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- Abstractl

Hecebrogh

for

Thernilarket value of Atlantic-short-finned squid, Nez

certain importing countries is adversely affected .by its greafer propensity to

nndergo browning reaction than other ayailable, genera and specie
Browmng reaction adversely affects the qua.lny of certain dned and shredded
squid. Cunndmn squid. expom are, therefou, not -competitive wnh exports of .

othe! genera and specxes of squid. The present study-provides evxdenee

supporhng the hypothesns that a Mmllsrd type reunon ls responslble for the .
brownmg reautiotrm dried sqlud This ewdence—mchldertheﬁmdmrofﬁhr‘—
followimg preeursors -of Malllard browning in squld mmle glicose, nbose, .

glucns&B-P erS«P and free amino uclds, notably prolmé and taurine.
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_ Cliapter 1 ,
- . & ‘_ ; I'I\ITR(V)D]JCTIQ)N‘

Canada is a couﬂlry endowed- by the Benevolent. Power with rich and

» 'bounhful natum-sesources Its nat\lral resources are so rich and bunnnfnl that.

some, esppually the marine resources, argundemnhze& One exnmple of *an’

3 ‘
underuuhzed resource is squid. | 7 o 4
z s T

The short-finned squid, Mlez illecebrosus (Leseur): ns a _céph’nlgpu;!, off
exclusively marine group;of- mollusks. There are aboyt 350 species of ‘squid that

inhabit the oc@qns' and seas of the world (Ampola, 1975). Since'a long lime ago‘

" this *heud footed* nmrnal l‘ascmated the |mng|natlon of . man. Be,l/:re« man

d jet propulsi the “ lopods-had. heen jetting in* pnmeval seu, and

‘were masters in using smokescreens as camourlage before man's armies thoughl o{,
them. They \lsed '|nk' (asbrown of blsck vucous ﬂuld) which is ejected ‘a8 '

effectlve screen for escaplng frdm !helr enemies.

‘dorad £

4 - 1 s
For centuries, squid has been' 28 an i nnd latabl

source of lood for eauntne! bordmng the Medllcrrnnean Sea and the Orient
(Ampola, 1975)' Thejr relative nbundnncb and long standing popularity a- o8

gourmet dehght make ‘them very appealing espemlly Amang-Omptnlg,




would mefea.se the dollur reserves of the co\mlry T '

N A : - -

.
% Expens estim‘lt;ed that the énnuul_ potential production of chanic 'squids

/
e rnnge of 90 to. 280 million memc tons. (Amipola,1075). Table

1- shows Newl‘oundland squid ‘catch and landmgs in metnc tons from 1978-1983
Sqund exports frorn Canada have mcrexsed in the late 19705 due to xncreased
cstch .and improved foreign markez demsuds Table 1 2 shows Canadiaif frozen
squld expons from 19784983 Various' problems have been* enc?untered with
Cnngdm; squid by xmporhng countnes (Haard, 19827 One uf these prohlems is
-excessive browmng of dried squid {nd prqducts prepared !rom dried sqlnd Other
'.problems encountereé with Atlantlc short-finned squid by foreign importers
mclude the tex!ure nnd shredability of dried products and the blnnd flavor of the
frézen produc! (Hnard 1983) ﬂlez nlleubraaua does’ command a relntwely low
price compnred to other sources ol‘ squid in foreign mnrkets Cnnndun squid
exports are, therefore, n:)t competitive _wnth exports of most olger genera anf}

. . . ~
spacies of squid, .due to the prc iated with the ssing- of 'l"ez &

lllzubruuu This present study,wu undennken "to determine the nature of

* browning renchon m dried .squld by ini) the reaction chani It is”

hoped that the fund 1 infe ion will ly provide a: basis '.l'or»

technologists to davelbp means. of controlling browning rew_ﬁén in squid products. .




Squid Landing and V;Iue, Newfoundland

1978-1983
Year - ) . _Landings E Value
. (Metric tons) 3 (8)
. . -

1078 - ; 44,058 - .. 810360

1979 f ] . 86,069 & . 19,328,652 — -
' 1980 o " % 33,978 i © 3,283,952

1981 ) O 17,464 : _‘.’1,504,012 5

1982 X . 1,160 | - 2,102,687
1983 . . T8 787

\

Y s ~
From: Fisheries Statistics & Systems Branch - s &
Department of Fisheries & Oceans 4
St. John's, Newfoundland, Canada
} 1978-1973 : . ° »
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s m " P
« : Table 1-2:  Canadian Exports of Frozen Squid Product
Ve B !
Year Type of Product - Unit Value
P (Metrig Ton) $ -
1078 . Squid, whole, 7,200 . 8,010.00
o . round and tubes . N
F & = 1979 i » Squid,.whole, —— 9,808 . '9,407.00
v ) * round and tubes g o
7 . 1980 - Squid, whole, 65,081 . 62,53L.00
) round and tubes . ~ i
1981 . - Squid, whole, 5,047 4,853.00
round and tubes .
1082 i Squid, whole, 742 1,130.00
. round and tubes
1983 . Squid, whole, - 1,606 2,224.00
2 round and tubes e
i
Total - - . 90,384 88,157.00.
‘From: Trade of-Canada, Exports By Commoc\itiu.
¥ * Department of Fisheries and Oceans
i St. John's, Newfoundland Canada
1978-1983 .t
- .
" @ ’
) , '
o




1.1. Types of Browning Reaction

. The interaction of reducing sugars and amino scid residues of proteins to

produce insoluble sub having brown discol

is referred to as Maillard
browning reaction. Generally, there are four mechanisms of \)rowning reactions as

shown in Table 1-3 (Eskin et al., 1971).

Table 1-3: Mecha{xism of Browning Re_ac!ionl

Mechanism Reguires . . Reqnlres ’ pH.

Oxygen Amino® * Optimum*
. : Group
Maillard Browning - oy -Alkaline
Cararpelization | - . - Slightly
L3 acid
Ascorbic Acid + 3 . Slightly
" Oxidation 3 " i acid
Phenolase + - - Slightly
N : | . ¢ acid

' From Eskin et,al., 1971:
(+) indicates requirement.
(-) indicates no absolute req\urement ¢

Browning reactions are also classified as enzymic and nonenzymic browning.




1.171; Enzymic b‘xfowang

Enzymic browning usually occurs in fruits and vegetables like potatoes,

" apples ll;d Bsnnnés. especially when they are exposed to abnormal conditions

" mushtoom and in some animal tissues:
'

when theu is a cut, when. it is bnnsed and peeled or a disease is attackmg it.

When fruits and vegetnbles are cut or bruised; the m]llred tissue browns easily

bo brown melamns

die to the ‘conversi 1 of dibiydroxy phenohc

5 Enzymlc brownmg nlso ‘occurs m c}nmn mnnne food products notably ‘in slmmp,

erab agd lobxter e : ' . g

Pblybhenol- oxidase c:vr 'phq‘enol‘nse (0-diphenol-oxygen™ oxidoreductage, EC-

1.10.3.1) is the enzyme generally ’re’sponsible for this type of browning reaction.
The reaction is cAtalyzed by the cbpper pmszﬁetiegroup‘of this enz}me in the
presence of moleculsr oxygen Bendnll aud Gregory (1963) beheve that copper is

monovalent in the case n[ mushmom pheno]ase and. dwnlent in the case of. the

potato enzyme. Phendlase i is clmihed as'an ox:doreducme, and the l‘ul\mon of

oxygen |s to act as hydrugen acceptor ~This enzyme occurs’ in rungl other than

LI.L.1. Mech i of Y B ing

The g'renmt amount of mearch on phenolnse has been undertaken on the

mushroom enzyme (Smnth and Krueger, 1982 Bouchilloux et al. 1983;" Jolley and

.’Ma.mn 1965), clmely followed by ‘work on the polnm enzyme (Pahl ‘and Zucker,

1965). Later work mvolves an und ding’ of i ymes of phenol and of
the mtrncelluhr locmon ol the enzyme with respect to partlculnte and

supernatnnt forms (Craft, 1966; -Constantinides and Bedford, 1!167). The

Ve



| ©
L R ¢ .
phenolase complex can give rise to two types of reaction: the phenol hydroxylase

or cresolase activity and the polyphenol oxidase or catécholase activity. This is

ill d by the oxidation of L-tyrosine which is the most abundant phenolic
i compourd in potato tubers (Schmmmer and Burr, 1967) nnd the concentration of
which appears to be the limiting I'sctor’ determmmg the mte of enzymlc browning

{Mupsan et al., 1963). s - * T
. . s

Thus for réaction (j) the substrate is a monophenol, and for réaction (ii) the

"

.substrate is a diphenol.  Reaction (ii) is followed by removal of hydrogen to form

a red co dd h (5,8-qui: indole-2 carboxylic acid)-which contains

a heterocyclic ring derived from the closure of the amino-carboxylic acid side

chain. Dopach b \‘ d polymerization to form products

called melanins.
: - (
’ /
Cntechol being an o-diphenol, is reudlly attacked by phenolase, and only

the catecholase type of reaction is exlnluttd #

Quinone formation from catechol is enzyme and oxygen dependent. Once

.

and no longer depend upon the presence of phenolase or oxygen. Joslyn and

Fonzmg (1951), in & review article, have summarized these chemical reactions as

} - thls has tnken place, the subsequent polymerization reactions o¢cur spontaneonsly s

far as were ‘then known. This appears to be the mdgt yidely held. theory to

/ i account for the formation of the brown melanins.




-t

The resul ihy yb n d interacts with o-quinone to form

hydroxyquinones. . Ty N\

Hy droxyqui undergo polymerizatjon and are progressively converted to

red and red-brown polymers, and finally ‘to the brown melanins which appear, for

example, at 8 poml of mech:mcal mwry to a potato tuber, or at the cut sml‘ma

of an apple (Eskm etal., 1971).

1.1.2. Iﬁvolvament of Lipld in Browning Reactions

. \ .
Nonenzymic browning involving—amino gréups may include two types:

'suvgar-amino or Maillard reaction and lipid-smino renhtion (Jones, 1962). There

are three'main types of browding reactions in lipid-amino reaction.
1. Oxidation of unsaturated oils to form active carbonyl compounds. -
2. Oxypolymerization of cnrbonyl eampounds to form brown plgments
3 Reactmn between cnrbonyl groups und bns:c mtmgeneous consmuents

* to-form brown plgmen X -

During the course of oxidation of the fatty acid ‘components (reaclion 1)

'compounds are produced which are capnble of mz‘eractmg with protems or ammo

groups. These fatty acid are aldehyd ., peroxid snd ketohydroxyl
and epoxy groups. ) g ) N
A dingly, ioxi and pi idants* such as copper’ ions,

haemoglobin as well as oxygen . can_indirectly affect the rate of browning.
Inhibition of browning occurs when the carbonyl-amino reaction is blocked by ~

acetyluting the ‘amino groups or sulfi

g the carbonyls: Resctions 2 and 3




. »tlined by Jones (1962) sre competitive procésses. Trestment which block

-arbonyl-amino b ing favored oxypoly merization, which can result in a darker

" color than carbonylamino browning. On the other hand, sntioxidant treatment
favors carbonyl-amino browning. For different reasons, less discoloration is also-
obtained when pro-oxidant is present. The presence of pro-oxidants appears to

favor reaction 1 at the expense of reaction 2.

1.13. Caramelization -
" When sugars are heated above their melting point, they darken to bowh
" coloration. This process, called caramelization, is favored by ‘acidic or n!keline
'condi:!io':nq sﬁd results in changes in flavor. - If the proc‘e'u is not carefully
controlled, this reaction can lead to the p}oduction of burnt, unplessant and
bitter products. It is, therelore, very important to control this reaction ‘ofder
to retain the plenmt taste and qu;llly of caramel especially in the productmn of

sweets and candies”

The chemical composition is very complex aad little understood. Caramels

produced from different sugar sources show similarity in composition. Heyns and

Kliep (1968) carried out a series of studies on'groups of different mono-, di-,_lnd.

polyssecﬁmdu and found that the volatile prodncls were produced. The authors
eoncluded Ilnt a common pathway is involved for the acidic and llknlme

degudatwn of sugars.

L



1.1.4. Ascorbic Acid Browning

Ascorbic acid is an important precursor of browning reactions in certain
1

food pwducts‘ The-reactions of ascorbic acid in fruit juices and concentrates aré” i
-very mm:h dependent on pH and concentnmu of the juice. The browmng process
is inversely proporuonul to the pH over a range of 2. 0—35 (Braverman, 1963).

Those juices having hlgher pH tend to be less suscepnble to browning, like orange

juice at a pH of 3.4. " Ascorbic p€id bmwmlg in cmus products, dua not appear

to mvolve amino acids to any g¥eat extent. However, in the ' ca,se of dehydmted

. vegetnblgs where gscorbic acid is inYolved, it appears that addxtmnal reactions

contribute to discoloration. .
L1.4.1. Meei:.nlum of Ascorbic Acid Browning
“The mechanism of ascorbate browning is c;:mplex, although- a possible

pathway from' the decamposmon of ascorbic acid. to furfural accompamed by

liberation of carbon dxo)nde is outllned by Eskin et al. (1971)

Lalikainen ef al. (1958) observed that the amount of carbon dioxide evolved

under aerobic condition was far greater than could be accounted for by the

quantity of ascorbic acid present. Even \’mder anaerobic coﬁ’d'lions the amount
wa; S'.l" much hlgher than expected fmm the plgmenc formatiom: These results
mdlcated that ucorblc 59d was not ﬂ:e sole source’ of carbon dioxide, and

indi d the icipation of other

1 '

Raiganna and Setty (1968) implicated the Streckﬂ degradation in an

ascorbie acid-amino acid lnteractmn in dehydrnurl cnbbage The reaction occurs




: T i
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at low moisture content. :nd the browning observed dnrmx the reutmn ina

slmple /‘odel system was sumln to the browning of the dehydrated elbbi(e The

- suthors lated that the ion of debyd bic and dik lonic acids
from ascorbic acid occurred during the end of the drying process and the carbonyl
thus genenlv.ed interacts with' fr.ec amino acids, nonenzymically, to produce a red-
to-brown discoloration. The'ihﬂ of cabbage of 5.2 is optimum for this reaction.

. The reaction did not ymefd ata pH beloy;' 3.5. ‘

__A.1.5. Protein-Lipid Interaction

- Products of lipid oxidation can interact with various.fvood constituents

) including - proteins (kwon el AL,I 1965)4 Investigations ‘of Buttkus, (1967)

demonstrated the interaction_of myosin, with—mllonnldehyde and measured t‘ﬁe %

extAenv'. of the interaction of the number of free amino groups in the protein
|‘no’lecula Observations on the reaction were made at different ul:gtn}a:
+20°C, -20°C, and 0°C. The results indicated that at +20°C almost of the
free amino group of Iysine were reodered unavailable after 4 days, 40% having
interacted-after 8 h. The reaction rate was lower at 0°C than at 20."0. However,
at -20"‘0 the *reaction proceeded at approximately the nm; ;lte as that observed
at +20°C. The mole«_:ules in the reaction mixture are concentrated due to the
freezing of pure ice l.‘l“ylllb (Grant et al., 1968). Further work b‘y Buttkus (1967)
demonstntg‘d that storing a mixture of malonaldehyde and myosin at -20°C for 6
days resulted in the pmicip_ation of other amino acid residues in myosin with t}(
3 ;ldehyde ‘The order of renchvny was miyosin residues with lldehyde and

methionine followed by lysine tllen tyrosine and last was ng\mne.
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lé‘ur!her studies were carried out on lysine availability in herring meals. Lea
et al. (1980) reported a 12% loss of lysine when oxidized fish meal was processed
at 100°C I‘or 30 h and this was ucompumed’sy an incréhse in bound lipids. ,’/

However, ' no- losses were reported when fresh herring meal were slrmlarly

p;ocesned in thﬂ’reﬁenbe of nitrogen gas. Lea et al. (1058) carried out an earlier
study and fouhd out that the availability of lysine was reduced by 4% in: h,e'rrin/
megl. when stored. in air at 25°C for several months, whereas no lossés W;rg
incurred"in lysine nvailubility when storeci at similar condition under ni‘trog‘ex‘n' !
Based on the resulta, it mdlcsted that when lipid oxldsuon is facilitated,

interactions of .amino acid and oxldmd products of lipid results in the loss of

and b ing

amino acid availabili
1:1.6. Malllard Browning Reaction
1.1.8.1, Bnckgfound .

A sena of papers publlshed by L.C. Malllurd in 1912 and 1917 outlined tbe

reactions which can occur between sugars and amino acids. These szudnes provxde

.chg foundati h in food ,‘ logy for our und ding of the most prevalent 5
nonenzymatic browning phel;omem (Adrian, 1982). Other early investigators alm
wrote about the existence.of‘-such @ reaction, but Maillard was the first to

. systematically study - the causes, factors and mnm[estntxons of the browmng

% renchon ‘It was Maillard who foresaw the |mportance of browmng reactlon in the

food-industry nird relsted fields, and' up to now his name-is ‘related with thls kind

. . 3 i
of reaction. J
e ) g

Food technology and nptrition'nl .sciences were in their early stage of

R i




a B . - %
development during the time of Maillard's studies. Probably, this explains bwhy
Maillard's pspeig)ﬂ.ere ignored by many for several decades. For example, in 1912

i

i -
own for one year only; while and threonine were

: thmmu;e had beg

not yet identified. It wes only after World War [[ that the significance of

Maillard's work to tht— q\mhty of processed l‘oods was fully recogized. It was
- N

proven that almost all fopdstuffs were more or less affected by the' Maillard

reaction. Products of sugar and milk industries suffer considerably from the effect

of the TreactioBWdue to the fact that the comnmercial value of the product, is

lowered 'by browning. Sugar and milk products “must have s white color in order
to have the ma.;(ilnum value. On the other hand, there are food products-which’
rely directly or indirectly on the resulting brownings, esp;ciully the roasting
_‘phase. These foodstuffs include biscuit, breads, cookies, malt beer, chocolate,

peanuts, ete.

From the nutritional poins of view; Maillard reaction damages the foodstuffs
because of thie destruction of certain amino acids during heating and pr’blnnged

storage. On the other hahd food technologi study the i i of the

renctlon of sugars and amino acids on consumer’s Acceptablmy ol ruuds, while the
nntntlomsts md physicians were concerned about the physlologmul consequenca
of the Maillard reaction, The- reaction also captivated the attention of chemusta

who tried to definethe-mechanism and factors that control the reaction.

According to workers like Eskin et-al. (1971), browning reactions in foods

) are important in view of their effects on the slteration ol/ appearance. The
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yrdximtle lowering of the nutritive value of the food material with browning

- another significant problem.

- There are many articles aad reviews relating the Maillard reaction to the
ha.ndling and storage of foods, in pnrlicnlu dehydrated foods (Reynolds, 'IQM;
Gotuchdk 1952). The Maillard reaction usuaslly causes undesirable effects, such

as lirge changu in solnbllny and color. However, some of the nde reactions are

ible for the | prod ion of desirsble as well as undesirable flayors and odors
(Hodge, 1953). '

1.1.6.2. Mechanism of Malllard 8

The mechanisim of Maillard browning appears to follow a common pathway
for many foods in which this mc@i‘on is found to oceur (Hodge; 1853; Ellis, 1950;
Reynolds, 1965). The primary step involves a-condensation resction between the
C-amino groups of amino -acids or proteins and the carbonyl groups of reducing
sugars, knownfs the *carbonylamino® reaction. The initial cobdensation product

" is 4 Schif’s base which und cydlizstion to the corresponding: N-substituted

¢ ',‘, lamine, the latter d being-in equilibrium in aqueous solution. The -
“existence of the condensation product was demonstrated by Partridge and -

Brimley (1952) using ion exchange chromlto_g;wby.

2. Factors Infl .’“ g Mnilla.rd Reacti




! ~
B g . e

1.2.1. Presence of Sugars in Fish sad Shellsh Muscle = * -

Several workers like Hochachk ;I al. (1975)- established that cafb hyd!

is the storage forra of energy in the sq\nd mantle muscle, although under some

circumstances it is clear that proline and_perhaps other &mino acids can be.

utifized for citabolic purposes. '

In addiﬁon' o free sugm a variety. of sugar phosphates can be found in the

muscle of fish Aud shellfish. an: (mo) mdmted the pruence of 2 61 mg"ﬁ of

a

fructsse -1 6diphosphate, phosphagheeric acid, gheose-Lphosphats (GIF)

gl 8-phosphate (GBP), fructose-6-phosph lFGP)md penmse‘phoaphnte ln

muscle from uveral ;penles nf ﬁsh Ylmanakn et al (1974) detected tenths ol

‘milligramhs of G6P and F6P in tha Hresh _musclu of slupjuk. The.snalysis for GIP,.
G6P and FﬂP was also per{ormed it hard clam’ and s‘aid" (Tsuchiya, 1002).'

Inosual a sugar alcohol, is also. known to be dntnbuud widelyfn the muscle of
fish aaf mollusk (Toithiya, 1962) and 510" mg% of inositol was also detected in

crab nulchle (Hayashi cl al., 1979). i

122 Amho-SuQar Browning With Model System
In MB‘i“l&d brownixig; the most significant reaction involved is amino acid

interacting vnlh sugars. Knmnl and Sakurai (1951) uled 1% of either glyclne,

tr,ypuzphnn lmnme or gluumlc acid to react wnh 1% of either glucose, sucrose

wor xylose in dmulled water at 30°C for,30 days. There was 06 browmns Addition
of 10%-20% NaCl to.the above system did no; enhance the color devélopment.

The bu;wning took place only when ll}g concentration of amino acids sdd sugfs




“system.
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 was' mcreued to 5-[0% When 10% of glycme was heated with 10% of dlll‘ercnt'

sugars, thq found that xylose gave the mnxlmumibrownmg intensity followed by

arabinose, fructose,,glucose, maltose And sucrose, respectively. - Likewise; alanine,

arginine, hisiidine, leucine, serine, ch!tine and sodium gluumale Bre’s high

browning murmty with xylme followed by lysine and threonine. Kamata’ and

- Sakurai (1959) also found thn glneose promoted the amino md—penwse rmnon

. whereas sl;}:toag and maltose did nnt,.

Napynmn (1962) eomp-red the munsuy of the "browmng reachon with

,,’glucose or ribose nnd various nmno acids, in phosphnte bul‘ler, pH 6.8 in he:ted .

Alld senled tube- at 115°C for 1, h Ha nburv:d that among_ the four amino acids

‘tested (arginine, Fysme hlm e and glycme), lynne showed the greatest browning

intensity with either—suga: lollowed by glycme, hutldme And u‘gml e, “The *

degree of brov?n discoloruion in the ;lnco&lysme system in phosphate Buffer at.

3 ph 6.8 was proporuond to the cor eentrltlon of -Iynne An increase in phosphlu

conceqtntpn wn.l_ found tn increase 'the browning munslty of !he glueou-lysmev

1.:.3. Effects of Temperntqi‘e, pli, Buffers and Mohture. Content

l.!.a.l. Temperature : . ; ; .

It has been found that temperature lﬂecu Mllllu'd bmwmns reamdn be;

. nnd Hannan, (1040) teported a decreua in the I’ree nmh\p nhrogen tor 2 casein #

glucose ‘system whlch conformed to the, Arrheniu! equlﬁon over a tempenture

range of 0~9°C, whou a llnur relmonshnp exuted between tlxe m.e ol reaction -

" and umpermlnov this nnge » o . »




1.2.3.2. pH - oy o -
This cnrbnnylamim; reaction may occur.in either acidic or alkaline media, ’

but generally, alkaline condhioras f.nv.or tl;e process. Lea, snd"Hunns'n (HMQ) and

Underwood ef al. (1959) démonstrategi.sn increase in reaction rate with; a rise in .

pH. They discoveted that foods of bigh acidity are less susceptible to the reaction. ™\

L23.3. Buﬂ'er
. lnvestlgatmns carrled ont by Saunders and Jerv|s (1966) using mdmm
phosphate and sodmm cltrate thh glucose-glycme \ndlcated that buﬂenng X
_capacny plays an lmpormut role in theé reactions. It appenrs that acidic
'pwducts formed dunng the course of the reaction are bul'l'ered by these sulu and
this allows the reaction to proceed. _Acldlc canditions are unfavorable for the '
3 8 £ i 0 .
brqwning process" = . : . ‘_ -
1.2.3.4. Mohture content
. Mmllnrd browmng procm proceeds in aqueous systems and complete v
_dehydrnuon of the reactnnts results_in a rapld halt -in"the process. Le& and®™®
Hannan (1050) recorded the oﬁmum moisture content level for a cnsem~glucose
system and observed the loss in free amino gronps to be greatest nt a mouslure
.contem o[\la% w\nch corresponds to a level at whmh the reactants are still in the
prasence of free wter. lt appenrs that the reaction is favored at, 5w moutnre '
‘ content due to the concentrhuon uf solute molecules which are. mvalved in, the

reaction. \ . o A 58

L
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’ 1.3. Chemical Composition of §quid Muécle as it Relates to.

Precursors of Browning (

1.3.1. Carbohydrates = T "

Dar’k-flesbed fish ge'ner'a‘lly contain muph mere,gly,cogen (abéut 1% in'the

) muscle} than &hm:—neslxed onmes. A laxge amount of glycogen (18 ), is nlso
deposited in the bady of mollnsks (Ik/eda 1980) Several workers like Hochachka et’.

* al. (1975) es'.abllshed that carbohydrate is '.he storage form of energy in the sqmd
mantle musﬂb although under some clrcumstnnces it is clear that pmlme and

perhaps other amino acxd can be utlllzed for catabolic purposes

As so elegantly.pointed out by Goudsmit (1972) unusual polysacch'a]ides are

not_uncommon in lpol_lusk_ tissll’es and special care must be taken for their .’
++ .7 isolation and identification. The unique properties of squid lr;'antlle
polysncchandes explam why they have often been mlssed by previous resqan:hers

: und may explmn why they nre dll‘ﬁcult to vmmhze in ele)tron mlcrogrnphs, even

-

if, under fayorable condmons, glycogen-hke grsnules are readily observed.

) N i

/I/‘ . *1.3,2. Free Amino Aclds : " i
& - Mollusks normally lie he!ween fishes and q;rustncenns with regard to free

“ nmmo acid con!ent Generally mollusks are nch in, tmmne, prolme, glycme,

alanine, and arginine, but their )evel.! fluctuate considerably from_specles to

R e species which is in contrast w thosej'ol' crushce'nns" According io Konos.u and
. Yarmaguchi (1982) che content of glycme varied from M-Sﬁ mg/100°g ol‘ raw

- muscle in scnllops and was 10 mg/ 100 g in ' certain squni




13.3. Lipids - ) , - .
Fatty mds oceur in all fish partly as triglycerides and purtly as
™~ phosphohplds Ol.her cluies of ! hplds such as glyceryl esters or wax esters also
oceur.in a few speclu Some other snbstnnces thnt may be associated with fish oils

include hy,drucnrbons, stero}s. vitamins and pigments. Gordon (1982) stated that

as other compounds ‘clos¢ly related to “cholesterols were aiscovered ihey were

gmuped under the term sterol W\ﬁen daalmg with mollusks, “the term seems mdre
“appropriate, and no maner whal term is used mullusks have 8 dwersily of

sterolsu’rh!se lipid components are no't found in other loods.

v

) Differént stl;die.s have been made, relating lipid ‘oxidation to the quality of
~seafood. Oxidation is most iﬁpon&nt.‘ p»rtic\;Iarly in the deterioration of frozen
fish products causing flav‘or (Banks, 1939), color (Jones, ‘wsz) and: possibly
textural changes (Sikorski e al., 1076). One certain el.fec't'of‘ the oxidation of lipid
in leap muscle ;l‘ fish like cod is the introduction oI' odor;; often called cold-

. storage fla;murs “The compounds most responsxble for this are unsaturated
carbonyls (McGlll etal, 1977) Studies on’ model systems containing phosphohplds
and proteins show that oxidized phosphdlipid w:ll react with protein (leuza,
1971). Protein deunturatlon mly result from lipid oxldal.ron by conxldnuon of the

sull’ydryl groups or by curbohyl crdss-linking of free amino groups (Hnrdy, 1979).
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.1.3.4. Homarine | )
Betaine compounds are minor components in muscle extract of fish, but are

;nd mollusks. Ho;uﬁne (N-methyl

mljor ! in extracts of-

\‘plcohmc acid belune) was first uollud by Hoppe-Seyler lrom the muscle of
lobster (Hirano;. 1975). Ln.er, the homarine content of dirlerent mmne

’ mverlennta was deurmmed ‘by different authors (l-hyuhl et al 1978; Beers,

1067; Gasteiger et al 1960; Hirano, 1075). i )
1 1. Homasine Par fon in'Browning Reactl

Hiraio, (10.75? lurt-hgr' el cid; ) the ‘relati : i between‘ g .an.d
b degradation of d squidIt was found out that by addition of

.h browning reaction * kably i sed with the increase of

temperature to 80°C. . Based upon. the results of the model . system of glucase-

glycine, it was luded that the radiation d dation and the resylting
y i ion of h may i to the b ing of irradiated
squid. Alio the study i dicated that irradiated h i le Maillard

browning of glucose-glycine in the model system.

1.4. Browning in Marine Productl 5 A %

Browning occurs in different marite products, ‘for'exm!ple the browning: of

canned skipjuk meat. The hani of b ing of d marine products
~“~depends. upon'‘the raw mnterill; “used, the process, empluy_ed and storage.
Yamanaka et al‘.‘ (1975) found tlnl; glucose-8-phosphate (G-&P) and lrncl&s&&:
'phosplute (F:-O-P) are mainly ruponlihle‘lor the oun‘ge discoloration of canned
+ skipjack meat. This was further supported by Hasegawa et-al. (1976) who stated

% : .
.



that when the sugar via

glycolysis, the Maillard-type of .
browmng reaction took place during canmng at a high temperature. Yamanaka

(1075) elucid d the cause of ) ion of gl 8-phosphate and fructose-8-

phosphate as follows: In the meat which gave a strong orange colour on cooking
ﬁ;e ATP concentration decreased, rapidly during thawing and disappeared

cumpletely after thnwing In normal meat, however, the ATP-concentrnidn

"+ decreased slowly, In the former, meat glycogen decréased’ extensively, but lamc

acid increased only ahghtly with a small fall of pH. The NAD content was ao-sn
mg/100g in normal’ meat, while it was 1-2 mg/100 g in the meat lible"to orange

h '
discoloration. Anserine, creatine and histidine were the main amine comi)onenu @

participating in this amino-sugar réaction (Ikeda, 1980).

Another case of browning in marine products is the one wherein browning is
caused by oxi;iation of lipid. Various studies were made on the mechanism of the
discoloration, or so called rustmg. _caused by the oxidation of lipids of marine
products. lkeda (1980) stated that thxs mechamsm is so ccmpllcated that there has
been little _agreement on it. However, it has been widely accepted that carbonyl
compounds from oxidized 1lplds are mvolved in the reaction (Mats“lo et al., 1967).
Rusting may be regarded as a type of browning induced b ‘amino-carbonyl
reactions. Little has been done on this type of work and no furlher'elucidnzion has
d pa i .r d in the d [‘

of rusting. .Fugimoto snd Kaneda (1973), however, presumed that aldol

been made on how these ni

condensation, in the presence of volatile bases as catalysts, :might serve as the

early stage of the mechanism. On the other hand, Nakamura et al..(1073)




reported that the -volatile -basic made a greater

contribution td' the browning than the volatile ones. ]

1.5. f’urpose of the Study
FSquid harvested in Canada Illez illecebrosus have a greater tendency t:;
undergo browning in dried producu than other sonrcu of squid (Haard 1982).
Nlez i |s ;o‘nenmes rnted lower than other sources of sqmd in the Japanese market‘
l'or a variety of ‘regmns (Haard, 1983). For example, !t is said to have less flavor
for direct conaumétion; it is less desirable for ;'sb‘iokora' n';anufxczure because of
its higher plgﬂYM content and texture; and it is less desirable for dried seasoned
* products because of poor sbrednblhty and ‘its tendency to undergo ‘browning

reactions during storage and because of poor extensibility for rolled products.

In view of the relatively low m;rket value of Canadian squid the prime
purpose of the study was to find out what causes browning I"eﬂﬂlt(;lll in dried squid
Hllez illecebrosus. "It was hypothesized that sugar and amino ‘acids are precursors

of Maillard browning reaction in squid products.

The squid muscle content of various chemical constituents like sugars,

phosphorylated sugars, amino ‘acids and homaritie in squid was investigated

because they are known to be potential or catal, of b ing

reactions, (Hirano,1975; Nngayamn,lgﬂl Tarr 1088 and Yamanska, et al. 1974

The b, ing of ﬂlzz illecebr: cnughl in Newfoundland waters was
by comparison of resul-ls with those obnined with [llez illecebrosus captured off

the- coast of Massachussetts. “The latter squid -were shown to exhibit somewhat
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less browning on- dehydration thad the same species cmght’ off the coast of

Newfoundland.
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Chapter 2
MATERIALS AND METHODS

2.1. Biological Specimen

Squid, Mlez illecebrosus (Lesueur), belongs to: .
Phylum: Mollusea » i
Class : Cephalopoda

Order : Decapoda

Family: Ommastrephidae
— . 2

Two sources of [llez illecebrosus were used in the study. The two sources
-

were captured in M: h and Newfoundland waters. Fresh frozen squid

5 |
samples were obtained from Massachusettes in Nov., 1983 and stored- at -70°C.

For Newfoundland squid, fresh frozen sample were obtained from Concéptiun Bay
in 1982 and stored at -70°C prior to analyses. Both sources of squid were rapidly
“ h

frozen in liquid nitrogen prior to the onset of rigor mortis.

Prior to freezing; they were cleaned with all the heads and entrails removed.

Frozen Qquid were employed because fresh squid was not readily. available in

Newfoundhﬁx during the 1983-84 lighing seasons.
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