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ABSTRACT. The article's authors have developed an innovative approach and construction for more 

efficient sublimation of mostly complex-shaped seafood (e.g., fish, shellfish, squids, etc.) to provide more 

efficient and ecological production of freeze-dried fishery products. Such an approach allows the production 

of high-quality, bio-valuable, and environmentally friendly seafood products with longer shelf life and more 

intact or tailored cuts in the initial structure (or morphology), which is essential aesthetic property to improve 

consumer appetite. Implementing the pin board with highly thermally conductive pins inside the sublimation 

chamber allows more efficient heat removal during the freezing stage. The use of pin board reduces the 

conditional gradients in the case of bodies with complex structures as energy can be adjusted by changing 

the intensity in energy supply or removal. Theoretical calculations show that up to 7-13% of energy can be 

redistributed for the body's sublimation through pins compared to the traditional freeze-drying method, 

which makes it possible to reduce the time of the technological process or increase the mass of the product 

being laid. Theoretical calculations will help the authors to assemble an early-stage freeze-drying chamber 

for a more efficient freeze-drying of fish products. 
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Introduction 

Lyophilization is a process by which water passes directly from the solid (ice) state to the steam-type state 

(sublimated), thereby omitting the liquid form. Consequently, part of the bound water desorbs from the 

"dry" layer [1,2]. This technique is widely used to stabilize high-quality food [3], biological materials, and 

pharmaceuticals [4]. This process results in the high quality of the dried product with close to its original 

biological, nutritional, and organoleptic properties [5,6]. Preliminarily frozen water significantly slows 

chemical, biochemical, and microbiological processes  during the lyophilization of the target body. Such an 

approach results in maintenance of almost unchanged taste, smell, and content of food. Raw food usually 

contains much free, physically, and chemically absorbed water from 80 to 95 wt.%. The extraction of water 

by sublimation leads to a lyophilized product with a high porosity structure. Lyophilizates intensively soak 

water and recover almost 100 % of lost fluid [7,8]. The matrix of the target body contain physically trapped 

and associated (physically and chemically) water. 

Free water freezes at temperatures below 0 °C. However, most physically and chemically bound water 

remains liquid even at much lower temperatures (e.g., -20...-30 °C). The purpose of the lyophilization is to 

remove almost all free water ice and somewhat bound water. A sufficiently low residual moisture content 

increases the food storage period and makes it technologically or commercially beneficial. 

Lyophilization is a very complex and typical multi-step process consisting of [1,5]: 

1. Freezing of the product, most often under atmospheric pressure (101,33 kPa). 

2. Primary drying - appropriate lyophilization (ice sublimation) is most often carried out under low-

pressure conditions. 

3. Secondary drying - drying desorption, ensuring the drying of the product to the technologically 

prescribed humidity in the food matrix. 

Lyophilization is characterized as a process of mass exchange, which requires heat transportation. Water 

sublimation heat (sublimation enthalpy) is 2885 kJ·kg-1 [9]. In the case of the intensity of under-the-input 

of heat energy, the lyophilization process will be slow, which will increase the cost of lyophilizate. On the 

other hand, if the power of the supplied heat flow is too high, this will lead to an unwanted accumulation of 

heat in the structure of lyophilized food and an increase in its temperature. This effect leads to undesired 

liquid water generation. Therefore, it is essential to maintain a balance between the heat input and the 

amount of heat consumed in the process. 
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Typical commercially available periodic operations food, laboratory, and pharmaceutical lyophilization 

equipment are made of rectangular or cylindrical vacuum chambers with vertical or cylindrical side walls, 

on which brackets are attached to one or more horizontal shelves equipped with capacitors and heaters. 

Trays are designed for placing the target body in the working area. The device typically contains a 

sublimated liquid collector and a door for insertion and removal of a target body before and after 

lyophilization. A vacuum pump maintains low gas or gas mixture pressure inside the working chamber. A 

cooler provides the operation of the shelf and sublimated substance condensing unit [10,11]. 

A large surface contact area with a shelf or tray or the surface of another type of container must be ensured 

for a more efficient energy transfer from and to the body to be frozen and sublimated, respectively. Target 

objects with an irregular shape cause the loss of performance of the lyophilization equipment. Such a thing 

does not provide a large contact surface area with flat shelf surfaces. Therefore, the inhomogeneous energy 

removal and supply is a significant disadvantage for existing lyophilization equipment [11]. High fat or oil 

content typically on the surface of the meat and fish products leads to a limited water penetration rate and 

significantly increases the cost of freeze-dried products. The tailored cuts in the fat or oil layer of the frozen 

matrix can substantially increase the total surface area for water penetration during the sublimation process. 

The construction of standard sublimation equipment limits the applicability on board ships due to the sliding 

of inserted slippery target objects by the boat pitching, rolling, and swaying. 

Fish and other seafood are considered to be easily digestible [12] with a good source of essential amino 

acids, polyunsaturated fatty acids, fat-soluble vitamins, minerals, and trace elements [13–15]. Omega 3 and 

omega 6 polyunsaturated fatty acids cannot be synthesized in the human body and must therefore be ingested 

with food [16,17]. Therefore, food manufacturers demand an innovative solution for cost-effective freeze-

drying technology. 

The authors developed an innovative approach for overcoming the above-mentioned limits and providing 

the lyophilization of meat and fish products commercially beneficial. The innovative design solution 

introduces a so-called pinboard with pins to provide intact or tailored cuts in the upper layer of the fatty or 

oily target body. The effect of pins on heat energy transfer and freeze-drying duration is calculated and 

discussed. 

Experimental 

The innovative design solution 

Compared with the designs of devices already developed and used, this device is generally distinguished 

because the equipment typically consists of a working chamber, an inter-chamber bounded by a functional 

plate, and a top plate. An object to be lyophilized containing water and other evaporating compounds is 

placed on the working plate. The working chamber is enclosed from an inter-chamber by a physical screen 

with built-in throughout going channels and a condenser. The physical screen incorporates a technological 

opening with inserted a free moving pin consisting of a rod and a cap. A channel is embedded in the rod and 

a cap. A pin heater is placed on the pin around the rod. The moving pin can be moved vertically within the 

stop from the upper surface of the working plate or the upper surface of the object to be lyophilized to the 

lower surface of the top plate. The heater is located under the functional plate. The pressure of the air or 

other gas in the unit shall be reduced by passing through the output stream with the help of a pump. 

The physical screens and pins may be placed above and below the target body to ensure a larger area of 

contact surface if the shape of the target body is irregular from several sides, as demonstrated in Fig.1. 

Physical screens limit the space of the working chamber. The inter-chamber consists of the top plate and 

the top physical screen, and the inter-chamber consist of the bottom plate and the bottom physical screen. 

Such placement of screens with heat-removing rods allows more intensive removal of heat from the product 

at the stage of freezing and at the sublimation stage to provide a more uniform heat supply throughout the 

volume of the processed product. Additionally, physical screens help fix slippery bodies in original locations 

in case of placing lyophilization devices on swinging platforms like onboard ships. 
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Fig.1. Pin placement option above and below the object  

Various pin tips are used to implement multiple modes of operation of the lyophilization device when 

processing products that differ in structure, shape, and size. For example, the geometric shape of the tip of 

the rod may be flat, with a spherical protrusion, semi-spherical dent, conical, quadrangular, or triangular 

pyramid, and scalpel-shaped blade, as demonstrated in Fig. 2 and Fig. 3. 

Different geometrical tip shapes provide the intact surface of the target body or tailored cuts and dents on 

top of the body. These cuts and marks pass through the thickened or frozen fat and oil layers and provide a 

larger surface area for water to evaporate from the target body after lifting pin rods. 

 

 
Fig.2. The design of movable pins 
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Fig. 3. Geometric shapes of movable pin tips 

 

The selected design and calculation approach 

Implementing the pin board with highly thermally conductive pins inside the sublimation chamber (see 

Fig. 4) allows more efficient removal of heat during the freezing stage (fine ice crystals form) and a more 

efficient supply of heat energy for increased vapor generation rate during the sublimation stage. Use this 

second-level header to include a subsection under the first-level heading. 

 

Fig. 4. Schematic of the device with a physical screen and an example of the use of movable pins 

The illustration presents a schematic example of the application of a device in which the object to be 

lyophilized is a raw fish. The air in the working chamber and the inter-chamber shall be pumped through 

the output stream with the help of a pump down to a pressure of 100 Pa. 

The calculations of the sublimation equipment can be divided into two directions (see Fig 5): 

1. the determination of the number of sublimation equipment is required if the lyophilisation process 

is to be carried out within a specified period of time, provided that the amount of moisture removed 

is W; 

2. determination of the time of the sublimation process is required if it is to be implemented on a 

specific area of the plate 𝑭𝒑𝒍𝒂𝒕𝒆, provided that the amount of moisture removed W. 
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Fig. 5. Two directions of the methodology for the calculation of the sublimation period, - 

𝜔1;  𝜔2the initial and final humidity per mass of the dry product;  - mass parts of the drying 

process;  - parts of the drying process; 𝑘1; 𝑘2;  𝑘3𝑎1;  𝑎2;  𝑎3  𝑡𝑠𝑏;  𝑡𝑝𝑙 – sublimation temperature 

(product) and temperature of heated plates; 𝛾𝑙; 𝑤 –  specific evaporative heat of ice and water;  

𝑐0 - the radiating capacity of the black body. 

Results and Discussion 

Theoretical calculations show that up to 7-13 % of energy can be redistributed for sublimation of the body 

through the use of pins compared to the traditional freeze-drying method, which makes it possible to reduce 

the time of the technological process or increase the mass of the product being laid. 

The use of pinboard reduces the conditional gradients in the case of bodies with complex structures as the 

pins provide a more uniform transfer of energy, as compared to commercial sublimation devices. The 

temperature can be simply adjusted by changing the intensity in energy supply or removal. 

The calculation methodology allows to determine the required number of pins (see Fig. 6). It was found that 

the amount of heat supplied with the pin depends on the geometric parameters of the pin, the material, and 

the temperature of a heated plate of the pin. 

 
Fig. 6. The dependence of the heated plate on number of pins in the pinboard 

Adapting the surface of the shelf tray or other type of container to the surface of the lyophilized object is 

not beneficial if the adaptation should be carried out for each lyophilized object individually. 

 

Conclusions 

The theoretical calculations will help the authors to assemble the early-stage sublimation chamber for more 

efficient freeze-drying of fishery products. 
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Physical screen allows to increase the thickness of the production by up to 20.0 mm without changing the 

process time or which makes it possible to reduce the time without changing of the production the thickness. 
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