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Abstract. The influence of external factors on changes in the soybean meal quality features has an 
important meaning in the emergence of hazards during the transport processes of this cargo. Soybean meal 
is one of the most frequently used components of fodder mixtures. Due to its inherent properties, it is 
classified as special cargoes. Maintaining the quality of soybean meal during transport processes depends 
on storage, handling and transport conditions. The main external factor included in the study was humidity. 
Transport-technological quality features were distinguished: kinetic angle of repose, size of particles, bulk 
density, porosity. The article presents the results of research on soybean meal and its separated fractions. 
There was presented humidity influence on changes in significant features for this cargo. Type and range of 
changes in the distinguishing features of soybean meal were determined in the given stages of the transport 
chain under the influence of humidity. The risk was assessed in the transport processes of soybean meal. A 
correlation was determined between changes of individual features and water content in soybean meal 
changing as a result of air humidity. It was found that humidity of the ambient air in which transport 
processes occur and size of grain particles of soybean meal have a significant impact on changes in 
transport-technological quality features. 
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INTRODUCTION  

Soybean meal is one of the most popular fodder’s ingredients in the world. The increasing 

demand for this product in production of fodders puts ever greater demands on safety during 

transport processes. Soybean meal in transport processes occurs in the form of solid bulk cargo. 

It is classified according to IMDG Code as a dangerous good in Class 4.2. The influence of 

external factors on the change of technological and transport characteristics in soybean meal has 

a significant impact. One of them is humidity of surrounding air. This factor influences changes of 

water content in soybean meal and changes in transport-technological quality features as well as 

hazards in transport processes. In these processes, humidity of ambient air as a result of diurnal 

and seasonal fluctuations, changes water content in soybean meal. This applies especially to sea 

transport, in which the changes of these parameters are additionally caused by the change of 

climate zones (Drzewieniecka, 2016). Water content in soybean meal from the production 

process is thus changed during transport. Absorbing and water vapor into the environment 

causes considerable difficulties in the transport of soybean meal, especially as a loose solid 

cargo. The soybean meal is a hygroscopic cargo. Water content adversely affects the transport 

characteristics that are important in transport, such as: bulk density, natural (kinetic) angle of 

repose, porosity, i.e. properties that determine the utilization of cargo space, means of transport, 

storage area and susceptibility to transverse pouring of cargo onto the ship's sides (athwart on 

board) during sea passage. In addition, there are other hazards. High water content in soybean 

meal and presence of fine fractions can lead to self-heating and even self-ignition. During sea 

transport of soybean meal the factors conducive to these processes include (Drzazgowski, 1984): 

high humidity in the holds and inadequate regulation, exposure of cargo to moisture and wetting, 

small storage area in the vessel's hold, limited ability to control the temperature of soybean meal 
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and the removal of accumulated heat, large soybean meal fineness and a relatively long transport 

time. 

Soybean meal is included in class 4.2 as self-igniting materials. The remaining after the soybean 

meal extraction of the solvent vapor in the cargo and the presence of dust fractions can lead to an 

explosion. Dust explosions are among the common causes of hazards on ships and in silos. The 

factor initiating this phenomenon is the mixture of dust and air floating in the space above the load 

and its contact with the heat source in the form of hot surfaces or sparks from the electrical 

installation (Dyduch, 2007). The force and violence of the dust explosion depends, among other 

things, on the humidity and explosive temperature of the dust and air mixture (Prusiel and Łapko, 

2011, Abbasi, 2017). 

During cargo handling operations of bulk soybean meal, there is a rapid movement of particles 

and the formation of dust. In addition to the larger particles, soybean meal also includes fine and 

dusty fractions, constituting about 4% of the total cargo, which pose a danger of explosion 

(Drzewieniecka, 2010). 

The presence of residual solvent in soybean meal after the oil extraction process also creates a 

risk of explosion. The dust explosion limits depend on the humidity. The dust explosion ability 

decreases with increasing humidity. Dust explosion limit for dry soybean meal is 20÷100 g/m3, 

soybean meal with 9% of moisture content – 300÷1000 g/m3. Dust with a moisture content above 

16% does not explode (Drzazgowski, 1984, Dyduch, 2007). Transported, handled and stored 

soybean meal is exposed to atmospheric factors. Especially, as a hygroscopic cargo, soybean 

meal is exposed to humidity of surrounding air. This factor affects the change of water content in 

soybean meal, which leads to adverse phenomena hindering transport processes. These include 

the reduction of flow, causing among other things, caking of cargo and forming agglomerated 

clumped layers, resulting in a suspension of cargo in silo outlet openings and reducing the 

permeability of transmission pipelines and, consequently hindering cargo handling operations. 

The soybean meal particles size and time of transport and storage also influence on cargo caking 

and clumping (Zhang et al., 2013, Ganesan et al., 2008). 

The flatter cargo particles are and the greater amount of fine particles is present, and the higher 

water content is, then the greater tendency to a progressive over time caking and compaction is 

present. The course values of these disadvantageous processes are increase in bulk density of 

cargo and reduce in its porosity. Significant porosity of soybean meal facilitates the preservation 

of treatments such as airing, drying and pest control (Cichoń & Lisińska-Kuśnierz, 1988). Other 

negative effects of cargo compaction are easier movement and microbial growth leading to self-

heating. Moisten soybean meal, especially in case of restricted air access, is quickly brewed. The 

temperature of such soybean meal is systematically increasing causing self-heating, referred to 

as microbial self-heating. 

The distinctive transport and technological features, among others: the natural angle of repose, 

the size of particles, specific mass, bulk density and porosity, are important in the transport 

processes of bulk cargoes including soybean meal.  

Bulk density is a property that characterizes all bulk materials. The value of bulk density is needed 

when designing the capacity of flat warehouses and silos, and when calculating the efficiency of 

transport equipment. The value of this distinguishing factor depends on the water content, degree 

of fragmentation and storage time (Zaalouk & Zabady, 2009, Drzewieniecka, 2004, Walczyński, 

1995). 

The specific mass depends on water content of the particles because the particle volume 

increases with its growth (Leśmian-Kordas & Drzewieniecka, 2001). 

The kinetic angle of repose is the main criterion determining the rules of trimming loose bulk 

cargo. During transport by sea a lot of solid cargoes carried in bulk tend to pour athwart onto 

board the ship, causing a shift in the ship’s gravity center and then a list favoring further pouring 

of the cargo, which is likely to lead to loss of stability and the vessel’s sinking. The kinetic angle of 

repose is for this reason a measure of safety for carrying solid cargoes by sea. With respect to 

this criterion cargoes have been divided in the IMSBC Code into three group: I – kinetic angle of 

repose is smaller than 30°, II – kinetic angle of repose is contained between 30° and 35°, III – 

kinetic angle of repose is larger than 35°. This division concerns cargoes of respectively large, 
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medium and small susceptibility to pouring onto board the ship. Depending on the value of kinetic 

angle of repose the proper way of trimming is selected precluding the cargo from shifting.  

 

RESEARCH METHODOLOGY 

The research included natural soybean meal and its extracted fractions in conditions 

corresponding to those occurring during the course of transport processes and correlations 

between the changes of individual distinguishing features and the external factor causing these 

changes. 

The test results were statistically developed. The analysis of variance for single classification 

(ANOVA) was used for statistical analysis of the test results. In the case, when the assumption 

about homogeneity of variance was not met, there was applied a non-parametric alternative to the 

analysis of variance of simple classification, the Kruskal-Wallis test. In order to determine the 

statistical relationship between the analyzed variables, correlation coefficients were calculated. 

The grain composition of soybean meal was determined in accordance to PN-89/R-64798 by 

mechanical passing through the sieve of soybean meal samples. From natural soybean meal (O) 

were isolated fractions with a particle size larger than 3 mm (A) and ranges: 1.2 – 3 mm (B), 0.4 – 

1.2 mm (C), 0.25 – 0.4 mm (D), 0.1 – 0.25 mm (E), 0.075 – 0.1 mm (F), as well as a fraction with 

a particle size smaller than 0.075 mm (G) – dusty fraction. Density – specific mass, determined 

using the Erdmenger – Mann method (Biały, 2013), (Leśmian-Kordas et al., 2001). The bulk 

density was determined using the method given in PN-EN 1236:1999, identical to the ISO 

3944:1992 standard. The porosity was determined – expressed as percentage ratio of the volume 

of air in the spaces between the particles of soybean meal to the total volume of the sample. The 

kinetic angle of repose was determined by the method described in the IMSBC Code – the "tilting 

box test" method used in laboratories and loading ports in the study of non-cohesive fine-particle 

goods. 

 

DISCUSSION OF RESULTS 

Experimentally determined values of natural soybean meal specific gravity and individual fractions 

were smaller at 10% of water content compared to dry samples (at 0% of water). The density of 

natural soybean meal at 10% of water content was 1.19 g/cm3, and the dry soybean meal was 

1.25 g/cm3. The values of the specific mass of individual soybean meal fractions were also lower 

at 10% of water content and were on average 1.23 g/cm3, and the fraction of dry soybean meal 

1.27 g/cm3. 

The value of natural soybean meal bulk density was higher at 10% of water content and 

amounted to 0.593 g/cm3, and for dry soybean meal was 0.584 g/cm3. The bulk density of 

individual soybean meal fractions were also higher at 10% of water content and on average 0.61 

g/cm3, and the dry fraction was 0.58 g/cm3 (Fig. 1). 

 

 
Fig. 1. Bulk density of natural soybean meal and its individual fractions at water content 0 and 10%. 
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A significant relationship was found between the bulk density and water content in soybean meal. 

At the significance level α = 0.05, the bulk density value at water content 0 and 10% in soybean 

meal varied statistically, and the correlation coefficient was 0.61. 

The studies have shown a significant relationship between the bulk density of soybean meal and 

the size of particles (Fig. 2). At the level of α = 0.05, the bulk density values of individual fractions 

were statistically different. The correlation coefficient was 0.83. As the particle size decreased, 

bulk density values increased. 

 

 
Fig. 2. Comparison of bulk density of soybean meal fractions at water content 0 and 10%. 

 

A similar relationship was demonstrated at the specific gravity. The smaller particles of soybean 

meal, the more the value of the specific mass increased. 

The research has shown a significant relationship between porosity and water content in soybean 

meal. The correlation coefficient was 0.87. The porosity in natural soybean meal was higher at 

0% of water content than at 10% and was respectively 53.36 and 50.30%. Porosity of various 

soybean meal fractions was higher for dry soybean meal and was 52.76%, and for soybean meal 

of water content 10%-50.40% (Fig. 3). 

 

 
Fig. 3. Porosity of natural soybean meal and its fractions at water content 0 and 10%. 

 

A significant relationship was found between porosity and particle size of soybean meal. At 0% of 

water content, porosity decreased significantly with the decrease of soybean meal size, and the 
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correlation coefficient was 0.79. Similarly, at 10% of water content, porosity also decreased (Fig. 

4). The correlation coefficient was 0.82. 

 

 
Fig. 4. Dependence of soybean meal porosity on particle size at water content of 0 and 10% 

 

The porosity decreased significantly as the particle size of soybean meal decreased, and the 

correlation coefficient was 0.79. Significant dependence was found between the kinetic angle of 

repose and the water content in soybean meal. At 10% of water content, the kinetic angle of 

repose was higher than at 0% of water content (Fig. 5). The value of kinetic angle of repose for 

soybean meal at 10% of water content was 30.1° and for dry soybean meal 29.5°. The average 

value of kinetic angle of repose for all fractions was higher by 1.5° in case of humid soybean meal 

than in dry one. At the significance level of α = 0.05, the value of the kinetic angle of repose at 

humidity 0 and 10% varied statistically. The correlation coefficient was 0.67. The kinetic angle of 

repose decreased with reduction of particle size, for fractions with particles larger than 3 mm (A) 

and in the range of 1.2 – 3 mm (B) and 0.4 – 1.2 mm (C). From the fraction: 0.25 – 0.4 mm (D); 

0.1 – 0.25 mm (E); 0.075 – 0.1 mm (F) and below 0.075 mm (G), with the decrease of the particle 

size, the kinetic angle of repose increased (Fig. 5). With the reduction of particle dimensions, the 

kinetic angle of repose decreased, while in case of fine and dusty fractions (D, E, F, G) the 

reduction of particle size was accompanied by the increase of this angle. 

 

 
Fig. 5. Dependence of natural (kinetic) angle of repose of natural soybean meal and its individual 

fractions on the particle size at different water content. 

 

The values of specific gravity, bulk density and porosity obtained in these studies are not much 

different from those quoted in the literature (Grochowicz, 1996, Drzewieniecka, 2010). It was 

found that increasing the water content by 10% did not significantly affect the specific gravity, as 

the particle size decreased the specific mass increased. Water content and particle size 
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influenced the value of bulk density and porosity. The increase in water content caused an 

increase in bulk density and a reduction in porosity. Analogous relations occurred in particular 

fractions. As the particle size decreased, the bulk density increased, while the porosity decreased. 

Taking into account, the set values of kinetic angle of repose and safety of sea transport of bulk 

soybean meal, it should be stated that the fine and dusty fractions (D, E, F, G) pose a slight risk of 

athwart pouring of cargo onto the ship's sideboards (angles > 35°). The natural soybean meal and 

fractions A and B, considering the kinetic angle of repose according to IMSBC Code classification, 

belong to the cargoes with medium susceptibility to pour athwart on ship’s sideboard (angles in 

the range of 30-35°). The fraction C (0.4 – 1.2 mm) is distinguished in this case unfavorably. The 

determined kinetic angles of repose for this dry and moist fraction were only 26° and 28.4°, which 

means that the susceptibility to pouring on the ship's sideboards is high. 

 

CONCLUSION 

Research on the impact of water content on the distinguishing features of soybean meal made in 

two variants: dry (0%) and moist (10%) soybean meal showed that the increase in water content 

causes: increase of bulk density, increase of kinetic angle of repose and reduction of porosity. 

The size of soybean meal particles significantly affected the technological-transport quality 

factors. 

The presence of fine dust fractions has a generally unfavorable impact on the course of transport 

processes (caking, suspension of meal in silo chambers, dusting during reloading operations, 

reduction of porosity, explosion). 

The positive influence of the presence of fine fractions was marked with respect to kinetic angle of 

repose in the case of dusty fractions – with particles smaller than 0.4 mm, they were larger than 

35°, which protects the cargo against pouring athwart on ship’s sideboard. 
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