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Abstract : Th~s review discusses the use of direct wood firc as a source of energy andt 
smoke to dry and preserve fish in the developing countries. It covers various treatment 
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Abstr;ct : I .is e es dtis,,e, t uL direct is a sourceth o ol woOd 11rC of energy and 
sm ke to dr .lu prcvrs, fi.,h in the deseloping i.titries It covers ,itious treatment 
.nd handl:nig me:hod, ., %%ell as the ph%'cid and chemical natire of the smoke It 
potis out that the preeit tradttionAl method, are ineficient and %,astettlof energy and 
rioke and ,:ies attempts mt.dc to iniprose on them 

It dicl.sse- the dN rnmx:c eqiltbrium that exts, bcmecn the partict,late and gaseous 
smoke fract:oni The compound, in the gaseou fraction are stated t) be iore directly
involved in the development of .:olir. odour anld flavoutr while those of the particulate 
Iraction erie i' t reerwoir i'heCr'hL,: compoun111ds. ae 'otand to be particularly active 
In the sroking pro:e',, 

The it atrt ,inal and health etec,:t ol the LMeof h:gh temperatutres in the smoking 
rrv'ce,, ite also d, u.sCd 

1. Introduction 

lhe 'c.c ,,!re.. ',..- !ire . A , 'iree of energy ti Ary fish date, ha,:k int) history. 
Flhere wa,' ccrtltil. t fire \ 00hot sinke is the fish dried it also became 
s:nk-.! ft 1, bel e tLcuai , the peial org tllolcptic and preserative properties 
o!" tne smt ,ke-drtc l ',. dent, the fish w:ts d'liberately smoked. 11 tropical0ii ame 
A'Irici in f A.. iit i '-ni kia matns oI fih prcszrszttion is extensively 
pra, t:,Cd. 

pr.i, 111,11aI i-.lui III,' kit t t: i,,I I t i,'led C - LenlIUriC I 111 %.alrIOLS parts of 
thC witi-, it ;.t, becn Jone ceiipirtall. atII, it i onl recently that the inechaunim of 
the. pr..,:, , htg elL-l it.! i.d the .I ivintage, and iimitations of current 
in ethl e1 - .Arip)a.-. rep ,ote the imethods and " Tli, Mr dNcusse of current 

idea. relatin to, fl! ,tml( kiino. 

2. rraditional nethods of fish smoking 

MN.th'.Js iII uLs vary sith hcal eustiim'., spcLie- of' fish anid proiduct kcping-time
de red. Thesei tnciiide hot mflkitg. tn,,ike drving, (.)tnbined -mokeisun drying, 
!tiling atti i Ike .:.n d- ,n:t 

2.1. Initial handling 

The fiih to be ,moked are usually washed deswaled but may or may not be gutted. 
They may also be brined or left unbrined. Where the fish are brined, they may 
either be Immersed in brine (70 to 95" Solution) or packed in dry salt for periods 
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ranging P'rom 5 tin to 12 h depending on the size of fish. fat eiit tent .l'dlocal 
taste. After this treatment, the h of thc ish may reach a ,al concentration of' 
Lip to 3 ". When the fidh are casilv Salted, a,, %%hen they are packed in dry ,at. 
they itre usually dealted by imnicrsioii in lfresh \xater for p.erods of uLp to 24 I. 

Witlher brined w liCd 0XYtr, surlCe onofr mercly in cxe, m,isture the lih 
is eva )rateul prior to the a:tuil ,mokc treatmitit l. expsing either t) the :1a'i o 

plrc "orprdryiny for a sh,,rt p-'riod at a low temper:ture 30 ( ill ll oen. 
Iull- , ',cc -\ipor:ttio.n mal ,ti'rom 30 min to 4 h anid it re, l l a firm, 
.hiu\ tur',lc-c,p-.:i. , the fikh hxl ben brined 71) 8I 'xxheiu c ill ",, ,,ill ,otlution. 

2.2. Smoke curing inits and processes 

&VAh i the ire slokcd ol 
plaed,1on w),odet slipprts. A sniotlrimg typ. firc j lit dircitl. below the rack 

Ill I11c111% oint'(ntrie, lIsit homll"Ile-mtlde: WoOden. slats 

and the liii are cooked, dried and ,moked for se\ral LayIs. Inl other methods, the 
Iidh ar: lid or huIg oil metl I grill over ,,htlfo%. open-top, cirCul,ir, cmlien or 
i-ltL struotures with lire and ;moke gcnerlted directly helox\ the grill. illI hus 
som' areas, the lish are cooked anid smoked jilnltan I LJ y, %vhil1c in other, they 
are cooked prior t.i e.posure to snok,. While I. ill-g or hanin,, oti erill, or i, 
Vooden slatS, the fish are normally arrargd t to ohtain.3ad tUrnd pCliidintix' a 
tt1iiiorm cure. Flue drying .rid smoking treatments inns last fro;) a few ho0ur,, to 
s,,veral vo:ks ill soiv i rit,,aice,. I Whenl dried for lonig peri 's, the purol)sC is tO 
redtce- tLe lish ii) \'vry low ioisttrc t prolong its kcpi ig qualitie.. 

Thee traditional sinikintug ,tructures Mlrid procedures, coimnon l., used in 
"~ are 

Fnhcre is, for : o,tlllpl. a.I n nre,tricted escapo of sniokc, heat atd moisturc from 
(lie opel, top, of lie grill support". 

dcxc opi, !Uo intric, . highly illlliciellt aid w\a'teful of energy and smoke. 

Re.entlV. attempts ha\e been Ilmodet to impro, onl the des,gn t,;" thcse traditional 
-.smoke units. . These desin, hflave, to a liiiiited c\te'irt. succCCdCd ill ircrC: xiMng tile 

volumtie of lish cured bitt hlvc not signilicantly controlled sch important factors 
asiLLhot Smoke fish curing smoke dellsitv, liillidily. temperature and air weocits. 

Ill developed areas of' Europe alid AmCrica, the are u,,ull. hcaWil\fikh .aIltcd 
before smoking. The smoking is uSIall. carried out iri oxlen with temperature. 
draught and smoke deisit, controls and the fish are normallk smoked lightly at 
iiiderate te1ip:ratture,,. I these areas, lot smoke curingi of l'ish for prcser'atlmo in 
uininportant due to the availability of frcezinL, :nid cold storae facilities : instead 
smoke is applied for the Ilaxonring it imparts to the fish. 

ReXent studics hawc imiproved our Understandinrg of the factors iivolkled itt hi t 
smoke f1,;I curing: this is necc sary for future improvencmNt ott any primitive
traditioimd techniques. These factors arc discussed hricfl. below. 
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3. Factors in hot nikc fish cutring. 

3.1. \Vood suitable for gencrating snoke 

.'t IIInIlk1 I'kI ,IMA! it im parts,i , .. l' t I'''k., I tk il' i h Ck..,'.IC
an v, ! t31'l.~tlt, , ,., !,.:I pr,l:,ct. S,:'t 1.,, !1-,"11de:Irahl'..' as it 

, 
iedi' \kltht, ::'-
lo' I. i, t ,t 13:,; eli t ohic~t[m>~ ll 't\.~al, 

I '"m';iaC,! t'.! i\ h:.': t~tc b1) ,r. thC% IrL i .i ieik Ie 

p ; ::.! ' i ,k '" r.ilIj \',h r m.! ! ,. rd o.k. tre ilti wii,'a pIIl. \ hiteIt,. 'I:l.t :1 p.,u.I ,;: 'ir.ih lt.. :a t. :ii\ . 'a K g.ix,1,;a.A l a b~rr ,il'ic'ltioiile 

3.2. MeItlhod (if smkIn nc atliloli
 

,. 1 iI. ., , kJ: \..r~: . .k.c: ,p! .. III lic Ui1t,-,! S lates, tlrcc 
-ther ,'.bari 


, t.:,AA t. , 1 1 ! I" A dl.~ 


In L\ . II,- Ln r.ted n dampen .I-
J , r .11 I lf: 1-1 <.+LillII! , l l. f'{1,,tile Ilicethl, lll . d k11 fI'I_'lt l 

i'. i t I "iiIk ' ')rk: prc,-liI tIe end or hir\ iol blockLrrii ,N% 
.t i , ' . ' .ir ipi. I 11'k I t .c'ilnom tt. nl thod of generating 

s% tk. i: .,r n rt,o: the- ,,rid. .:Ir, bUrn hard <o lIIIaI i- to ,t, a uiderimi , 
I ,cp: t 21121 -n: rat.,iru'-..whimh tii. r2.t,. kt . 2n 682 ndt )66 C.41) 

3.3. Smioke as a gas liquid %ssteml 

W\h-ii .'. ,,It., it', pati irt i, I t Large number k,: ctl-in l ,lo plcnyl
S i t .1.' r:c.'. ;, Iii,: LN, it lhc-t"ckIIapk)UIld',. LIuall', lie large 

ailical it ,,,: c,,n.'at I uu. ,I i s n,I xith colder air, k.-,lv 111W1visible 
I- . : tt r i12:I:q ii p irticl , tIh imorea ?K - tie volit:I e lractin re iai n, in 
the visr Uitr i.t lc e .t'. tiire',I re:. 111iUt I p-aIrtlh .tii.tit tit.rs. s pel

inii I:,Ilitli ,,ir c cIitIk:h c,tnC tII!\ttin an I! l li-eth:ir tlttit t gil,I hquid 

pa rt itioI() \'ei 

3.4. Composition of iood smoke 

Ill,:0lIp!,itiukm III .,wd ,!n ike 1w-t11%ciinilpie. It dcpenl,, on the type of 
wo )J,type of' Imok," er-di 'r, flh ',Jt itellt tL 1. c ' it lte%%,!Ld , temperat l e of coi
hustion and itIppl. .cid,, alcidi.'I .. cartnoni., and Iall other neutral 
ofnlIpOLind,, baeitiI.i hti dcntifid .-. tiuent, i -,'mOke by va rious 
t Lit 1 . ". ii 34. 
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3.5. Distribution of %moke in a closed chamber 
disperse ph'tse oF woodI'll- smoke has a relatively large su rlace arca compared to 

eqtiilibriturn bt \ween the particle 'apou r 
is expected to be reached almost installtaneouslv. 4 This means that, in a fixed
volume of' simoke, 11L. ',lp,)t1r ah,orh I by the fish tissue is rcplaced almo1st instwii
tanstl,2ly t'rn tie p trticle pihse. [ri practice, howevcr, it appears that Ih 

itsV lume and in su-h a syste ii vnd phasvs 

attainme'nt of equilibrium is not so lrst and at nn-lrini+'Orni dixtribiitilmn1 f car
bonyl and phenol coipownrds h. been Ahownl to exist ii .king chambcrs. 
This non-uIform distribution does not only occur ia the vc+rtical ro., 'ection 
in various sections of th: clamber as well. I'his distribUtion pattern results, in 
active and p.tssive areas in the smoking chaumber. This problem may b ovcrcome 
with goil controls :r mrllo.v. relitiv- lhriii lity. terulperat tire and iri the desiTn 
of" the smoking chamlher.' 6 

, bUt
 

3.6. Smoke absorption 

Experiment, by Foster and Si mpion13 show that snokinrg dcs not depend so nuch 
on the direct deposition of smoke particles onl the fish as onl tile absorption of the 
gaseous constitutents of the vaporjr phase of the smke. Tiis i' indicated by their 
finding that fish cured itivapotirs which remained after the visible smoke particles 
had been precipitated elect rostat wall\ were indisti iiliable in COIoutr, flaVour and 
keeping quality fromn normally ,moked fish. 

When smoke vapours are absorbcd by the tissie ina closed chamber, thefi,ih 

gas 'liquid partition equilibrium is disturbed. The eqiulibritni may also be dis
turbed bN ad mitting air or raisin the temperat tire of' the smoking chamber. In
 
either case. the cquilihiritm i,restored by the liqtiid phase releasing a part of" its
 
content inlto the vapour phase. It is clear fromn this that during smoking, it' tile 
more volatile coMponLidL, absorbcd b, tile fish are not replaced froill the point of 
generation, the vapour phase gets enriched withIles volatilc lhrrger niolectilir ,.ciwlit
 
compounds. In tihr connection it haN been observed' 4 that vapour absorption
 
is greatest when the noist rc content of [lie lish is high and that as it dries there is 
very little absorption. 

3.7. Smoke colour and it,,uses in foods 
01' the colstituents (1, wood omike, p!:nols are consiJered the most important
because they are believed t) contribtUte most to tile development of flaxvour and 
colour and to the genecral st.rhility of' tilesriokCd fislh. 

The colour of' a typically smoked fish i believed to be developcd front a not
-enzymatic interaction between polyhydric henolic and carbonyll'.2 compounds 

of snioke vapour with collagen of tie surface connective tissue. The belief' is that 
not all the phenolic graups in the smoke vapour call interact with collagen. The 
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phen )k involv,d Iltie rli ctii' , ;.re t.i2 large pih,:,d i..i'pouind's ( > 500 g NJ W) 
',,ith ;;iayi:ent to adjacent ckrlhigzn at pin)Itsiy,Jroxyl groups i k sites several 

through hydfrogen bond,.
 

The cros linkag.,s that result trom the i:)tereet ,,,i bcciiprotein :,nd phonyl 
CnIIp. ulns ailp.rt to ,urace 6,;Stc. gw 't bilhty t,, it. enymes, "ater ahra,,ion 
:n to ncroorganini,. Indeed, when 1imk c. arc formed. very ]hi'gehi 


i eontituent, of N\ooi s t13 i. themolccul.ir w iiht 	 ,1u,k l: ,pI nCtrtC tllaice: 43,
47 

.. e i,,e-h.irdening r,:,nt.,, A .,N t:,., tiii i *inlCilC.:'t \with til .: t., lert rl,...'i 

,Y!:1tihle . i1,t t I,,ii.,.. ,ln o,.k,!, llagcn.to the of h cah l or tII ii c! 
.:r on ,kin \vtitt.d!,r rI ',.1,-'.lIrd~n i vla A mc 1, -,,k I '. . : , 


10to 2)trim: hihcr thai n Inthe undcrl\i.., !L: hi
 

3.S. Snwiote-tla'our iid odour 

1 1;1 ,', 	ir Of t.. . r ,tiI, r 1 - 1 k1 ,>l, , accordlin t. l)au 

II f ,. , tt.t. , t o .lar , pr,21 piodu .ct " co l)ic 
' . . t'. .-"iI me'ilh i[ic'. rkt: t -[lie(3i "'' u Iti ,Irt'. phlnol 

I* ,[ c : "; () , . , ',1 1 : -,! I') "'!Itr !I , 0 )" I',' !1:1), t0 lt IlitC 1\ , ! 1 (Id-, r, ,li 

t: 1:i 0!.. n A.Oh.:., u:.c l i , ,I;i
:. ;i: t I' , e n ihcli 1:1,1k \ O,lCIdevrek o,lfli 

, c .t.,-i", i't :;ic ic ILI i - t , tkcJ1.. t 1ur;. : o ni p,,n-uii k 

f,:t ror 17 I 'in 

tre, .i_ tin.t the an h,- paper, 

,r,', h I a Cthe :c the ked producl . By presiig 
N f i p. :p'r :La ,,rla,. , , irid ti lop Il l 

-
.hrm,.::r:p 5 %%;tl 2.6 Jih~ q.n ) il)t~ d .K urk(, ,Ati0)n.,\ll 	 - 21f-,.,nd In1(t] 


," , i, o r T': . rl'iaec ()ot!1: - ,,k..priditt LIp t, 4,9 I]. ShC\anl' 
) a' 1,,),tr ' at 1dr!z,:c, ,n<int'heIle,:).t c, tl.e 6.25 initediarely 

it ' I , :itthe ;itrc ,)'the 1ish fil!Ct. luck .r4_I 1 ;11 fi11d 

I7 p ' .i	_ ,.,. '.4-met>' I g .i,:cola:,d -:.rizg.,l t2,ti 'JimitI,.,,v pleat I) hisve 

",n~t L !.'.n,! ' .l .,(-kC vapour pl~a c.)): ti' m '.j, p :,:,.,!. %M, 

' 
n t1i 	 nt\V I -rl. )u i :ini: p';, !- ti) h_ prcu liLirgct ink1entrations, 

in 55oid 

"nrik c lIlCl't.. I ' .itpl Ilh ,Lubcu ,:Itl%\i ,%cd tll:t tilt.t'slal w.'k had a 
;i.)rc !n )ky-t,.,te whiil: the 2,6 (.lint_, . .-phcnol or .rmgo, had ;a"III)ky-Odt~ur. 
D) -[,1n'Im!lar Iv Ih, .'e.1 re ihr i p'ak unidentifiedt!h gi, ,.t rafh of three 
p',e lic ,nd' . ' ,rur ird tst. l'ke WVa-.crmanll4 he l)undc.an r..,,. sv. ,Ith 

the COmp,)und5 a"soct., ,ith "',,roke :ured'' odour and the remaining 
two a ,,,cia ted with "smoke curJed" tzat. 

It is clear fram th,, di, isui,- ioti that the ofliiric. ,mokmg pr)cc, may hed the 
dietermined by the rChtivC ,.intrihtit;uIut ilavour and colour t'rming ciiiupitinds. 

lbe absorption of tlese compou). we have riot(d, Is,greatest when the 
moisture content of the fih i,,lugh. Thi siuggests that the fish mist not be dried 
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t,o quickl, to eu.lhle the greateo~t aiouat of" Vapour constituents to he absorbed. 
It ikso rnl-inln that the Initial snmnking temperatkire nust lot too lighl cauleCto 
rapid drying. Clearh, apour absorption will be fav ired bv cnditi ,us of high 
hulidit , and low temperature. 

4. Th effect of hcat on smoked fish 

Fish smiloking doos no0t oll1V i lviI\e exposUre to smoke, itAso ii osk,:lo dryinrg anld 
b lkinlg as wll. In d elhped conitrie,,. fi,,i d principally for tlhe colourar:,:n 

andl lavour the proce, s imparts to fish. Iideveloping areas, en the other hand, fish 
are sniok:d pri ncpilly for prcsrvathim. Whatever the aims f'or .mi kilrig fish. 
riley ar. b.-st served by CeXI,r'lg t) ,orlle degree of heat whichth': fi treat ncnt 

-helps the development o: bth fl:t. ,irand colour. 46. 

4.1. Textural problems 

'rhe drying, anI :it t Ci Ii., lit c:r.lselmet. buk~iiig whieh t. textural problenms 
in sink-J lish. By text-re is neant the retenti u of good nmicrostructurc of fibre 
an -Ilbr subttnc 'rssd illterms o1's,,ine.,s, .uicirnes,. fibro:sness and gl!tini-
Oo nleslls.6 This is I r 'ta utwith respect to reconstit.iton aibility of the drv fikh 
wlich rfct'er the t) which ilh:dried ilhi fibre returns on addition ofto e.tent 
\v.tert, to t it lin tliiin, iidlhable f'rom Il ti ndried fibre. This depends ol the 
struturi-Al ploo.DeTr f , or fiblr, COtllrnee'l'- 1'-":It Ve tissrue. 

As t li,hih drie icil.l;r Se\C\e h- i' n!. t h: iicreased-J con ofh eit r.rt cntratiiii 
It sltIl le - 11'li'"uIv te:ntor- it, .'11. Iri i uliirilt, iea n[ciit tfitt lir . 

It ,.r, co. collagen .Htudhe,,I hIund tai there .. o'eradAtiO;a of :rale:tivC tiSsue, or 
e *e:i.olly 0! til:skill, t, .' elntin ,11.l other smaller peptie f'ra-iminents. The fi,h 
I:,' i:i.t I ti_,,ethrc n thehn Oti:ti\, and breakdown of tie l ,tr'.1.id 
r-nltar r ,e1li s l'tin I li e i,i reak rp.m; ;i:tndli,. 

rbd iuent, \w lliSince i h; ,lmtk; ni.\ er is lIt'il, fish surl'ace ti,,ue 
proteins umner mild heat condition, I Corm :ifirm, .aible surl'.ice. 41 it wld 
app:ir atg) ).1iniokin_ pr tilc to evel.op this firm outer tUrface bf'ore ri ,ing fhc 
hait to d.V t lie Ii\h. 1-tin''2 recvn mendls that duri n,, the inokiig pr:icess morc 
snak.e aid Ics, heat ;ii:i b. vaplied in the initial stages. 

A, a gen4eral recoiinnc:idationi the FAO. 1 i howes er, statc that tlie jlitial 
pre-drying mast be carried otit and un.ilinl SO C onta lned at for 2 to 4 It, dCpCndilig 
tli,iz--of fill b-ing cured. For the f'ollowing 2 Ii, the Leminperature nliust be raised 
t,)betwen 90 ail I I0'C to cook the flesh. After the cooking. it is recoll
in-en4ded to retturn the temiperature to1 SOC' for the rest of the si; drying 
process. 
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h: himtx..Cn 32 ori 42 C iTltpmivr in o M~; drin' Ah riMtualCe ASthr 

)tiiii tcIlate b1ikirie pruic.. , beI to result in. sorne 
ILi' uilWcii, inal: ctj*ct'. On, thel '.1itked IItxduetC. Iuhis 01ne-liion ppar 

I22, ith lDnckno'rlh ida W,), J.iL~tr't 1  M%: I'nd thait \erleproteins 
I td e .. 'C- ( tir. ' I -.. i riti*\c' %iliie "i lxi ed to) this 
t~tne~trI, i': -n thzc !0,of'. tetht o' its priterit. Iilevy and 

uiu111i\t'-er I he' foUnd t!ii \Litti dCI re itlilTet the ill ltn digitibility 
of~ ~ ~ i ~ ,:J %%i %eti Hoei.Y.iv (1 .'P,' \orkintc'.\.~rdc;d. %%urh 

ililet, jhe\e iii Nct Prct ipl toiteleh'eIe litih,'.itimi iNPt) 
05 C 1kit Nct Suiphijr Utiliitin tNSU9 -.uff..Ird '10111L. loi''es at t~ns temlper

atuari. -cii 2tIN ocduh~rdae i oe iZh;Itin11and Siilplwr LTII 

I-.:. the itt' t ILHandInt .Into:, Icidl inl fil i'. tIM o iierd S i. to he the 
li , .1 Lld: :!im, t2a.! A ia rp.trt otii tiC Ii'.C' itilLltLIlv tesuilt fromi 

rkcu I* the c-aptnno e.rOUp %'.:th redULIng cirhohydratis follo\\ed by a series 
of r~trrnee nd !itut.rti-n thait ledo to hr' -oordpolymerv and 

C\~lit;Ltot *lx'i- trre to, eoALetl~el aS nol-l'-INrh' Te~erceiii>k+ 
mi. r r'.j,'a it'.n to, 'a '* itnk''e eh tre.rcr\Iihr, e 


['liitto !iCVecal. lt and I Vt
ire, titerolc 1iC neudz 

Gr: ri 1l , no repmied thit men M tbe *RitMC4f the NUNNlar treation. 
hieitine- :lon:\S ie- toorender I'>;e av~iliblo. (heni '1id lenr&have 
reori~d1 -14 ",~1,,,,l >! A'tcr a Mi ht c\poLnre oft bee? to %%ootl sin ikoL 
Kulirt Adm at 65 ( Or 1) hi. ov the wor hAnd. caused a to .' f 15', in 

avilite vine. 'Ihe-o rc-:1t, id-.1ie t!' it ii I chin'iint: mnae citCnIl for 
o;leti 1;1e :!to 1a. -,C )Ii eI pr'dt'd kl,I. 

r!,, rate it he fi iapr tii ni,'. bIL I ei'dCrd it;Pi'-11LH - n a\ depend on 
thell' ' t ure *iC t !t %k'Al tIX 1c h ar-, (i*.ed. -1hiS ia ide(iL Aic! hi. the re-mlts 

: nd I :(tI:!1 x i adIf' I~ex I n: itI -- io L~;c'0. mi .t rc i i Sife itr 
L-!.. rl !, peak %aheat NY11,RH-wvt I a A "ull)unroe-F 1. a1ai.rr 

I,.~itK '-~mi.: dry' trie L: h/ t ail " iiirly funild the rate of 
brownAng;a a p: t-'o'p n' ivn iint hr a~ pak xvi' at T"'', JIM aind theireafer 
fuin-! Li'in--ron ( al.- -%: 1 !'-, It- oteittit A' ivine. inithionine, 
cy-trie, virginile, In tiic and i pilw cii! Am":- tilfill'a &e'l.Araliin to correlaite 

i.vel s'jtl imeal rnoist're in'd eo tvtap,-riture.Viytratin outlk 
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5. Preservative action of wood smoke 
Smoke does morc than provide desirablc flavour and colOUr to smoked produ~ct',.

It contributes substantially to their preservation by acting as an 
 effective intio,(i
dant, rnicrobiostat ic and nfijerobiocidal agent.
 

Ph.-nnl are agiin reported by Kurko- 2 to be the effective a atioxidlit., ill 
smoked p)roducts. H.- Ioiunj neutral compounds tadcolmLk. -irh 'liv!), r-lanic 
acids andi.h,es in frcetlvc as anitioxidants . The !uhihoiiia phenriI. ccl''po"Ci

of pyrogithai elliers -x.-re slighitly more cffe,,'rivc titan lovcr hbiii Lolie .
 Foster anld
Simpson,"-' hawevcr, himind no diffu-rence Ii anti-xidant propcrties, ci nort-

In illy ,moked prod tICt saw t1101. I amk2 withlig tc 0it : ter
ver ii hoili 

pjIj1Iwo i1 r.-si siisan tar,; wcr- rem iv, bye~tr~atcpeii~mi n

smipport or [h it ill ] )t,.-
 e'aa ' if i
 

surt.t ;ns.L- i', hId 1r\);Lrvcd iosv pruo ide xa i!)~i thle
:ii.i vc rv 
somrilace zr-tc, )I' iija~d b--o21. in 1),iM~teIitt: Illoked ion.,, r'efi\kte 

x'' ~everv hieh ti il i oe'c.1 ie- li~ihlc wde~v a! -,1,1 \t.; V )C1;w I 

Ithe. [urT~TCC m-. 

(icn!,rlk- .~ip~eti'r f,~kC-x-t;ip!-, : .~ IJitevt. 

cr~'~o:. Ic ~t~i.eti~.tuut';:rif ,i.:t haiitei;, ti;mt, ()I
chih cn,:.li~t2a 

viru~e, !Kiw a ,oltemr~i~"".4 h~ eut;,ti''r u'oc1er the1y 
1h.ve )X 11 I t Iprevent ,I) ire me:iuto~oth h. teij a, teiilJ iO tiw 
.L11 eel 1on;ly iuh: 'u1t ltw oftiite % ran -~ ~i,"z. ~I,! , *t' 

S!11,:.~ .1tike C mn tli Cuit2 ;a theiar' con" ratcd -raeJavcl-., mhrnt -
rIbjil. %\itll a Ik)[l~ Ili IlIL ~ii-~r, r clily,:,:[ht11ib 

tin;e mam aePcLCidllWle I! (;I gut) ' j;*I 11N IN \ . h,~ t tilcft 

6. Woom~d snifelkv and cetreinogens 

whlich Ine c i thi. ,, of tyo~ ol ll,,neri I-, fill 1Lic cin 'r 1)t, 4t. 

pyrettt0. hlloirarinthleiie. ttiptteilyfelle amid -)ii laiiih L latITcI~ 

have been recordedt ill lhot 111t kedtl i.jj411 
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"Ir 01)*11pnu.Ii I Lii thc: oruimn3.4 bC!I7,1 jpvIenIC IIIn O 
.~ ** ~ uci lv; rim turg rnk- At ;t low~ lonlp'riturc (400 0'. 

u i2ii 1u~t1,:lh ti%1: d.e!ecid 01- III 111.uuI-erig type uk . 

S !I i LI V'itito ;i )- !:.1 it: .iid tmi[N L~crae ~ acrcimsin ni'I urc, 

c.I,, 'x t)~rie Clvt '11 k' hd.C. to the e\tculE 111j 

;!,,. inp: r.t i t Ie ceuLdIx Lifli' c~c i i it' 

* .* ~ *~~p*n 
1 rI Il ii i 'pp 'ien thit t.- r . hr 

k ~ ~ hhml r.'' Fo rn!I'Lp 
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