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Abstract : This review discusses the use of direct wood fire as & source of energy and
smoke to dry and preserve fish in the developing countries. [t covers various treatment
and handling methods as well as the physical and chemical mature of the smoke. Tt
poinis cut that the present traditional methods are ivefficient and wasteful of cnergy and
smoke and ciies attempts made to mprove on them.

It discusses the dynamic equilibrium that exists between the particulate and gaseous
smoke fractions. The compounds in the gaseous fraction are stated to be more divectly |
involved in the development of colour, odour and flavour while those of the particulats
fraction serve as a reservoir. Phenolic compounds are found io be particularly active
in the $noking process. ’

The nuiritional and health effects of the use of high temperatures in the smoking
process are also discussed.

1. Introduction

The use of direct wood fire as a source of energy to dry fish dates back into history.
There was certainly no fire without smoke ; as the fish dried it also became
smoked. It is belisved that as the special organoleptic and presesvative properties
of the smoke-dried fish became evident, the fish was dPiibemtely smoked. In tropical
Africa and Asia, fish smoking as a means of fish preservation is extensively
practised.

Though %mokiug has bcen practised over many cenfuries in various parts of
tise world, it has been done empirically and 1t is only recently that the mechanism of
the process is bzing uuqh :d and the advantages and limitations of current
mathods baing appraised. This report discusses some of the current methods and
ideas relating to fish smoking

2. Traditional methods of fish smoking
Methods 1 use vary with local customs, species of fish and product keeping-time
deaired. These include hot smoking, simoke drying, combined smokessun drying,
Botling and smoke/sun drying M

2.3. Iunitial handling

The fish to be smoked are usually washed descaled but may or may not be gutted.
They may also be brined or left unbrined. Where the fish are brined, they may
either be tmunersed in brine (70 to 959 sohation) or packed in dry salt for periods
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ranging from 3 min to 12 & depending on the size of fish, {at content ard local
taste. After this treatment, the flesh of the fish may reach a salt concentiation of
up to 3%, When the fish are heavily salted, as when they are packed tn dry salt,
they arc usually desalted by immersion in fresh water for periods of up to 24 1.

Whether brined or merely washed in water, excess surface moisture on the fish
is evaporated prior to the actual smoke treatment vy exposing either to the atmos-
phare or predrying for a short period at a low temperature (30° C) in an oven.
This surface evaporation may last from 30 min to 4 h and it results in a firm,
shiny surlace especially when the fish have been brined in 70 to 20 salt solution.

©
2.%. Smoke caring units and processes

b many developing countries, the fish are smoked on home-made wooden shais
placed on wooden supports. A smouldering type fice is it directly below the rack
and the fish are cooked, dried and smoked for several days.  TIn other mathods, the
fish are laid or hung on mstal grills over shallow, open-top, circular, sarthen or
metal structures with fire and smoke gensrated directly below the greill. Thus in
some arsas, the fish are cooked and smoked simultwncously, while in others they
are cooked prior to exposure to smoke. While lying or hanging on grills or on
wooden slats, the fish are normally arranged und turned periodically to obtain «
uniform cure.  The dryving and smoking treatnients may last from a few hours to
several weeks 1n some instances. M When dried {or fong periods, the purpose is to
reduce the fish to a very low moisture 5 prolong ity keeping qualities. :

These traditional smoking  structures and  procedures, commonly used in
developing countries, are highly inefficient and wasteful of energy and smoke.
There ts, for example, an unrestricted escape of smoke, heat and mojsture from
the open tops of the grill supports.

Recently, attempts have been made to improve on the design of these traditional
smoke units.'3 These designs have, to a limited exient, succeeded in imcressing the
volume of fish cured but have not sigiificantly controlled such important factors
in hot smoke fish curing as smoke density, humidity, temperature and air velocity.

In developed areas of Burope and America, the {ish are usually heavily salted
before smoking, The smoking is usually carried out in vveps with temperature,
Cdraught and smoke density covirols and the fish are normally smoked lightly at
moderate temporatures. [n these areas. hot smoke curing of fish for preservation s
unimportant due to the availability of freezing and cold storage facilities : instoad
smnoke s apphied for the flavouring it impacts 1o the fish. '

Recent studies have improved our understanding of the factors involved in ho
smoke fish coring; this s necessary for future improvements on ary prunitive
traditional techniques.  These factors are discussed briefly below.
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3. Factors in hot smoke fish curing
3.1. Wood suitable for generating smoke

Generally, resinous wood is not recominended for smoking fish because it imparts
an unpleasant favour to the smoked product. S $ft wood iz also undesirable as it
produces too much soot. . Best results are gencrally obtained with hardwoods.3?
It 15, however, recommended that they be Lcstcd Jef ore they are used as some
of them may impart dark colours and biiter taste to the smoked fish. Maize cob?
sugar cane pulp and coconut fibre! are some of ihe non-resinous materials used
in fish smoking in some developing countries.

Bxperiments in Canada® indicate that white fish with a good flavour may be
produczd from smoke generated with red maple, red oak, trembling aspen, white
ash, balsam poplar and birch. Diamond willow and burr vak gave objectionable
favours ; hickory wood was marginally acceptable,

3.2, Method of smoke generation

Methods lor generating smoke vary from place to place. In the United States, three
methods are in use® - smoke may either be gencrated by burning dampened
sawdust, or by burning dry sawdust continuously, or by the method of friction. In
the latter method, smoke is generated by peessing the end grain or hardwood block
against a rotating carbide-tipped disk.  The commonest method of generating
smoke in other parts of the world, however, is to burn hardwood in a smovidering
type Hanse at temperatures which may Imwh between 682 and 966°C.49

3.3. Smoke as a gas/liquid system

When wood or any pldm part is burnt, a farge number of carbonyl and phenyl
compouads are released.  The less volatile of these compounds, usually the large
molecular weight compounds, upon mixing with colder air, condense into visible
light scattering liquid smoke particles while the more volatile fraction temains in
the vapour state.  There exists, therefore. minate light scattering pacticles suspen-
ded ina medium of air and invineible vapours which togzther constitute a gas/liquid
partition system.13,1

3.4. Composition of wood smoke

The composition of wood smoke s highly complex. It depends on the type of
wood, type of smoke generator, moisture content of the wood, temperaivre of com-
bustion and on aic supply. i\cidﬁ-, aleohols, carbouyls and many other neutral
compounds  have been identifie as  constituenis  of wmoke by  vanious
a'uthors_ﬂ.ri‘l',y’}ﬂéj{
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3.5. Distribution of smoke in a closed chamber

The disperse phase of wood smoke has a relatively large surface arca compared 1o
its volume and w such a system equilibrium between the particle and vapour phases
is expacted to be reached almost instantaneously.®  This means that, in a2 fixed
volumie of smoke, the vaponr ahsorbed by the fish tissue is replaced almost instan-
tancously from the particle phase. In practice, however, it appears that the
attainment of equifibrium is not so fast and a non-uniform distribution of car-
bonyl and phenol compounds has been shown®® to exist 1a smoking chambers.
This nop-uniform distribution does not only occur in the vertical cross section but
in various sections of the chamber as well. This distribution patiern results in
active and passive areas in the smoking chamber.  This problem may be overcome
with good controls over airflow, relative humidity, temocmtau and i the degign
of the smoking chamber.

3.6, Smoke absorpticn

Experiments by Foster aud Simpson’? show that sinoking does not depend so much
on the direct deposition of smoke particles on the fish as op the absorption of the
gaseous constituents of the vapour phase of the smoke. This 18 indicated by their
finding that fish cured in vapours which remained after the visible smoke particles
had been precipifated electrostatically were indistinguishable in colour, flavour and
keeping quality from normally smoked fich.

‘When smoke vapours are absorbed by the fish tissue in a closed chamber, the
gasfliquid partition equilibrium is disturbed. The cquilibrium may also be dis-
turbed by admitting air or raising the temperature of the smoking chamber, In
etther case, the equilibrium s restored by the liquid phase releasing a part of its
content into the vapour phase. It is clear from this that during smoking, if the
more volatile compounds ahsorbed by the fish are not replaced from the point of
generation, the vapour phase gets enriched with less volatile larger molecular weight
compounds.  In this connection it has been observed™ that vapour absorption
is greatest when the moisture content of the fish is high and that as it drjes there is
very little absorption.

3.7, Smoke colouwr and its vses in foods

Of the constituents of wood smoks, phznols are considered the most important
because thev are believed to contribute most to the development of flavour and
colour and to the general stability of the smoked fish.

The colour of a typically smoked fish is believed to be devaloped from a nowu-
enzyrpatic interaction between poiyhydric ph,eu,olic“ and carbonyl®.?? compounds
of smoke vapour with collagen of the surface connective tissue. The belief is that
not all the phenolic groups in the smoke vapour can interact with collagen. The
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phenols involved in the reactions are the large phenolic compounds (> 500 g M W
with sufficient hydroxyl groups to link adjacent collugen sites at several points
through hydrogen bonds.

The crosslinkages that result from the ipteraction between protein and pheny!
compounds impart to surface tissues groat siability (o heat, enzymes, water abrasion
and to microorganisms. Indeed, when these linkages are formed, very large
molecular weight coustituents of wood smske may fail to penetrate the surface: 43,47

A case-hardening effect results, with the sub-surfluce tissues lefi unsmoked and
susceptible to the effects of heatsuch as gelatiuisation orfhx, breakdown of collagen.

This casz-hardened layer on the skin olten shows final values for sraoke constituents
10 to 20 times bigher than in the underlying fHesh 4

3.8, Smoke-flavour and edour

The overall odour and flavour of smoked products are vreated, according to Daun?
by : (1) food constitucuts changed during processing, (2) products of combined
food and smoke constituents and (3) uncombined smoke constituents.  The phenol
fraction of the wood is believed to contribute most to flavour and odour, and the
total phenolic content of fish has often been used as an index of the degrec of fish
smoking 8.8t

Available evidence indicates that most of the favouring components of smoke
are to be found at or sear the surface of the smoked product. By pressing
NaOH treated paper against the cut surfaces ot wausages and developing the papers
chromatographically with 2,6 dichloroquinons~chlorimide, Kurko?! found indications
of phenols only at or near the surface of the simoked product up to 48 h. Shewan?
found 6% mz ¥ total phenols at the surface, 16.25 mg ¥, in th*‘ flesh immediately
ace and 2.13 mg%, at the centre of the fish 4 Act Tuckers' also found
phienoslic compouands concentrated at the surface.

below the suy

The phenols guatacol, 4-methyl graiacol and syringol (2,6 dimethoxy phenol) haye
been  found® to be the major phenols of wood smcke vipour phase.
Wasserman® found the same phenols to be presentin largest concentrations in wood
smoke condensate. Taste panelling subsequently showed that the guaiacols had a
more smoky-taste while the 2,6 dimetk'toxy-phc;'ml or syringo! had a smoky-odour.
Daun’ similarly observed three gas chromatogy
phenolic compounds associated with odous

saphic peaks of three unidentifisd
Like Wasserman®? he found
one of the compounds associated with “smoke cured” odour and the TeIMAININg
two assoviated with “smoke cured” tast

1e.

and t

Itas clear from thus discussion that the iency of the sinoking process may be
determined by the relative contribution of flavour and colour forming compounds.
The absorption of these compounds, i

motsiure content ut the fish is hagh,  Thas

have noted, is greatest when the
the fish mmust not be dried
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too quickly to enable the greatest amount of vapour constituents to be absorbed.
It also means that the initial smoking temperature must not be too high to cause
rapid drying. Clearly. vapour absorption wili be tavoured by c¢onditions of high
huwidity and low temperature. ‘

4. The effect of heat ou smoked fsh

Fish smoking does not anly mvolve ex
o R

posure to smoke, 16 also involves drying and
baking as well.  In developed countries, fish are smoked principally for the colour
and flavour the process imparts to fish.  In developing areas, i the other hand, fish
are smoked principally for preservation. Whatever the aims for smoking fish,
they ars best served by exposing the fich to some degree of heat treatment which
helps the development of both flaveur and colour 462

4.1, Texioral problems

The drying, and at times the baking which follows, often causes textural probleins
in smoked fish. By texture is meant the retention of good microstructure of fibre
and fibre substance expressed in termas of sotftness, juiciness, fibrousness and glotin-
ousness.® This is important with respect to reconstitution ability of the dry fish
which refers .to the extent to which the dried fish fibre returns, on addition of
water, to a state indistinguishable from the undried fibre.  This depends on the
structural properties of callagen or fibre connective tissue.

As the fish dries undszr excessive heat treatraent, the increased concentration of
tissue solutes may denature its proteins.  Indeced, during heat treatment of fish,
Hughes®™ found that there was s degradation of connective tissue or collagen,
espacially of the skin, to gelatin and other smaller peptide fragments.  The fish
flesh is held together by connective tissue and the breakdown of the latter should
render the fish soft and liable to break upon handling.

Since absorbed smoke constituents mav cross link  with fish sorfuce  tissue
proteins under mild heat conditions to form a firm. stable surface,® it would
appear a good smoking practice to develop this firm outer surface before raising the
heat to dry the fish. Mann®? recommends that during the smoking process more
smoke and less heat must be apndied in the initial stages.

As a general recommendation the FAO,” however, states that the initial
pre-deying must be carried out and maintained at 80°C for 2 to 4 h, depending on
the size of fish being cured.  For the following 2 i, the temperature must be raised
to bestween 90 and [10°C to cook the flesh.  After the cooking, it is recom-
mended to return the temperaturs to 80°C for the rest of the smoke drying
process. '
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4.2, Nutritional Jesses

Foster and Simpson!® arc of the opinion that the hot smoke curing temperature must
he between 32 and 82°C.  Temperatures in excess of this either during the initial
smoking period or during the later baking process is believed to result m some
unfavourabie nutritional effects on the smoked product.  This conclusion appears
to agree with Duckwovth and Woodhami® who found that vegetable protems
heated beyound 82°C suffer a loss in nutritive value; soybzan heated to this
temperature?t results in the loss of digestibility of its proteins. Halevy and
Guggenhein! demonstrated this loss in digestibility by autoclaving wheat gluten/
glucose mixture. They found that with such treatment the in virro digestibility
of essential amino acids was reduced. However, Yanez ef al® working with
hake filiets obscrved a negligible change in Net Protein Utilization (NPU) up to
105°C but Net Sulphur Utilization (NSU) suffered some losses at this temper-
ature. Heating at 170°C considerably reduced Nitrogen and Sulphur Utilization--
NPU fell from 79 to 41 and NS from 89 to 60.

Lysine, the most abundant amino acid in fish is also considered28.1.? to be the
most labile rmino acid. A mejor part of Jysine losses undoubtedly resufts from
reaction of the e-amino group with reducing carbohydrates followed by a series
of rearrangements and dismutations that lead to brown-coloured polymers and
evolution of carbon dioxide. These reactions referred to collectively as non-enzy-
matic or Maiilard reaction are koown to form complex linkages which ave very
resistant to digestive cnzymes and ave therefore not metabolized.®

Groaves ef 2015 have reported that even in the absence of the Maillard reaction,

o5

Iysine unavailabie. Chen an i Tssenberp® have

heating alone is sufficient to rencer
rc:tporlcd a 449 logs of available lysine aftera 10 hexposure of b ‘Pt to wood wmk ;
heating alone at 65°C for 10 h, ou the other hand, caused a loss of (5% in
available lysine. These results indicate that smoxe components may account for

come of the amino acid losses in smoked products.

The rate at which fish protein may be renderad upavailable mey alse depend on
the moisture content at which the fish are dricd. This is indicated by the results

of Ten and Fannan?? who heated z casein/glicese muxture i excess sugar and
ps up to a peak value at 709, RH with a MGG

up
lfy,, at the wet and dry extrenes

sund amarked loss of amine g

Labuza ef al? similarly found the raie of
browning in a pea-soup mix m::reasingt a pea< valie at 709 RH and thereafter

falling. Livingsten el al? have also ¢ sund the retention of lysine, methionine,

idine and aspartic acid dui

- alfalfa dehvdration to correlate
w»“i wth meal moisture and dehydration outlet temperature.

1413346
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5. Preservative action of wood smeke

Smoke does more than provide desirable flavour and colour to smoked products.
It contributes substantially to their preservation by acting as an effective antioxi-
dant, microblostatic and microbiocidal agent.

Phzaols ave azain veported by Kurko? to be the cffective antioxidants in
\mo}md products. He found neutral Cf\rupotmd.s {aleohels, carbonyls), oreanic
s and bases ineffective as antioxidants.  The highest boiling phenols composed
of pyrogallol ethers were slightly more cﬁcctive than lower boting ones. Foster and
Stmpson,'? however, found no difference in autinxiflimt properties bstween nor-
mally smoked products and those smoke:d with gase
pacnois, woo "rusmo and tars were  removed by cle

ter the high boiling
procipitation.  In

=

simoke consiid

ats are concontmted in the
1ad previously observed V::ry !ow peroxide  values in the

ked bacon,

support of 2po 1"\'3%“;“ that

: reag in ihs onsmoked bacon the ;m‘m,\’ide
vatuss were very high but decrsased to a negligible value only & short way beiow
the surface tissues,

Generally smoke compouents, for sxample, f‘ou\”l{cn\r(lp acefic

creosote, which concentrate in the surface tissues are not toxic to bacteria, fungi or
viruses below a concentration of 194 Above this concentration, however, they
have been Tound to prevent spore gevmnination and growth of many bactevta, fungl

and certainly intubit the activities of a wide range of viruses.?

Since smoke constituents are concentrated in the surface I;L)rg;:'s,
robial activities will not affect microorganisms in il f
those mictoorganisims (sspeci: 111; in the gui) which may survive
during smoking mav grow if the m
enougi.

sub-surface [aye

Hy

1oisture content of the emoked fish

6. Wood simoke and parsinogens

In addition to flavouring, colour and antizepiic compaiunds, wood smoke may
ntain ootent carcinopeui

palyevic arsmatic hydrocarbone®  The geperation
of these compounds 15 influsnced by the parameters that govarn smoke eration

e
which include the type of wood, type of generator, moisture content and degree of

corgminution of

wood, temperature of combustion and aic aapply,®,°

Burning dampened hardwood sawdustin a limited amount of ale, White of @l
identified the following polyeylicaromatic hydrocarbons: anthracenc, phenanthrens,
pyrene, fluoganthene, 11‘1pneny;ﬁz}p and d-methyl-beizo (@) pyrepe.  The latter

v

substance is considered fo be the most carcinogenic and levels grew

i ihan 7 2un/Kg

i

have been rzeerded in hot smoked fsh.#
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Tilgner’® was of the opinion that the formation of 3,4 benzo pyrene in wood
smoke mty bz elimmated by generating smoke at a low temperature (400°C).
Indeed, carcinogenic substances have been detected moat in smouldering type smokes.
Solinck found that smoke condensate and tars decreased with increasing moisture
content of the wood uged to generate the smoke. Tndeed, fto the extent that
moigture content affects the smoke teraperature it could he expected to affect its
coranosition and yield as well.

T. Conclusion

RE

From the smoks cucing moeohanism just dissussed, it {4 apparent that the most
mportant sing o1 15 temperature control within the smoking wamhe For
aotive ssnokine, th cre of the smoking cliamber aust b ntnul\' kept
b‘-h\*' 80°C to keep the fish af a desired molsture content long
maximum amount of vapour compao unds necessary for the O!‘thO])hlult of texture,
colour and odour before raising the temperature to cook nad dry the fish. The

Y

control of temperature at the point of smcke generation to a Tow level ( <400°C)

cnough (o absorb the

- - ]

CArCinNGgoni

ur phase.

elimina tes

Mot ‘x“r;uii conal methods of 210
berand ut the pomtm smoke ﬂunelf‘!mﬂ Purthermor
smoke fumes s often preceded by excessive drying

ing characteristically lack te;

control b the
the exnaesure of G.h_f.

wiiely Hmits vapour avsorption.  Thess limitations 1n z.hc smoking technology.,

A

aside from t)rN?

PN T Y [N AN e T
incertain and often poorgrsl

anficant i-:npr:’vvcr'
on the control of i
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