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ABSTRACT 

All around the globe, the loss of grain during the storage phase constitutes a significant 

element in postharvest losses, representing a primary cause of food insecurity for 

smallholder farmers. Small reductions in grain damage caused by transportation of the 

grains are significant. Since grain undergoes multiple handling steps during 

postharvest processing, any accumulated damage can be substantial. Therefore, 

minimizing damage at each stage contributes to a higher overall yield and ultimately 

increases grain market production. The diploma thesis consists of two parts. The first 

part is extracted from professional literature and focuses briefly on the description of 

the postharvest line. The second part, which is experimental, reveals that grain losses 

on two common types of conveyors which were measured in the chosen farm in the 

middle part of the Czech Republic. This diploma thesis examines how grain quality is 

affected after harvest, focusing on damage to the outer layer. Furthermore, it is aimed 

to assess grain damage caused by multiple common types of conveyors, the preferred 

methods for horizontal grain movement in grain processing facilities. Generally, these 

conveyors are known for minimizing damage to grain kernels during reception, 

treatment, and storage. The amount of fragments and total mechanical damage to the 

grain with the belt conveyor was almost 4-5 times smaller than chain conveyor and 

this numbers can raise when it is working below the nominal efficiency and full 

capacity of chain conveyor. It is highly recommended to use a belt conveyor where it 

is possible in postharvest line, due to the minimum damage to the grains, and simplicity 

of this type of conveyor. 

 

KEYWORDS: Quality of grain, postharvest treatment, transporting routes, storage 

losses
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1. Introduction 
 

Worldwide, food crops are cultivated and consumed throughout the year, both 

seasonally and continuously. Nevertheless, smallholder farmers in underdeveloped 

nations face limitations in agricultural mechanization. As a result, nearly all 

agricultural activities, including pre-harvest and postharvest operations such as drying, 

dehulling, shelling, winnowing, sorting, transportation, and storage, are carried out 

manually. Under these circumstances, it has been estimated that quantitative losses of 

up to 15% occur in the field postharvest, 13–20% during processing, and 15–25% 

during storage (Abass et al. 2014). This results in a significant decline in food quality, 

and an increase in food loss and food insecurity among farm households. Studies 

indicate that the annual value of waste and food spoilage in developing nations with 

nearly 65% occurring during the stages of production, processing, and postharvest 

(Pedrick et al. 2012). 

The grain loss during the storage phase is considered a significant element in 

postharvest losses, representing a primary cause of food insecurity for smallholder 

farmers in underdeveloped nations. Traditional storage methods employed by 

smallholder farmers in developing countries typically involve the use of woven bags 

or cribs. However, these methods have proven ineffective in addressing pre-existing 

mold and insect issues within the stored grain. Some farmers resort to incorporating 

various chemicals to enhance the storability of the grain. While hermetic storage 

systems present a viable alternative by minimizing storage losses without relying on 

chemicals, challenges arise. Consequently, an ideal grain storage system for 

smallholder farmers should possess hermetic sealing capabilities, mechanical 

durability, and cost-effectiveness compared to conventional options. Such a system 

would contribute to reducing grain storage losses, preserving grain quality, and 

ultimately mitigating food insecurity for smallholder farmers in developing countries 

(Manandhar et al. 2018). Concentrated studies on storage practices applicable to staple 

crops like maize and rice, as well as legumes such as cowpeas and beans commonly 

cultivated by smallholder farmers globally. The research searched various postharvest 

losses within the grain supply chain, exploring the impact of factors such as insect 

activities, mold growth, mycotoxins, moisture, temperature, and social considerations 

on the choice of grain storage systems. The investigation examines several grain 
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storage methods, including traditional structures and handling systems, secondly the 

use of chemicals in conjunction with other storage structures, or hermetic metal silos 

with hermetic bagging technology, self-built silos and at the end also on-farm and 

community-based storage structures. The review proposes desirable qualities for 

storage structures based on the assessed systems, aiming to effectively mitigate 

postharvest grain storage losses (Manandhar et al. 2018). 

Scientific studies define the decline in both the quantity and quality of food production 

during the time from harvest to consumption as postharvest loss. These losses entail a 

reduction in the quality of a product, impacting its nutrient or caloric composition, 

acceptability, and edibility. Such losses are predominantly observed in developed 

countries (Kader, 2002). Conversely, losses associated with the decrease in the 

quantity of a product are termed quantitative losses. These losses in quantity are 

typically prevalent in developing countries (Kitinoja et al. 1999). A recent report from 

the FAO highlights a global disparity in the patterns of food loss and waste between 

high-income regions and low-income regions. The findings reveal that in high-income 

regions, greater volumes of food are lost and wasted in the downstream phases of the 

food chain. In contrast, in low-income regions, more food is wasted in the upstream 

phases of the food chain (FAO, 2013). Postharvest grain losses encompass all the 

reductions in grain from the point of harvesting until its use for consumption. Whether 

these losses involve a decrease in quantity or quality, they both contribute significantly 

to the diminished value of the product. Quantity losses arise from spillage, scattering, 

direct pest and bird infestation, mycotoxins, or mechanical breakages. On the other 

hand, qualitative losses primarily result from mold infestation, mycotoxins, and 

mechanical breakages (Manandhar et al. 2018). In less developed nations, grains are 

commonly stored for extended periods after harvest, surpassing the duration of other 

postharvest stages. The challenge lies in insufficient monitoring of the grain during 

storage. Effective reduction of grain loss primarily hinges on maintaining appropriate 

storage conditions. Factors such as physical, biological, and socioeconomic elements 

play a pivotal role in storage losses. Physical factors, encompassing oxygen, moisture, 

relative humidity, and temperature, significantly influence the storability of grain by 

affecting conditions conducive to insect multiplication and mold growth throughout 

the storage period (Chigoverah et al. 2016). Under optimal temperature and moisture 

conditions, coupled with the presence of grain, mold spores adhere to the surface and 
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thrive. Additionally, temperature gradients encourage the accumulation of moisture at 

specific points within the storage system, creating ideal conditions for the growth of 

mold. For cereals stored in silos or warehouses, the temperature at the center of the 

grain volume remains relatively constant, like the temperature at harvest. In contrast, 

the grain in contact with the storage walls experiences temperature fluctuations based 

on the external air temperatures. Consequently, when high-moisture content grain is 

stored with high relative humidity, as external temperatures decrease, the walls cool 

more rapidly, leading to condensation and the formation of damp areas that promote 

mold growth. Increased moisture and oxygen availability elevate the grain's respiration 

rate, generating heat, carbon dioxide, and enzymes. These factors contribute to the 

breakdown of starch, proteins, and lipids in the grain. Insects, engaged in metabolic 

activities, consume available oxygen, raising carbon dioxide concentrations within 

hermetic storage systems through respiration (Navarro, 2006), (Xihong et al. 1998).  
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2. Objectives 

 
 

Storing unprocessed grains with higher moisture content and more impurities than 

ideal for long-term storage period requires creating a specific environment within the 

storage area. This environment needs to significantly slow down all the natural 

biological, physical and chemical changes that happen to the grain while it's in storage. 

Grain quality, especially its outer condition, is affected by what happens after harvest. 

In general, handling grain can cause a lot of damage. This includes cleaning the grain 

and how it's handled commonly with a conveyor or an elevator.  

This diploma thesis aims to specifically measure how much mechanical damage occurs 

to grains during transport using different types of conveyors in chosen postharvest line 

equipped with chain and belt conveyors which are the most used methods for moving 

grain in Czech agricultural postharvest systems. The focus is on recommending the 

best way to transport grain within storage systems. By analyzing different conveyor 

types and their features, the ideal conveyor system to minimize grain damage will be 

identified and the possibility to replace the old transport technology will be arranged 

theoretically.  

In this framework, the research will be based on the following steps: 

Literature Review: A comprehensive review of the existing literature on the impacts 

of different types of conveyors and their effects on the grain. 

Data Collection: Collecting and comparing data on the damages caused by conveyors 

to the grains during grain transportation in chosen postharvest line. 

Sampling: To measure grain damage, samples were collected at two points: before 

entering the conveyors and after passing through it. This process followed the ČSN 

ISO 950 standard for sampling. The quality requirements for the grain itself were based 

on separate Czech standards like ČSN 46 1100-2, and ČSN 46 1100-5, etc. And 

laboratory tests were done in the accredited laboratory. 

Analysis: Comparison of the amount of damage between conveyors with proposal of 

the suitable conveyor for replacement in the technology. 
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3. Literature Review 
 

This section summarizes key ideas and established principles from relevant 

research and publications by other respected groups.  

 

3.1 Food Grains Composition and Cultivation of cereals 
 

The Czech Republic cultivates a variety of grains, including wheat and barley. Other 

grains like corn, millet, and buckwheat are also grown in this country. This diploma 

thesis focuses specifically on food varieties of wheat, the most significant grain crop.  

Understanding the composition of cereal grains is crucial throughout the entire grain's 

journey. From harvest and transport to storage, processing, and finally pricing, 

knowing the grain's makeup informs every step. This importance is developed because 

cereal grains are composed of various cell types, each with its own unique nutrient 

content, size, and shape. Overall, the grain contains 12-14% moisture, 8-16% protein, 

1-5% fat, and a small amount of minerals and vitamins. The Chemical compositions 

and energy values of selected cereal grains are shown in Table 3.1 (MARTÍNEK et al. 

2012). 

 

 

 

Grain 
Carbohydrate (%) Protein (%) Lipid (%) 

Total dietary fiber 
(%) 

Sugar (%) 
Energy 

(kcal/100 g) 

Wheat 

hard white 
75.90 11.31 1.71 12.2 0.41 342 

Wheat 

soft white 
75.36 10.69 1.99 12.7 0.41 340 

Durum heat 71.13 13.68 2.47 – – 339 

Maize, yellow 74.26 9.42 4.74 7.3 0.64 365 

Brown Rice 76.17 7.50 2.68 3.4 – 362 

Barley 77.72 9.91 1.16 15.6 0.80 352 

Sorghum 72.09 10.62 3.46 6.7 2.53 329 

Oats 66.27 16.89 6.90 10.6 – 389 

Millet 72.85 11.02 4.22 8.5 – 378 

Rye 75.86 10.34 1.63 15.1 0.98 338 

Triticale 72.13 13.05 2.09 – – 336 

Table 3.1: Chemical compositions and energy values of some grains (MARTÍNEK et al. 2012) 
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A wheat grain has a remarkable structure, cramming in all the parts needed to create a 

new wheat plant in a tiny package. Fig. 3.1 presents key components of a grain. 

 

 

 

 

 

Fig. 3.1: Grain anatomy (Wholegrainscouncil.org, 2022) 

Bran: The outermost layer, made up of several sub-layers rich in fiber, vitamins, and 

minerals. It acts as a protective coat for the inner parts of the grain. 

Endosperm: The largest part of the wheat grain, consisting mainly of starch (for 

energy) and protein. This is the part that gets milled into flour. 

Germ: The embryo of the wheat plant, containing vitamins, minerals, and healthy fats. 

It's located at the bottom tip of the grain. 

These parts differ mainly in their chemical composition (Table 3.2), but each part also 

fulfills its function in the life of the grain, either as protection of the kernel or supply 

of nutrients to the sprout when the root is inserted (MARTÍNEK et al. 2012).  

Parts of Grain 
Mass ratio of the 

grain part 

Protein  

(%) 

Scratch  

(%) 

Sugar 

(%) 

Fiber 

(%) 

Pentosans 

(%) 

Fats 

(%) 

Ash 

(%) 

Whole Grain 100 16.1 63.1 4.3 2.8 8.1 2.2 2.2 

Endosperm 81.6 12.9 78.8 3.5 0.2 2.7 0.7 0.5 

Germ 3.2 37.6 - 25.1 2.5 9.7 15 0.3 

Bran 15.5 28.8 - 4.2 16.2 35.7 7.8 10.5 

 Table 3.2: Chemical composition of wheat grain (MARTÍNEK et al. 2012) 

The Czech Republic is a major producer of cereals, cultivating both winter and spring 

varieties. Winter wheat dominates, sown during the transitional months of September 
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and October. The following spring and summer witness flowering and fruiting, with 

harvest typically occurring in mid-July. However, due to their impact on soil quality, 

consecutive cereal plantings are not recommended. Spring wheat, typically sown in 

March, serves as a supplementary crop to winter wheat. Both winter and spring wheat 

benefit from similar pre-crops, such as root vegetables, oilseeds, and legumes. 

Additionally, other wheat types like durum wheat and spelt are also cultivated 

(cit.vfu.cz, 2022).  

Data from the Czech Statistical Office (CZSO) indicates that the total cereal harvest in 

2021 reached 8,227.1 thousand tones. This translates to an average yield of 6.11 tons 

per hectare. Compared to the 2020 harvest, this represents a 1.2% increase. In terms 

of quality indicators for food wheat, only 58% of samples meet the evaluated 

parameters, according to completed analyses. In 2020 and 2019, these values were 

55% and 63%. The most common limiting parameters were protein content and 

sedimentation value. On the other hand, analyses of the 2021 harvest of malting barley 

showed a quite satisfactory quality. However, production can be considered below 

average. Compared to 2020, barley grain has higher values of overrun on a 2.5 mm 

sieve, i.e. the grain is larger. At the same time, it has a favorable content of nitrogenous 

substances (eagri.cz, 2021).  

3.2 Microclimate in Storage Facilities  

Local weather and agricultural limitations create a seasonal supply of grains for food 

processing, while food industries demand a constant flow of raw materials (Laszlo et 

al. 2009). This mismatch creates challenges for logistics and necessitates sophisticated 

storage facilities. Maintaining the quality of stored grain throughout the year is the 

primary concern in agricultural storage. Environmental control plays a crucial role in 

achieving this. By lowering temperature and moisture content within the storage unit, 

we minimize the biological activity of potential contaminants like insects, mites, fungi, 

and their toxins (Jia et al. 2001). Postharvest treatments like thorough cleaning, sorting, 

and optimized transportation routes further ensure grain quality (Fourar-Belaifa et al. 

2011). 

Unlike inert materials, stored grains are living and respond to their storage 

environment, called the microclimate. Improper storage conditions, a combination of 

physical, chemical, and biological factors, can lead to their deterioration (Cetiner et al. 
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2017). Undried grains, through respiration, generate heat, moisture, and carbon 

dioxide. These factors, along with storage temperature and moisture content, 

significantly influence the activity of organisms that can decompose the grain 

(Capouchová et al. 2009).  

Stored grain essentially forms a miniature ecosystem where the grain and other 

organisms interact, all impacted by the surrounding conditions (Polišenská et al. 2010). 

By understanding grain behavior in storage, implementing safety guidelines, 

practicing proper facility management, and incorporating quality control procedures, 

we can minimize quality loss (Kibar, 2015).  

Modern grain storage utilizes various options, including silos (tall towers), warehouses 

(storage halls), and smaller units like boxed pallets and large bags for seeds or final 

consumption. Metal silos reign supreme in this category due to their exceptional long-

term protection for stored grains. These versatile metal structures come in diverse 

shapes, primarily cylindrical or rectangular, and offer capacities ranging from tens to 

thousands of tons (Skalický et al. 2008). 

Metal silos, compared to storage halls, face a greater challenge with moisture 

condensation. This is because temperature fluctuations within the silo, including hot 

spots, are harder to address with sufficient aeration, especially in taller structures 

(Hammami et al. 2017). Storage halls offer advantages in terms of both volume and 

aeration. Their lower grain piles and flexible duct design allow for better air 

circulation. Mathematical models can be used to predict temperature and moisture 

distribution within stored grain (Laszlo et al. 2009; Casada, 2000; Jia et al., 2001). 

These models can then be used to strategically place sensors for early detection of 

temperature spikes in stored grain. 

Several factors influence temperature distribution within a grain storage facility. The 

first set of factors relates to external conditions: ambient air temperature, air 

movement, solar radiation hitting the structure, and the warehouse's location relative 

to prevailing winds. The second set of factors pertains to the building itself: its design, 

size, and construction. While convective heat transfer is important within the storage 

unit, we shouldn't neglect the significant impact of ambient temperature and humidity 

on the bottom layer of the silo, particularly those factors not directly accounted for in 

silo design (Yang et al. 2002). 
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A storage hall could maintain its internal climate despite external weather conditions 

to address potential climate-related challenges, the facility was equipped with a robust 

aeration system featuring floor ducts. The study's objective was to assess temperature 

fluctuations within the storage area and their correlation with outdoor climatic 

conditions using statistical methods (Bradna et al. 2018). 

Maintaining consistent storage temperature is crucial for preserving the quality of 

malting barley. Ideally, temperatures should stay within a narrow range, typically 

between 5-10°C. To prevent spoilage, keep storage temperatures below 25°C for 

extended periods by promptly airing out the commodity after harvest. To achieve this, 

prompt aeration after harvest is essential. Monitoring data reveals a strong correlation 

between daytime temperature fluctuations in the barley and the amount of electricity 

used for aeration. This suggests that aeration plays a significant role in managing 

temperature and maintaining optimal storage conditions. The study also revealed a 

long-term connection between the average daily temperature inside the barley and the 

average daily outside temperature. However, this link was significantly weaker 

compared to traditional tower silos. This can be attributed to three factors: the 

insulating properties of the storage unit's outer shell, the implemented aeration system, 

and the sheer volume of the stored barley itself. Interestingly, the data suggests this 

outside temperature influence is very weak during the first four months after harvest, 

a period when active aeration plays a crucial role in stabilizing the stored barley 

(Bradna et al. 2018). 

A year-long study monitored temperature variations within a barley storage hall over 

two storage seasons. The researchers observed a rise in temperature at a depth of 2.1 

meters within the grain layer specifically from July to September. This increase was 

significant compared to both outdoor temperatures and temperatures measured 

throughout the rest of the storage period. This rise in temperature likely stems from 

two contributing factors: heat generated by the respiration of the grains themselves, 

and the cumulative effect of daytime heating and long periods of sunlight. The gradual 

rise in temperature from July to the dry season's start (October) suggests this extended 

period as the culprit behind the September peak. To prevent excessive heat buildup 

and safeguard grain quality, the storage hall might benefit from aeration during these 

months. This helps prevent infestations from insects and fungi, and the mycotoxins 

they produce (Bradna et al. 2018). 
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3.3 Conveyors Used in the Food Industry 

3.3.1 Belt Conveyors 
 

There are many different types of belt conveyors, each designed for a specific purpose. 

Belt conveyors are one of the most versatile and widely used pieces of material 

handling equipment. They are used to transport a wide variety of materials, from bulk 

solids to finished goods. In grain storage systems, belt conveyors are the gentlest way 

to move grain horizontally (Fig. 3.2 and 3.3).  

 

Fig. 3.2: Light-Duty Belt Conveyor (Jansen & Heuning www.jh.nl, 2023) 

 

 

Fig. 3.3: Heavy-Duty Belt Conveyor (Jansen & Heuning www.jh.nl, 2023) 
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Belt conveyors serve as pivotal components within industrial processing systems, 

facilitating the seamless transfer of materials while preserving product integrity and 

specified attributes. However, within the food-processing sector, concerns regarding 

product hygiene arise, highlighting the importance of well-designed and well-

maintained conveyor systems to mitigate potential hazards. The necessity for 

heightened hygiene levels not only fulfills public obligations but also serves as a 

strategic measure to minimize waste, recalls, and cleaning expenditures, particularly 

amid rising labor costs and water scarcity. The concept of "cleanability" has emerged 

as a central tenet, emphasizing the critical role of conveyors in modern processing 

environments (Kold et al. 2016). 

The design of conveyor systems, particularly in the realm of food hygiene, necessitates 

adherence to specific principles. These include the elimination of sharp corners and 

edges to prevent product accumulation, ensuring unimpeded product flow, and 

minimizing horizontal surfaces to facilitate efficient water runoff. Compliance with 

EU Machine Directive regulations is mandatory, particularly concerning product-

contact surfaces designed to meet stringent hygiene standards. Hygienic 

considerations extend to conveyor belts and associated components, which directly 

interact with food products. Three primary belt technologies - ply/fabric belts, 

homogeneous belts, and modular belts - vie for attention in terms of food hygiene. 

Each technology presents unique advantages and considerations, demanding tailored 

approaches to design and maintenance. Fabric-reinforced conveyor belts, or ply belts, 

offer versatility but are susceptible to wear, tear, and soil trapping, necessitating 

preventive measures such as edge sealing and careful fabrication. Homogeneous flat 

belts, devoid of reinforcing fabric layers, mitigate fabric-related issues and facilitate 

seamless cleaning through welded seams. Positive-drive homogeneous belts, featuring 

tooth engagement with sprockets, eliminate friction rollers and support effective 

cleaning and disinfection. Modular conveyor belts, comprising interconnected 

modules, provide high strength and resistance to impacts but require meticulous 

cleaning and adherence to manufacturer recommendations. Wire and metal belts, 

characterized by open mesh constructions, enable thorough disinfection and positive 

drive through toothed sprockets. Profiled conveyor belts, including round and V-

profile variants, offer a strong grip with minimal contact and require tailored cleaning 

approaches based on environmental factors.  
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Food-grade conveyor belts must comply with food safety regulations, with blue belts 

preferred for their detectability and certification requirements under regulations like 

EU 10/2011. Textured belt surfaces demand specialized cleaning protocols, while belts 

with features like guides or flights necessitate careful attention during cleaning 

procedures. In conclusion, achieving optimal hygiene standards in conveyor systems 

necessitates meticulous attention to design, materials, and maintenance practices. A 

nuanced understanding of various conveyor technologies and their specific hygiene 

challenges is indispensable for informed decision-making in the ever-evolving 

landscape of food processing, aligning with the imperative for enhanced hygiene amid 

evolving industry demands and global concerns (Kold et al. 2016). 

3.3.2 Screw conveyors 

Known as auger conveyors, are another essential piece of equipment used extensively 

in grain storage facilities. They utilize a rotating helical screw that moves material 

within a trough. Screw conveyors efficiently transport bulk materials like grain 

horizontally, vertically, or even at an incline (Fig. 3.4).  

 

Due to simple construction and high reliability of screw conveyors, they are commonly 

applied in various agricultural machines. Despite their broad application, there is 

scarce literature concerning the influence of their main exploitation and construction 

 

Fig. 3.4: Screw Conveyor (Jansen & Heuning www.jh.nl, 2023) 
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factors on the efficiency, energy consumption, and damage of relocated grain during 

the relocation process. Considering the above-mentioned fact, this paper attempts at a 

synthesis of the accessible research on these facilities, explaining the reciprocal 

relationships among the mentioned factors and geometrical and kinematical 

parameters of the screw conveyor (Dreszer et al. 2007). 

The versatility of the screw conveyor makes them ideal for various grain handling 

operations within a storage facility. Screw conveyors have some advantages in grain 

storage like controlled movement, they provide a gentle and controlled movement of 

grain, minimizing grain damage during transfer. They excel at efficiently conveying 

grain over short to medium distances within the storage structure. Certain screw 

conveyor designs allow for controlled feeding of grain at specific rates, crucial for 

loading processes.  There are different types of conveyors for Grain Storage. U-Trough 

Screw Conveyors are the most common type, featuring a U-shaped trough for 

maximum capacity (Fig. 3.4). Tubular Screw Conveyors are ideal for situations where 

dust control or preventing grain spillovers is necessary. Flexible screw conveyors offer 

maneuverability for reaching tight spaces during grain bin loading/unloading. Many 

studies have investigated the efficiency of screw conveyors, employing various 

research methods (Römer et al. 1955; Antoniak, 1964; Fąfara, 1967; Brusewitz et al. 

1969; Janczin, 1969; Borisow, 1972, Glozman et al.  1978; Klimowski, 1978; 

Smereczyński et al. 1978; Dreszer 1981, 1984). These studies aimed to identify the 

key factors affecting efficiency, going beyond limitations imposed by available 

research techniques or the materials tested (grain, straw, dough, etc.). This focus on a 

wider range of variables led to the development of diverse research methods and 

approaches. However, the resulting efficiency formulas often incorporated 

experimentally or theoretically derived coefficients, which can limit the comparability 

of findings across different studies (Antoniak, 1964, Goŝdziecki et al. 1975; 

Dmitrewski 1978). 

Mechanical damages are occurring during the process of relocation with screw 

conveyors. Despite their apparent simplicity and reliability, screw conveyors can raise 

concerns when handling delicate materials like grain. The relocation process exposes 

the grain to both static and dynamic forces, which can cause damage on both 

microscopic and macroscopic scales. This damage lowers the grain's biological value 

and market worth. The main culprits behind this damage during grain transport with 
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screw conveyors are Cutting, friction, and crushing. Sharp edges at the inlet, where the 

wall and screw flight meet, can sever the grain kernels. Contact with the conveyor's 

moving parts (internal friction) and the housing (external friction) can damage the 

grain. Grains can be crushed between the screw flight and the conveyor wall. In 

addition to the feeding method (parallel or submerged), the design of the inlet 

geometry, specifically the shape of the wall and screw flight edges, can significantly 

contribute to grain damage (see Fig. 3.5) (Dreszer et al. 2007). 

 

Fig. 3.5: Scheme of work of a screw coil at the inlet to the working passage acc. to: a) the commonly 

used pattern, b) pattern with an insert eliminating cutting forces, 1 – screw coil, 2 – wall edge, 3 – grain, 

4 – insert. (Rademacher, 1981) 

The clearance between wall and screw coil (2) is another important factor affecting the 

number of damages in the relocated grain (Fig. 3.6) (Dreszer et al. 2007). 

 

Fig. 3.6: Scheme of work of a screw coil at the inlet to the working passage (Rademacher, 1981) 
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Some factors can decrease the mechanical damage to the gains in the screw conveyors. 

Studies found that rice with higher moisture content (14%) suffers less damage than 

drier rice (8%) when handled. Furthermore, increasing the screw flight rotating speed 

from 100 to 500 rpm causes a tremendous increase in the grain's damage. The results 

also mentioned that when the screw clearance increased from 6 to 15 mm, the damage 

significantly dropped. Based on the results which were obtained in Zareiforoush’s 

study, to decrease the extent of damage in handling with screw conveyors, the lower 

moisture contents for the grains, the lower screw clearances and the higher speeds for 

the rotating flight should be avoided. Based on the results obtained in this study and 

comparing the results with the reports of rice grains damage in combine harvesters, it 

can be concluded that the extent of grain damage in the handling process with screw 

conveyor is remarkably lower than that of in the combine cylinder. (Zareiforoush et al. 

2010). 

3.3.3 Inclined screw conveyors 

Inclined screw conveyors as a variation of the standard screw conveyors offer several 

advantages for specific applications in grain storage and other industries (Fig. 3.7).  

Inclined screw conveyors handle both horizontal and vertical transportation in one 

unit, saving space and simplifying your setup compared to needing separate horizontal 

and vertical conveyors. They are efficient for short inclines and for conveying grain 

 

Fig. 3.7:  Inclined screw conveyors (Jansen & Heuning www.jh.nl, 2023) 
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up inclines, inclined screw conveyors provide a cost-effective solution. Like regular 

screw conveyors, they offer almost gentle and controlled movement of grain, 

minimizing grain damage during transfer. Inclined screw conveyors can be built with 

an enclosed trough, ideal for dust control and preventing grain spillage in your storage 

facility. Factors like material you will be conveying, inclination angle, length, diameter 

of the conveyor, and required features like enclosed trough, metering capabilities 

should be considered to select an inclined screw conveyor.  

Many researchers have investigated how factors like machine settings, weather, and 

the rice itself affect how much grain is lost during processing, from harvest all the way 

to milling (Andrews et al. 1993; Cnossen et al. 2003; Iguaz et al. 2006; Peter et al. 

2000; Roy et al., 2007; Siebenmorgen et al. 1998; Siebenmorgen et al. 2009; Wiset et 

al. 2001). Turning paddy rice into white rice involves several steps, from harvest to 

final processing. These steps include threshing, handling, removing the husks, milling, 

and polishing. If the equipment used in these steps isn't adjusted correctly, a significant 

amount of rice can be lost.  

According to the FAO, a staggering 10% of rice in Southeast Asia is lost after 

harvesting due to improper handling at various stages, including cutting, moving, 

threshing, drying, storing, and transporting the rice (FAO, 1997).  

Like screw conveyors, inclined screw conveyors have their own effect on the grains 

like rice damage. Investigation on the factors like moisture content, angle of the 

conveyor, and screw speed showed that rice with higher moisture content (14%) broke 

less than drier rice (8%). Also, faster screw speeds (500 rpm) caused more damage 

than slower speeds (100 rpm). Another factor that investigated was the angle of the 

conveyor which didn't affect breakage much, but it did influence how many hulls got 

removed from the rice. Overall, to minimize broken rice use moist rice (14%), slow 

down the screw speed (100 rpm), and keep the conveyor as flat as possible (10° angle) 

(Zareiforoush et al. 2010). 

 

3.3.4 Chain conveyor 

Chain conveyors are a family of conveyors that use an endless chain not only to 

transmit power, but also to carry or propel material forward (Fig. 3.8). Material is 

moved directly by the chain or attachments on it.  
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Fig. 3.8: Chain conveyor arrangement (aumund.com, 2023) 

Types of chain conveyor include apron, drag, plain chain, scraper, flight, and en-

masse conveyors. There's a misconception that chain conveyors are costly, require a 

lot of upkeep, and use excessive energy. But that's not always the case. If used 

correctly, they can be very reliable, even for handling difficult materials (Gunal et al. 

1996). 

Chain conveyors utilize an endless loop of chain driven by sprockets, typically located 

at the discharge end. Alternative drive configurations exist. A take-up mechanism at 

the opposite end maintains appropriate chain tension. Material conveyance or 

propulsion is achieved by the chain itself or various attachments like pans, scraper 

blades, or flights. Wider conveyors may employ multiple parallel chains synchronized 

through shared sprocket shafts. Certain chain conveyor types, such as drag, scraper, 

and flight conveyors, incorporate a trough structure for chain movement. Apron 

conveyors utilize attached pans or plates for material transport. These may include 

fixed skirt boards for material containment. A crucial design consideration is chain 

movement including rolling or sliding chains. Rolling chains offer quieter operation 

and lower energy consumption but necessitate clean surfaces. They are unsuitable for 

dirty environments and susceptible to wear and fouling. Sliding chains, with fewer 

moving parts, boast higher resistance to breakdowns but exhibit faster wear and require 

more horsepower due to increased friction. They are well-suited for dirty applications 

(Skocir, 2018). 
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Chain conveyors can handle significant loads compared to other conveyor types due 

to the sturdiness of the chain system. They can be adapted to various materials by using 

different attachments like pans, scraper blades, or flights. Wider conveyors can even 

utilize multiple chains for increased stability. Sliding chains are known for their 

resilience in harsh environments with minimal breakdowns due to the simpler design. 

Some chain conveyor designs, like apron conveyors, can be directly washed or 

submerged for easy cleaning, making them suitable for applications with hygiene 

requirements. Chain conveyors can be designed for horizontal, inclined, and even 

turning movements, offering flexibility in material handling within a single conveyor 

line (Kumar et al. 2023). 

Chain conveyors, while generally efficient for bulk material handling, can cause 

damage to grains during transportation. Grains can be cracked or chipped due to 

impacts with the chain itself, conveyor trough (if present), or other grains during 

transfer points. Friction between the grain and chain/trough components can wear 

down the grain surface. In tight corners or under high pressure, grains can be crushed 

or split due to shearing forces within the bulk material (Skocir, 2018). 

Factors like design of the chains, moisture contents of the grains, conveyor speed and 

capacity, chain tension, and conveyor inclination can affect damage severity. Sliding 

chains tend to cause more damage than rolling chains due to higher friction. Drier 

grains are more susceptible to cracking and breakage. Higher speeds and overloading 

can increase grain-to-grain and grain-to-component contact, leading to more damage. 

Improper tension can cause the chain to sag and impact the grain bed more severely. 

Steeper inclines can lead to the grain cascading down, causing more collisions and 

potential damage. By understanding these factors like selecting the right chain type, 

maintaining optimal chain tension, monitoring grain moisture content, and 

implementing preventive measures, chain conveyor systems can be optimized to 

minimize grain damage during transportation (Chen et al. 2020) 

3.3.5 Bucket Elevator 

The bucket elevator (Fig. 3.9) is one of the few conveyors designed for the primary 

purpose of elevating material (Fruchtbaum, 1988).  
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Fig. 3.9: Bucket elevator (istsurface.com, 2023) 

Bucket elevators are a perfect choice for vertically lifting a wide variety of materials, 

from free-flowing grains to chunky fertilizers. However, like any machine, they have 

their own set of pros and cons. Bucket elevators can handle a vast array of materials 

with varying characteristics. From light and fine powders to heavy and abrasive 

aggregates, they can be adapted with different materials and design tweaks. They offer 

flexibility in terms of capacity, height, and speed. This modularity allows for easy 

integration into existing processes or designing new facilities with optimal material 

flow. Generally, bucket elevators are considered a budget-friendly solution. Their 

simple design translates to a lower initial investment compared to specialized 

conveying systems. Additionally, their robust construction ensures minimal 

maintenance requirements, further reducing operational costs. They offer a reliable 

and efficient way to elevate bulk materials vertically. The continuous loop with 

buckets ensures a steady flow of material (Skocir, 2018). 
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Fig. 3.10: Different types of bucket elevator 1- Centrifugal Bucket elevator 2 – Continues bucket 

elevator 3 – Positive discharge bucket elevator 4 – Internal discharge bucket elevator (Skocir, 2018) 

Bucket elevator vertical design (Fig. 3.10) restricts them to situations where only 

elevation is required. For horizontal or angled material movement, they are not ideal. 

The scooping action can degrade delicate materials, making them unsuitable for fragile 

products. Especially when handling fine powders, bucket elevators can generate 

significant dust. This necessitates additional dust control measures for a safe working 

environment. While generally low-maintenance, bucket elevators do require regular 

inspection, cleaning, and occasional part replacements to ensure smooth operation. 

Bucket elevators offer a versatile and cost-effective solution for vertically elevating 

bulk materials. However, their limitations in terms of movement and handling delicate 

materials should be considered when choosing the right equipment for your specific 

application (Skocir, 2018). 

To select a bucket elevator, multiple key factors should be considered like material 

characteristics, operational needs, and other factors like maintenance, etc. 

Understanding the type of material. 

Bucket elevators can handle a wide range of materials, but their design needs to be 

compatible. For instance, abrasive materials require stronger buckets and casings to 
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withstand wear and tear. The size and shape of the material particles will influence the 

bucket design and spacing. Large or irregularly shaped materials may require specific 

bucket configurations to ensure smooth operation and prevent jamming. The weight 

per unit volume of the material will determine the capacity requirements for the 

elevator. A heavier material will necessitate a more robust elevator with a stronger belt 

or chain and larger buckets. Material with high moisture content may require special 

considerations, such as using waterproof materials for buckets or installing cleaning 

systems to prevent buildup (Woodcock et al. 1987). 

Bucket elevators can utilize either belts or chains. Chains are generally more robust 

for heavy-duty applications, while belts may be suitable for lighter materials. The 

ability to control the speed of the elevator can be beneficial for applications requiring 

precise material flow. Accessibility for inspection, cleaning, and replacement of parts 

is important for long-term operation and minimal downtime. Safety features like dust 

control systems, overload protection, and emergency shutoff switches are crucial for 

operator safety and preventing accidents. Bucket elevator prices vary depending on the 

factors mentioned above. It's important to find a balance between cost and 

functionality to meet your specific needs (Fruchtbaum, 1988). 

 

3.4 Storage Time and Temperature Effects 
 

Over a third of the world relies on wheat as their main source of food. It provides more 

calories and protein than any other grain crop (Yucel et al. 2009). Wheat kernels come 

in a variety of compositions, with moisture content ranging from 9% to 5%, dry matter 

between 80% and 90%, and crude protein content varying from 7% to 17%. The price 

paid for wheat is heavily influenced by its protein content, as this reflects how well it 

can be used in different products and how desirable it is to consumers (Yucel et al. 

2009). Additionally, the amount of moisture in the grain determines how long it can 

be stored without spoiling (Kibar, 2015). 

Heavier grains, all else being equal, tend to yield more flour during milling. In contrast, 

wheat that's lighter than expected for its variety could be due to several factors: 

shriveled kernels, abnormal moisture content (too high or too low), or the presence of 

foreign materials. All these factors can lower the amount of flour ultimately extracted 

(NZFMA, 2014).  
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Corn like wheat and other grains as a vital source of food for millions around the globe. 

It's incredibly versatile, appearing in countless food products for people, being used in 

various industrial processes, and even serving as animal feed (Gadag et al. 2006; 

Comertpay et al. 2012). In Turkey, corn is primarily used for animal feed (64%), with 

the remaining 36% going towards food and industrial applications.  For both wheat 

and corn, proper storage temperature and duration are crucial for maintaining quality. 

Many studies have examined how storage conditions like grain moisture, weight per 

thousand kernels, density, and flowability (angle of repose) are affected. Karaoglu et 

al. (2010) investigated wheat stored at various temperatures (10, 20, and 30°C) for 270 

days, finding that higher temperatures seemed to preserve some nutritional qualities. 

In contrast, our research focuses on the impact of lower storage temperatures on 

nutritional value, physical characteristics, and handling properties (like flowability) 

over time. This focus on cooler temperatures aligns with the ideal conditions needed 

for silo storage. 

Researchers have investigated how storage conditions affect wheat and corn. Studies 

examined factors like dry matter content (Al-Yahya, 2001) and moisture content 

(Sawant et al. 2012; González-Torralba et al. 2013). Polat (2013) specifically looked 

at how storage type (concrete, steel silos, etc.) impacts wheat and corn nutritional value 

over a year. They found significant nutrient loss occurred in soil storage (16.47% for 

wheat, 21.19% for corn) compared to other methods (less than 4% loss for both). This 

highlights the importance of proper storage for preserving grain quality.  

While existing research explores how moisture content affects properties like bulk 

density and grain weight, there seems to be a gap in knowledge regarding the impact 

of storage time and temperature on these aspects for wheat. This includes geometric 

properties, thousand grain weight, angle of internal friction, and angle of repose.  

(Molenda et al. 1998; Zaalouk et al. 2009; Markowski et al. 2013). 

Previous studies have investigated how moisture content impacts corn during storage. 

Santos et al. (2012) found that dry matter loss was significantly lower in corn with 

14.8% moisture compared to 17.9% moisture after 150 days at various temperatures 

(15, 25, and 35°C). Additionally, Taffarel et al. (2013) examined bulk density and 

thousand grain weight after 4 months of storage. However, there's a lack of research 

on how storage time and temperature affect other properties like geometric shape, 
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internal friction angles, flowability (angle of repose), and surface friction (static 

coefficient of friction) for corn. While Gadag et al. (2006) and Seifi and Alimardani 

(2010) explored the influence of moisture content on these properties, the impact of 

storage conditions remains unexamined. 

Designing proper storage facilities for grains relies on understanding their individual 

and collective behavior under different conditions. This includes properties like bulk 

density, flowability (angle of repose), resistance to internal friction (angle of internal 

friction), and surface friction (static coefficient of friction). Researchers like (Jenike, 

1964; Reimbert et al. 1987; Gokalp et al. 2010) have explored these bulk properties 

for various grains. 

Kibar (2015) examined how storing wheat and corn grains for 90 days under three 

different temperatures affects various functional properties. These properties include 

moisture content, grain shape, dry matter content, protein and fiber content, weight per 

thousand kernels, bulk density, resistance to internal and sliding friction, and how 

easily the grains flow. 

Kibar's (2015) study showed that storing wheat and corn for 90 days at various 

temperatures (10, 12, and 14°C) led to a decline in their functional properties. This 

decrease was mainly attributed to a drop in grain moisture content. This highlights the 

importance of maintaining consistent storage conditions to meet the specific needs of 

the grains. Fluctuations in temperature and moisture levels can accelerate physical and 

chemical deterioration, resulting in nutritional value loss. To gain a deeper 

understanding of wheat and corn behavior in storage, further research is needed. These 

studies should explore the impact of various postharvest treatments, storage durations, 

and a wider range of moisture content levels on the chemical properties and overall 

quality of the stored grains. 

3.5 Storage Systems Overview 

Effective grain storage goes beyond just putting it away. It's a process that demands 

care, knowledge, and dedication from those involved.  Preserving the quality, health 

benefits, and nutritional value of grains throughout storage hinges not just on how 

they're grown and harvested, but also on proper storage conditions and consistent 

maintenance (Mobolade et al. 2019).  
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Even though grains seem tough due to their unique design, they're vulnerable to 

various threats during storage. These include insects, mites, microorganisms, rodents, 

birds, and even damage that happens before they're stored. This can lead to physical 

damage, changes in their chemical makeup, and the development of toxins. As a result, 

the grains lose quality and nutritional value, and their commercial worth plummets. 

They may even become unfit for human consumption or industrial use (Mohapatra et 

al. 2017; Neme et al. 2017). 

To ensure safe storage, factors like the grain's initial condition, biological and physical 

integrity, health, cleanliness, and moisture content are crucial. Storage losses can be 

either quantitative due to reduction in weight due to grain metabolism or pests, or 

qualitative because of loss of nutrients, ability to germinate, and commercial value due 

to contamination or improper storage (Paraginski et al. 2014; Fleurat-Lessard, 2017). 

There are different storage systems available, conventional (non-hermetic) methods, 

semi-hermetic or bulk like horizontal or vertical silos, and warehouses, hermetic, 

refrigerated, and modified atmosphere storage. 

3.5.1 Conventional System 

The most common type of grain storage, called non-hermetic or conventional storage, 

comes in various forms. It can be as simple as a room or barn for smaller quantities, or 

it can involve larger, more technical warehouses for bigger operations. Traditionally, 

these systems rely on storing grains in sacks made from different materials and sizes. 

In areas with high production, larger bags holding up to 1 ton (1000 kg) of grain are 

becoming more popular. These bigger bags are easier to transport thanks to machinery 

designed for agricultural use (Mobolade et al. 2019). 

A benefit of conventional storage is the ability to store different grains in the same 

warehouse. You can also separate high-quality grains from lower-quality ones during 

storage, which isn't possible with bulk storage systems. However, this system requires 

the grains to be drier than what's traditionally recommended for storage. This is 

because conventional storage allows for more air and temperature exchange with the 

environment, raising the risk of moisture-related spoilage (Demito et al. 2019). 

While conventional storage offers some advantages, it does have drawbacks. First, it 

requires packaging like bags, which may or may not be reusable. Additionally, the 
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grains need to be kept off the floor using pallets to prevent moisture build-up and 

spoilage. These pallets take up space and limit how high you can stack the grains. 

There are also restrictions on pile size and spacing between piles to ensure proper air 

circulation. All these requirements can reduce storage capacity by about 20% 

compared to bulk storage systems. However, conventional warehouses are still the 

preferred option for storing larger quantities of grains compared to smaller storage 

units like rooms or barns (Befikadu, 2014). 

This type of storage is popular with grain farmers and cooperatives who store various 

grains together. After cleaning and drying, the grains are placed in bags and stay there 

until they're sold or used. However, pests like insects can sometimes get inside the 

bags during sampling. If this happens, the grains need to be fumigated with phosphine 

gas (PH3) using metal nozzles inserted into the bags. To ensure the fumigation's 

effectiveness, all the bags are covered with high-density plastic sheeting. Additionally, 

special seals called "sand snakes" are used around the fumigation area to prevent the 

phosphine gas from escaping into the environment (Demito et al. 2019). 

3.5.2 Semi-Hermetic or Bulk System 

The semi-hermetic storage system, also known as bulk storage, is a popular option. 

Unlike conventional storage, it allows some gas exchange between the grain and the 

surrounding environment. This exchange is less than non-hermetic systems but more 

than hermetic systems (Coradi et al. 2020). Bulk storage has some limitations. Because 

the grains are stored in large quantities, it's difficult to separate them by type or inspect 

them directly. Taking samples can also be challenging. Maintaining grain quality or 

controlling temperature relies on indirect methods like using thermometers. Cable 

systems with thermocouples, made from specific metal alloys, are commonly used for 

temperature monitoring (Tefera et al. 2011). 

Bulk storage excels at storing large amounts of grain while offering precise control 

over the internal environment. This translates to better grain quality preservation 

compared to conventional methods. As a high-tech system, it boasts low maintenance 

costs by eliminating the need for bags and pallets. However, there's a limitation: 

typically, only one type of grain can be stored at a time. Unlike conventional 

warehouses, bulk storage systems don't require dedicated space for people or 

equipment to move around. They do need an empty space of about 1.5 meters near the 
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ceiling. This space serves multiple purposes: allowing for inspections, accommodating 

the natural expansion of grain volume as it settles over time, and helping regulate 

temperature within the silo (Demito et al. 2019). 

Silos need a space of at least 1.5 meters between the grain and the ceiling. This is 

especially important on hot days to prevent condensation from forming on the ceiling. 

Condensation can happen because the silo walls and roof absorb heat, causing the 

temperature inside to rise. If the grain is too close to the ceiling, there's not enough 

space for the hot air to circulate. This hot air traps moisture, which then condenses on 

the cooler ceiling, dripping back down onto the grain and potentially spoiling it. To 

avoid this issue, exhaust fans can be installed in silos and warehouses to help remove 

hot air and maintain a more consistent temperature. Bulk storage systems, like vertical 

silos and large warehouses, rely on ventilation to preserve the quality of pre-dried 

grains. This ventilation process, called aeration, uses fans to circulate unheated air 

from outside the silo. In some cases, other methods like Transillation and Intrasilage 

are used for grain preservation within the same system. Transillation involves 

completely moving the grain from one storage unit to another. Intrasilage involves 

partially moving the grain within the same storage unit (Demito et al. 2019).  

Aeration is like controlled ventilation for grain. By drawing in outside air with fans, 

aeration helps cool down the grain mass and keep the temperature consistent 

throughout. This helps preserve the grain by slowing down the natural respiration of 

the grains and any insects or mites present. Aeration is especially important to prevent 

two things. On hot days, the grain near the silo walls heats up faster than the grain in 

the center. This creates warm air currents that rise along the walls. If air circulation is 

poor, the center of the grain mass can become oxygen depleted. This can create an 

environment for spoilage (Lopes et al. 2006). 

Air circulation within a silo can create condensation problems. As warm air moves 

through the grain mass, it picks up heat and moisture. This warm, moist air can 

condense into water droplets when it reaches cooler areas. This can happen in two 

main ways. Warm air near the silo walls heats the surrounding grain. This warm air 

rises, carrying moisture with it. If the center of the grain mass is cooler (especially in 

the lower third of the silo), the warm, moist air can condense on the cooler grains, 

leading to spoilage. When the outside air is cold, the walls of the silo cool down. The 
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cool air near the walls sinks, pushing warm, moist air from the center upwards. This 

warm air can condense on the cold silo roof, forming droplets that drip back down onto 

the grain. These condensation problems are more common in areas with frequent 

temperature fluctuations (Lopes et al. 2019). 

Regular air circulation (aeration) is crucial to stop temperature swings inside the silo 

from affecting the grain's properties and quality.  Specially designed fans for each silo 

size ensure proper airflow and pressure throughout the stored grain. This process takes 

time and relies on suitable weather conditions, specifically cool and dry air. (Demito 

et al. 2019). 

The introduction of hot and humid air into the stored grain mass can induce a cascade 

of detrimental effects. Over time, this exposure elevates internal temperature and 

humidity, leading to an acceleration of the grain's respiratory processes. This 

heightened metabolic activity creates a favorable environment for the proliferation of 

insects and fungal growth within the grain bulk, ultimately compromising the stored 

grain's quality. (Lopes et al. 2019; Lopes et al. 2006).  

The implementation of air-cooling systems facilitates the safe modification of the grain 

mass's aeration state. To complement forced aeration techniques, eolic exhausters can 

be employed. Strategically positioned at the silo's apex, these devices leverage wind 

energy and silo pressure differentials to rotate their fins, thereby inducing air extraction 

from the grain bulk (Da Silva et al. 2014). Beyond aeration, two additional strategies 

can be employed to promote grain ventilation: Transillation and intra-silo movement. 

Transillation involves the complete transfer of grain from one silo to another or, in 

multi-cell warehouses, from one cell to another. Conversely, intra-silo movement 

entails the partial transfer of grain through an elevator system, followed by its return 

to the original cell or silo. While aeration utilizes fans to force air through the static 

grain mass, both Transillation and intra-silo movement involve the physical movement 

of grain through ambient air facilitated by an elevator (Demito et al. 2019).  

For vertical silos, particularly those of significant height, the practice of Transillation 

during loading becomes crucial to minimize grain damage from excessive pressure. 

As the grain mass reaches approximately one-third of the silo's maximum capacity, 

selective extraction is necessary. This process targets the central portion of the grain 
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mass, which often concentrates broken kernels and impurities. The extracted grain 

undergoes a thorough cleaning process before being reintroduced into the top of the 

remaining grain bulk. This cycle of partial unloading, cleaning, and reloading is 

repeated at two-thirds and again upon reaching full capacity. Notably, Transillation is 

not limited to vertical silos and can be effectively implemented in bulk warehouses as 

well (Ziegler et al. 2021). 

The selective removal of broken grains, foreign matter, and impurities concentrated in 

the center of silos and warehouses enhances both the grain aeration process and overall 

grain preservation. During aeration, the presence of broken grains can impede airflow 

reaching the grain surface due to increased static pressure. Air preferentially travels 

through areas with less resistance, thereby bypassing regions with high concentrations 

of broken grains. Furthermore, compromised physical integrity makes broken grains 

more susceptible to fungal growth and insect infestation. Additionally, the increased 

respiration rate in broken grains accelerates the breakdown of dry matter through lipid, 

protein, and carbohydrate degradation. This degradation results in reduced grain 

weight often misidentified as "technical breakdown." However, by implementing 

proper storage processes and techniques, these detrimental effects and associated grain 

losses can be effectively mitigated (Jian et al. 2019). 

3.5.3 Hermetic System 

Hermetic The hermetic storage system exhibits limitations when dealing with large 

grain volumes. Consequently, smaller containers like casks, drums, and 'plastic silos' 

are more commonly employed for hermetic storage. In emergency situations, 'sack 

pools' represent the most frequently utilized option. However, recent advancements 

have introduced emergency warehouses as a viable storage alternative for producers 

seeking to leverage hermetic technology for larger-scale grain preservation. (Demito 

et al. 2019). 

Hermetic storage for dry or wet grains leverages a modified atmosphere to control 

biological activity. It achieves this by depleting oxygen to levels detrimental or 

inhibitory for associated organisms. This depletion occurs via natural grain respiration, 

initial air removal upon sealing, or, in specific cases, burning organic materials within 

the container. The resulting CO₂ enrichment, a byproduct of respiration, acts as a 

preservative within the hermetic environment, inhibiting enzymatic activity in the 
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grains and organisms, ultimately leading to microbial mortality. (Govereh et al. 2019; 

Odjo et al. 2020). 

Hermetic storage environments specifically target insect populations by suppressing 

their activity, and development, and potentially inducing paralysis. (Odjo et al. 2020). 

Hermetic grain storage effectiveness relies on several factors: grain moisture content, 

storage duration, inter-granular temperature, inherent resistance of the grain species, 

and its developmental stage. While oxygen depletion is the primary mechanism, the 

limited aerobic/anaerobic environment fosters incomplete carbohydrate metabolism in 

the grain and by residual organisms. This, along with the presence of bacteria and 

yeasts, leads to the formation of ethyl alcohol and short-chain organic acids (acetic, 

lactic, and butyric). These secondary metabolites, though offering a preservative 

effect, can alter the stored grain's sensory characteristics (odor and flavor) and may 

persist even after storage. (Baributsa et al. 2020). 

Hermetic storage of grains for animal feed can offer a potential nutritional benefit. The 

partial breakdown of carbohydrates and proteins into readily absorbable simple sugars 

and amino acids, respectively, can enhance their digestibility by animals. However, 

hermetic conditions present a crucial technical consideration: CO₂ production during 

storage leads to a significant internal pressure buildup within the structures. This 

pressure is directly proportional to the grain moisture content. Therefore, careful 

planning of hermetic storage structures for grains necessitates accounting for this 

pressure factor. Maintaining airtightness is paramount for the system's effectiveness. 

Any breach that allows gas exchange compromises the efficiency and can lead to a 

decline in grain quality, particularly over extended storage periods (Demito et al. 

2019). 

This hermetic storage system presents a viable alternative for small-scale producers, 

particularly family farms. It utilizes repurposed plastic packaging typically discarded 

after consuming soft drinks. These containers, once thoroughly washed and dried, can 

be filled with grain to minimize air pockets within. The inherent respiratory process of 

the grains then depletes the remaining oxygen, creating an airtight environment. This 

approach offers several advantages compared to traditional sack storage: improved 

grain color preservation and overall quality characteristics throughout the storage 

period. (Scariot et al. 2018; Odjo et al. 2020; Mlambo et al. 2017). 
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3.5.4 Refrigeration System 

Artificial cooling is becoming increasingly popular, and for good reasons. This 

technology lowers the temperature of the grain mass from around 25°C to a cooler 

15°C. This cooler environment has two major benefits. By slowing down the grain's 

natural respiration process, artificial cooling minimizes quality loss. Insects thrive in 

warm environments. By keeping the temperature below 17°C, insect development 

slows down dramatically, protecting the grains from infestation (Ziegler et al. 2016; 

Paraginski et al. 2014; Demito et al. 2019; Ferreira et al. 2018). 

Special equipment cools down the air before it reaches the grain. This equipment 

lowers both the air's temperature and moisture content. This cold, dry air is then blown 

into silos and tall warehouses to cool the grain mass. It's a slow process, similar to 

aeration, because a cooling zone needs to move through all the grain. The cooling time 

depends on the amount of grain stored and especially the height of the silos. Producers 

interested in artificial cooling don't have to invest in expensive equipment themselves. 

Companies now offer refrigeration services, making this technology more accessible. 

Grains act like natural insulators, so once cooled, they stay cool for a long time. How 

long depends on the moisture levels in the storage unit's air. The good news is that 

constant cooling isn't necessary. A silo can be cooled once, and the equipment moved 

to another. Then, it can return later for another round of cooling. Temperature sensors 

(thermometry systems) help producers monitor grain temperature and determine when 

re-cooling is needed (Dincer, 2017). 

3.5.5 Modified Atmosphere System 

For producers looking to extend shelf life and potentially earn more during off-season 

sales, modified atmosphere storage offers a promising alternative. This technology, 

already adopted by many, involves storing grains in a controlled environment with an 

adjusted gas mixture (Rupollo et al. 2011). Compared to conventional storage, 

modified atmosphere helps maintain grain quality, potentially leading to higher profits 

when prices rise. Additionally, some companies now specialize in building smaller 

metal silos (around 300,000 kg capacity) specifically for this type of storage. These 

smaller silos allow for better monitoring and control of the stored grain, particularly 

for legumes like beans (Lindemann et al. 2019). 
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Storing grains in a controlled atmosphere keeps them fresher for longer, fetching a 

higher price at market. This method not only prevents darkening, hardening, and insect 

infestations, but also improves how the grains cook. Compared to conventionally 

stored grains, they have a richer broth (higher solid content), more soluble protein, and 

a softer texture – all qualities that boost their commercial value and put more money 

in the producer's pocket (Rupollo et al. 2011; Lindemann et al. 2019). 

Modified atmosphere storage takes a different approach than traditional methods. 

Instead of relying on dry or wet storage, it controls the gases surrounding the grains. 

This technique specifically reduces the oxygen (O2) levels to a point that suffocates or 

limits the growth of insects and other living organisms that might harm the grains. It 

also slows down the grain's natural respiration process. To achieve this controlled 

environment, nitrogen (N2) or carbon dioxide (CO2) is pumped into the storage unit, 

further reducing the available oxygen (Jayas et al. 2002; Moncini et al. 2020). 

For modified atmosphere storage, nitrogen (N2) is the preferred gas because high levels 

of carbon dioxide (CO2) can be dangerous for workers due to its toxicity. Nitrogen is 

readily available, and companies specialize in supplying it to producers. Another 

option is using special polyethylene bags. These extra-thick, gas-impermeable bags 

are machine-packaged with oxygen removed and nitrogen added. This creates a 

controlled atmosphere within the bag that persists throughout storage (Ziegler et al. 

2019). 

3.6 Storage Methods and Changes During Storage 

3.6.1 Grain Preservation Challenges 

The process of storing grains demands meticulous care, knowledge, dedication, and 

professionalism to ensure the preservation of their quality, health, and nutritional value 

throughout the storage period. Preserving grain quality depends not only on production 

and harvest conditions but also on maintaining appropriate storage conditions to 

mitigate losses caused by various factors (Mobolade et al. 2019). 

3.6.2 Factors Affecting Grain Quality 

Grains, despite their inherent resistance, are susceptible to attacks by insects, mites, 

microorganisms, rodents, birds, and other animals. They may also undergo mechanical 
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damage, biochemical changes, and non-enzymatic chemical effects even before 

storage, leading to quantitative and qualitative losses. These losses include changes in 

chemical composition, reduction in nutritional value, and the development of toxic 

substances, ultimately compromising their suitability for consumption or 

industrialization (Mohapatra et al. 2017; Nemeet al. 2017). 

3.6.3 Quantitative and Qualitative Changes During Storage 

During storage, grains experience both quantitative and qualitative changes. 

Quantitative losses, primarily observed as reductions in dry matter content, reflect the 

metabolic activities of grains and associated organisms. Qualitative losses, however, 

stem from chemical and enzymatic reactions, the presence of foreign matter, 

impurities, and microbial attacks, resulting in diminished nutritional, germinative, and 

commercial value. Improper storage practices can even lead to the formation of toxic 

substances within stored grains (Paraginski et al. 2014; Fleurat-Lessard, 2017; Demito 

et al. 2019). 

3.7 Types of Warehouses and Storage Factors in Grain 

Management 

Safe storage of grain is paramount to maintain both its quality and quantity. Several 

factors need to be monitored to ensure that grains are stored appropriately, 

safeguarding them from various risks. These risks include exposure to weather 

elements, mold, microorganisms, moisture, high temperatures, insects, rodents, birds, 

objectionable odors, contamination, unauthorized distribution, and potential theft 

(Sadaka & Rosentrater, 2019). 

3.7.1 Underground Storage 

Historically, underground storage has been a principal method for accumulating grain 

surpluses. It offers protection against temperature fluctuations, insects, and mold due 

to low oxygen and high carbon dioxide levels once sealed. However, drawbacks 

include high handling costs and flooding risks (Rosentrater, 2022). 

  



40  

3.7.2 Bagged Storage 

Bags provide convenient storage options for grains, with various materials used 

worldwide. Bagged storage is common for small-scale food and beverage 

manufacturers, feed stores, and small farms. For larger facilities, flexible intermediate 

bulk containers or super sack bags are preferred, although they require forklifts for 

handling (Christensen et al. 1969). 

3.7.3 Farm Bins 

Farm storage bins are essential for holding crops after harvest, delaying marketing 

decisions, and enabling on-farm consumption. Steel grain bins are predominant, 

offering customizable sizes and capacities. Flat storage structures have also become 

popular, especially for corn storage, accommodating increasing yields and production 

uncertainties (Channaiah & Maier, 2014) 

3.7.4 Bin Sites 

Bin sites, once used for US government grain surplus, feature steel or wooden bins for 

temporary storage. These sites, established during the 1950s and 1960s, have evolved 

but are no longer maintained due to policy changes, leading to the cessation of 

emergency grain supplies (NAVARRO et al. 2005). 

3.7.5 Country Elevators 

Country elevators receive grain from producers, providing drying, storage, and loading 

services. Historically made of wood, modern elevators feature concrete silos or steel 

bins, with some utilizing ground piles for cost-effectiveness (Rosentrater, 2022). 

3.7.6 Terminal/Export Elevators 

Terminal elevators serve as transportation hubs for grain, offering storage and loading 

services for domestic and international markets. These facilities, located in key coastal 

and inland areas, handle large volumes of grain with high throughput equipment 

(Baributsa & Njoroge, 2020) 
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3.7.7 Ground Piles 

Ground piles, once used for emergency storage, have become common at country 

elevators and processing plants due to cost considerations. These piles, covered with 

polyethylene tarps, offer a cost-effective alternative to concrete or steel storage 

(Christensen et al. 1969). 

3.7.8 Storage at Processing Plants 

Processing plants require onsite grain storage for manufacturing various products. 

Facilities vary in storage requirements, ranging from small bags to large silos, 

depending on daily throughput and processing needs (Rosentrater, 2022). 

 In conclusion, monitoring and managing various types of warehouses and storage 

options are critical for ensuring the safe storage of grains, maintaining their quality, 

and mitigating risks associated with storage and handling. Each storage method offers 

unique advantages and considerations, necessitating careful evaluation based on 

specific needs and operational requirements (Caughey et al. 1951). 

3.8 Silo vs. Floored Warehouse: A Comparison 

3.8.1 Structural Design and Purpose 

3.8.1.1 Silo: Silos are tall structures with shaft chambers designed for storing dry grain 

with moisture content up to 14%. Silo cells are typically circular or hexagonal in shape 

and made of ferroconcrete or metal. Designed for long-term storage of grains with 

minimal exposure to external conditions (Angelovič et al. 2018). 

3.8.1.2 Floored Warehouse: Hangar-type warehouses are used for grain storage, seed 

storage, and temporary storage of damaged stock. These warehouses have a more 

complex built-in ventilation system compared to silos. Intended for various storage 

needs and may handle grains with slightly higher moisture content (Williams, 2017) 

3.8.2 Temperature and Moisture Regulation 

3.8.2.1 Silo: Average temperature inside the silo during the study was 12.3°C, with 

fluctuations between 7.8°C and 21.4°C. The average moisture content of maize grain 

stored in the silo was 13.6%.  Silos provide a controlled environment with lower 
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average temperatures, contributing to better moisture retention (Afzal, 2017). 

3.8.2.2 Floored Warehouse: The average temperature inside the warehouse was 

higher at 21.9°C, ranging from 12.6°C to 32.6°C. Maize grain stored in the warehouse 

had an average moisture content of 13.7%. Warehouses experience greater temperature 

fluctuations, potentially impacting moisture levels and grain quality (Williams st al. 

2017). 

3.8.3 External Storage Conditions 

3.8.3.1 Silo: External conditions during silo storage were monitored, with an average 

atmospheric temperature of 9.17°C and an average moisture content of 86.5%. Silos 

are less susceptible to external influences due to their enclosed structure (Marks et al. 

1995). 

3.8.3.2 Floored Warehouse: The warehouse also experienced external conditions, 

with an average atmospheric temperature of 14.8°C and an average moisture content 

of 86.8%. Warehouses are more affected by external factors, which can influence 

internal temperature and moisture levels (Angelovič et al. 2018). 

3.8.4 Pest Control and Grain Stability: For both, no occurrences of animal pests 

were recorded during the storage period in either the silo or the floored warehouse. 

Grain stability depends on maintaining optimal moisture levels, typically around 12%, 

to prevent deterioration and pest infestation (Lopez et al. 2008). 

In conclusion, silos offer better temperature regulation and moisture retention 

compared to floored warehouses. Floored warehouses experience greater temperature 

fluctuations, potentially impacting grain quality. Both storage facilities emphasize the 

importance of controlling external storage conditions for maintaining grain quality and 

stability. While both silos and floored warehouses serve as storage facilities for maize 

grain, they differ in structural design, temperature and moisture regulation, 

susceptibility to external conditions, and pest control measures. Silos provides a more 

controlled environment conducive to preserving grain quality, whereas floored 

warehouses may experience greater fluctuations in temperature and moisture levels, 

posing challenges to maintaining grain stability over time (Williams et al. 2017). 
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4. Methodology 

This diploma aims to assess grain mechanical damage during transportation via belt 

conveyors and chain conveyors which are widely used in the postharvest systems of 

Czech agriculture. Based on our measurements and literature reviews, belt and chain 

conveyors are more favorable to transported grain and are therefore preferable for 

horizontal grain transport in facilities for receiving, processing, and storing food grain 

crops. 

After the sampling of the chosen type of grainy material, all the cereal quality 

assessment was done by testing in the laboratory. Lab boasts a comprehensive suite of 

equipment designed to process and analyze cereal samples throughout the entire 

evaluation process, from initial product purchase to final use. This advanced 

technology allows for the evaluation of grain in various forms, including whole grains, 

broken kernels (scrap), flour, and even dough, considering both milling and baking 

perspectives. Additionally, a dedicated laboratory grinder enables the preparation of 

flour for analysis or the creation of pastry samples for bakery experiments.  

4.1 Compliance with Standards or new ČSN relating to 

cereals 

Harmonized or new technical standards for cereals are issued by the Czech 

Standardization Office Institute in Prague. The sampling procedure adheres to the 

Standards ČSN ISO 950, and qualitative requirements for food grain, including wheat 

and malt barley, are referenced from the following Standards: ČSN 46 1100–2 (Wheat) 

and ČSN 46 1100–5 (Malt barley). Requirements for the quality, control, and delivery 

of cereals intended as raw material for human consumption nutrition are determined 

by the standards ČSN 46 1100 - Food grains are listed below: 

● ČSN 46 1100-2 Food grains – Part 2: Food wheat. Effective from 1/7/2001. 

● ČSN 46 1100-3 Food grains – Part 3: Durum wheat. Validity from 1/7/2001. 

● ČSN 46 1100-4 Food grains – Part 4: Rye. Effective from 1/7/2001. 

● ČSN 46 1100-5 Food grains – Part 5: Malting barley. Effective from 1/1/2006. 

● ČSN 46 1100-7 Food grains – Part 7: Food oats. Effective from 1/7/2001. 

● ČSN 46 1100-8 Food grains – Part 8: Food maize for mills processing. Valid 

from 1/7/2020. 
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4.2 Method 

According to the reviews, the screw conveyors of a one horizontal meaning of the 

transporting route are mainly used for transporting impurities, small or crushed grain 

after cleaning and sorting section of the postharvest line. Due to the huge amount of 

damage to the grains during the transportation cycle, screw conveyors were excluded 

from investigation in this diploma thesis.  

The methodology employed in this diploma involves the following steps and 

considerations: 

1. Objective Definition: The primary objective is to determine the extent of grain 

damage during transport using different types of conveyors commonly used in the 

postharvest period in the Czech Republic. 

2. Transport Systems Under Investigation: While several conveyor types exist, two 

commonly used options in the Czech Republic are belt conveyors and chain conveyors. 

Belt conveyors are evaluated in terms of performance, transport distance, belt width, 

and transport belt velocity. Chain conveyors examined concerning performance, 

transport distance, and technical specifications. Due to the huge amount of damage to 

the grains during the transportation cycle, screw conveyors were excluded from 

investigation in this diploma thesis. 

3. Sampling Methodology: The experiment involved collecting grain samples at two 

stages: before and after they passed through a conveyor belt or chain conveyor. Three 

separate samples, each weighing approximately 2-3 kg, were collected over a 2 to 3-

minute period at each stage. To ensure representative samples, small portions were 

collected continuously during this timeframe. There was a waiting period of roughly 

15 minutes between collecting samples within a single test. All tests were conducted 

using the same type of wheat which in this diploma thesis is Julie.  

The grain samples were collected from the receiving basket / income bin, the conveyor 

itself (belt), and after a brief holding period in the handling bin (just after discharge to 

the chain conveyor). Details regarding the laboratory analysis procedures can be found 

in the diploma thesis appendix. Grain sampling began when the receiving basket 

beneath the belt conveyor was filled. Next, the handling bin is filled before reaching 

the drying section. Upon filling, this bin was gradually emptied onto the chain 
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conveyor, where three samples were collected using the same method. After a time 

determined by the stable conveyor's speed, samples were again taken as the grain 

exited the belt or chain conveyor. The moisture content of each sample was analyzed 

before entering the conveyor. Finally, after thorough mixing, two separate 100g 

reference portions were taken from each sample for further individual processing.  

The grain samples were divided into distinct categories based on weight: fractions 

(broken pieces smaller than half a grain), other mechanically damaged grain (whole 

grains larger than half with cracks or abrasions from handling), undamaged grain 

(whole grains with no visible damage), and impurities. Impurities include any foreign 

material like weed seeds, straw or weed plant parts, mineral admixtures like dirt or 

rocks, and seeds from other cereal types. 

After weighing the grain, it was separated into undamaged kernels, fragments in which 

the pieces are smaller than half a grain, and other mechanically damaged grains which 

the whole grains with cracks or abrasions larger than half the size. The total weight of 

these three categories was then used as the baseline to express the % portion of 

fragments and other mechanically damaged grain as a percentage.  

4. Evaluation Parameters: Grain damage was assessed in terms of fractions created, 

total mechanical damage, and the impact on grain quality indicators such as moisture 

content, volume weight, and performance class. The experimental part of the diploma 

thesis was focused on marked section A, in Fig. 4.1. It was the part of the chosen 

postharvest line in the farm in the middle part of the Czech Republic. This part is used 

for gathering of the grainy material in, then there is pre-cleaning and cleaning/sorting 

section with all necessary transporting routes in horizontal and vertical way. There is 

connected also drying section with handling bins. All the steps of the sampling are 

marked in Fig. 4.1. 
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Fig 4.1: Postharvest diagram 
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Section A in Fig. 4.1, of the postharvest treatment line, where grain material is received 

in the income bin (1) and subsequently conveyed to the cleaning/sorting section (8). 

Here, the material is evaluated based on its properties, particularly moisture content. 

If the moisture content exceeds the threshold of 15-17%, the grain can either bypass 

this section (12) or proceed to the drying section (27) for moisture reduction. The 

primary area of investigation concerns the impact of damage during transport within 

section A on the chosen type of grain. The hypothesis is that conveying grain using 

two types of conveyors: a chain conveyor as opposed to a belt conveyor increases its 

overall mechanical damage. It was the standard moisture content to 14%, because of 

the dry weather during the harvest time in the chosen farm. 

To facilitate analysis for Fig 4.1, a breakdown of the route's technical and 

technological data is presented here: 

● Income performance 48 t.h-1 (1) 

● Grain pre-cleaning (aspiration pre-cleaning) 64 t.h-1 (9) 

● (Storage capacity 4 x 1,000 t (17) 

● Grain cleaning/sorting performance 38 t.h-1 (8) 

● Maximum moisture content of stored grain: 14% 

● Drying efficiency (maize) 7 t.h-1 (drying from moisture 30% to 15%) (27) 

● Grain expedition bins - storage capacity 4 x 55 t (12; 22) 

5. Data Analysis: Measured results from each type of conveyor were analyzed to 

determine the extent of grain damage and its implications. Results were compared 

across different conveyors, performance classes, and operating conditions to draw 

meaningful conclusions. 

6. Discussion of Results: Findings were discussed in relation to specific conveyor 

types, operating conditions, and their impact on grain damage. Factors such as 

conveyor filling methods, transport distances, and technical conditions were 

considered in interpreting the results. 

7. Conclusion and Implications: Conclusions were drawn regarding the tendencies 

of each type of conveyor in causing grain damage. Implications for postharvest 

systems and grain market production were highlighted, emphasizing the importance of 

minimizing grain damage during handling and transport. 
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5. Results 
 

The grain quality parameters were assessed in the Faculty of Agrobiology and Natural 

Resources (FAPPZ), the Cereal Quality Testing Laboratory at the Department of Food 

Quality and Safety. The cereal quality testing laboratory is comprehensively equipped 

with equipment for the processing and analysis of cereal samples according to the 

purchase evaluation of the products.  

At the 1st measuring point, a belt conveyor, model ND-085, is located on the 

postharvest line under a receiving hopper (Fig. 5.1). It carries grain for pre-cleaning 

by aspiration and then transports it to the cleaning and sorting section on a sieve cleaner 

manufactured by TOROFA, s.r.o. The conveyor has a maximum capacity of 75 tons 

per hour (t.h-1), travel distance of 12 meters (m), and has a belt width of 650 millimeters 

(mm). The belt speed is 1.9 meters per second (m.s-1) and the installed power is 1.8 

kilowatts (kW). 

  

Fig. 5.1: Belt Conveyor measuring point under the income bin (Photo by author, 2023) 

 

At the 2nd measuring point, a chain conveyor (type RŽ 280) is beneath a 34-ton 

handling hopper (Fig. 5.2). This hopper is one of several tower trays within the whole 

postharvest line that provide short storage of grain, the capacity for long term storage 

is 4,000 tons. The RŽ 280 conveyor efficiently transfers grain at a maximum rate of 

34 tons per hour (t.h-1) over an 18-meter distance. The conveyor features a 250-

millimeter (mm) wide inner transport chute with a chain link spacing of 150 mm. The 

chain travels at a speed of 0.7 meters per second (m.s-1) to steadily feed grain to the 

drying section following aeration in the handling hopper. 
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Fig. 5.2: Chain Conveyor measuring points (Photo by author, 2023) 

 

5.1 Chain Conveyor 

This diploma thesis investigated grain damage caused by standard chain conveyor with 

a rated capacity of 12 and 28 tons per hour (t.h-1). The conveyor transported grain over 

distance 18 meters. The basic technical parameters of the chain conveyor are listed in 

the table 5.1:  

  

Performance 

(t.h-1) 

Stable output 

(t.h-1) 

Inner width of 

transport trough 

(cm) 

Chain links 

pitch (cm) 

Transport 

chain 

velocity 

(m.s-1) 

Output 

(kW) 

34 28 25 15 0.7 7.5 

Table 5.1: Basic technical parameters of the chain conveyor 



50  

S
am

p
le N

u
m

b
er 

 Crops 

 

Volume 

weight 

(kg.hl-1) 

 

Grain 

moisture 

(%) 

 

Fraction amount Total mechanical damage 

before 

chain 
conveyor 

(%) 
 

behind 

chain 
conveyor 

(%) 
 

increased 

by 
conveyor 

(%) 

before 
conveyor 

(%) 

behind 
conveyor (%) 

increased 

by 
conveyor 

(%) 

1 

 

Julie 

 

82.3 

 

13.7 

 

0.23 0.31 0.08 0.62 0.93 0.31 

0.27 0.39 0.12 0.70 0.97 0.27 

2 

 

Julie 

 

82.3 

 

13.8 

 

0.24 0.37 0.13 0.67 0.92 0.25 

0.32 0.44 0.12 0.72 0.95 0.23 

3 

 

Julie 

 

82.1 

 

13.8 

 

0.28 0.40 0.12 0.64 0.88 0.24 

0.22 0.38 0.16 0.76 1.03 0.27 

Total average 13.77 0.26 0.38 0.12 0.69 0.95 0.26 

Table 5.2: Grain damage by chain conveyor, performance 28 t.h-1 

 

 

 

Fig 5.3: Grain damage by chain conveyor, performance 28 t.h-1 
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Crops 

Volume 

weight 

(kg.hl-1) 

Grain 

moisture 

(%) 

Fraction amount Total mechanical damage 

before 

chain 

conveyor 

(%) 

behind 

chain 

conveyor 

(%) 

increased 

by 

conveyor 

(%) 

before 

conveyor 

(%) 

behind 

conveyor 

(%) 

increased 

by 

conveyor 

(%) 

1 

 

Julie 

 

82.1 

 

13.6 

 

0.25 0.42 0.17 0.54 2.43 1.89 

0.23 0.39 0.16 0.56 2.38 1.82 

2 

 

Julie 

 

82.2 

 

13.5 

 

0.22 0.33 0.11 0.62 2.52 1.90 

0.27 0.39 0.12 0.64 2.56 1.92 

3 Julie 82.1 13.7 
0.25 0.37 0.12 0.77 2.74 1.97 

0.24 0.40 0.16 0.72 2.66 1.94 

Total average 13.60 0.24 0.38 0.14 0.64 2.55 1.91 

Table 5.3: Grain damage by chain conveyor, performance 12 t.h-1 

 
Fig 5.4: Grain damage by chain conveyor, performance 12 t.h-1 

5.2 Belt Conveyor 

In a typical postharvest grain processing line located in the Central Bohemia region, 

belt conveyors are the most common conveyors. The observed conveyor is positioned 

between the receiving sub-level stack and the cleaning section, specifically for 

transporting received grain to pre-cleaning and sorting section and after this 

postharvest treatment toward tower storage units of the capacity 1 000 tons per each. 

The basic technical parameters of the belt conveyor are listed in table 5.4: 

Performance 

(t.h-1) 
Stable output (t.h-1) 

Transport 

Distance (m) 

Belt Width 

(cm) 

Transport Belt Velocity 

(m.s-1) 

Output 

(kW) 

75 64 12 65 1.9 1.8 

Table 5.4: Basic technical parameters of the belt conveyor 
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  Crops 

 

Volume 

weight 

(kg.hl-1) 

 

Grain 

moisture 

(%) 

 

Fraction amount Total mechanical damage 

before 

belt 

conveyor 

(%) 

behind 

belt 

conveyor 

(%) 

increased 

by 

conveyor 

(%) 

before 

conveyor 

(%) 

behind 

conveyor 

(%) 

increased 

by 

conveyor 

(%) 

1 
Julie 

 

81.7 

 

13.8 

 

0.07 0.09 0.02 0.24 0.25 0.01 

0.01 0.03 0.02 0.20 0.22 0.02 

2 
Julie 

 

81.8 

 

13.9 

 

0.02 0.06 0.04 0.26 0.29 0.03 

0.06 0.07 0.01 0.47 0.51 0.04 

3 Julie 81.7 13.7 
0.02 0.04 0.02 0.36 0.43 0.07 

0.08 0.10 0.02 0.42 0.47 0.05 

Total average 13.80 0.04 0.07 0.02 0.33 0.36 0.04 

Table 5.5: Grain damage by belt conveyor – horizontal transport, output 64 t.h-1 

 

Fig 5.5: Grain damage by belt conveyor – horizontal transport, output 64 t.h-1 
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5.2.1 Belt conveyor parameters 

Fig. 5.6 provides a schematic breakdown of the essential mechanical components 

within a typical belt conveyor system. 

 

Fig 5.6: schematic breakdown of the mechanical components within a typical belt conveyor - (1) Tail 

pulley (2) Snub pulley (at head-end and tail-end) (3) Internal belt cleaner (internal belt scraper) (4) 

Impact idlers ((impact rollers) (5) Return idlers (return rollers) (6) Belt (continuous loop of carrying run 

& return run) (7) Bend pulleys (8) Take-up pulley (9) Take-up unit (10) Carrying idlers (carrying rollers) 

(11) Pulley cleaner (pulley scraper) (12) External belt cleaner (external belt scraper) (13) Head pulley 

(normally this is discharge pulley and also drive pulley) (14) Feed chute (15) Skirt-board (Shah, K. P. 

2018) 

Based on the experimental results, and literature view, belt conveyors caused minimal 

grain damage during transport. So, in this section, the analysis of the conveyor is 

carried out on a selected belt conveyor with a transport distance of 15 m. The important 

parameters for the calculation are the transport efficiency 𝑄𝑚 [kg.s-1] and the speed of 

the belt in [m.s-1]. The traffic performance 𝑄𝑚 is usually determined by the operating 

conditions. In general, it can be calculated according to the formula: 

𝑄𝑚 = 𝑆∗ 𝑣∗ ρ𝑉 ∗ ψ𝐶                                        (1) 

where:  𝑄𝑚 - performance [kg.s-1] 

S - cross-sectional area of the material on the conveyor belt [m2] 

            v - transport speed [m.s-1]  

 ρ𝑉 - Density of the material [kg.m-3] 

 ψ𝐶 - conveyor slope coefficient [-] 

 

The calculation of the parameters of belt conveyors with rubber or PVC belts is carried 

out according to the ČSN 26 3102 standard. For the specified transport performance 

𝑄𝑚 [kg.s-1] and belt speeds in [m.s-1], belt width B [m], circumferential force for 

conveyor drive FO is calculated [N], the necessary power input of the conveyor Pd [W], 

the motor power of the drive unit P [W], the pulls in the belt and the size of the 

tensioning force FN [N].  
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5.2.2   Calculation of belt width 

The width of belt B is determined according to the used loading profile of the conveyor, 

where it is determined based on the cross-sectional area of the material on conveyor 

belt S. In this case, it is a three-roller stool. (Fig. 5.7) 

 

Fig 5.7: Conveyor with three-roll stool (Shah, K. P. 2018) 

The cross-section is expressed as: 

S=S1+S2             (2) 

S1 = 
2

3
 * b1 * h = 0.167*b1

2 * tg β         (3) 

S2= 0.25 * (b1
2 - l2)                      (4) 

where: b1 = b * cos α + l * (1-cos α)                 (5) 

b: used belt width [m], 

 β: angle of inclination of the conveyed material [ °] 

The used loading width of the belt b is chosen within the limits: 

For B <= 400 mm: b = 0.8 B                  (6) 

For B > 400 mm: b = 0.9 B - 50 mm                  (7) 

So, the width of the band B can be expressed as: 

B = 
𝑏

0.8
               (8) 

B = 
(𝑏 + 0.05)

0.9
               (9) 
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5.2.3 Calculation of circumferential force  

The circuit force for driving the conveyor is given by the sum of all partial resistances 

of the loaded and unloaded branches. (ĎURKOVIČ, 1995) 

The peripheral force F on the drive drum of the conveyor is determined according to 

the formula: 

F = FH + FV + FP      (10) 

where:   FH - main resistances to movement [N] 

FV - secondary resistances against movement [N] 

FP - additional resistances against movement [N] 

FH - the main resistances include pin friction in the roller bearings from the material 

load, the belt's own weight, and the weight of the rotating parts of the rollers. 

FV - secondary resistances include resistance in the hopper, bending of the belt over 

the drums, and pin friction in the bearings of non-driven drums. 

FP - additional resistances mainly include the force to lift the material to a height, the 

resistance of the belt cleaners, the resistance of the rakes, the resistance of the dropping 

cart, etc. 

The peripheral force on the drive drum of the conveyor in the simplified calculation of 

secondary resistances to movement is calculated according to the following formula: 

FH + FV = C * µ * g * L * [(q1 + 2 * q2) * cos δ + qrh + qrd   [N]      (11) 

where: C - coefficient respecting the length of the conveyor, used to calculate 

secondary resistances FV [-] 

         µ - global friction factor [-] 

         g - gravitational acceleration [m.s-2] 

         L - conveyor length [m] 

         q1 - material weight per 1 bm strip [kg.m-1] 

         q2 - weight of 1 bm belt [kg.m-1] 

         δ - angle of inclination of the conveyor [°] 

         qrd - weight of the rotating rollers of the lower supporting stool [kg.m-1] 

Determining the weight of the material per 1 bm of strip length q1 [kg.m-1] 

q1 = 
𝑄𝑚 

𝑣
                       (12) 

Determining the weight of 1 bm belt q2 [kg.m-1] 

q2 = B * mp    (13) 
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where: B - belt width [m] 

         mp - weight of 1 m2 strip [kg.m-2] 

Determining the weight of the rotating rollers of the lower support stool qRD [kg.m-1] 

qRD = (mRD * nD ) / L                       (14) 

where: mRD - roller weight [kg] 

 nD – number of rollers [pcs] 

         L - conveyor length [m] 

Calculation of additional resistances to movement: 

FP = 𝛴 FPi                              (15) 

where: FPi - additional resistances against movement [N] 

e.g.:  the force required to raise the material by the transport height, resistance of the 

material stacker, resistance of the dump truck, resistance of the belt cleaners, etc. 

Secondary resistance forces are determined according to the formula: 

FV = FV1 + FV2 + FV3 [N]    (16) 

where:  FV1 - resistance in the hopper [N] 

         FV2 - resistance due to bending of the belt over the drums [N] 

         FV3 - resistance due to pin friction in bearings of non-driven drums [N] 

The proposed belt conveyor does not have a hopper, i.e. the resistance in the hopper is 

considered FV1 = 0 N. 

The resistance due to the bending of the belt over the drums is calculated according to 

the formula: 

FV2 = 200 * zB   [N]    (17) 

where: from zB - number of drums [pcs] 

The resistance due to pin friction in the bearings of non-driven drums is calculated 

according to the formula: 

FV3 = 150 * zB   [N]    (18) 

where: from zB - number of drums [pcs] 
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Table 5.6 shows the values that were inserted and calculated. Based on the resulting 

parameters, an optimal belt conveyor was selected to replace the chain conveyor 

located under the receiving basket at the selected agricultural cooperative. 

A new belt conveyor is to be installed under the receiving hopper. The conveyor must 

meet the following specifications: 

● It must be able to convey material a distance of 16 meters. 

● It must have a conveying capacity of 45 tons per hour. 

● The conveyor belt must be 560 millimeters wide. 

● The conveyor belt must travel at a speed of 1.1 meters per second. 

 

  

Parameter Mark Unit Value 

conveying capacity Q m t.h-1 45 

Belt speed v m.s-1 1.1 

Longitudinal inclination of the conveyor α ° 0 

The value of the factor taking into account the 

influence of the inclination of the conveyor 
ψ𝐶 - 1 

Specific volumetric weight of the material ρ𝑉 kg.hl-1 81.8 

Pouring angle β ° 21 

Belt weight is considered mP kg.m-2 10.4 

Cross-section of a layer of transported material S m2 0.0195 

Belt width b m 0.3 

Waist width B m 0.35 

The weight of the transported material on 1 m the 

conveyor 
q1 kg.m-1 10.2 

Belt weight 1m q2 kg.m-1 2.2 

Weight of the rotating rollers of the lower support 

stool 
qrd kg.m-1 2.9 

The magnitude of the main drag force FH N 7241 

Resistance due to bending of the belt over the drums Fv2 N 600 

Resistance due to pin friction in non-driven drum 

bearings 
Fv3 N 180 

Secondary resistance forces Fv N 590 

Table 5.6: Resulting values of the selected belt conveyor parameters 
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Table 5.7 presents some belt conveyor producers and specifications of their products. 

There were three conveyor producers under investigation for specifications and price 

lists, GTK spol. s r.o, TRAMAZ a.s., and Skandia Elevator AB. Among which, by 

taking into account the results from this diploma thesis. 

 

Belt conveyor technical 

specification: 
Type 1 Type 2 Type 3 

Conveyor Length 20 m 16 m 16 m 

Transport Capacity (m3.h-1) 85 m3/h-1 66 m3/h-1 76 m3/h-1 

Roller Structure Tubes Ø 57 x 5 mm 
Tubes Ø 57 x 3 

mm 

Tubes Ø 57 x 3.2 

mm 

Belt type or material EP 500/3 5+2 rubber EP250/2 3+1,5 Y 

Belt Width Vraity (mm) 
500, 650, 800 and 1000 

mm 

400, 500, 600, 

700, 800 

400, 500, and 650, 

800 

Driving motion 

Bevel gearboxes from 

leading manufacturers - 

SEW, Stiebel, Nord 

Bevel gearboxes 
Bevel gearboxes 

Nord 

Maximal output (kW) 22-32 18-26 14-22 

Feeding hopper (m) 1.6 m 1.5 m 1.5 m 

Axial Width of Structure 698 mm 810 665 

Outer Width of Structure 740 mm 870 700 

Price (Approximately) 
CZK 450000 (Including 

21% VAT) 

CZK 350000 

(Including 21% 

VAT) 

CZK 550000 

(Including 21% 

VAT) 

Producer Name GTK spol. s r.o TRAMAZ a.s. 
Skandia Elevator 

AB 

Produce Address 
Tupesy 116, CZ - 687 08 

Tupesy, Czech Republic 

Kartouzská 

4/200, 150 99 

Praha 5, Czech 

Republic 

Kedumsvägen 14 

SE-534 94 Vara, 

Sweden 

Table 5.7: Belt conveyors specifications and producers
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6. Discussion 
 

The diploma thesis results confirm that handling grain after harvest causes significant 

mechanical damage. Analysis reveals that grain handling during postharvest 

processing can cause significant mechanical damage. Chain and belt conveyors are the 

most widely used equipment for transporting grain within these processing lines (Patel 

et al. 2022). In grain storage systems, belt conveyors are the gentlest way to move 

grain horizontally. Chain conveyors are the preferred choice for high-capacity systems 

even though they can damage grain under heavy loads. This high amount of damage 

rates up to 2.63% grain breakage which is of a less concern compared to the grain 

damage that occur by loading the same conveyor at 25% of full capacity i.e. 4.6% 

(Mwaro et al. 2022). However, other common types of conveyors can damage the grain 

like bucket elevators pose a high risk of mechanical damage (Chen et al. 2020), while 

screw conveyors mainly break the delicate germs of the grains, especially those with 

enclosed troughs (Zareiforoush et al. 2010). 

In this diploma thesis, the results revealed that the chain conveyor caused more damage 

to the grains in the postharvest line in comparison with the belt conveyor. Belt 

conveyor caused minimal total mechanical damage during grain transportation with a 

maximum amount of 0.07%. Similarly, with different types of crops, which was Brea, 

Kroupa achieved similar total mechanical damage 0.08% (Kroupa, 2003). This gentle 

handling makes the belt conveyor the ideal conveyor for horizontal grain movement 

within food grain processing facilities, particularly for reception, treatment, and 

storage lines. 

Chain conveyor will cause the most significant grain damage when operating below 

their stable capacity. These damages likely occur at three points: during grain entry 

into the conveyor, during transport within the conveyor, and when exiting the 

conveyor. In this diploma thesis, total mechanical damage increased up to 1.97% while 

Kroupa achieved similar total mechanical damage with different type of crops, Alana, 

with a maximum amount of 1.98% (Kroupa, 2003). Mwaro similarly reported a grain 

breakage range of up to 2.63% during maize transportation with chain conveyor 

(Mwaro et al. 2022). 
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7. Conclusion 

This diploma thesis on the topic "Maintaining quality parameters of agricultural grains 

during postharvest treatment and storage period" assesses the effect of postharvest 

operations, especially conveyors, on grain quality in a company located in the Central 

Bohemian Region. The theoretical part described the composition of the postharvest 

line, storage capacities, methods of transport and postharvest treatment. The goal was 

to determine the extent of damage on belt and chain conveyors in the practical part by 

working with the same variety of grain with a bulk density in the range of 81.7 – 82.3 

kg.hl-1 and a moisture content of 13.5% to 13.9%. A laboratory investigation involving 

three samples revealed that the prevalence of fragments on the belt conveyor ranged 

between 0.01% and 0.04%, while the incidence of total mechanical damage fell within 

a range of 0.01% to 0.07%. 

Alternatively, the other results from similar tests for two different types of chain 

conveyors, revealed that when the chain conveyor is working below the stable output 

it will cause more damage to the grains. While the chain conveyor is operating at 

almost 50% of its full capacity, the amount of fragments was in the interval from 0.11% 

to 0.17% and the total mechanical damage was from 1.82% to 1.97%. On the other 

hand, the chain conveyor at its full capacity caused less damage and the amount of 

fragments was in the interval from 0.08% to 0.16 %. and the total mechanical damage 

was from 0.23% to 0.31%.  

Based on these measurements, and theoretical research there could be done 

recommendation to use belt conveyor instead of chain conveyor in the chosen location 

in the postharvest line, due to its similar efficiency and small total mechanical damage 

that could cause. These results were confirmed in the diploma thesis by theoretical 

counting of the chosen belt conveyor. At the end of this diploma thesis, by the 

comparison of the properties and prices of the belt conveyors from three producers the 

belt conveyor from producer TRAMAZ a.s. is a proper replacement for chain conveyor 

which is beneath a 34-ton handling hopper. 

The results only confirm the fact that even small reductions in grain damage caused 

by any type of conveyor are significant. Since grain undergoes multiple handling steps 

during postharvest processing, any accumulated damage can be substantial.  Therefore, 

minimizing damage at each stage contributes to a higher overall yield and ultimately 

increases grain market production. 
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