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ABSTRACT 


Voiqt, M.N. August 1986. A Study of the Use of Cod, Cod By-Products anrl 
Crustacean By-Products for Surimi and Surimi-Based Products: Part III 
Shellfish Flavour Extraction Studies. Can. Ind. ~ep. Fish. Aquat. Sci. 

vii + 42 p. 

Eleven of twelve identified taste-active components have been analyzed 
from crab and scallop wastes and commercially produced flavourants. Crab 
cooker water and crab leg shells and tip shells have been identified as 
good potential sources for flavour extracts. The rate of accumulation of 
flavour components in cooker water decreased after 2 hours of processinq. 
Except for adenosine monophosphate, scallop offal and adductor muscle have 
equal contents of flavour-active components. Green pigment in scallop 
wastes constitutes a problem. A scallop-flavoured kamaboko product has 
been successfully developed. An extruder for texturizing kamaboko has been 
developed for producinq scallop and crab-flavoured analogues on a 
laboratory scale. 

V~igt, M.~. August 1986. A Study of the Use of Cod, Cod By-Products and 
Crustacean By-Products for Surimi and Surimi-Based Products: Part III 
Shellfish Flavour Extraction Studies. Can. Ind. Rep. Fish. Aquat. Sci. 
'1-7- Iii + 42 p. 

On a analyse onze des douze compos antes 9ustatives identifiees dans 
les dechets de petoncle et de crabe et les assaisonnements commerciaux. 
L'eau de cuisson du crabe ainsi que les coquilles des pattes et l'avant de 
la carapace ont ete reconnues comme de bonnes sources potentielles 
d1extraits de saveur. Le taux d1accumulation des composantes gustatives 
dans lleau de cuisson a diminue apres 2 h de traitement. Sauf pour le 
monophosphate d1adenosine, les issues et le muscle adducteur du petoncle 
contiennent la meme teneur en composantes gustatives. Le pigment vert 
retrouve dans les issues de petoncle cunstitue un probleme. Du kamaboko a 
saveur de petoncle ainsi qu1une boudineuse pour la texturati6n du kamaboko 
ont ete mis au point. Celle-ci servira a la fabrication experimentale 
d1analogues a saveur de petoncle et de crabe. 
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PREFACE 


A contract was to a team Newfoundl and 

Labrador Institute of Fisheries Marine nology (The Marine 

Institute) and ial University to study the potential sel 

Canadian Atl ic fish ies and lfish processing wastes produce 

surimi and shellfish flavours. earch to develop methodology for rapidly 

det ning the al of raw materials to produce surimi was initiated, 

ective 1 atory techniques for uating quality of surimi were 

established, a pilot line for prod ng surimi was install surimi was 

produced from cod and other groundfish. biochemi indices of cod 

were an under various conditions stor hods were 

establi which may assist as ictors of surimi potenti from cod and 

possi yother ies. Cr s wastes scallop process 

were anal for their ts of flavour-active components. Methods of 

concentrati flavours were identified. 

separ publications from this contract were issued. 

citation for these are: 

Chandra, C.V. 1986. A udy of the e of Cod, By-Products and 

Crustacean ucts for imi and imi-Based Products: Part I 

Raw Material Assessment. 

Haard, N. 1986 • A of the Use of .Cod, Cod By-Products and Crustacean 

By-Products Surimi and Surimi-Based Products: II - Physiology 

Studies. 
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INTRODUCTION 


American s es of surimi, mainly for preparation of shell 

analogues, have risen in five years from about two million to about three 

hundred million dollars in 1985 (Katayama, Pers. Comm.). 1atter figure 

s about .5 million kgs. (76 million lbs.) of products, with 

crab-f1 surimi-based analogues accounting for more than ghty 

total (Katayama, Pers. Comm.). It is ast that North 

American ion of surimi-based products will rise to over 

billion dollars worth in the early 1990's, and that market will incl a 

vari lfish analogues (Anon. 1985); (Harris, ) . 
North ican supply of natural and surimi crab combined 

.7 mill ion . (50 million 1bs. ) (meat weight) in to .5 

mill ion . (140 mill ion 1bs .) in 1984 (Vondruska, 1985). Thi mill ion 

.( .) of the increase was due to the introd 

crab' an The yield of meat from the shellfish is ativ y low, 

ie. about 30 from snow crab, 12 percent from the Giant scallop and 

36 from the Icelandic scallop. As a result, large quantities of 

offal are produced. Processing of snow crab and scallop prod more than 

24,000 ,000 tonnes respectively. In Atlantic Canad al from 

shell sh Sing is not utilized at this time, thus causing 

environment di problems. Shellfish wastes cont n 5i ificant 

amounts compounds responsible for flavour. 



ly, a process b on chelation and specific enzymic catalysis 

has developed in Newfoundl for extraction of carotenoprotein 

flavour components from shrimp offal (Simpson and Haard, 1985). Additional 

study is need to determine the suitability this process recovering 

crab essence. A Can ian patent (No. 2107 has been filed by United 

Maritime Fi erman (Moncton. N.B.) for an enzymic s to 

flavourant from 1 ter shells with spray drying being used to produce a 

powder. It is recognized that e in hydrol is 

luenced by the type and degree protein hydrolysis (Godfrey and 

Reichelt, 1983), and this factor will be an important consideration in 

developing a method recoveri flavour essence from crustacean 

offal. In this regard, it is known that a proteolytic enzymic preparation 

from the hepatopancreas Atl c short finned squi~ has been shown to 

promote the formation of a brothy. meaty flavour when used as a supplement 

to fermentation squid (Lee et 1982) and to fish sauce prepared from'0 

c in (Raksakulthai et al., 1986). The active enzyme appears to 

cath inC (Hameed and Haard, 1 ) . 

Flavourants for the processing of shellfish analogues in North America 

are currently imported from Japan. Costs for the flavourants in 1986 are 

40 percent higher than in 1985 (personal communication with Dr. C. Ho, 

a Nova Fisheries, March ,1986). The primary obj ive the 

shellfish avourant research during the rst period was to 

determine the suitability of crab offal as a raw material for production of 

a natural crab flavourant. Preliminary work was initi on texturizing 

surimi/kamaboko analogues, and so on flavouring texturi kamaboko 

with crab and sc lop. 
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MATERIALS AND METHODS 

COLLECTION SAMPLES 

ples from the processing line for male snow crab, Chionoecetes 

opilio were coll four times during the processing season with at least 

one week s between samplings. following types of samples were 

collect waste fluids (butchering, cooking, cooling, shoulder ell 

er, leg roller exudate, tip roller exudate), shells ( 

shoulders) and meat (tip, ,shaul ). Live I andic scall ,Chlamys 

islandicus~ were call on the . Pierre Bank in October, After 

shuc ng. the add or muscle was packaged ately the viscera 

mantle in sealed 4.5 mm polyester 1m pouches (Kopak Corp., 

Louis, Minn.). All s es were s at -20°C. Extractions were 

normally campl on the samples within one week of call on. 

PREPARATION OF TEST MATERIALS 

The taste- ive components present in the samples crab and sc lop 

were prepared using a modifi version a method ibed by Konosu et 

al., 1978). The modifications were as lows: 

a) Liquids: Strai through 1 mm2 stainless wire mesh; ml of 

sample pl in one litre 1enmeyer flask; heated in a boiling 

bath for 15 min cooled in an ice bath; 600 ml absolute anol 

added; stirred; stand for 15 minutes; filtered through Whatman 

No.1 filter paper with suction; filtrate washed twice th 25 ml 

aliquots of 80 percent ano1; lter resi discarded; filtrates 
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combi and ev to 1 ml under vacuum at 40°C. For sensory 

evaluation, the filtrates were brought dryness under vacuum at 60°C 

and then reconstituted with water. 

b) ls: 100 9 sh ls combined with 100 ml of water mascerated 

for 2 mi in a ing Blender; cool in an ice bath; centrifuged 

at 15,000 rpm for 15 minutes; supernatant decanted into a ml 

gradu cylinder; ipitate washed twice with 20 ml of water, all 

of the supernatants comb; volume brought 150 ml with water; and 

then proceeded using the ure described for broths. 

c) 	 Meats: 30 g of meat combined with ml of water; mascerated for two 

mi in a Wari Blender; in a ling water bath 15 

minutes; supernatant decanted into a ml graduate cylinder; 

precipitate washed twice with 20 ml water; 1 of the supernatants 

combined; volume to 100 ml th water and transferred to a 

one litre lenmeyer fl 400 ml absolute anol with stirring 

let stand for 15 minutes, ltered through Whatman No.1 filter paper 

with suction and washed twice with 25 ml aliquots of 80% eth the 

fi ltrates combi and evapor to 100 ml under vacuum at 40°C. 

All 	 extracts were at 

CONTENTS OF SHEll 

Ten millilitre aliquots of liquid samples were filtered through 

vJh.:ltman • 1 filter paper. The filter paper at contained the insoluble 

residue, as well as the that cont ned the soluble solids were 

dried under vacuum at 40°C for 16 to 24 hours. 
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FREE-AMINO ACIDS 

One ml of the extracts from the liqui ,shells and meats were diluted 

with 9 ml of 0.1 M hydrochloric acid. Twenty mg of commercial cr 

flavourants were diluted to 10 ml with lithium citrate buffer (pH 2.2, 

0.2N. containing 1% thiodigl 1 and 1% phenol; Pierce Chemical ., 

Rockford, Ill),), Samples were deproteini with sulfosalicylic acid 

(SSA; four parts of sample to one part dil 1 : 2 with 1i i um 

. citrate buffer. Deproteinized samples were analyzed on a Beckman 121 MB 

Amino Acid Analyzer using Benson D-X8. resin (Benson Co., Reno. Nevada) 

in a single column and using the three buffer lithium method for 

physiol ical fluid analysis as per Beckman 121 MB-TB-017 application notes 

(1979, Beckman Instruments Inc., Palo Alto. CAl, 

INORGANIC IONS 

The contents sodium, potassium, chloride and phosphate (P043-) in 

-the extracts were determined by using ion specific efectrodes '(Beckman 

Astra-8 for sodium, potassium and chloride but the Hitachi-705 Boehringer 

Mannheim ada Ltd .• Dorval. PO for phospate). The results were confirmed 

using the Technicon Autoanalyzer II (Technical Canada Inc., Montreal, P.Q.) 

for chloride (ferricyanide/thiocyanate, Naquadat No. 17206) and phosphate 

(ammonium molybdate, Naquadat No. 15406). However, atomic absorption 

spectrometry (AA; Varian Canada Inc., Georgetown, Ont.) was used for sodium 

(Naquadat No. III ) and assium. the Technicon and AA analyses, ca 

0.2 g samples were placed in 10 ml of 50% ultrapure nitric acid (Seastar 

Chemicals, Sydney, B.C.) and left for one hour. samples were heated 
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gently without being allowed to dry for,two hours, the volumes were 

adjusted to 100 ml with Type One water (Barnstead Nanopure Ion Exchange 

System, Barnstead Company. Pickering. ant.), and then the samples were 

analyzed using the application notes cited above. 

NUClEOTIDES 

A reverse phase High Pressure Liquid Chromotography (HPLC) procedure 

was used for the analyses of nucleotides. The chromotograph was a Waters 

(Water Associates, Inc., Milford, MA) equipped with two solvent delivery 

pumps (Model 6000A). solvent programmer (Model 660) and a universal 

injector (Model U6K). A fixed wavelength detector (Model 440) monitored 

the effluent at 254 nanometer. A HP 3390 integrator (Hewlett Packard Ltd., 

Mississauga, ant.) was used for the calculation of peak areas and retention 

times. A micro Bondapak TM C18 stainless steel column (3.9 mm I.D. x 30 

cm. Waters No. 27324) was employed for the separations. The buffer (0.05M 

sodium dihydrogen orthophosphate, Analar grade, BDH Chemicals, Toronto, 

ant.) was prepared fresh every second day in double distilled water. 

adjusted to pH 4.70 with 1.0 M phosphoric acid (Reagent grade, Caledon 

Laboratories, Georgetown, Ont.) or 1.0 M sodium hydroxide and filtered 

through a 0.45 micrometer Millipore filter disc (Millipore Ltd., 

Mississauga, ant.). The standards were dissolved in double distilled water 

and diluted to desired concentrations (ca 25ug/ml). Adenosine, cytidine, 

guanosine, uridine and their ~8no, di and triphosphates were purchased from 

Sigma Chemical Co. (Kit No. K100-25A; St. Louis, Mo.). Other standards 

were inosine monophosphate (Boehringer Mannheim Ltd., Dorval, P.Q.) 
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inosine. hypoxanthtne and uric acid. All samples were homogeni before 

anal is. A 9 sample was wei into a 10 ml volumetric flask. 5 to 7 

ml of O. M 4.70 was added, dissolation was assis by 

ultrasonication for 10 minutes, and finally the utions were diluted to 

volume. Extracts the samples were filtered through a 0.45 

crometer Millipore fil disc and inject into HPLC system (5 to 

40uL). The eluting program was isocratic with a flow rate 1 

ml/minute. The eluted peaks were identified by r retention times and 

areas were u for quantification. 

BETAINE 

Glycine ne was determined using the sample preparation ure 

by Hayashi et al. 1 and the method of Konoso and Hayashi (1975) 

separation and quantification. Five ml of the extracts prepared as 

described above were US for the anal 

BREADING AND BATTER SYSTEMS 

Scallop flavoured and texturized kamaboko was coated with six breading 

and tempura battering systems at Gri th Laboratories (Scarborough, 

Ont.). "Consumer" (prefri than "institutional" (un-fried) 

products were prepared. For the breading systems, the kamaboko was 

pred with Predust 1559, battered with Kristobatter 4543 (07.2520) and 

then bread with the foll ng: 

1. 	 Kristobreading 7697 (a blend tender homestyle and crisp Japanese 

style crumbs). 
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2. Japanese style ) . 
3. Japanese style L or 

4. Japanese style at ntain good 

texture over prolon freezer storage). 

The coated kamaboko prod were blanch fri for sec at 199°C and 

stored frozen at -20·C. reconstitute in an oven, the oven was set at 

"c and the products were baked 12 to 17 min. with turning of the 

halfway the cooking time. For tempura batterin~ 

• the kamaboko was as previously b th 

the low; ng: 

1. Kristobatter (a crisp leavened ). or 

2. Kristobatter 4584 (a crisp leavened batter). 

The coated kamaboko products were blanch fri 40 seconds at 199°C 

and stored at "C. The tempura prod were eated by 

baking for 10 to 15 at·C with turn; halfway 

through the cooking time. The Kamaboko was t at 5°C before 

ting. 

TEXTURIZATION 

Uncooked crab-flavoured kamaboko was obt n from a Nova 

Fis es and was bl with 10% homogenized sc lop adductor muscle plus 

2% Instant clear ini corn iff'; L atories, 

Scarborough, ant.). k ko was texturized by extrusion through a die 

em that prod a product that had a uniform skin on surface and a 
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fibrous texture on the interior. After extrusion, the texture of the 

kamaboko was by passing t product through a steam tunnel for 20 

minutes and cooking in a humidifi oven at 90 G e for 20 

TASTE 

Voc for describing t ch ar acter i i cs natural and 

synthetic acts of snow crab has been developed by hi et a1 • , 

(1981a). Nine taste sensations were shown to be of primary importance, 

ie. umami (monosodium gl ike taste or mouth sat i ng meaty 

taste), , saltiness, , fullness, natur ness, 

continuance, viscosity and ion. Omission tests with synthetic crab 

extracts th examined the omitting each of twelve 

taste-active components of the c extract resul in the foll owi ng 

find; hi et a1., 1 b: 

1. 	 no aci ds resul in a decrease in sweetness. saltiness, 
body and crab-t 

2. 	 Omission nucleotides weakened the characteristic cra 
sweetness and umami. 

3. 	 betaine resulted in lines in marine umami, sweetness and 

4. 	 Omission inorganic 1i • sweetness 
and 1e bi slightly. 

The twelve taste-active compounds that were identifi by Hayashi et 

al. 1981b to important for t tas of snow crab were also an yzed for 

in the res reported here. 
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ing 

An untrained of six experienced panelists, four ales and two 

males ranging in age from 20 to 44. was used uate the 

scall flavoured kamaboko. Panel j were staff faculty and 

students in the Food ience Group at Memorial University of Newfoundland. 

Samples of the reconstituted products were asses by 

using a nine point hedonic sc e to evaluate colour, avour. and 

overall accept ility as described by Larmond (1 ). at; ical analyses 

for differences were by using anal is of variance with 

statistical significant set at P S 0.05. Least significant differences 

(LSD) were calculated by employing the multiple comparison method outlined 

by American iety for ing Materials (ASTM ...• 1968). Only one 

session was conducted for the four sensory characteristics examined 

(colour, flavour, etc.). 

For the ev uation of· extracts obtained from processing line 

for crab and so for the commercial crab flavourants. the samples were 

to paneli in 250 ml be for the evaluation 

char istic odour. About ml of extracts obt ned from 

processing line for crab were brought to dryness ~ vacuo at 60 a C in the 

beakers prior evaluation. commercial crab avourants were 

evalu as obtained. panelists were only informed that samples 

were crab extr or flavour and were asked to provide inology to 

describe the odours of each sample. Only one session was conducted with 

the six panelists. 
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EQUIPMENT 

Pilot scale reverse osmosis and swept-surface flash evaporation 

equipment were identified as being essential for the development of 

processes for concentrating shellfish flavourants. 

A laboratory scale extrusion and thermal processing unit for 

texturizing kamaboko products was designed and built. A proposal was 

submitted to the Department of Fisheries and Oceans for the development and 

construction of an industrial scale extruder. A laboratory scale minced" 

fish washer/de-waterer unit for the processing of surimi was also designed 

and built. Funding for designing and fabricating the pilot scale extruder 

and the minced fish washer was not provided by the DFO contract. 

RESULTS AND DISCUSSION 

COOKER WATER AS A SOURCE OF FLAVOURANT 

Cooker water from the crab processing line was identified as being the 

initial source of raw material for producing a crab flavourant. Therefore, 

the rate of accumulation of solids (soluble and insoluble) in the cooker 

water from a continuous crab processor was measured (Fig. 1. App. Table 

6). The rate of accumulation of solids decreased markedly after 2 hours. 

The concentration of solids reached a value of about 1.5% with the soluble 

fraction representing about half of the total. This indicates that cooker 

water could be continuously withdrawn after 2 hours and then either cooled 

a~d stored or fed directly into a flash evaporator. Feeding directly to a 

flash evaporator would have the advantage of utilizing the heat carried 



with the hot liquor for partially providing the heat of vaporization for 

the vacuum fl evaporator. 

The second option would to tran the cooker water from the 

continuous cooker at than 2 hour intervals to a storage tank 

filter; and cooling. This approach would permit all of the cooker water 

to be concentr after a critical volume has accumulated. 

Disadvantages of this batch approach is the greater opportunity for thermal 

damage, t high energy requirements for cooling and reheating and also the 

need for substantial cold stor tanks. If the evaporation facility was 

not located within the crab processing plant, bulk stor e cooker water 

would be necessary. 

The pr icted yi d concentrated sol e solids per day {b on 

the 24 hour processing day at Bay de Verde, Newfoundland plant, was 

calculated at 43 L/batch x batches/d x 0.75% soluble solids 193 kg 

(dwb)/day. This was given an estimated value of $10 - $25/kg = $1930 to 

$4825/day. However, using the 1986 cost d by a local shellfish analogue 

processor = 193 kg (dwb)/day x $87/kg (dwb) = 6,891/day. Assuming a 200 

day crab processing season, the value of the crab flavourant would be about 

$386,000 to $965,000. The yields would be dramatically affect by the 

type system(s) to remove insol le solids or to hydrol insoluble 

solids. Further treatment shells may so contrib to incr 

yields. 
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CONTENTS OF TASTE-ACTIVE COMPONENTS 

The contents selected taste-active components and solids (sol e, 

insoluble and total) in samples obt from a commercial line for 

processing crab are listed in Tables 1 and 2, vely. Appendix 

Tes 1 and 2, y, provide a ensive of the 

contents of free-amino acids (and other ninhydrin-positive substances) and 

of nucl des and r metabo1i in the samples obtai ned the line 


process i ng cr The hi 1evel of i um in the b ing and 


shoulder and also in shoulder reflects t usage of seawater 


in steps. In additi on, the oyment of the odour 


the vacuum dri residues of obt from these in 

process (Table 9). The 1 meat conta; the highest concentration of the 

sel taste-active components. 

The con of these components decreased by approximately 

50 percent ements in the following : a) in tip meat, b) in cooker 

water in water lected from tables where the tip meat was 

expressed from shell, c) in water coll from the es where the 

leg meat was expressed from the shell. in the shoulder meat and in the 

extracts from the tip/l shell. d) in the extracts from the shoulder 

1. and e) in water u to wash the shoulder meat from the shoulder 

shell. 

The concentrations these components were the lowest in butchering 

and cooling waters. The crab cooker water and extracts of meat 

showed the highest levels nucleotides and r degrad on products 

(Table 1 App. Table 2). The shoulder meat cont markedly lower 



amounts t tas active substances, compared to leg and, tip meats. 

due to the large voiumes water used separate this meat from the 

cavities in the shoulder shell. The same leaching effect resulted in lower 

contents t substances in shoulder vs t i p/1 11 s. 

concentration of soluble solids . in the samples obtai n 

from the cr processing line (Table 2) decreased from 3.3 to O. percent 

in the lowing order: leg meat, tip meat, butchering water, cooker water 

Shoulder water (both 1. ), shoulder Shell, tip/l shell, cool er 

water, leg water. Thus, after cons; ng contents sel 

taste-active components and soluble ids, the odour the vacuum-dried 

residues. and the quantity of by-product raw material produced, cooker 

water was s ected as i nit i raw materi for producing a natural crab 

flavourant. The tip/l shells and the juices lected from the t es 

where the leg and tip meats were from the s 1s so showed 

potenti as raw materi s; seawater would need to be el iminat from these 

processing steps, however. Enzymic or other ch cal treatments would be 

needed to increase the yi d of soluble solids from the shells. 

Th e an a1ys es the selected taste-active components in the cornmerci 

flavourants shows at product identifi by trade name 

9u1es en i s es i ally g1yc i n e le 4). The ingredients itled 'crab 

extracts I or lseasoning e' contained the highest levels these 

flavour- ive (Tables 3 4). Guanine and inosine 

monophosphates wer€ important nucleotide present in the 

commercial crab flavourants (Table 3). The ative ratios of sel 

fl avour- ive components in e flavourants, as well as in the 
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natural, will be important markers in targeting the levels of these 

components to be used in producing crab flavour bases from the flavour 

concentrates obtained from the cooker water. The author is aware of the 

compounds comprising the various trade-named ingredients of commercial crab 

flavourants; these cannot be revealed due to a secrecy agreement. The 

analyses completed in this research reveals the ratios of some of these 

compounds. 

The contents of selected taste active compounds and solids (soluble, 

insoluble and total) in adductor muscle and offal (Visera and Mantle) of 

scallops are listed in Tables 5 and 6, respectively. A comprehensive 

listing of other ninhydrin-positive substances and nucleotides and their 

degradation products are listed in App. Tables 4 and 5, respectively. The 

results show that only adenosine monophosphate occurs at a markedly lower 

concentration in the offal, and thus may need to be fort1fied. As yet, 

commercial scallop flavourants have not been analyzed. A problem that 

needs to be solved in order to utilize the scallop offal is the presence of 

a dark green colour due to the ingestion of plankton by the scallops. 

The analyses for the content of glycine betaine in the crab and 

scallop samples are incomplete. The procedure is a tedious protocol that 

only permits one analysis per day. However, the protocol has yielded good 

recoveries from spiked samples (about 97%), even though four 

chromatographic columns are employed. 
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an 

SENSORY EVALUATION 

The results of the sensory evaluation on certain commerci ly 

av lab1e crab and scallop flavourants are report in Tables 7 and 8, 

respectively. The crab flavourants were grouped into those that were 

considered to be of good vs fair to poor quality. The strength, crab or . 

scallop-likeness and presence in the avourants were 

reported. The Bibun produc were also s ected to compositional 

The Bibun products are currently being formulated into the crab 

analogues being processed at Terra Nova Fisheries. 

The odours of extracts dri in vacuo obt ned from sampling at the 

various stages of the processing line for crab are reported in Table 9. A 

distinctive unpleasant seawater odour was in extracts of liquid 

samples I>;:,ere seawater was employed in the operation (ie. butchering water 

and in water for di odging meat from the shoulder shell cavities). 

The dri extract from the meat washed from the shoul sh 1s did not 

possess a like odour contai several off-notes. The 1 ing 

accentuated undesired attri The most desirable odours were present 

in the dried extracts from the cooker water, tip/l shells, leg meat and 

tip meat. A comprehensive listing of the terms by the sensory 

ev uation panelists for characterizing the odour of the crab is presented 

in Table 10. 
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SCALLOP FLAVOURED KAMABOKO 

A scallop-flavoured kamaboko product was produced by incorporating 10% 

homogenized adductor muscles from scallops. The scallop analogue paste was 

texturized, cooked, chopped and then either breaded or tempura battered. 

The results of the sensory evaluation on four types of breadings and two 

types of tempura batters are listed in Table 11. Breading 8035 resulted in 

a product with a significantly greater overall acceptability compared to 

the other coatings (P =~.05). The tempura coated products were the least 

preferred. The judges praised the taste of the scallop analogues, although 

the texture of the product is softer than may be desirable. 

EQUIPMENT 

The pilot scale extrusion system that was developed for texturizing 

shellfish analogues prepared from kamaboko is shown in Fig. 2. The 

diameter of the extruder stream can be altered by changing the extruding 

die. The size of the fibers in the extruded stream can also be selected. 

Fig. 3 is a photograph of cooked and texturized shellfish kamaboko 

products. Of particular interest is the smooth surface skin which encloses 

the fiber core. The texture of the extruded kamaboko is also affected by 

the thermal processing protocol as well as by the extrusion aids that are 

blended into the kamaboko. The existing unit produces batches of either a 

crab or a scallop analogue every 20 minutes. A longer thermal tempering 

tunnel would permit the unit to operate continuously. 



system developed for washing dewatering minced fi for 

producing surimi is shown in Fig. 4. The unit rotates a perforated 

ainless 1 bask cant ning the nced fish at a low speed 

washing, but for dewatering the rate of rotation is increased markedly. 

Two washing are av lable, ie. t by using ay nozzles 

present in the or of basket or by filling t tank to immerse the 

basket. The unit is semiautomatic in that it can operated by a timed 

control module. 
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Fig. 1. Concentration of solids in cooker water obtained from 
a continuous crab processing 
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Fiy. 2. 	 Pilot scale extrusion system for texturizing surimi/kall1abuk 

(left: extrusion unit, riyht: thermal unit), 



Fig. 3. Texturized surllnl/kamaboko prOduct 



Fig. 4. for and dewateriny nced fish r the producing 

surimi (to.,>: multiple speed dnve stem, bottom: perforated 

stainless steel basket that retains the minced fish). 



TABU 1. CONrENTS If' ItxNTlfUD TAST[..J!.CHvr COH?'IJN[NTS IN SAl'PlES OBTAINED f"R!14 THE PROC[SSING UN[ fIJI CRAB 

Sub.amples from the line for the 

Component Butchering Cooker Cooler • Shoulder leg Tip Should.. r hp/leg leg Tip Shoulder 
(Unltes/g or mL) ..eterb water water waterb ",ater water ahellb sheU meat meat m...atb 

Alanine 94.5:t140 3270:!:870 61l.4tJI 516:!480 21J0:!15tO J91Ot1400 1J70:!560 2810t890 152oot4BOO 6920t4500 2210t9JO 
(mol) 

ArgInine 9J.2:!:140 JJJO:!770 60.1;1;39 550:!;470 2580:t1880 4160:1:1160 21oo'!:550 3550'!:9S0 2"OO'!:5500 8590:4700 4410tlBOO 
(mol) 

Glycine DOtt40 10100:!:2350 24J:!:92 1750t1470 6520:t4520 102oo:!:2400 45BO:t1500 8570:!:2100 41200:16000 18500:!:12oo0 6310±2200 
(mol) 
Glut "",ic ac IJ 12.B:!:24 353:!:110 l.JO:!:4.1 , 69.2t76 l66:!:120 377t11O 126:!:40 310:94 926:!:260 552:!350 174:100 
(mol) 

Chloride 42O:t62 I 2 I:!:} 1 No" 2l9:!:12 16.5t2l )6.!l:!:12 IS.Btlll )6.5:!:1J 58.':!:41 28.ltD 139t18 
(umoll 
Phosphate 
(umol) 

O.OJ!O.01 O.06:!:.Ol O.06:!:O.02 0.05tO.02 O.42:!:0.14 O.O6:!:O.}6 O.15tO.Oa 0.15±0.O3 13.6!4.0 3.43=2.2 O.47:!:O.07 I 
N 
0'> 

Pota""il.Jl1 9.45:!:2.0 17 .3:!:4.4 NO 4.90:!:0.42 6.00:5.0 10.2t2.0 4.95:!:J.6 lJ.6t2.70 )7.6:!:26 16.7:!;12 7.JJ:!:O.47 I 

(umoll 
Sodium )28:!:52 1183:36 NO 204116 16.}:!:15 2B.S:!:? .4 19.5:!:15 46.2:7. , 4S.0:!:JJ J2.5:!:24 116:28 
(umol) 

Adenosine monopho .... ( 15.2 90.9:!:28 <15.2 <15.2 72.9 122 41.5 9J.O:80 569:t280 142 100 
phate (mol) 
Inosine monophos
phate (nmol) .. 
Guanine monophos <5.77 4S.US.1 ~ 5.77 S.08 33.5 50.5 22.5 n.2:!:24 262tl00 119 43.2 
phate (mol) 

aMean :!: standard d .. v iation of four valoe" obtained frOO1 four seperate sampllng dates. If II standard devi.tion 18 not Hst ..d the samples .."re pooled prior to analysia. 

bS",a""ter employed for the operation. 

eNot detected at levels less than co 0.1 nmol/ml or g. 



TABlE 2. COO£NT or SOlIDS 1" SAHl'lES OIITAI!Ell fRCII TIl: PfIOCESSJNC Uhf: roo tl!A8 

Cooker Cooler Shoulder Leg Tip Shoulder hp/leg leg Tip Shoulder 
Solids waterO water water "sterb water water shellb shell meat Illest ...atb 

Sohille 2.6IltO.21 1.50tO.24 0.47:1;0.06 '1.50100.27 O.45tO.J5 O.90tO.20 O.65:!:0.11 a.oliO.40 3.3IltO.49 2.00:0.77 1.1IltO.31 

1011010.£11. O.SOtO.04 O.6S:!:O.24 O.OI:!:o.OO O.04:!:O.OJ O.90t0.l0 O. 20:!:0. 10 43.7iI2.0 43.7:!'3.40 18.6:!:O.81 11.5:1:1.23 12.41'1.59 

Total 2.68100.25 2. 15tO.48 0.06:1:0.06 1.S4tO.30 O.S4tO.45 O.S4tO.AS 44.31:3.80 4}.3:!:l.SO 19.9:!:1.30 13.S:!:2.00 13.51'1.90 

aMean :!: standard de.iation of four • .,lues obtained from four separate sa.,pHng dates. 

bSes"ater employed for the operat lon. 

I 
N ..... 
I 



TABU: }. COHlDIT Of NlJCUOHOCS !\II) HEIR HETAIlIl.IKS III COIf'ONENTS Of COIKRCIAL CRAB ru.voms 

NucleoId". and IIIl"t.boU te" (nmo1l2) 

IngredIents 
Adenosine 

diphosphate 
Ad"nosine 

IIIOnopnosphate 
Adenosine 

t r ipho~phate 
Guanine 

monophosphate Hypoxanthine Inosine 
Inosine 

IIlOnophoaphat" 
Uric 
acid 

Crab extract 
(Bibun) 

Il.ns 1.37 0.276 25.9 0.471 1.23 29.6 < 2.98 

Crab extract NH 
(Bibun) 

0.258 1.0} <0.197 16.4 I.OJ 1.38 19. ) <2.98 

Crab navour 
(Bibun) 

0.220 0.820 0.168 NOa 0.471 ~ 0.746 NO <1.19 

11K crsb flavour P 0.1"3 0.851 0.101 7.59 1.84 0.784 10.1 <2.98 

AK crab extract Ni 

Seasoning baBe Elf 

«0.468 

-< 0.468 

0.577 

0.608 

<O.J94 

0.730 

10.6 

2.9J 

0.)90 

0.956 

1.53 

1.19 

n.l 

16. J 

<2.98 

«2.98 

I 
N 
CO 
I 

aNat detected at less than O. I moll'!. 

~ 
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TA8L£ II. CIIIT£NT or TAST£-ACTlV£ CIH'ON£NTS AN> SCUDS IN CIH'IHNTS or C(H£;lCIIIL CRAB fLAV!UlS 

Amino acids (rwol/g) Ions (umoI/2) Nucleotide. (moI/2) 
Adenosine Guanine 

Ingredients Alanine Arginine Glycine Glutamate Chloride Phoaphate Pots8siLm SodilJ1l monophosphat e DOnOphosphate Solids (~)a 

Gel"in 
Crsb gold 
fresh P 
Crab extract 
Wakes.. starch 
Pulran 
Gulesen 

IIsge 
Silkpolly 
Crab extract Mi 
Crab fla_our 
Gel-Ace P 
AK crab fla_our P 
11K crab extract I'4-l 
Seasoning base 8T 

NrI' 
Ifl 
NO 

170000 
NO 
NO 

NO 
7000 

NO 

6720 
879 

NO 
10400 

7000 
195000 

NO 
NO 
Ifl 

75200 
NO 
NO 
NO 

Ml 
NO 
4690 
404 

NO 

1000 
4700 
48700 

Ml 
NO 
Ifl 
5750000 
1900 

JOOO 
12200000 
6800 
NO 
124000 

1080 
NO 
6200 
153000 
588000 

Ml 
NO 

Ifl 
1480000 
1200 
NO 
700 
12000 
Ml 
246000 

JOJOO 
NO 
871000 
J59000 
31J0000 

Ifl 
Ifl 
Ml 
4420 
Ifl 
NO 
Ml 
NO 

Ml 
J080 
Ifl 

NO 
Ml 
2400 
2400 

NO 
5.77 
51.9 

5.77 
Ml 
NO 
NO 

Ml 
NO 

5.77 
NO 

0.96 
J.85 
5.77 
24.0 

2210 

NO 
NO 

Ml 
NO 
260 
NO 
Ifl 
NO 
NO 
NO 
Ml 

Ifl 
Ml 
57.7 

1010 

NO 
1180 

5190 
Ifl 
NO 
NO 
NO 
NO 
2880 
Ml 
NO 

1250 
2120 
41J0 

NOTc 

IflT 
IflT 
1.)7 
NOT 

MlT 
MlT 
NOT 
MlT 
1.0J 
0.820 
NOT 

0.851 
0.577 

( 0.608 

r.OT 

IflT 
NOT 

25.9 
IflT 
IflT 

NOT 
IflT 
NTD 

16.4 
NOT 
MlT 
7.59 
10.6 
2.9J 

89.2 

89.7 

91.5 
96.6 
88.8 
92.8 
97.1 

6.82 

6J.9 
-51. J 
47.7 

98.6 
89.5 
59.5 
77.9 

I 
N 
<£) 
I 

STotal. 

bNet detect~d at le_eis less than ca 0.1 nmol/.,l or g. 

cNet determined. 
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TABLE 5. CONTENTS SELECTED TASTE-ACTIVE COMPOUNDS IN ICELANDIC 
SCALLOPS 

aS . 
Compound Adductor Viscera 
(Units/mL or g) muscle and mantle 

Alanine (nmol 

nine (nmo 1 ) 

ycine (nmol) 

Glutamic acid (nmol) 

C h lor ide (umo 1 ) 

Phosphate (umol) 

as s i um (umo 1 ) 

Sod i um (umo 1 ) 

Adenosine monophosphate (nmol) 

Inosine monophosphate (nmol) + 

anine monophosphate (nmol) 

10±1 0 

70 

78600±24800 

2370±2200 

33.0±O.0 

12. .3 

50.0±O.O 

.7 

236±290 

Q2.1±61 

6950±11 

7710±2230 

79800±22300 

2960±915 

2 


5.45±1. 7 


42.0±4.0 


1 


<50.6±O.0 


69. .3 

aMean ± stand deviation of three v ues representinq three separate 
extractions from the same collection lot of sc lops. 



TABLE 6. CONTENTS OF SOLIDS IN BUTCHERED ICELANDIC SCALLOPS 


Adductor Viscera 
ids muscle and mant 1 e 

Sol 1 e 1.47tO.12 1.90tO. 

Insoluble 17.4tO.10 12.3t1.14 

Total 18. .21 14. .86 

aMean ± standard deviation of three v ues representinQ three separate 
extractions from the same collection lot of 1 
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TABLE 7. SENSORY EVALUATION OF COMMERCIAllY AVAILABLE CRAB FlAVOURANTS 

Qua1i Product Supplier Comments 

Good qual i ty: 


Crab extract powder (1300) 


Natural and artificial crab 

flavour powder (EP-14835) 


Natural cr flavour (71-06779) 


Natural and artificial 

crabmeat flavour (NAF 3) 


flavour 

Crab extract 

Ak crab flavour P powder 

Fa i r to 

Crab flavour extract 
powder (3700) 

Taste of crab (R6388) 

Natural and artificial 
crabmeat flavour (NAF-2774) 

ab avour extract 
powder (37 

Ak crab extract 

ing 

Nikken Food 

Narda 

T. Haseqawa 

Bibun 

Bibun 

Bibun 

Intek 

Haarman & 
imer 

T. Hasegawa 

Intek 

Bibun 

Bibun 

ab-like, 'needS to be 
enhanced 

ab-like lingering 
note, artifici note 

ab-like 

Crab-like aroma and 
taste 

Crab-l i • cl ean 

ab-like. medicin 
no ammoni a 

Crab-like, lingering, 
no ammonia 

Brothy. sl; ly fi 
fair crab flavour 

Mild fishy note, weak 
crab flavour 

we flavour 

Sli ly fi whole 
crab flavour, brothy 

Not 1i 
medicinal, brothy 
no ammoni a 

uillon, spicey. 
sweet, MSG, salty, 
not crab-like 
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TABLE 8. SENSORY EVALUATION OF COMMERCIALLY AVAILABLE SCALLOP FLAVOURANTS 


Product 	 Supplier Comments 

Natural and artifici sc lop T. Has allop-li • sli 1y 
fl avour (TH ) acidic, bitter and 

as ngent 

Sc lop flavour extract Intek Reacted HVP-li taste, 
powder 3500 slightly more fishy 

than Kikkoman product 

Scallop extract 5650 Kikkoman 	 Reacted HVP-like 
flavour note 



TABLE 9. EVALUATION OF ODOUR OF VACUUM DRIED RESIDUES OF EXTRACTS OBTAINED 
FROM THE PROCESSING LINE FOR CRAB 

Sample Comments a 

Liqui 

Butcheringb 

Cooker 

Cooler 

Shoulderb 

1s : 

Tip. 1 

Shoulderb 

Meats: 

Leg 

Tip 

1 der b 

Fishy, seawater, unpleasant. not cr 
1 ike 

ab-like, arrmonia 

Tobacco, cow-barn-like 

Fishy, seawater, sharky, not crab-like 

Crab-like, ammonia 

Mild, ammonia, dri fish, not 
pleasant. crab-like 

Clean, crab-like 

Mild, clean, crab-like 

Cod liver l-li • hay-like, not 
crab-like 

aResults from six experienc pan ists. 
bSeawater employed. 



TABLE 10. DESCRIPTION TERMS FOR RANKING QUALITY AND STRENGTH OF ODOUR OF 
CRAB FLAVOURANTS 

Flavour note Flavour note 

armnonia intence (not) 

aromat i c lingering 

astringent medicinal 

beef - 1i like 

bitter minty 

boullion-like musty 

bri oniony 

brothy pleasant (not) 

burnt poor 

clean 

cod liver oil like putrid 

cow barn-like ranci d 

crab-like (not) re sugar 

dried fish-like roasted 

dried shrimp-like seawater-l ike 

dri~d squid-like seaweedy 

fi arky 

good spi 

green vegetable-like sweet 

h 1 ike tobacco-like 

HVP-like 



TABLE 11. 	 RESULTS OF ANALYSIS OF VARIANCE ON THE PREFERENCE TESTING BY 
HEDON SCALE EVALUATION OF THE SENSORY CHARACTER 1ST OF 
BREADED AND TEMPURA BATTERED SCALLOP FLAVOURED AND TEXTURIZED 
SURIMI 

aSamples were rated us; a nine-point Hedonic sc e in which ~ lent 
l=extremely poor; means t standard deviations are the results of 6 

replicates; ~eans followed by the same letter are not significantly 
different at P:!'O •• n=36. df=5.25 ( Probability) ( ;:Deqrees of 

) . 
bBreadinq systems are dined in e materials and methods section. 

COne panelist. 
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APPENDIX 


'!' 



API". TAIlli 1. CIJITEIITS or fRlI-1IM11iIl ACIDS IN SAIflES OOlAIN[!) fROM TIE PROC:(SSING LIN[ FIJI CRAB 

Subumples from the I ine for the processing of crob" 

COfIlponent Butchering Cooker Cooler Should.r leg hp Shoulder Tip/leg leg Tip Shoulder 

(llnites/g or ml) .."terb water water ....t.rb Naber III'ster sheUb shell meat meet "",atb 

Alsnine 94.51;140 327O:t870 68.4:1:31 516:1:480 2BO±1500 J910:l:1400 1370:1:560 2610:1:690 152oo:l:4BOO 6920:1:4500 221O:t920 

a-Amincedipic acid NO" 48.8:t9.8 NO NO 11.O:t16 19.O:tB.4 NO 1.50:1:15 58.2:t61 16.7:1:19 8.33:1:11 

a-Amino-r>-but rue acid NO 34.7:t20 NO 1.00:1:2.00 12.2:1:19 22.8:!:22 Il1O 5.65~27 3.)3:1:6.7 M) 

Arginine 93.2:1:140 JHO:t770 60.I:!:J9 5SO:t470 2580:!:19IJ0 4160!12oo 2100:!:550 3550:t950 859O:t4700 4410:1:1800 

Asparagine 5.001;10 J7.JtS.J 0.525:1:1.1 5.S0:!:10 U.l:t16 11.9:1:16 24.5tJ2 V.9:!:Jl 461:1:55 89.7t62 17.7:1:15 

"spartic ac id 8.25:!:16 240r63 1.25tl.9 52.O:t54 89.5:1:66 193:1:89 72.4:1:17 179:1:S6 54O:t130 J39T:210 a5.ltJS 

CHruUne M) 16.0:1:8.1 NO l.oo:!:2.0 }.'.l8tS.0 15.0:1:10 lit!) S.21%7.1 16.7:1:19 NO NO 
Cyatethian. 0.5O:t1.0 IS.2:t12 lit!) 0.275:!:O.48 6.2St9.5 6.2O:tJ.5 1.2O:tl.5 S.451:6.2 24.1:!:16 11 .1:tl1 NO 

Cysteic acid 0.625:1:1. , H.ltS.} 0.525!1.1 5.00:1;1.0 n.l:!:16 11.9:1:16 50.4:1:11 11.4±2J 13.5:1:27 9.58:1:19 6.n:!:!} 

Cysline 2.5lt4.4 41.7:1:18 0.200:!:0.40 J.S}:!:4.0 42.5:!:JO 12.1:t4.9 5.25:2.6 3.71t3.B 60.6t51 n.7:1:23 O.OSJ:!:o.l1 

r-Aminobutyric acid NO '4. H20 NO 1.00t2.0 12.2:1:19 22.B:l:23 NO NO 24.2i16 14.4114 S.n:!:17 

Glut "'He acid 12.8:t24 J5J:!:110 }.JO:!:4.7 69.2~76 166;1;120 H7:1:110 126:1:40 310:!:94 926:1:260 552:!:J50 174±100 

Glut ...ine 12.5:1:24 51.4124 0.450:0.90 19.1:!:12 ~J.B:!:71 19HBO 6J. !t5J 129T:66 872:1:290 H2!:2JO 16ltS6 

Glycine HO:t140 1010O:t241)O 243:t92 17 SO:tl 500 6520!4500 102oo:!:2400 458O:t1500 8570:!:2100 4120O:t160oo 1850O:t12000 6JlO:!:2200 , 
wH18lidine 27 .5:1:50 22O:t62 S.}3:!:S.4 157:t}OO l06tBO 161:!:63 126;1;49 201:1:95 608:1:240 }7S:!:Z80 116:1:140 ro,

Isoleucine J6.1:!:S1 1770:1:490 IS.O:t4.4 192:1:310 4BO:t44 915:!:410 JJ1:!:1 }O 684:tHO 141OtnO 918:1:500 217:1:100 

leucine 14.6:1;120 2010:!:510 11.4:1:S.J 209:1:340 514:!:410 971:!:530 390:1:140 754:1:420 1620!860 1000:!:460 264:1:120 
l·",.thylhistidine NO 262:1:460 NO NO 9.0O:tl1 16.6t13 NO O.075:!:1.4 n.6:!:27 3.00:!:6.0 6.65tH 

lysine 78.4:1;120 111O:t750 10.6:!:1. 2 114:1:220 H'.lt250 555:1:290 J24:!:120 54}:!;250 1060:!:470 726:1:340 255:t9J 
MethionIne 29.5t45 I1S0t260 6.10:1:2.9 124:1:210 H2±280 618:1:260 274:t96 S02!Z40 101O:t470 103:!:J60 222:!:J9 

J-methylhist idine M) 1.2St4.'1 NO 2.50:1:5.0 3.90t6.5 28.1:!:'S 15.2:!:J.9 42.2:!:24 197±160 15J:l:l10 8.33:1:11 
Ornlthine 0.SOOtl.0 44.S.t12 0.2oo:!:O.40 I.JO:t2.5 26.1:!:26 26.JtlJ 11.5:1:B.0 46.2:!:24 89.J:t4J 27 .6:1:21 36. I:tJ9 

Phenyiaianlne 40.O:t70 1290HOO 7.6':l:J.5 139:1:220 367::-35>0 590·!2S0 294:1:100 599;1:290 906:1:400 716:!:)20 ISUn 
Proline 20.O:t40 139O:tJ50 n.9:t19 219T140 123(h.·160 208O:tBJO 543:1:240 12JO:tJOO 1440O:t 3900 J73O:t2200 139O:t140 
Sarcosine 190H60 4800tl000 J.3O:t6.6 4J2:!:8JO 1390:1:240 2670:1:960 114frJ:6}0 2830;1:1300 4160:1:1100 3420;1:2400 354:1:170 
Sedne 27.0:1:50 582t200 J.73:!:6.2 125:1:120 265:!:180 459:1:150 222:1:52 4U:t140 1950:!:590 955:!:650 29};tl50 

Taurine 104:1:140 lB6ot9BO 21.0:t20 265:t140 2540:1:1900 4670:1:1500 178O:tBOO 3760:1:1300 15100;1:2900 8590:1:4900 2630:1:1000 

!hreonin" 18.6:!:34 333:1:110 J.5O:t4.4 55.6:1:60 130:t130 2Jl:t96 8a20 128136 S'O:!:270 211:t210 119T:46 
Tryptophan 8.50:t16 354:!:79 3.6Jt4.a H.0!58 10.8:t12 111:1:63 101:1:52 159T:64 15ot9J 20U120 51.J;t21 
Tyrosine n.Ii:!:47 95l:t220 7.051,2.5 95.0:1:160 252t220 '95:!:180 219:1:68 409T160 631:1:210 494:1:160 187i89 
Vaho. 39.6:!:71 18JO;t430 9.08:t6.7 190;!;'10 4421420 696:!:}70 396:!:140 696:1:370 14:10:1:740 101O:!:510 217:1:140 

"Mean:!: standard deviation of four value. obtained 'r"'" four separate sampling det••• 

bSe.water employed far the opeutian. 


eNol detectable at levels leBS then cs 0.1 nmal/ml or g. 


'" 4 

http:0.2oo:!:O.40
http:0.450:0.90
http:O.OSJ:!:o.l1
http:0.200:!:0.40
http:0.275:!:O.48
http:1.00:1:2.00
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API'. IAIII.£ 2. ta'!l'Dn or NtD.mWl(S AND Tl£lI! METAIlII.ITES IN SIIM'U:S OBTAINED rROll TtE PRoa:SSINC LINE fill CRAIl 

Nucleotide 'Of "l'tabolite Cooker Cooln Shoulder leg Tip Shoulder Tip/leg leg Tip Shoulder 

("""I/ml or g) water ~at.er ,,"terb water water shellb "hell meet, meat meatb 

Adenosine diphosphate 11.7 70.0:1:21 0.936 6.12 III 144 70.2 51.9:1:63 462:1:500 117 150 

Adenosine monophosphale 15.2 90.9:1:28 (IS·.2 (15.2 72.9 122 41.5 9'.O:teO 569:1:2eO 142 100 

Ad"oosine triphosphate 19.7 (19.7tO.0 (19.7 <19.7 (19.7 <19.7 <29.6 i 29.6:1:0.0 (115:1:42 <65.7 02.8 

Hypounthine 2.20 61.5:!:15 5.14 5.88 21.1 9.55 H.5 27.6:!:5.2 19.O:t15 17 .1 26.9 

Inosine 3.13 41.7:!:9.9 <7.46 J.16 10.6 22.0 21.J J5.B:!:26 85.4:!:63 47.2 55.9 

I 

Ioosine monophosphate + w 
ID 
I 

Guanine monophospste <5.17 45.3:!:8.1 <5.77 8.08 3).5 50.5 22.5 32.2:1:24 262:tIOO 119 4',2 

Uric acid 12.5 196:1:66 .( 11.9 10.1 27.4 .( 29.7 79.4 70.A:!:41 193:!:71 99.0 79.2 

IlMesn :!: standard dpviaUon of four values obtained from (our separate sampling dates. 

bSe""ater "''Ployed for the Dperation. 



APP. TABLE 3. CONTENT OF FREE-AMINO ACIDS IN COMPONENTS OF COMMERCIAL CRAB 
FLAVOURS 

't 

flavours a 

Amino acids Gulesen Crabb Cr Ak Cr ab AK Crab asoning 
extract extract flavour fl avour fl avour P extract base BT -NH 

A1an i ne 170000 NOa 7000 6720 10400 7000 195000 
a-Ami acid NO NO NO NO NO NO . NO 
a-Ami ic acid NO NO 64.1 47.7 NO NO 
Arginine 7 NO NO 404 1000 4700 48700 

aragine NO NO NO NO NO NO NO NO 
art; c acid 86600 NO 14500 7 3500 1400 92700 

Citrull i ne NO NO NO NO .7 NO NO NO 
Cystathione 30 NO NO 5.70 1.0 NO NO NO 
Cysteic acid NO NO NO 1690 27.7 7100 3800 1700 
Cystine NO NO .2 62.0 1000 NO 1000 
r-Aminobutyric acid NO NO 1 21.0 10500 NO NO 

utami c ac i d 1480000 700 12000 246000 30300 871000 359000 3130000 
Glutamine NO NO NO 394 51 .0 52100 NO NO

ycine 5750000 12200000 124000 1080 6200 153000 588000 
Histidine 9900 NO Nd 162 8060 1 NO 13600 
Isoleucine 16100 600 2000 1 0 201 7100 1350 16800 
Leucine 35000 NO 4000 439 7500 1850 38500 
L-methylhistidine NO NO NO NO NO NO NO NO 

ine 46000 NO NO 1570 374 1150 1600 
Methionine 9600 300 1 313 1270 15000 NO 
3-Methylhistidine NO NO 6.8 NO NO NO NO 
Ornithine 800 NO NO 310 235 1 NO 100 
Phenyl ani ne 11800 NO NO 1050 183 1000 15500 
Proline 101000 NO NO 1 2500 2 101000 
Sarcosine NO NO NO 2560 NO NO ND NO 
Serine 66100 200 12000 769 5600 1000 00 
Taurine 700 NO NO 4030 811 1000 4750 3800 
Threonine NO 2000 707 199 1200 2000 35600 

phan NO NO NO NO 21 500 NO f 

00 NO NO 499 128 500 2000 
32500 NO NO 1820 6500 NO 37 

~ 

aNot d ab 1e at 1 s 1 ess than ca 0.1 nmol/mL or q. Free-amino acids were not 
detect in Gelmin, Crab gold. p. Silkpolly. Wakesee st • Pulran or 

1 ace P. 

bResults are in units of nmol/mL. 



APP. TABLE 4. CONTENTS OF FREE-AMINO ACIDS IN BUTCHERED ICELANDIC 
SCALLOPS 

butchered a 

Amino acidsb Adductor Viscera 
(nmol/mL) muscle and mant 1 e 

Alanine 
a-Aminoadipic acid 
Arginine 
Asparagine 
Aspartic acid 
Citrulline 
Cystathione 
Cysteic acid 
Cystine 
Gl utami c aci d 
Gl utami ne 
Glycine 
Histidine 
Isoleucine 
Leucine 
Lysine 
Methionine 
3-methylhistidine 
Ornithi ne 

. Phenyl alanine 
Proline 

ine 

Taurine 

Threonine 

Tryptophan 

TyrOSine 

Valine 


110 
36. .8 
4980±2570 
540±41B 
1160±1100 
228±322 
11.6±9. 
188t102 
62. 8.9 
2370±2200 
399±530 
78600±24800 

8 
1050±784 

320 

776±500 
16.7±28.9 
585±794 
840±662 
1 
766±688 
20000±1470 
1650±1480 

58 
465±369 
1350±988 

160 
17.8t30.B 

Ot2230 
349±464 
637t443 
58.8±64.8 
3.67±6. 
156±105 
51. .5 
2960±915 
5 36 
79800±22300 
364±375 
790±789 
1230±1450 
866±955 
485±624 

. 7±91. 2 
59. .4 

2 
394±510 
1090±1l50 

200±10500 
980±991 
211±310 
582±698 
880±1160 

± standard deviation three values representing three separate 
extractions from the same collection lot of scallops. 

bThe following amino acids were not det at levels less an 
ca 0.1 nmol/g: a - ~nino-n-butyric acid, L-methylhistidine and 
sarcosine. 



APP. TABLE 5. CONTENTS OF NUCLEOTIDES AND THEIR METABOLITES IN BUTCHERED 
ICELANDIC SCALLOPS 

scallopsa 

Nucl i or met lite Adductor Viscera 
(nmol/mL or q) muscle and mantle 

Subsamples of 

Adenosine diphosphate 77. 

Adenosine monophosphate 

ine tri phate <54.7t19 

Hypoxanthine 100 

Inosine 1 

Inosine monophosphate 
Guanine ate 

+ 
92.1 ±61 

Uric acid 1 60 

26.8t18 

50.6tO.O 

.0 

1380t520 

656±140 

69 

184±100 

t stand deviation three ues representi three 
ions from the same lection lot scallops. 
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APP. TABLE 6. 	 THE CONTENT OF SOLIDS (%; TOTAL, INSOLUBLE AND SOLUBLE) IN 
COOKER LIQUOR OBTAINED FROM A CRAB PROCESSING LINE BASED ON 
COLLECTION MADE OVER TIMED INTERVALS 

a 

Time (h) 	 Total Insolublea Soluble 

0.00 0.09±0.04 0.01±0.01 08±0.04 

0.08 0.09±0.06 0.02tO. 0.08tO. 

0.17 O. .14 O. .07 O. .07 

O. 0.47±0.O9 0.10tO.06 O.37tO.06 

0.67 0.76tO.02 0.22tO. 0.54±0. 

1.00 1. 17tO.13 O.28tO.12 0.89±0.O3 

1. 50 1.26tO.53 0.36±0. 0.90tO.34 

2.00 1.09tO. 0.39tO.l0 0.70tO. 

3.00 1. 23tO. 75 O. .32 O. .43 

4.00 131±0. 0.54tO.13 0.73tO.31 

5.00 1. 34±0. O. O. .20 

aValues are 
triplicate. 

means t standard deviations of samples taken in 




