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Abstract. Soybean meal is one of the fodder components. It is a by-product of the production of soybean
oil. Soybean meal is a specific cargo due to changes that may occur in it during transport processes.
These changes are subject to many distinguishing features of usable quality inter alia fat and fatty acid
content. The temperature and size of the soybean meal particles are among the factors influencing the
transformations. The article presents the results of research on soybean meal and its individual fractions
and the impact of selected indicators on the quality changes of this cargo. The results depend on the
conditions corresponding to those that occur during the storage, handling and transport processes. The
dependencies between them have been determined. The performed research allowed to determine the
type and scope of changes taking place in this cargo under the influence of temperature. The results of
the study showed that as the temperature rises, the fatty acid content in the soybean meal decreased
during storage for a given period of 30 days.
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INTRODUCTION

The popularity of soybean meal as the one of the components of compound fodders is very
large. Due to its high nutritional value, it is used for the production of fodders. This product is
considered to be specific cargo due to its sensitivity to external factors: temperature and
humidity. They have a significant impact on changes in the usable quality parameters including
fatty acids (Thakkar, 2014, Orsavova et al., 2015).

Soybean meal is composed of many ingredients. Fats are the most susceptible to adverse
changes occurring during storage. Under the influence of oxygen from the air, light and
temperature there are undergoing changes through autoxidation or photo-oxidation. According
to Gunstone photosensitized oxidation is faster than autoxidation (Gunstone, 1984).

The hydro-peroxides formed in the lipid oxidation process are very unstable and can undergo
various transformations. Due to the disruption of the carbon chain, short-chain products are
formed, such as: hydrocarbons, aldehydes, ketones, esters, lactones, alcohols and ethers,
which may exist as saturated or unsaturated compounds (Lempka, 1985, Barowicz, 1999).
One of the most important factors is the product's resistance to oxidation processes
(Minkowski, 2011). In turn, the factors that reduce the oxidative stability of the product is higher
temperature (Vaidya and Jong-Bang, 2013).

Autoxidation belongs to extremely complicated processes. The reason for this is the
exceptional lability of intermediates, the complex effect of antioxidants and the simultaneous
reaction of photosensitized oxidation. Although, all unsaturated lipids are oxidized, the problem
of autoxidation is reduced to the unsaturated fatty acid hydrocarbon chain. Linoleic acid
oxidizes 10+40 times faster than oleic acid, while linolenic acid is 2+4 times faster than linoleic
acid (Lempka, 1985, Sikorski, 1994). The literature review shows that as the temperature
increases, the oxidation rate increases and the induction period is shortened (Lempka, 1985,
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Barowicz, 1999, (Drozdowski, 1988, Matyka, 2000, Mateos et al., 1996). The process of
oxidation of linoleic acid can occur at temperature of minus 20°C.

The chemical structure of the soybean meal components is changed by autoxidation, which
makes the vitamins lose their activity, dyes — color and fats acquire an unpleasant odor. This
process starts in the soybean meal from the creation of free radicals which occurs as a result
of the action of high temperature, radiation, light or metal ions with catalytic properties,
especially iron, copper and zinc (Barowicz, 1999).

Peroxides belong to toxic compounds. Their principal harmful action is to destroy or inactivate
some fodder ingredients. Peroxides also increase the rate of autoxidation of dyes, they can
cause denaturation or polymerization of proteins, and as a consequence, decrease of
digestibility and assimilation of fodder (Kwietniak and Harenza, 1990, Lempka, 1985).
Oxidation of fats causes a decrease in the nutritional value of fodder, which is noted (Busboom
et al.,, 1991): rancid taste — peroxides give fodder a characteristic taste, formation of toxic
compounds — peroxides, ketones and aldehydes, which in greater amounts exhibit toxic
effects, adverse health effects and production results, occurrence of loss of fat-soluble
vitamins subject to oxidative processes, reduction of protein content (amino acids) — mainly by
creating hard to digest bridges between protein molecules that make the combined molecules
indigestible.

The longtime of transporting soybean meal by sea and specific microclimatic conditions
occurring in ship’s cargo holds, are conducive to unfavorable changes in fats. The fat content
in soybean meal varies and amounts, according to various authors: 2% (Chachutowa, 1997);
1.5% (Dudley-Cash, 1996); 1.7% (Wong, 1989); 1.4% (Lempka, 1985); 1.3% (Britzman, 1994);
1,70 (Baize, 2000); 2.67% (Drzewieniecka, 2017).

Among of many ingredients included in soybean meal, fats are most susceptible to adverse
changes. During transport processes, under the influence of air, light and temperature, they
change through autoxidation or photo-oxidation. The composition of fatty acids can be varied
within a wide range, as it depends on many factors, including the soybean grade from which
soybean meal is produced and soybean cultivation environments (Sikorski, 1994, Jung et al.,
1997).

Soybean oil contains relatively low saturated fatty acids (about 15%), and has a high content
of unsaturated acids (about 85%) (Minkowski et al., 2011), (Nederal et al., 2012, Kearney,
2010). Soybean oil contains from 7 to 13% of saturated acids (Drozdowski, 1988). Research
conducted by these authors has proved that the use of soybean meal or soybean oil in fodder
mixtures used in feeding fattening pigs, can increase the content of poly-unsaturated fatty
acids in the fat of ham and lower the cholesterol level in ham muscles. The share of soybean
meal in feeding pigs caused the increase of fatty acids: linoleic and linolenic, which from the
nutritional point of view is beneficial for human as a consumer (Minkowski et al., 2011).

The significant influence of use of oilseed plants on increase in the content of essential
unsaturated fatty acids (EFA) was also reported by Busboom and Myer (Busboom et al., 1991,
Myer et al., 1992). The use of soybean oil in fodder mixtures contributed to an increase in the
content of linoleic and linolenic acid, while reducing the amount of palmitic and stearic acid.
Essential unsaturated fatty acids (EFAs), which are included in the families of n-6 linoleic acid
and linolenic acid n-3, have a high biological value. Soybean oil contains about 50% of EFA.
Essential unsaturated fatty acids from the n-3 family are of great anti-atherosclerotic
importance, as being components of cell membranes, they play a particularly important role in
the transport and metabolism of cholesterol, lowering its content in blood (Sikorski, 1994,
(Thakkar, 2014, Rabrenovic¢ et al., 2014).

The acid number is the most commonly used, non-selective indicator in fat characteristics. The
acid number indicates the freshness of soybean meal. The increase in the value of the acid
number is proof of the progressive hydrolysis of fat contained in soybean meal (Walczynski,
1993). Its value after 45 days at temp. of 65°C was 1.5 mg KOH/g (Jung et al., 1997).
Unfavorable changes occurring in fats acquire a special meaning in the case of greasy fodder
mixtures. With the extension of storage time, the value of acid and peroxide number increases
(Matyka, 2000).
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Research on the antioxidant effect in fodder results (Barowicz, 1999), that the acid and
peroxide values of rapeseed meal fat, stored in bulk without the addition of BHT, were
increased by 2-3 fold after 20 days of storage. The acid number increased from 3.1 to 9.1 mg
KOH/g, and the peroxide value from 4.3 to 9.9 mM Oz/kg. Stabilization of this soybean meal by
BHT reduced the formation of free fatty acids and peroxides: LK — increased from 3.1 to 4.2
mg KOH/g, and LN — from 4.1 to 5.0 mM Oz/kg. On further storage of soybean meal, a gradual
increase in the value of these numbers took place. Peroxides are the primary and unstable
oxidation products, so the peroxide value is characterized by the degree of fat oxidation at the
initial stage of oxidation. With the storage time, the peroxide number in the soybean meal
increased. lts value after 45 days at temp. of 65°C was 1.5 mM O2/kg (Jung et al., 1997).

RESEARCH METHODOLOGY

The subject of research was soybean meal. The aim of the study was to determine the
changes of fatty acids, the acid number and peroxide of natural soybean meal and its
individual fractions under the influence of temperature. The tests were carried out in conditions
corresponding to those occurring during the course of transport processes in temp. of 20 (1)
and 40 (ll) at the 10% of water content in soybean meal. Correlation was determined between
the changes of individual discriminants 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.

Fractions with particle size larger than 3 mm (A) and with ranges of: 1.2-3mm (B), 0.4-1.2mm
(C), 0.25-0.4mm (D), 0.1-0.25mm (E), 0.075-0.1mm (F), as well as fraction with particle size
smaller than 0.075 mm (G) — dusty fraction were isolated from soybean meal. The grain
composition of soybean meal was determined in accordance with PN-89/R-64798 by
mechanical sieving of soybean meal samples. Changes in the composition of fatty acids of
soybean meal were determined after 10, 20 and 30 days under conditions | and II.

The fatty acid composition was determined by gas chromatography, compatible with PN-EN
ISO 6800:2002. The markings were made using the B-820 analyzer, which is part of the
BUCHI Labortechnik AG Swiss apparatus set. The acid number was determined in
accordance with PN-EN ISO 660:2005. The peroxide number was determined in accordance
with PN-EN 1SO 3960:2005 (U).

The largest losses were found in the case of unsaturated fatty acids: oleic, linoleic and
linolenic. Correlation coefficients between the content of these acids and the storage time were
respectively 0.53; 0.52; 0.51.

The studies showed the relationship between the change in fatty acid content in natural
soybean meal and ambient temperature (Fig. 1). The dependence is shown on the example of
linoleic acid, whose correlation coefficient was 0.73. A significant relationship was found
between the content of fatty acids: palmitic, stearic, oleic, linoleic, linolenic in fractions B, C, G
of soybean meal and the size of particles. Correlation coefficients were: 0.77, 0.61, 0.81, 0.85
and 0.70, respectively. In soybean meal with larger size of particles, the content of these fatty
acids was lower.

During storage for 30 days at 20°C and relative humidity of 60%, the acid number increased to
1.27 mg KOH/g, or 41.1% in relation to the initial value (Table 1). The initial content of the acid
number of natural soybean meal was 0.90 mg KOH/g. At 40°C and ¢ = 95%, the acid number
increased to 1.55 mg KOH/g, i.e. by 72.2% in relation to the initial LK value (Table 1). The
highest initial acid value of 1.20 mg KOH/g had the G fraction — dusty fraction, while the
smallest C fraction — 0.76 mg KOH/g.

After 30 days of storage of fraction B, C and G, at 20°C and relative humidity of 60%, the acid
number increased by 0.31 mg KOH/g (36.5% relative to the initial value), respectively 0.26 mg
KOH/g (34.2%) and 0.71 mg KOH/g (59.2%) (Table 1).
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Fig. 1. Loss of linoleic acid content in natural soybean meal and its fractions stored
in various crypto-climatic conditions.
Table 1.

Changes in the acid number and the peroxide number of soybean meal and its fractions B, C and
G after 30 days of storage under various cryptoclimatic conditions

Acid number AN Peroxide number PN
N (mg KOH/g) (m MO2/kg)
Fractions Cryptoc(:::lr::?ttifnsstorage Initial AN after PN after
AN 30 days Initial PN 30 days
of storage of storage

o t=20°C, ¢ =60% 1.27 0.99
t=40°C. ¢ = 95% 0.90 155 0.56 1.99
B t=20°C, ¢ =60% 1.16 0.69
(1.2-3 mm) t=40°C, ¢ = 95% 0.85 1.31 0.48 1.02
C t=20°C, ¢ =60% 1.02 0.53
(0.4 — 1.2 mm) t=40°C. ¢ = 95% 0.76 122 0.24 0.66
G t=20°C, ¢ =60% 1.20 1.91 051 0.78
(< 0.075 mm) t=40°C, ¢ = 95% ) 2.62 ) 1.14

Source: own study.

In the second variant of soybean meal storage, the increase in the acid number in comparison
with the variant | was significantly larger (Fig. 2).
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Fig. 2. Dependence of the acid number of natural soybean meal and its fractions
on the storage conditions.
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In the fractions: B — LKE-2018-0047 increased to 1.31 mg KOH/g (by 54.1% in relation to the
initial value); C to 1.22 mg KOH/g (by 60.5%) and G to 2.62 mg KOH/g (by 118.3%) (Table 1).
The correlation coefficient of the increase in the acid number of natural soybean meal and its
fractions (B, C, G) from the storage conditions was 0.52.

During storage of soybean meal at 20°C and 60% of relative humidity, the peroxide value
increased by 76.8%, i.e. to 0.99 mM O2/kg (Table 1). The initial peroxide content of natural
soybean meal was 0.56 mM Oz/kg (Table 1). At a temp. of 40°C and high relative humidity of
95% — option I, the value of the peroxide number in natural soybean meal increased to 1.99
mM Oz/kg, i.e. by 253.3% in relation to the initial value.

The relationship between the average values of the peroxide number of fractions B, C and G
of soybean meal and its storage time under conditions | and Il is shown in Fig. 3. The
correlation coefficient of this relationship was 0.57. The relationship between the values
determining LN growth in natural soybean meal and its fractions expressed as a percentage
and storage conditions is shown in Fig. 3. The correlation coefficient of this relationship was
0.62.
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Fig. 3. Changes in peroxide number of natural soybean meal and its fractions during storage
under various crypto-climatic conditions compared to initial values.

DISCUSSION OF RESULTS

Studies on the distinguishing features of usable quality of soybean meal in various
temperature variants of 20 and 40 have been carried out. The adopted research model
allowed obtaining data on the transformations of soybean meal in the range of temperatures
and relative humidity maintained in subsequent stages of the supply chain. These conditions
were similar to the most common ones during storage, cargo handling and carriage by various
means of transport (1-20°C and relative humidity of 60%) and extreme conditions occurring
during transport of soybean meal in the ships’ and barges’ holds (11-40°C and humidity relative
95%). On the basis of tests carried out in two variants of temperature, it was found to have a
significant impact on changes in the distinguishing features of usable quality of natural
soybean meal and its fractions during storage. Increased temperature and relative humidity of
the surroundings caused an increase in fatty acids, an increase in the acid number and
peroxide number. The loss of fatty acids in natural fat of soybean meal: palmitic, stearic, oleic,
linoleic, linolenic natural soybean meal, under conditions | (t = 20°C, ¢ = 60%), ranged from
4.4 to 31.6% in relation to the initial value. Under conditions Il (t = 40°C, ¢ = 95%), the largest
losses concerned linolenic acid, while the smallest ones were oleic acid. The loss of these
acids ranged from 7.3 to 47.4%. The highest losses of fatty acids in the B, C and G fractions in
conditions | and Il concerned stearic acid (from 12.5 to 26.7%), while the smallest concerned
acids: palmitic (from 1.5 to 8%), linoleic (from 2 to 9.7%) and linolenic (from 5.8 to 10.5%). The
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growth in the acid number was influenced by storage conditions. During storage for 30 days at
20°C and 60% of relative humidity, the acid value of natural soybean meal increased by 41.1%
in relation to the initial value. In option I, the acid number value increased by 72.2%. In the
case of fraction B, the value of the acid number in option | increased by 36.5%, and in the
option Il — by 54.1%. Fraction C had the lowest acid value of 0.76 mg KOH/g, which value
under storage conditions | and Il increased by 34.2% and 60.5% respectively. The highest
value of the acid number was in fraction G, amounting to 1.20 mg KOH/g. During storage, its
value increased in the first option by 59.2%, and in the second by 118.3%. The increase in the
acid number was observed during the 30 days storage time indicating a progressive hydrolysis
of soybean meal lipids, and thus an increase in the content of free fatty acids. According to
literature data (Lempka, 1985, Drozdowski, 1988, Sikorski, 1994, Matyka, 2000, Orsavova et
al., 2015), polyunsaturated fatty acids, which are oxidized to a number of derivative
compounds, are particularly easily released.

The study shows that during 30 days of storage time under conditions |, the peroxide value of
natural soybean meal was 0.99 mM O2/kg, i.e. it was higher by 0.43 mM Oz/kg from the initial
value, while in conditions Il the value was peroxide value was 1.99 mM Oz2/kg (increased by
1.43 mM Oz2/kg). During storage, the peroxide number of fraction B was increased by 0.21 mM
Oz2/kg under conditions | and by 0.54 mM O2/kg under conditions Il. In the case of fraction C,
LN was increased in conditions | and Il, respectively: by 0.29 and 0.42 mM Oz2/kg. The smallest
fraction G was also characterized by an increase in the peroxide number by 0.27 mM O2/kg
(option I) and by 0.63 mM Oz/kg (option II).

CONCLUSIONS

Based on the results of the research and statistical analysis, the following conclusions were

made:

1. The research results obtained in the study showed a significant effect of temperature on
changes of fatty acids, the acid number and peroxide of soybean meal.

2. In the second variant of storage (t = 40°C and ¢ = 95%), in the natural soybean meal
occurred significantly higher, than in the storage variant | (t = 20°C and ¢ = 60%),
unfavorable changes of the following elements: fatty acids , acid number and peroxide
value.

3. Similarly as in the case of natural soybean meal, also in the case of individual fractions at t
= 20°C and ¢ = 60%, changes in the distinguishing features of usable quality were smaller
than att=40°C and ¢ = 95%.

4. The size of soybean meal particles significantly influenced the distinguishing features of
usable quality.
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