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Abstract : This review discirsses the use of direct wood fire as G source of energy and 
smoke to dl-). and prcserve fish in the developing countries. I:: covers various treatment 
and handling methods as well as ihe physical and chemical nature of r h e  smolce. It 
points out that: the present traditia~tal methods are irreficicni. a.11ii wasteful o i  cnergy arxd 
smoke a13 cites attempts made to improve on thela 

It discusses the dctyan~ic equGibl-ium that exists bctwcen the particdate and gaseous 
s ~ i ~ o k s  fr~ctions. The compounds jn the gaseous fraction are sta.trA to be more directly 
involval in the development of colo~ar, odollr and flavo~lr while those of the particulata 
fraction serve as rese~voir.. Phe::olic comprt~!nds are found, to be partic1rl;~r;ly active 
in the srnohng proccss- 

The n~drilionai a ~ t d  Ixeallh efXecl? of the use of high tcmporatr~res in the smokina, 
proccss are also discussed. 

1. Introduction 

'The riw of direct woo:l fire as a source of energy to d.ry fi.s!:, dates bock i ;I to history. 
There was certainly no  fire without smoke ; :IS the fish dried i t  also became 
~,rnoSld. It is belisved tl-IA~ as t h s  special organoleptic and preservative properties 
of the smoke-dried Lish barlarne evident, the fish was deiiberately smoked. 111 tropical 
A.frica a n d  Asia. fish :;m,.~icing as n rneans oi' Lish preszru-ation is extensively 
przctised. 

'Though smoking has been pr?-ctised over irlany ceili~iries in various parts of 
tht3 world, it laas becn don- empirically ant: i t  is only recs~~tly that: the ~nechanisln of 
the prucess is b3ing el.licidaled ancl the n~lvr!uf-ages and liir~itations of c~irrcnt 
ra-.t%ods b-i~lg &;]praised. This report discusses some of the c u r ~ e n l  n~ethods and 
ideas relating to fish smo!iil:g. 

2. TradirionaS methods sf Ffsb smoking 

iB/.::thuds ii.1 Llse vary with local customs, species of fish zr,d pr9cluct I,-eeping-time 
dcsired. Tbesc include ho t  smciking, s~r;oke ilqrjri~~g. cornhined smokeislrn ciryinu c T 

bnili!zg a n d  stxoJce/sun dryi!t-.ll 

The fish to  be sinoked are ~isual!y washed descalcd but may or x a y  cot be gutted. 
?'hey may also be brined or left unbrirxed Where the fish arc Irrined, they n7a.y 
eithsr be imlnerscd in brine (79 to 95% solntion) or packei! in dry salt for periods 
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ranging from 5 mi:i to  12 1; depending nlz rhe siic of' fish, Iht ch)ntclzl ari l  local 
Ea.ste. .t\ft:er this t r e a t ~ e i ~ t ,  thc flesh of the fish may rcach :t salt concenii-ntioj~. or 

' up to 3 %. When ?;b.e fish are heavily salted, as when tiley are packed iil dry salt, 
they are usually desalted by inln~ersio:l in fresh water. Tor pet-iods 01 u p  to 24 h. 

Whether hl-incd r;r merely washcd i t 7  water, ixcess s ~ ~ ~ f r t i : ~  ~?i.oisture oil thi. ijr;h 
is ernnorated p r o r  to the actual smokc treaimcnl. by cxposirig e;!her to i!-rc ::tfi,il-:- 
~!I::Tc GI. prcd-r\fi;n for a short period at a low li.rnp:ral:rr.c (:i03 C )  in ; I J ~  0vi311. 

This su~-f:tce exlapor-.:~iion may last li:urn 30 ~ n i n  to 4 i! and i t  r:.r:~tils in lir!n, 
shiny s:lrlhce e,]~zci:~llj when th- fish txa\:c: been brincc! in  XI) to 500/:: sa!t solutio~l. 

2.2.. Srrrokc curing wits and processes 

%u many developiilg countries, the -fisl-r arc sru@kccl on liornc-~nacle srooi-len s i a~s  
placccl an wctuclca supports. A srno:~idcr-iog type f i re  is lit. ~.lirzc~ly below ille rack 
and ihe fixh arc coukecl, dried :~nd sxilokcd for scveral days. Tn other m?~~hocls, the 
fi;R are laic1 or h a g  on .metal grills over- shallow, open-top, circular, e:\*.tl~en c.1~ 
r-r3::tirl str~rclrrres will1 fire snd s~uoke generate.l c!irc.stly belovi t . t ~  91-ill. Thus in 

. . 
soas areas, the 1 6 s  are cooked all2 smoked ~ln\uli~~incolrsll:i, w:.lile 111 others they 
arc cooked prior to cxposlrrz Lo smulie. Whilc lyii>g or hanging on grill:; or 011 

wooden slats, thc fish ate normally arran5cd and turned pcl.ii>clical\y to  obtain a 

nniforln cure. The drying a.nd srn.c>king L~:eafli~c'rlts ruxy last i'ro~rl n few h o ~ ~ r s  to 
several weeks i n  some insk<~i~r ,cs .~~ \V hcn c!-rieil i'.:>r jong perioc!~, the -purpose is to 
reduce th.e :fish to ;L very  lo^ mois[.ur: f:> prolong it*; kzcping i~ualilies. 

These tradition~tl smoking struct~lres and procztlurcs, cornmor~l?; [~scd in 
c'leveloping cor~otrics, are highly inerTcient ani: ~rastc; i~l  of energy ant1 s r ~ ~ o k e .  
'There is, for example, a n  u~.~restricieil escape oi' smoke, heal ;iltd itioist!.rre S:-c:r~l 

tlle. opcc tops of the grill snpporh. 

Recently, attempts have been made ti-) ~?CJ?IOV!: or), 1ll.c dcsig~i o f  these tr:~i!i~ionai 
srncke units.".f Tllesc designs have, to a lirnilcd exir-rlt, succceclcd in incrc:isi~tg i . h ~  
votnme of iis11 cured but  [lave not sigiiificantly contro~let~ such i ~nportam [;~ctors 

in hot smoke :is11 curing as slnokc deiisil);, humiiciity, icrx;peratl.rrt: and air veic.)city. 

In clzvclopecl areas of E~rrope ant1 America, th1.c iish i~xc t!su;fily I~e:iviIy sa.ItctJ 
Ipefore smoking. The slnoking is usu.ally carried out i n  ~)-\~er!s~ritk tcrnperature, 
draught an3 sin,oke density coiltrols and t.he iish are iiorn~ally s.n:okcil lightly at 
moderate te:~~p.:ri:itrbes. Ln these areas. hot smok.c curing of Fist1 ior preszrvation i:i 
~rnimportai~t due -to the availability of' f~:i--cezing and cold storage facilities ; instead 
smoke iis aj3p:iecl c ~ r  ih,e flavouring it imparts ro the fish. 

Recent stu.dizs lrzvc impro.i.ed our ~ntlerst2~1ding of the factors i i ~ v o l ~ c c l  in ho: 
smoke :fish curing; this is necessary for . f~~torc  imp-wernenis on itny priiiliiiwc 
traditioiml. teclmiques. "These factars are di::ctls!;.;d briei?y ~ W ' I D W .  



3- Frretots in hot smoke f sh curing 

3.1. Wood snitable for generating smoke 

Generally, resinous wood is not rccowmeniied for smoking fish because it imparts 
an unpleasant flavor~r to the smoked prodiict. Soft \i700d Is also ~.tndesirable as it  
produces too much soot. Best re?:ults are generally obtained wit6 l ~ a r d ~ ~ o o d s ~ ~ ~  
Tt is, however, recommended tllat zl~ey be tested before they are- used as some 
of tlxetu may impart dark: colours and  biiter taste to t h e  s;nt>kecl fish. Maize cob,'" 
sugar cane pr.:lp zucl coconut fibre1 arc some uf i:i: :ion-1-esinoits rna~er-ials used 
ill fish smoking in some developjr~g countries. 

Bxperilnent:; in C:ani:cLa" indicate that white fish with a goctl flavour may be 
prod~tcsd fronr sn~oke  gezeratcd with red maple, red oak, t-re~nlsling ;lspen, ~plfite 
ash, balsam poplar :\:~tl birch. Diamond willo.~%-  nil hwr- oak, gave o.&jbjectionable 
flavours ; hickory vvoocl was lnargiilall y noceplablc. 

7.2, Methe& o$ s~rtok-c geracration 

Methods for gcncrating smoke \(;try fs;rl~~n plaie 2v place. Cn the Unitccl States, three 
nletltods are in useg -- s.mnlrc ma:; ei-ther be ge~icrxted Iry burning c-lavnpcned 
sawlust, or  by ljurning dry sawlust continuously, or by rlie method ol'fsic.tion. 
the lattcr rnetlzod. smoke is 3-aeratecl by pressing thc erld grain or- flal.d~voocl block 
against a rotating carbide-tipp~d disk. The comrnoacst rnettiocl of geaerating 
srnokc i n  other parts of the world, howe\res, is to biirn irardwood ill a smouidering 
type aalxlc at temperatures \vl~ic?~ may rcilzh bzcwe~n 682 a n d  96VC.40 

3.3, Snroke as a gaslliqoiil systea~ 

W-ileo wood or any plant part is burnt, :r Iarg;: nurnber 01' crlrbon~J :~rril  p1le11:yl 
c3mpuula(d.: arc relersed. The lcss volntili: of these c-or~lpour~cls, us~~ally the large 
!nolccu!;tr weigiit co~lapaunds, upor) mixiog \irith c-oliirr air, contlcnsc into visible 
light scattering llc~uid smoke pariicies while tile more \~olatilc (r;lctian rema.ins in 
thc vapour sta.te. 'rhzrc exists, therehre. ~niuute lighl scattering prticles silspen- 
cied in a rllediurn of air ancI invirlci b.12 v apour\ which together ~ o n s t i ~ u i c  a gasjliquid 
~>a~-ti.tion ~gsleni .~3.~J 

3-4. Cumpusition of fuood smoke 
,. 7 Ills cornposition. of wooti smuke rs 11ighly cornpizx. l t  itt-pends or1 the type of 
LVO(XJ, type or snloke gencraf:or: rnoistnre curitent of the wiicd, sempel-atrm Q ~ F  corn- 
I>usiion and on air supply, Acids, :!lcliiliils, carboliyls ant1 trrarxy other neutral 
co~llpou~ads have bee11 idr:nt?$e:! as  cunstiluect.; of srnnke by various 
XLI thurs.'S17.J".3QIH 



3.5. Distsibutioj~ af smoke in a cfnsrd chamber 

Th- dispzrse phase of wosd s~1olr.z hxs 2 relatively ia.rge suri'zce ::rca co!nparei.: to 
its voiurne and irz such a system cqoilibrium hetv,reen tlrc particle 2nd \:;rpoi?r phases 
is expected to be reached almost in.sta~ataneausly.1" Tiiis means that, in  a fixed 
wolumc of sinoke, the vaponr absorbed by t11.e fish tissue is rcplacecl a ln~cst  instan- 
tanzously fi-om the partic! phase- In practice, hswever, it appears t ! ~ . w t  ihe 
attailmlent ol' equi:ibriu.m is not so fast al~c1 a notl-i~nlfc>r!n distrilvution of czr- 
holly1 :tnd ph.cno1 componnd s ! ~ n  s been shown3"~ exist in ;moliiixg c!zambt:r.s. 
This non-unii'on-i~ clistributioa does not only occur in the ;lertical cri).;s ::cclio~i I-,at 
in  various seclioi~s of t.h: cha,mber a.s \.*.ell. This clistribution pattern ~.e.u-trlts ill 
active :~nd passive areas i n  thc smoking ch.z~ni?er. This problem 11i:;.y be ( I V ~ T C U I ~ ~ C  

with good controls ov=r a.lrlfow, rzta.tiv,: lurnaldity, teil~pcrali1r.c: and in tl:c desjgrl 
of the s m o k i ~ g  ~harnbcr . '~  

3.6. Smoke abso~ptiou 

Experiments by Foster 8ild Sirnp~nn'~ show t113:- slnoki~lg tioes not depend so ~ n u d z  
on the direct deposition of smoke particles on the fish as on the absorplio~l of the 
gaseous @onstituc!~ts of the vapmr ph.a.si" or the smoke. This is indicated by their 
finding that fish cured in vapoerr which r:mainccl arter t!le \lisiblc smoke .particles 
had been precipitated electros ta!-ically were i r~disti r:gui~hablc in colour, flavolr I- and 
keeping quality fro111 I ~ o T , ~ " o ; ? I I ~  sm.oked fish. 

When smoke vapours are abxorbcd by  the fis!2 tissue in a closed cllan-rher, the 
gas/liquid partition eqlrilihrium is disturbed.. The cy~~ilibrium may also be dis- 
turbed by admitting air or raising the temper-atur-e of the smol<ing c11,amber. In 
either ca.se, the equilibrium i s  restored by the liquid pha.se releasing a part of its 
content in-to the vapour pl~ase. f t  is clear from this thal during smoking, if' the 
more volatile compounds :ihsorhed by tlre fish are not rcpl~cc(.i fi-cm t1l.c point of' 
generation, the vapour phase gets enriched wi t l ~  less volati fc la.rger molecular weight 
compounds. In this connection it has heen o bservedN that vapoilr absorption 
is greatcst when the moisture content c?f the fish is high and that :~s  it dries tlzerc is 
very little absorption. 

Or the constituents cf ~ 0 3 d  C;XC'.~E, ~II:ILOLS arc considcl-ed the most i ~ ~ ~ p o r t a n t  
becairse t,h,ey we  believed to coutribute most: to the developinent of flavour a.nd 
colour and tn thc geilera! stability c?f t3e smoked fish. 

The coloim c;E a typically sri~oked fish is bzlicvcd to hc deeloped from a nou- 
enzymatic interaction between pdyhydric ph.e~:olic~~ ar?d ~arbony1~~.'3 compolllid~ 
of smoke Yapour with collagera of the surfzce coniiecti.ve tissue. The bi.liefsi;; that 
not all the ~hznolic groups in the smnkc .va.p,?:lr can intersct with collagen. 'Flxe 



phenols involved the rcactiorls arc the Luge plrenollc iurnpouads ( > 508 g M W) 
\wth suificient ilydroxpi group5 to llnk L~cljaceu? ialLLgzn sltcs at seve~al points 
through I~yydrogen bends. 

The cross linkages tha.t result from &!re iutzra'~-dm: betweeli protein and  phergl 
colxrpoLlztds impart to  surface tissues grcal sj-.abiIity to !!t:8t, ci.!Zy~nes, wzter abr-csiou 
and to. !nicroorgaGsmr. Indeed, when ti:cst 1.ink.n~es ;lie formed, very large 
lno]ecular weight c.oas;ituents of wood snl:l;.ki: illay f&iI 1.d pc~?cfrafc the s~1r.fzce:43;17 
A case-!~lrdening effeece results, with che sub-s~lrfirci: tissties 1cl.t :r~:s:noJc-d and 
s~scep2ibJ.e eo tile ctrects of !lest such as g.Iati:i!~s~i<>il or thk:; Isl-ea~kclown (1; csl!agcn. 
Tilis casn-hal-.rl;aec! layer on ille &!'a ol?e% s!;l.?~s final va1r:c:; for smc~lcc constilucn.ts 
13 to 20 t imes higher than in the ander:ying flesh.' 

The overall odour a.nd -flavour of smolrcd piOd?it;t~ a.ce ~rea ted ,  ~ C C O T ~ ~ J ! ~  t o  Ua~lli' 
by : (1) fi:od constitiret~ts ctra~lged d;l.i-ing p~oc-ssli:g, (2) pr-oih~cts oi' colnbined 
foocl a;,d inlokc corlstituents : ad  (3 )  1~1tc3;r;binz-3 ?l-nokc c.anstituents. T i l c  p!:enol 
ii;*ction of' the wood is believed to contribute :nost to flavour. a d  oclour, ail!:! t k  

iat;~j ~~) : l t l ; ' n i  of fish has ofieil been :~sed as :~n iil~icr; of iiie dcgrcc of' fisl: 
s i n o k i ~ > g . ~ ~ . ~ ~  

Ax~ailable ebfidcnce indicates ~'ir::t mas'; of the Bavoilring cornpon~:i~ts of  smoke 
::.re to be ii,und or near the surfacz of tbtf smoked product. By pressing 
Ha014 trcated paper against the c.~rt surfiLccs of ~zilsages ticveloping tllz palser-s 
chromaiographica11yvi'ith T,6 ciich1orog~lino:lc-i!lloriniid.e, 1C~1rko"- founc! indications 
or j>henn!!; o:~!y a t  or ilear I!:c surface of t?ie sirioki;d p ~ d i r c t  up to 1.5 h .  She\+~il.I5 
For.ind 69 mzO/, total phcnois at the ~ ~ t 1 . t ' i : ~ c ;  16.25 rag"/, ~ I I  the Resh i~rr.rncdiatel~ 
(-rzi:tv,l tiii,c .;~lrf;ice an.d 2.13 mg at the cerltre "f the fish iil!c-t. :lhclcerd7 ;I lso found 
ptli.n::lic ~o:llp:)ui~ds cc-\nccr\trated at the surface. 

'Ti,c p?:cno!s guniacn!, 4-n:ethyl :;c;liaco! anii syringa! 1'2~6 dir~:etli.osy plicnul) iiave 
bccn t'onnd:" !o h- t!-LC :n;ijor plrer~ols ,sf wood sinoke \;::pour pilasc. 
Wassermcili";! ~ ~ ~ u i l c i  i!lc :;ail22 .pltenols ro be preserrlic largeit cun.c~ntrsl(ons in woaci 
s jwke  condensate. Taste pa~~ellirig sirbsequei~tly ~ h o ~ c d  elat llle g u a i a c ~ f s  had ii 

n1ox-e ssmok~v-taste wlliie lbe 3,G di~nzthoxy-phend or syringol had a srnoky.-oci!~ur. 
Dsu!fl similarly observtcl three gab chrofi~:ls...tiigrc~pi?ii; 1reak:s of thr.ee unrclenLil;lcd 
ph"no[ic cor~pouficl .: ; IFSOC~II~  zCI with o d o ~ ~ r  :~sd tasre.. i.,ikt: W x s e r n ~ a r P  " h e  f i)ki~~d 

. . .  . . 
one of the corrl2our;ds :issoc..rr:;cfi i:;~t!: " S P L ~ < ~ ~ ( :  cur'.i.di' od011r and thc rezi;awrng 
two ass0;iated with '<r;rnokc cu~,ed" task. 

It i s  clear Cj:em ihi, disc:.mian that tili; e%r:ieo~:i of the stn.sking process Irr;+y be 
dzteri13ined by tli_e relrltive ~lt;'1xtri'!b~tti~31 ~f ~ C ; I Y C ~ L I ~  a i d  coioi:r fo'ormir-1.3 ccorngvunds. 
"The absorption of those co?npounds, we have nt~red. is gre;it.est when the 

.?<. 

.tn.;ris'iurc co3,tent of the fiih i s  lligh~ 1P.i~ S~g,&Sti  Thai the f is t \  rnp.ks2. no1 be dried 



to<> cjaicl<ly t s  enzblc Lllc greatest m o u n t  of uq~onr-  consliti~ents io b;: absorbed. 
Lt also menlls tilai 1l1.e i~litia! ~i-ti0kin.g i.e!)ipeTature must no! bc tc>o ?>igh to causc 

rapid drying. Clear!?, vaponr aS~o~-pii.on 1%-iii he favoured by c:>nditions oT I?igh 
hpmidity and l ow  t.c:nperztr.lre. 

4. The effect nf heat o-rr .;moked fish 

'Fish smc?lr;ing dezs not on_fy i.nvol\;e ex,pc?os!ire to s;l;oke. it also il~\loL\:c:s tlryjng !iiJ 

baking as wdl. 111 cleveloprl countries, fish ar; smoked pi-ii~ciplly for LIE color:r 
arad flavour the process ir:lgarts to fish. I n  dcvclopi~~g 3ri':rs. cn tile othcr !land, 5:;h 
are smoked principi!.lly for presei~:~.tinn. Whatever the aims for- snluking fish, 
they ar- bzst served by cxpnsi~~g t l ~ e  fifts frr:! some degl-cz of  heat t.reatmeni wliiclr 
Ilelps thc dcvelopmcnt of' both flavonr. and c ~ l o u r . ~ ~ . "  

. . 

4.I, 'B"exttrraI problems 

? 3 I he drying, all3 a'; tirrazs the, ba.8jng which f ~ L l c ! ~ s ,  oL'i:en causec tcxtura.1 pruhlerus 
in smoked fish. By tcxt:urc is 1nca.r:E t.Jlc r c t e ~ i t i o ~ ~  of good mici-o:;~i.u~t~trc of fibre 
arrtl fibre substance expr~ssed in Lerrns c?C s(;,fln.ess, juiciness, fibrolr:;ness nnu'  glutin- 
ousness? This is inxport~i~t  with rcspecr, to rccol~st.it.utio~: ability of tlic dry f is l~ 
which refers to the exterrl to which the d1:it.d !is11 librc rcturi~s. o n  ~rclr!ilion of 
w;6rater, to  a state ind istira~oislaable f~:o~an (:he n~tdried fibre. 'This depends nn th:: 
srr~~ctural  properties 01' collagen clr fibre. coi l i~cct i~e t.issue. 

As the tisix dries under exccssivc 11ea.t tl-eatmcn,t, r.lre illcreased co!lcent.r-ittion t f '  
tissuc solutes m.ay c!ena.turc i t s  prote.ias. Ind.ec~i. cluring h.eat trestrne~tt irf'  fish, 
Hughesm h u n d  that iilere was a :-Ezgradation of' connect.ive tissue ot- collagen, 
esp2cially of thc skin, tn gel.atin nntl oi.her smaller pcptide Srngrtients. The fish 
flesh is 11-zld together by c;>nraective tissue and the breakdown of' t!~c la~ tc r  b l m ~ i l ~ !  
rcnder the fish soit and 1is.ble ro break u.pori !?an:!.li~~g. 

Since absnrhed smokc c.cns&itucntc ma? cross link with- fish s!~rfaise tj:;s~~c 
proteins nnder mild heat corlditions to Corn? a. firm. stable surhce,"' it wor.~:d 
appear a good smoking practice: i:o dzvelols this 5x0 outer surfacc bzrore raisirrg the 
Ireat to  dry the fish. Ma.nn3"recornmeiads rh.,zt during the crrrokino, Fi-c?ceS:; more 
smoke and less 11ea.t irlust be a.iy~lied in the initial siagcs. 

As a 3m.eral ~recornmei~dation the FAO,': however, states that the "initial 
pre-drying li~ust be carried out: and maintained at SO"(: Tor 2 to 4, h, dcpe:ldi13g on 
the size of fish being cured. For the following 2 h, the temperature must kz  raised 
ta between 90 and [ 10°C to cook the fleslx. After thc cooking, it is recom- 
mended to retusrr the temperature to 80°C fcr the rest of the smoke d r y i ~ s  
process- 



. . 
F o ~ t e r  ;r:l.c! Si~n..pson'~ are ol'fili: c;3ln?ol that the hot smc?ke curing telilperature :nust: 
he beween 32 slid 82OC. Te-.llper?tu~-es in cxcess of tl:.is either cl:11-ing thr initizl 
sjnoking period or during the later bsking proccss is believed to resuii. in some 
nu.f2-~1our-abis ~iutritional. eiyerts on the smoked product. This conclusion appcars 
to agree with Duckworth alid ' W O G ~ ~ E I ~ I ' ~  who I'ouncl that vegetiible proteins 
lieateci beyond 82°C suff:er a loss in :~lutritive valae; soybean 11i:ated I.o this 
talgper-atmeJ' res:~lts in the loss cf digcstibi:ity of its p!:oteins. I-Ialevjr and 
G~rggenlleir;-t1~ de~nonstrated t!<s loss in digestibility by a~:toclaving wheat. giutecl 
g[ucose mixture. They fourtd that with such treatrlient the in ritro digest:ibility 
of essential a:i?ino acids was reduced. However, Yanez et worf(.irxg with 
hake iiliets obszrved a negligible changc in Net PJ-ct*?iJl Utiiizafon (NPU) LIP to 
105°C but Net Sulphirr Utilization (NSU) sufl'ered some losses at this Lcmper- 
ature. Heating a t  170°C considerably reduced Nitrogen. and S~i!pRi_rr Lltitization---- 
NPU fcII froni 79 to 41 and NSU fi-on1 99 to 60. 

IIysiae. th.e 111ost al?undant amino acid i ~ ;  fish is :ll.so ~onsidered~~.~'.'"c3 be tile 
mcsl labilc it:nino acid. h t j > ~ j . ~ i  par1 of jysiwe iosses :~~ld(iilblcdIy result:: h~: 
rca.ction of the e-amino groap with rectucing carbol~ydrates foflowcd by :t ssrles 

.) of rearrangemeri.ts znd dismi:tati:ms that I C Z ~  10 bro\:v1:--~010~1~ed palym.crs and 
evolution (if carbcitl tlioxIde. Th.ese reactions rerexed 10 collcclivcly as tton-enw- 
1naGc or M&ila:-d react;on arc k:l:l;::;n 1-6 ihrln complex lii~kages ~vhicli are very 
r2sistan.t to  digeslivc enzymcs and are  tht-refor-c n.ot metaboiizcd.'' 

GI-:save:-; et ~ 1 . 1 ~  havi; repo!:~cd :??at even in t:lc nbsej:cr; of t!lc Maillart1 reaction, ' 

i-ieatii:g alone is suE~cient to rerider Jysirlc :rnavai!abic. Ci:e~x :~.ixi Jssenbci-g5 hitve 
reported a 4-4 Y/, loss of av%,i::l,bie iysjcc ::.~IFI a 10 li e::pgs~iTc of h ~ c f  10 tvood ~:710h; 
I:ca:is:g alone at  65°C i'or I 0  h, on thc other 112nd, c.i iu~cd a loss oi' 15:; in 
available ljrsine. These results indicate iliai smcke cornponenits n7ay. accc?nlli for 
>ome of tl1.e amij?c. acici !asses In s!noJ.:eci products. 

T1:e ra.tc at whic1l fish protein rrj.ay be rei?.c!er-d unavailabie n;ay ;;!so depcnd on 
tht3 ir:nisture c ~ n t e n t  z.t which tile fizil are dried. This is i~:ciicatcd hy the results 
cf Lea. and Hani.ail27 ~ 1 x 0  hrated a ca~.-in./:;-li.;cc~~ J~IIXI;ITC. i~: ~ Y , C ~ S S  s-rugar and 
.F:xnc! amarkcc! loss t(;:'z~;..im grcugs up to a 1;e;ic &lie at  70 % $33 with 3 m.i~i111~iri1 

loss a t  t';?c \;let :x? dry exti-enles. Laboza el r;l.Zd' ssi?-<:(.;l;irJy loi'oua:d tkc raie (?f 
. . 

brow:mzg ;n a pPa.-scup x i u  increasing to a peal< vr.!i:e at 70 % RE1 z-iltl thereafter 
f3llin.z. Livitigstcfi ~r al.29 hzvc aiso foun6 ihz ~etcntion of lysine, rnet!~ionine, 
kjistine, argi~~ine, histidlire and aspartic aci2 during a?.fal$a dc.fiydrz!i~n to correlzlc 

wcll with meal tnoistu:.:: zzd iiehydratlsn outlet temperature. 

14-1 33.16 
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5. 2reservative action of wood smoke 

Slnoki-- does more than provide desirable fiavciur znd colc?ur- to smokcd prodricts. 
It conir-ibutss sub:;taut!ally to their preservation by acting as as) effective a ~ l t i c ~ i -  
dailt, microbiostatic and rnicrobiocjdal agent. 

'Phmols a n  agliil lapoctzd b y  ICitrko""to be 1.h~ cfictive a11tiosidants j i l  

snlok.ed j-)i-~ilucts. :-I? found ne:ltra! c;o~l~.po~cc!r: (~li:ol~ols, cnsbony!~), i:r-?:nic 
. . 

acids and bases ineffective as ant!ox:dar:ts. The :~ighesr boi:iiig p1:i.nols cc!:ipo:;etl 
o f  pyrogallol ethers were s1igilil.y more dfcctive t i ~ a n  loxcr bziling ones. F ~ ~ s t e r  
Siii~pson,'J ho~~~ex;er, S f ~ i ~ i ~ d  no diReret-:ce i l l  antioxitlw;it between no:..- 
nr3lly i;m.okcd products :tad tlvxe siilolcsd with gases !::fi over :!!'tcr ihs iligiL boiling 
p:wa:2!s, :vo:?;l resins a n d  tars wnra :-c~~loveci by c1ecfrostaiic grccipitatii~n, In 
sapport of 1,:~arts3~:"'."' t i l a t  m:j:;.:i si l l&= c:~ns:it:;c:~ts are c~~;: ; . . . :~tr ;~tei~ ill tl?c 
su:&i'ac- tisl;ues, I,zs""h~d previa:-~slg r:!~cer\.,ed ::,.ry low y';.coxitiL- v;j!lles in :hi: 
surface ii;'jc~~s smok.:! bacoi;. wi~.ei:cas iii  i-hr: uil:;!nrrkcd bacoi; i [ ) L .  pcl.nxi(je 

v,,rl:ies mcrr very high hut  ileci.cnssd to a negligible vali-lc ~ ~ ? . l ~  I: s,l\t.!rt way h iow  
t!lc sur-f>:ice tissues. 

Gencra!'ry smoke c~i i~ponc~lt . ; ,  fgr c~anxpl . ,  foi-fi~~li!c!~yS'cic. :~c:tir: ;iricl ~ i ! c l  

cr-easotc, wl~ich cncccair;:te ii: i!lc s::rfac-: iiss;les itre not t.osic 1.0 I?ac.~cri;t, f~rilgi or 
virrrszs below a cort.centi.aiion a' i "/',.43 ihbovi: this c:.)nccnti.;~:iun, ilon;t.ves, t + q r  

have beeil FoLI:~~ to prz\~cnt spore gei.;;~li~r-it i i i i~. 3 r d  gr-n:vtll of rwili,y l-):~~tci'ia, fu~lgi  
and certaiilly inl:ibit the ai:"iivitics 2f a. ~>iic?c railgt: <if vir~!:,es.~ 

. . Siixce srnokc co~xscitirsiktl; are concer?iratcci ! i~  t::c si:ri;ice I;~ycrs, ti~eii- ;iniiiri~v-, 
robial actlvitie; wiil ilol :tfIect nlicroorganisms in ~I~;-s~iil-.iririiti-e inycx:; ;:;~cl tii'?rf.J'\r~ 

those a1icroorga~isjn.s (especially iil the grit) y-vhich ;!lay s;r!-vi\~c ji.c;lt trciif.:i?c:;k 
d ~ ~ i t ~ g  S I ! I O ~ ~ : I ~ <  may grow if t!~c in!?istl:r-r, c<>I~!c~)! i ? i ' t j > ~  BMQI\C~+ iiv.;: i,r i!{,l. kcp: 
enougi~. 

6, '1Virna maolre and carcisogc~~s 

! t i  ildditioli LO flai;ourini, colour- and arltisepfic i.ompi>i.t~?:is, woocl srni?kc nloy 
s~~n:.d13 ?o!eni. cai-cino~ilic p:::!j7cvlic ::rc!l:;;tic !~.ydr-oc;!rbt>,;:."!' 'fkLe ~c;ji?rritiofi 
of  these (>c~~>poi~; lds  is ifijlucncecl b ~ r  t?\e pa~arnei.ci-s !.hat govsi-rl srno kc g;i?.er:? tior1 

JvIxich inzlud:: t f le  tlfpe of ~ c o o d .  type of generator, ~rs;listurc content aad c!egr-2.x of  
coinrnlnntiot: of t5c \.x:noti, terx~peraturc cf'combusticr; and  cir. snppl:~~,+('." 

Brit-ni:g dampened I~xr.Swoud sawdi~st iil a limit.;:(; al1li>.:.:ilr :)f ;iir, Wiliic i2i 01."" 
identifiec! fhc ib~iow/:~gpolycy1icari)11~.iltiz1iydc1)ci~i-boi1~: :i.nthr::c.crlt:. pbenanl'nrene, 
!?yreue, l-luo.raiit~'lrcnc, tr ipknykn.;  and 4-mei;ly:-beira::, (z) (.)yYJlc. l'he Eattej- 
su$c;lauc!: is cofisidcrcd to bt: [he ~~:ni; t  carciniigenir and Ic\!r/s grt:atc;. !i>sn 7.7{Ai:/ai;$7 

)ra?e bzen rxcrded in. 310t 5:nuktxi fis'n.40 



'Tilgr;cr" vws of th.s opinion Chat the fonnafion of 3.4 benzo pyrcne in wood 
smoks nl ly  bz eliniinated by generating smoke at n Iow teii~pera'ture (4QQ'C). 
in.:leed. i-arcinoganic substances !lave b.-en detected most in sri1orrlderingt>fJne smokes. 
S3jir~ck'~ F D ' ; D ; L I I ~  thitt Y I ~ I O ~ Z  condensate and tars dec:-eased with iucreasi11.g  moisture 
contee< of rhe wovd u::ec! l o  generate the smoke. rndeed, i o  thc cstcnt that 
mo!st~.n-e conier~t aR?cts thc sinoke. temperature i t  could l?e expected lo aflect its 
compouition ;ind yield as  wi?[l. 

. . 
.Fr--r)lla ~h: ~.713k3 .: i;i;~g Sl4:;~' iRi:; i l l  ja;t di:;;usse.;L, il. i,; alpparent $!-\at i.he most 
hnp~rtzrrt single Tzct-ctr is teinperaf!:re control wiilrirl the srnoking chamber. Fcs 
cfkcctirr s;~okii.,g, the tem:er:~t-vrc af t!le smnkiilg d:amher r i lus l  bc Ir;jtia:l\: kept - .  bzlo~r;; 80°C. i~ Jcecp t>,c fisi! at a desire<! moisture c:cnterit Ion2 cnoug!: I.;) alssorb t'r?.e 
n~a::im:uin >3.n.ount of VapO3J- compoun& mcr-ssary for t!xc dcveloprnent of texli~ra, 
colour and o d ~ u r  ker'tiiae 1-3i~ing the tcmperature l o  cnok ;!!it1 dry the fisll.. The 
c9ntro.i of ternye:-:it:lr.c- ;!t the point cif 51:-tcke generation to n low Iclre1 ( t4CO0C) 
.. . c!::l~irtabs carcjaogi;il,ic c;::~irp~~iic;s hc>i-i7 th.e vaptiilr pha sc. 

fi,44.qgt ~ T a i ' . ~ ~  Q;-,:< u~l-:$pds of [is l?. -.mokii?g ci~zractc:.isticnily ! i?ck tc;l~.;?er?t~rc 
. . ~(3:ltroi :,I t l ~ e  sm.>king ch.:in?ib~~ :!ix:l.  it rhc politt of sinoke genera.ti:>i~. fiurrihcmn~oxr. 

th.e ex!,~qu~-;,. of i!xt: 5'5 t s  s~;~.oke iTIi~:>es is oczn preczded by exces:;ivc: dry i~ lg  
limit? vapogr absorption. .fi~ese limitntions in thp cinok,ing tecBnolocn,y. 

asid.. !'ram prodi;c!jr~ i) Dr<;d <;it? af ;iiac::r-;;ifi :t;ld oi';crl pi;or qi ;:lity, i:;::.y xi f ig 1x9- 
. . 

dir;c pokocicr ijv c.arc:ii>uX;::iic pro<.' ii:.s.:. A l y  slg:isca;,t i ; -~ :~r ; :~c?f~s~t  i i1  l!li: cxifi!i;;: 
. .. . ., 

, r?r!lllo:-\,,l . . . .  cechnoi :yT7 1.7::: ~ ~ O - - C < - ~ = - . -  :-1 1- I>- : .  
t..'...-.... , \.. L ) ~ ~  , s:: i.i:..,~.~< ,,., .,et,~,4,Li cr: th.c C C ) T I ~ ~ O ~  O< !:cI~-,.~?~;I~IJI-:; :;t \l;ri.- 

. . 
~ L L ' :  i ; i  tiit: <:: i~k: i l~ !).TijC;S5. 
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