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The objeetivefS of thisr C«)ll:lltrac!t were to direct studies toward the 

cau$®S 9 control and 'prevention of ubrowning9
' and other adverse ~ha1mges 

that occur during storage of two irradiated, codfish p~cH.il;lc ts, dev®loped 

in our labcu:atory unHder previous U o So Army Contracts DA 19-129c:QMQ 1356 

·~nd JA 19-129cAM:!-155(N)o Various treatm®nts i~cluded the. us® (jj)f 

s~lecte4 brewing inhibitt®rs al!ld antioxidaimts 9 leaching of the fi:~h and 

irradistion at s~b=~er@ temperat~re~ The tr®at~~ts were evaluated by 

· chemi~al and physi~~l t®chniques including col©r reflectance value~, pH, 

2=thiobarbituric acid number and total volatile baseso Subjective panel 

eval~ti@ns wer~ ~btain®d over a 12=month p®ri©d of storage at 22QCo In 

addition 9 the affect of leaching and irradi.ati@Jm on ribose content of 

· the fish was determine@o An ae~elerate4 br~~i~g r®action test· and 38°C 

storage tests were applied t~ a limited ameunt ©f pattie$ to ae©®l®rate 

and plt®<tiiet prebabl® col~r changes in the 22°C storage sampl~s., 

·A. revi~w of the literattllt'el conc®rning the ''b!h©wning~~'~ reacti©fffi suggests 

that the nonQen~ymatic br~i~g rea©tio~ i~ m®at and fish is mainly 4ue 

te th® ;i.'ftt®raetion. of ~1) re~~©iag sugars and amin®s anti (2) carbon.yls 

and ami1!i!es o Carbt;»nyis crtiginati~g fr~m the aut@xidation of fish lipids 

may play a lesser role in the browning :rea~tion of c10~~ a lowcofat fish .. 



() 

pib@<dt!ill©ticn. of carbonyls fr©m. irra<dli~ted fish lipids ca!il be parti~lly 

~®lllltlf©Jlil@d by the additiJon of anticxidaimts to tb® sampl® o R®as@nable 

f®rrmiD©l im1. fish ar~ mai1mly fr®e·ri'bt®s® and ribcs® comp<01un<is, whil~ _glu~()S® 

i$ f®\JJnm©l 1n'l®$~®r quaTmtiti®$o .Fre® an©l bwund ribese in fish mus©l® 

®n:' t'®<dl\illctionm @f th® SHt})Jlttbl® s1mgars by l®aeld.ng the· fifdil aa.1.d the acdtdi,ti@Jm 

@f bisulfit® tiOJ bJl.o~k th®. t'®a©ti~n CJ>f :the remaining sug~rso 

Fr©~®lffi Pa<eific {!©d fill®lts (!?a~s macroc®yhalus) w®re .u.s®d in th® 

p1b®pan:'ati@~ (OJf all sampl®$o 

.Jf.!!®a_r~):~i~g pr!OJ~®S$a wat'm ~®16 !ll!!®tbO>d~ . Fre® rib~se alt'hd ~st otb®r rib@s®= 

©®liilt~ilffiilTilg ~~JP®11iln~s in. fish (ai®mte»sin.®~ AlP, ATPD inosine, <et~o) ar® 

~®lufu>l® in wat®1h l) ®$3p®eially in wat'Ilt1l wat®l' o A •thti>d was d®sign®<dl \ttl) 
. ' 



r~mqve ribose from the :fish by l~~ch~ng with a la.1:ge vol~ of water o 

Since the temperatur~ to.)f the water was kept at 71GJctJ the leaching 

process also in~ctivated euymes present in the _fish muscle (2)e Fiv® 

pow.lds of thaw~d cod. W®r~ Cmlt intO> small piecces and plac®d in a· 

sta.tnless steel basket lined with nylon press ~lotho The basket was 

then placed in a double~jacketed steam k®ttle e~ntai.ning 6 lit®!:'$ ®f 

nrl.nuteso J.,arge pieces of fish were broken up by stirri1;1g with a wooden 

spoon~ The basket was lifted out» the 'fish drained! and ag~in rinsed 

with fresh warm water (38~C) and dt'ainedo Additives were incorporated 

in the leached fish while still warmo This lea.*hing method wa~ used in 

prelimin~ry storage studi®s at 22° and 38~C and·the ace~ltaratedbre~ing 

I..eaching proeee~n colcl water me~h?~Q A simpler leaching methG~~ and as 

.eff~etive 4-s t;he. wa.rm water method, was devised for p-reparation of the 

12~montb ste»J;age samples atmdt utilized a cold saline solution~ Thirty 

pounds of c;od were groun@ in a. ~at grinder with a:. 1/4 inch plat® ~nd 

addetd to 50 p®111!nda ~f c~ld wat~r @©>lffitaining Oo9t salts with. e~Jru$1t$.nt 

I 

overnight in a cQ®l ro~m (l~C) and the fi~al m@isture c~ntent var~ed 



f:ir®m 81.5 te 85o5~.. Moistu~® cm:J.tent· was adj.uste«l td 85e5% prie»r ~0 

pr®p~ration ®f the fish' patties to asstite a: wiform prodlileto 

~~li~i~arz sterag® studi®$ at 22~ and 38°C. Fish patties w®re prepared 

fJr@m lea~b.ce~ mu1 wl@a<eh®d fish. To so~ samples· so2 in the form @f 

~@«l.lium m.®tabisulfit®r.\0 .. 4% Ca«::l221 rioose~ binders or 50 ppm antioxidants 

(t\~1ID.@x=6 9 · Eastma_n Cb.emi~al Pre><dl.u~ts 9 Irrnc.!) Kingsport, Ten11ess®e 9 

~®!t'&tai1mi1mg 10% bumtyla.t®®l h,ydt>oxyanis\Olle 3 10% butylatad hy4.b:oxytolu®tm®D 

6% 'JPl16®pyl galll.at®~ 6% ~itrirc. a~i<dl, 12% pr®>pylen® glycol alffii 56% 

V®g~tabl® roil) w®r® a«il<dl~·d.. The leacehed fish patt~tes were pr®pared by 

th® w~rm water lm®tb.OJd am.<d the followitlg binder ferm:ulati~n was addted to 

iwracdliat:i®rmo El®v®l!i tr®~tm®nts w®r® evaluate~ by vis'dllal eelor 

@b~®rv:eiti~ns by thx\~® j'®l®l.ge$ ·aft®r irra~iatiQ>n at!~ st<@rag® C@f tb® 

samp l®$ at 2:z~ aiDl®l l$(l>~; o 

4 



freezing t~mperature may ~~in·u,ncha.nged in cel€'itr for a leug period ef 

conteat, in one hour if heated to 12Q°C. This accelerated t®sting 

method~ as deseribed 'tly Tarr (3)., was employed .:for i~dfate · evaluat.in 

of the effeetiV:eness of va:rious treatments such as it:radiatien 

temperature~ leaching and the addition cf anti~xidants· ani sl11fites. 

The treated ground ·fish sample (approximately 10 grams) was,place®• in a 
1 •• 

Deter:miDation of redueins sugarso The fish tissue was extracted with 

pereklerie aeid (4) and ba~ad rib9se was r@~ed from the extract as 

describe~ by ~yauchi al<l (5)" Ftee ribose in the extract was 
~ 

analyzed by the methed of M~jbaum (6)o ·Total ribose was determitied by 

the tr:f.ehlorGacetic aeid extraeti0n 'i'flt!ltb.od described by Hamoir .(7)o The 

s~ extra~t was also use~ to determine the gluco~e content by th~ 

irradiated. fish fr(l}m autoxidation. o 'However ll the efficiency ®>f the 

5 



bisulfitce @'!Ll Tenexm6 9 'ij(sil!llg·lard as a·subetrat® .. Sulfur dioxide (400 

ppm) was a<dl.~ed to lar·d containing·6l:o02.~ mtioxidarmts. 

leaeb~®l or 'lllnleaehed9 waSl a@q@l 4 pe~nds white corn meal~ 1.5 peo>unds 

Vis<e©miX gelatirm, e o4 p01lllm®l salt2 e .. -2 piOW<d MSC aftd 50 ppm anti.~®xida.1t'i)ltS 

('f®WlQJX•6) .. Sulftnr di@xide . (5()0 ppm) llll!:Mi 0 .. 4% calcium «!hloride were 

fitih.was stuff®d in •at ~asilll.gs~ eGoked in a b®Jiling water 'bath to 

erm~YI?~ ... in.aetivati@n temperatur<e $£ 11ec f()r 15 secolll.ds, coele&, quick ... 

fn:i®~®1liil at -28°C ~ slieed into patties aW~.d pack<!ld ia. 367 x 469 1"C" 

e~amelled cans for irradiation.. Parchment paper s®parated the patties 

and protected the four l=g'ltam eharcoal packets attached to th~ underside 

@f the lid.. The cans were s®aled under 26 ,in~h va~uum and $tored froz~n 

irradiation~ appn:oxi'liWal.t®ly @lm® nt@ntb. 

~. Prefri®d <eo~ patti® a o Preparati.Gn ~f the prefri®d ced pattiee was 

a~ ~®3cribed f@r the en~ym®dina~tivated pattie~ with the foll~ing 

cha.mg®s ~ Salt (0 o4~) a.illd SO ppm almti@:~d.<dt.ants (Tenox ... 6) addE;d to 

th® l®a(!he®landunl®a.ched grol\l!Jm~ eO)@!; sliciDg 51 the patties were 

dippe@l in batter breaJ.©®<dl a:nd cdleep.,.fried iu hydre>genated sh@t"temd,ng 

at JlJ~2eC f@»r appr<G>ximately three min111t®~ (m.ini.mum internal temperature, 

11~C) o 

6 



irraeiatiano The treatments are pres~nted_ in Table 11) 

Table 1.. Treatment Vari~bles in the ZvaluatiO)n. ®f lbt~iation St®x:iliz~d 
Cod Patties 

Sample 

1 

2 

3 

4 

5* 

6 + 

7* + 

~ + 

9* + 

Browning 
inhibitors 

""' 

+ 

+ 

c 

+ 

+ 

7 

Irradiati@ln 
l~vel (Mra€1) 

e 

4o5 

4 .. 5 

4 .. 5 

4 .. 5 

4 .. -5 

4o5 

4o5 

4a5 

Irradiation 
temperatur® 

.,.. 

ambi®nt 

s40°C 

ambient 

=40°C 

ambient 

""4e~c 

ambi®WAt 

~4o~c 



!lrlf~~!.?ltti®oo ~~~\llllf® o The fr®~®lll sa1ll11Pl®s W®r® ~b.ipp®®l t:mfMier c&1ry i~e 9 

vi~ Air Fr®ight 9 t«:» the C@=60 s®xmt'e® at:.Nati©kp. lla®lsa©hltRS®ttsl)· few'lh 

i'ihra@l:L~ti®n at 4o.5 M:ira.do· Th~ @1@$® -rat® was 3-o65 x 104 rads/m1m a1rld. the 

@~®]Jl. timfi® w~~ applf<®Xi~t®,ly ~~-3 ~inltllt®s»·· with a. mimd.mu! @li@S® ~e~ceiw®d 

<r»f ~o5 Jlra@l tw a trffilaxiuma @f 5.,6 Erado Olm® l©J!t ®f fi$h was i'lrradiate<dl at 

-4-G®(fg ((t10®~) a.ltll~ h®ld fr®l~®Jm .f®lf th® r®tum sb.ipnu®lrAt t©> Ot'~g®m State 

lWrmiW®K'®ityo 'fh® 1r®mMimnim1g s~l®s Wt"® i7fl'$®liat®ti at amibi®nt 

t®mp®~at~r® a~~ W®r® appr®~i~tely l~C ~t th® b®ginnimg ®f irra~iati®~ 

<i.ID!©i lr®~«!h®@l ~ !OOlaXiiDmmillil t®llilil,®1l~\ai.ttllllt'® ~f 50®C at th® ®ml<dl ®f the t''tlll!l o Tb.®$® 

s~l®~ w®r® r®t\Ull'lm®<dl ll.l!l!il®l®'ir :umbi®mLt ©®lmldiiticlffis.. The ti~ int®nal 

b®~®®lffi il'lt'adiati©ll'A arm<dl st~it't ©f 22®~ $t©rag® was t\w®> w®kso 

,!.t.®Ir&tS ©@>1IM1liti@Wl~.. Th® fi$h patti®~ VA®'lt'® st@'lt'®~ iml ee®ntre»ll®cd 

t~®E~t~l\'.'® r~~$· @p®~ati~g at ~G©e~~®e for 0~ 4& 8 am~ 12 mwnthso The 

1fil@IID.,.i1t'lr~®liat®@l ~<®lril.t'ir@Jl ~~mpl®$ W®1b® ~e.®l<dJ. ~t ca2:~@1~ o 

Fl®W@,!..._pam®l ®v~l1l1lati(Q)llll® o Larg® stu<dl®lrilt p~uu®ls ~100) aratdl small staff 

pam®l$ (20~24) ®val~~t®~ th® ®~~ym®=inaetivat®d a~d pr®f~ie~ ~®~ 

p~tti®® • ~® l8..lrg® parm®l ®val1Mlat®~ 6 st©rag® t'i.t'®atmtf®itilts of ®a(Ch 

'lr:®<dhm©ttn irme Jll!.R®limg 1 p~ttty i1rr~<dli~t®®l at l®YW t®mp®~r~tmt%'® .. 

}Jb1ffi®® l®th.ality te®t$ f@1b th® @l®t®©ti(l)'lffi t®f C:ltiJsit~i©li~ b@tulin11lm t®>xin 

~®1r® ©@1ffi~®©t®~ ©rm ~11 $~pl®~ pri©r t® p'i.t'®sentati~ ·f©1r,parm®l ®valuati@n 

t® a$$®~® th®ir ~~f®ty.. A ©@~~sit® ~~1® f®r ®~©h t~®atM®rmt was 

pie®p&n;®@l by ft.j,kil!'ll.g $~Jl.®~ f}k®m ®a~h ©~rm.. if@ ~Himmpl®$ w®rc® l®thal t®> 

M<t!®(t 



The en$,_=ina~tivat®!d patties were bread®d a!h«< deep=fri~d at 182°C 

(365~F) for l miaut®s at time ef servingo The pr®fri®~ patti®$ W®r® 

heate<fl ia a 2<U•°C (40001F) oveEa f~r 15 minutes tw e®rve o t'he tast®rs 

Ob;lectiv® ~th~Hds @f ®waluatil@no Total vclatil® bas®s (10) t 2= 

thi~barbituri~ acid ~umber (ll)t sulfur dioxide ~®nt~~t (12), pH and 

9 



1:~®t&rl t>ibtMH~ 

u&ls fi~h 

10 

Ftr®® 'irib©S® 

'f;J8/g fish 

164 

1~ 

@l.lill<eO>S® 

·fJS/g fish 

401 

117 

l> •' 

i: 



';.. 
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oindersJ 500 PJ>ll\ S02 and 0~41o CaCl2 r~mained whit~ ~fter beating ferr 6 

hours at l20°lC and after irraiiation and heating. 

PreJimilfiar:y '--torage s,tudies at. ;zzo . ~n4 38°C o Visual colcxe evaluatiens 

of"irradiated fish pattiee ~tored at 22° or 38°C for up to 300 day$ ar~ 

recorded ~n fable 4o fiere w$re two distinct eolfllr changes in the 

store~ samples o The ualeaeh<ed samples 4evel~pe~ th® customary yellow to 

tan colorati()n \lSu.ally associated with the browning rea~tion; th@ 

leache(! sample corntainbmg no additives exhibit~d a light yellO~W7 re@l<®r 

chaRge~ while th~ lea(!heti. samples with additivas tend~Ml to gO> fr~ whit® 

to gr®lyo 'fhe greyishowhite eeler may be due in part t@ reac~i<nll of 

prQpyl gallate present i.n the ~ntio~idant mixt~t;"e() AVl excepti~lli!. t®> t;his 

c~lor chang~ was the leached sample ·containing aatioxidants &'!lid bind®'irs, 

but DtG S02P Which became ·brown after St~rage for 300 days at 3f;©[;o 

·Effect, ef sulfites on anti®xidantso The effcect of sulfite ad©l®tr1 t.@ lard 

eootatBing an.ticxidants Olrn the AO stability i$ Sh<;}wn in Table So Th® 

~umber @f h0urs require~ to reach a per~xida value of lOG me~/kg s~ple 

was u~®d as the end p~into 

11 



'falbl® j)o Ce>l@r Cb~ng®s,. cf ·CGQ., ';~s~ $ample$ :~rimtg the ·A<e<ee1lte'it'at®~ 
Br~i.1mg Rea~tti<®lliil. Test · 

+ rib®se (200 pg/g) 

+A 

+ tl + . Bb + 250 ppmru S~2 

<{}>.A + I+· 250 ppmm S02 + ri'b<O>se . 

+A~ B + 250 pp~.SO~ + 0.4% CaC12 

+ A + I + 500 ppm SOz + 0.4% C~Cl2 
• • ~ < ' 

b. ~i~~®r mixt~~®. 

Whit® .Light tan 

Whitfl 

Wb.i t® .(2 hr) c 

White (6 hr)e 

© C@l®r 'I'~~irm®@\ whit® aft® I' 2 b.(®llJ!lfS O'lr 6 ·heurs bu~a.titmg at 120Wc (> 

12 
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Tabl® 4., Co:lo1r Changesa ~'f Radiation St®&iliz®d Fish Patti€s ~t 1f"..qo Storsg~ T~mp~:!C'ii.tu:ces 

Storage tf.me_(g_~y-~)_ __ "~ 

T-reatment 

Unleached cod 

Control 

.j. Ab .f. 250 ppm S02 

f' A t 1000 ppm S02 

Leached cod 

Control 

t A 

f A f 250 ppm S02 

t A t 500 ppm S02 

t A f 1000 ppm SOz 

f. At Be 

t A f B t 250 ppm SOz 

f A t B f 500 ppm S02 t 0.,4% CaClz ./ 

106 300 
-22°C 

ly 

ly 

ly 

ly 

lg 

w 

w 

w 

ly 

lg 

1<1 

y 

ly 

ly 

ly 

lg 

w 

lg 

g 

y 

g 

lg 

a Colors: 1 = light; y ~ ye:llo't\1; w = VrJhite; g - grey; t - tan; b - browno 

b Antioxidant mixtureo 

c Binder mixture" 

106 150 208 --, -- o--
J8 c. 

lt lt 1: 

y y lt 

y y lt 

ly ly ly 

w lg lg 

w lg lg 

lg lg lg 

w lg lg 

y t b 

w lg g 

lg g g 

300 

t 

t 

y 

ly 

lg 

lg 

lg 

b 

g 



Tahl® 5~ The lff®~t ~f Sulfite and Antioxidants ~a the Stability ~f 
Lar®l 

98o30 

8l.9G 

111® a<dl<d!iti<Wn @f SOz t® lard ®leereasced the AOM stability ef the lard by 

abt;»ut 42o4%, prabal>ly by «!®strtmetion@f the natililral an.tioxida1mtso 

H~w@veri) th~ a©l~itiGn @;f so2 t~ lar& containing Tenox-6 redue~d. t}'a@ A(f))R. 

stability by <Mlly 16% as c~aw®«i to the larcl sample eontaillling T®JtMwx=6 

14 
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Table 6. Mean Flavor Scoresa for ;Radiation Sterilized Enzyme-inactivat-ed C~d Patties Stored at 22°C 

Treatment 

Control {0 Mrad, -22°C) 

Unleached 

4.5 Mrad 

U:nleached 

Unleached 

1 b Unleaehed r BI 

Unleached· t. BI 

Leache-d 

Leached 

Leached t BI 

Leached ·l BI . 

a Scor-e 9 high, 1 lQw .. 

b Browning innibitors - 500 

* Significantly different 

ttadiation 
. g 

.temp. C 

ambient 

. Q 
-4G \} 

ambient 

•40°C 

ambient 

-40°-c 

ambient 

=40°C 

t 0 .. 4% CaC12<> 

at 

-Storage .time {months} 
0 0 4 8 ............... " . .. ............... .14..: 

Large-panel Small panel 

6~5 7.1 6.6 6.8 ' 6'.8 

6 .. 0:* 6 .. 6 6~0 6.1 ·s.l* 

6 .. 4 6.3 6 .. '8 6.7 5.9 
·. 

5 .. 6* .5.9* 5.,5* 6.0 4.8* 

5 .. 1* 5 .. 3* 5 .. 1* .4.9* 

5 .. 2* 5 .. 2* 5 .. 8 5.,4* 4 • .8* 

5.4* 6 .. 0 5.8* 5.2* 

5.3* 4 .. 5* 5 .. 8 5 .. 9 5.7* 

6 .. 1 6 .. 1 5 .. 6* 5.0* 

significance level., 



',•'1 

l©W®r tha'im the ~~ntt:®>l o A small pa1til.®l gave similar re$\!Jllts after 12 

ll@nth$ sttO>rag® at 22°C o As bas be\a1m lJ!JlCted before 9 there s®~~<d to bte an 

improvement in flavor sccres after a sh~rt period of storag~ (4·m®nths) 

at l'@@'llm temp®ratur®o This is b®lieved tiO) be thte to the loss of · 

irradiated o<dlor a1nd flaver. Fiv® ®f.the irradiat<ed sample$ rec~ived 

uacc~®ptabl®~tt flaV(ilt' se«;»t:®S (5 oO @'lC above) after 12 mGmtths st~rag® at 

22~C .. 

t®~~hing of th® fish i~ ®~Zym®=i~aetiv~t®~ patties significa~tly 

imprt'!lved flav~t' sc~lt'®$ ()f the irradiat®d .. patties after 12 tnt1)1ffiths storage 

wh®~ the sample e~ntained br~ing inhibit0rs and was irradiated at 

ambi®mrt temp®rature. Low=temper.ature irr~diati~GJn had no eff~et on 

flaV@iC se@r®s between ~®mparable tr®at1!'!1®ntso The addition of br@WJmilmg 

irm.hibitors lG>Wered\ the flavor sc©rres of the unleaehed sampl® irra@lta.ted 

at .... 40@~ aiOld SiPlificatmtly impr\OOTed the flavor score Of leached sampl@ 

at ambi~nt radiationo 

~a~ flav®r sc~res f~r prefried eed patties are ~hewn in Table 7o At 

th® b®giiDJ.i'iliJmg ®f $t~rag® all irradiat®<dl samples re©®ived significantly 

l~~r sc@r®~ than the ~~~tr~lP with th® ex~epti~~ ~f th® small pan®l 

m®am flaw-@r sc®r® f@r th® iffilOl.l®a~h®d patty cGntai'A11ing_no b:r«ibnimlg 

i~hibit~rs an~ i~ra~iat®~ a.t ambie~t t®mperatur®o After 12 months 

sterag® tb® srMll panel s©~r®d th® l®aeh.e~ patty cootaining no br~ing 

16 
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Table 7 .. :Mean Flavor Scoresa. for Radiation Sterilized Frefried Cod Patties Storage at 22°C 

Treatment 

Control (o Mrad, - 22°C) 

Unleached 

4 .. 5 Mrad 

·Unleached 

Unleached 

Unleached ·.;. Bib 

Unleached 1- BT 

Leached 

Leached 

Leached f. BI 

.Leached t BI 

a Score 9 .high, 1 low .. 

Itad i-at i-on 
0 

temp.. c 

·ambient 

-4o"c 

·ambient 

0 -40C 

ambient 

;..40°C 

ambient 

-40~C 

b Browning inhibito,rs. - 500 ppm S02 .1 0.4% CaC12. 

···,: ···o-:-··-~ 
- . . -- :~ .,, 

. . La=J::S-ta·· :P~ile 1 . 

6.6 

.. -.... 

5.7* 

5.9* 

4.8* 

5 .. 4* 

5 .. 2* 

* Significantly different from control at 5% ·significa-nce level .. 

· St(;)r_~g~_.J:_i!l!~.--····(months) 
L..· .·-~4·:_··· ... 

Small panel 

6 .. 7 7:0 5~9 

5.8 s.-.6* 4~8* 
'. -·.. ~ -

5 .. 6* . 6.0* 5~.1 

4.8*. 4 .. 4* 4 .. 8* 

5.5* 4 .. 8*. 4.5* 

5 .. 0* 5 .. 0* 4 .. 5* 

5 .. 0* 5.3* 5 .. 5 

5 .. 1* 5 .. 3* 5 .. 2 

4 .. 6,~ 4 .. 7* SoO 

·12 

6 .• 3 

:4 .. 5* 
•;,_;_) 

5;..3* 

?~l* 

i;~S* 

4~4* 

5 .. 8 

5.0* 

5.3* 



" ' :. ' 

i~ flaw®~ $©<®l'®$ CJf th® il':tatdiat®d sampl®s after 12 montb.s sto1rag® 

b(~tw®®Kh smmpl®s irr~@Iiat®@l at. rmmibi®nt· .and ..,40~C)) 101r with and witJ::aout. the 

addi ti~n OJf aKll.tioxi<dlaiiDts o L@w-t®RnfH~rature ir:ra®liati@n siglfilifie.amttly 

imprw®@l th® ~a1m flav®r $©®!'® f@r th® l®a©h.ed ;'sa.mpl® with!®ut br®wmhilffig 

giv~ in T~bl® 89 TEA ~~hers f@r ®n~~-i~a~tivat®~ ~~~ patti®s i~ 

Tabl® ~ 9 pB valu®~ ira Table 10,!) s.ulf1!Jlr @l.iGiJxiQle va.lU®$ in Tabl® .11 a~t11.d 

©®l®r rtefl®©talffi~® r~a<dlimtgs iimT.a~l® 12o 

18 
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Table 8" Total Volatil~ Base Determinationsa of.Radiation Sterilized Cod Patties During 22°C 
Storage 

Treatment 

0 Mrad, --22°C 

Radiation 
0 temp$ C 

Storage time (months) 
Q__ 4 8 12 0 4 __§ - ,. 

Enzyme-inactivated patties Pref:ried patties 
12 

Unleached ba49 l0e68 10~90 11.03 11. 20 _H) .• 33 10.33 10.50 

4 .. 5 Mrad 

Unleached ambient 13.21 25.90 30 .. 10 3-0 .. 80 21~70 28 .. 00 -:32.90 36.05 

Ynleached -40°C 7.18 18.20 20 .. 13 24o50 13 .. 65 21.,70 25.38 33 .. 95 

Unleached .;. :BI0 ambi-ent 30.37 39 .. 03 42.70 46 .. 38 32 .. 75 41 .. 30 44.80 47.43 

Unleache{] t BI -40°C 23.72 32 ... 90 35 .. 53 38 .. 85 23.80 33.60 42.70 46 .. 90 

Leached ambient 4 .. 80 15.93 17,.85 19 .. 60 5 .. 95 9~98 10 .. 50 11 .. 90 

Leached =40°C 4.59 8 "'I-t; olDJ 11~20 13 .. 13 2 .. 80 5o15 8 .. 75 9 .. 63 

Leached t BI at."l.bient 11 .. 11 15 .. 40 17 .. 50 18.,81 5,.95 11 .. 03 12 .. 60 14 .. 18 

Leached t BI =40°C 1o35 12 .. 25 14 .. 35 15o31 6 .. 65 9o28 11-..90 13.48 

a mgN/100 g fish4 

· b Jl1rowning inhibitors .., 500 ppr.-n so2 # 0.,4% CaClz .. 
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!~~!~·---' o Til Nm1mnib®rsa ®f Enz~~imtactivat®di Cit)®\ Patti~s Jurimrg ~2«r~>c 
St®irag® 

0 Rir®-©12) =2~\®cc 

~Wiml®a©h®d 

4o5 •a~ 

Whmll.®a<Q;Jm®®l 

Vim1l®a@.h®d 

1Wiffi1®~teh®@1,9}> 

~:il®~@b®i -} 

~<ffi~h®@l 

l®~~h.®©l 

~~©h®<dl -} II 

~a@h®cj + II 

Bib 

il 

R~®ii®.iti<9>ll'll. 
t®lm\P~ @c 

ambi®lmt 

=4G®>CC 

~mmbi®tmt 

co4(\)@(C: 

ambi®lmt 

c:o46@C 

ambi~mt 

-40\\;i)C 

a mmg ~1®1mal@l®1myd®/1GO@ g fi$ho 

i lr®~i~g i~hibit®rse 

0.10 Oo51 Oo94 

lo08 fL,62 6.$6 

Oo65 0.67 0.10 

Oo65 6o61 0o85 

Oo6S Oo7l Oo71 

Go4<gl Clo58 Oo7' 

Oo58 0o66 ·0.77 

Oo7J 0.52 Oo14 

Oo0\9 0.66 Oo86 

0 .. 97 

Go$1 

Oo69 

Oo49 

0.63 

0 .. 71 

Oo64 

Oo§l 

Go 53 
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"''&bl® 10.. tpR 'itJ-*lu~~ W:f R.a~i.wt·i~n Si:@.li.'iliz@d Enzyrriit®=in~it;tiw~i;@Q Corl Fat~i~~ DuE.~i'rjj.g 22°C Sto~,~ge 

'!'r®atment 

0 0 Mrad, -22· C 

Unl~ached 

4 .. 5 Mrad 

Unleached 

Unleached 

Urdeached .j RIa 

Unleached f BI 

Leached 

Leached 

Leached t BI 

Leached f. BI 

a Browning inhibitors~ 

Radiation 
0 temp.. C 

ambient 

=40°C 

ambient 

=40°G 

ambient 

=40°C 

ambient 

=40°C 

~-----~ .... ~ ... ~:_ ...... ~----'-.. -·_SJ;g~~~~~~- (:tnQtl.th$l .... ~~·~·· ~·· o · ... · · ·4 ·· ···· · g · ·. ·- 12 · o . 4 · ... · : ·a 12 
En;~irl18..ct!v~t\:~d·. p~ttti~s :Fre"h"I;~r e~~ti~s-

6 .. 8 6 .. 8 6 .. 8 6 .. 8 6 .. 6 6 .. 6 6,6 6 .. 5 

6.,9 6,9 6 .. 9 6 .. 9 6 .. 6 6 .. 6 .6 .. 7 6 .. 7 ... . - . . . 

6 .. 9 6 .. 9 6,9 6 .. 9 6.,7 6 .. 7 6 .. 7 6 .. 7 .. ., . ~ 

6 .. 8 6,8 6 .. 8 6 .. 8 ~ .. 5 6<:4 6~6 6 .. 5 

6 .. 7 6 .. 8 6 .. 7 6 .. 8 6 .. 6 6 .. 6 6 .. 5 6 .. 5 

6 .. 8 6,8 6 .. 8 6 .. 8 6 .. 2 6 .. 1 6.2 6 .. 1 

6 .. 9 6 .. 9 6"9 6 .. 9 6 .. 3 6 .. 1 6 .. 1 6 .. 2 

6 .. 5 6 .. 5 6 .. 6 6o5 6 .. 5 6 .. 5 6 .. 4 6 .. 4 

6 .. 5 6 .. 5 6,5 6 .. 5 6 .. 4 6 .. 5 6 .. 5 6"5 
~ --



'fabl® ll!u ll®$i<dh1lla'll S1Ullf\lltr lie~i®!® ~C®lmtermta im Racdliati• St®lh'iliz®(j ~@@! 
Patti®s ~~ri~g 22®~ ~t©~~g® 

E~~~=i~~©tiw~~®~ 

'lmll®r&©h®~ 

UmJl®~©Jlli®@l 

~$1©lbA®@ 

l®®«!h®@l 

PE®fri®@l 

.l®&©h®<dl 

lmrol®~©h®@t 

~&~1l%®@ 

IL®~d\il®<dl 

/ 

( 

Ra®liati©lt1l 
t®mpo e®c 

a1ll!ll'&»i®1mt 

=~G®(C 

ambi®nt 

=41@~ 

~mbi~Jtmt 

Cl4G®~/ 

ambi®n.t 

-46°c 

107 87 <99 81 

88 100 128 135 

45 32 23 26 

135 81 80 171 

78 3' 310 2~ 

100 6~ 30' 30 

85 94 $1 Hl3 

263 140 141 121 

~ 

il 

( 
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Tabl~ 12o Color Refl@..et.a:o.c@ Valu®sa of Radiation Sterilized Cod Patties During 2t°C Storag® 

Storage 'time .. (months) 
0 4 §._ 12 0 .~ 8 

Treatment 
Radiation 

0 
temp.. C Enzyme-inactivated patties Prefried patties 

0 Mrad, =22°C 

Unleached - 55 52 53 51 51 49 55 

4,5 Mrad 

Unleached ambient· 46 44 42 43 52 43 38 

f.Jnleached =40°C 50 47 47 49 56 46 40 
. b 

Unleached f. RI ambient 46 42 52 49 59 55 48 

Unleached t BI -40°C 50 43 51 49 58 53 44 

Leached ambient 46 41 38 41 54 54 45 

Leached -40°C 43 45 44 41 61 55 46 

Leached I BI ambient 58 55 51 55 63 59 53 

Leached f BI 
0 

=40 c 48 55 50 53 60 56 52 

a Pe.rcent reflectance, higher values ind:teate lighter colora 

b Browning inhibitors ~ 500 ppm S02 t 0"4% 'CaClz. 

Jl.... 

54 

39 

38 

··:44,. 

.'4,3 .< 

45 

47 

51 

53 

.. 



~©!tall w©JlatiJl® b~$®$ ir.mt?;Te®a~®i.d ~ith ~t®irag® f~Yif: ®a©h trea~mrato Tb.® 

1®-&©b.®cll sample~ ha@l JL©~®TC NB val\lJl®S tha!!!. the wl®arch®®i sar!mpl®so lmt th® 

@~~oi~a©tiwat®~ $ampl®~ aft®~ 12 m@~ths $terag® th® leaehed samples 

iir~al@li~lt®@l $1t =40®C lbl~®l 'ra:lL~.J~®ss ©©>!OO!pa1r8ibl® tw th® ©®rmt'ir®l{) All l~a©h®d 

p'l'®fR:'],®<dl patti®$ lbl®cdl vt&lL'!l®$3 ©<®mpcaibable t«» the ©@wntr@l after $t©t'age o 

!h® high®st w~~~® ~®~® @~tai~~ i~ th® ~l®a©h®@ sampl®s ©®Mt~i~i~g 

1»'lh@>'W:brug ioobilbit©lrWo AJJJL va:il.m® ll§®ib® ll~'ih®<dl i1m simmilarly tib®atecdl. 

$~mmp1®~ ~h®mt t®lmp®Hf®.t\ll1Lr® @f i1rib<&®li~til®lfi\ was l®W®'it'®~o 

TJM mwJmirob®1r ~liD~ plit w~ltm®$ ©hal'llg®©l ®Ymly slightly ©.hunriJmg sttOrage ~f the 

~~lm!pl®.$ a1mcdl @®®mtil®©l t® hav® little valU® as iinldi©atcrcs ®>f quality ©>f 

i'lrr~<dl.i~&t®®i st©r®©l <e;®<dl pr®>©!uetso 

Sulf~r ~i@~i~® ~®~t®~~ was g®~®~ally lww®~ i~ sampl®s ir~a~iat®~ at 

~~~i®~t t®~®Lr~t~~® tha~ i~ si~la~ly tr®at®d ®ampl®$ irra~iat®d at 

=40@~0 L®a~n®~ ~ampl®® ~a~ high®r s~2 valU®® tha~ th® ~ml®aeh®~ sampl®s 

i~ th® p~®fri®~ patti®® whil® th® r®v®r$® ~a$ t~~® f@~ ®n~ym®= 

i~a©tiwat®~ p~tti®~o 

CCGl1©1r ibe&fJl®©t~!fu~®/W~l®®$ iYIDcdii©$.t®<dl a gl'®at®~ ~®gr®® ©Jf br®.lWJmi!m.g i~ the 

prt®f16i®dl pa~ti®$ tTm~llil ilm tth® ®&a~~=irm.av~tiw~t@dl p~tti®$3 ~1Ul!d.mg 1~ ~rntlu~ 

~t®ib®.g® ~.t 2~11&\c o B®th ®ml~:v'.mi®=i'iffi~etivat®~ a1md pr®fri®© patti~s wlli«:!h had · 

b®®ID\ l®~©h®cdl aJID®l ©@rmt~imt®©l b~r~imlg i1l'llhibi t©Yl'$ 'fR®'jf@ ~imil.mr irnl ~©Jl®lt' t@ 

th® ©©lffitK'®Jl$ @lft®r $lt(Q)1f~g® o · (Ytth®lf t!:Jr®(g),t~Ymt£ sh®W®~ va~yiEILg di®gr®®$ OJf 

24 



browning~ T~e additien o~ bro~i~g ~nhibitors and leaehi~g of the fish 
r 

gel1erally ret,ardeq b~mn.ting •hil~ l~ .. t~tnp'r~~~r~ irradtation had little 

effeeto 

25 
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1 o SlE:ImANO 9 Le B. 1'64 o IDl®t~rmilfil~ti@m! ~f th® ~~ality ®lf ra<dli®lti©Jru= 
past®~ri~®~ halib~t ~2~~1~s~~s st~@@l®~~i$) ~~ri~g $t@rag®o 
Mo So th~si~p llh.'®g~illl Stst® 1WflliV®'f'$ity9 ~IGJ~''W~llis 9 Orc®g©)!filo 

2o Sl~ifmER 9 Ro ll])o <aF:il@ L.t\DlUtS 9 Mo Ko l~64o IW1~yillll®=imla©.ti~c&ti®·Jfi 
~tt1iilii®~ ©lffi i!b"K@.diati®ri'i!-~t®ri:lli~®<dl ~@@ fill® tiS.. J o F«»®©.l S©i o l!r> 
1~0-JL~lo 

lo nn~> JBlo Lo Ao l~SOo Th® iki11la.Jr@l r®~~ti®liD i1lli fi~h pir@cElitll1~t®o Jo 
Wi $h o lR®$ o Jcdl o .<earm:&@la ,§9 74c.8JL . 

. ~ & SPID.L1Ll ~ J o i> ~KL~ 9 Ho ~1midt MIU~BI 9 ~ o 1 ~64 o ~<ffi$U£'i!:'®li'lii1®rmt~ ©f 
hyp®~~thi1lli® i~ fi$h ~$ ~ r~th©~ @f ~$~®~$i~g fr®~h~®S$o Jo ~@@~ 
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