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Abstract

Smoking and drying are widely used techniques for preserving food to reduce losses and ensure availability of food in all seasons in
developing countries where cost and high technology are out of reach. The effectiveness of ancestral know-how and techniques of these
conservation methods being indisputable, it is desirable to improve practices due to the arduousness, health problems of processors and
consumers, loss of materials and resources; the irregularity of the quality of the finished product and the loss of time are always perceived.
Added to these disadvantages is the lack of information on the evolution of the transformation process which impacts the quality of the
finished product. This review aims to take stock of the scientific bases of smoking and drying, the processes and equipment for preserving
meat products as well as the laws on the marketing and consumption of these products. It emerges from this study that a device for smoking
and drying meat products, and its process making it possible to guarantee food safety, user safety, retaining all nutrients, ergonomic, using
fewer resources, fast, adaptable to any type and size of smoking products is not yet present in our markets.
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1. Introduction

The world population is experiencing rapid urban growth, which represents a strong demand for meat products, the supply of which is
constantly increasing to meet demand. But its conservation for later use in order to satisfy demand, especially in times of scarcity, remains
a subject of research which has not yet found satisfaction. Indeed, huge losses have been recorded in the meat product sector because they
are highly perishable due to their very high protein and water content. These losses are estimated at 50 % for fish in Africa (FAO, 2016).
Until now, several traditional processing and preservation techniques have been used, including smoking, salting, fermentation, drying,
frying, refrigeration and freezing (Anihouvi and al., 2006; Depo and al., 2019) and also equipment integrating these processes has emerged
(Knockaert, 1995; Ahmat, 2015; Fabrice, 2020). Among all these techniques, that of using cold is the most used. In addition to being
energy consuming, there are also the intensive cuts by the electricity supplier which contribute to the deterioration of the quality of the
finished product during cold storage. However, the need for a reasonable quantity of energy can allow long-term preservation while im-
proving the quality of the finished product by applying smoking and/or drying. In addition, the finished product obtained by this method
is more appreciated than the finished product obtained by other methods because of its perfume and its color.

Difficulty in implementing the process, lack of control over the process and safety standards, loss of time, loss of resources, loss of mate-
rials, respiratory problems, back pain and visual impairment are common. in smokers. Cancer among consumers is just as many disad-
vantages which mean that not everyone adheres to this technique (Akakpo and al., 2020; Ahmat, 2015). Several works have been carried
out in order to overcome these disadvantages. In order to give an overview of the current state of research and the characteristics of future
smokehouse dryers, it will be a question for us in this article to present the scientific laws which govern smoking and drying, the processes
and equipment of the smoking and drying that exist there. Without forgetting the legal laws of meat products as well as the difficulties and
needs of those involved in smoking and drying.
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2. Bases of smoking and drying

Smoking is a processing operation practiced for generations in many regions of the world, for the preservation of products (meat, fish or
cheese) and food diversification (to impart flavor). It is often associated with cooking, drying and/or salting. The preservative, flavoring
and coloring functions are well correlated with the intake of smoke, but we also know that smoke carries polycyclic aromatic hydrocarbons
(PAH), known for several decades for their carcinogenic potential in humans.

2.1. Smoking and drying method

There are several smoking methods, namely: cold smoking, hot smoking, smoking-drying, electrostatic smoking, smoking and smoking
with liquid smoke (Centre technique of aquatic products Haliomer, 2010).

Cold smoking has a maximum temperature of 30°C. The hot smoking temperature varies between 65°C and 100°C. That of smoking-
drying varies between 45°C and 85°C. (Brigitte and al., 2005). In the electrostatic smoking process, the particles that make up the smoke
are subjected to a magnetic field which ionizes them. Arranged on a trolley, the product is placed between two electrodes: the electric
current which passes through the product carries the ionized particles of the smoke into its flesh (smoking method patented by Ifremer and
Cirad under number FR 2693351 (B1)). Liquid smoke smoking, well established in the meat industry, is obtained by condensation of
smoke produced by wood pyrolysis. The condensate obtained is treated by filtration and decantation in order to eliminate residues of tar
and 3-4 benzopyrene. Three methods of applying liquid smoking exist, namely immersion, sprinkling and atomization (or even revapori-
zation) (Centre technique for aquatic products Haliomer, 2010).

Regarding drying, two mechanisms can be implemented to evaporate water from a product: boiling and/or entrainment. The drying opera-
tion can be done in several ways. We distinguish among others: conduction drying, convective drying, infrared drying, microwave drying,
freeze-drying, solar drying. (Ahmat, 2015). The simplest idea is to bring the product to the boiling temperature of water, which then
vaporizes. Whatever the drying method, it is the water vapor pressure in the product which determines the exchanges between the air and
the product (Fabrice, 2020).

Entrainment drying takes place when a wet product is placed in a stream of gas (most often air) that is sufficiently hot and dry. A difference
in temperature and partial pressure is established such that: The gas provides the product with at least part of the energy necessary for
vaporization; The water is evaporated without boiling under the effect of the water partial pressure gradient; The water vapor is transferred
by conduction and convection from the product into the ambient environment and is then entrained by the gas; The product spontaneously
reaches a temperature such that heat transfer allows the evaporation of a flow of water equal to that capable of crossing the boundary layer.
Boiling occurs when the temperature of the product is raised (by conduction on a hot surface, by radiation, by superheated water vapor, by
immersion in hot oil) to a value such as the vapor pressure of water of this product is equal to the total ambient pressure:

p=pt 1)

It follows from this definition that the boiling temperature depends on the total pressure (it is lower under vacuum than at atmospheric
pressure) and on the water activity of the product (it increases when a w decreases), according to the formula:

p=aw.p'6=pt @
2.2. Suspension mode for smoking and drying

To dry or smoke a product, it can be hung in several ways as shown in Fig. 1. The hanging method on horizontal sticks allows free
circulation of air around it. pieces of meat. Drying on mesh or bamboo racks has the disadvantage of the risk of drying the product poorly,
that is to say of remaining damp in the places where it is in contact with the sticks and the fence. For Brigitte (2005), the best is to use a
string passed around tail or hook. This hanging method allows free circulation of air around pieces of meat. This way, the product dries
more quickly and more uniformly.

a) Suspension of meat on horizontal b) Hanging strips of meat on hooks and ¢) Racks with horizontal and inclined drying sur-
stick strings face

Fig. 1: Suspension Modes for Smoking and Drying (Brigitte and Al., 2005).
2.3. Smoke

Smoke is a gaseous product released from burning bodies. It has a beneficial effect (preservation, flavoring, coloring) and also a disad-
vantage (deposition of carcinogenic components) for products exposed in its field. (Rivier and al., 2009).

2.3.1. Action, undesirable effects of smoke and influence of sawdust hygrometry

Regarding the actions of smoke on food products, we can classify them according to chemical, organoleptic and bacteriostatic action. As
for the organoleptic action, it concerns aroma, taste and colour. And as for the chemical action, these are phenols which can have an anti-
oxygen action which delays oxidation. Regarding the bacteriostatic action, acids and phenolic derivatives have a slight antiseptic action on
the smoked product.
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In smoked products, there are two families of chemical contaminants: polycyclic aromatic hydrocarbons (PAHs) and N-nitroso compounds
(Knockaert, 1995).

According to Ruiter (1979), the humidity of the wood influences the levels of glycolic aldehydes and methylglyoxal’s in the smoke and
therefore the colouring of the product. The optimum seems to be a humidity of 17 to 20% in the sawdust (Sainclivier, 1985).

2.3.2. Factors influencing smoke deposition and penetration

Several factors such as density, temperature, humidity, speed favor or not the deposition and penetration of smoke on the product.

e  Smoke density
Density is an important factor that determines the rate of smoke deposition. Empirically, it had been established that opaque smoke (of
high density) gave the fish a marked colouring and gave it a longer shelf life, probably due to a high bactericidal power. It is therefore
based on the opacity that we regulate the smoking. Foster in 1961 highlights the relationship between the quantity of smoke retained and
the optical density (Do) of the smoke:

Do =log (Io/1i) 3)

e  Smoke temperature
Generally, the rate and extent of smoke absorption by product fabrics increases with increasing temperature. However, at temperatures that
are too high, the amount of substances absorbed decreases. Raising the temperature too high therefore risks drying out the product exces-
sively (Sainclivier, 1985). It is also necessary to avoid that the temperature of the smoke entering the smokehouse at the start of smoking
is lower than that of the product to be smoked because the humidity in the smoke would condense and deposit water droplets on the surface
of the product (Sainclivier, 1985). Likewise, during smoking, a drop in temperature can not only cause the same phenomenon, but lower
the content of volatile products in the gas phase and slow down the absorption of smoke (Clifford, 1980).

e Smoke and product humidity
The best relative humidity percentage for cold smoking, at a temperature of 29°C, is between 60 and 70% (Anonymous, 1972). Above this,
the subsequent conservation of the smoked product would be defective. On the other hand, at a humidity below 60%, drying would be too
rapid and therefore smoke absorption too low. The humidity of the product surface also influences the smoke deposition process: the
absorption rate increases with humidity. (Sainclivier, 1983).

e Smoke hygrometry
If you want to complete the drying during smoking, a humidity of 55 to 65% is optimal for a temperature of 22°C (Knockaert, 1990). If
we completely differentiate the drying phase from the smoking phase, the relative humidity is greater than 65% and there is an optimal
relative humidity value for each smoking temperature.

e Airintroduction

High velocity of air-smoke flow in the smokehouse results in greater absorption and penetration of smoke compounds. However, the speed
of 2 m/s at product level is optimum.

e Smoke models

Ifremer in 2002 offered us different models of smoke including:

- The geometric models (the geometry of trays, the geometry of beams out of phase according to the layers, the geometry of paving
stones with a symmetrical arrangement according to the height and the geometry of paving blocks out of phase according to the
height) of which the choice of a model is made on several criteria namely the techniques (the possibility of generating a mesh
according to the criteria and the means of calculation ) and the practice (the guarantee of consistency in the distribution and of course
according to the different possible arrangements on the grid);

- Physical models such as the conservative Euler system for air (which is the basis of any numerical simulation of gas flow), the
passive scalar model (used to account for a dilute phase acting as a scalar passive), the passive scalar model with deposition (a flow
of particles due to particle wall interaction is added to the transport equation in the form of a source term), the Euler-Euler model
(used for flows loaded with fine particles. With this model we can take into account the particle phase like the gas phase of the smoke
using a system based on the number of particles or in volume fraction of volatile compounds), the Euler model- Euler with coales-
cence and deposition (It takes into account the work of the cohesion forces (particles-particles walls-particles) and the resulting
dissipation.) and the Euler-Lagrange model (whose interest in relation to the Eulerian approach lies above all in the finer modelling
of the liquid phase (smoke particles) in a two-phase flow);

- And turbulence models which consist of simulating small-scale speed fluctuations. Among these models, we find the model based
on turbulent viscosity, the model k-¢, the model k-o and the model at Reynolds tensions.

2.3.3. Fuels

Wood is most used by processors for smoking products including: neem (Azadirachta indica), mango tree (Mangifera indica), teak (Tectona
grandis), and grape (Lannea acida) (Akakpo and al., 2020). Other plant materials are also used including: coconut husks, sawdust, dried
corn husks and cobs, sugar cane bagasse and cardboard. The best smoke is obtained with a fire of wood chips and pieces of hardwood
(smothered combustion). The downside to smoking is that it requires a lot of wood. We present in Table 1 the list of woods for smoking
and their different flavors:

Table 1: Different Types of Wood for Smoking with Their Scent

Drink Perfumes Choice of meat

Almond Soft and subtle Perfect for all meats

Apple tree Gives a smoke with a fruity scent, the strongest es-  Good with red meats, poultry, wild birds, pork and wild boar.
sence of all fruit tree woods.

Ash Burns quickly Very good combination with pork and poultry

Mulberry Soft and delicate Ideal for cooking and cooking poultry and wild birds like quail

wild cherry Sweet, soft and delicate Good for all meats, especially poultry whose skin turns brown dur-

ing cooking
Lemon and other citrus  Not too powerful, with a slight fruity accent Beef, bison, venison, pork, wild boar and poultry

trees
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plum tree Light fragrance Most chicken, turkey, pork and fish meats
Sassafras Sweet and mild musky smoke Beef, pork and poultry

2.4. Modelling of matter and heat transfer phenomena
During drying, heat and material transfer phenomena take place and are localized both outside and inside the product.
2.4.1. Energy balance during drying

The equation (4) is generally speaking, the thermal power model (or heat flow) noted ¢ and the equation (5) is that of the energy balance
in a system (Fabrice, 2020):

¢=K.S.AT (4)
PO, =0 0, (5)

o, heat flow entering the system can be one of three forms of heat transfer (convection, conduction, or radiation). The equation (6) repre-

sents Fourier's equation, formulated in 1822, also called the equation of heat in a product, is expressed in a three-dimensional system as
follows:

a aT a aT d aT _ T
5+ (5 + 5 (65 +a=pcf ©)
2.4.2. Transfer of matter and heat

Drying is a complex operation which involves coupled transfers of material (mainly water) and heat, accompanied by physico-chemical
modifications and structure of the material.

e Internal transfers

- Material transfer
Water migrates from the interior to the surface of the product under the action of various mechanisms which can combine. The equation
(7) is that of the evolution of water content which is expressed as a function of the water content gradient and an overall diffusivity which
brings together the different transport phenomena, in a law analogous to Fick's second law:

oX

g :Dapp . VZX (7)

The diffusivity of water, depending on temperature, could be observed as following the Arrhenius relationship (Meisami-asl and al., 2010):

D:Doe(’RE_T:) (8)

- Heat transfer
For Fabrice (2020), heat diffuses into the product under the effect of the temperature gradient. The equation (9) is Fourier's law, which
characterizes the diffusion of heat in an immobile medium (which requires neglecting the effect of water migration, or convection, on this
transfer).

00 _ 2
p D,.V°0 9)

= Heat transfer by conduction
Conduction is the transfer of heat within a solid. The flow is calculated by the equation (10):

O W (10)
Considering the homogeneous medium, we have:

¢o=-A.S— (11)

c

= Heat transfer by convection
Fabrice (2020) recalls that it is essentially the phenomenon of heat transfer in fluids. The equation (12) represents the heat flow between a
fluid and a wall.

¢ =h.S.(T,-T,) (12)
hair :5,7+3,8.Vair (13)

- Mass transfer
Mass transfer is governed by Fick's first law which is represented by the equation (14):

dX

P PmsD 5 (14)
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e  External transfers
During strip drying, water vapor is removed from the product surface by convection. The heat is transferred by convection of the air towards
the surface, and possibly by radiation (infrared or microwave) or by conduction (if the product is placed on a plate or on a heating mat).
In practice, the air most often follows a turbulent regime in the dryer and a boundary layer is established (with a thickness of around a tenth
of a millimetre) in the immediate vicinity of the product. Inside this boundary layer, the air flow is approximately laminar and the air in
contact with the product (A*) is considered immobile and in temperature and humidity equilibrium with the surface. of the product. This
balance is reflected by the equations (15), (16), (17), (18) et (19).

8* = 0, (15)
¢"=a, either P*:PS:P'GSaWS (16)
Q=Ah(6-0")=Ah(6-6,) A7)
Ih=Akp(p*-p)=Akp(p-pS)=Akp(p'Os.aws-p) (18)

b ~65PalC (19)
KP.AHV

2.5. Empirical models of drying kinetics

Drying Kinetics is a curve which illustrates the evolution of the water content of a product over time. The models, for the most part, are
based on Fick's diffusion law (Meisami-asl and al., 2010).

S =V[Der(VM)] (20)

For Yves (2006) and Ahmat (2015), these laws are not the most suitable models for products with a high-water content. Yves instead
advocates the use of empirical models for these products.

Table 2: Empirical Laws of Drying Kinetics (Ahmat, 2015; Fabrice, 2020)

Model Name Equations Description
Lewis %%("“’ (21) This model only considers diffusion based on water migration.

W-We _(iqmy Page (1949) modified the Lewis model by adding an empirical di-
Page —=¢ (21) \

Wo-We mensionless constant (n).

- W-We _ (k19 4 olkah) Henderson and Pabis (1962) improved the drying model using

S HTELE] Wowe ¢ b.e @3) Fick's second law of diffusion.

e Midilli and al., (2002) proposed a new model with the addition of
Midilli model Vow, e +bt (24) an additional empirical term integrating time t to the Henderson

¢ and Pabis model.

Kaleemullah Model VVII/:_—VIVfle = e(<T) 4 b, t@T+0) (25) ?a:r?gr?ullah (2002) created an empirical model that included MR,

o Influence of air parameters on the drying kinetics
The drying air temperature significantly affects the drying rate as shown in Fig. 2. The effect of drying air temperature has been studied by
many researchers who found that drying time decreased with increasing the drying temperature.

1.0
4 + s50°C
h a 60°C
0.8 1 W .
- 70°C
- \.m'\ c
.\ \.\ Page model
- LA
2 0.6 ' \\
= kY
5 A .\\\
= 0.4 .\\ 3
2 \
PN
N L S
0.2 \.\. - ""h_‘
T T
J - ~a -
- E—— e
- A A T e e e
0.0 - . . ! ' . ' . ! v 1
0 100 200 300 400 500 &00

Time (min)

Fig. 2: Kinetics of Drying of Green Beans (Doymaz, 2005).

A decrease in relative humidity leads to a reduction in drying time and an acceleration of the drying process as we can see in Fig. 3.
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Fig. 3: Influence oOf Drying Humidity (Doymaz, 2005).

The air speed has a positive effect on the drying kinetics, especially at the start of the operation. The authors' results can be classified into
three groups according to their description of the influence of air speed on drying kinetics:
e  The first group indicates that the influence of air speed on the drying kinetics is very weak, represented by Fig. 4.

1.2
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Fig. 4: Influence of Air Speed on the Drying Speed of Garlic (Madamba and Al., 1996).
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e Fig. 5is the illustration of the results of the second group which notes that the air speed influences the drying speed: when the speed
is increased, the drying time is reduced and the drying speed is increased.
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Fig. 5: Banana Drying Speed as A Function of Water Content (Karim and Al., 2005).

e The third group also notes that air speed influences drying speed. However, the air speed reaches a limit value (depending on the
product to be dried) beyond which there is no longer any influence on the drying time. Fig. 6 is an illustration of their observation.
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Fig. 6: Effect of Air Speed on the Kinetics of Broccoli Drying (Mulet and Al., 1999).
3. Smoking and drying processes and equipment

3.1. General smoking process
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Before smoking a product, a certain number of preliminary operations are necessary. As a rule, a distinction is made between gutting,
washing and salting (brining and dry salting). The smoked product processing process takes place in three main stages: preparation of the
carcasses, treatment and the actual smoking.

Freeze chicken

defrosting

l Full chicken
cut chicken

Carcass of chicken

Spice mixture N
B Pickling in

brine
(200g/10litres

water » Dirty water, feather, impurity

Precooked
10 -15 min

Disposition on the l
furnace grill Smocking/cooking
1 Times=45-80 min
reversal b

Smnke}chl:ken

Picking up

v
packaging
[ Smoked chicken I
Fig. 7: Technological Diagram of Traditional Smoked Chicken Production (Akakpo and Al., 2020).
3.2. Some smokehouses and dryers

3.2.1. Brick type ovens

The brick chicken smoking device (Togo) is no different from the traditional smokehouse used for smoking fish in our country Cameroon
which is commonly called Banda in the locality of Lagdo-Cameroon. Fig. 8 (a) is the illustration of the brick device for smoking chicken
from Togo that Akakpo (2020) offers us and Fig. 8 (b) is that of the Banda smokehouse.

a) Typical brick ovens from Togo
~ I e

b) Banda smokehouse (Lagdo-Cameroon)
b o

=3

(®: Combustion chamber (@): Metal grids supporting smoking chickens
Fig. 8: Typical Brick Ovens.

3.2.2. Smokehouses made from oil barrels

Another model of smokehouse is obtained by stacking several barrels of oil on top of each other. The edges should match well. A wet bag
is placed over the edge of the top barrel. This system allows better use of smoke. The order of the barrels, or the meat in the barrels, should
be changed regularly because the lower barrel should not receive more heat and smoke than the others (see Fig. 9). The disadvantage of
this smoking method is that the temperature is difficult to control and the finished product is not smoked evenly. Smokehouses are sensitive
to rain and wind. The advantage of these smokehouses is that construction costs are low.
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Fig. 9: Smokehouses Made from Oil Barrels (Brigitte and Al., 2005).
3.2.3. Chorkor smokehouse

These types of smokehouses, as shown in Fig. 10, are generally composed of a rectangular hearth on which are stacked a few shallow trays
made of metal mesh held by wooden frames. The product is placed on the trays and wood is burned in the hearth. The oven should be low
to allow several trays to be easily stacked, but there should be a distance of at least 50 cm between the flames and the lower tray. It is
therefore necessary to dig a hearth 10 to 20 cm deep at each supply opening. During construction, care must be taken to ensure that the
wooden frames can rest on the center line of the oven walls. The upper plate may be covered with a sheet of plywood or corrugated iron.
By swapping the trays when smoking, products are smoked more evenly.

Fig. 10: Chorkor Smokehouse (Brigitte and Al., 2005).

3.2.4. FTT-Thiaroye smokehouse

The FTT-Thiaroye (FAO-Thiaroye processing technique) ensures that the processing operations of smoking and drying Thiaroye fish meet
food safety requirements and can also be carried out independently of weather conditions. Not only does the FFT-Thiaroye allow the
marketing of better quality products, but also leads to a reduction in the use of charcoal, an easier use of agricultural by-products and an
increase in the work of women fishing operators. It includes a charcoal stove, a grease plate, a smoke generator, and an air simmer. FTT-
Thiaroye is a technique born from collaborative efforts between FAO and the CNFTPA training institute in Senegal. It is a system built on
the achievements of existing improved oven models which are already widely adopted in Africa, such as the Chorkor, the Banda and the
Altona. Fig. 11 is one of the photos captured by FAO. These ovens become FTT from the moment a few specific components are added.
These are the stove, the grease collection plate, the indirect smoke generator system, and the air distributor.

=y : - ¥

© FAO/TECA

Fig.11: FTT-Thiaroye Smokehouse (FAO, 2014).

3.2.5. Electric smokers

Electric smokers, as their name suggests, draw their energy from electricity. In fact, the temperature inside the device is easily controlled
thanks to its thermostat. The templates allow you to plan a very precise smoking time. This type of smoker is often composed of a chamber,
a ventilation valve, grills for placing the products, a heating resistor, a supply tube for placing the briquettes, a burner briquette receiving
briquette and a digital or manual control panel for easy use. Other models, working in relatively the same way, can also be used with wood
as a smoke generator. However, in this case, it is often necessary to manually add the chips throughout the smoking process, control the
smoke inside the chamber as well as the smoking temperature. Electric smokers are particularly effective for hot smoking, but can also be
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used for cold smoking. They are very self-contained, easy to clean, robust (especially in the case of the best smokers), allow impeccable
internal temperature control and often have different smoking parameters built in and easy to select thanks to the digital controls. Fig. 12
is the illustration of this type of smoker which we took from Thomas' blog (Bradleysmoker.com) published in 2022.

Fig. 12: Electric smoker (Source: Bradleysmoker.com).

It is in this category of smokers that we find intelligent smoker dryers. Let us recall here that a system is intelligent if it can learn (elaborate
a knowledge system and be able to integrate new knowledge), if it can reason, deduce, anticipate (from the knowledge system and data
from the experience to be able to produce new knowledge), if he can have a history, have a conscience and if he can have feelings. Artificial
Intelligence concerns the design of an artificial being (machine) capable of possessing or exhibiting the capabilities and characteristics
specific to a human brain. Available in the Politec team catalog, Fig. 13, Fig. 14 and Fig. 15 are illustrations of smart smokers and dryers.
e Holdomat ovens

This oven has an interior and exterior construction in 18/9 stainless steel with a highly insulated oven and double-walled door. It has tactile
keys and precise temperature display. It allows precise control of humidity and temperature to +/- 1°C. Static heat is also precisely con-
trolled by a platinum probe. The temperature setting range is 20° to 120°C. it allows intelligent dehumidification for an optimal room
temperature. Its side handles are retractable and very practical for transport.

Fig. 13: Four Holdomat (Source: Politec-France.Com).

e Smoki smokers
These smokers are designed for regular use and consistent smoking quality. These all stainless steel and insulated smokehouses allow cold
or hot smoking depending on the version chosen. The features are as follows:

- Cold or hot smoking depending on version

- Smoked foods on rack or hanging

- Smoke intensity easily adjustable by valve

- Very large smoking capacity

- Rigid stainless steel construction with 70 mm double insulated wall

- Door with waterproof closing system

- Equipped with an automatic smoke generator

Fig. 14: Smoki Smokehouse (Source: Politec-France.Com).
e ST Series Dryers
ST series dryers have approximately 150 hours of uninterrupted drying possible. They have 2 individually adjustable temperature zones.
The drying temperature is adjustable to the nearest degree. They have approximately 4 self-contained fans and 10 fan speeds. They can be
used to dry fruits, vegetables, spices, meats, fish, etc. They are simple to use, easy to clean and maintenance-free. The construction is made
of double-walled stainless steel. Full height horizontal ventilation, significant air flow. Easy adjustment for temperature and drying time.
The thermostat is digitally controlled and the temperature varies from 30 to 70°C.
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Fig. 15: ST Smoking Room (Source: Politec-France.Com).

3.2.6. Some inventions around smoking and drying

In this section, we present some limitations of smoking and drying oven invention patents.
e Individual portable smoker
Invented by Henri Giles Rouquairol on October 30, 1987 under number: 2597722 published by the National Institute of Industrial Property

in Paris. The major limitation of this invention is that the parts in contact with the grid’s present burns. The device diagram is shown in
Fig. 16.

Fig. 16: Individual Portable Smoker.
e Method and device for salting-drying and cold smoking of meat food products
Fig. 17 is the diagram of Camille Knockaert 's invention published by the European Patent Office in 1995 under the number: EP 0587515A1.
The limits of this invention are based on the fact that the salting device is separated from the smoking device. As well as the smoking
method which is electrostatic which uses a large amount of energy.

Fig. 17: Device For Salting-Drying and Cold Smoking Meat Food Products.

e  Dehydrator and smoker for food products
Invented by Kenne Takala Brice June 2, 2022 under Number 20365, published by African Intellectual Property Organization. Fig. 18 is

the diagram of this invention. The limits are as follows: loss of time (cleaning, salting, pre-drying in the sun); manual combustion system
(you will have to relight the coal fire if it goes out) and the system not connected.

Fe1

Fig. 18: Multifunction Dehydrator and Smoker for Food Products.
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3.2.7. Price of some smokers and dryers

Prices for smokers and dryers vary depending on the city and country. We present in Table 3 the average prices of some smokehouses and
dryers in Africa.

Table 3: Prices of Smokers and Dryers (Nadine, 2004)

Types of Smokehouses Features Price

Passive solar tunnel dryer (developed by CEAS) 20 kg of fresh produce 145,000 FCFA

The Coquille dryer (developed by GERES) 20Kg of fresh produce 2200 to 3000 FCFA / m2 of racks.
The shell dryer improved by forced convection (developed by EIER, Burkina Faso) 20Kg of fresh produce 1200,000 FCFA

The Geho3 dryer: developed by the University of Hohenheim 150 kg of fresh produce ~ 1400,000 FCFA

Forced convection solar dryer with diesel backup (CEAS) 6 kg of fresh product 400,000 FCFA

Banda (open) 30000 FCFA

Closed band 35000 FCFA

Chorkor (made of cement brick blocks) 200000 FCFA

Chorkor (clay) 130000 FCFA

3.3. Some scientific work on the design, construction and studies of a smoke dryer

Yves in 2005 proposed the “Humid Air” program which calculates all the characteristic quantities of humid air, namely: T, Tr, HR, Pv,
and p whatever the case. The program provides better precision of the results compared to a reading on the diagram and also makes it
possible to take into account the atmospheric pressure of the location considered which can be significantly different from 760 mmHg. The
major disadvantage is that the humid air diagram remains very useful for visualizing the different air transformations.
Thierry worked on the development of a user-oriented design method: Case of tropical agri-food equipment in 2009. He proposed:
e The DCF (Functional Understanding Diagram) which allows a better understanding of the traditional process and user expectations.
e The COSU Method (User Scenario Oriented Design) which allows the involvement of the user's knowledge in the use of the product)
The limitation is that Functional Analysis does not allow the designer, even if he is a specialist in the agri-food industry, to have a complete
understanding of the operations traditionally carried out by women and especially of their expectations.
Edoun, working on the development of a tool to help design small-scale drying processes in humid tropical areas in 2010, proposed the
MASADryP tool “Matrice of Select an Adapted Drying Principle” which makes it possible to guide and broaden the field of research into
drying principles and processes when designing a dryer. The limitation is that it applies to drying plants.
Randrianaivo in 2014 produced a smokehouse dryer and a solar dryer adapted to different regions for the smoking and drying of agri-food
products in 2014 which takes into account a wide range of plant and animal products whose shelf life is greater than 1 year. The equipment
allows smoking and drying even during bad weather. The limits that we have retained are as follows: No grease collector and drops of
water; the turning of the product is done manually, there is a lack of information on the evolution of the transformation process, there is a
loss of time (cleaning, salting, pre-drying in the sun) and non-uniformity of colour of the finished products.
Ahmat in 2015, to create a solar dryer adapted to the context of tropical countries, and which takes into account the needs of users in terms
of quality of the dried product, cost and size. There is a considerable reduction (70 to 90%) of the microorganisms present in the meat. The
equipment has the same limits as the equipment produced by Randrianaivo in 2014 and to these we add the fact that the use is conditioned
by the climate.
Fabrice, created a biomass dryer-smoker by convection and heat recycling whose temperature is regulated and the distribution of smoke is
uniform in 2020. The limits are that the system is not connected and the turning of the product is manual.
The study (Numerical study of smoke distribution in an industrial smoking chamber) carried out by IFREMER in 2002 made it possible to
identify the defects of the treatment: heterogeneity and exceeding standards (too high surface speed). Also, the physical model (Euler
system for air, Use of a passive scalar, Use of a passive scalar with deposition, Euler-Euler model, etc.); the Turbulence Model (Models
based on viscosity, Reynolds tension model, etc.). And geometric models using the software (CFX from Ansys) of the smoke were proposed.
The limits identified around this study are: the regularity of the treatment is difficult to achieve and the transformations are only conceivable
in the dynamic smoking process.
According to the experiences of Boughali in 2008, to properly control a drying operation you must be able to control the three fundamental
parameters: temperature, humidity and speed of the drying air. And it is also noted that the temperature factor is the most influential factor
on the drying kinetics, however the effect of humidity and speed is less. The major limitation is that there has been no study of the influence
of product suspension mode.
Akakpo in 2020, Diagnosed the smoking practices of chicken meat (Gallus Gallus) in the city of Lomé in Togo. And it emerges from the
study that: the storage time is at least 20 hours for traditional smoking, the smoking temperature is between 45 and 80°C, the essential
difference is seen in the treatments applied to the chicken before smoking and the fuels used. The limits listed are: there was no microbio-
logical and vitamin analysis of the finished product as well as no study of the mass of the product before and after smoking.

4. Legal laws on meat products

Several laws on the consumption and marketing of meat products have been passed both internationally and for each country. In this section,
we present some international laws as well as the laws of Cameroon on the consumption and marketing of meat products.

4.1. Meat quality

Saying that meat is “quality” can mean everything and its opposite depending on the frame of reference in which we place ourselves.
Indeed, there are many definitions of quality, but the most common is the following: "Quality is the set of characteristics which differentiate
the individual units of a product and which are important in determining the degree of acceptability of the product. this unit by the user"
(Groom, 1990).

For the meat industry, meat quality is a term used to describe the overall characteristics of meat, including its physical, chemical, morpho-
logical, biochemical, microbial, sensory, technological, hygienic, nutritional and culinary properties (Ingr, 1989).
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4.2. International laws

Regarding international laws on the consumption and production of meat products, we can list among others:

Regulation (EU) No. 1169/2011 of the European Parliament and of the Council of 25 October 2011 on consumer information on
foodstuffs, amending Regulations (EC) No 1924/2006 and (EC) No 1925/2006 of the European Parliament and of the Council and
repealing the Commission Directive 87/250/EEC, Council Directive 90/496/EEC, Commission Directive 1999/10/EC, Directive
2000/13/EC of the European Parliament and of the Council, Directives 2002/67 /EC and 2008/5/EC and Commission Regulation
(EC) No 608/2004.

Commission Regulation (EC) No. 2073/2005 of 15 November 2005 concerning microbiological criteria applicable to foodstuffs.
Regulation (EC) No. 853/2004 of the European Parliament and of the Council of 29 April 2004 establishing the specific hygiene
rules applicable to foodstuffs of animal origin.

4.3. Laws in Cameroon

Until now the government authorizes the consumption of all non-toxic meat, that is to say any meat that does not present:

A bad taste and unpleasant odor (sour, rotten, musty, etc.);

A change in color and a smell of rof;

Swelling of the bags with the production of gas (CO and H2S) by bacteria present on packaged meats.

Below we list some standards voted by the Cameroonian government according to the ANOR Cameroonian standards catalog pub-
lished in April 2015;

The standard (NC 183, 2014): Recommended international code of practice for hygiene for fresh meat;

The standard (NC 184, 2014): Recommended international code of practice for hygiene for processed meat and poultry products;
The standard (NC 307, 2014): Code of Hygienic Practice for Meat;

The standard (NC 383, 2014): Guide to the microbiological quality of spices and condiment herbs used in processed meat and poultry
products;

The standard (NC 323, 2014): Code of practice for the reduction of contamination of foods by polycyclic aromatic hydrocarbons
(PAHSs) from smoking and direct drying processes;

The standard (NC 533, 2014): Standard for smoked fish, smoke-flavoured fish and dried smoked fish.

5. The difficulties encountered by the actors and their needs

We present here some difficulties that we perceived at Yanick (6 years of experience in breeding and selling chicken in Dang-Ngaoundéré-
Cameroon), who smokes chickens at the request of customers, and Christine (27 years of experience in smoking and selling fish in Lagdo-
Garoua-Cameroon), who smoke fish for sale in the locality of Lagdo and Garoua; and sometimes smoking chickens on demand. These
include, among other things:

Loss of time (cleaning, pre-drying in the sun on average 1h30 minutes):

Failure to master the processes and stopping the operation through trial and error/experience

Distress (back pain, cough and smoke in the eyes after each operation);

Product dry from the outside and moist from the inside; breakable often caused by failure to control smoke and temperature;
Manual combustion system (you will have to relight the coal fire if it goes out);

Risk of microbial contamination of the finished product because they are exposed to the open air and the particles of ash and dust
which are deposited on them without forgetting the fuels, they use for the production of smoke are not clean;

Non-uniformity of the colour of the finished product;

Low smoke production and excessive consumption of fuels (coals, pieces of wood and sometimes they use old cardboard, sawdust
and wood chips). They simply suffocate them to increase smoke production;

Manual combustion system (you will have to relight the coal fire if it goes out).

a) Cleaning and pre-drying

b) Smoking/turning

Fig. 19: Smoking Chicken.
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a) Pre-drying before smothering

_b) Choking

N
1

¢) Smoking/turning

'3
Fig. 20: Smoking Fish.

The needs expressed by the stakeholders in terms of equipment characteristics are:
e  Speed (at least 1 hour per cycle);
The capacity of the products to be transformed must be up to 500 or even 2000 products per hour;
The finished product must be tender and not too dry;
The equipment must be very economical in terms of fuel and energy consumption;
And the price/quality ratio must be affordable.

6. Conclusion

Having reached the end of our work, it should be remembered that we have taken stock of the conservation processes and equipment using
smoking and drying methods for meat products. In doing so, we first, in this document, reviewed the scientific laws, the technical states,
the commercial review, the patent review as well as the legal laws. We then presented the difficulties and needs expressed by the actors.
From this study, it emerges that the needs of stakeholders must be taken into consideration during the design and construction phase. It is
noted that, until now, equipment for smoking and drying meat products, and its process making it possible to guarantee food safety, user
safety, retaining all nutrients, ergonomic, using fewer resources, fast, adaptable to any type and size of smoking products remains to be
explored.
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