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nmEX Fm FIS}! FILLETS 11 
By R. Paul Elliott, Bacteri ologist 

Divis ion of Commercia l Fi8hcrics 

At the present t ime orgRnol eptic observe.tions aT O thp. only gener ally 
a cce pt edcriterin for judging the fr e shne ss of fi sh. Such t ests ar c' very in
a ccurate , but no Clccurato ' obj ect ive t est has ye t boen devis ed which meots ·the 
r oqu irome nt.s of s implicity , r apidity , l ov'!)' cost, and £' I s o d ocs not nru.tii ate thc 
sampl e and thus r r:mder it unfit for s C1 l c . 

If t he pH of fish fl es h could be correh:t ,:d ·Nit.h fi s h fr oshne ss , such a ·t e s t 
would COIne v8r y 610so t o mouting the r co,uir c· mEmt.s of an ideCl l t e st,. pH dct er 
minnt ions cmr:.oyi ng a pH mct 8r arc s i mpl e , r apid , end [t CCll!' Ot. C , yet ' tho sc:.mpl c s 
ar c not destroyed . Substitution of pH t e st pC:pCTB for the pH met or '."J oul d i ncrense 
the simplicity and econ omy of such a t est . 

Wood, Sigurdsson j end ·])yer (1942) suggestcd th[1.t ·test.s on the surf2. ce of 
fi s h fle sh nrc muchmoro delict.to t.hEl I1 ·those on cOTr.::,os i t e sampl es contE.ining 
both surfa ce una i nterior flesh. This j.s dUf; to the f~' ct that s poilage is much 
morc r opid nt the surf[~ c'o than in the i nt. er i or of fillets. A mor c r ece nt paper 
b:r the 59.me nuthors~ . Dyer, Sigurdss on, and V:lood (194.0 , suggests the usc of pH ' 
on the surfnce of fillots & 8 an index of ·fr c shnc: ss. Thc'9c author s indicat e thEl t. 
this is a r e liabl e t est even though the pH val ue s of tho interior, or of' the 
c omposi t e s <~mplc' s , CJ'0 not sons itiv(' indicr.. t or s 6f fi sh fr e shness . 

The U. S . Army Q-u.artor mnst or Cor ps buy,S fish following an i nspection by 
the Army Vct eri.nC:TY Corps . All t e sts ernpl oyed 'by the Veter inary Corps are 
org · nol(~ ptic , and cor:soquently the que lity of t.he fish purcha sed depends entir e l y 
on the judgment of the individua l inspector . For this r Of!s on the U. S. Army 
Quarter mast er Corps expr css-c d t he neGd for an ob;j e ct.i 7 (; t est to r e pl a ce , or a t 
l oast t o suppl ement, the organoleptic cixamination Elnd ::\skc-d t ho U. S . Fish and 
Wildlife Service to investigate t.he; t est proposed by Dyor at ell (1944). This 
inves tigation. w(} s then underta ken \'lith the followi ng obj ect s in v i ev{: 

lo T 0 study the surf9. ce pH t.est to dct or r-d.ne v-lhethcr or not it ',lould 
of of vB.lue to tho Arny Vet orinary Cor ps inspect ors a s a f r e shness 
yardstick for ':ieh fillet purchasos . 

2. To s i mplifjT it further. 
3. To a ppl y tho t e et to the: typGS of fi s h the l! . S . Ar my gonor o.lly pur - · 

chel sOS for r.1CSS purposes .. Th'.:: se 'inclllded ,Tcrious specie s not 
previous ly t est od by Dyer at a1. ·(1944 ) . 

1/ This e.rticlo a ppear ed in FOOD FESEAT CH , Vol. 12 , ITO. 2 , l1nrch-April 1947, 
pages 87-98. 
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The ': st~di~'s " h~~~ ' ~'~ 'p~;ibd: ·~Ncre·· T!1Dde . du.Yi~:g·· th:c TJ0nt i;; .. ··of Sc ptc rEb(~r , 
October, and Noveinber , 194L~, in l nbor o.t ory. spc.co fu1~n ished · to · thc; U. S . Fis~ 
and Wil dli fe Service bjr the Gorton-Pe ~ Fishori s C0n11X',ny , Limi t '"'d , nt Gloucester, 
Ma ssl:'.chusetts . .. 

Experimcnte,l Pr ocedure 

Ho.ndling ll.§.h S£-iIlpl e s: Fish. ,--ver e r Gce ived dire~t~y fr on the c ommer cial 
fishing bof. ~ S i n e.s.· fre s h. [l s t E,te ' as possible . ... Cdllri ct . (; t.s . wore 'out f,o:r ' ··cut 
10 -hour pcr2.C'ds; consequently , t hose fi sh de scrited r.s "gi llYl t " ·-c, llght' "i'ler e 
only six t o tjcvcn hour s out of the lint er whon p:ij,~bhasod . Ot t'T t r .:- wlc.rs ,er e 
out for per :i_cds of one t o t wo wee ks . The fi sh dcscr i'bcd os "otter ·Lrr-.,rl " 
cau ght Y!ere obt [l.i ned fr on t he t op of the l oad -,7herQvcr pdss i ·l p. nd , t hcr efnre , 
wer E: st i ll fr e sh ,,,hen r e ce i vod . DuI'ing the st or oge rr i od on ottE:r - trr.. -/l 
the fi sh hed be·:.n iced nccor ding t o c orunerciel pn ·ctice . 

The: fi s h t o be t ested (ho.ddock, . ~hiting ,· dl:'.bs, pollock, cod , r o ,efish , 
r..nd grny s al e ) ','ler e fille t ed ,ir.,r:edi ntely upon .their r e; ce ipt nt · the dock. .s 
the {illet s fr or:t each f ish l eft th8 fillc t er' s 'knif e , they wer e pe irce. and 
VJI'£lppod t ogether in .a piece of nrchmcnt 'or waxed peper CI. d s ored in cr ushed 
i cc . At a ll timE- s during t he storc.ge period , an excess of i ce c or ed hem, so 
that the ir t.::mpcr nture w[;s kept constcnt. At i terv-~ ls nf one or t '70 days , 
until the fish 'l e r e 'c o~lpletely spoiled , the fillets frnn sixl fish ~'/er e r e r::oved 
fr on th(; i ce and one fillet fr om eech 'pair 1les cxpr.;ined , r:hi18 its duplic te 
\'J.s. s wTo.pped in double 1 rtrchncnt or w?xc:d pt:, or end t hen :in pl . in wr n_ ing .per 
Rna pl aced in a c old r OOD h8ld r~t -15 to -18 °C . (5 t o - 0 . 4 Op. ) • 

, 

Duplicc.t e fillets wer e fr ozen boc c-usc [.ny t est , t o e ;:TQct iccl f or . rf.ly 
use , had t o be npplicc~ble t t." fi eh which k ld beer.. fr ozen since r. ost of the fish 
used by tho Ar ny is fr ozen i mrr,edi r t cly nfter fi llet i ng ~ d cr i tic 1 ins r ~ c i nns 
Cl.r e I?lcde on the thawed pr oduct. The se fr ozen duplicr.t e s wer e held fr om hlO 
vlGe ks to t','w nonths [':t -15 t o -18°C. 'until t if.lG -,7[,.S ev[ il l e f or th€ir eXGT!1inn 
t i on . Ee ce.u s e t he investigr.tioll was necGssc:.rily of short durution , it Wo.s 
inpossi b15 to det ainine the effect of prol onged fr ozen s t cTrge . 

Lr bor[. t ory Techni<ttl£ : In the . l ab or at ory t he fillets l1er e t e sted using c 
pH c,etcr. 2 Cm'c ful C:1(' c1-s Her e t"£.de on the r.:e t er ':":i th c OIr1T!1ercir.lly pr c pnr ed 
buff er s "llutiol1s 2.t pH 7 at the beginning of e[' ch o.ny ' s YJOrk Elnd nb out every 
t wo hour s cur inG tho oxaminntions . 

FrcliminlJ.r y studios ind~_c [,ted that washing el ectrod s bet ween fi l l ets \1C. S 

unnecessFrybe cQuse the eff ct of r es i duel fih1s on the glc ss e l e ctr ode vms 
overc ome ty" o2ch nev-v contr.ct wi th t~1e fillet surfa ce . It nc s f ound the.t the 
effect of f o,,- ~( [.ol c s on the pH WCt S i~lot noticeabl e unloss the portion around the 
hole wo. s V8 ...... ·y badl y disc olored ' nnd de compos ed . The ' effe ct of t e nper e.ture 
variet. i nn on 'c he r CQdings lYGe f O'\.lTld t o be uninportant f or the t emper ature r~ nge 
in which t ho fiil ots 'iJer e ' ex&mined , pr ovi~ed tha t cnpercl.t ure · compensd.or on the 
pH mot er wa s used . 

IFitzgeral d and ConWGY (1937 ) foUnd . thr.t [', r.nn~nm'm of five fich 1J'JCl.S r equired t o 
r e pre s ent tho quc.l ity of 0. bc.tch ()f 2,000 pound,s of ' hadd ock. . 
~his was n BcckQnn Medel G wit.h externCl. l gle ss (Be ckn)nn No. 1190) end cclome l 

(Bockma~ No. 1170) el ectr odes . 
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Fr cl :'r:.in ,r y t.o ~h8 G ':< IT!in[lt~ on, .tho fillets ':8n~ ::>12ced on 2 t 2b18 in a 
r oom nt 20 to 30 0 C. (68 to 86cF.) :'l nd a llowed to r ems in until the ir t empcr r,ture 
he,d cha nged frOB thElt of me lt.ing ice to 10 t o 15°C. (50 t o 59Op.). Both un
frozen3 and f r oz,en fish wer e tr8~.ted i n this lne.nnor. 'I' ~ough the fr ozen fish 
took three to four h ours t o thaw , it was bQlieiTE:~d inadvise.cl e to npply heat 
or wat cr. 

The pH V:-.l'lCS cf t.ho surf1.1. ce and fr e shly cut interi or portions wer e mElde 
at point s des igm:t od (?ig. 1). The fille t wa s held firmly a ga inst the rigidly 
suppC'rtec e l e ctrodes , but n ot firmly cn ough t. o puncture the fle sh, and a fm': 
s e c onds 1: er e allovlcd f cr cc;uilibrium t o be nttainec. b e-f or c the r eading vms 
t.ake!:._ 

The odor f the r E.i'; , unc ooked fillet we.s notf~d vlhen t he r eadings f or roth 
t~'2 s'rfc. ce and ~he LYlteri or had be an obt a ined . Lt tho beginning of th(: i n'
ve sti:so.ti"n t~c 0 inions of three 'or f our pe opl e '[ler c ' evcr pged , Ylhile c1uring 
thE; I ntter part of the study 011] .Y tho author' s opj.ni ()n \ves c onsid.er cd . Since 
his opi n i ons h;::.d al'.rays been in agr'ecmEmt 'llit~ the f.v c:h :go of the other partie
i pants , t his "l![1. S elieved r.ccept.able . 

It :-.1[-y be n ot ed in the a cc or.mnn;ling gr t,,- phs RDd t p,b l es that the or gl'1n ol eptic 
dnt a ',ver e cl s "'ified a '" f r esh , fl r·.t, S''-J86t, stE l e ,. e.nd putrid . A fillet 
designc.tc ~ ', S' "fresh" htlG. the n or rrk .. l ' odr)r of f r e shl y c8u ght fish '. If it Wo.s 
"f18.t" ther €';' ',~'ns an [\ s en ce of odor--nor mc:l or othc:?'wise . A lfsweet 11 fills t hed 
an odor not D S _ ('cinlly Unpl eas nnt but r c;:)in5. scent ' of wat er n,.e l on. Ji 11 st.a l e II 

fille t he.d. c ch2I [',cteristic 1"IDnoniE. - likc ,;(lor ( O(l( :r of Drnmoni n ftnd othor mi xed 
nmines) bu t he.rl n ot rGc,ehf,d t ho fl putr1d ll stngo r.t. :'jhich pof nt t he odor be cnl,)".c 
obn~xious (hye.r ngen Sl!l fide , indol e , sb.toJ,c , e tc . ' wer e pres bnt)~ All fi sh 
exn ined in' this study spoiled i n tho abOVE. m[.n~yr Cy:c~ pt '::hiting end r es cfish. 
At the s ;veet ste.ge vihit ing deve l oped n perfunc,- l i kt- ?r oma 'inst oac1 of the usu['. l 
wL',t ermcl on-like odor . . Roscfish did n 0t be c ome swe et but j)flssed dir ectl y fr om 
flat t o slightly st a l e . 

The uthor <_nd those ,rho c o- oper atod with him c onsidcr- ed the f illc)ts edible 
thrc:u:,;-h the "sw8etfl Stl ee , ("f questionabl e edibility ftt "ver y sweet li and 
"slightl} str,l e ," and ine c.~ib18 t'.t " s t a l o " e.nd st r.1ore Q(Jvc~nc od stages of decom
posi":-icn . This c.esj.f!,rlnti on of theex8.ct P')int nt which the fi sh be came inedible 
'IJ s deterni cd by .ju('~,ge s in the' hnbi t of eating fish only c.f the ver y freshe st 
natur e, . Lc:s~ (liscriminatine peopl'e ·rr.ight h v e, pl c. ced such u poi nt e lsewhere . 

;,ccura.cy of r ~ethods : A study lif value s ~)bt c. ined l:~t the variO'us surfs cc; 
s [lDpling ' points shovm (Fig . 1) r o,rcr,l ed that the fir.iu~ial limits4 of the S8ven 
surfa ce pH r ead.ings on indivi du al fil l ets "iJHS , on 211 saT:lpl e s exce pt ~hese in 
adv£'nce - st .gr;s of do c oJ:lposit l on , al ways uS sTllnl l 8.S or srlc,ller than ! O.18 . The 
fiducial lini t e of the. r.e~mLr ,Jer s a s smoll a s or smnllcr t.hem ,!O. 08 , eXcE;pt in 
the 'Jl'!os t ,,"dvnnc(; ~. ste.gE.s of spoilo.ge (Tabl e 1). Thoso value s wer e beli"!ved to 

4rhe "fiduci c-:-. l lir'o,t p" g~V8 tho ' limits \,:,i t hin 'l!hich 95 per cent of thc' vc: lues ob 
t a ined ,;!ill be ' expoct0c1 t. ? fell. In ' this cnse (seven ' s ampl e s), the standard ' 
deviat i on ;:nilt i plied by q gav e the "fiduci~l limits , It and t.he standard deviation 

" of the L.enn r.u~ti'Plied by 2~' gr.ve the IIf iducic.l limits of the m~, an. II 
3nUnfr ozenll ii us ed inste ad of "fresh" t. o Dv oid c onfus ion bet ween the usc of 

the wor d "fn:.: sh" t o s ignify I n'ek of fr 8e z.ing f1l1c1 IIfr E'.sh " DS an or gc,nol ept.ic cri -
t erion. 3 



be suff icientl y sm 11 f or . he r ·, u i r od r: ccu.r c. c 
sent ed her , nIl sUrfuce pH nv c.r r,ges ll1' y t " .. s 
the true m an for t he fillbt d scri ~ d , unle p 

worse . 

Tn Ie 1 

Pre cision of pH Det H 

E."pcctcd 

Odor Rc ing 

f , (' .(' - . In he n !,r e -
to lC 7ithin " • 08 pH of 

t . fille , i "v ry s 1" 

du.("Ick nd Gr y S 10 

~ 

Frozen Unir "2 
0 ,cr - trc.wl 

ru ddock groo n:r 

Fre s h ... . ... . . • . 10 . 06 . 18 . OL. . 02 .07 
F13t .... .... . .. .11 . 07 .15 . 04 . 03 . 06 
SJ. t?weet ....... . 16 .06 
S7Veet ••• • . ••. . • . 1 . 7 
SL s t r:) ... o . •....• . 18 . 17 . 18 . 7 . 07 . 08 
Str.l e .• ... ... . . . 18 . 20 . 08 
Very str; ~G ••••• .19 . 39 -- - . 07 . 15 
Sl. putrid .• ' . . . 70 . 27 
Putrid •.... .... . 27 . 10 

I Soo Fig. 1 f0T the positions nf tho s · ·:; n surfuc(l pH r e 
fillet . 

It rrust b0 under s t ood thc t gnn("lcpt ic t e sts r. rt,,; .("It •. 1';I.J's ,ccur 
Hod n strictly r oli nbl e oygcnol ep ic ~othod een ~il ,tle , 

c or r c l d.ion with pH ':.'ould h ( re ee 6bt t: ined i 
t o the gr[:phs nccomprnying t,hip T'2~0rt r eveElls '.:hC"n . H is pl cd ~ ('i _ 
orgnnol eptic r ['tinc U ~~gs . 3 'T, (' 7 ) ) he "'tL n ,7 1 (Ie -~ t i on is q i c lc.Tf;'~ , .. t 
tines . HC1:levor , ';!~ !r '~' f-=: i s p~ ) \,;', .. d ;:. g inst st. ;>r ~ f:C ir e (Fi s . 3 ("I 7 t. e 
str.nd8.rd dov i<:ti r;.1 : '" 1I.:<;s <':. ::: • €,('·ncr t:. l r ule . Thus is incicrt 
t o be m'Jro dopcnc',c:::'o thr::.n cr sr:l1 cl c ntic r ctin€; i. tee i cos . 
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Theory of ,r:li ~ , :1_-.:}2.s:§. : Fiv,u .. :- o 2 shm7S thl: i · I?e:.l cui~ .-" n~ ~~ hich the urfa ce 
pH c onccpJ- e. s rlc s ";~' ,, ~,J y D~.r~ ""1 > :J.i. ;sure.sson , .nd Viooc (lQ.Lo4 ) is csed . The 
flesh .· of .live :L! .. :Jj~, ;; ,lch:-s Ll(i~ ; r:;-~ hns n. "R v :.' lue cl os, +0 neu r , lity. Ace c 
i ng t o ''Econs on ( .J,.S2b), hc:Jf.. iI',,,~ ~ this i c t1'l10 only 0f r.°e s c:d r111scl a ; the fle sh 
of fish which hav e str uggled '()n b~ in eLugn t (.t:; illnct, ", ter -tr c:'.~l, ['.nd linc 
cau ght fish ) is slightl y D. cid on deeth , une. it \'Ii ll bc c o.e nor e nc i £'10 'he 
pr oce sse s ("If rigor rlorti s t nke pI e ce . nit-hin f c.ur to 2L~ hours aft er he dee. h 
of the fish tho pH of the flesh r eaches a r:.inir.,un in the l1o i ghbt'r h ocd of pH 6. 5 
or l ower . I n the CCl SO cf fillets surfa ce ·and int.o.rior pH vc lue s er e th :. s<'..I:'ie . 
at this s t 0.ge s ince 'n o surfooce be.cteri['.l ncti on has t nkon ·pla ce . For a f e"'!l . 
dt:ys t he pH of b oth tho surfa ce o.nd the intGI1i ("l ' r omo ins in the v~cinity ('f 6. 5 
The fillets nr c still c onsider ed t e bo in D · fl' osh c C'n~li tion . : Aft er a peri cc: 
of tine VJhich vcr-ie s v'lith the t ODper.o.t urc , th~ · s pccios (·f ,fis h,. c.nd p.'!cny nthcr 



f [' ctors, l:"cterinl action at the surfa ce of ' the fillet releases nmines, chiefly 
trimethylamine ,. which tend to cau.se a rise in the pH a t the surface. Thus the 
surface pH increases more r 2.pidly than the interior pH, since t he b8cteria 
and/or their metabolic end products filter tc the interior only very sloVlily. 
This differential has been t e!cen by Dyer et a1. (l9Li"~ ) CI S significant in 
determining the difference bet1ieen very fresh fi sh and fish a t incipient 
spoila ge , even though the surfa ce. p..t-{ values IDEl.y be similar. For example, the 
surfe ce pH immedi ately on death (Line A, l":'g . 2) may t. e the s [' me D S tho.t 
,hen spoilD.ge is under vlay (Line P , Fig. 2), but the interior pH in the 18.tter 
case v.rould be much lower. 

In view of the importance of such pH differences between the surfQCO and 
interior, points r epres enting fillets whose interior pH v~lues wer e close to 
the [\vere. ge of the s even surf a ce value s have been encircled on the grr,phs 
a ccompanying t his r eport, while n cross i s used to mark those .p0ints r ep::: c sent
ing fillets on vihich one or more of , the interior pH vc lues wer e significantly 
louer than this avere.ge . If an inte rior pH delx lrted '.from the mean of the 
seven · surface va lue s by more tD-f.:n t.-;w and [, he lf time s the standard deviC'.i:-ion 
of the scrfc::. ce r eedings of ['.11 the fresh fillets, the f e ct vIe s consider ed 
sigYlificc:mt. As efer ence to Figs . 3 to 7 will demonstr ate , thG gre ftt er pro
port ion of et:circled pH value s occurred on fille ts in e compar atively fr e sh 
co~dition; thus t he contention advanced by Dyer et 61. (194L) that surfa ce . 
pH rise s f £st8r than interior pH is substanti~ted. 

Fre s ente.ti o!L pf Dr-tn ? Figure s 3 to 7 shon the re l r.~ ti on of surfa ce pH 
of fillGts of v rious species to stornge time ·in:ice o.fter filleting and to 
organoleptic r ating . 

J For all s pecies studie d it \7['.S found thC'.t ·t he pH rose a s spoilage pr o-
gre ssed. With some spe cie s the de pendr,tility of the corre l nt ion of pH w-ith 
t he degreo of spoiluge we. s good, but v.rith othGr s it '"la S poor . 

It is ovident (Fig . 3) that pH ·6.7 w" s the dividing line bet ween fr e sh 
fillets of h8.ddock c:nd t hose a t incipient spoila ge . ':he se r esults PTe in 
&gI'eoment , ri th the; '.,or k of D78r E!t ",,1. (194.4). .An experiment rtm -.-:i th 
gilln2-t -canght haddock sho-.-wd r esul ts very close to those obta ined l,'!i th t he 
otter-trE'.;.11 haddock, but the limiting line b At m:erl fr e sh nnd s poiling fish 
was pH 6. 8 i nst oc,d of pH 6.7. This differ~nce might v~ry 'well hev e been 
eX. 8rimentnl er ror. 

The corre l c.t ion of pH with fr8srJl1e ss of whiting (Fig . 4) was neerly 
a s good as tru~.t for h'Sddock. With this s pecie s , ·hm-JOver, the pH r ange of 
the fr e sh fillets (pH 6.9 to 7.3) wa s Tmlch higher t han thElt for ha ddock. Dabs 
(Hippoglossoide s pl 8.t e s s oide s) fell into the Sa r:l8 cr,.t e gory a s whiting, thO'lgh 
the ,pH r unge of f r Gsh sa mples (pH 6.7 to 7.0) Yve s low'3r the-,n tha t for whiting. 
H 0 do.t n are pre sented for this species . 

With ho.ddock , ' r hiting , and dabs the pH of Ln indiv.idua l fillet guve 
SO!n8 idea of its ,condition [''t S evidenced by tho consist.ent rise in pH a s spoil-

5EecL\u~o i apl:;roYiI!l~to ly 10, 000 pH detcrmimitions "er e made during thE:: course 
of the investigation , all of this m[{tcri~l could not possibly be pres E::nte.d 

"\her e for I nc k; of space . For this r oa son,. no dat a , r c presented for the ·fro2ien 
J du-plicate fillets, [lnd gra phs for some spe cies of fish wer e de l et ed be cC' u se 

they wer e very similar to thos e included with the r eport. 
5 



age progressed and by the abs(mce of ony serious overlop· ot ind1v1~1 poftJtl 
at different levels. Vlith the rest of the species studieel, however, the 
surface pH vclues of individual fillets lost their signif1cnnce end anl1 
average pH vel~es of several fillets of cquel qlu.lity could be relied an to ~ 
give a correlntian with stor{'.ee time or orgr.noleptic reting. In some CRSCS 

even this overnge '.vas very errr.tic. If more than siy fillets hc.d been exr.minod 
each dRY, smoother curves would have r05ult(Jd. 

The dr,tn. for pollock o.re }Fcsented (Fig. 5); the pH rr.ngc for the fresh 
fillets WdS vcr~r vride (from about 6.5 to 7.1). All but n fm7 of the fillets 
",hose interior pH vo.luGS ':lore close to the velut's r.t the surfr!ce (1'5 indict'.ted 
by encircled points) fell in the "fresh" group, ~nc few \'Jere included in this 
group in ';7hich the interior pH '.705 significflntl:r lower thnn the irurfr.cc pH. 
This would indicr.tc, according to th€: theory of the surft'.ce concept, thr t 
those frcsh fillets rlhose pH vnlues 71·::re qui to high !:light be fit the extremely 
fresh St3g0 (us indicated by Line A, Fig. 2). This ideo. ~p.s not borne out 
by the dntn, hO':lever. A cC'rnpnrison of the dt to used in' plotting the t:'rO 

curves (Fig. 5) shO'.'7ed thr.t pH rer,dings nbov€' 6.9 OCC'..l1Tcd on fresh fillets 
on the second, thirc1, nnd fifth dr.ys af wEll r.s on the first dr.y. 

Dyer ct n1. (1944) rcport·:d thr>t the t':'st ::orhd '.'(11 far cod. The dpta 
for cod (Fig. 6) show th!, t, i~ tr.l'se ey.p<:rimcnts, the: rR vvlues of individurl 
fillet.s of ('. given ~. ge or of r'. giv('n odor r ~ '" inr hr,d lit.tle r.:u,ning, while tho 
(lverr:.gc of these figure s ShC',7C.d rr. up'::rrd "',r,-nd "s ~r:~il:- O'C progressed. 

P',e dntc. for grny sole, ns rrE:'st"mtcd (Fi~. 7), Sh0'7(:d t,PLt p.t{ f!lf'.y not 
bE' c. r21ic.~b18 index of the condition nf fil:C;t,s ,:vcn though n gener".l tre.nd 
up';7Qrd is ensily seen. Ir. this cr Sf; the surf: cc ;.it w·lut.:s cf individur:l fill,-ts 
hud very little rr.cnning, f.nd even the JT.(?,n of ~E'v(r,l ()f ('qunl qu,.·lity wr.s not ~ 
a 71holly dcpondc~ble criterion. The: df, t.~ for rcscfish (SDbnstes ITrinus) ore; \;1 
not prcscr.tE':d, but the results "\\'h.::n plotted look very nuch like those of grey 
sole (Fig. 7); thr-.t is, individuo.l points ov.::rlr.ppcd, the line circwn between 
meen pHvl:'.lucs of fillets of equr,l quo.li ty vnricd crr~ticr.lly, '1nd the totr.l 
pH shift '::[.s nat grCt,.t. 

V-lhen the do.t n for the th,\ ~7ed duplic~tc srrnplE'..s "lerc: plott~d (grt.phs not 
presonted), it ':rr:.s found th~t the pH v~.lucs ~s 0. ·.··',010 dropped consicc.rrbly 
1'.8 0. rc suIt of fr8ezing "nd/ or stor, gE'! in the frozen condition. Upon ccreful 
scrutiny of surf['.ce p.q r.vsrr-,gcs of indi vidu<.l fillets, hO~·If.'VCr, it ,inS' fou.'1d 
that this tende!lc? for pH to drop on freezing ';-:.s rot !'t rll consistent, rnd 
occf. sionr.l vr.lucs (;Ven rose nftcr such t.rentment. Pccruse of such irrcgulprity 
no correction f 9ctor cpn be r.ssignt~d tC' (. givGn sf€cics. Therefore, since the 
chr.nges in pH orting to freezing nre often vcr~r u crked, the: Rpplication of the 
test to thawed fish r.s r. freshness index seems imprr~ctical. 

Sir;lPlific~.tion of ih£.~: Ar. ptternpt \7[' s mr,de to simplify the test 
by the use of pH test pnpers, but· none \':['.s found in the proper r~'J1g€; " hich 71C1.S 

suffiCiently r'.ccurnte for the purposo. This vIes not s'UTprising ' in vic~ of 
similnr results reported by other workers, Kolthoff r-.nd F:osenbloom (1937). It 
is felt, hm1Gver, thr.t the use of the '0.11 mE.:t0r is not e serious drr.wbr.ck to the 
test. " 

Discussion 

In considetirig the npplicr.tion of the test to cOJ:'Jne:rci~l pr~ctice, ccrtr-in & 
difficulties arise. First, itgiv€s an indication of spoilAge which occurs ~ 
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~. after the filleting process. Un(k'Ubtedly, spoilp.ge occurring previous 
~o MlletiJ'lg docs hrve. some effect on the. test ,but surfhcc pH vc.lues on new 
fillets would give nc more indication of freshness thr.n those on compos:ltesamples 

) or internal flesh, .. since the fillc,ting operetion Iik"kes a fresh cut end, therefore, 
a surface pH taken immediately nfter filleting y:ould not be n surface test but 
rather nn interior t.est. If the t€:st could be [:pplicd to [>. whole or cvisccrp.ted 
fish, this difficulty night be nvoic1od; however, in th8ir reference to its use 
in th~s mn.nner, Dyer et a1. (1944) did not. describe how it could be done. The 
author would expect it to be very difficult to correlete surface pH of whole or 
eviscernted fish :'dth the freshneSs of tho flesh. 

The next limitation, nnd probably one of equal importance, is the effect 
of fillet dips on the test. On thE! Atlantic const, [md to a snaIl extent on 
the Pc.cific coast, fillets are dipp8d in brine t:'-fter the filleting prOC8SS. 
Occ[sicn311y [,lkalinc dips are used to enhnnce the color nnd, ther8fore, th8 
snlrbilitJ, of the fillet. If surf~ce .pH were uS8d as amcnsure of freslmess, 
r:.ny of tho dips used rt present J]'I.ight Gffect the t€:st tl1:'.rkedly. Also, wh8n the 
test bGcfli:1e well knorm, it ~'Jould be nn easy mEtter for the processor to intro
duce ~cid product.s into the dippir.g solution of fish of questionable qUf.lity and 
thus lorler the pH to co!'respond to vf:lues obtpined c'n 2. strictly fresh proC<,uct. 
Development of the test on whole or evisccT<.':ted fish would not circumvent this 
difficulty since the: y.-:pp.ctice of using ccrbon.::'.te solutions tr. remove 2.nd ncutr,r.
lize malodorous IT£.terio.ls from vlhola fish has been "foll est~blished in S01':1e 
sections. 

As str,tcd previously, the t.est probr.'.bl~" npplies onljr to fish which ht'.ve 
never been frozen sinco, on frE,ezing, erratic pH chenges occur which nrc not 
connected v!ith froshnc.:ss in eny \7fljT • 

. 
~ ~ These lir1itetions 1:2.V0 bee~ pentioned to sho'.: tl'!ct, even if it \7Cr8 p(~r-

focted, the test woulci not be of prr,ctic['.l vnluc h -: the Army. FurthermorG, in 
cor.unercial npplicntion its drm'lbncks, es .outlined 2cove, a.n? not to be dis
regnrded. The test OO.s· proved of great vc.:.lue 'from t.he stfmdpoint of theoret.::cr.l 
interest, hO'Never, since it hns ndded to our inforJ':'lf:tion on fi,sh spoilage. For 
laboratory res.cr.rch it VJill prove very useful. 

FeforG nny· general npplic[ltion c~ld be Il'L'do, it 1;,r("luld be neccsso.ry to 
determine different lirlits for each species and to determine the number 'of . 
fillet eX[.Einr ticns th;::t r:ould be re'QuirE~d to giv~~ n true indicntion of the 

, condition of n lot of fish. Fitzger~ld and Conway (1937) stete'd thr;t five 
representntivG fish indicated the qualit:r c,f [l 2,OOC-round lot, but this docs 
not mean thf.:t the pH v['.lues c,f five fish ropresent the quality of thc.t lot, 
since wide pH v~.rif'tions often occur be.tFcen fish of eeurel qunlity (Figs. 5, 6, 
and 7). It v!ould o.lso be desirable to determine the effect of (1) varic.,tion in 
types of bDctc.rin present, (2) vnriation in bcctcri[:l load, (3) differences in 
nren of c~:tch, (4) differences in method of cf'~t.ch, rnd (5) differences in su'.s en 
of the ycr:.r. 

Summery 

The surfe-co pH test ns described by Dyer, Sigurdsson, nnd Wood (1944) as 
a !!lcthod for determining the freshness of fish fillets 1.1[,:S studied, using 
hw.1dock, whiting, dr,bs, pollock" cod, rosefish, and g!'flY sole •. 

\-)\ As dctor!!lined by cornpr.rison of pH chr:.nges with orgnncleptic grading [·.nd 
Jwith time of stort:~ge in ice, tho surface pH of fillets tended to rise in ell 
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cases as spoilage progressed. The best correlr.tion wns obtoilWd with haddock, 
whiting, and dnbs. f/ith the other species examinod widE> Vt'.rintions occurred 
in pH D.oong fillet.s in c.n equal state of fr€Shn8s~. Thus individu(\l PI 
vr.lucs had less significnnce in the CE'se of thr-:sc letter species, nnd only 
the m8Em pH of sovernl fillets of equv.l quality gnve a good indication of pH 
trends on spoilage. 

The dl'.tr. obtnined on thrflcd fish dh~ riot Sh(\\7 (\ detx·mdnblc corrclotion 
between pH nnd froshnessbeco.use of crriltic pH chnngcs,' pro'l:'ably ·~ng to 
the freezing r.nc~/CT st0rcge in .the frClzen condition. 

Even if the pH test vmre r;erfected, it rJ0Ulc1 be of limited value becr-use 
it gives 0. reliehlc index of spoilr ge occurring 0nlynfter the filleting 
process ~:nd bcc0.use it ',';ould be Rffected by ('cid or rlkrlinn dips. These 
liT:litr,tions reduce its vr'luc for prccticnl field work but c1.o not rcr-ecluc' ·,:; its 
use as c. lr:borntory test in rcs8crch '.'!ork. 
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FIG. 1. Positions on fillet at which pH readings were obtained. 
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FIG. 2. pH changes occurring during spoilage of such fish as haddock, etc. (This 
curve is a theoretical ideal and does not represent experimental data.) 
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In Figs. 3 to 7, encircled points indicate ~t both interior pH 
values taken on that fillet were qui te close to the surface average, 
while a cross indicates that at least one interior pH was significantly 
lower. 
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