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Abstract
. . .

T he ~~arket value of At1antic ~shoft-finDed 'liquid, Rl~~ iIl~eebro8u'8 r~r

certai n impor ting c6unt ries is a~versely eltected .by its grea;ter propensity to
, ' . . - - . " . ~ ----. , ' ."

undergo browning' reeetlon than a t.her ayailable. genera end species-'or...~~ .

. Browning reaction ' a~versely aUects the quality oC.certain dried a~d ~sbredd~..... . " ,

squid. Canadiar _squid ',exports are, therefore, not -ecmpeiitlve with exports 'or

atbe ' genera and species or-squid. T.bepr~ent study- .:.;provid~ . evidence

-suppcrtieg the ' hypo~bes is that a- Maillard type resetion is:~r~llPonsible Cor the
. ' .' I. . . ",

browpi.Dg reacttor in dried ~q~ id-. This-eVidence-;neludes--'t~~- (ind inror -th~

(? "owimg precursors 'or Maillard browning in squid mantle : glucose, ri~e; . _. '

glucose-BoP , ri~S::-P ·and Iree amino acids, notably proline: and tau~De.

I .
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underunlleed resource is squid.
'; \

( .

Chapter 1

" : . INTRODUCTION ,
, " (" , "
Canada ' is a coudlry endowed.;by the Benevolent: P(;~er witb rich and

_. 'bou~t i rur ·cat'J~so~r~e~ . Its ~atural ' re~ources a:e ~, rich and bouDtUul th~i.
some, e;sp,edally the marine resources, art5uDderuti1iz~a. O'~e eXII.,mple or;an '

' J

ThJ! short•.fiimed squid,iUez illecebrosus (Leseut}::' ~ a .cepJial?pod, ~fl

. exclusively marin e gr~lt97bt· mollusks. Tbete are abo~ 350 species, o(sQuid tbll:t ..

inhabit the o~s and seas or the world (Ampola, 1915). Since' a long time ego

this t head.rooted· ani~al ra:cinated ~he imagin~tion er man. B~~e.: man. . .. ~

.contrlved jet~ propUlsion, the cepb,alopods obad.been jetting le-pnmevel seas, and

were masters in usingsmokes~re~ns as ~~mounage , 6ef~re man's armiesth~~gbt '~
them. They used -ink.', ·fa..,ibrow"n or black v~cous nuid), which is ejected ',as

errect~ ~ scree~ for escapingrrtm their ~~~mies . .1

For ce;turi~, equid ~as been"considered as 1l.~ impoftant and palatabie

source or food ror cQuntries bOrderiIig' ·the Mediterranean Sea and the ,Ori@bt. " ,, ' .
(Ampola, I07SY. Their relative abundance and l~ng stan~ing popularity a. 'u .

gourmet deE-glit make 'them ,very a~peallng especially.....among , o~iep ta~ . AIs<;

\



nIez '

.'

Spanish and Latin American pecple like squid.

Wt cebr:081J8" does ~t appeal to the majorit y of Canadian 10....11~~n

foreign consumers especially from Asiao .counrries, it i~ cons der ed a delicacy. It :

could be ~xported in 'bulk due to its .a~u~dance , thereby geDeratin ~ inco~e wbtt~
would i~eas~ the '~Ol1a! r~erves of the ·colllot r;. .5r :. .

' .
Experts ' est im'~t~d tbat the 'a.~~ lfal potential product ion of ecealiic 'squids

. , tO~;fi~;:or ~Oto280 !"ilI ioometri~ to" . ·(Ani POb ,197S). Ta~l~
..f-I shows Newfoundland equld'e eteh and landL~ in metric tons from 1978:-1983,

Squid , exp~;ts ' lr~m C~nada have' in~reased in i~e late ' 1910'.S:d·u.e to Increased

catch . an~ improved foreign m~rket dem'a~ds, ' Table 1-2 shows Canadiair frozen

sq.Uid·~xports from ' l il7S-19Bi: Vari~us' problems h~~'e been ' e~cJuntered with

Cana~iag s~~id ' by importi~g cou~tr ~es {~aar~, h i82Y: 'One D! th,ese, ~toble~s iJ. .

.excessive , brov.:~ ing ql 'dried squid f nd prcducte prepar ed Ircm.dried s~uid , Other

,- problems e~co~nt~~eJ.. with Atlan.t ~c · ~hor~finn~~ ; l\Uid by fOreign' import ers

include the textureand shredahility ordeled products and the bl~nd na;or ,of th e
.,' -'. ' .' . . '.... ;,.,. " .

fr6z~D p.roduct (Haard, 19~). R.le.~ illece~ro8tJ8 does eommand a relatively. low

price ecmpsred to other' sour ces.'?f squid in foreign markets. C~Dadian squid

. exports are, the)-e(ore, Dot competitive ~ii.h exports ,or ,m.ost other genera and
' .. ,- . . . : .'\ .

species of squid, .due to, the problems eesocieted w!th~e' proceSsing~of ·Rlez
' . , t ..

, i!lece~ro8u, ; This present study ; was undertaken fa determine the natur e of

. browning reaction i ~' : dried :~q~ id 'by eXi.~ining the reeetion mechanism. It is '

hoped that. the ' Iund~mental inrormati 6n will eventually provide a :, basis ·Ior

tedinologists to d~velop mea'os of ~ontrolling browning reaet1~n j'n~ttid produc'ts, .

, ~':
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• •~. Squid Landing and V~lue, Newfoundland

1978- 1083

Year . Landinp Value
(Metr ielons) (S)

una -- 4" ,05~ 8,103 ,600
. 1070 . / 88,060 10,328,652
. 10S0 33,078 • 3,283,{IS2

1081 11,464 ' 2,5'04,01 2
n18~ . 11,160 • ~ 2, 102,667
1083 ? 787

From: F isbe;ies StatBties &'Systems Branch
Department of Fehertes & Oceans
St. John's, Newrcc ndlend, Canada

'1018- 1013 .

. " .r-]

'I.
"'."



Tabl!!! 1-21 <!anadian Exports 'of Flozen Squid Product

Year Type or Product Unit Value
(Mett}~Ton) S

,1.078 Squid, whole, 7,200 . 8,oio.00
round and tubes

1079 Squid ..whole, ---:- 0,808 0,407.00
round and tubes

1080 - Squid, w90le, 65 ,081 62,53~..OO
round end tubes

19~ 1 Squid ; ,,!hqle, 5,047 4,85&,00
round and tubes

1082 Squid, whole, 142 1,130 ,00
round and tube~

10'83 Squid, whole, 1,606 2,224.00
round ,and tubes

(

To~al

' Fr~in: Trede of'Canada, &xpor~. BrCommo~it!es.
Department of Fisheries and Oceans

. St. ~obn's. Newfound land Canada
1978-1083

..

00 ,384 88,1 57.00 .



1:1'. Types of Browning R ea etlo n

Tb e interaction of reducing sugars and amine acid residues oJ prot eins to

produce insoluble substances baving brown discoloration is referred to as Maillard

browning react ion. Genera lly, t he re are 'rour mecban iSms of brown ing react ions ~

sbow~ in Table 1-3 (Eskin el al., IOn) . .

Tab le 1·3 1 Mecban i~m or Browning ReactionI
. : \ . .

Meeb an~sm 'R~u irt' , Requires pH .
Oxy gen >' Amino ' Op.t im,um··

Group

Maillard Browning + · Aik aline
Cereraeluetfoe Slighlly

acid
Ascorbic Acid' + Sligbtly
Oxida tion acid
Phenolase + Slightly

acid

I FremBekin d, al., 19n:
, (+l indicates requirement. .

(-) ind icates no absolut .e rel\l irement ~', '

Browning reactions a~e. also classffied as"eneymie.and n~~eniymi~ browning:



/ '.' ,

1:t:"1 ~ E;naymle b~ow~lng

Enzymic .browulng us~al!y ?ccur s in fruits and vegetables like ~tatoes.

ap:p1es and baDa~~, : especially whe~ they are exposed to p.bnormal conditions

when there is a cut, when. it' is' bruised end peeled or a disease is attaeking lt.

Wbe:n fruits '~nd vegeiabl~ are cut or bruised; 'the injured tissu e browne easily

due to the 'eonverslon or dihydroxyl phenolic compounds to brown melanins.

:'Enzym~~ ·~rowD.ing a'iso ,~curs ~ C~bi~ ma.rin; food ~[odU~~ notably 'in' shrimp,

. c ~_~b. a,lld ~b'ster': ' .

, i ', ' "

:~ .; po!yphenol. oxidase .~r 'pb.~DOI.ase (()'diphcnol-oxygen ~'xiaoreduct ~E:C

1,10.3.1) ,is t'be cnzytJ:!.e , g~~erany ' re~poIl! ib le Cor. tbis type or browni~g reaction.

The rea:tion is c~talyied '.by the cop per pros~~e.tic ' group: or this eneyme in the

presence'or molec~lar ~~ygen . ,Bendal l ~~"d 'Gr~gory"(~g631 believe that copper is
J • -" , " , I ' , .

•monovalent in the case, o~ mushroom phenolase and .4ivaleoL in the case ot . the. . .
pctateenayrne. Phenolase 'is c1~I~i~d ~" an ' oxidoreduet lllle, and the CUa..cti~D or

oxygen i~ to ad as hY'~rogen accept?r, '.This ;~iyme occ~rs"in Cungi 'o th'er than

muebrecm and in some animal tissues:
. . .

Ll'.l.'l . Mechanll m or En'ly.:nlc Bl'o~nlng
\ " "

The grea test amount oCresearch on phencleae has been und ertaken on th e

mushr~m enz~me (Smith and Krue~er, i962; .Bou~hilloux it at. ·1963';: Jolley and

· · ~a80.!!> 19,6~;, c)~eIY followed by ·wo~~ o~' th~ potatO enzyme -(P aUl 'and Zucker,

1~65), Later work invol~es an u~dentanding;of isoenzymes oCphenolase and oC
'0 0, , '

the 0 int racellular location ,or :the en,zyme w~th respect to parti:ulate and oJ.' 0

supernatant Corms (Cran, 1966; Constantinides and BedCord, H(67), The



..
.c, I .

phenolase complex can give rise to two types ,of react ion: the phenol hydroxyl ase

or cresolese activity and the polyphenol oxidase or eateeholaae activit y. Tb_is b
illustrated by the oxidation or .L-tyrosine which is the most abund ant phenolic

compound in potato t.ub~s [Schwimmer and BUrf, Ig67) and. th e concentrat ion of

which a.p~ears to be the limiting racto~determi~ing the rate or l!Dtymic browning
.I' .

{MapSOD et al., HI63).
" ~ .

'e. .. \

Thus ,ro'ne~etion mthe s'ub~tra~e isa monophenol, anfl lor reacti on Iii) the
.eubstrate is a diphenol. .Reeetion Iii) is followed'by ;emoY~1 or by4roge~ to form

a red ~mpound dopachrome (~I6-quinone indole-2 carboxylic eeidlwhieb conta ins

a heterocyclic ring derived rrcm th e etoeure or the emiao-cerboxylic ad d side

~ba in . Dopachrome subsequently undergoes polymerizat ion to form pr~ducl!J

calledmelanins.

I

C~. teC~OI; be.in
g

,an: O-~iP~~nol. , ;~ . r e. , a~:i1Y aua.'k'.d by Ph/e,olase, s.nd only
t the eate eholasetype of reaction IS eXblli~~a: - . .

. / . ' . .
Quinone formation from catechol is enzyme an~ oxygen ependent. On ce

this has. t~ken place, th~ ~bsequ~nt po.1Yme. rizstion r..eectioas t,ur sponta0,:ou~ly

_ and no longer depend upon the presence of phenolase or 0 ygen. Joslyn and
. .

Pa nting (1951), in ".'evi~w arti, I" beve summarized tb" ' .! emical re,~~tions as .

far as were then known. This app ears to be. th e m t r de1y h~ld . theor y to

account for th~. (orm"tion of the brow:n melanins, '

,,'. - ' . i
r~e firat"reaqion is thought 'to .be a secoodary hydroxylati on of tb e '0-

quinone or of excess o-dlpbencl.:

I

f



Tbe resultan t trihydroxybenzene compound int eracts with o-quinone to torm

h ydroxyqui nonee, \ .

Hydr oxyquinonesunderg o polymerizatj oQ 'and-are progr essively 'conve rted to

re d and red-brown polymers, and finally ~to ~be brown melanins which app~ar, ror

example, at a point ot meeh eeleal injury to a Potato tuber, or at tbe cu~ s~rtace.

o r an appl e (Eskin 'd aI., 1971).

1.1 .2. Invol,,:ement or Lipid In BrownlDS Reeetloae
,

Non enzymic browning involving_amino groups may include two types:

, s ugar.a mino or Mailla.rd r eaetlcn and lip id-amino reaction (Jones, 1962). There

ar e threemain I.ypes-or browt!ingreactions in lipid-amino' rea ction.

I. Oxidati<i~ of unsatur at ed oils to torm active eatbonyl compound s. .

2. Oxy pclymerfeetioa of· carbon yl compounds to Iorm brown pigmen~.

3.,Reaction.between- eerb onyl gr oupe end basic nitrogenoous constituen ts
to -form ~rown pi~ents.

Dur ing the ecuree of o);,idat ioll of the tatt y acid 'ec mpoaea t a (reaction 1)

c~mpounds are pr oduced whi: b a;:';capable or in't~racting ~ith prot~ins~o'~ ~mino-. . . ' .' .'..:

gr oups. Th ese ratty acid components are aldehydes, 'peroxides and ketohydroxyl

Acc otdinsly, antioxidants and pro-cxldenu ' suc h as copper ' ions,

haem()gl~bin all well as oxygen can, ind irectly affect t he rate of browDiD~.

Inh tbhlon ot brown ing occu rs when the carbonyl-amino reacti on is blocked by .

acet yltlting the amino group s Or eulfiti~g the carbonyls~ Rea:etiO~s 2 and 3. . , .~



:1 ,

. ). tlined by Jo nes (10621 are competitive proc eSlles. T reatment which bl« i:

'a rbony l- amino browning fa"ored oxypoly merizati on, wbich c,'" result in a .d arb r

•co lor th a n cu bo nyl-amino browni ng. On t~e otber h nd . anUoxid u t trea tment

ravors car~nyl-amino br owning. For dfrr; rfnt reasons, less' d isro loraUo~ is also- '

obtai ned when ~ro-oxid aDt i! .presc ot. The prese~ce or pr o-oxidan ls .appe an to

ravor rea ction 1 at the ex penseor reeeuo n 2.

1.1.3. Car~melisatloD'

. .w hee ~u~ars are heated above 'the ir melti~g point . tbey darkeo to brow'h

co loratio n. This process. called c arameli zation, is Ievore d by 'acid ic or a!k~li ne

. ·condilio"'ns. and results ~n cbange~ in n avor, ' lf the p rociss is Dot ca refully

co ntrolle d, tbis reaction ~aD lea d ' to th e p~ductioo or burnt , u nplciUant and

bi tter p roducts . It ls, tb erdore, very important to cont ro l thiSreact~D ~otder

to rttain the ple~&Dt tas te aod q uality o r car~mel especia lly io the ~roduct ion ,or

s weets and c.and ies.·

T he chem,icaI composition is n ry complex and littl e understood . .Carame~

produced from dirrerent su, ar sou rcesshow similarity in composit io n. " ey n! and

K Jil (lg68) ca rried ~ut a series o r studies on grou~ or d ifrercnt m oec-, di ••.•nd

polysacc liarides aDd found that t be vola t ile products were prcdueed . The ~.uthor5

ccecluded ,that a common path way is ' involved ror t be acidic and alka line

degrada t ion of sugars.

r . , ~
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1.1.4 . AJeorblc AeJd Brownlnl

Ascorb~ acid is an impor tant p recursor or bro~niDg rea ctions in certain

rood ptod llCts~ ,TlHH'eactioD9 or -8!'corb !c acid in fruit juices and coucen b:atell ;are~

v~ry mu ch dep endent on pH a nd concen tration of the juice. The _bro~Ding process

~ invers~ly pr oportion al to' the pH o';er a l:ange of 2.~,5 .(Braverman, r063) .. , , ' . .
T~Ose j uices bil."ing higher pH t end to b e less s usceptible to browning, lik~ oran ge .

j'.i.ee a t .'. ' ,pH or3:.•... "'"CO..'b ie r dbro waleg in dl'.~' . p,~d'd.; .d O" ~ol.ppear
to involveamino acids to any g~exteDt. However, in the case of dehydrate d

ve~etabl.~ where ~corbic acid is invo lved, it ap~ears that· ~dditi~nai '~e llc ;i~ns
contribute to discolora tion.

1.1.4 .1. Mechanism or Aatorblc Acid Br:ownlog
. .' L _

-T he m echanism of ascorbate b t~wfl ing is comp lex, although · a pos;>ib le

pathway Cra m ' the decompcslt lon oC ascorbic acid. to Cut rural eceompenied by

liberation or ca rbon dio xideis ou tlined by E$kin el at (1971):

L alikain en et cd: (I QS8) o bserved tha t t he amount of carbo n dioxide evolved

~.nd~r aer~bic conditi o,D ~as rat greater .tha n could ' be accO~~d ro~ by the

quantity oCascorbic aci d prese n t. Eve n ~nder anaerob ic c~n"di\ion.9 t..he amount

w~ s~iII , much hi~ber than expected fr om th~ _p~gment ror~ati~ Thes e resul ts

iridic~t,ed th a t ascorbic ' a,9d was not. the sol~ source or ' carbon ' dioxide, an d

indicated tb.; participation or o ther ccne t ituente.
\ ,

Railgann& and 'Setty. (1968) i!DPlic~t~d the St rejer degradat io n in

~cor,bic ac id.amin~ a~id Interactio~ in debydr~ted cabbage. The reacti on occurs
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at low moist u re eonteef eed the. browning observed during the react ion in a
.... '. -- . ,\

slm~I!!}odel syi1tmwu similar to the browning or the dehydrated cabbqe. T he

authon' post u lated. t~at the for mation 'or debYdro ueorbie an,d d~k.etagukJDic adds

Irom ascorbic acid oc curred dur iDK the end 01 th e dry ing process :aod thecarbo DJ I
. . . . . I . .

thus- generat ed ~teratts with' (t ee amino acids, Donen:i:rmically. to produ ee .. r ed-
• I • ," , I". .

to-brown discoloratioD~ The"!pH of cabbage of 5.2 is optimum for ~his reeeucn.

.Tbe re action did not proceed ~t a p~ belol3.S.
, . . . ' \ :.
....J .l .~ . !ro~l~-Llpld ~ter-.etloD

:- Pr oducts of lip id oxidation can interact with various iood constituents

including - p~oteiD S (Kwon et at.: Ul65). Inve9tigati oDs 'or Buttku s. (UI67)

demonstrated the interactioD..of myosin , witb- malonaldebyde and measured die '

extent of th e l.nterac t io~ of tbe number of free a~ino groups in the protein

molecule. Ob~rtations on the reactio~ were made at different tempp.pt~res:

+20°C , -:aoe , IDd esc. The results iadieated that at -\-WOC almO!t60~ 'of the

tree emiec gr oup 'of li tine were rendered unava ilable &Iter 4 dayt , 40% bavi ng

interaet ed " fter 8 h. The react ion rate was lower at ooe than at 2ooC. Hcweeee,

at .20°C the "reaetion proceeded at approximate ly the s.~; ; ale as that observed .

at + 20oC.The molecules in the react ion mixture ate ecceenrreted due to tbe

freezing ,of pufe ice cty~ t. 1s (Grsnt el af., 1088). Furth er work by Buttku s 11067)

demonst~at~d that sto ring a mixture of malona ldehyde aDd D1yosin at .200 C for 6

.days resulted in tb,e particlp~t ~on of oth er amino add reaiduee i~ mYo!lin with ~

aldehyde. Th e order 'of reactivity wu myosin residues with aldebyde a.nd

methionine followed by lysine then tyrosin! and last was arginine."

' ._'_. ~"""" - '-_._~ _..._..

-- .

.. ..:.
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/' FlIr~b cr stu dies were carried out on lysine availability in herr ing meals. Lea

. d al. (1960) reported a 12% Joss 01 lysine when oxidized fish meal was pr oc essed

at 100°C Cor 30 b and this was accompanied1)y an incrAse in bound lipids.

However f • no' losses were reported when fresh berring meal we're ~irniiarIY.

p;o, ess~d io IhP.'~,,,j,<e of nitrogen gas. Loa" 01.(1958) ""ied· out .~ • •rller /

st udy an d Cound out tha~ _the av ailability of lysiDe wee redu ced ,by 4.% in b,etrinj
l1Jetl. when stored in air at 25°~ (9' several ,months, whereas ~o losses ' were. . . . "

incurr ed"in lysine avail~bility when sto red at !Jimila, cond ition un~e~ ni~r.ogeD. :

Based on the results, it indicated that when lipid ox idation is Iaell it eted,

1.1.8.1. Background

A ~e~i~ of papers -pubiished -by t.c. Maillar d in 1912 and 1017 outline d t~e

react ions which can occur between, sugars and ami no acids: T hese studies p rovide

. th~ f9u~datioll. in food i~cbnology for our underst anding of the most pr ev alent

nonen~ymatic browning phenomena (Adr ian , 1982). Other early investigato rs also'

wrote about the existeD~e , f ' 'auch ~ reaction, but Maillard was ~he n rs't.to

, systematic aily' study · the caus~, factors and ma nifesta tions of the br o wning

reac~ion. :lt wee Maillard who for~aw the importan.ce of br ownin.g reaction in the

. fOod-indus t ry ll.b.d related fields, and:up ,to ~ow ,hts naI,De -is'related with th is kind

of reactio n.

Food technblogj and nutritioDsl .sciences were in their early state ' of .

I

/

'. ' .
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develo pme nt duting. t he time 0 ' Mai~lard 'i ~tudies. Prob&~IY' , this exp lailll w~y

MaiIJ:ud', papeis-..were ignored by maoy tor sev e ral decades.Fo r example , in HH 2
",,:,,:' ~ "," . .. ' -

tbiam illf; bad .be{§9~n tor o~e year only; while met~ ionine: a nd Ibreo~..I!tl!t- .

not yet identi fied. ~t '; was o~lY ' erter W~rld Wa: n t ~ at th e signi ficance o f

Mailla rd's wor k to tht- quality ot pro cessed foods was Mly r ecognized" It was

proven tb~t almost a ll rD:Pdsturrs were mere or !!ss affeeted' by the ', Mama.r~

reaction. Prcd uen qr sugar and . milk industries sucrer coneldera b ly Crom, t~e ,errect

or the 're~c t io~due to the rad ~hat the ecm mercie f value o f 'the prod~e~ °is

lowered 'by bro wning. Sugar a.nd milk pr oducts "must h ave a whi le colo r in ord e r

to have them~i!Pum value. On the o t her hand, ther e are food prcduc ts-wble h •

r~ly d irectly o r indirect ly on ~b e result ing browniD~, especia lly the roastin g

phase , Tbese Co,dstuCrs i n~lude biscu it, breads, cook ies, mal t bee~, .,. chocolate:

peanuts, etc,

F rom the nutrition al poin. ot.vtew; Mailla rd react ion dam agesthe roodstl.lfrs

because of the destruction of certain amino acids dur i.ng beat ing and prolonged

storage . On t h e other hand food tech nologists study the 'ma nifestatio ns of the

. reaction ofeug.are and aminoac idso'n co nsumer 's acc~i>tabil iiy of f~ods , .wbile_ the

nutr!!iQnistsa nd physicians were. ecnce med ab ou t the physiologi cal con sequences

of the Maillard reaction .Th 'e- reactioo also' ee puveted : the attuti~n o f cbem~ts

whot r ied to defin e·the-m echan ismand teeters that coo t rol the reaetloo',

Accordin g to wor ken like Eski,n eta /. (lQ7I), browning !eactio0 8 inJoods .

.ar~ import~ni in viev;' ,of their efrecb 011 the BlteratioD or! appear a nee, -T b e

., , ::':i'
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..
pro'i:imate lo wering of the oUlritive n lue of the rood mate rial wit h brownIng i! .

. another significan t problem.

. - Ther e art ,n;;'y~tieJ l!S ~d u , itw! r el..tiog the Miuilard read ion to the

~ab~iillB: end ,sto r'age' ol foods, in p.artieu!!'f dehyd rated r~ (Re y nolds, 19~G;

GotL!eb alk~ IV52). Tb~ ~~iIIUd r~actiou usually ca!JSd ~Ddesin,ble errecb, s uch

as ·-I.iu'g~ ~baDgtS in soltlbili ty aDd color. Hcwe-e , some'or ih~ sid~ reactions .are

responsible for tb.e productionordestr eble&S wellas ullde!lira~le nay on aodod~rs .

l
1.1 .MI. M echan ltnn or M aillard Browning

The rn ecbeu ism or Maillard b r()wDiog app ears to fellow a com mo n pathway

for mauy roodJ in which this ftacti~n ill found to~cur (Hod ge, 1'953; Ellis, 19 SG;

Reynolds, l Q65I. The prima " step iDyolves a ·cood e nu tioo reaction between t he
. . .

C-amiDo gr9~PS oC, '!Il illo at id! or ' p rottins ~Dd the carbon y l groups or .u d ucios

s~gars, known' 't he ' carbo~Yl&mino' ru c t io n, 'rhe initial ctI6,dens a tion product

'. is .. Scbirr s but whIch,und ersoes ~yclizatioD to the C'On espo odiog' N-substitu ltd

. •glycosl lamiDe . the 1.t tn compoun~ briniin equilib r ium in aqueous so lutiOlL Th e '

"exlsu nCt o r the con~ens~tioll ' product w ee demonsusted by Partridg~ , ead

Br imley (10 5 2) using . io~ exch&oge chromato~.p~,y ,

"1.2 . Fac'ton Innuendos M&lllard Reaction
.. "" .. .

~(
'"': ~'

.~ .
»r.: :...~ ;'r-~ ' ; : ;'

- \ . :

. : ) ,

·.:.:r.·.c'.·~'., .. . . -.
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1.2 .1. Presence or Susan In Flab aDd S~el1n.b- Muscle 0( •

Seve r al worken like Hocbach b ~, al . (lWS). ~t,blished that carbohyd rate

is..the itQr age lorro of t Dere in th~ ~?,d ' m~~ie ~u$tle. alt~OUgb. uD~,r some

etreumstan ee ' it is eleaf t'~ ,t pr oline aDd . ptrhaps « her amino add! t a D be .

u t i1iztd Cor cataboli c purpose.

In additi~:lD' CoIree sugus, a variety, o r $Uzltp hOspbat es u n be' [OUIld.ia t~, .

. m U5(I, or iish aDd ~h,lIfish. T.r~ (1940). ~Ddic.t,d tb~ ~res'D c~ of ",2~11 1 mg% ~r :
fr uctose -!,G-dipbo spbate, pb~phoglycer ic add, glu~os~l.ph~.pbate (GWI;

glucose-6-p bospba t.e (G6P )~ fructose- 6-pbospbate ( F6P) , ~nd pentose 'p~bsph a'te lu

rnusele from seveeal speci~s of Iisb . Yamanaka d ai. (1074) detected tent h, of

milligrams or~6P alldF6P ill ' t h:1rell h :mus~ le of s k ipjiCk . The.analysi5ror' G 1Pol_

G6P end FtlP "';:35 also pertormed iii hard (lam' and s~itt'ITsu(~iY" i062~ '

~nalitoll', aa e,~" alcobol, -ia ...:.k now. to ~. d.'r i~ 'ltd. wid.r; 'In l~' .;,u.c~e c1

rasban~nU5k (Tsoi:biy a, lUR2) and &-10' m&$ or inOll ito l was also detect ed in

crab mus~le (Hayashi ;~ a t.. 1070). . , . . . ' . . '

. ) 1-;2.,:AmIDo-Su lJa! Bro wDlng ..With ~~el S7.~m

In M~ili.~ bro~niD g, the most signifiu llt re ad ion iD,oI~ed is; amino acid

in teractin g ~itb s ugars,' K:amata &D,dSak u rai (lQS7i, us~d 1% of eitber gl~cine,

't i,YptoJ)ba o,' at~~iDe -or glutaptic aci'd to react wit~. t%oreither g1uc~e , auerOllt ,

~or xylo;e indistilled water .at 300C rot 30 day s, The re was- ~o brownin~ Addition '_

o r 10%-20% NaC l hi..tbe above systein di d no~ en bance t he color de,elopme.~.t.

T he b r~w~iDI too~ place only'when t~~ c.oD~elltrat ion ~r amino acids aad ~ug'IJ.
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w~' iilC: reued to ~10%. Wbe~ 1~ 01 glycine w'u beat~ with 10% 01 dirre~e~t.. .
sugars, tb!uouod that xylose gave tbe ,muimumlbrowDing int~nsi ty followed by

ereblaose , lrueto&e,.g) uCOH, ~a.Itose a~d scercse, respectively• . Likewise; .l.bi~e,

arginine, bud dine, leucine, serine,"'c1sti ~e ~d SOdium glutamate g~Ye -. high. . - .
br.owDiaK"inten. ity with sylose (ollo~~ by lysine ~d threonine. K. m..t~' ani

· Sakurai (1050) a~ round that glueose'promoted the amino acid-pentose rn ction

where.. ..} ..,; , a. d ,n.I ;"" did ••<. . , • .••.• • (
· . ' ~

Nagayaina (~g621 ··c~mpa~~d · .the· ~n~enSi ~~ 01 ' t~ ~:''brow,n i'D g r~act:~D , Sjt~ .
, . ' , . . , .

/-
1-

· glucosecr ribose and -var ious amin.a acids, in phosphate burler; pH 8.8 in ~eate.d -.

~D4. seal~d ' tu~es at,ilSOC for 1.~ . · ~e '.obs~~ved ih~t ~~Oi:l~" 'the (our ami~o :acids'

'tested (arginin e, (ysine, h lsiidin~ and glycine), Iy~ine sho\ved the v eat est brow ning
" . "" : " , ,~i;;';: ,: . ; . ' '. " ' .

intensity witb either-sug-"rS'. rolIo~ed ·by glyCine, histidine end "arginine:,.. 'T he

degree or 'bro wn discol~ratiOD in" tbe ghi.c:o!"e;lysine syste m in phospha~e Hurter at ·

, pk 6,8 w~· pro~r·~l;l.i ~ the ootl(~Dt~ar~~ or ~Yline. "AD increase in pb~p'bale
tonre'ltratiO~ ;'U ;ou~"d h> incre:s.\~e ~~OW~i~g inten~it1 or fh e KlutoS~lyiine'. . ". ' . ", . .. ."

"system• . "

1.2.3. Errecte or Tempel'atu~, pH, B~fTen ud Molsture.Content .. '.

1 .2.~.1. :rempe...t~" .
It hall been , round that l~r.npe~~~ure art~c,~ 'M'aill~~d ~rowniD,.r~setioD" ~a

" ~nd -Ha nDan ',( lg~~1 ~eporte~ ' a, dec.r.~.u~ ~n 'the, rr~e 'a~I~? nitrogen ~o~ a r~ei,n ",'

glucose "yi tem which conformed to the ..Arrh eniu l· eq~~tion ~ove,r ,a." temperature ~ ;\;

'range ~i o.OOC, w'herea linear ' rel~tionship ' e~isted betw~~n the ra~ or re~ction
, '. - , " . " . " . ' .

and te~p~r~turll OV('this range ,. ". - ,»

> ,~i~:'. .:r.y
W..d i " · ~i. :{ ~: ',. ..L::'<·: :,',:;;~:,~ " .,-~:~,:<;~."..;"-,-.",.::..:::...,-,-:..:...---,_ _ ':::.(.: :
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1.~.3 .2. pH

. T his CarbQDylam ino reaction m ay occur in eith er acidic ~r alkaline media,

bu t genera lly, alkaliae CODditio~s f~vor t he process. Lea. and~HanD att (l O.fQj ,and

Uode;wood et al. (lOSgJ d'emoDst;ate~"an Increase .in react ion rate wit h: a rise iq

pij. T hey discovered that foods of high acidityil.te less suscepti ble to the r.eactio~. "

. " 1.2 .3 .3 . ~uffe'r

. Investigations .car~ ied out by Saun.der~._ aad Jervis (1066) using sodium

~bO$pb"ate .and sodium -'cit rate.' with glucose-glycine. indicated th~t b~rrering

. c~~·aci tY plays a:~ imp~rta~t role in , tbeS"e reactio;, . It t appearS' tba t ' ,acidic
" , . " t ' "

' products termed during the course·or. the reaction are buffered by these sa~ts. aD~ :.

tbis allows t~e reaction to ~roceed. .Acidic CQoditioDS are unfavorable for the

brl{wDing process, '

L2~3.4 . M olstur'e eon tent " ,

Maiila·rd .brow~h~g process proceeds in aqueou~ systems and complete

dehydration of'the reactants results in a ra)lid. halt ,jn"the process. Le~ , atll"

, Haoo&,o(rg;O) ,~~cord~d the.ofmu.~ ~?isture c~~~eJ;l t I,eve! for a case,i,o:gtucose.'

system and obs.~rved the loss in free amino groups to be greatest : t ,a mOisture
. ' " I ' .

cohten t of)3% vJ~ ich cor~~sponds to a levei atwbich the rea~tants are still in the

: ' p res'e~ce or Cree witer , It, ippears th at tbereeeuoe is fa~orei at , lOw moisture '
.' . - ' . ~ , ". . . ~ .

coot~Dt due to tne concent ration of solute, molec~le!l. which are .invclved in, the

reaction.

--=-

\

,
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r .a ChemleaJ Composit ion ot Squ id Muscle M , lt' R elates to .

Prec~nors ot Browning (

1.3 .1. C&rb~h~drates

Oa~k.,nesp.ed r19b ge'neraJly coatei e mucb more.gluogen (ab~ut 1% In'the

: musc~e)· th'an ~lii't1!'" l'Ieshed o·n~. 'A l a;~e '~m~u nt or '~ycogen ,'(~~8%tis als~
.' . / ~ ~ .' . . . .

deposited in the body or mollusks [Ikeda, jOSO},Serera l workers lik,e Hochachka et '

al. (j075) esta~iished\bat ea~b~hYd~ate is '~e storage jorm or energy in the.squid
. .,

mantle 'mus~, altbougll' u~'de; 'some circumstances it is .clear t ha.t 'proline ana

. \ perhap~ oth~r amino . , ., be lit~ize~ r~'~ catabol~C Ptir~C:Ses, ' '
, . . , .

~ so elegantly .pointed out by Goudsmit (1972) unusual polysacch'arides are

· not. uncommon in ,?ol.lusk. t~ues and special care must be ta ken ror their •

isolation and .ident ification. Tbe unique proper~ies ,or squtd : man tle

polys~ccharides explain why they have orten been missed by previous res~archers

· ~ndm~y e~~I.9.~ why th~y . ar~ dirricult to::isualize i ~ ~ elJt~on micr(l~ta.phs . even .

ir, under Ievoreble con·d~~ions•.glycoFi:eo-like ~an~J1es are rea.d!ly 'obs.erved,

I/' "r.3f 2. Free ~IDO Adds :

<,. Mollusk! oor"*l1y lie between: Iishes and ..r~staceaDs with regard to bee
' . .

~ -, amino aCid cootent Generally mollusks are "nch in. taurine, prol!ne, glycine,

a lanine, and arginine, but tbei.r Jev~1s nuctuate ~ons iderably rro~ . speci~ to

D,• species which is' in c~ntr89t to tbose'Qr cruslacean~. According ~ Kono~u a ud '

Yamagucbi (lgS2). tbe"~~te~.t or gli cine vsried , .~rorn 14-5&: mg!IOO 'g or raw .

· muscle.in,scallops and was 10m~IOO g i n'c~rtain squid.

'- .,-,. '~'"" "'"
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1.3.3. Lipide

Fatty acids occur in . all fish partly as triglycerid es and partly · as

" phoSpholipids. Other elesses or'lipids such as glyceryl este rs or wax ~9te" also

oecueln a few species. ,Some other substances tba~ may be .esscelated willi fish oils

include hy.drocarbci~s , stew)s, v~t~~in9 , a!ld pigments. Gordon tI9 82i..stated tbM

as other ecmpc unde elcsely ',r.ela tll'd to 'c bcleste rc ls were d iscov er ed, tb'ey wer.I!

grouped under.fthe te~m, st~rol. Wh~n ~e'aling witb m';lhis~~, 'the-te.rm se~,ms more

~appr opriate, an~' no fnat~e; ' w~at t erm b.u!led , ~ollusk9 bave .a : d i~e.nj ty- of

stercle..These lipid compone nts are DO~ found in atbe; foods.

Different sl ul:lie,s ba y!'! been made , rerating lipid 'oxidat ion to tb~ l:!ualiiy of

.....afood. Oxid.ation is most i~porta.nt : partic~larly in the detericratt cn of Iroaen

fish prcduete causi~g 'navor (~anksJ H13tl); color (Jones, Itl62) and' possibly

textural changes (SikorSki.d al. , Itl76 ): One certa in ef!~c't .or' the oxidation or lipid

"in lean muscle or fish like cod is t6e intr oduction of odors" often called cold-

_ sto rage ~~~ours. "The; compounds most r~sponsibl~ tor tbis are unsaturated

eerbcnyle (McGill ~~ al.: 1977). Stud ies OD~mOdel' syst'e~s COD.ta i.Ding P"bos~holipids

and proteins show tha t oxidized pbospbdlipid ,Will read with prot ein iLabuza ,

l'il71}. Pr otein denaturation may result tro.m lipid oxldatlcn by el>ox!datio~ or the

suUydryl groups or by ca~bo~YI cro~l iDk ing or Iree amino groups (H'ardy, .l97'il).

. ~ .
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.1.3.4. BomarlDe

Betain e compeu nds ,. re minor compone nts in muscle ~:r tract of r~~ but are

maj~r ronlj.ound' in extract! ~f.. c rU5t~uns ~Dd mollu,1,. H~;nariDe (N-methyl

,~,/:col iD ie ad~ betai~~) ~u fi~t - isolated' by Hoppe-.Se~ler rro~ .ihe m~le of .

lobeter (Hirano;: 1075). Late,: the homariDe (()Dt~Dt of di~rereDt mari ne

innrte~rate!ll wu deter~iDed"bl diUenal authon (H.yubi d al., 1078; Beers,

106~; G~teigu d r~" i 06O;~iraDo, 1975).

.1.3.4 ; ~ . Hom.~IDe ~artlelp.tlo~ l~ ' BrowDIDS Reaction

Hirano" (1975) r\trtb~r ' ~Iu tidat~~ ' tb,e 'refatioD' hi.p between browDlD~ '~qd

h:omarine degradati~D of i;r'ad'ia't~d ' equid.It wu round cut th at by addition of..\ ' .' " , .
: hemarine , ' b r~wn iDg reaction ' remarkably. increased wit~ the inc rease of

tempera tu re to BOoC. . Based e pcn. t he results oj the model : system 01 glucose-

glycine, it WLS ecee luded that ·~e _rad iation degradation and the result\pg

yellowisb " cok)fa~ion 01 bO~aritle· may contribute "to ~he browning
e
of irradi~ted

squ!d, Allo the stud~ iodie'ated "that irradiated homa t ine accel~r~tes ~!aill~rd

browning of glucose-glycine io the model s,.,tem.
. . .

1." . BroW·D~!lg lin Mar ine Product. , "

B.rowning occur; in ,different marine prod ucts, ' Io~ ' example the br owninc"of '

can ned sk'lpjack meat. T he methan1s~ of browning 01 processed marine products

" vd epeade. upon' : the raw mate rial! "used, the' process, employed aDd storage,

Yamanaka e,' at: (HI75) found that' gl~c'?5e.. 6-'phO!Jphate (c.6-P) and rruc~e-6-:

"phosphate (Y-S-P) are mainly responsi bl~ ' lor the oran'ge ·discoloratioD of canned

skipjack meat. T his was furth er supported by ~..,ecawa ei-at. (.1916) who staled
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that when the sugar pbosphetes accumulat ed .via glycolysis, the Maillard-t ype Of, .

browning reaction took place during canning at a high temperat ure. Yamanaka

(1975) elucidated the cause of accu,mulat ion of glucose-6-phospbate and rrud.ose-6-

phosphate as follows: In the meat which gave a strong orange colour on cooking

th'e ATP ..conc,enti'ation deereesed rapidly during tbawing arid disappeared

completely ariel' thawing; In norm'al meat, however, the ATP ' concent rati~n

. decre ased slowly, In'the fo'rmer, meat glycogen decre'a.sed' extensively, but lacti c:

acid ,'increased only sligbtl; -with a small fall ~r pH. The N~ content was '60-~
~g/ lOOg in Dormat meat, 'whiie it was 1-2 mg!!OO ; in the me'at liahhfto orange

discolorat ion. Anserine. creat ine and histidine' were 'the main amine components

parti cipat ing in this amino-sugar react ion (Ikeda, 1980).

Another case or brown-ing in mar ine produ cts is the one wher ein browning is

caused by oxidation or lipid. Va rious studies were made on the mechanism or the

discolorat ion, or so ca lled rusting, .caused by the oxida tion or lipids or marin e

products. Ikeda jl0S0j stated that this mech~nism is so complicated. tha t there has

been littl e aJl'~ement on it. However , it has been widely accept ed that carbonyl

compo unds. Ircm oxidizeliipids are i ~volved ~n t he reeet ice (Matsuto etal., UI67).

Rusting may be regarded as a type or browning Induced bY' amino-carbony l
. ,

reactions . Little bas been done on this type 01 work and no further elucidati on bas

been made on how' these nitroge~eous compounds ~rtici~ated in the dev;l opmeot

or rusting. : Fugimoto and .Kaneda (1913), however, presumed th~t aldol

conde nsation, in .t be presence .'er volatil e bases as catal ysU, :migbt se rve as th !!

ear ly stage ,or tbe mechentsm . 00 tbe other band , Nakamura d ai, .(1013)



22

reported lba.! the oon~,v.?latile ' basic oitrogeoeous compounds mad e a great er

contr ibution kl" tbe browning than the volatile ones.

1.5. Purpose orthe Study

Squid. harvested in' Canada nt er iIlecebro!UB have ' 8 greater tendency to

undergo browning' in dried products than other sources of squid (Haard, 1982).
. :. , . . .

Rlez i~. sO:n~t imes rat~d lower tba n other sources of squid in the Jap anese market

for ~. ~~ri~tr of \r ~~ns (Haard, 1083). For exam-pie, it , ~s sa id to have ~ess "flavor

for.d i~ec~ c0l!sUinp tiODi .it is !ess deeireble fot ~sh iokora· manufactur e beeeuee or
its higher pis}ent' content end textu~e; aod it isl ess desirable Cor dried se.~oned

products 'because of poor siJredability, and 'its teD~eDey to. undergo 'browning,

reactions during sto rage and because of poor Extensibility for rolled products .

In view of the relat ively low market value of Canadia n squid the prime. . . . .
purpose of the st1:ldy was to find out what cal;lses browning rea et!l;).n in driedsquid. .
Rl~r illect:6rOllua, ' It wee hypothesized' that su.gar and amino '~ei~s are precurs ors

of'Maill ard browning reacti on in squid produ cts.

The squid m~scle ' conten~ 01 various chemical cons tituents ,like sugars ,

pbospbor~lated sugar s, amin o 'acid s and bom,arin e in squid was .investig ate d

because they are known to be potenti al precursors or ca talysts of brow ning

reacti ons, (Hi~no,lg15; Nagayama,106~ ; ,T arr,IO·66i and , Yam anaka, el d. Ig14
. ' ,I' .

Th e browning 01Rlez illecebroau8 caught in Newfo~ nd land wat ers was eval uat ed

by compat~n 01 results with those obtained with Riez illece6ro8uIl captured orr ,

t.be· coast 01 Maasachussetts , .The latter squid 'were .ehcwn to exhibit somewhat
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less browning OrY dehydratio n thaD tbe same species caugh{ orr the co!-'t or

Newlouudland.
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Chapter ·':!

- MATERIALS AND METHODS

2.1. Biological Spec imen

Squid, R1ez itlte tb.ro6u8 (Lesueur), belongs to:
Pb~lum: Mollusca

Class : Cephalopoda

Order : Deeepcde

Fam ily: Ommes trephldee ..
'T wo sources of RltZ iIIecebrosu¥were used in the study . T he two sources

. ..-'

were captured in Massachusetts end Newloun dland wate rs. F resh Irozeu ~q,!id

• J' • I
samp les we~e obtai ned trom Massachusettes in Nov., 1083 and sto red- at ·70O'C., .
For Newfoundland squid, fresh Iroaen sample were obtained (rom Concep tion Bay

in l{182 and stored at .700C prio r to analyses. Both sources of squid were rapidly
, ;.l. l

Ircae n in liquid nitrogen prior to the o~set or rigor mortis . .

P rior to (reezing; tbey were cleaned with all the he~d9 and entrai ls removed.

- -~ ...

Frozen ~quid were employed because rr~h- squid was Dot readily -availab le in

Newroundla~l~uring the tOsa-1J4 rishing seasons. - - .
\ . .~ .
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