of the spray dried 
products (C2.5M, C5M, C7.5M and Cll.3M) some of the lipid must have 
been extracted with the moisture during the spray drying process. Of 

the four spray dried products the greatest reduction in lipid content 

was in sample Cl1.3M (62%) and the least in sample C2.5M (43%). The 
difference between the lipid content of products C2.5M, C5M and C7.5M 

was within ±5%. In the drum dried products (UA, UB, CA and CB) some 

of the lipid was removed during the washin~ and centrifuging (see 

3.3.5). Taken as a whole the drum dried products contained about 
21% less lipid than the spray dried ones. Some of the apparent 
decrease in the lipid fraction-in all the products may be due to the 

increased ash content and therefore only relative. 

A substantial reduction in 1 ipid content of fishery products such as 

the ones under discussion is desirable. As pointed out in 2.3.2 fish 
lipids are highly susceptible to oxidative rancidity due to the presence 

of polyunsaturated fatty acids. The likelihood of oxidative rancidity 

taking place in the above products is increased by the fact that salts 

(cf. ash fraction in Table 11) and haem compounds such as haemoglobin 
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and cytochrome C which could act as proxidants (Labuza, 1971) are 

present in appreciable amounts. In this study no oxidative ranci

dity studies were carried out. However, Dhatemwa (1981) found that 

in dry salted fish cakes produced from Haplochromis mince (see 
2.2.2.3) some rancidity developed after a few weeks' storage. He 
suggested vacuum packing and the use of antioxidants as a solution 
to the problem. He also pointed out that some communities in Africa 

can tolerate a certain degree of rancid flavour in foods. In fact 
the traditional way of processing Haplochromis is sun-drying which 
can take up to six days for the fish to dry adequately (Dhatemwa, 

1981). Some degree of rancidity must have taken place by the time 

the fish dry and yet the consumers accept it. 

From a nutritional point of view a certain amount of lipid in food 

is desirable as a source of energy and essential fatty acids (Aaes

J,Jrgensen, 1957). Therefore provided rancidity is controlled a 
certain amount of lipid in the Haplochromis powder would be beneficial. 

4.5.3 Total Ash and Salt (NaCl) 

Originally only one concentration of acid (11.3M) was ir.tended to 

be used for fish hydrolysis. In fact that is why all the temperature 
vs extent of hydrolysis experiments were done using 1l.3M HC1. When 

the final prduct Cll .3M was submitted to a taste panel, however, the 
majority of the people indicated that the saltiness in the product 

was excessive (see 4.5.5). It therefore became apparent that the 
amount of fish powder that could be added to food would be limited 
by the salt content. Virtually all the salt in the final product 

originates from the neutralisation process according to the classic 
expression: 

Acid + Alkali __ n __ e:..:u __ t:.;.r..=a:.;.l..:.i.:.s a::.t.::..i:..:o:.;.n~ S 1 t W t ) a + a er 
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Since the amount of salt formed depends on the concentration of the 
acid it was decided to use concentrations of acid lower than 11.3M 

and hence reduce the salt concentration in the final product. 

Table 11 and Figure 32 show the ash content of the raw material and 

eight products of acid hydrolysis of HapLochromis. As expected the 

ash and salt content increase as a function of acid concentration. 
It mus t be poi nted out that although the term "salt" may cover all 

the inorganic products of the neutralisation process, for the purposes 
of this discussion it is used to mean sodium chloride (NaC1). 

Although products UA, UB, CA and CB were produced using the 11 .3M 

acid concentration they contain less ash and less salt than Cl1.3M 
which was also produced using the same acid concentration. This is 

because the former products underwent the extra washing and centri

fuging process where some of the salt was washed out and discarded in 
the supernatant (see 3.3.5). The UB and CB samples contained much 

less salt (0.6% and 1.8% respectively) because they were washed and 
centrifuged twice as opposed to UA and CA which were centrifuged once. 

It is interesting to note that although most of the salt was washed 

out of UB and CB the ash content still remained high (31.1% and 40.9% 

respectively), an indication that there were other inorganic products 

of the neutralisation process. These inorganic products would have 
originated mainly from bone and scales. The major inorganic consti

tuents of mackerel bone, for example, are calcium, phosphorus, magne

sium and carbonate (C03) and each constitutes 36.7%, 17.4%,2.76% and 
2.8% of the ash fraction respectively (Long, 1961). In the reaction 

vessel many possible reactions could take place between the acid, 

alkali and the bone components increasing the ash fraction. 

The results in Table 11 and Figure 32 show that the ash and salt 

content of the products can be regulated to a certain extent by acid 
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concentration. The choice of a suitable acid concentration for 

fish hydrolysis would take into account the preservative role of 

the salt (see 4.6.4) and the organoleptic test results. The acid 

concentration of 2.5M would suffice to soften its tissues, and on 
drying the aw level (O.50) attained would inhibit microbial growth. 

As mentioned in 2.2.4.1.1, however, there has been growing concern 

about the connection between high dietary sodium and hypertension. 

It may therefore even be desirable to have a lower sodium chloride 

content in the final product than that formed even with the lowest 
acid concentration (4.9 ± 1.9%). In theory this can easily be 

achieved by substituting KOH for NaOH or by using KOH/NaOH mixtures. 
Such mixtures have been reported to successfully reduce the Na 

content of fish sauce without affecting its sensory attributes 
(Chayovan et al, 1983). 

4.6.4 Water Activity (aw) 

The aim of producing a microbiologically and chemically stable fish 

powder under tropical ambient conditions as outlined in the objectives 

of this study was based on the fact that refrigeration facilities are 
scarce in Uganda. The poor distribution network in the country also 

necessitates to aim at producing dry food products whenever possible. 
The water activities of the products produced in this study were 

therefore determined in order to assess the success of the process 

in attaining the objectives. Table 11 shows the water activities 
of eight products of acid hydrolysis. Generally the products which 
were produced using the 11.3M acid concentration (Cll.3M, UA, UB, CA 

and CB) had lower water activities than those produced using less 
concentrated acid. This was because the former had higher solute 

concentration than the latter. However, it should be taken into 

account that the results were based on a single determination. The 
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results also show that drum dried products had lower water activi

ties than spray dried ones, an indication that drum drying was more 

effective as a dehydrating method than spray drying. 

It is significant to note that the water activities of all the 

products were below 0.65, the level at which very few organisms 

are known to grow. In fact it is suggested that at aw = 0.65 food 

spoilage would be most unlikely to occur in less than 1~ to 2 years 
(Scott, 1957). It can therefore be assumed that all the eight fish 

powders in Table 11 would be safe from microbial attack for several 

months. 

However, as discussed in 2.6.1, at low water activity levels in the 

absence of microbial spoilage foods become more susceptible to 

oxidative rancidity. The Hap~ochromis powder products in Table 11 
would be particularly prone to this type of spoilage, because of 

the presence of unsaturated lipids (Ssali, 1981) and potential 
proxidants discussed in 4.6.2. From the work that has been done 

on mechanisms of lipid oxidation in foods, using model systems, it 
has been suggested that there is an optimum moisture level for 

dehydrated foods which reduced the rate at which rancidity developed 

(Labuza, 1971). This concept is illustrated in Figure 5. According 
to the figure lipid oxidation in the Hap~oohromis powder (particu

larly the drum dried samples) would be around the minimum level. But 

the relative reaction rate increases rapidly between qw = 0.5 and 0.6. 
However when discussing chemical stability it is also important to 

take into account the complex system presented by the fish powder. 

Although extensive research has been cor.ducted on the chemical 
stability of dehydrated foods a considerable proportion of that work 

has been done on simplified model systems. Each food system, on the 
other hand, has its unique properties which may differ significantly 

from the model system. The results from model system studies should 

therefore only serve as a guide when predicting the chemical stability 
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of real food systems. The best way to understand the microbiological 

and chemical stability of the Haplochromis powder would be to conduct 

stability studies under Ugandan conditions. 

4.6.5 Colour 

As mentioned in 4.5 the earlier products of acid hydrolysis had a 

mud-like appearance to which Ugandan consumers were unaccustomed. 

(Uganda Ministry of Animal Industry and Fisheries, 1984). A blea-. 
ching step prior to drum drying was therefore introduced. However, 

for reasons discussed in 4.5 both bleaching and drum drying were 
abandoned in favour of spray drying. The various drum dried and 

spray dried products were visually different in colour. These 
visual differences were determined objectively using a colorfmeter 

(see 3.4.6). 

The human eye is sensitive to electromagnetic waves in the range 

380-780 nm. The eye incorporates two types of .1.ight sensitive 

"receiver"; receivers for brightness i.e. black and whi te, and 
receivers for colours. The latter are divided into three categories 

which are respectively sensitive to blue, green and red. The brain 
combines the colour signals and the sum of the colours is the resul

tant colour impression (Billmeyer and Saltzman, 1981). Therefore to 

quantify a colour impression three measurements are necessary and 

sufficient. The Hunter (L,a,b) system uses three axes; the L-value 
is oiven on a lightness/darkness axis, the a-value represents the 
red/green measurement and the b-value the blue/yellow measurement. 

Recognisable colour differences (6E) may be calculated using the 

following formula: 
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Table 13 shows the 6E values for 8 samples of HapLochromis powder. 

The table also includes the salt content values for the products 
because they have a bearing on some of the 6E values as will be 

di scussed 1 ater. 

Bleaching improved the colour of drum dried products. Products UB 

(6E = 67.1) and CB (6E = 64.1) were 1 i ghter in colour than the 
corresponding unbleached UA (6E = 54.2) and CA (6E = 60.5). Bleaching 

was more effective in the uncooked fish than in the cooked fish. 
(Compare UA with UB and CA with CB). The spray dried products (which 

were all unbleached, see Figure 10) had a lighter colour than the 
unbleached drum dried products. In fact the spray dried sample Cll.3M 

(6E = 70.1) was the highest of all samples including the bleached ones. 
Among the spray dried products colour brightness was a function of 

salt (NaCl) concentration. The lightest product (Cll.3M) had the 

highest salt content and vice versa. 

It is difficult to decide which product had the" "best" colour because 
the choice would depend on the consumers. The author is of the 

opinion, however, that all spray dried products would be readily 

acceptable to the consumers. Tests would have to be conducted to 
ascertain this view. 

4.6.6 Organoleptic Testing 

The Cll.3M sample was submitted to an "expert panel" for sensory 

evaluation as detailed in 3.4.7. The panel consisted of 2 qualified 
members of staff and students of the Fisheries Training Institute, 

Entebbe. According to the Institute's curriculum the students would 

have been taught the principles of sensory evaluation of fish but their 
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TABLE 13: Results of measurement of colour of HapZochromis 

powders 

sample(l) bE Value(2) Salt (NaCl) (%) 

White Tile 100 
( reference 

-------------------- ----------------------------------------------
C2.5M 60.2 (0.6) 4.9 

CSM 63.6 (0.5) 10.2 

-------------------------------------------------------------------
C7.SM 65.9 (0.5) 16.1 

-------------------------------------------------------------------
Cl1.3M 70.1 (0.7) 38.0 

-------------------------------------------------------------------
UA 54.2 (1.2) 11.4 

UB 67.1 (0.9) 0.6 

---------------------r----------------------~--------- -------------

CA 60.5 (1.8) 12.9 

---------------------r----------------------r----------------------
CB 64.1 (1. 2) 1. 8 

(1) See Appendix 23 for explanation of sample codes 

(2) Mean deviation in parentheses. 
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experience in the subject was not known to the author. Only one 

tasting session was conducted. 

Table 14 summarises the mean taste panel scores. It can be seen 
that for sample 1 (13g fish powder approx.) the majority of the 

people (10 out of 12) thought that the salt content, fish taste 
and odour were almost satisfactory and only the first traces of 

rancidity could be detected. When the fish powder was increased to 
2 spoonfuls (Sample 2, 25g approx.) however, less than half.of the 
panel (6 out of '15) found the product generally satisfactory. The 

odour and fish taste were re~arded as rather strong, the sample was 

regarded ranci d (mean score 3.1) and the salt vias cons i dered to be between 
"satisfactory" and "slightly salty" (mean score 3.6). Six people 

stated they definitely did not like the sample but did not state 

why and 3 people stated it was rancid but did not state whether they 
liked it or not. However, assuming that both groups did not like the 

sample it follows that 9 people out of 15 rejected it. When the 

amount of fish was further increased to 3 spoonfuls (Sample 3, 39g 
approx.) 8 people out of 14 commented the sample "too salty". The 

odour and fish taste were also considered "strong". It is interesting 
that the mean score for rancidity still remained at 3.1 in spite of 

the fact that the amount of fish powder had been increased by about 50%. 
When discussing the taste panel results with one of the panelists 

(Dhatemwa, 1984) it emerged that rancidity may have been interpreted 

differently among some panel members. 

The sensory evaluation results revealed that the salt concentration of 

Cll.3M (38%) might be excessive for most people. In fact the results 
prompted the hydrolysis experiments using lower concentrations of acid 

(2.5M, 5M and 7.5M) in order to lower the concentration of salt in the 
final product (see 4.6.3). The sensory test results also indicated 

that the fish powder may be highly susceptible to oxidative rancidity 

as discussed in 4.6.2 and 4.6.4. It should be realised, however, that 



TABLE 14: Summary of mean taste panel scores for HapZochromis powder (Gll.3M) 

Sample( 1) 
Parameter Tested(2) 

Odour Salt 

1.S 1.3 
0 n = 10 n = 10 

(0.7) (O.S) 

3.2 2.9 

1 ( 13g ) n = 12 n = 12 
(0.7) (0. S) 

3.9 3.6 
2(2Sg) n = lS n = lS 
. (0.8) (0.6) 

4.2 4.1 
3(39g) n = 14 n = 14 

(1.2) (0.8) 

------ -

(1) See 3.4.7 for explanation of sample codes. 
(2) Mean deviation in parentheses. 

Rancidity 

1.2 
n = 10 
(0.6) 

1.9 
n = 12 
(0.7) 

3.1 
n = lS 
(0.8) 

3.1 
n = 14 
(0.9) 

- ---

Fish Taste 

1.S 
n = 10 
(O.S) 

3.4 
n = 13 
(1. 1 ) 

4.1 
n = lS 
(0.8 

4.3 
n = 14 
(0.9) 

(3)· Figures in square brackets [ ] show number of times comment made. 

Other comments(3) 

No detectable taste of sample 

Good/satisfactory/nice 
Strong fish flavour 
Unsatisfactory preparation 

Good taste but too salty 
Satisfactory 
Rancid 
Not liked 

Good taste but too salty 
Colour good but too salty 
Not 1 i ked 
NH 3-1ike smell 

I 

I 

[10) I 

[10] 
[ 1) 
[ 1) 

[ 1) 
[SJ 
[3) 
[6) 

[S] 
[3] 
[S] 
[ 1 ] 

~ 

W 
N 
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the fish powder used in the sensory evaluation tests may have been 

produced from fish which was rancid already. The fish had been in 

cold store for several months before being processed. As discussed 
in 2.3.2 oxidative rancidity does take place during prolonged cold 
storage of fish. The problem can be solved by ensuring that only 

newly caught fish is used and/or incorporating antioxidant in the 
product. The antioxidant could easily be added during homogeniza

tion (Figure 8). 

4.6.7 Particle Size Analysis 

The particle size distribution in 8 samples of Hap2ochromis powder 
was determined and the results are shown in Table 15. The general 

comment about the results is that the spray dried samples (C2.5M, 

C5M, C7.5M and Cll.3M) were comprised of finer particles than the 
drum dried ones (UA, UB, CA and CB). For instance more than 75% by 

weight of the spray dried powders were under 106 ~m whereas in the 
drum dried ones, with the exception of UA, the percentage weight of 

particles under 106 ~m was less than 10%. This major difference was 
due to the fact that during drum drying products tended to flake, 

particularly when the temperature rose too high, increasing the 
particle size. The problem did not occur in spray drying. Although 
the results were not subjected to statistical analysis it appears as 

if acid concentration did affect the particle size of spray dried 

samples; the smallest particles being attributed to the highest 
concentration and vice versa. 

From a practical point of view very small particles would present a 

problem during preparation of fish powder for consumption. Since the 
powder would be used in soup formulation or incorporated into dishes 

such as groundnut sauce as a condiment (see 3.4.7) it should be easily 

reconstituted in water. The reconstitution process depends on the 

ability of the powder particle to adsorb water on its surface, a 



TABLE lS: Results of particle size analysis of HapZochPomis powder samples 

Size Cumulative Percent Under Size by Weight 

(~m) Samp 1 e ( I) UA UB CA CB C2.SM 

*1000 92.3 90.4 88.7 
VI * 8S0 96.8 90.4 87.2 84.6 .~ 

VI * 710 94.6 86.9 79.4 77.5 100 >, 
~ * 500 87.6 73.8 59.8 62.5 99.S '" c * 420 83.7 67.3 52.2 56.7 98.9 ex: 
QJ * 300 69.7 41. 3 29.3 38.8 95.5 
> * 212 49.8 16.7 14.7 21.2 89.4 QJ 
.~ * 150 36.1 7.2 8.2 16.1 84.7 V1 

* 106 19.1 1.4 4.0 7.3 75.2 

s- 87.2 13.8 1.0 2.6 5.1 70.4 
QJ 53.5 8.0 0.6 1.4 3.0 63.9 ..., 
QJ 37.6 5.2 0.4 0.8 2.0 55.6 E 
0 28.1 3.6 0,3 0.5 1.4 43.4 ..., 
u 21.5 2.4 0.2 0.4 1.1 32.0 '" s- 16.7 1.9 0.3 0.8 22.8 4-
4- 13.0 1.9 0.3 0.8 15.9 .~ 

Cl 10.1 1.6 0.2 0.5 12.0 
s- 7.9 1.3 0.4 8.1 QJ 
VI 6.2 1.2 6.5 '" -' 4.8 1.2 6.2 
c 3.8 1.1 6.2 s-
QJ 3.0 1.0 4.8 > 
~ 2.4 0.7 2.9 '" ::;: 1.9 0.4 1.8 

- - --- - --.-~ 

(1) See Appendix 23 for explanation. of sample codes. *Nomina1 Sieve Diameter 

CSM C7.5M 

100 
99.8 100 
99.1 99.9 
98.4 99.8 
95.4 99.3 
91.6 98.2 
87.4 94.5 
75.3 86.0 

69.4 81. 5 
60.~ 70.3 
49.5 61. 7 
37.1 48.9 
26.7 38.1 
18.9 27.8 
14.5 19.4 
10.5 14.8 
8.5 10.2 
7.2 8.5 
6.5 7.1 
6.5 6.7 
5.0 5.6 
3.1 3.4 
1.9 2.1 

- - -- - - ----_. 

Cll .3M 

100 
99.8 
99.6 
99.5 
99.1 
97.6 
92.7 

89.6 
82.1 
75.0 
62.3 
47.7 
34.6 
25.6 
19.2 
14.4 
11 .4 
9.5 
8.0 
6.2 
4.0 
2.4 

- -----

, 

, 

I 
, 

, 

I 

I 

I 

c 
~ 
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property which largely depends on particle size (Brennan et al, 

1976). Small particles, due to their large surface area:mass ratio, 

do not easily wet individually. Instead they clump together, 
sharing a wetted surface layer which reduces the rate at which 
water penetrates into the clump of the particles. Increasing the 

particle size and/or agglomerating the particles can reduce clum
ping. Spray driers can be designed to the effect if desired. 
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S. CONCLUSIONS 

A process for producing fish powder for human consumption from whole 

Haplochromis by partial acid hydrolysis has been developed and is 

outlined in Figure 37. It offers an effective means of utilizing 
the underutilized Haplochromis resource because by using whole fish 
wastage is minimized. The process could also be used to process 

Engraulicypris argenteus, another underutilized fish species occur
ring in L. Victoria. 

The proposed process essentially involves simple technology requiring 

few trained personnel. It could also be easily adapted for producing 

other stable products 'such as fish/carbohydrate (cassava, plantain, 

sweet potato) fish/vegetable and fish/cereal mixtures, thus improving 
the nutritional quality of some of Uganda's staple foods. 

There is a case for fish powder in Uganda. At the cottage level 

sundried Haplochromis is ground in a pestle and mortar and mixed 
with groundnut sauce. There have also been previous attempts to 

produce a fish powder from gutted, headed and smoked Haplochromis. 

The product was readily acceptable but too expensive due to labour 

costs. The concept of fish powder, therefore, is not new in Uganda. 

This study has shown that any of the four acid concentrations tested 

(2.SM, SM, 7.SM and 11.3M) could soften the fish tissues adequately 

in 30 minutes for subsequent production of powder (Section 4.2.3). 
The 2.SM concentration, however, would be more appropriate because 

it would be cheaper. Secondly the least amount of salt would be 
formed in the product after neutralisation, this would be desirable 

both for organoleptic and perhaps health reasons (see Section 4.6.6). 

Thirdly a less concentrated acid would be safer to handle. Fourthly 
as the particle sizing results showed (Section 4.6.7) the product 
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FIGURE 37: Outline of proposed process for production of Haplochromis 

powder by partial acid hydrolysis 
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from the 2.SM acid concentration seemed to have larger particles 
than the others and th.i s woul d be a des i rab 1 e property duri ng 

reconstitution. 

From the chemical composition data and invit:>'odigestibility studies 
the fish powder produced by acid hydrolysis is of a high nutritional 

value. It would be a suitable food supplement oarticularly in hospital 
nutrition units and refugee camps. 

HapZochromis powder should be microbiologically stable because pro

cessing is carried out at very low pH (Section 4.2.4) where no orga

nisms can survive. Secondly water activity is reduced to such low 
levels that even the xerophilic moulds and yeasts· and haloohilic 
bacteria, which would have been a problem in dry salted foods cannot 

grow at aw levels below 0.60. 

Although the powder is likely to be susceptible to oxidative rancidity, 

the problem can easily be controlled both by using fresh fish and 
antioxidants. Therefore provided the powder were packaged properly 

it should remain microbiologically and chemically stable for several 
months. 
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6. SUGGESTIONS FOR FURTHER WORK 

1. There is need to obtain corresponding data for Haplochromis 

powder produced from fresh fish. 

2. More detailed protein quality studies need to be conducted 

according to the UN Protein Advisory Group guidelines. 

3. Post-processing studies involving storage and packaging need 
to be carried out; microbiology and lipid oxidation need 
particular attention. 

4. The proposed process needs to be examined at pilot or semi

pilot scale particularly with regard to costing and marketing 
studies. 



7. APPENDICES 



EXPERT TASTE PANEL SHEET 

HapLochromis fish powder 
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APPENDIX I 

Date 

Name 

Sample ....•.••..•..•.•.•....... 

1. Odour 1 2 3 

(no odour) 

2. Salt 

3. Rancidity 

4. Fi sh Taste 

1 
( Under
sa lted) 

1 
(Not 

ranc id) 

1 
(Bl and, 
no fish 
taste) 

5. Any other comments: 

2 
(Slightly 
under
salted) 

3 
(Sa 1 t 
satis
factory 

2 3 
(1st traces (Rancid) 
of rancidity) 

2 3 

4 

4 
(51 ightly 
too sa lty) 

4 
(Very 
rancid) 

4 

5 
(Strong 
odour) 

5 
(Much 
too 
sa lty) 

5 
(Much 
too 
rancid) 

5 
(Very 
strong 
fish 
taste) 



APPENDIX 2: Acid hydrolysis of cooked HapZochromis at 25 ± lOC (11.3M HC1)(l) 

4 ml SAMPLE ALIQUOT 
Time Temperature pH(2) 
(min) (OC) TCA-soluble TCA-insoluble 

Nitrogen Nitrogen 
(mg) (mg) 

0 24.8 (1.5) 1.0 (0.1) 7.8 (3.0) 13.3 (1 .4) 
3 24.7 (1. 7) 0.85 (0.25) 7.7 (3.0) 13.3 (1. 5) 
5 24.6 ( 1 .8) 0.8 (0.2) 8.5 (2.6) 13.1 (1.8) 
8 24.7 (1 .8) 0.8 (0.2) 7.9 (2.7) 13.3 ( 1 .5) 

12 25.0 (1 .9) 0.75 (0.15) 8.8 (1.2) 13.0 ( 1 .9) 
15 24.8 (1 .6) 0.75 (0.05) 8.7 (1.7) 12.2 (0.9) 
18 24.1 (0.8) 0.65 (0.05) 8.8 (1.7) 12.9 (1 .0) 
20 24.5 (1. 1 ) 0.65 (0.05) 8.7 (1.7) 12.8 ( 1 .2) 
23 24.6 (1. 1 ) 0.6 (0.05) 8.0 (2.2) 12.5 (2.1 ) 
25 24.3 (0.8) 0.6 (0.0) 9.0 (1.7) 12.0 (2.0) 
28 24.6 (1. 1 ) 0.5 (0.0) 9.3 (2.9) 10.0 (0.4) 
30 24.5 (0.9) 0.5 (0.0) 8.7 (3.8) 10.6 (0.6) 

(1) Mean of duplicate determinations (mean deviation in parentheses) 
(2) In iti a 1 pH of mince = 7.4. 

Total 
Nitrogen 

(mg) 

21.1 (5.4) 
21.0 (4.5) 
21.6 (4.4) 
21.2 (4.2) 
21.8 (3. 1 ) 
20.9 (2.8) 
21. 7 (2.8) 
21. 5 (2.9) 
20.5 (4.4) 
21.0 (3.7) 
19.3 (2.5) 
19.3 (4.4) 

REACTION VESSEL 
CONTENTS 

TCA-soluble TCA-soluble 
N at given Nitrogen as % 
time (%) of Total Nitrogen 

33.8 (5.4) 6.9 (2.8) 
35.3 (6.6) 6.9 (2.7) 
38.5 (4.3) 7.5 (2.4) 
36.3 (5.5) 7.1 (2.5) 
40.3 (0.4) 7.8(1.1) 
41. 2 (3. 1 ) 7.7 (1.6) 
40.3 (2.8) 7.8 (1.6) 
40.0 (2.4) 7.7 (1.6) 
38.5 (2.7) 7.1 (2.0) 
42.7 (0.4) 8.0 (1.6) 
46.9 (9. 1 ) 8.3 (2.7) 
42.7 (9.8) 7.7 (3.4) 



APPENDIX 3: Acid hydrolysis of uncooked Haplochl'omis at 25 ± 30 C (ll.3~~ HC1)(1) 

4 m1 SAMPLE ALIQUOT 
Time Temperature pH(2) 
(mi n) (OC) TCA-so1ub1e TCA-inso1ub1e 

Nitrogen 
(mg t 

Nitrogen 
(mg) 

0 23.2 (2.7) 0.3 (0.3) 6.8 (1. 4) 9.2 (1.6) 
5 24.4 (3.1 ) 0.8 (0.3) 9.3 (2.4) 8.4 (2.3) 
7 24.4 (3. 1 ) 0.65 (0.05) 8.6 (0.9) 9.6 (0.9) 
9 24.8 (2.7) 0.65 (0.2) 9.9 (3.3) 8.9 (2.8) 

12 24.8 (2.7) 0.7 (0.2) 10.2 (1. 5) 8.2 (3.5) 
14 24.5 (2.8) 0.6 (0.1) 10.6 (0.3) 5.0 (4.8) 
17 24.7 (3.4) 0.5 (0.2) 10.6 (0.3) 7.3 ( 4.1 ) 
19 24.9 (3.3) 0.4 (0. 1 ) 11.6 (0.8) 8.0 (3.8) 
22 25.9 (2.9) 0.4 (0.0) 11. 1 (2.5) 7.7 (4.6) 
25 25.9 (2.9) 0.4 (0.0) 12.0 (0.8) 6.6 (5.5) 
27 26.0 (4.3) 0.45 (0.15) 12.0 7.6 (4.9) 
30 25.9 (2.9) 0.4 (0.1) 12.4 (1. 6) 7.9 (5.2) 

(1) Mean of triplicate determinations (standard deviation in parentheses) 
(2) Initial pH of mince = 7.1. 

Total 
Nitrogen 

(mJll 

16.0 (1. 5) 
17.7 (2.4) 
18.2 (0.9) 
18.8 (3.3) 
18.4 (1. 5) 
15.6 (0.7) 
17.9 (0.4) 
19.6 (0.8) 
18.8 (1.7) 

18.6 (0.6) 
19.6 

20.3 (l. 1 ) 

REACTION VESSEL 
CONTENTS 

TCA-so1ub1e TCA-so1ub1e 
N at given Ni trogen as % 
time (%) of Total Nitrogen 

42.1 (5.5) 8.1 (1. 8) 
44.5 (7.2) 9.3 (0.7) 
43.4 (3.0) 9.4 (0.5) 
42.1 (9.5) 9.3 (l. 3) 
50.5 (5.4) 11. 0 (0.7) 
67.9 (1.5) 12.8 (0.9) 
59.1 (0.7) 12.7 (0.4) 
59.0 (1.7) 13.8 (1. 0) 
58.7 (3.8) 13.2 (2.0) 
64.5 (l. 1 ) 14.3 (0.7) 
64.4 14.4 

61.1 (2.1 ) 14.8 (1. 3 



APPENDIX 4: Acid hydrolysis of cooked Haploohromis at 37 ± 30 C (11.3M HC1)(1) 

4 m1 SAMPLE ALIQUOT 
Time Tempera ture pH(2) 
(min) (Oe) TeA-soluble TeA-insoluble 

Nitrogen Ni trogen 
(mg) (mg) 

0 39.8 (3.4) 0.7 (0. 1 ) 8.5 (4.6) 10.9 (1. 4) 

3 40.8 (0.0) 0.6 (0.1) 13.8 (3.5) 10.8 (1. 3) 
5 40.7 (0.1) 0.55 (0.05) 14.1 ( 1 .9) 10.7 (0.7) 
8 39.6 (0.6) 0.5 (0.0) 13.8 (3.3) 10.5 (1. 1 ) 

12 37.1 (0.8) 0.4 (0.1) 12.1 (1. 8) 10.4 (1.0) 

15 36.0 (0.0) 0.4 (0.1) 14.3 (3.1) 10.6 (1. 7) 

18 35.7 (0. 1 ) 0.4 (0.1) 13.2 (4.5) 9.9 (1.3) 

20 35.7 (0. 1 ) 0.4 (0.1) 13.7 (3.4 ) 10.4 (1.2) 

23 35.2 (0. 1 ) 0.4 (0.1) 14.2 (2.9) 11.1 (0.3) 

25 35.1 (0.2) 0.4 (0.1) 13.9 (3. 1 ) 11. 1 (0.3) 

28 36.3 (1. 6) 0.4 (0.1) 14.8 (4.9) 11.3 (0.4) 
30 36.5 (2.0) 0.4 (0.1) 14.1 (3.7) 13.0 ( 1.8) 

(1) Mean of duplicate determinations (mean deviation in parentheses) 

(2) Initial pH of mince = 7.4 

Total 
Nitrogen 

(mg) . 

19.4 (3.2) 
24.6 (2.2) 
25.0 (1. 2) 
24.3 (2.2) 
22.5 (0.7) 
24.9 (1 .4) 
23.1 (3.3) 
24.1 (2.3) 
25.2 (2.6) 
25.0 (2.8) 

26. 1 (4.5) 
27.1 (5.5) 

REACTION VESSEL 
CONTENTS 

TeA-soluble TeA-soluble 
N at given Nitrogen as % 
time (%) of Total Nitrogen 

41.2 (16.8) 7.5 (4.0) 

55.2 (9.2) 12.1 ( 3. 1 ) 

57.1 (4.7) 12.6 (1 .6) 
55.9 (8.3) 12. 1 (2.8) 
53.5 (6.2) 10.6 (1. 5) 
57.0 (9.1) 1 2.6 (2.7 ) 
55.4 (11.6) 11.6 (4.0) 

56.0 (9.0) 12.1 (3.0 

55.3 (5.6) 12.3 (2.7) 

54.7 (6.4) 12.2 (2.8) 

55.1 (9.3) 13.0 (4.3) 
51.5 (3.2) 12.4 (3.3) 



APPENDIX 5: Acid hydrolysis of uncooked lIaplochromis at 38 ± 20 C (1l.3M HC1)(1) 

4 ml SAMPLE ALIQUOT 
Time Temperature pH(2) 
(min) (OC) TCA-so 1 ub 1 e TCA-insoluble 

Nitrogen Nitrogen 
(mg) (mg) 

0 27.3 (9.4) 0.6 (0.3) 5.8 (2.9) 7.2 (0.0) 
6 38.7 (1. 6) 0.6 (0.2) 10.8 (2.5) 9.4 (0.3) 
8 38.3 (1. 1 ) 0.4 (0.2) 10.9 (2.3) 10.4 (0.2) 

10 38.3 (2.2) 0.3 (0.2) 12.7 (1. 8) 9.2 (1 .2) 
12 38.0 (2.8) 0.3 (0. 1 ) 11.8 (1 .2) 10.3 (0.4) 
14.5 38.5 ( 1 .4) 0.3 (0.05) 12.7 (1.3) 10.1 (1.2) 

16 37.5 ( 1. 4) 0.3 (0.0) 14.3 (3.4) 7.2 (3.5) 
18 38.2 (1. 0) 0.4 (0. 1 ) 14.1 (0.5) 9.2 (0.4) 
20 36.5 (1. 3) 0.4 (0.1) 15.6 (2.3) 9.5 (0.8) 
24 36.6 ( 1 .4) 0.3 (0.0) 14.7 (2.4) 8.1 (0.3) 
26 35.2 (0.2) 0.3 (0.0) 16.6 (0.9) 10.3 (1. 2) 
28 37.3 (0.6) 0.35 (0.05) 15.8 (1.3) 8.5 (2.8) 
30 36.2 (0.3) 0.4 (0.05) 14.4 (0.3) 8.8 (3.2) 

(1) Mean of triplicate determinations (standard deviation in parentheses) 
(2) Initial pH of mince = 7.0 

Total 
Nitrogen 

(mg) 

13 .0 (2.9) 
20.2 (2.3) 
21.2 (2.2) 
22.0 (1. 7) 
22.1 ( 1 .2) 
22.8 (0.7) 
21.5 (3.4) 
23.2 (0.4) 
25.1 (1.8) 
22.8 (2.6) 
26.8 (0.9) 
24.4 (2.5) 
23.2 (0.3) 

REACTION VESSEL 
CONTENTS 

TCA-soluble TCA-soluble 
N at gi.ven Nitrogen as % 
time (%) of Total Nitrogen 

44.6 (12.3) 6.9 (3.4) 
53.5 (6.5) 12.9 (2.9) 
51.4 (5.5) 12.9 (2.7) 
57.7 (5.5) 15.2 (2.1 ) 
53.4 (2.6) 14.1 (1.3) 

55.7 (5.2) 14.9 (1. 9) 
66.5 (4.9) 17.0 ( 4.1 ) 
60.8 (4.4) 16.8 (0.6 
62.1 (5.2) 18.7 (2.7) 
64.5 (3.4) 17.5 (2.8) 
61.9 (1. 3) 19.7 (1. 0) 
64.7 (1 .4) 18. <) (1 .5) 
62.1 (0.5) 17.2 (0.4) 



APPENDIX 6: Acid hydrolysis of cooked Hap~ochr'Omis at 46±2oC (11.3M HC1)(1) 

4 ml SAMPLE ALIQUOT 
Time Temperature pH(2) 
(mi n) (0 C) TCA-soluble TCA-insoluble 

Nitrogen Ni trogen 
(mg) (mg) 

0 44.1 (1.2) 0.55 (0.55) 8.6 (1. 3) 10.7 ( 1 .2) 
3 44.6 (0.2) 0.375 (0.375) 9.6 .( 1.4) 11.8 (0.0) 
5 45.5 (0.6) 0.3 (0.3) iO.2 (0.9) 11.2 (0.3) 
8 45.7 ( 1. 1 ) 0.275 (0.275) 8.1 (3.8) 10.2 (0.3) 

12 45.5 (0.9) 0.3 (0.3) 10.9 (1 .3) 10.5 (0.3) 
15 46.3 (0.4) 0.25 (0.25) 12.8 (0.6) 11.0 (0.0) 
18 47.4 (2.8) 0.275 (0.175) 11. 7 (1. 1 ) 11.2 (0.0) 
20 47.7 ( 3.1 ) 0.25 (0.15) 11.6 (2.3) 11.7 (0.1) 
23 46.7 (2.4) 0.25 (0.15) 12.5 (1. 3) 10.9 (0. 1 ) 
25 46.1 (2.2) 0.25 (0.15) 13.7 (1 .3) 11. 2 (0.7) 

28 45.6 (0. 1 ) 0.275 (0.125) 13.1 (1.0) 11. 1 (0.1) 
30 44.9 ( 1. 6) 0.325 (0. 1 75 ) 12.7 (1. 7) 10.4 (0.3) 

(1) Mean of duplicate determinations (mean deviation in parentheses) 
(2) Initial pH of mince = 6.9. 

Total 
Nitrogen 

(mg ). 

19.3 (2.5) 
21.4 ( 1 .5) 
21.4 (0.6) 
18.3 (3.8 ) 
21.4 (1. 6) 
23.8 (0.6) 
22.9 (1. 1 ) 
23.3 (2.2) 
23.4 (1.2) 

24.9 (2.0) 
24.2 (1. 1 ) 
23.1 (2.0) 

REACTION VESSEL 
CONTENTS 

TCA-soluble TCA-soluble 
N at given Nitrogen as % 
time (%) of Total Nitrogen 

44.3 (0.9) 7.6 (1.2) 

44.5 (3.7) 8.5 ( 1 .3) 
47.5 (2.9) 9.0 (0.9) 

43.3 (9.9) 7.5 (3.1 ) 
50.9 (2.3) 9.7 (1. 2) 

53.8 (1. 1 ) 11.4 (0.6) 
51.0 (2.2) 10.3 (1. 0) 
49.2 (5. 1 ) 10.3 (2. 1 ) 
53.2 (3.0) 11. 1 (1.3) 

55.0 (0.9) 12.1 (1 .2) 
54.0 (1 .8) 11.9 (0.6) 
54.8 (2.7) 11. 7 (1. 1 ) 



APPENDIX 7: Acid hydrolysis of uncooked HapZochromis at 48 ± 3°C (11.3M HC1)(1) 

I 

4 ml SAMPLE ALIQUOT 
Time Temperature pH(2) 
(mi n) (0C) TCA-soluble TCA-insoluble 

Nitrogen Nitrogen 
(mg) (mg) 

0 44.0 (5.4) 0.4 (0.3) 4.4 (0.6) 8.1 (1 .6) 
4 51.0 (3.6) 0.4 (0.2) 9.7 (1. 1 ) 10.1 (0.3) 
6 47.5 ( 1. 5) 0.3 (0.05) 12.8 (0.2) 11.9 (0) 
7 51.5 (2.5) 0.35 (0.3) 12.7 (0.5) 9.9 (0.2) 
9 48.0 (3.9) 0.35 (0.35) 16. 1 (1. 6) 9.4 (1. 0) 

11.5 50.0 (3.2) 0.4 (0.4) 16.1 (1. 2) 16.1 (1. 2) 
13 46.2 (0.7) 0.35 (0.3) 16.2 (1. 8) 16.9 
15 48.6 ( 4.1 ) 0.35 (0.3) 16.4 (1.5) 8.2 (0) 
17 47.9 (2.9) 0.4 (0.3) 17.4 (1. 9) 11.3 (2.1 ) 
19 45.5 (4.0) 0.45 (0.35) 17.4 (2.7) 9.5 

21 47.8 (1.7) 0.45 (0.3) 19.7 (0.2) 8.1 

23 47.7 ( 1. 5) 0.4 (0.3) 19.0 (2.8) 8.1 
25 47.5 (2.5) 0.35 19.9 (1. 4) -
28 47.4 ( 1 .5) 0.4 (0.3) 19.7 ( 1. 9) 7.6 

30 45.0 (1. 0) 0.35 (0.3) 19.4 (2.3) 9.0 

(1) Mean of triplicate determinations (standard deviation in parentheses) 
(2) Initial pH of mince = 6.9. 

Total 
Ni trogen 

(mg) 

12.5 (1. 1 ) 
19.8 (0.9) 
24.7 (0.2) 

22.6 (0.4) 
25.5 (1.0) 
28.2 (3.0) 
33.1 (1. 8) 
24.6 (1. 6) 
28.7 (2.8) 
26.9 (2.7) 

27.8 (0.2) 
27.1 (2.8) 

-

27.3 (1. 9) 
28.4 (2.3) 

REACT! ON VESSE L 
CONTENTS 

TCA-soluble TCA-soluble 
N at given Ni trogen as % 
time (%) of Total Nitrogen 

35.2 ( .7.8) 6.0 (1.3) 

48.9 (3.4) 13.2 (2.4) 

51.8 (0.3) 17.1 (1. 8) 
56.2 (1.3) 17.1 (1.4 ) 

63.1 (4.7) 21. 8 (4.0) 

57.1 (10.5) 21.8 (3.5) 
48.9 (2.8) 21.4 (4.2) 
66.7 (2.0) 22.2 (3.3) 
60.7 (5.3) 23.5 (4.3) 
64.7 (3.6) 23.5 (4.4) 

70.8 (0.2) 26.5 (2.3) 
70.7 (3.1 ) 25.3 (1. 7) 

- -
72.2 (2.0) 26.5 (3.2) 

68.3 (2.5) 25.9 (1. 6) 



APPENDIX 8: Acid hydrolysis of cooked Haplochl"omis at 56 ± 2°C (1l.3M HCl )(1) 

4 ml SAMPLE ALIQUOT 
Time Tempera tu re pH(2) 
(mi n) (0C) TCA-soluble TCA-insoluble 

Nitrogen Nitrogen 
(mg) (mg) 

0 54.4 (4.3) 0.95 (0.95) 14.9 (4.6) 9.4 (0.1) 
3 58.1 ( 1 .3) 0.35 (0.35) 16.1 (5.9) 9.8 (0.5) 
5 57.8 (0.8) 0.35 (0.15) 18.4 (6.0) 12.3 (3.9) 
8 56.7 (0.4) 0.475 (0.1) 19.0 (5.2) 10.0 (0.3) 

12 54.1 (1.7) 0.4 (0.3) 18.5 (5.9) 10.2 (0.6) 
15 54.7 (0.5) 0.5 (0.1) 19.7 (5.9) 10.2 (0.7) 
18 55.4 (1.5) 0.4 (0.2) 18.9 (5.7) 10.1 (0.6) 
20 55.5 (1.0) 0.4 (0.25) 19.8 (6.5) 9.5 (0.1) 
23 56.0 (1.5) 0.4 (0.3) 19.7 (6.9) 10.5 (0.8) 
25 55.3 (1.6) 0.45 (0.3) 20.8 (7.9) 9.0 (0.1) 
28 54.3 (1.3) 0.45 (0.3) 21. 2 (8.0) 9.8 (0.4) 

30 53.8 (1. 1 ) 0.4 (0.3) 20.1 (6.8) 11.0 (1.0 ) 

(1) ~lean of triplicate determinations (standard deviation in parentheses) 

(2) Initial pH of mince ~ 7.4. 

Total 
Nitrogen 

(mg) 

24.3 (5.2) 
25.9 (5.7) 
30.7 (2.4) 
29.0 (5.1 ) 
28.7 (5. 1 ) 
29.9 (5.6) 
29.0 (5.5) 
29.3 (6.5) 
30.2 (6.6) 
29.8 (8.3) 
31.0 (7.9) 
31. 1 (6.5) 

REACTION VESSEL 
CONTENTS 

TCA-soluble TCA-soluble 
N at given Nitrogen as % 
time (%) of Total Nitrogen 

60.3 (8.2) 15.3 (0.6) 

60.7 (10.8) 17.1 (0.8) 
59.1 (16.0) 19.1 (0.3) 
64.7 (7.4) . 19.3 (0.1 ) 
63.3 (9.2) 19.2 (0.3) 
64.7 (8.8) 20.2 (0.0) 
64.1 (8.8) 19.4 (0.0) 
66.3 (8.4) 20.6 (0.7) 
63.7 (10.6) 20.8 (0.0) 
69.3 (9.4) 22.6 (1.7) 

66.7 (10.2) 22.5 (1.8) 
63.4 (10.4) 21.1 (0.5) 



APPENDIX 9: Acid hydrolysis of uncooked HapZoohromis at 56 ± 40 C (11.3M HCl )(1) 

4 ml SAMPLE ALIQUOT 

Time Temperature pH(2) 
(min) (OC) TCA-soluble TeA-insoluble 

Ni trogen Nitrogen 
(mg) (mg) 

0 45.0 (5.3) 0.5 9.4 (2.6) 6.3 
5 61.0 (9.0) 0.55 (0. 1 ) 14.1 (0.1) 8.0 
7.5 60.2 (5.2) 0.45 (0.1) 16.7 (0.8) 7.8 
9 57.8 (2.1 ) 0.35 (0.05) 18.6 (1. 6) 6.6 

11 56.5 (0.5) 0.3 (0.05) 19.4 (1. 9 6.7 (0.6) 
13 55.5 (0.5) 0.2 (0.15) 20.0 (1.5) 7.4 (0.3) 
15 53.0 ( 1 .0) 0.2 (0.05) 19.9 (2. 1 ) 7.3 (0) 
17 56.2 (1. 7) 0.25 (0) 21. 1 (0.9) 9.5 (1 .5) 
20 54.7 (2.2) 0.3 (0.05) 21.3 (1. 0) 8.5 (3.4 ) 
22 54.7 (2.2) 0.2 (0.05) 23.7 (0.9) 8.4 

24 55.0 (2.0) 0.2 (0. 1 ) 23.0 (0) 9.4 (1.1 ) 
26 55.7 (1. 7) 0.2 (0.1) 24.1 (1. 9) 9.6 (1. 3) 

28 55.7 (0.7) 0.1 (0.05) 25.0 (0.5) 10.3 

30 53.2 (0.7) 0.1 (0.05) 22.6 (1: 8) 8.3 (1. 7) 

(1) Mean of duplicate determinations (mean deviation in parentheses) 
(2) Initial pH of mince = 6.9. 

Total 
Nitrogen 

(mg) 

15.7 

22.1 
24.5 
25.2 

26.1 (2.5) 
27.4 (1.2) 

27.2 (2.1 ) 
30.6 (2.5) 
29.8 (4.5) 
33.6 (2.8) 

32.4 
33.7 (3.2) 

35.3 
30.8 (0.1) 

REACTION VESSEL 
CONTENTS 

TeA-soluble TCA-soluble 
N at given Nitrogen as % 

time (%) of Total Nitrogen 

59.9 8.0 

63.8 17.1 
68.2 19.0 
73.8 20.2 

74.3 ( 0) 23.1 (2.2) 
72.8 (2.3) 23.9 (1. 8) 
73.1 (2.0) 23.8 (2.5) 
69.1 (2.7) 25.2 (1. 1 ) 
72 .6 (7.5) 25.5 (1 .2) 
70.7 (3.2) 28.3 (1. 1 ) 

71.0 27.6 
71.7 (1. 1 ) 28.8 (2.3) 

71.0 30.5 
73.1 (5.5) 27.0 (2.2) 



APPENDIX 10: Acid hydrolysis of cooked Haplocitromis at 64 ± 40C (11.3M HC1)(1) 

4 m1 SAMPLE ALIQUOT 
Time Temperature pH(2) TCA-so1ub1e TCA-inso1ub1e (mi n) (OC) Nitrogen Nitrogen 

(mg) (mg) 

0 53.8 (1.5) 0.5 (0.5) 13.1 (1 .6) 10.3 (0.7) 
3 59.8 (2.3) 0.25 (0.25) 14.2 (2.9) 10.6 (0.4) 
5 63.2 (4.7) 0.3 (0.05) 14.9 (1 .0) 11 .2 (0.2) 

8 63.3 (2.2) 0.45 (0.05) 15.9 (0.7) 10.8 (0.3) 
12 65.4 (2.0) 0.4 (0.0) 16.0 (0.2) 11. 0 (0.3) 

15 64.2 (0.9) 0.4 (0.05) 17.4 10.7 (0.3) 
18 65.4 (1.2) 0.45 (0.05) 17.3 (0.9) 10.8 (0.4) 
20 66.2 (0.7) 0.4 (0.05 ) 18.2 (1. 1 ) 13.3 (2.5) 
23 67.4 (0.3) 0.25 (0.15) 17.8 ( 1 .6) 13.5 (2.6) 

25 65.9 (0.6) 0.35 (0.05) 17.2 (2. 1 ) 13.0 (2. 1 ) 

28 65.1 (0.6) 0.4 (0.0) 21. 6 (1. 0) 13.0 (2.3) 

30 64.5 (0.2) 0.45 (0.05) 18.5 (2.4) 13.8 (2.9) 

(1) Mean of duplicate determinations (mean deviation in parentheses) 
(2) Initial pH of mince = 7.1. 

Tota 1 
Ni trogen 

(mg) 

23.4 (1 .0) 
24.8 (2.5) 
26.1 ( 1 .3) 
26.7 (0.4) 
27.0 (0.5) 
27.8 

28.1 (0.5) 
31. 5 (3.7) 
31. 3 (4.2) 
30.2 (4.3) 
34.5 (1.3) 

32.3 (5.3) 

REACTION VESSEL 
CONTENTS 

TCA-so1ub1e TCA-so1ub1e 
N at given Nitrogen as % 
time (%) of Total Nitrogen 

55.9 (4.8) 11 .7 (1 .6) 

56.6 (6.0) 12.6 (2.7) 

56.9 (1. 2) 13.2 (1. 1 ) 
59.5 (1. 8) 14.1 (0.8) 
59.3 (0.2) 14.1 (0.3) 

62.5 15.6 

61. 5 (2.0) 15.3 (0.9) 
58.1 (3.2) 16.1 (1. 1 ) 
57.1 (2.4) 15.8 (1 .6) 
57.1 (1 .0) 15.2 (2.0) 
62.6 (5.2) 19.1 (0.7) 
57.6 ( 1. 9) 16.4 (2.3) 



APPENDIX 11: Acid hydrolysis of uncooked HapZochromis at 65 ± 4°C (11.3M HC1)(1) 

4 m1 SAMPLE ALIQUOT 
Time Temperature pH(2) 
(mi n) (0C) TCA-so1ub1e TCA-insoluble 

Nitrogen Ni trogen 
(mg) (mg) 

0 53.8 (14.9) 0.7 (0.2) 8.1 (0.0) 10.0 (2.2) 
4 69.0 (8.5) 0.65 (0.35) 9.9 (3.0) 10.5 ( 4. 1 ) 

7 60.9 (5. 1 ) 0.6 (0.3) 15.9 (1. 8) 9.8 (3.7 ) 
9 66.7 (1.7) 0.6 (0.2) 17.5 (2.7) 10.9 (3.4) 

12 67.1 (0.2) 0.6 (0.2) 1 C). 1 (3.8) 9.6 ( 1 .2) 
15 65.6 (5.7) 0.55 (0.2) 20.9 (5.6) 10.9 ( 1 .2) 
17 68.7 (1. 6) 0.5 (0.2) 23.S (3.8) 10.5 ( 1 .9) 
20 66.4 (2. 1 ) 0.45 (0.3) 21.7 (3.0) 10.4 (2.0) 
23 65.8 (2.0) 0.4 (0.2) 22.6 (4.4) 9.3 (0.1) 
26 66.6 (1.8) 0.4 (0.3) 23.2 ( 4. 1 ) 9.6 (1 .3) 

28 64.4 (5.1 ) 0.5 (0.3) 23.8 (7. 1 ) 8.9 (0.9) 
32 65.2 (1. 9) 0.45 (0.3) 24.0 (5.0) 9.1 (1 .4) 

(1) Mean of triplicate determinations (standard deviation in parentheses). 
(2) Initial pH of mince = 6.8. 

Total 
Nitrogen 

(mg) 

18.1 (2.1 ) 
19.4 (0.4) 
25.5 (0.9) 
28.1 (0.2) 
26.8 (0.9) 
28.6 (0.2) 
32.2 (0.3) 
30.6 (0.6) 
29.6 (1. 8) 
30.5 (0.6) 
28.8 (1 .2) 

30.3 (0.4) 

TeA-so 1 ub 1 e 
N at given 

time (%) 

45.2 (5.4) 
46.2 (13.8) 

61.6 (8.8 ) 

61.0 (9.0 ) 

64.0 (4.5) 
61.9 ( 4. 5) 

67.3 (6.3) 
66.1 (5.9) 
68.4 (2.3) 
68.5 (3.5) 
69.0 (4.3) 

. 74.3 

REACT! ON VESSEL 
CONTENTS 

TeA-soluble 
Nitrogen as % 

of Total Nitrogen 

9.7 (0.1 ) 
10.7 (3.0 ) 
18.8 (2.1 ) 
20.6 (3.3) 
20.6 (2.2) 
21.3 ( 1.8) 
26.1 (2.8) 
24.3 (1 .8) 
24.3 (2.4) 
25.1 (0.8) 
24.0 (2.6) 
26.8 

U1 
C> 



APPENDIX 12: Acid hydrolysis of cooked Haplochrolllis at 74 ± 40C (11.3M HC1)(1) 

4 m1 SAMPLE ALIQUOT 

Time Temperature pH(2) 
(mi n) (OC) TCA-so1ub1e TCA-inso1ub1e 

Nitrogen Nitrogen 
(mg) (mg) 

0 67.0 (3.2) 0.5 (0.1) 10.8 (0.1 ) 10.4 (1. 1 ) 
3 68.3 (3.9) 0.3 (0.1 ) 13.5 (0.3) 10.4 (0.3) 
5 72 .2 (0.3) 0.35 (0.15) 13.6 (0.5) 10.9 (0.2) 

: 

8 73.9 (0.9) 0.25 (0.05) 14.2 (0.0) 10.3 (0.1) 
12 74.7 (0.4) 0.2 (0.0) 15.5 (0.0) 10.7 (0.1) 
15 79.1 (2.6) 0.2 (0.1) 16.1 ( 1 .3) 10.5 (0.2) 
18 78.7 (0.8) 0.3 (0.1) 15.0 (2.4) 10.0 (0.3) 
20 76.6 (0.3) 0.3 (0.05) 16.2 (0.7) 9.9 (0.2) 
23 75.1 (0.0) 0.3 (0.1) 17.2 (0.4) 9.8 (0.0) 
25 76.3 (0.4 ) 0.3 (0.1) 17.7 (0.5) 9.7 (0.1 ) 
28 75.3 (2.5) 0.35 (0.05) 18.2 (0.1) 9.7 (0.1) 
30 73.4 (2.8) 0.35 (0.05) 18.1 (0.4) 10.0 (0.1) 

(1) Mean of duplicate determinations (mean deviation in parentheses). 

(2) Initial pH of mince = 7.2. 

Total 
Nitrogen 

(mgr 

21.2 (1. 0) 
23.9 (0.0) 
24.5 (0.4) 
24.5 (0.1 ) 
26.2 (0.2) 
26.5 (1.0 ) 
25.1 (2.1 ) 
26.1 (0.5) 
27.0 (0.4) 
27.4 (0.6) 
27.9 (0.0) 
28.1 (0.5) 

REACTION VESSEL 
CONTENTS 

TCA-so1ub1e TCA-so1ub1e 
N at given Nitrogen as % 

time (%) of Total Nitrogen 

51. 1 (2.9) 9.5 (0.1) 

56.3 ( 1 .2) 11.8 (0.2) 

55.6 ( 1 .3) 11.9 (0.4) 
58.0 (0.4) 12.4 (0.0) 
59.1 (0.2) 13.6 (0.0) 
60.2 (2.5) 14.0 (1. 1 ) 
59.5 (4.7) 13.2 (2.2) 
62.0 (1 .6) 14.2 (0.6) 
63.6 (0.6) 15.0 (0.4) 
64.6 (0.4) 15.6 (0.5) 

65.2 (0.3) 15.8 (0.4) 

64.4 (0.3) 15.9 (0.4) 



APPENDIX 13: Acid hydrolysis of uncooked HapZochromis at 74 ± 60C (11.3M HC1)(1) 

4 ml SAMPLE ALIQUOT 
Time Temperature pH(2) 
(mi n) (oC) TCA-soluble TCA-insoluble 

Ni trogen Nitrogen 
(mg) (mg) 

0 65.4 (8.6) 0.75 (0.35) 7.2 (0.7) 9.7 (1. 1 ) 
3 68.7 (6.3) 0.65 (0.05) 13.1 (1. 9) 8.5 

5 74.7 (6.6) 0.60 (0.2) 17.9 (2.2) 10.5 (2.1 ) 
8 70.1 (6.3) 0.70 (0.3) 22.6 (1.4 ) 10.7 (1. 8) 

10 76.3 (4.6) 0.5 (0.2) 21. 7 (3.9) 9.0 (0.3) 
13 74.6 (4.5) 0.4 (0.1) 23.4 (5.2) 9.4 (1. 1 ) 
15 75.5 (1 .7) 0.4 (0.1) 27.3 (2.3) 11.0 (2.2) 
17 76.5 (2.2) 0.35 (0.1) 24.8 (4.7) 10.6 (1. 7) 

23 70.1 (8.8) 0.4 (0.2) 28.8 (2.0) 11 .1 (1. 7) 
25 76.5 (0.6) 0.4 (0.2) 27.? (4.4) 10.4 (2.3) 
27 76.4 (0.5) 0.4 (0.3) 28.2 (2.9) 8.7 (3.0) 
31 77 .8 (5.8) 0.4 (0.3) 29.5 (4.9) 10.7 (1.2) 

(1) Mean of triplicate determinations (standard deviation in parentheses). 

(2) Initial pH of mince = 7.0. 

Total 
Nitrogen 

(mg) 

16.9 (1 .4) 
23.6 

28.4 (3.0) 
30.1 

30.7 (3.8) 
35.7 

38.2 (2.6) 
35.4 (5.1 ) 
35.3 (3.2) 
37.6 (4.4) 
35.3 (3.2) 
40.2 (5.8) 

REACTION VESSEL 
CONTENTS 

TCA-so 1 ub 1 e TCA-soluble 
N at given Nitrogen as % 

time (%) of Total Nitrogen 

42.5 (2.8) 8.6 (0.8) 
63.7 18.0 

63.1 (5.2) 21.4 (2.6) 
70.5 25.4 

70.3 (3.9) 26.0 (4.7) 
75.8 32.4 

71.4 (5.3) 32.7 (2.7) 
69.8 (5.8) 29.8 (5.8) 
73.3 (5.4) 34.4 (3.4 ) 
72.1 (6.6) 32.5 (5.2) 
75.8 (6.3) 31.8 (0.2) 
70.4 (5.0) 34.1 (7.3) 



APPENDIX 14: Acid hydrolysis of cooked Haplochromis at 84 ± 40 C (11.3M HC1)(1) 

4 ml SAMPLE ALIQUOT 
Time Temperature pH(2), (3) 
(mi n) (0C) TCA-soluble TCA-insoluble 

Nitrogen Nitrogen 
(mg) (mg) 

0 73.7 (0.8) 1.2 15.0 (0.4) 1 U. 5 ( 1 . 1 ) 
3 81.0 ( 1 .5) 0.75 17.1 (0.3) 10.8 (0. 1 ) 

5 84.9 (2.7) 0.65 19.1 (0.5) 10.4 (0.1 ) 

8 84.8 (1.7) 0.6 17.4 (0.5) 9.3 (0.5) 
12 84.2 (2.2) 0.7 18.8 (1 .2) 9.0 (0.7) 
15 84.1 (2.7) 0.7 20.9 (0.0) 8.8 (0.0) 

18 85.6 (0.8) 0.6 21.6 (0.8) 10.6 (0.5) 
20 85.1 ( 1 .4) 0.7 22.2 (1. 1 ) 7.6 (1 .4) 

23 86.1 (1. 1 ) 0.65 22.4 (2. 1 ) 9.3 (0.2) 

25 85.0 (0.5) 0.65 24.1 (2.7) 9.3 (0.3) 

28 82.6 (0.3) 0.6 26.5 (1 .5) 9.7 (0.1) 

30 83.3 (3.8) 0.6 26.8 (2.7) 9.6 (0.3) 

(1) Mean of duplicate determinations (mean deviation in parentheses) 
(2) Initial pH of mince = 7.2. 

(3) Single determination 

Total 
Nitrogen 

(mg) 

25.5 (1. 6) 
27.9 (0.2) 
29.4 (0.5) 
26.7 (1. 0) 
27.8 (1.8) 
29.7 (0.0) 
32.3 (1. 2) 
29.8 (0.3) 
31. 7 ( 1 .9) 
33.4 (2.8) 
36.2 (1. 6) 
36.4 (3.0) 

REACTION VESSEL 
CONTENTS 

TCA-sol uble TCA-soluble 
N at given Nitrogen as % 

time (%) of Total Nitrogen 

59.0 (2.0) 13.1 (0.3) 
61.2 (0.5) 15.0 (0.2) 
64.7 (0.4) 16.7 (0.4) 
65.1 (0.5) 15.2 (0.4) 
67.6 (0.2) 16.4 (1. 0) 
70.3 (0.0) 18.2 (0.0) 
67.0 (0.2) 18.9 (0.6) 
74.5 (4.4) 19.4 (0.8) 
70.4 (2.3) 19.6 (1 .8) 
72.0 ( 1 .5) 21. 1 (2.3) 
73.1 ( 1. 0) 23.2 ( 1 .3) 
73.6 ( 1. 3) 23.5 (2.3) 



APPENDIX 15: Acid hydrolysis of uncooked HapZochromis at 84 ± 40 C (11.3M HC1)(l) 

4 ml SAMPLE ALIQUOT 
Time Tempera ture pH(2) 
(mi n) (oC) TCA-soluble TeA-insoluble 

Nitrogen Nitrogen 
(mg) (mg) 

0 70.9 (3.2) 0.70 (0.7) 7.6 (3.3) 9.5 (1 .6) 
3 77 .4 (2.5) 0.8 (0.8) 16.0 (2.4) 9.0 (1. 4) 
6 80.7 (1.7) 0.7 (0.7) 19.6 (1. 6) 9.9 (3.0) 
8 82.8 (1. 2) 0.7 (0.7) 23.2 (1 .5) 8.0 (2.6) 

12 85.4 (2.2) 0.7 (0.7) 20.9 (3.4) 9.0 (1 .4) 
15 86.6 (0.9) 0.6 (0.6) 28.1 (0.9) 9.5 (2.3) 
17 86.7 (2.7) 0.6 (0.6 ) 29.3 (1.7) 9.0 (1. 7) 
18 83.7 (3.3) 0.6 (0.6) 31. 3 (4.0) 9.1 ( 1. 5) 
21 85.0 (1 .6) 0.6 (0.6) 32.0 (1.4 ) 8.6 (1 .6) 
25 82.6 ( 1 .3) 0.6 (0.6) 31. 9 (3.5) 8.3 (2.1 ) 
27 82.6 (3.8) 0.7 (0.6) 35.3 (3.3) 8.0 ( 1. 9) 
30 85.2 (7.7) 0.75 (0.6) 36.4 (2.1 ) 8.2 (1. 7) 

(1) Mean of triplicate determinations (standard deviation in parentheses). 

(2) Initial pH of mince = 6.9. 

Total 
Nitrogen 

(mg) 

17.0 (4.4) 
25.0 .( 1.3) 

29.6 (1 8) 
31.9 (1. 1 ) 
35.9 . (4.4) 

37.6 (2.9) 
38.3 (3.0) 
40.5 (4.4) 
41.2 (2.7) 
40.2 (5.3) 
43.3 (4.1) 
44.6 (3.4) 

REACTION VESSEL 
CONTENTS 

TCA-soluble TeA-soluble 
N at given Nitrogen as % 

time (%) of Total Nitrogen 

43.1 (11.2) 9.1 (4.1 ) 
63.9 (6.8) 19.1 (3.2) 
66.8 (8.2) 23.4 (2.3) 
75.2 (5.0) 28.6 (0.9) 
73.7 (0.9) 31.4 (3.5) 
75.0 ( 4.1 ) 33.4 (0.8) 
76.6 (3.0) 34.8 ( 1. 5) 
77.3 (3.3) 37.2 (4.8) 
77.8 (1. 7) 37.7 (1.5) 

79.5 (2.8 ) 37.9 (3.5) 
81. 5 (3.4) 41.9 (4.2) 
81. 7 (2.6) 43.2 (2.5) 



APPENDIX 16: Acid hydrolysis of cooked HapZochromis at 58 ± 20 C (7.5M HC1){1) 

4 ml SAMPLE ALIQUOT 

Time Temperature pH(2) 
(min) (OC) TCA-soluble TCA-i nso 1 ub 1 e 

Nitrogen Nitrogen 
(mg) (mg) 

0 55.9 (0.8) 0.1 (0.0) 19.4 (4.0) 9.3 (0.4) 

3 59.3 (0.3) 0.05 (0.05) 22.6 (0.5) 9.2 (0. 1 ) 
[) 60.2 (0.3) 0.075(0.05) 24.9 (2. 1 ) 9.3 (0.2) 

8 60.3 (0.5) 0.1 (0.0) 24.2 (1. 0) 8.8 (0.2) 

12 59.6 (0.3) 0.15 (0.05) 25.5 (0.8) 9.1 (0.0) 

15 60.0 (1.3) 0.4 (0.3) 26.9 (1. 8) 9.1 (0. 1 ) 

18 58.9 (0.7) 0.5 (0.3) 26.8 (2.3) 9.0 (0.0) 

20 58.3 (0.1 ) 0.5 (0.3) 29.2 (1 .4) 8.9 (0.3) 

23 57.4 (0.8) 0.5 (0.4) 26.4 (1.8) 9.1 (0.5) 

25 56.7 ( 1. 1 ) 0.55 (0.35) 26.6 (2.4) 8.7 (0.0) 

28 55.2 (1.4 ) 0.55 (0.35) 25.4 (3.8) 9.0 (0.0) 

30 54.7 (1.7) 0.55 (0.35) 27.4 (3.9) 9.5 (0.4) 

(1) Mean of duplicate determinations (mean deviation in parentheses). 

(2) Initial pH of mince = 6.85. 

Total 
Nitro.gen 

(mg) 

28.7 (4.4) 
31.8 (0.6) 
34.2 (2.3) 
33.0 (0.8) 
34.6 (0.9) 
36.0 (1. 7) 
35.8 (2.3) 
38.1 (1. 7) 

35.5 (1.3) 
35.4 (2.4) 
34.4 (3.8) 

36.9 (3.4) 

REACTION VESSEL 
CONTENTS 

TCA-soluble TCA-soluble 
N at given Nitrogen as % 

time (%) of Total Nitrogen 

66.8 (3.7) 17.1 (3.3) 
71.0 (0.3) 20.1 (0.2) 

72.6 (1 .2) 22.1 (1 .6) 
73.4 (1 .2) 21.5 (0.5) 
73.7 (0.5) 22.7 (0.4) 
74.6 ( 1 .5) 23.9 (1 .2) 
74.7 (1.7) 23.8 (1. 7) 

76.6 (0.2) 25.9 (1 .5) 
74.2 (2.3) 23.5 (1 .3) 
75.1 ( 1. 8) 23.6 (1. 8) 
73.5 (2.8) 22.5 (3.0) 
74.0 (3.6) 24.3 (3. 1 ) 



APPENDIX 17: Acid hydrolysis of uncooked Haplochromis at 60 ± 4°C (7.5M HC1)(1) 

4 ml SAMPLE ALIQUOT 
Time Temperature pH(2) 
(mi n) (OC) TCA-soluble TCA-insoluble 

Nitrogen Nitrogen 
(mg) (mg) 

0 60.0 (0.0) 0.7 (0.1) 24.0 (0.0) 8.9 (0.0) 

3 60.9 (0.7) 0.65 (0.05) 27.4 (0.3) 8.8 (0.1) 

5 60.6 (0.9) 0.65 (0.05) 25.0 (1 .3) 8.7 (0.2) 

8 59.5 (1. 6) 0.65 (0.05) 29.9 (2.6) 8.9 (0.0) 

12 62.0 (2.8) 0.65 (0.05) 27.6 (0.3) 8.7 (0.0) 

15 64.3 (6.1 ) 0.65 (0.15) 29.5 (0.1 ) 8.6 (0.1) 

18 62.7 (5.4 ) 0.75 (0.05) 33.4 (2.5) 8.4 (0.1) 

20 61.1 (4.6) 0.7 (0. 1 ) 29.4 (0.1) 8.3 (0.1 ) 

23 59.3 (4.5) 0.8 (0.1) 31. 0 (1. 9) 8.3 (0.1) 

25 59.3 (2.5) 0.8 (0.1 ) 31.3 (2.3) 8.4 (0.1) 

28 59.2 (0.1) 0.8 (0.1) 30.7 (1. 2) 8.5 (0.0) 

30 58.2 (0.8) 0.75 (0.05) 31.5 ( 1.8) 8.4 (0.0) 

(1) Mean of duplicate determinations (mean deviation in parentheses) 

(2) Initial pH of mince = 7.0 

Tota 1 
Nitrogen 

(mg) 

32.9 (0.0) 
36.2 (0.4) 
33.7 (1. 1 ) 
38.8 (2.6) 
36.3 (0.3) 
38.1 (0.0) 
41.8 (2.6) 
37.8 (0.2) 
39.3 (1 .9) 
39.7 (2.4) 
39.1 (1. 1 ) 
39.9 (1. 8) 

REACTION VESSEL 
CONTENTS 

TCA-soluble TCA-soluble 
N at given Nitrogen as % 

time (%) of Total Nitrogen 

73.D (0.1 ) 27.3 (0.0) 
75.5 (D. 0) 31. 2 (0.3) 
74.2 ( 1 .5) 28.5 (1. 5) 
76.9 (1. 4) 34.1 (2.9) 
76.1 (D.2) 31.5 (0.4) 
77 .5 (0.2) 33.7 (0.0) 
79.8 (1. 1 ) 38.1 (2.8) 
77.9 (0.1 ) 33.6 (0. 1 ) 
78.7 (0.8) 35.3 (2.1 ) 
78.7 ( 1.0) 35.7 (2.6) 
78.3 (0.7) 35.0 (1 .3) 
78.9 (0.8) 36.0 (2.0) 



APPENDIX 18: Acid hydrolysis of cooked Hap~ochromis at 59 ± 4°C (5M Hel)(l) 

4 ml SAMPLE ALIQUOT 

Time Temperature pH(2) 
(min) (Oe) TeA-soluble TeA-insoluble 

Nitrogen Ni trogen 
(mg) (mg) 

0 55.5 (8.9) 0.4 (0.3) 15.6 (2.1 ) 8.7 (0.2) 
3 59.7 (6.2) 0.6 (0.5) 19.1 (4.3) 8.8 (0.1) 
5 60.9 (4.4) 0.75 (0.65) 19.9 (3.9) 8.9 (0.0) 
8 61. 7 (1. 8) 0.9 (0.7) 18.7 (0.3) 9.1 (0.3) 

12 60.5 (0.0) 1.0 (0.6) 22.1 (3.3) 8.8 (0.0) 
15 59.8 (0.4) 1.0 (0.6) 21.8 (3.4) 8.9 (0.1) 
18 58.6 (1.0) 1.0 (0.6) 21.6 9.1 (0.2) 
20 57.9 (1.2) 1.0 (0.6) 21. 7 (1. 1 ) 8.0 ( 1 .0) 

23 57.9 (0.2) 1.0 (0.5) 20.6 (0.0) 9.1 (0.0) 
25 57.0 (0.5) 1.0 (0.5) 22.0 (0.2) 9.3 (0.0) 
28 60.1 (4.0) 1.3 (0.3) 18.3 (0.2) 9.5 (0. 1 ) 

30 62.3 (5.9) 1.5 (0.1) 19.1 (2.7) 9.6 (0. 1 ) 

(1) Mean of duplicate determinations (mean deviation in parentheses). 

(2) Initial pH of mince = 6.75. 

Total 
Nitrogen 

(mg) 

24.3 (1. 9) 
27.9 (4.4) 
28.8 (3.9) 
27.9 (0.6) 
30.9 (3.4) 
30.7 (3.4) 
30.9 
29.7 (2.1 ) 
29.7 (0.0) 
31.3 (0.2) 
27.8 (0.4) 
28.7 (2.5) 

REACT! ON VESSEL 
CONTE~ITS 

TeA-soluble TeA-soluble 
N at given Nitrogen as % 

time (%) of Total Nitrogen 

64.0 (3.6) 13.9 (2.1 ) 

67.8 ( 4.8) 17.1 (4.1) 
68.4 (4.2) 17.7 (3.7) 
67.1 (0.4) 16.7 (0.5) 
71.0 ( 3.0) 19.7 (3.3) 
70.6 (3.0 19.5 (3.3) 
70.0 19.6 
73.0 (1. 4) 19.3 (1. 2) 
69.4 (0. 1) 18.3 (0.2) 
69.9 (0.3) 19.5 (0.1 ) 
65.8 (0.0) 16.3 (0.5) 
66.5 17.0 (2.1 ) 



APPENDIX 19: Acid hydrolysis of uncooked llaplocitromis at 59 ± 30C (5M HC1)(1) 

4 m1 SAMPLE ALIQUOT 
Time Temperature pH(2) 
(mi n) (OC) TCA-so1ub1e TCA-inso1ub1e 

Nitrogen Nitrogen 
(mg) (mg) 

0 59.6 (3.3) 1.45 (0.75) 19.4 ( 1 .8) 8.2 (0.4) 
3 63.2 (0.4) 1.65 (0.15) 25.2 (2.0) 8.3 (0.6) 
5 62.2 (0.2) 1. 75 (0.25) 26.6 (0.7) 8.2 (0.4) 

8 61.2 (0.5) 1.8 (0.2) 24.1 (3.9) 8.3 (0.7) 
12 59.1 (1.2) 1.85 (0.15) 27.1 (1 .3) 7.9 (0.7) 

15 57.3 (1.5) 1. 95 (0.15) 28.1 (0.5) 8.2 (0.5) 
18 59.4 (1. 6) 1.9 (0.2) 25.3 (1 .3) 7.9 (0.4) 
20 59.1 (2.2) 1.9 (0.2) 28.7 (1 .2) 8.3 (1. 0) 
23 57.4 (2.2) 1. 95 (0.25) 27.0 (2. 1 ) 8.0 (0.9) 
25 56.6 ( 1. 9) 2.0 (0.2) 28.0 (0.1 ) 7.8 (0.8) 
28 56.8 (0.0) 2.0 (0.2) 28.5 (0.5) 7.7 (0.6) 
30 56.6 (0.5) 2.0 (0.2) 27.7 (0.6) 7.9 (0.7) 

(1) Mean of duplicate determinations (mean deviation in parentheses). 

(2) Initial pH of mince = 6.85. 

Total 
Nitrogen 

(mg) 

27.6 (2.3) 
33.5 (2.6) 
34.8 (1. 1 ) 
32.5 (4.6) 
35.0 (2.0) 
36.3 (1. 1 ) 
33.3 (1 .8) 

36.9 (0.2) 
35.1 (3.0) 
35.9 (0.7) 
36.2 (0.2) 
35.6 (0.0) 

REACTION VESSEL 
CONTENTS 

TCA-so1ub1e TCA-solub1e 
N at given Nitrogen as % 

time (%) of Total Nitrogen 

70.2 (0.8) 22.1 (2.1) 
75.1 (0.0) 28.7 (2.3) 
76.5 (0.5) 30.6 (0.9) 
74.1 ( 1 .5) 27.5 (4.4) 
77.5 (0.5) 30.9 (1 .5) 
77.4 (0.9) 32.0 (0.5) 
76.2 (0.1 ) 28.9 (1 .5) 
77.6 (2.9) 32.7 (1 .4) 
77 .1 (0.5) 30.8 (2.3) 
78.2 (1. 8) 31.9 (0.1) 
78.7 (1. 7) 32.5 (0.5) 
77 .7 (1. 9) 31.6 (0.8) 



APPENDIX 20: Acid hydrolysis of cooked HapLochPomis at 58 ± 40C (2.5M HCl )(1) 

4 ml SAMPLE ALIQUOT 
Time Temperature pH(2) 
(mi n) (OC) TCA-soluble TeA-insoluble 

Nitrogen Nitrogen 
(mg) (mg) 

0 50.1 ( 7 . 1 ) 0.7 (0.2) 14.2 (2.3) B.8 (0. 1 ) 

3 60.1 (2.0) 2.0 ( 1.0) 14.1 (2.1 ) 9.2 (0.1) 
.6 61. 7 (2.1 ) 2.2 (1.0) 17.7 ( 1 .3) 9.6 (0.2) 
9 62.0 (2.4) 2.4 (0.9) 17.6 (0.3) 9.6 (0.3) 

13 60.6 (3. 1 ) 2.6 (0.8) 17.8 (1.7) 9.7 (0.4) 
15 59.5 (2.3) 2.6 (O.B) 19.5 (1.8) 9.2 (0.4) 
lB 59.4 (1. 4 ) 2.7 (0.7) 19.5 (1. 1 ) 9.3 (0.2) 

20 59.1 (0.9) 2.7 (0.7) lB.9 (2.3) 9.2 (0.1) 
23 57.9 (1. 0) 2.75 (0.65) 20.5 (0.6) 9.1 (0.3) 
25 56.9 (0.9) 2.75 (0.05) lB.6 (1. 4) 9.1 (0.5) 
2B 55.9 (0.5) 2.75 (0.65) 21.0 (3.2) 9.2 (0.1 ) 

30 56.2 (O.B) 2.75 (0.65) 22.1 (4.8) 9.4 (0.4) 

(1) Mean of duplicate determinations (mean deviation in parentheses) 
(2) Initial pH of mince = 6.9. 

Total 
Nitrogen 

(mg) 

23.0 (2.4) 

23.3 (2.0) 
27.3 (1. 5) 
27.2 (0.0) 
27.5 (2.1 ) 
2B.7 (1. 4) 
28.7 (0.9) 
2B.2 (2.4) 
30.0 (1.3) 

27.7 (0.9) 
30.2 (3. 1 ) 

31. 5 (4.4) 

REACTION VESSEL 
CONTENTS 

TCA-soluble TCA-soluble 
N at given Nitrogen as % 

time (%) of Total Nitrogen 

61. 5 (3.7) 12.8 (1. 7) 

60.0 (3.8) 12.7 (1.5) 

64.8 (1. 2) 16.0 (0.7:) 
64.6 (1. 1 ) 15.9 (0.2) 

64.7 (1. 3) 16.1 (1 .0) 

67.8 (2.9) 17.6 ( 1.0) 

67.7 (1. 7) 17.6 (0.4) 

66.9 (2.5) 17.0 (1. 5) 
69.7 (0.4) 19.0 (0.3) 
66.9 (3.0 ) 16.8 (0.7) 
69.3 (3.5) lB.9 (2.2) 

69.5 (5.6 ) 19.9 (3.7) 



APPENDIX 21: Acid hydrolysis of uncooked Haplochromis at 58 ± 4°C (2.5M HC1)(l) 

4 ml SAMPLE ALIQUOT 

Time Temperature pH(2) 
(mi n) (OC) TCA-soluble TeA-insoluble 

Nitroqen Nitrogen 
(mg) (mo) 

0 50.8 (1.7) 2.6 (0.1 ) 18.5 (3.5) 7.1 (0.5) 
3 55.0 (3.2) 3.0 (0.0) 24.7 (2.7) 8.3 (0.4) 
6 56.3 ( 3. 1 ) 3.1 (0.0) 24.2 (1 .4) 8.5 (1. 2) 
9 57.7 (1. 9) 3.15 (0.05) 26.7 (0.8) 7.9 (0.6) 

13 61.1 (3.0) 3.2 (0.0) 27.5 (0.2) 8.1 ( 1.0) 
15 60.7 (2.5) 3.25 (0.0) 29.2 (2.2) 8.1 (1. 1 ) 
18 59.8 (2.0) 3.25 (0.0) 28.0 (0.5) 7.7 (1. 1 ) 
20 60.5 (0.2) 3.35 (0.05) 24.5 (3.9) 8.0 (0.6) 
23 59.9 (0.8) 3.35 (0.05) 27.3 (1. 8) 8.1 ( 1. 1 ) 
25 58.6 (0.7) 3.4 (0.0) 31.4 (1. 5) 7.9 (0.6) 
28 57.3 (0.4) 3.45 (0.0) 23.2 (6. 1 ) 8.3 (0.7) 
30 56.2 (0.7) 3.5 (0. 1 ) 26.0 (1 .5) 8.6 (0.5) 

(1) Mean of duplicate determinations (mean deviation in parentheses) 
,(2) Initial pH of mince = 6.95. 

Total 
Nitroqen 

(mg) 

25.6 (3.0) 
33.0 (2.3) 
32.7 (0.2) 
34.6 (1 .5) 
35.6 (1 .3) 
37.3 (3.2) 
35.7 (0.7) 
32.5 (3.3) 
35.5 (0.6) 
39.3 (2.1 ) 
31.5 (5.4 ) 
34.6 (1. 0) 

REACTION VESSEL 
CONTENTS 

TeA-sol uble TCA-soluble 
N at given Nitroqen as % 

time (%) of Total Nitrogen 

71 .4 ( 5.2) 22.1 (4.2) 
74.5 (3.3) 29.5 (3.2) 
73.9 (3.8) 28.9 (1. 7) 
77.3 (0.9) 32.0 (1. 0) 
77 .4 ( 2.1 ) 32.9 (0.3) 
78.2 (0.9) 34.9 (2.6) 
78.4 (2.7 ) 33.4 (0.5) 
74.8 (4.4) 29.3 (4.7) 

77 .0 (3.5) 32.7 (2.1) 

79.9 (0.5) 37.5 (1. 7) 

72 .4 (6.9) 27.7 (7.3) 
75.2 ( 2.2) 31. 1 (1. 7) 
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APPENDIX 22: The pH-activity profile of pepsin(l) 

.~ 

> 

(1) Lehninger (1975) 

2 4 

pH 
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APPENDIX 23: Coding of samples as referred to in text 

C = cooked fish 

U = uncooked fish 

B = bleached hydrolysate 

A = unbleached hydrolysate 

C25 = cooked fi sh processed at 25°C wi th 11.3M HCl 

C37 = cooked fish processed at 370C with 11.3M HCl 

C46 = cooked fish processed at 46°C with 11.3M HCl 

C56 = cooked fish processed at 560C with 11.3M HCl 

C64 = cooked fish processed at 640C with 11.3M HC' 
C74 = cooked fish processed at 74°C with 11 .3M HCl 

C84 = cooked fish processed at 84°C wi th 11.3M HCl 

U25 = uncooked fish processed at 25°C with 11.3M HCl 

U38 = uncooked fish processed at 380C w; th 11. 3M HCl 

U48 = uncooked fish processed at 48°C with 11 .3M HCl 

U56 = uncooked fish processed at 56°C wi th 11 .311 HCl 

U65 = uncooked fish processed at 650C wi th 11 . 3r~ HCl 

U74 = uncooked fi sh processed at 74°C with 11 . 3r~ HC' 
U84 = uncooked fish processed at 84°C with 11.3M HC' 

*C2.5M = cooked fish processed at 580C with 2.5M HCl 

*C5M = cooked fish processed at 59°C with 5M HCl 
*C7.5M = cooked fi sh processed at 58°C with 7.5M HCl 
*C11.3M = C56 cooked fish processed at 56°C wi th 11.3M HCl 

U2.5M = uncooked fi sh processed at 580C with 2.5M HCl 

U5M = uncooked fish processed at 590C with 5M HCl 

U7.5M = uncooked fish processed at 60°C with 7.5M HCl 

U11 .3M = uncooked fish processed at 560C with 11.3M HCl 

* Final products produced and evaluated in 4.6. 
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Appendix 23 ... continued 

*CB 

*CA 
*UB 
*UA 

* 

= 
= 
= 
= 

cooked and bleached fish processed at 560C with 11.3M HCl 

cooked and unbleached fish processed at 56°C with 11.3M HCl 
uncooked and bleached fish processed at 56°C with 11.3M HCl 
uncooked and unbleached fish processed at 56 DC with 11.3M HCl 

Final products produced and evaluated in 4.6. 
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APPENDIX 24: Amino acid profiles of HapZochromis 

Sample 
Amino Acid 
9/1009 Whole Fish(l) Hhole Fish(l) Deboned, Pressed Protein 6.0-8.9g 149 and over dried & ground (2) 

Aspartic Acid 11.4 10.9 9.9 

Threonine 5.2 5.2 4.6 

Serine. 5.3 5.1 4.8 

Glutamic Acid 17.8 18.4 14.3 

Glycine 10.3 10.4 8.8 

Alanine 8.8 9.7 7.2 
Cystine(3) - - 1.1 

Valine 5.4 5.2 5.6 

Methionine 3.3 3.3 3.2 

Isoleucine 5.0 4.9 5.0 
Leucine 8.7 8.6 7.5 

Tyros i ne 3.9 3.6 3.7 

Phenylalanine 4.7 4.8 5.1 

Lysine 9.0 9.4 7.9 

Histidine 2.5 2.5 2.3 

Arginine 8.2 7.5 6.2 

(1) Ssali (1981) 
(2) Freshwater Fisheries Institute, Nyegezi. Tanzania (1975), for 

deboned pressed, dried 'and ground Haplochromis from Lake Vi ctoria 

(3) Cystine + tryptophan = 2% of total amino acids 
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APPENDIX 25: FAO/WHO sugqested pattern of amino acid requirements 
in man{l) 

Amino Acid Infant Child Adult 
g/1009 protein (0-2 yrs) (10-12 yrs) 

Histidine 1.4 0 0 
Isoleucine 3.5 3.7 1.8 

Leucine 8.0 5.6 2.5 

Lysi ne 5.2 7.5 2.2 
Methionine(2) 2.9 3.4 2.4 
Phenylalanine(3) 6.3 3.4 2.5 

Threonine 4.4 4.4 1.3 
Tryptophan 0.9 0.5 0.7 

Valine 4.7 4.1 1.8 

(1) FAO/WHO (1973) 
(2) Figures are for total sulphur amino acids (methionine and 

cystine). 

(3) Figures are for total phenylalanine and tyrosine. 
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APPENDIX 26: pH drop during 10 minutes incubation of four Haplochromis 

powders and casein with a multienzyme system 

Time Sample and pH( 1) 

(min) Casein YC2.5M YC5M YC7.5M YCll.3M 

0 8.0 (0) 8.0 (0) 8.0 (0) 8.0 (0) 8.0 

1 7.1 (0.4) 7.3 (0.1) 7.2 (0.15) 7.2 (0.15) 7.3 

2 7.0 10.4) 7.15 10.1 ) 7.1 10.15) 7.1 (0.15) 7.25 

3 6.8 (0.4) 7.1 (0.1 ) 7.0 10. 1) 7.0 (0.15) 7.15 

4 6.8 (0.3) 7.0 (0.1 ) 7.0 10.1) 7.0 (0.15) 7.15 

5 6.75 10.3) 7 0 (0.1) 6.9 (0.15) 6.95 (0.15) 7.1 

6 6.7 (0.3\ 6.95 (0. II 6.9 (0.15\ 6.9 (0.15) 7.05 

7 6.7 (0.3) 6.95 (0.05) 6.9 (0.1) 6.9 (0.15) 7.05 

8 6.65 (0.3) 6.95 (0.05) 6.9 (O.ll 6.9 (0.1 ) 7.0 

9 6.65 (0.3) 6.9 10.05) 6.9 10.1) 6.9 (0.1\ 7.0 

10 6.6 (0.3) 6.9 10.05) 6.85 (0.1) 6.9 (0.1 ) 6.95 

(1) Mean of triplicate determinations, standard deviation in 

parentheses. 

(0) 

(0) 

(0) 

(0) 

(0.05) 

. (0.05) 

(0\ 

(0) 

(0) 

(0.05) 

(0) 
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APPENDIX 27: pH drop during 10 minutes incubation of four Haplochromis 

powders and casein with chymotrypsin 

Time 
Sample and pH( I) 

(min) Casein(L) YC2.5M YC5M YC7.5M YCll.3M 

0 8.0 8.0 (0) 8.0 (0) 8.0 (0) 8.0 (0) 

1 7.3 7.5 (0) 7.4 (0.1) 7.35 (0.05 ) 7.3 (0.1 ) 

2 7.15 7.3 (0.05) 7.2 (0.05) 7.15 (0.05) 7.2 (0.1) 

3 7.05 7.25 (0.05) 7.1 (0.05) 7.1 (0.05 ) 7.1 (0.1 ) 

4 7.05 7.15 (0.05) 7.05 (0.1 ) 7.05 (0.05) 7.0 (0.05) 

5 7.0 7.1 (0) 7.0 (0.1 ) 7.0 (0.1) 7.0 (0.05) 

6 6.95 7.05 (0.05 ) 7.0 (0.1) 6.95 (0.05) 6.95 (0.05) 

7 6.95 7.05 (0.05) 6.95 (0.1 ) 6.9 (0.05 ) 6.95 (0.05) 

8 6.9 7.0 (0) 6.9 (0.05 ) 6.9 (0.05 ) 6.95 (0.1) 

9 6.9 7.0 (0) 6.9 (0) 6.9 (0) 6.9 (0.1 ) 

10 6.9 7.0 (0 ) 6.9 (0) 6.9 (0) 6.9 (0.1) 

(1) Mean of duplicate determinations, mean ·deviation in parentheses. 

(2) Single determination. 
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APPENDIX 28: pH drop ·during 10 minutes incubation ·of four·HaplochPomis 

powders and casein with peptidase 

Time Sample and pH(I) 

(min) Casein YC2.5M YC5M YC7 . 5~1 YCll .3M 

0 8.0 (0) 8.0 (0) 8.0 (0) 8.0 (0) 8.0 (0) 

1 7.1 (0.4) 7.75 (0) 7.75 (0.05) 7.65 (0.05) 7.7 (0.05) 

2 7.0 (0.5) 7.65 (.0.05 ) 7.65 (0.05) 7.55 (0.05 ) 7.65 (0.05) 

3 7.0 (0.5) 7.6 (0) 7.6 (0.05) 7.5 (0.05) 7.6 (0) 

4 7.0 (0.5) 7.55 (0) 7.55 (0.05) 7.5 (0.05 ) 7.55 (0) 

5 6.95 (0.5) 7.55 (0) 7.55 (0) 7.4 (0.05) 7.5 (0) 

6 6.95 (0.5) 7.5 (0) 7.5 (0) 7.4 (0) 7.45 (0.05) 

7 6.95 (0.45) 7.45 (0.05) 7.45 (0) 7.35 (0.05) 7.45 (0.05) 

8 6.95 (0.45) 7.45 (0.05) 7.4 (0) 7.35 (0) 7.4 (0.05) 

9 6.95 (0.45) 7.4 (0) 7.35 (0.05) 7.35 (0) 7.4 (0.05) 

10 6.95 (0.45) 7.4 (0) 7.35 (0.05) 7.3 (0) 7.4 (0.05) 

(1) Mean of duplicate determinations, mean deviation in parentheses. 

. 
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APPENDIX 29: pH 'drop during 10 minutes incubation of four Haploch~omis 

powders and casein with trypsin 

Time Sample and pH(I) 

(min) 
Casein YC2.5M YC5M YC7.5M YCll.3M 

0 8.0 ( 0) 8.0 (0) 8.0 (0) 8.0 (0) 8.0 (0) 

1 7.35 (0.1 ) 7.75 (0.05) 7.7 (0.05) 7.65 (0.05) 7.55 (0.05) 

2 7.25 (0.15) 7.7 (0) 7.55 (0.1) 7.55 (0.05) 7.5 (0.05) 

3 7.15 (0.15) 7.6 (0) 7.5 (0.05) 7.45 (0.05 ) 7.4 (0.1) 

4 7.1 (0.15) 7.55 (0.05) 7.45 (0.05) 7.4 (0.05) 7.35 (0.1) 

5 7.1 (0.2) 7.45 (0.05) 7.4 (0.05) 7.4 (0 ) 7.35 (0.1) 

6 7.05 (0.2) 7.45 (0.05) 7.4 (0) 7.4 (0) 7.35 (0.1 ) 

7 7.0 (0.2) 7.4 (0.05) 7.35 (0.05) 7.35 (0.05) 7.3 (0.1) 

8 7.0 (0.2) 7.35 (0.05) 7.3 (0.05) 7.35 (0) 7.3 (0.1) 

9 6.95 (0.25) 7.35 (0.05) 7.3 (0.05). 7.35 (0.05) 7.3 (0.1 ) 

10 6.9 (0.'-,) 7.35 (0.05) 7.25 (0.05) 7.35 (0.05) 7.3 (0.1) 

(1) Mean of duplicate determinations. mean deviation in parentheses. 



170 

8. REFERENCES 

AAES-J0RGENSEN, E. (1967). 
Fish oils as a source of essential fatty acids. In: Fish Oils, their 

Chemistry, Technology, Stability, Nutritional Properties and Uses, 
ed. M.E. Stansby,. p. 300-321. Westport, AVI Publ ishing Co. 

ACKMAN, R. G. (1974). 

Marine lipids and fatty acids in human nutrition. In: Fishery Products, 

ed. R. Kreuzer, p. 112-131, West Byfleet, Fishing News (Books) Ltd. 

AC KMAN, R. G . (1 980) . 

Fish 1 ipids. Part 1. In: Advances in Fish Science and Technology, 

ed. J.J. Connell and Staff of TRS, p. 86-102. Farnham, Fishing News 

Books Ltd. 

AMANO, K. (1 961) . 

The influence of fermentation on the nutritive value of fish with 

special reference to fermented fish products in South-East Asia. 

In: Fish in Nutrition, ed. E. Heen and R. Kreuzer, p. 180-200. 
London, Fishing News Ltd .. 

AMLACHER, E. (1961). 

Rigor mortis in fish. In: Fish as Food, Vol. 1 ed. G. Borgstrom, 

p. 385-409, New York, Academic Press. 

ASGHAR, A. and HENRICKSON, R.L. (1982). 

Chemical, biochemical, functional and nutritional characteristics of 

collagen in food systems. Advances in Food Research 28, 231-372. 

BAILEY, R.S. (1976). 
A review of the resources available to British fisheries, with parti

cular reference to minced fish technology. In: Conference: The 
Production and Utilisation of Mechanically Recovered Fish Flesh (Minced 

Fish) 7/8 April 1976, ed. J.N. Keay, p. 10, Aberdeen, MAFF, Torry 
Research Station. 



171 

BARLOW, S.M. and BURTON, F.W. (1974). 
The role of fish meal in alleviation of protein shortage in human 
nutrition. In: Fishery Products, ed. R. Kreuzer, p. 106-109, West 

Byfleet, Fishing News (Books) Ltd. 

BEDDOWS, C.G. and ARDESHIR, A.G. (1979a). 
The production of soluble fish protein solution for use in fish sauce 

manufacture I. The use of added enzymes. Journal of Food Technology 

.!i, 603-612. 

BEDDOWS, C.G. and ARDESHIR, A.G. (1979b). 
The production of soluble fish protein solution for use in fish sauce 

manufacture 11. The use of acids at ambient temperature. ·Journa 1 of 

Food Technology .!i, 613-623. 

BENCZE, W.L. and SCHMID, K. (1957). 
Determi na ti on of Tyros i ne and Tryptophan in Prote i ns. Ana lyti ca 1 

Chemistry,~, 1193-1196. 

BILLMEYER, F.W. and SALTZMAN, M. (1981). 
Principles of Colour Technology 2nd ed. New York, John Wiley and Sons, 

p. 57-60. 

BLACKWOOD, C.M. (1974). 

Utilization of mechanically separated fish flesh - Canadian experience. 

In: Fishery Products ed. R. Kreuzer, p. 325-328, West Byfleet, Fishing 

News (Books) Ltd. 

BLADH, P.V.H. (Alfa-Laval Inc) (1982). 
Processing fish raw material.· United States Patent 4 335 146. 

BLIGH, E.G. and DYER, W.J. (1959). 
A rapid method of total lipid extraction and purification. Can. J. 

Biochem. Physiol. E, 911-917. 



172 

, -

BOOTH, V.H. (1971). 
Problems in the determination of FDNB-avai1ab1e lysine. J. Sci. Fd. 

Agric. ~, 658-666. 

BOSUND, S.I.W., BENGTSSON, B.L. and OSTMAN, K.B.L. (1978). 
Soluble Isolate Produced by Alkali Extraction. U.S. Patent 4 091 003, 
(1978). In: jvieat, Poultry and Seafood Technology: Recent Developments 

by E. Karmas, p. 341-343. Park Ridge, Noyes Data Corporation. 

BOYARKINA, L.G., YAROCHKIN, A.P., MIKHALEVA, V.F., GORBATOV, A.V., 

ROGOV, LA. and KOSO!, V.D. (1981). 

[Potential uses of fish protein concentrate] [Russian]. Myasnaya 

Industriya SSSR No. 7, 28-30. 

BRENNAN, J.G., BUTTERS, J.R., COWELL, N.D. and LILLi, A.E.V. (1976). 
Food EngineeringOperatibns 2nd ed. p. 313-359, London, Applied 

Science Publishers Ltd. 

BROWN, A.H., VAN ARSDEL, W.B., LOWE, E. and MORGAN, A.I. (1973). 

Air drying and drum drying. In: Food Dehydration Vol. 1 : Drying 

Methods and Phenomena 2nd end. ed. W.B. Van Arsde1, M.J. Cop1ey and 

A.I. Morgan, p. 132-145. Westport, The Avi Publishing Company Inc. 

BUTTKUS, H. (1967). 

The reaction of myosin with ma1ona1dehyde. Journal of Food Science 

32, 432-434. 

CAUSERET, J. (1962). 
Fish as a source of mineral nutrition. In: Fish as Food Vol. 2, ed. 

G. Borgstrom, p. 205-234, London, Academic Press. 

CHAYOVAN, 5., RAO, R.M., LUIZZO, J.A. and KHAN, M.A. (1983). 
Chemical characterization and sensory evaluation of dietary sodium -

potassium fish sauce. Journal of Agricultural and Food Chemistry il 
(4) 859-863. 

CHIBNALL, A.C., HASELBACH, C., ~lANGAN, J.L. and REES, M.H. (1958). 

-Studies on the amide and c-termina1 residues in proteins 5. Estimation 

of asparagine and glutamine residues. Biochemical Journal 68, 122-128. 



173 

COLE, B.J. and KEAY, J.N. (1976). 

The development of rancidity in minced herring products during cold 

storage. In: Conference: ·The production and utilization of 

mechanically recovered fish flesh (minced fish) 7-8 April 1976. 
ed. J.N. Keay, p. 66-68, Aberdeen, MAFF Torry Research Station. 

COLOWICK, S.P. and KAPLAN, N.O. (eds) (1957). 
Methods in Enzymo10gy Vol. 3, p. 447-667. New York, Academic Press. 

COMMITTEE FOR INLAND FISHERIES OF AFRICA (CIFA) (1982). 

Report of the first session of the Sub-Committee for the Development 
and Management of the Fisheries of Lake Victoria. Mwanza, Tanzania, 
12-14 October 1981. FAO Fish. Report. (262) p.55. 

CONNELL, J.J. (1957). 
Some aspects of the texture of dehydrated fish. J. Sci. Food Agric. 
§., 526-537. 

CONNELL, J.J. (1968). 

The effect of freezing and frozen storage on the proteins of fish 
muscle. In: Low Temperature· Biology of Foodstuffs ed. J. Hawthorn 

and E.J. Ro1fe, p. 333-358. Oxford, Pergamon Press. 

CONNELL, J.J. (1982). 
Recent trends in fish science and technology. Bulletin of the Japanese 

Society of Scientific Fisheries (Nihon Sui san Gakkai-shi) 48 (8) 1029-1040. 

COWl E, W. P. and LITTLE, W. T. (1966). 
The relationship between the toughness of cod stored at -290C and its 

muscle protein solubility and pH. Journal of Food Technology ~ (4) 335-343. 

CHRISTENSEN, H.N. (1943). 
The isolation of va1y1va1ine from gramicidin hydro1ysates. Journal of 

Biological Chemistry ~, 319-324. 

CHRISTENSEN, H.N. (1944). 
The configuration of valy1va1ine in gramicidin. Journal of Biological 

Chemistry 154, 427-436. 



174 

CUTTING, C.L. (1969). 
Fish processing. In: Food Industries Manual 20th ed. ed. A. Hoollen, 

p. 235, London, Leonard Hill. 

DA COSTA, A. and STERN, J.A. (1956). 
The calcium and phosphorus contents of some foreign and domestic 

canned sardines. Food Research ~, 242-249. 

DEL VALLE, F.R. (1974). 
A quick-salting process for fish. In: 
p. 304-308, West Byfleet, Fishing News 

Fishery products ed. R. Kreuzer, 

(Books) Ltd. 

DESROSIER, N.W. and DESROSIER, J.N. (1977). 
The Technology of Food Preservation 4th ed. p. 218-258. Westport, 

AVI Publishing Company Inc. 

OHATEMHA, U1. (1981). 
Processing methods for utilisation of Haplochromis spp. n.Phil Thesis, 
Loughborough University of Technology. 

DHATEMWA, C.M. (1982). 
The utilisation of Haplochromis spp in Uganda. FAO Expert Consultation 
on Fish Technology in Africa. Casablanca, Morocco, FAO Paper: Fll: 
FTA/82/7. 

DHATEMHA, C.M. (1984). 

Personal communication. 

DISNEY, J.G. (1977). 

Post harvest aspects of fisheries development in the Tropics. p. 11-12. 
London, Tropical Products Institute (mimeographed). 

DISNEY, J.G. and POULTER, R.G. (1977). 

Possible approaches to the handling of under-utilized fish species. 
Paper presented at 2nd Annual Tropical and Subtropical Fisheries 

Technological Conference of the Americas, Biloxi, 1977. 



175 

DISNEY, J.G., TATTERSDN, I.N. and OllEY, J. (1977). 
Recent developments in fish silage. In: Proceedings of the Conference 
on the handling, processing and marketing of tropical fish, p. 231-240, 

london, Tropical Products Institute. 

DIXON, M. and WEBB, E.C. (1958). 
Enzymes, p. 542-545. london, longmans. 

DREOSTI, G.M. (1961). 
Fish flour: Technological developments in South Africa. In: Fish in 
Nutrition ed. E. Heen and R. Kreuzer, p. 425-431, london, FAO/Fishing 

News (Books) ltd. 

DREOSTI, G.M. (1972). 
The acceptabil ity of FPC products. Fishing News International 11 (10), 

46, 49. 

DREWS, J. (1976). 

Development of fish boning machines. In:· Conference: The production 
and utilisation of mechanically recovered fish flesh (minced fish). 
ed. J.N. Keay, p. 25-27, Aberdeen, MAFF Torry Research Station. 

DYER, W.J. and DINGlE, J.R. (1961). 
Fish proteins with special reference to freezing. In: Fish as Food 
Vol. 1, ed. G. Borgstrom, p. 275-327. london, Academic Press. 

DYER, W.J. and MORTON, M.l. (1956). 
Storage of frozen plaice fillets. J. Fish. Res. Board Can. 13 (1), 

129-134. 

DYER, W.J., MORTON, M.l., FRASER, 0.1. and BLIGH, E.G. (1956). 

Storage of frozen rosefish fillets. J. Fish. Res. Board Can. ]i, 569-579. 

EUROPEAN COMMUNITIES COMMISSION DIRECTORATE-GENERAL FOR AGRICULTURE (1979). 

Water content of frozen or deep-frozen poultry - examination of methods 
for determination in guinea-fowls and ducks, No. 67, p. 138·140. 



176 

F IDAN ZA, F. (1 984) . 
Methods of evaluating protein quality. In: Thermal Processing and 

Quality of Foods. ed. P. Zeuthen, J.C. Ceftel, C. Ericksson, M. Jul; 

H. Leniger, P. Linko, G. Varela and G. Vos. London, Elsevier Applied 
Science Publishers. p.851-860. 

FINCH, R. (1970). 
Fish protein for human foods. CRC Critical Reviews in Food Technology 

1 (4) 519-580. 

FOOD A~D AGRICULTURAL ORGANISATION (FAO). (1975). 
The production of fish meal and oil. FAO Fisheries Technical Paper 

No. 142, 54p. 

FAO (1979). 

1978 Yearbook of Fishery Statistics: Fishery Commodities Vol. 47, p.2. 

FAO (1980). 
Report on the marketing study of fish protein concentrate (FPC)8. 

Rome, FAO Report No. TF/INT 268 (FH). 

FAO (1982). 
FAO Commodity Review and Outlook 1981-82, p. 92-97. Rome, FAO. 

FAO/WHO (1973). 
Energy and Protein Requirements. Report of a Joint FAO/WHO Ad Hoc 

Expert Group, WHO Tech. Rep. Sec. No. 522: FAO Nut. t1eetings Rep. Ser. 

No. 52, p. 120, Geneva, WHO. 

FOUGERE, H. (1961). 

Fish flour: Technological developments in Canada. In: Fish in 

Nutrition, ed. E. Heen and R. Kreuzer, p. 413-415. London, FAO/Fishing 

News (Books) Ltd. 



177 

FRESHWATER.FISHERIES INSTITUTE, NYEGEZI, TANZANIA (1975). 

Unpublished data. 

GASSER, R.J. and HUSTER, L.B. (1973). 
Fish Protein Isolate. British Patent 1 322 243. 

GLAZER, A.N. and SMITH, E.L. (1961). 

Estimation of Cystine plus Cysteine in Proteins by the Disulfide 

Interchange Reaction. Journal of Biological Chemistry 236,416-421. 

GORDON, A.H., MARTIN, A.J.P. and SYNGE, R.L.M. (1941). 

A study of the partial acid hydrolysis of some proteins with special 

reference to the mode of linkage of the basic amino acids. Biochemical 

Journal ~, 1369-1387. 

HALL, G.M. (1983). 
Silage from Tropical Fish. PhD Thesis, University of Nottingham. 

HAMPTON, M.G. (A.F.P. Consultants Ltd) (1977). 
Process for and product of protein hydrolysis. British Patent 1 494 856. 

HANNESSON, G. (1961). 

Fish flour: Technological developments in Iceland. In: Fish in 

Nutrition, ed. E. Heen and R. Kreuzer, p. 416-418, London, FAO/Fishing 

News (Books) Ltd. 

HANNIGAN, K.J. (1982). 

Fish protein isolate okayed by FDA. Food Engineering 54 (1) 92-93. 

HARDY, R. (1980) .. 
Fish lipids. Part 2. In: 

ed. J.J. Connell and Staff 

Books Ltd. 

Advances in Fish Science and Technology, 

of TRS, p. 103-111, Farnham, Fishing News 



178 

HARDY, R. and KEAY, J.N. (1972),. 

Seasonal variations in the chemical compo~ition of Cornish mackerel, 

Scomber scombrus (L), with detailed reference to lipids. Journal of 

Food Technology I, 125-137. 

HERBERT, R.A., HENDRIE, M.S., GIBSON, D.M. and SHEWAN, J.M. (1971). 
Bacteria active in the spoilage of certain sea foods. J. Appl. 

Ba c te ri 01., 34, 41 - 50 . 

HERBORG, L., VILIEN, F., BRUUN and EGGUM, R. (1974). 

Roller-dried fish protein in Fishery Products, ed. R. Kreuzer, 
p. 309-311, West Byf1eet, Fishing News (Books) Ltd. 

HILL, R.J. (1965). 

Hydrolysis of proteins. In: Advances in Protein Chemistry 20, 

37-107. 

HIRS, C.H.W. (1967). 

Determination of cystine as cysteic acid. In: Methods in Enzymo1ogy 

l.1.., 59. 

HOBBS, G. and HODGKISS, W. (1982). 

The bacteriology of fish handling and processing. In: Developments in 

Food Microbiology - 1. Ed. R. Davies, p. 71-117. London, Applied 

Science Publishers. 

HOWARD, G.E. ~nd DOUGAN, J. (1974). 

Analytical Indications of,a More Rational Approach to Accelerated Fish 

Sauce Production. In: Fishery Products ed. R. Kreuzer, p. 176-177. 
West Byfleet, Fishing News (Books) Ltd. 

HSU, H.W., VAVAK, D.L., SATTERLEE, L.D. and MILLER, G.A. (1977). 

A multienzyme technique for estimating protein digestibility. Journal 

of Food Science 42 (5), 1269-1273. 



179 

HUXLEY, H. E. (1972). 
MolecuYar basis of contraction in cross-striated muscles. In: The 

Structure and Funttionof Muscle 2nd ed. Vol. 1. Structure Part 1 ed. 

G.H. Bourne, p. 301-387, London, Academic Press. 

HYDER, K. (1972). 
The Development of a process· for preparing a fish protein concentrate 

with functional properties. PhD Dissertation, Texas A & M University. 

IKEDA, S. (1980). 

Ot'ner organic components and inorganic components. In: Advances in 

Fish Science and Technology ed. J.J. Connell and Staff of TRS, p. 111-116. 

Farnham, Fishing News (Books) Ltd. 

INSTITUTE OF FOOD TECHNOLOGISTS (1980). 

Dietary salt. Food Technology 34 (1),85-91. 

INTERNATIONAL COMMISSION ON MICROBIOLOGICAL SPECIFICATIONS FOR FOODS 

(ICMSF) (1978). 
Microorganisms in foods 1:· ·Their significance and methods of enumera

tion 2nd ed. Toronto, University of Toronto Press. 

INTEROX CHEMICALS LTD. (1979). 

Washing bleached fish. U.K. Patent Application 2 009 585A. 

ISHIl, S. and AMANO, R. (1974). 

Reprocessing fish into composite products. In: Fishery Products 

ed. R. Kreuzer, p. 281-283, West Byfleet, Fishing News (Books) Ltd. 

ISHIKAWA, S., NAKAMURA, K., FUJJI, Y., YAMANO, SUGIYAMA, T., SHINOZAKI, 

K., TOBITA, K. AND YAMAGUCHI, Y. (1979). 
[Fish Jelly product (Kamaboko) and frozen minced meat (frozen surimi) 

made of sardine. Ill. Influence of treatment methods for materials 

Just after catching on the Kamaboko farming ability of sardine meat] 

[Japanese]. Bulletin of the Tokai Regional Fisheries Research Laboratory 
[Tokai-Ku-Suisan Kenkyusho Kenkyu Hokoku] 99, 31-42. 



180 

ISMAIl, P.K., MADHAVAN, P. and PIllAI, V.K. (1968). 

Studies on the preparation of fish protein concentrate. Fish. Technol . 

.? (1) 53-59. 

JEBSEN, J.W. (1961). 
Proteins in fish muscle. In: Fish in Nutrition ed. E. Heen and R. Kreuzer 
p. 68-72. london, FAO/Fishing News (Books) Ltd. 

JENSEN, J.G., MlAY, M.l., KIKAREH, S.M., BAHINDA, P., KIRENGA, J. and 
DHATEMWA, C. M. (1982). 

Roller drying of HapLochromis spp. from lake Victoria, Tanzania 
Technical Report 16p. (mimeographed). 

KAREl, M. (1975). 

In: Principles of Food Science: 

Preservation ed. O.R. Fennema, p. 

Dekker Inc. 

Part 11 Physical Principles of Food 

219-236, 309-357. New York, Marcel 

KEAY, J.N. (1979). 

Minced Fish (Torry Advisory Note No. 79) Aberdeen, MAFF, Torry Research 
Station. 

KING, F.J. (1976). 

Past, present and future uses of minced fish in the United States. 

In: Conference: the production and utilization of mechanically 
recovered fish flesh (minced fish) 7/8 April 1976 ed. J.N. Keay p. 78-81 
Aberdeen, MAFF, Torry Research Station. 

KOLODZIEJSKA, I. and SIKORSKI, Z.E. (1981). 

Possible effect of lipid oxidation induced by 

protein extractibility in frozen stored fish. 

and Technology 1981-4, 383-387. 

inorganic salts on 

Refrigeration Science 



181 

KOMPIANG, I.P.,ARIFUDIN, R. and RAA, J. (1980). 

Nutritional value of ensi1aged by-catch fish from Indonesian shrimp 

trawlers. In: Advances in Fish Stience and Technology. ed. J.J. Conne11 

and Staff of TRS. p. 349-352. Farnham, Fishing News (Books) Ltd. 

KONING, P.J. de and ROOIJEN, P.J. van (1972). 
Effect of hydrogen peroxide on the amino acid composition of the proteins 

from cheese whey and evaporated milk. Ned. Me1k-en Zuive1tijdschcr ., 

26 (1) 41 -44. 

KREMSDORF, D.L., JOSEPHSON, R.V., SPINDLER, A.A. and PHLEGER, C.F. (1979). 

Gross composition, sensory evaluation and cold storage stability of 

underuti1 ized deep sea Pacific rat tail fish Coryphae"cides acrolepis. 

Journal of Food Science 44, 1044-1048. 

KREUZER, R. (1974). 

Fish and its place in culture. In: FisheryProducts ed. R. Kreuzer 

p. 44. West Byf1eet, Fishing News (Books) Ltd. 

KRISS, A.E. (1971). 

Marine microbiology, ecology and geography. Microbiology 40 (5), 
904-911. 

LAB U ZA, T. P. (1 968) . 

Sorption phenomena in foods. Food Technology 22, 263-272. 

LABUZA, T.P. (1971). 
Kinetics of lipid oxidation in foods. CRC Critical Reviews in Food 

Technology ~, 355-405. 

LABUZA, T.P., TANNENBAUM, S.R. and KAREL, M. (1970). 

Water content and stability of low-moisture and intermediate-moisture 

foods. Food Technology 24, 543-550. 

LAWRIE, R.A. (1979). 

Meat Science 3rd. ed. Oxford, Pergamon Press, p. 49-56. 



182 

LEHNINGER, A.L. (1975). 

Biochemistry. 2nd ed. New York, Worth Publishers Inc. 

LISTON, J. (1980). 
Microbiology in fishery science. In: Advances in Fish Science and 

Technology ed. J.J. Connell and Staff TRS. p. 138-157. Farnham, 
Fishing News (Books) Ltd. 

LONG, C. (1961). ed. 
Biochemists' Handbook p. 717. London, E & F.N. Spon Ltd. 

LOVE, R.M. (1970). 
The Chemical Biology of Fishes. London, Academic Press. 

LOVE, R.M. (1980). 

Biological factors affecting processing and utilization. In: Advances 

in Fish Science and Technology. ed. J.J. Connell and Staff TRS, p. 130-138. 
Farnham, Fishing News (Books) Ltd. 

LUCAS, B. and SOTELO, A. (1982). 
-Amino acid determination in pure proteins, foods and feeds using two 

different acid hydrolysis methods, Analytical Biochemistry 123 (2), 
349-356. 

LUND, D. (1975). 

Heat transfer in foods. In: Principles of Food Science: Part 11 Physi

cal Principles of Food Preservation. ed. O.R. Fennema, p. 11-30, New 

York, Marcel Dekker Inc. 

LUPIN, H.M., GIANNINI, D.H., SOULE, C.L., DAVIDOVICH, L.A. and 

BOERI, R.L. (1980). 

Storage 1 i fe of ch i 11 ed Pa tagon i an hake il1eY'~uccius hubbsi). 

Journal of Food Technology ~ (3) 285-300. 



183 

MACKIE, I.M. (1973). 
Potential production of powdered and liquid fish products for human 

consumption and animal feed. FAO Technical Conference on Fishery 

Products, Tokyo 11-12 April 1973. (Document No. FII, FP/73/E-13 April, 
1973) . 

MACKIE, I.M. (1982). 

Fish protein hydrolysates. Process Biochemistry .!Z (1) 26-28, 31. 

MAL!NS, D.C. (1967). 

The classes of lipids in fish. In: Fish Oils: The;'r Chemistry, Tech
nology, Stabil ity, Nutritional Properties and Uses. ed. M.E. Stansby, 

p. 31-42. Westport, AVI Publishing Co. 

MARCH, B.E. (1962). 

Fish Meal and Condensed Fish Solubles in Poultry and Livestock Feeding. 
In: Fish as Food Vol. 11 , ed. G. Borgstrom, p. 377-434. London, 
Academic Press. 

MASTERS, K. (1972). 

Spray Drying: an introduction to principles, operational practice and 

appl ications. London, Leonard Hill. 

McBRIDE, J .R., IDLER,D.R. and MACLEOD, R.A. (1961). 

The liquefaction of British Columbia herring by ensilage, proteolytic 

enzymes and acid hydrolysis. J. Fish.Res. Board. Can . .!..Q, 93 (1961) 

MEINKE, W.W. (1974). 

The potential of the by-catch from shrimp trawlers. In: Fishery 

Products ed. R. Kreuzer, p. 233-237, West Byfleet, Fishing News (Books) 
L td. 

MERRETT, T.G., BAR-EL!, E. and VANVUNAKIS, H. (1969). 

Pepsinogens A, C and D from the Smooth Dogfish. Biochemistry 8, 
3696-3702. 



184 

MILLER, E.L. (1967). 
Determination of the Tryptophan content of feedingstuffs with parti

cular reference to cereals. J. Sci. Fd. Agric . .!§.' 3S1-386. 

MINISTRY OF AGRICULTURE, FISHERIES AND FOOD (MAFF) (UK) (1976).. 

Manual of Nutrition 8th ed. prepared by D. Suss and J. Robertson, 
London, HMSO. 

MLAY, M.L. and MKWIZU, B.L. (1982). 

The production of fish meal at village level. In: Proceedings of the 
FAO Expert Consultation on'Fish'Technolbgy in Africa, Casablanca, Morocco, 

7-11 June 1982. FAO Fisheries Report No. 268, Supplement, p. 267-272. 

MOHR, V. (1977). 

Fish protein concentrate production by enzymic hydrolysis. In: 

Biochemical aspects of new protein food, 11th meeting, Copenhagen, 

1977, Vol. 44. ed. Adler-Nissen, J. Eggun, B.O., Munck, L. and 

Olsen, H.S. p. 53-61. 

MOLEDINA, K.H., REGENSTEIN, J.M., BAKER, R.C. and STEINKRAUS, K.H. 

(1977). 

Effects of antioxidants and chelators on the stability of frozen 

stored mechanically deboned floundermeat from racks after filleting. 

Journal of Food Science 42, (3), 759-764. 

MOORE, S. (1963). 
On the determination of Cystine as Cysteic Acid. Journal of Biological 

Chemistry 238, 235-237. 

MOORE, S. and STEIN, W.H. (1963). 
Chromatographic determination of Amino Acids by the use of Automatic 

Recording Equipment. In: Methods of Enzymology Vol. 6 ed. S.P. 

Cblowick and N.O. Kaplan, p. 819-831, New York, Academic Press. 

MOSHY, R.J. and WHALEY, W.M. (General Foods Corporation) (1963). 

Production of fish protein. Canadian Patent 663,559. 



185 

MURRAY, J. and BURT, J.R. (1969). 
The Composition of Fish. (Torry Advisory Note No. 38). Aberdeen, 
MAFF, Torry Research Station. 

MYCEK, M.J. (1970). 
Cathepsins. In: Methods in Enzymology Vol. 19: Proteolytic Enzymes, 

ed. G.E. Perlmann and l. lorand p. 285. New York, Academic Press. 

NAKAMURA, K., FUJII, Y. and ISHIKA\'JA, S. (1978). 
[Studies on salted and dried sardine. I. Changes of the chemical 
components in sardine meat during salting, drying and storage]. 
Bulletin of the Tokai Regional Fisheries Research laboratory. rokai
Ku Sui san Kenkyusho Kenkyu Hokoku] ~, 75-84. 

NOlTMANN, E.A., MAHOWAlD, T.A. and KUBY, S.A. (1962). 
Studies on Adenosine Triphosphate Transphosphorylases. 11. Amino acid 
composition of adenosine triphosphate-creatine transphosphorylase. 
Journal of Biological Chemistry 237, 1146-1154. 

O'HARE, W.T., CURRY, M.C. and AllEN, J.C. (1984). 
Effect of buffering capacity on a commonly used assay of protein 
digestibility. Journal of Food Science 49, 498-499. 

OlCOTT, H.S. and FRAENKEl-CONRAT, H. (1947). 
Formation and loss of cysteine during acid hydrolysis of proteins. 
Ro 1 e of tryptophan. Journa 1 of Bi 01 ogica 1 Chemi s try ~, 583-594. 

OllEY, J.N. (1980). 
Structure and protei ns of fi sh and she 11 fi sh. Pa rt 1. In: Advances 
in Fish Science and Technology, ed. J.J. Connell and Staff of TRS, p.65-77, 
Farnham, Fishing News (Books) Ltd. 

OOSHIRO, Z., OK, T., UN, E.H., HAYASHI, S. and ITAHURA, T. (1981). 
Study on use of commercial proteolytic enzymes in production of fish sauce. 
Memoirs of Faculty of Fisheries Kagoshima University 3D, 383-394. 

ORlOVA, T.A., KURANOVA, l.K. and NELlCHIK, N.N. (1977). 
Effect of hydrogen peroxide on quality of protein matter Trudy Polya:r', 

nauchno-issled. Inst. morsk. ryb. Khoy Okeanogr., 39, 125-129. 



186 

ORLOVA, T.A., NELlCHIK, N.N. and FLEIDER, K.A. (1979). 

[Edible protein concentrate from fish raw material] [in Russian]. 

Rybnoe Khozyaistovo No. 10, 59-62. 

PARISER, E.R. (197l). 
The potential, the problems, and the status of using proteins of 
aquatic origin as human food. Food·Technology 25 (11) 1162-1164, 

1166,1168-1170,1172 and 1174. 

PARISER, E.R. and WALLERSTEIN, M. (1980). 

Fish protein concentrate: lessons for future food supplementation. 

Food Policy. November 1980, p. 298-305. 

PARISER, LR., WALLERSTEIN, M.B., CORKERY, C.J. and BROWN, N.L. (1978). 

Fish protein concentrate:· panacea for protein malnutrition? London, 

MIT Press, 296p. 

PEARSON, D. (1981). 
Pearson's Chemical ·Analysis of· Foods 8th ed. London, Churchill Livingstone, 

p. 11-14. 

PRENDERGAST, K. (1974). 

Protein hydrolysate - a review. Food Trade Review 44 (1), 14-21. 

RAA, J. and GILDBERG, A. (1982). 
Fish Silage: a Review CRC Critical Reviews in Food Science and Nutrition 

~ (4), 383-419. 

RASEKH, J., STILLINGS, B.R. and SIDWELL, V. (1972). 

Effect of hydrogen peroxide on the colour, 
quality of FPC (fish protein concentrate). 

(3), 423-425. 

RAVICHANDER, N. and KEAY, J.N. (1976). 

composition and nutritive 

Journal of Food Science 37 

The production and properties of minced fish from several commercially 

important species. In: Conference: the Production and Utilization of 

mechanically recovered flesh (minced fish) 7-8 April 1976 ed. J.N. Keay, 

p. 18-20. Aberdeen, MAFF Torry Research Station. 



187 

REES, M.W. (1946). 

The estimation of threonine and serine in proteins. Biochemical 

Journal 40, 632-640. 

RITCHIE, A.H. and MACKIE, I.M. (1982). 

Preparation of fish protein hydrolysates. Animal Feed Science and 
Technology 2,125-133. 

ROBBINS, K.R. and BALLEW, J.E. (1982). 

Effect of alkaline treatment of soy protein on sulphur amino acid 

bioavailability. Journal of Food Science 47 (6),2070-2071. 

ROELS, O.A. (John J. Ryan and Sons Inc) (1972). 

Recovery of protein hydrolysate from fish or fish products. Canadian 
Patent 902420. 

ROELS, O.A. (1974). 

Recovery of protein hydrolysate from fish or fish products. United 
States Patent 3 836 686. 

RYLE, A.P. (1970). 

The porcine peps ins and pepsinogens. In: Methods in Enzymology 

Vol 19. Proteolytic Enzymes ed. G.E. Perlmann and L. Lorand, p. 329. 

New York, Academic Press. 

RYLE, A.P., SANGER, F., SMITH, L.F. and KITAI, R. (1955). 

The Disulphide bonds of insulin. Biochemical Journal, 60, 541-556. 

SAISITHI, P., KASEMSARN, B., LISTON, J. and DOLLAR, A.M. (1966). 

Microbiology and Chemistry of fermented fish. Journal of Food Science 
31,105-110. 

SALWIN, H. (1959). 

Defining minimum moisture contents of dehydrated foods. Food Technology 
13, 594-595. 



188 

SANGER, F. (1949) . 
. The Terminal Peptides of Insulin. ·Biochemical Journal 45, 563-574. 

SANGER, F. (1952). 
The arrangement of amino acids in proteins. Advances in Protein 

Chemi stry ~, 1. 

SCOTT, W.J. (1957). 
Water relations of food spoilage organisms. Advances in Food Research 

~,83-127. 

SELTZER .. E. and SETTELMEYER, J.T. (1949). 
Spray drying of foods. In:· Advances in Food Research Vol. 2, ed. E.M. 

Mrak and G.F. Stewart. New York, Academic Press. p.399-520. 

SHEVCHENKO, V.V. and ANTONOV, N.A. (1976). 

The quality of cold smoked mackerel packaged by various methods. Izu. 
vyssh. ucheb. Zaved, No. 1, 71-73. 

SHEWAN, J.M. (1977). 

The bacteriology of fresh and spoiling fish and the biochemical changes 

induced by bacterial action. In: Proteedings of the Conference on the 
Handling, Processing and Marketing of Tropical Fish, p. 51-66. London, 

Tropical Products Institute. 

SHIMOSE, T. and TANAKA, M. (Shimose Shokuhin Co. Ltd) (1981). 

Enclosed system for a batch process for the manufacture of fish meat. 
·United States Patent 4 251 557. 

S IKORSKI, Z. E. (1980). 
Structure and prote ins of fi sh and shell fi sh.· Pa rt 2. In: Advances 

In Fish Science and Technology ed .. J.J. Connel1 and Staff of TRS. 

p.78-85. Farnham, Fishing News (Books) Ltd. 



189 

SIKORSKI, Z.E. and NACZK, M. (1981). 

Modification of technological properties of fish protein concentrate. 

CRC Critical Reviews in Food Science and Nutrition 14, 201-230. 

SIKORSKI, Z.E. and NACZK, M. (1982). 

Changes in functional properties of fish protein preparations induced 
by hydrolysis. Acta Alimentaria' Polonica ~ (1/2) 35-42. 

SIKORSKI, Z.E., SCOTT, D.N. and BUISSON, D.H. (1984). 
The role of collagen in the quality and processing of fish. CRC Critical 

Reviews in Food Science and'Nutrition 20 (4); 301-343. 

SIMIDU, W. (1961). 

Non-protein nitrogenous compounds in Fish as Food Vol. 1 ed. G. Borgstrom, 
p. 353, London, Academic Press. 

SIMPSON, R.J., NEUBERGER, M.R. and LIU, T-Y. (1976). 
Complete amino acid analysis of proteins from a single hydrolysate. 

Journal of Biological Chemistry 251 (7) 1936-1940. 

SIMS, G.C., COSHAM, C.E. and ANDERSON, W;E. (1975). 

Hydrogen peroxide bleaching of marinated herring. Journal of Food Technology 
2Q, 497-505. 

SLAV IN, J. E. (1 981) . 

Minced fish to bolster supply of seafoods as world demand leaps by year 

2000. Quick Frozen Foods 43 (10) 90-93. 

SMYTH, D.G., STEIN, W.H. and MOORE, S. (1962). 

On the sequence of residues 11 to 18 in bovine pancreatic ribonuclease. 
Journal of Biological Chemistry 237, 1845-1850. 

SPADARO, J.J., WADSWORTH, J.1. and VIX, H.E.E. (1966). 

Drum drying of foods. ~A~SH_R_A_E~Jo~u~r_n~a_l ~ (9); 55-63. 



190 

SPINELLI, J. and DASSOW, J.A. (1982). 

Fish proteins: their modifi~ation and potential uses in the food 

industry. In: Chemistry and biochemistry of marine food products 
ed. R.E. Martin, G.J. Flick, C.E. Hebard and D.R. Ward. p.13-25. 

SPRAY PROCESSES LTD. (1984). 
The Becker Dryer Technical information brochure. 

SRIPATHY, N.V. (1982). 
Non-traditional fish by-products: an approach to utilisation of low 
price marine fish. ·Seafood Export Journal 14 (6) 23-26. 

SSALI, W. M. (1981). 

The Chemical Composition of Haplochromis spp. M.Phil. Thesis, Loughborough 

University of Technology. 

STANLEY, R. (1981). 
There is still value in fish the shrimp boats throwaway. Fishing News 

International 20 (10) 104-105. 

STANSBY, M.E. and OLCOTT, H.S. (1963). 

Composition of fish. In: Industrial Fishery Technology ed. M.E. Stansby 

and J.A. Dassow, p. 339-349. New York, Reinhold Publishing Corporation. 

STEGEMANN, H. and STALDER, K. (1967). 

Determination of hydroxyproline. Clinica Chimica Acta ~, 267-273. 

SUYAMA, M. and SHIMIZU, T. (1982). 

[Buffering capacity and taste of carnosine and its methylated compoundsJ 
[in JapaneseJ. Bulletin of the Japanese Society of Scientific Fisheries 
[Nihon Suisan Gakkai-ShiJ 48· (1) 89-95. 

SUZUKI, T. (1981). 

Fish and Krill Protein: Processing Technology. London, Applied Science 
Publishers Ltd. 



-~---
191 

S VENSSON, S. (1980). 
Stabilization of fish mince from gadoid species b~ pretreatment of the 
fish. In: Advances in Fish Science and Technology ed .• 1.J. Connell 
and Staff of TRS, p. 226-232. Farnham, Fishing News (Books) Ltd. 

SYNGE, R.L.M. (1943). 
Partial hydrolysis products derived from proteins and their significance 
for protein structure. Chem. Rev. ~, 135-172. 

SYNGE, R.L.M. (1944). 
Analysis of a partial hydrolysate of gramicidin by partition chromato
graphy with starch. Biochemical Journal 38, 285-294. 

TABLEROS, M.A. and YOUNG, R.H. (1982). 
Acceptability and storage characteristics of frozen, minced products 
from Mexican by-catch. International Development Research Centre Mono
graphs, IDRC-198e, 99-100. 

TAN SEN MIN, FUJIWARA, T., NG MUI CHING and TAN CHING EAN (1982). 
Processing of by-catch into frozen minced blocks (surimi) and jelly 
products. International Development Research Centre Monographs, 
IDRC-198e, 89-92. 

TANNENBAUM, S.R., STILLINGS, B.R. and SCRIMSHAW, N.S. (eds). (1974). 
The economics, marketing and technology of fish protein concentrate. 
Cambridge, Massachusetts Institute of Technology. 

TAPPEL, A.L. (1955). 
Unsaturated lipide oxidation catalyzed by hematin compounds. Journal of 

Biological Chemistry 217, 721-733. 

TARR, H. L. A. (1972). 
Enzymes and systems of intermediary metabolism. In: Fish Nutrition 
ed. J.E. Halver, p. 310-313, London, Academic Press. 

TATTERSON, r:N. and HINDSOR, M.l. (1976). 
Fish Silage (Torry Advisory Note No. 64) Aberdeen, MAFF, Torry Research 

Station. 



192 

TAYLOR, A.A. (1961). 
Determination of moisture equilibria in dehydrated foods. Food 

Technology li, 536-540. 

TOWER, D.B., PETERS, LL. and WHERRETT, J.R. (1962). 
Determination of protein-based glutamine and asparagine. Journal of 
Biological ChemistrY·537, 1861-1869. 

TROLLER, J.A. and CHRISTIAN,J.H.B. (1978). 

Water Activity and Food, New York, Academic Press. 

TRONSTAND, I.M. (Myrens Verksted A/S) (1977). 

[Method and device for producing and drying meal of cooked animal 

material, e.g. fish or fish material] [in Norwegian]. Norwegian 

Patent Application 136 819. 

UGANDA MINISTRY OF ANIMAL INDUSTRY AND FISHERIES (1983). 

Blueprint for Fisheries Development in Uganda, p.4. 

UGANDA MINISTRY OF ANIMAL INDUSTRY AND FISHERIES(1984). 
Personal communication. 

VALAND, S. (1979). 

Fish protein concentrate type B - a more promising approach. Food and 

Nutrition 2 (2), 24-29. 

VAN ARSDEL, W.B. (1973). 

Drying phenomena. 
Phenomena 2nd ed. 

In: Food Dehydration Vol. 1: Drying ~1ethods and 

ed.W.B. Van Arsdel, M.J. Copley and A.I. Morgan. 
p. 22-57. Westport, The AVI Publ ishing Company, Inc. 

VAN VEEN, A.G. (1965). 

Fermented and dried seafood products in South-east Asia. In: Fish as 

Food Vol. 3. ed. G. Borgstrom, p. 227-250. London, Academic Press. 



193 

WALLERSTEIN, M.B. and PARISER, ·E.R. (1978). 

Fish protein concentrate. A technological approach that failed. 

Food and Nutrition 4 (1/2) 8-14. 

WHITTEMORE, C.T. and TAYLOR, A.G. (1976). 

Nutritive value to the growing pig of deoiled liquefied herring offal 
preservedwithfonnic acid (fish silage). J. Sti. Fd. Agric. 27,239-243. 

WHITTLE, K.J. (1982). 

Developments in sea fish processing. Food, Flavourings, Ingredients, 

Packaging and Processing 4 (3) 29-31. 

WINDSOR, M.L. (1977): 

Fish Protein Concentrate. (Torry Advisory Note No. 39). Aberdeen. 
MAFF, Torry Research Station. 

WOOD, C.D. (1981). 

The prevention of losses in cured fish. FAO Fisheries Technical Paper 
No. 219, 87p. Rome, FAO. 

WRA Y, T. (1 982) . 

More and more foods now include FPC. Fishing News International 21 
(8) 48-49. 

YOUNG, R.H., CORIA, L, CRUZ, E. and BALDRY, J. (1979). 

Development and acceptability testing of a modified salt/fish product 

prepared from shrimp by-catch. Journal of Food Technology li, 509-519. 

YOUNG, R.H., DURAN, L. and VELEZ, J.F. (1981). 

Effect of process variables on the characteristics of dried/salted fish 

minces prepared from Mexican shrimp by-catch. Tropical Science 23 (4), 
269-282. 



194 

YOUNG, R.H. and TABLEROS, M.A. (1981). 
Processing, and storage characteristics of frozen minces prepared from 

fish of the Mexican shrimp 'by-catch. Refrigeration'Science and Tech

nology 1981-1984, 419-427. 

YOUNG, 'R.H. (1982a). 
Development of a salted, minced product from Mexican shrimp by-catch. 

International Development'Research'Centre Monographs. IDRC-198e, 93-95. 

YOUNG, R.H. (1982b). 
Financial projections for industrial production of minced by-catch 

fish. International Development Research Centre Monographs. IDRC-198e, 

110-112. 



- --- -------------,,' 




