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There is a time for everything,  

       and everything on earth has its special season. 

 

There is a time to cry and a time to laugh.  There is a time to be sad  

          and a time to dance. 
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ABSTRACT 
 
The use of full fat soybeans (FFSB) in animal feeds has, to date, been limited due to the 

presence of anti-nutritional factors (ANF).  It is, therefore, increasingly recognized that, if 

the full potential of full fat soybeans for the use in diets is to be realized, reliable 

analytical procedures must be available for the quality control of processed FFSB which 

would enable feed manufactures to determine the degree of soybean processing.  Results 

of currently available analytical techniques vary widely between laboratories, causing 

uncertainty and confusion among soybean processors, feed manufacturers and end users.  

 

 A collaborative study was conducted to standardize a number of existing analytical 

procedures used for determining the effects of heat treatment on FFSB and to generate 

South African ranges for standardized laboratory procedures.  Raw soybeans, in a 

mixture of cultivars, were processed by dry extrusion at eight different temperatures 

(110ºC, 120ºC, 127ºC, 136ºC, 140ºC, 145ºC, 151ºC and 164ºC).  In vivo trials were 

conducted on broiler chicks which were fed the eight extruded FFBB.  Their performance 

was monitored with regard to average daily gain (ADG) and feed conversion ratio (FCR). 

 

The Protein Solubility in KOH (PSKOH) and the Protein Dispersibility index (PDI) 

procedures were used for standardization in an inter-laboratory study with the 

participation of ten South African analytical laboratories.  

 

Statistical analysis of the in vivo trials with broilers showed no significant difference 

(P>0.05) between broilers fed FFSB processed at 136 ºC, 140 ºC and 145 ºC.  In addition, 

samples processed at those temperatures (136 ºC, 140 ºC and 145 ºC) showed the best 

chick performance with regard to average daily gain (ADG) and the feed conversion ratio 

(FCR).  There was a significant difference (P<0.05) between broilers fed FFSB processed 

at 110 ºC, 120 ºC and 120 ºC as well as those fed FFSB processed at 151 ºC and 164 ºC.  
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In vitro results showed that the PSKOH and PDI values corresponding to temperatures 

which showed the best chicken performance were between 67-77% and 10.3-8.5 index 

units respectively. Therefore, the South African ranges for describing the degree of 

soybean processing using the PSKOH method are 66-77% with repeatability and 

reproducibility limits of 3.5 and 10.9 respectively and, when using the PDI method, are 

8.5-10.3 index units with repeatability and reproducibility limits of 2.1 and 7.7 

respectively.  

 

A very good correlation was established between the animal production parameters and 

the PSKOH values, while a poor correlation between animal production parameters 

(ADWG and FCR) and PDI values was established.  

 

The PSKOH method was found to be the most reliable method for FFSB quality control 

under standardized South African conditions.   
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CHAPTER 1 

 
Introduction  
 

The soybean is by far the most important oilseed crop in the world and is grown for a 

number of industrial and agricultural uses.  Soybeans have been used in human and 

animal nutrition because of their favourable agronomic characteristics, relatively low 

price, high quality and quantity of protein and oil (Liu, 2000) as well as their important 

functional properties for the development of different types of foods for humans (Traina 

and Breene, 1994).  Moreover, consumers’ awareness of the reported beneficial effects 

on health has increased their consumption (Machado, 2008).  Soybeans contain highly 

valuable proteins and oils (on average ranging from 39-41% crude protein and 18-21% 

oil) which make them good feed alternatives to animal proteins and oils.  According to 

their digestibility and amino acid composition, soybean proteins are very similar to 

proteins of animal origin, except that the sulphur amino acids (cystein and methionine) 

contents are limited (Anderson and Wolf, 1995).   

 

Nevertheless, raw soybeans contain several factors with anti-nutritional properties 

(ANFs) and must be processed prior to inclusion in animal and human diets.  Anti-

nutritional factors contained in soya beans may cause unfavourable physiological effects 

(Buttle et al. 2001; Vasconcelos et al. 2001) and may decrease weight gain in animals 

(Palacios et al. 2004).  This is an indication of the indigestibility of raw soybeans for both 

animals and humans.  Proper processing is required to inactivate the ANFs to an 

acceptable level without reducing the availability of nutrients (Van der Poel et al. 1995).  

Processing of the raw full fat soybeans (FFSB) by means of heat and mechanical 

treatment destroys the anti-nutrients contained therein, thus making the beans fit for use 

in monogastric diets for example in chickens, pigs, pets as well as humans. The problem 

relating to the availability of the amino acids in the heat- treated beans arises due to the 

fact that only an optimum level of heat treatment will produce the maximum availability 

of the amino acids to the animal.  Under-processing of the FFSB limits amino acid 

availability due to the partial destruction of the anti-nutrient factors.  Over-processing, on 
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the other hand, decreases the amino acid availability as a result of the Maillard reaction 

that occurs between aldehyde groups of sugar and free amino groups (Stern, 1989). 

 

The provision of amino acids, either free or as protein, contributes a substantial amount to 

the cost of animal feedstuffs.  The objective of any nutritionist is, therefore, to formulate 

diets that will provide the correct amounts of nutrients required by the animal at the 

lowest possible cost. This implies that dietary formulation must be done on an available 

amino acid basis in order to optimise the dietary amino acid levels, thereby minimizing 

cost.  Because of the effect of processing on the amino acid availability of full fat 

soybeans, nutritionists using FFSB in diets have been forced to compensate for the 

possibility of reduced amino acid availability by over-formulating diets on a total amino 

acid level.  It is, therefore, increasingly recognised that, if the full potential of FFSB for 

use in animal diets is to be realised, reliable analytical procedures must be available for 

the quality control of processed FFSB, which would enable feed manufacturers to 

determine the exact degree of the processing of the soybeans.  The results would, in turn, 

provide an estimate of the availability of the amino acids contained in FFSB for use in 

feed formulations.   

 

It has been clearly illustrated that the results of the analysis of the same sample of 

soybeans on the content of anti-nutrients obtained by currently available analytical 

techniques vary widely between laboratories, causing uncertainty and confusion among 

soya processors, feed manufacturers and end-users (Davies, 1998; Palic and Groove, 

2004).  It is, thus, of the utmost importance to evaluate and standardize the available 

laboratory procedures for determining the degree of soybean processing. 

 

In humans, soy foods are known to have a number of health benefits, ranging from the 

well-documented cholesterol-lowering effects of soy protein, which may lower the risk of 

cardiovascular diseases, (Lammersfeld et al. 2009) to the potential for decreasing bone 

loss in healthy, postmenopausal women (Greendale et al, 2002) .  

 

The soybean can also be processed to produce a texture and appearance similar to many 
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other foods, and they are the primary ingredient in many dairy product substitutes (for 

example soy milk, margarine, soy ice cream, soy yoghurt, etc.) and meat product 

substitutes (for example veggie burgers).  The oil from processed soybeans may be 

refined for cooking and other edible uses.   Furthermore, research by the World Initiative 

for Soy in Human Health (WISHH) (http://www.wishh.org/nutrition/overview.html), 

indicated that soy foods may be ideally suited to assist in meeting the nutrient 

requirements (high-quality protein and calories) required by people infected with the 

Human Immuno deficiency virus (HIV). 

 

Soybeans are also major ingredients in livestock feed.  Almost all soybeans are processed 

for their oil and protein for the animal feed industry as protein is an essential key 

ingredient of animal feeds. It is necessary for animal growth, body maintenance, the 

production of young and the output of such products as milk, meat and eggs.   The high-

protein fiber (that remains after processing has removed the oil) is toasted and added to 

animal feed for poultry, pigs, cattle, pets and young ruminants.  

 

The quality of human nutrition is inextricably linked to the quality of the livestock 

products consumed which, in turn, is significantly influenced by the nature of the raw 

materials (protein sources) eaten by the animal.  This fact can be used as a tool in the 

development of the following strategy: if non-ruminant species are fed the appropriate 

nutrients, the desired products (for example eggs and meat) can be obtained for human 

use (Greendale et al, 2002).  The nutritional characteristics of meat and egg products of 

livestock industries can be enhanced for consumer health by using feed that is high in 

protein and essential fatty acids especially oilseed crops i.e. soybeans and groundnuts. 
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The aims of this project are, therefore: 

1. To evaluate a number of existing analytical procedures for determining the 

adequacy of FFSB processing and for its quality control.  

2. To standardize, through an inter-laboratory study, methods which have passed the    

evaluation stage.  

3. To establish South African ranges for standardized methods for describing under-, 

adequate- and over-processed FFSB. 

4.  To establish South African values for the repeatability and reproducibility of 

standardized methods through inter-laboratory studies and to consequently 

recommend them to South African feed industries. 
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     CHAPTER 2 

Literature review 

Legumes play an important role in the diets of many regions throughout the world.  In western 

countries beans play a minor role in the diet, except for the fact that they are excellent sources of 

protein, dietary fiber and a variety of micronutrients and phytochemicals.  Soybeans are unique 

among the legumes as they are a concentrated source of isoflavones and have been referred to as 

the miracle bean for their high nutritive value as shown in Table 2.1 where they are compared 

with other legumes (Messina, 1999). According to Table 2.1, a serving of 90 g of soybeans 

contains 14.3 g of protein and 7.7g of fat, the same serving contribute about 38% of energy as 

protein and 47% of energy as fat. Soy protein is a rich source of many amino acids that are 

deficient in most cereal grains commonly fed as energy sources to poultry and swine.  Soybean 

is often referred to as the gold standard with which all other protein sources are compared 

(Bruce, 2006).  

 

Table 2.1: Comparison of soybeans with other legumes. 

 

 

2.1. Anti nutrient factors 

The nutritive value and protein digestibility of soybeans is generally poor due to the presence of 

ANFs (Machlachlan, 1993).  ANFs are compounds that interfere with the intake, digestibility, 

availability or metabolism of nutrients in animals.  The effects of these factors on monogastric 

animals may cause unfavourable physiological effects (Buttle et al, 2001) of the digestive, 
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absorptive, protective or secretory systems and affect cellular proliferation and turnover 

(Vasconcelos and Oliviera, 2004) and, in some cases, decreased weight gain (Palacios et al, 

2004). The most important factors that are of concern are protease inhibitors and 

haemagglutonins/ lectins.  Protease inhibitors and haemagglutonins/ lectins are heat labile and 

their presence in raw soybeans may be significantly reduced by processing methods of which 

thermal treatments such as soaking, boiling, autoclaving, extrusion etc are examples (Vidal-

Valverde et al, 2002).    

 

2.1.1. Protease inhibitors 

Protease inhibitors are molecules that block the function of enzymes that degrade proteins, the 

main ones being the trypsin and chymotrypsin inhibitors.  Raw soybeans contain larger amounts 

of these inhibitors and they reduce the activities of both trypsin and chymotrypsin.  The 

inactivation of these enzymes in the gut of monogastric animals induces the endocrine cells in 

the mucosa to release more cholecystokinin (CCK) which, in turn, stimulates the pancreas to 

produce more digestive enzymes.  Specifically feeding more protease inhibitors to rats and 

chickens results in hypertrophy of the pancreas (Huisman and Tolman, 1992). 

 

Trypsin and chymotrypsin inhibitors are heat sensitive and their activities in raw soybeans may 

be reduced to insignificant levels by adequate heat processing making them safe to include in 

diets for non-ruminants (Pieterse, 2000).  Raw soybeans normally have a trypsin inhibitor 

activity (TIA) of between 20 and 35 mg/g, therefore, it is necessary to process them prior to 

feeding in order to denature the trypsin inhibitors in order that the residual TIA is below the 

currently recommended threshold of 4 mg/g.  This is the level assumed to have the minimum 

adverse affects in birds although the basis for such a recommendation is questionable according 

to Clarke and Wiseman (2007).  Although protease inhibitors can reduce the digestive efficiency 

when the raw beans are fed to animals, it is likely that these anti-nutritive factors have a natural 

function within the bean by protecting it against bird attacks or microbial invasion.  

 

Haemagglutinins/ lectins 

Haemagglutinins are compounds which agglutinate red blood cells and are members of a larger 

group of compounds named lectins.  Lectins are carbohydrate-binding glyco-proteins which are 
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ubiquitous in nature (Vasconcelos and Oliveira, 2004).  In experimental animals fed on diets 

containing plant lectins, the evident symptoms are loss of appetite, decreased body weight and 

eventual death (Duranti and Gius, 1997; Lajalo and Genovese, 2002).  

 

Many plant lectins have been found to be resistant to degradation by proteases, both in vitro 

(Carbonaro et al, 2000) and in vivo (Vasconcelos and Oliveira, 2004).  This property makes 

lectins bind to the epithelial cells which express carbohydrate moieties which are recognized.  

Once bound to the digestive tract, the lectin can cause dramatic changes in the cellular 

morphology and metabolism of the stomach and small intestines and activate a cascade which 

alters the intermediary metabolism.  

 

An additional effect of lectins is that it stimulates the proliferation of bacteria in the intestinal 

lumen of monogastric animals (Shulze et al, 1995).  The more specific reason for this is not 

clear but it may be related to an increased nutrient availability and an increase in epithelial cell 

turnover which, in turn, may increase the number of potential binding sites for bacteria on 

epithelial cells (Vasconcelos and Oliveira, 2004).  Lectins are relatively unstable in heat, 

therefore heat processing appears to be an effective means to inactivate them (Calvalho and 

Sgabieri, 1997).  

 

The finding that plant lectins exert significant toxic or growth-inhibitory effects on insects 

suggests that this plays a role in plant defence against insect attack (Peumans and Van Damme, 

1995).  

 

2.1.3. Saponins 

Saponins are steroids that are present in many feedstuffs. The feedstuffs containing saponins 

have a bitter taste, they can form foam in aqueous solutions and hemolyse red blood cells 

(Machlaclan, 1993).  The haemolytic properties of saponins are generally attributed to the 

interaction between the saponins and sterols of the erythrocyte membrane.  As a result the 

membrane bursts, causing an increase in permeability and a loss of haemoglobin (Sparg, 2004).  

 

Baumann et al. (2000) reported that saponin-lysed erythrocytes do not reseal and that saponin 
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damage to the lipid-bilayer is irreversible.  Although toxic to cold blooded species, if taken 

orally by warm-blooded species, saponins have only a weak toxicity (Huisman and Tolman, 

1992).  Due to their toxicity to various organisms, saponins can be utilized for their insecticidal, 

antibiotic, fungicidal, and pharmacological properties.   

2.1.4. Urease     

Urease is an enzyme that converts urea to ammonia.  Raw soybeans also have variable urease 

activity, which is not likely to be of great nutritional significance other than as an indirect 

assessment of the degree of adequacy of processing (Monary, 1996).  The urease assay is based 

on the release of ammonia from urea by the residual urease enzyme in soybeans.  The 

destruction of the urease enzyme through heating is correlated to the destruction of trypsin 

inhibitors and lectins.  This assay is useful for detecting the undercooking of soybean meal but is 

of limited use for detecting overcooking (Araba and Dale, 1990; Parsons et al, 1991).  

 

2.2. Methods of processing full fat soybeans (FFSB) 

Processing of the beans is necessary prior to the inclusion to animal diets because the anti-

nutritional factors contained reduce the digestibility and utilization of amino acids (AA) of 

poultry, swine and immature ruminants (Wiseman, 1986) thus making the nutritive value of this 

feed low.  If fed raw, FFSB may adversely influence animal health.  Thermal processing, for 

example toasting and extrusion cooking, is frequently used to increase the nutritional value of 

soya bean meal SBM (Liener, 1994).  In general, process conditions such as temperature, 

moisture content, screw-speed, shear forces and duration of heating will determine the 

effectiveness of inactivation of the heat-labile anti-nutrient factors (ANF) and the degree of 

denaturation of the storage proteins in SBM (Marsman et al, 1997) 

 

The removal or inactivation of the anti-nutritive factors described above is considered important 

if they are present at higher levels (Wiseman, 1986).  In addition to inactivating the anti-

nutritional factors, the processing treatment improves the taste of the end product and increases 

the use of the energy and proteins contained in the beans.  The improved taste results from the 

heat applied to the beans which trigger the release of additional aromas and flavours which 

encourage domesticated mammals to eat more feed (Murray, 1987).  Part of this improvement 

could be due to the inactivation of the lipoxygenase in the beans, promoting the quality and 
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storage life of the end product.  However, the exact improvement depends on the processing 

method used, the processing conditions and the species for which the feedstuff is intended 

(Leeson and Atteh, 1996). 

 

Different technological processes have been developed for the treatment of FFSB to inactivate 

the anti-nutritional compounds of this valuable protein source (Senkoylu et al, 2005).  They 

include: cooking, expansion, extrusion, flaking, jet sploding, micronization, microwave and 

roasting (Barbi, 1996).  Factors which vary from one process to another are time, temperature, 

pressure, humidity, exposed surface, particle size and the type of energy used.  

 

2.2.1. Cooking 

This is a relatively simple method to use.  The raw beans are immersed in water and cooked for 

between 30 and 120 minutes.  They are then dried mechanically or alternatively spread out on 

the ground.  The beans are then consumed ground, whole or crushed (Barbie, 1996).  This 

processing method is time consuming and expensive.  It can only be done in batches and is, 

therefore, rather inefficient.   

 

2.2.2. Expansion 

This process involves preparing and treating the given product using pressure and hot steam 

(Pipa and Frank, 1989).  Temperatures range from 70°C to 170°C and the time of processing 

from five to 15 seconds.  The essential components of an expander are the supply and 

preconditioning units, the hollow tube complete with screws and vapour injection valves, the 

hydraulic system cone which regulates the pressure level and the expander shaft which is 

situated inside the guide tube and is powered by a motor. 

 

2.2.3. Extrusion 

An extruder is a high temperature, short processing time bioreactor that can transform a variety 

of ingredients to intermediate or finished products.  The extrusion process involves pushing the 

material through a series of restriction rings by means of a system of coils, which creates high 

pressure (30 – 40 bars) and high temperature as the result of the friction and movement of the 

processed beans (Ristic, 1999).   In this process, soybeans are fed into an extruder barrel where a 
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central revolving shaft forces the beans through the extruder.    This technique creates sufficient 

heat through friction to destroy the anti-nutritional factors.  

 

During extrusion, denaturalization causes the breaking of the hydrogen bridges and the 

disulphide bonds responsible for the secondary and tertiary structure in proteins resulting in 

irreversible protein denaturation.  This process probably increases the accessibility of proteins to 

enzymatic breakdown and thus improves in vitro digestibility.  Extrusion also changes the 

content, composition and physiological effects of dietary fiber (Marsman, 1997).  

 

The quality of the end product is affected by (Serrano and Valla, 1999): 

1. Initial size of the bean particle. 

2. Extruder supply speed and duration of treatment. 

3. Pre-conditioning moisture and temperature levels. 

4. Residence time, percentage of moisture added and temperature reached within the 

extruder unit. 

5. Geometric configuration of the worm gear and bolts. 

6. Size and shape of the exit opening of the extruder unit. 

7. Dwell time, temperature and air velocity in the dyer.  

 

Two extrusion models are currently available on the market namely dry and moist extrusion.   

 

2.2.3.1. Dry extrusion 

The dry extrusion process refers to extrusion without the prior conditioning of raw ingredients 

and can only be used with ingredients that are rich in fat which will then provide sufficient 

lubrication for the matrix.  This technique developed during the 1960s subjects the ground beans 

to pressure inside a thick-walled barrel powered by a worm gear.  The pressure reaches a level 

of 35-40 atm and the heat produced by the friction between the beans and the walls of the 

cylinder heats and sterilizes the product.  This treatment takes l20 to 30 seconds and reaches 

temperatures of some 120°C to 165°C, depending on the machine used (Perilla et al, 1997; 

Wijeratne, 2000).  This treatment is utilized in processing low moisture, highly expanded starch 

products and in processing whole soybeans for both the food and feed industries.  
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The main advantage of this treatment being the friction that can cause excessive temperatures 

which, in turn, influence the level of the available lysine.  Dry extrusion is more popular than 

moist/wet extrusion as it is less expensive and farmers can use it on-site to treat their own 

soybeans (Wijeratne, 2000).  Figure 2.1 shows the difference between properly extruded and 

improper extruded soya beans using an “Insta-pro” extruder.  

 

Figure 2.1: Photos showing the difference between adequately extruded (left) and 

inadequately extruded (right) FFSB using dry extrusion.   

 

2.2.3.2. Moist/wet extrusion 

Moist/wet extrusion involves prior conditioning and the injection of hot steam into the extruder 

unit.  An additional drying stage is required once the treatment is complete.  This equipment is 

more expensive than that used for dry extrusion.  On the other hand, it has a superior production 

capacity of up to 9,000 t/h; (Thomason, 1987) and is more effective in terms of denaturing the 

anti-nutritional factors (Harper, 1978).     

 

A typical wet extrusion plant comprises a seed filter or cleaner, a preconditioning unit, a supply 

unit, a hollow tube complete with bolts and steam injection valves and/or several inner shafts 

powered by a motor, a drier and a cooler.  Within the preconditioning unit, water vapor is added 

to take the mixture to a moisture level of 24 - 28% and a temperature of 80°C - 90ºC.  The size 

of the extruder shaft depends on the distance concerned so as to obtain an optimally 

homogeneous mixture and to ensure that the pressure applied to the mixture is sufficiently high.  

The pressure level inside the tube is approximately 30 atm, so that the water does not evaporate 
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in spite of the high temperatures it can reach.  Pressure is then swiftly blown to the mixture 

when it leaves the extruder, this leads to the rapid evaporation of the water and, subsequently, 

the expansion of the product.  As a result the oil cells burst releasing the oil.  This oil is then 

absorbed again as the mixture is cooled and remains locked inside.  The bean is then dried to 

reduce its moisture level.  

 

2.2.4. Flaking 

The flaking method is a hydro-thermal treatment based on an injection of low pressure steam 

into a conditioner.   On the exit side the heated soybeans are flaked by forcing them through two 

rollers (Monary, 1996).  In this process, dry heated air (300ºC) is blown on to the beans, the 

moisture within boils and the seeds swell producing a characteristic “popping” noise.  The 

flaking machine consists of three mild steel rollers (knurled and chromium plated surface), 

mainframe, hopper, stand and collecting tray and drive mechanism.  The three rollers have 

differing diameters and press and elongate the moist grains.  This method is suitable for 

producing flakes from soybean, sorghum, maize and Bengal gram. 

 

2.2.5. Jet-sploding 

Jet-sploding is a dry heat technique in which the beans are sent through a stream of air pre-

heated to 315ºC rather than being directly exposed to the flame.  The molecules vibrate in the 

heat, the intracellular water cooks and the grain heats up from the inside out, reaching inner 

temperatures of 90°C to 95ºC.  The seeds swell and pop (Thomason, 1987).  

 

2.2.6. Micronization 

Micronization is a dry-heat process using infrared electromagnetic short waves of 1.8-3.4 

microns, produced by burning industrial propane over ceramic tile or nichrome wire elements to 

heat the grains (Lawrence, 1973; McNab and Wilson, 1974).  The micronizer consists of a 

feeder, vibrating unit and infrared radiation source.  For the process to take place, infra-red rays 

must strike an absorbent material.  Infrared radiation is not entirely a surface heating method but 

the energy rather penetrates the kernel in a non-contact mode.  Two conventional types of 

infrared radiators are commercially used, namely, electric radiators and gas-fired radiators, the 

latter mainly available to the feed meal industries.  For conduction heating, the material is 
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heated at the surface and the heat is then transferred to the interior of the material.  Solids are 

directly contacted with the energy source (Wiriyaumpaiwong et al, 2004). 

 

 

2.2.7. Roasting 

Roasting is a process that has its origins in prehistoric times, but has been modified somewhat 

by industry to meet today’s needs.  Several models exist including conventional “dry” systems, 

similar to those used to dry out cereals, and moist heat systems.  The heat used for the latter can 

be generated by an oven, a coal burner or directly by a flame.  The temperature reached varies 

between 110 °C and 170 ºC depending on the equipment used (Katic et al, 1996).  The simplest 

of these processes involves the direct and intensive application of dry heat (roasting) for around 

20 seconds.  This process consists of an intense dry heating of the beans, at the end of which 

they have lost 30% of their initial moisture and their temperature varies from 110 °C-168 ºC 

according to the type of machinery used.  The easiest roasting method is carried out in a 

common drier.  Other straight forward but less common methods use heating on solid carriers 

(sand, salt, ceramic tiles).  It is important to divide the different beans into size categories before 

roasting in order to prevent the overheating of the smallest ones. 

 

2.3. Assessing heat treatment  

Heat treatment is an important step in soybean processing.  One of the major concerns is: what 

happens when FFSB are under- or over-processed?   Is the one more detrimental than the other?   

To define under- and over-processing is easy in theoretical terms but not in practical terms.  

 

Under-processing will not sufficiently eliminate trypsin inhibitor activity and will reduce protein 

digestibility.  Over-heating, however, will denature proteins and reduce the availability of amino 

acids especially the essential ones.  

 

The following mechanisms are involved in under- and over- processing:   

Under-processing:  

In this process part of the anti-nutritional factors are not destroyed and this leads to a reduction 

in the use of amino acids.  The residual trypsin inhibitor mediates its effects via the digestive 
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processes, effecting both endogenous and exogenous amino acid losses.  It also binds and 

inactivates the pancreatic enzyme, trypsin.   The result is that protein digestibility is reduced and 

swelling of the pancreas occurs (compensated by the production of additional enzymes - trypsin 

and chymotrypsin).   This lost or bound trypsin is also rich in sulphur amino acids which further 

reduce the protein status of the animal. 

 

Over-processing:   

In this process, the proteins are denaturated and the amino acid availability is reduced.  When 

proteins are exposed to excessive heat treatment or over-processing, the negative effects that 

cause reduced analytical concentrations and reduced digestibility of amino acids occur for lysine 

and cystine.  Most of the other amino acids are not affected by excessive heat treatment or over- 

processing.   Thus the reduction in protein quality of soybeans as a result of over-processing is 

primarily due to the combination of the destruction of lysine or cystine and the reduced 

digestibility of the lysine and cystine that is not destroyed.  These effects on lysine and cystine 

may be largely explained by the Maillard reaction in which proteins are heated in the presence 

of certain carbohydrates, the sugars (such as xylose and glucose) complex with free amino 

groups, especially the epsilon amino group of lysine.  The sugar and amino acids enter into a 

series of reactions and, as a consequence, the availability of amino acids is reduced (Anderson-

Haferman et al, 1992). 

 

2.4. Quality control 

The quality of FFSB is related to heat treatment.  Quality control is an extremely important 

element during soya bean processing.  The objective of quality assurance is to prevent and 

minimize the deterioration of the quality of the products during processing.  The main objective 

of heat processing of the FFSB used for inclusion in diets for poultry and pigs is to achieve an 

optimum balance between the degradation of the anti-nutritional factors and the maintenance of 

amino acid availability. 

Proper heat treatment results in a product with a low trypsin inhibitor activity and high 

nutritional value of soybean meal products.  The quality of the end product can be affected by 

three key factors which are the processing conditions, the amount of soy hulls and their origin 

(Shin, 2002). Fellowship 
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According to Monary (1989) and Bruce et al, (2006), the following methods are commonly used 

for determining the degree of FFSB processing: the urease index, the protein solubility in 0.2% 

KOH, the protein dispersibility index, the nitrogen solubility index, the trypsin inhibitor activity, 

the cresol red test and the lysine availability.  The objectives of these tests are to examine 

whether: 

1. The anti-nutrient factors have been adequately reduced.  

2. The protein quality has been maintained.  

3. As much oil as possible has been released from the cells (Monary, 1996).   

 

2.4.1. Urease index 

The urease index is the test most commonly used to evaluate the quality of the soybean 

processing treatment.  This method determines the residual urease activity of soybean products 

as an indirect indicator to assess whether the anti-nutritional factors such as trypsin inhibitors 

that are present in soybeans have been destroyed by heat processing.  This test measures the 

increase in the pH consequence of the release of ammonia into the media arising from the 

breakdown of urea by the urease present in soybean products (AOAC Official Methods, 1997a).  

All overheated samples yield urease indices below 0.05 but that does not imply that all samples 

with urease tests below 0.05 have been overheated (Waldroup et al, 1985).  According to 

Garlich (1988), the following UAI values (Table 2.2) are used to estimate the degree of 

processing: 

 
 
Table 2.2: Urease activity index values for determining the degree of soya processing 
(Garlich 1988) 

FFSB UAI (∆pH)

Under-processed > 0.20

Adequately – 
processed 

0.05 - 0.20

Over-processed < 0.05

 

Method assessment 

When ∆pH is used as an indicator of FFSB processing, the data may be influenced by whether 

or not the FFSB had been previously treated with organic acids, preservatives or sterilizing 

 
 
 



 17

agents.  Thus the value of UAI as a reliable indicator of the adequacy of FFSB is questionable. 

Furthermore, a UAI value of “zero” does not necessarily indicate that the FFSB are over-

processed, which has been shown in trials with chickens (Araba and Dale, 1990a).  

Consequently, the UAI is suitable only for determining under-processed FFSB and its use, 

therefore, is limited.  

 

2.4.2. Protein solubility in 0.2% potassium hydroxide (PSKOH) 

This method consists of determining the percentage of protein that is solubilised in a potassium 

hydroxide (KOH) solution (Araba and Dale, 1990).  The solubility values have been correlated 

with growth rates in poultry (Araba and Dale, 1990) with a clear decline in growth performance 

for solubility values below 71% and those with values above 8.5%.  The following solubility 

values in Table 2.3 are commonly used (Monary, 1989): 

It was observed by Shini (2002) that a lower KOH value means lesser digestible amino acids or 

lesser amino acid availability due to the Maillard reaction and that a higher KOH value means 

more digestible amino acids but a lesser breakdown of trypsin inhibitors present in soybeans, 

leading to a lower digestion and absorption of amino acids.  

 

Table 2.3: PSKOH values for determining the degree of soya processing (Monary, 1989) 

FFSB Protein solubility in KOH 
(%)  

Under-processed > 85

Adequately-processed 71 – 85

Over-processed < 70

 

Method assessment  

The PSKOH method is relatively inexpensive and simple to perform.  Unlike the UAI method, it 

can be used to determine all degrees of soybean processing from under- to over-processed.  The 

original Araba and Dale (1990) method showed a low reproducibility between South African 

laboratories.   This has been modified by Palic (2005).  Parsons et al, (1991) evaluated PSKOH 

as an indicator of protein quality for chickens and pigs and concluded that protein solubility in 

KOH is a good indicator of in vivo FFSB quality. 
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2.4.3. Protein dispersibility index 

The protein dispersibility index (PDI) is another method for distinguishing the quality of 

soybean meal (SBM) for feed use.  The PDI is simply a measure of protein solubility in water, 

since the protein solubility of SBM decreases as the heat exposure increases.   It was reported by 

Batal et al, (2000) that the PDI method has proven to be especially useful in the determination of 

the degree of under-heating of soybean meals to remove anti-nutritional factors. Current 

recommendations for meals that are considered adequately-heat processed are those with PDI 

values between 15 and 28%. 

 

The PDI of processed FFSB is a very important quality index, particularly if relative tests are 

run in relation to the animals to which feeds containing FFSB are destined.  Kratzer et al, (1990) 

demonstrated that flaking FFSB at 121oC for increasing lengths of time brought about a 

reduction in the contents of protein dispersibility.  Studies by Batal et al, (2000) demonstrated 

the usefulness of the PDI as a quality indicator of SBM.  The body weight gain and feed 

efficiency of broilers exhibited a high positive correlation with the reduction of PDI values. 

 

Method assessment 

The PDI method uses a special blender at a speed of 8500 rpm, which makes the method the 

simplest to perform of all the methods for processed FFSB quality control.   Work by Batal et al. 

(2000) has shown that the PDI procedure demonstrates more consistent results than the urease or 

PSKOH methods.  While the UAI and TIA rapidly decline to “zero” (at which point the FFSB 

may or may not be over-processed) PDI values do not approach “zero” even with severe over-

processing.  Batal et al. (2000) reported that the PDI displayed the most constant response to the 

heating of FFSB and that it may better indicate the processed FFSB quality compared to other 

methods.  For that reason, preference has been given to the PDI over the NSI method.   

 

2.4.4. Nitrogen solubility index (NSI) 

The nitrogen solubility index is a measure of the degree of the solubility of the soybean protein 

in a water solution.  This method uses lower quantities of the sample in water and a lower 

agitation speed of 120 rpm for 120 minutes at 30˚C (AOCS Official Methods, 1997b).  It was 

previously reported that the water solubility of raw soybean is approximately 90%, but tends to 
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decrease in relation to the temperature and duration of heating.  Globally accepted NSI values 

for well-processed soybeans range from 10 to 11%. 

 

 

2.4.5. Trypsin Inhibitor activity (TIA) 

The trypsin inhibitor activity (TIA) method involves the extraction of the trypsin inhibitor from 

the sample of FFSB at pH 9.5.  This test determines the presence of trypsin inhibitors partially 

bound or in a soluble form (Valdebouze et al, 1980; Smith et al, 1980; Kourtera et al, 1987).  

This procedure is based on the release of spectrophotometrically determined para-nitroaniline by 

the tryptic hydrolysis of benzoyl-DL-arginine p-nitroanilide (BAPNA) (Hammerstrand et al, 

1981).  The test makes use of monoclonal antibodies to locate and bind the trypsin inhibitors 

which can distinguish between the two types of principal anti-trypsin factors with greater 

sensitivity than is normally achieved with other methods.  The trypsin inhibitor content may be 

expressed in two ways: mg of trypsin inhibited per gram of a sample and mg per g or kg of 

nitrogen (Kakade et al, 1974).  There is a divided opinion as to what indicates an acceptable 

trypsin level in processed FFSB.  It is thought that a reduction of 90 to 95 % indicates adequate 

processing.  In an attempt at standardization, the European Federation of Feed Manufacturers 

recommended TIA contents in FFSB as presented in Table 2.4 below to be used in feed 

preparation (Monary, 1989). 

 

Table 2.4: Trypsin inhibitor activity values using the TIA method (Monary, 1989b). 

 

% protein in FFSB 
Trypsin Inhibitor 

Activity 
(mg/kg) 

50 5

40 4

30 3

 

Method assessment 

As this method specifically determines the level of one of the major anti-nutritive factors present 

in raw FFSB, it is potentially of considerable value.   On the other hand, the method of Kakade 

(1974) that is mainly used is extremely laborious and, possibly for that reason, low repeatability 
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has been obtained in some laboratories.  In addition, similarly to UIA, a value for TIA of “zero” 

does not necessarily indicate over-processed FFSB.  From a practical point of view, it is 

suggested that this method should be used only if there is no other choice, such as in case of the 

development of soybean cultivars with low levels of trypsin inhibitors 

 

2.4.6. Cresol Red Test  

This is a fast and reliable indirect test which measures the degree of heating of the soya bean 

product.  This method is based on the capacity of soybean protein to absorb the cresol red dye.   

The capacity of cresol red to bind proteins increases with more extensive heat processing.   As 

an indirect test, it does not measure the actual content of the anti-nutritional factors as the 

recommended levels indicating adequate heating are subjective.  Table 2.5 shows the amount of 

dye absorbed (mg/g) by processed FFSB (Monary, 1989): 

 

Table2.5: Amount of cresol red dye absorbed by heat-treated soya beams at different 

temperatures. 

FFSB Dye absorbed (mg/g)

Under-processed <3.7  

Adequately-processed 3.7 - 4.3

Over-processed 4.3 - 4.5

 

The Cresol red test is a semi-quantitative method and, therefore, cannot be objective.  It can be 

moderately reliable if used by an experienced person, for example, a soya bean processor but it 

cannot be recommended for use in analytical laboratories.    

  

2.4.7. Lysine availability 

Lysine availability is very important in poultry nutrition.  This method attempts to measure 

chemically the amount of lysine in the feedstuff which is available to the animal.  Carpenter 

(1960) developed a method using 2,4-dinitrifluorobenzene (DNFB) and Kakade and Liener 

(1969) developed a method using 2,4,6-trinitrobenzene sulphonic acid (TNBS) as the reagents 

by which to determine the available lysine.   

 

Method assessment  
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These methods are complicated and do not always correlate well with the lysine availability as 

determined in vivo (Monary, 1989).  It has also been reported (Palic, 1998) that female analysts 

experienced allergic reaction to DNFB. 
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2.5. Soybeans in animal diets 

There is much evidence from studies on experimental animals and human subjects that, by 

substituting soya protein for animal protein in the diet, the concentration of total and low density 

lipoprotein (LDL) cholesterol in plasma or serum is reduced.  This evidence has been 

summarized in a number of studies (Carrol, 1991; Sirtori et al, 1993).  

 

Studies show that the poultry and swine industries are the major consumers of soybeans and 

soybean products, as compared to beef and pets.  However, all these studies agree on the 

necessity of heat treatment before feeding diets including soybeans to animals (Zhang et al, 

1991). 

 

Soybean meal can be an important feed ingredient for animals as it has the following attributes 

(Loon, 1996): 

1. High protein content with a well-balanced amino acid profile. 

2. High oil content with more than half consisting of linoleic acid, which is an essential 

PUFA (poly-unsaturated fatty acid). 

3.  Good mixing property as a feed ingredient. 

4. Control of dustiness. 

5. Excellent smell and palatability. 

Although this study focuses on soybean usage in poultry nutrition, the following section will 

summarize a number of studies conducted on the use of soybean and soybean products in 

different monogastric and ruminant animals. 

 

2.5.1. Soybeans in poultry diets 

Soybean meal is of superior value because no other common plant protein feedstuff exceeds 

soybean meal in crude protein content.  Soybean meal matches or exceeds all other common 

plant proteins in both total and digestible amino acid content. It is perhaps the only common 

protein supplement that is typically included in poultry rations with no limitation as to the 

quantity used. (Bajalieh, 2002). 
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Stephenson and Tollett (1959) were the first to evaluate the use of full-fat soybeans in broiler 

diets.  They used beans that had been cooked in a rendering plant cooker and in an autoclave to 

examine the effect of various cooking times and moisture levels.  Their results showed that 

chicks fed properly cooked soybeans were equal to those of chicks fed the standard diets. 

 

Lessire (1992) confirmed that the inclusion of soybeans increased growth rates and feed 

conversions and, furthermore, that those improvements were particularly significant with diets 

containing rather elevated proportions of wheat by-products and saturated fats. 

 

In addition, studies by Senkoylu et al. (2005) examined the effect of various inclusion levels of 

full fat soybeans (FFSB) on laying hen performance and egg shell quality.  They found that egg 

weight, egg mass and the feed conversion ratio increased at the maximum inclusion levels of 

FFSB used which were 22%.  

 

Leeson and Atteh (1996) evaluated the response of broiler chicks on dietary FFSB extruded at 

different temperatures.  They found that lower extrusion temperatures do not reduce TIA to a 

satisfactory level that will enable a high dietary inclusion of such extruded soybeans for broilers.  

They recommended temperatures around 140oC for adequately-processed full fat soybeans. 

 

Batal et al. (2000) demonstrated that body weight gains and gain-to-feed ratios of chicks fed 

autoclaved soybean meal (SBM) increased with increasing SBM heating times (0 to 18 min in 

chick assay 1, 1.0 to 10 min in chick assay 2 and 0 to 9 minutes in chick assay 3) with no 

additional improvement for longer autoclaving times. 

 

Clarke and Wiseman (2005) evaluated the amino acid digestibility and effect on pancreas size in 

young broilers using both FFSB and SBM.  Their findings demonstrated that the pancreas to 

body weight ratio (PBWR) increased with the rate of soy inclusion in both the SBM and FFSB, 

and that pancreas size increased with increasing TIA levels.  Recently, Clarke and Wiseman 

(2008) reported an increase in the concentration of the ileal digestibility of lysine when the 

extrusion temperature of full-fat soybeans increased from 90 oC to 160 oC.  An improvement in 

the coefficient of the ideal apparent amino acid digestibility (CIAD) of lysine and other amino 
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acids was also reported. 

2.5.2. Soybeans in pig diets 

Pigs, being non-ruminants, are similar to poultry in terms of their sensitivity to anti-nutritional 

factors in raw soybeans.  Consequently, adequate processing of this raw material is considered 

essential before it is fed to all classes of pigs (Wahlstrom et al, 1971).  

 

Since the early reported trials of Jimenez et al. (1960, 1963), a large volume of data has 

accumulated on the utilization of soybean products and FFSB processed in a variety of ways in 

diets for pigs.  A number of the observations are outlined below: 

 

Zollitsch et al. (1993) reported a lower content of saturated and monosaturated acids and an 

increased percentage of linoleic and linolenic acids in trials for the evaluation of pig fattening 

using differently processed full fat soybeans.  

 

Friesen et al, 1993 reported that pigs fed wet-extruded soy products had an improved average 

daily weight gain and gain-to-feed ratio compared to pigs fed non-extruded soybean products.  

Wet extrusion was also found to increase the average daily gain (ADG), dry matter (DM) and 

nitrogen digestibility as compared to dry extrusion. 

 

Furthermore, White et al. (2000), observed that the initial moisture of beans (10% versus 20%) 

and the processing temperature (110oC for 60 seconds versus 125oC for 90 seconds)  influenced 

the quality of the product obtained using a commercial dry-roasting technique.  Piglets fed beans 

processed at a temperature of 110oC grew at reduced rate when compared with those that 

consumed beans processed at a temperature of 125oC.  A 10% to 20% increase in the moisture 

of beans prior to processing improved the growth parameters in both groups, particularly when 

the temperature was not as high 

 

Recently, Lee et al. (2007) evaluated the in vivo quality of soy flakes heat treated under different 

conditions and found that the body weight, average daily gain and feed efficiency of pigs 

increased with an increasing heat treatment.  The best pig performance was achieved at 

treatment temperatures of 1100C.  It was also observed that, at higher temperatures, there was a 
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reduced growth performance. 

2.5.3. Soybeans in ruminant diets 

As in monogastric animals, the use of processed soybeans is required in young ruminants.  The 

administration of raw FFSB to cattle below 150-200 kg live weight should be avoided because 

the ANFs are not degraded in the rumen of young animals and their presence may result in a 

reduction in the intake and digestibility of diets.  Accordingly, for young cattle, the use of heat 

processed FFSB is recommended.  In addition, raw soybeans have a high amount of rumen 

degradable protein and require processing prior to feeding.  Roasting or heating renders the fat 

more stable, reduces rumen degradability, and increases palatability.  Although data on soybeans 

in cattle feeding is limited, the following section will outline some of the recent studies 

available.  

 

McNiven et al. (2004) reported that the inclusion of roasted soybeans modified the fatty acid 

composition of beef as compared to raw and extruded soybeans.  The fatty acid composition of 

the meat from cattle fed roasted soybeans reflected a healthier profile for humans that consume 

them as the hypocholesterolemic unsaturated fatty acids and lipid peroxidation of the cattle were 

higher than of those fed raw or extruded soybeans.  

Recently, Neves et al. (2007) reported that extruded soybeans decreased milk production, 

lowered the digestibility of dry matter, neutral detergent fiber and acid detergent fiber as 

compared to non-extruded soybeans in Holstein cows. 

 

Nasri et al. (2008) reported that the heat processing (roasting at 140°C-145oC and roasting with 

steeping for 45 min) of whole soybeans reduced the ruminal degradation of nitrogen and the 

disappearance of individual and total amino acids and increased the small intestinal 

disappearance of nitrogen and amino acids due to the destruction of the trypsin inhibitor.  The 

authors concluded that the processing methods in this study reduced ruminal degradation of 

nitrogen and disappearance of individual and total amino acids and increased small intestine 

disappearance of nitrogen and amino acids which could be due to destruction of trypsin 

inhibitor.  They also found that steeping improved the small intestinal and total tract digestibility 

of nitrogen, total and individual amino acid beyond the effects of roasting. 
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2.5.4. Soybeans as a feed ingredient in aquaculture 

The high energy value and good protein quality of processed FFSB allow it to be used for 

formulating fish diets.  The replacement of fish meal with soybeans/soybean products partially 

and sometimes fully indicated no change or improved performance in different fish species.  As 

a consequence of the very high protein requirements necessary to promote the optimum 

performance coupled with the increasing price of fish meal, an attempt must be made to replace, 

at least partially, the most expensive ingredients of fish diets, such as fish meals and oils, with 

other cheaper and locally available products.  In the search for alternative feed sources with high 

contents of digestible protein of good quality, soybean products have been acquiring 

considerably importance.  Saad (1979) evaluated the effect of roasted FFSB in catfish by 

replacing 50% and 100% of SBM in the diets.  No difference in body protein gain on all diets 

when partially or fully replacing soybeans with fishmeal were found.   Tacon et al. (1984) 

conducted a study with tilapia where a replacement of 70% of brown fish meal with 50% of jet-

sploded FFSBM was examined.  The results showed that tilapia fed diets containing FFSBM 

performed as well as those fed on diets based on fish meal.  Samocha et al, (2004) found no 

differences with regard to survival, average body weight and feed efficiency when fish meal was 

substituted with soya beans in Pacific white shrimp.  In addition, recent studies by Sorensen et 

al. (2009) were conducted where fish meal partially replaced soybeans to evaluate the effect of 

the processing of soybeans on the physical quality of extruded fish feed.  They found that this 

partial replacement of fish meal with soybeans improved the physical quality of feed in terms of 

breaking force and durability. 

 

2.6. Use of soybeans in human diets 

Soybeans can be classified into food beans and oil beans, based on their usage in different 

regions despite small fundamental differences (Lui, 2000).  There are a number of different 

methods whereby the beans may be prepared (processed) for human consumption.  They may be 

eaten sprinkled with salt and boiled, in a form usually referred to by the Japanese name 

edamame.  They may be turned into soy milk, a process involving soaking in water, then 

grinding and boiling them into a milky substance.  The curds from this soy milk may then be 

pressed into blocks of tofu in a process similar to that of making cheese from dairy milk.  Whole 

soybeans may also be slightly cooked and then fermented using vinegar and the fungus Rhizopus 

 
 
 



 27

oligosporus to make tempeh.  The leftover soy flour from extracting the oil from soybeans is 

also used to create textured vegetable protein (TVP) which is often used in meat. 

 

The consumption of soybeans and soy products has many health benefits including cholesterol 

reduction, protection against certain types of cancers, menopausal symptoms, and osteoporosis 

(Greendale et al, 2002).  Many of the health benefits of soy are derived from its isoflavones.  

Isoflavones remain the subject of many scientific studies. Most of these show that isoflavones 

may have some health benefit.  The following section will focus on the health benefits of 

soybeans in humans. 

 

2.6.1. Cholesterol reduction 

Vegetable proteins, mostly soy proteins, reduce plasma cholesterol particularly when cholesterol 

is elevated by dietary means (high cholesterol intake, semi-synthetic diets, etc.) (Kim et al, 

1980; Terpstra et al. 1982).  

There is much evidence from studies on experimental animals and human subjects that 

substituting soy protein for animal protein in the diet reduces the concentration of total and 

lower density lipoprotein (LDL) cholesterol in plasma or serum.  (Carroll, 1991; Sirtori et al, 

1993).  The earliest study demonstrating the significant cholesterol-lowering properties of a soy-

protein-based diet was carried out in a prison setting by Hodges et al, (1967).  They showed a 

serum cholesterol decrease, from a mean of 7.66 mmol/L to approximately 5.0 mmol/L, in six 

subjects with hypercholesterolemia after a four week regimen containing protein, fat, and 

carbohydrate, formulated with a textured soy product.  Soy protein directly lowers blood 

cholesterol levels, a major risk factor for coronary heart disease (CHD).  Greaves et al. (1999) 

reported that isolated soy protein containing naturally occurring isoflavones was associated with 

lowering the LDL cholesterol in cynomolgus monkeys.  When compared to a casein diet, soy 

protein has been shown to reduce apolipoprotein (Apo) B synthesis and to stimulate LDL 

receptors. 

 

The other area of clinical use of soy proteins is in hypercholesterolemia, secondary to the 

nephritic syndrome.  In this condition, a change from an animal to a vegetarian soy diet 
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markedly reduces serum cholesterol and urinary protein excretion (D’Amico et al, 1992).  From 

ongoing long-term studies, it appears that this type of dietary treatment may favourably 

influence the progression of renal disease (Sirtori et al, 1995).  Carrol et al. (1991) reviewed 

studies on the cholesterol-lowering properties of soy proteins which involved normolipidemic 

volunteers.  The studies confirmed the hypothesis that only subjects with elevated cholesterol 

levels show a clear cut response to the dietary protein change.  

 

2.6.2. Cancer 

Soybeans are one of most frequently studied legumes for their anti-cancer activity.  Components 

found in the beans that exert biological activities are isoflavones, saponins, phytic acid, fiber, 

phytosterols, protease inhibitors, inositol and hexaphosphate (Messina and Barnes, 1991; 

Messina, 1999).  These components may contribute individually or synergistically to the 

aforementioned health benefits.  Messina et al. (1994) reported that the majority of the animal 

studies on experimental carcinogenesis report an inhibitory effect on tumor growth when soya 

was used in the diet.  In contrast, Hawrylewicz et al. (1995) suggested that several biological 

mechanisms were involved.   However, the isoflavones were considered to be the most active 

anti-tumor constituent in the soy diet.  A study conducted in the United States to examine the 

relation between soy intake and breast cancer risk found that tofu consumption reduced the risk 

of breast cancer in Asian women of all ages (Wu et al, 1998).  

 

Rodent studies done by Messina (2003) indicated that soy protein and isoflavones suppress the 

development of in vivo-induced prostate cancer.  Other studies have shown that soy protein and 

isoflavones may inhibit the growth of existing tumors.  In addition, epidemiologic research 

showed that men who eat soy foods daily are less likely to develop prostate cancer than those 

who do not and that soy protein and isoflavones may slow the rise of prostate specific antigen 

(PSA) levels in men diagnosed with prostate cancer (Messina., 2006).  Recent studies by Hwang 

et al, (2009) evaluated a comprehensive meta-analysis on the extent of the possible association 

between soy-based food consumption and the risk of prostate cancer.  Their studies suggested 

that soy food consumption, in fact, did lower the risk of prostate cancer in subjects who 

consumed soy-based diets.  They also reported that genistein and daidzein were the main 
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isoflavones found in soybeans which play major roles in prostate cancer prevention. 

 

2.6.13. Osteoporosis 

As a rich source of high-quality protein, soy foods can aid in the promotion of bone health.  In 

addition, the calcium in fortified soymilk is well absorbed and the skeletal effects of soy 

isoflavones are of interest (Dawson-Hughes, 2003).  A study by Messina et al. (2004) suggested 

that exposure to isoflavones results in a reduction in bone loss.  In addition, studies by Chiechi 

et al, (2002) confirmed that soy products could be effective in reducing the risk of osteoporosis 

in asymptomatic postmenopausal women.  

 

Therefore, vegetable proteins are recommended over animal proteins as they are cost effective 

and contain approximately the same amount of protein.  Animal proteins have high levels of fat 

and cholesterol which can lead to serious medical conditions.  In addition, increases in dietary 

animal protein are associated with increases in urinary calcium excretion and osteoprorotic 

fracture, while increases in vegetable protein have shown no side effects (Massey, 2003).   
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CHAPTER 3 

Materials and Methods 

3.1 Processing of full fat soybeans (FFSB 

In this study, dry extrusion was used as a method of processing FFSB.  The reason for selecting 

this processing method was because it was the most commonly used method for FFSB 

processing in South Africa (representing about 90%) at the commencement of this study. 

 

Full fat soybeans, as a mixture of cultivars were processed by dry extrusion at eight different 

temperatures of 110OC, 120OC, 127OC, 136OC, 140°C, 145OC, 151OC, and 165 C using an 

“Insta-Pro” extruder.  A range of temperatures was used in order to obtain a range of samples 

that would represent under-, adequate- and over-processed FFSB. 

 

3.2. In vivo trials with broilers 

The aims of the in vivo trials with broilers were: 

1 To establish the optimum temperature for FFSB processing 

2 To establish the temperature range corresponding to adequately-processed soybeans. 

 

Procedure 

A total of 384 male Ross broilers was randomly allocated to 48 pens, each containing eight 

birds.   On arrival, all broilers were sorted into equal weight groups, and assigned at random to 

the different treatment pens, such that the initial average weight and weight distribution were 

similar for all pens.  The birds were allocated to one of eight dietary treatments containing the 

processed FFSB. The average body weight gains (ADWG) in the period from day 0 to day 14 

and feed conversion ratio (FCR) on day 14 were monitored as the production parameters.  

 

Data were analysed using the statistical programme, SAS/STAT (1981).  The experiment was 

designed as a randomized complete block with five replicates per treatment.  Analysis of 

variance (ANOVA) was used to test the difference between treatments.  Treatment means were 

separated using Fisher’s protected t-test least difference (LSD) at the 5% level of significance.  

 

3.3. In vitro analysis of FFSB quality 
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Quality control plays an important part in ensuring that raw soybeans have been adequately 

processed.  This is to ensure that anti-nutritional factors are sufficiently reduced, protein quality 

is not lowered and as much oil as possible is released from the cells (Loon, 1996). 

Based on the assessment of commonly used methods for FFSB quality control (stated in Chapter 

2) and the overall objectives of this study, the following plan was drawn up for the current 

study: 

1 A separate, single laboratory study on the Urease Activity index (UIA) was to be 

conducted taking in to account the fact that it is the most commonly used procedure for 

FFSB quality assessment in the laboratories of South Africa. 

2 The Protein Solubility in KOH (PSKOH) and the Protein Dispersibility Index (PDI) 

methods must be standardized through inter-laboratory study due to the fact that protein 

solubility is the best indicator of FFSB quality control in the assessment of methods 

(Chapter 2).  

3 To establish a South African analytical range which corresponds to under-, adequately- 

and over-processed FFSB for both PSKOH and PDI methods. 

4 To establish the precision (repeatability and reproducibility) of PSKOH and PDI 

methods. 

5 To regress the PSKOH and PDI results against values obtained in the in vivo trials and to 

establish which of the two methods has better a correlation with animal production 

parameters. 

 

3.3.1. Single laboratory study: Urease Activity Index 

The AOCS method (AOCS official methods, 1997a) for the determination of the Urease activity 

index (UAI) is based on the measurement of the pH change/differences (∆pH) and its simplicity 

could be the reason that this method is probably the most generally used method for FFSB 

quality control in laboratories in South Africa.  Nevertheless, wide differences in the results 

obtained between laboratories using this method were reported by Davies (1998) and Palic 

(2004) and were confirmed by the following preliminary investigation. 

 

 

Procedure 
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Raw soybeans were dry extruded at 115ºC, 125ºC, and 135ºC in order to obtain a range of 

under-processed samples to which Urease activity can apply.  Each of the extruded samples was 

analyzed by two laboratories and by two analysts at each laboratory in seven replicates. 

 

The Urease activity was determined according to the AOCS official procedure (1997 a) as 

follows: 

Approximately 200mg of the FFSB sample was incubated in 10 ml of phosphate buffered urea 

solution at 30ºC for 30 minutes after which the difference in pH units from pH 7.0 was recorded.  

 

In order to reach a deeper understanding of the differences in results obtained by the 

laboratories, a single-laboratory follow-up study was conducted by the Urease Activity Index 

using both the pH-difference (ΔpH) method and the NH3-released method. 

 

Full fat soybean was processed by dry extrusion on eight different temperatures: 1100C, 1200C, 

1270C, 1360C, 1400C, 1450C, 1510C and 1640C.  Apart from determining the UAI by measuring 

the resulting pH difference, as in the investigation shown above, it can also be quantified by 

determining the amount of released NH3.  The UAI was, therefore, determined according to the 

following procedures: 

 

1. The pH-difference (ΔpH) method (AOCS Official Methods, 1997a)  as described above 

2. The NH3-released method (Laboratory methods, 1989):  

200 mg of FFSB sample was incubated in 10 ml of phosphate buffered urea solution at 300C 

for 30 minutes, followed by the addition of 10 ml of concentrated H2SO4,bringing the 

solution volume to a total of 20 ml.  The sample was filtered and the concentration of NH3 

(mmol/L) in the supernatant was determined using a Technicon Auto Analyzer II. 
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3.3.2. Protein solubility in Potassium hydroxide (PSKOH)  
 
3.3.2.1. Preliminary study 
A full fat soybean (FFSB) sample was processed at 14°C.  Two analysts at two different 

laboratories analyzed the sample in seven replicates using the original PSKOH method 

described by Araba and Dale (1990). 

 

Procedure 

Approximately 1.5 g of a FFSB sample was ground in an Udy mill (Udy Corporation, Boulder, 

Co), in order to pass it through a 0.5 mm screen.  The sample was mixed with 75 ml of 0.2% 

(0.036 N, pH 12) potassium hydroxide, stirred for 20 minutes on a magnetic stir plate and 

centrifuged at 2700 rpm for 15 minutes.  The supernatant was decanted through glass wool and 

approximately 40 ml was recovered in a 50ml beaker.  Approximately 15 ml in duplicates were 

transferred to Kjeldahl tubes giving a 0.3 g aliquot of the original sample (1.5 g x 15 ml per 75 

ml) and 12.5 ml of concentrated H2SO4.  Two Kjeltab and 2 ml of 30% H2O2 were added to each 

tube.  The total nitrogen was determined by the Kjeldahl method and the total protein content 

was determined. The protein solubility was expressed as a percentage of the total protein soluble 

in a 0.2% solution of potassium hydroxide. 

 

3.3.3.2. Inter-laboratory study 

Inter-laboratory studies were conducted according to the AOCS Collaborative study procedure 

(1997d) in order to standardize (harmonize) the Protein solubility in potassium hydroxide 

(PSKOH) and Protein Dispersibility Index (PDI) methods, i.e. to establish South African 

analytical unit ranges for describing under-, well- and over-processed FFSB and to establish the 

precision parameters of these two methods. 

 

Eight samples of FFSB which were used in the in vivo trials with chickens (FFSB samples dry 

extruded at 1100C, 1200C, 1270C, 1360C, 1400C, 1450C, 1510C, and 1650C) were sent to nine 

participating laboratories together with the modified PSKOH method.  Each laboratory was 

assigned a number known only to the study leader.  

 

 
 
 



 10

Sample preparation 

The entire sample of FFSB was taken from a bag and homogenized by mixing thoroughly prior 

to grinding.  Each of the extruded samples was milled using a cyclone mill equipped with a 1.0 

mm sieve making sure that: 

1  During the milling process, the mill was allowed to cool in between milling samples.  

2 The mill was cleaned properly before grinding the next sample 

3 Small aliquots of the sample were ground at a time. 

The ground sample was homogenized by mixing thoroughly on a flat, hard surface and sieved 

through 1.00 mm and 0.600 mm sieves.  The fraction that passed through the 0.600 mm sieve 

was homogenized by mixing thoroughly on a flat hard surface.  The fraction that passed through 

the 0.600 mm sieve was mixed thoroughly and stored in a refrigerator prior to protein analysis.  

Procedure 

The determination was performed in triplicate for each of the eight extruded FFSB samples.   

Laboratories conducted the PSKOH determination according to the modified method of Araba 

and Dale (1990) as follows: 

 

Approximately 1.5 g of FFSB sample was placed in a 250 ml Erlenmeyer flask with an 85 mm 

bottom diameter and a 145 mm height.  A solution of 0.2% KOH was added and the mixture 

was sealed with a stopper, ensuring that no sample particles adhered to the sides of the beaker.  

Immediately after addition of the KOH solution, the flask was placed in a lateral (horizontal) 

shaker and shaken at 100 cycles per minute for exactly 20 minutes.  The mixture was left for 

exactly two minutes to settle.  Approximately 50 ml of the liquid was collected and filtered 

through 150 mm wide-pore filter paper with a 150 mm diameter (e.g. Schleicher & Schuell 

520B / Whatman 113 / G.I.C. Scientific EconoFilt IHD or equivalent).  A 15-ml aliquot of the 

supernatant was collected and the nitrogen content of the supernatant and the original FFSB was 

determined.  The nitrogen values were multiplied by 6.25 to yield crude protein (CP) and the 

protein solubility was then calculated as a percentage of the total CP in the original FFSB 

sample. Digestion of the supernatant and original soybean sample was conducted 
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simultaneously. 

Calculation  

 
% Soluble protein in original soybean sample =  
         = % Protein in supernatant (using 15 ml) x {Volume (75ml) / Sample mass (1.5g)} 
 
% Protein solubility in KOH =  
 = (% Soluble protein in original soybean sample / % Total protein in original soybean sample) x 
100  
 

 

3.3.3 Protein dispersibility index (PDI) 

The PDI method (AOCS Official Methods, 1997c) is used for FFSB protein dispersion using a 

special blender, at the speed of 8500 rpm, which makes this method potentially the quickest and 

simplest to perform of all the methods for processed FFSB quality control.     

Furthermore, Batal et al, (2000) reported that the PDI displayed the most constant response to 

the heating of FFSB and that it “may better indicate processed FFSB quality compared to other 

methods”. 

 

For adequately processed soybeans, globally accepted values for PDI are between 15 and 28% 

(Monary, 1989).  However, these values are not specified in the description of the PDI method 

(AOCS Official Methods, 1997c) and, in fact, no values were specified.  Attempts to source 

original publication(s) which cited the PDI values of 15 – 28 for adequately processed FFSB 

have failed.  This fact provided an additional justification for the need to determine these PDI 

values for South African conditions. 

 

3.3.3.1. Preliminary study 

As stated, a special blender (designed according to AOCS Official Methods, 1997c) is required 

to perform the PDI procedure.  This blender (“Hamilton Beach” Commercial Blender, model 

G936) is manufactured by “Vos Instrumenten”, The Netherlands, and costs approximately 2500 

euro.  

 

A survey was conducted between laboratories and only one was prepared to purchase a 
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Hamilton Beach blender.  In order to be able to conduct an inter-laboratory study of the PDI 

method, an alternative solution was identified for purchasing a much less expensive variable-

speed “Warring” Commercial blender, model LB20E (available in South Africa) and for 

calibrating it against the Hamilton Beach blender. 

 

In a preliminary study, the official PDI method was followed, while the samples were blended 

by both the “Hamilton” and “Warring” blenders.  Blending with the Hamilton blender was 

conducted using the official method at a speed of 8500 rpm.  Blending with the “Warring” 

blender was done at different speeds, until the speed at which the PDI result of the sample 

matched the PDI values obtained by the “Hamilton” blender was determined.  That speed for the 

“Warring” blender was 12000 rpm. 

 

3.3.2. Inter-laboratory study 

Sample preparation 

The entire sample of full fat soybean was taken from a bag and was homogenized by mixing 

thoroughly prior to grinding.  Each of the extruded samples (processed at different temperatures 

of110°C, 120°C,127°C,136°C,140°C, 145°C, 151°C and164oC) was milled through a cyclone 

mill equipped with a 1.0 mm sieve making sure that: 

4  during the milling process, the mill was allowed to cool between milling samples  

5 the mill was cleaned properly before grinding the next sample 

6 small aliquots of the sample were ground at a time 

7 the sample did not heat up during the milling process 

Standardization of the blenders  

The blender cup was filled with 300ml of distilled water and placed in position on the mixer.  A 

small self-adhesive strip of reflective tape was placed in the upper part of the blender shaft, with 

the switch in the medium position.   The transformer setting was gradually increased until the 

shaft showed 8500 rpm and 12,000 rpm for the official and the “Waring” blenders respectively 
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on the strobe tachometer (MT 952).  The blender was standardized before each series of tests to 

eliminate errors due to fluctuation in the line voltage.  A minimum time of 20 minutes was 

allowed between samples to allow the blender to cool.  

Procedure 

Approximately 20g of FFSB sample was placed in a laboratory blender cup and mixed with 50 

ml distilled water to form a paste.  Approximately 250 ml of water was added to the mixture to 

make a total of 300 ml distilled water.  The blender cup was placed in position for blending and 

the sample was blended for exactly ten minutes.  The slurry was poured into a 600 ml beaker to 

settle for 15 minutes.  A portion of the upper layer was poured on to 50 ml centrifuge tubes and 

centrifuged for ten minutes at 2700 rpm.  A 15mm aliquot of the supernatant was collected and 

the nitrogen content of the supernatant and the original FFSB sample was determined.  The 

nitrogen values were multiplied by 6.25 to yield crude protein (CP) and protein solubility was 

calculated as a percentage of the total CP in the original sample.  

Calculations 
                                                                             

% Soluble protein in original soybean sample =  

= % Protein in supernatant (using 15.0 mL)   x   {Volume (300 mL) / Sample mass (20 g) 

 

Precision of the KOH and the PDI methods 

The precision of the KOH and PDI methods was determined using the AOCS official methods 

(1997e).  This is defined by the repeatability and reproducibility limits, which give the 

maximum allowed difference between the results of analysis in a single laboratory and between 

laboratories. 

Repeatability limit (r) is the absolute difference between two independent single test results, 

obtained with the same method on the identical test material in the same laboratory by the same 

operator using the same equipment within short intervals of time. 

Reproducibility limit (R) is the absolute difference between two single test results, obtained with 
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the same method on the identical test material in different laboratories with different operators 

using different equipment. 
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CHAPTER 4 

Results 

The means of average daily weight gain and feed conversion ratio of broiler chickens fed full fat 

soya beans (FFSB) processed at different temperatures are reported in Table 4.1. 

Treatment ADWG (g) FCR 

110°C 

120°C 

127°C 

136°C 

140°C 

145°C 

151°C 

164°C 

87.8bc 

96.0bc 

108.0bc 

138.3a 

132.0a 

123.0a 

97.2b 

79.8c 

2.081d

1.893cd 

1.768c 

1.382a 

1.466a 

1.529a 

1.679c 

1.891cd 

SEM1 

LSD2 

CV%3 

7.94 

22.81 

19.1 

0.081 

0.232 

11.5 
a,b,c,dValues in the same column with different superscript differ significantly (P<0.05) 
1SEM = Pooled standard error of the means  
2LSD = Least significant difference  
3CV% = Coefficient of variation 

 

Statistical analysis of the results showed that the best performance was achieved by chickens 

that were fed the FFSB processed at 136°C, 140°C and 145°C and that there was no significant 

difference between them (P>0.05).  However, the difference between the groups that were fed 

the FFSB processed at 127°C and 136°C as well as well as 145°C and 151°C was significant 

(P<0.05).  Based on these parameters, a relation between the temperature of extruding and the in 

vivo assessment of the degree of FFSB processing was derived and is shown in Table 4.2.  
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Table 4.2: Relation between the temperature of extruding and the in vivo assessment of the 

degree of FFSB processing.   

 

Degree of FFSB processing  Temperature of 

extrusion (°C) 

 

Under-processed  <136°C 

Adequately-processed 136°C-145°C 

Over-processed >145°C 

 

 

The relation between the temperature of extruding and the average daily body weight gain in the 

period from day 0 to day 14 and the feed conversion ratio on day 14, of broiler chickens is 

illustrated in figure 4.1. 
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Figure 4.1. Average daily body weight gain in the period from day 0 to day 14 and feed 

conversion ratio on day 14, of broiler chickens fed FFSB processed at different 

temperatures. 
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Based on the results in Table 4.1 and Figure 4.1, broilers fed FFSB processed at temperatures 

between 136°C to 145°C resulted in the best broiler performance with regard to ADWG and 

FCR.  A decrease in broiler performance was observed in temperatures below 136°C and above 

145°C. 

 

4.2. Urease activity index (UAI) 

4.2.1. Urease Activity Index using the pH difference (ΔpH) method 

The results of UAI using the ΔpH method obtained by Lab A and Lab B are shown in Table 4.3 

and 4.4 with two analysts per laboratory.  

 
Table 4.3. Results of the UAI using the ΔpH procedure obtained by Lab A 

1150C 1250C 1350C 

Analyst 1 Analyst 2 Analyst 1 Analyst 2 Analyst 1 Analyst 2

2.16 2.22 0.42 0.45 0.07 0.08 

2.10 2.27 0.40 0.44 0.07 0.09 

2.13 2.26 0.40 0.41 0.06 0.09 

2.19 2.28 0.45 0.42 0.08 0.09 

2.18 2.19 0.47 0.43 0.08 0.08 

2.19 2.13 0.43 0.43 0.08 0.09 

2.19 2.15 0.48 0.43 0.07 0.09 
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Table 4.4.  Results of the UAI using the ΔpH procedure obtained by Lab B 

1150C 1250C 1350C 

Analyst 1 Analyst 2 Analyst 1 Analyst 2 Analyst 1 Analyst 2 

2.17 2.18 0.28 0.25 0.05 0.06 

1.99 2.16 0.22 0.27 0.06 0.07 

2.12 1.12 0.24 0.25 0.06 0.06 

2.18 2.12 0.27 0.27 0.08 0.05 

2.10 2.16 0.20 0.24 0.04 0.06 

2.00 2.11 0.21 0.23 0.07 0.05 

2.04 2.01 0.22 0.22 0.07 0.06 

 

 

By using the Urease Activity method based on ΔpH, the two analysts at both laboratories 

obtained comparable results (P>0.05).  However, the results between two laboratories were 

significantly different (P<0.05) for the sample processed at 1250C. 

 

4.2.2. UAI using both the pH difference and the NH3 released methods 

A comparison of the UAI results obtained by the ΔpH and NH3 released methods is shown in 

Table 4.5.  
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Table 4.5. UAI in full fat soya bean (FFSB) samples processed at different temperatures, 

determined by ΔpH and NH3-released procedures. 

Temperature 

(0C) 

 

*Urease Activity Index (UAI) 

ΔpH NH3 (mmol /L) 

110 2.12 521.00 

120 1.94 338.37 

127 0.16 187.03 

136 0.15 25.13 

140 0.13 21.60 

145 0.13 17.97 

151 0.13 17.97 

164 0.13 17.97 
1SEM 0.01 2.23 

2S 0.61 184.76 

*Means of values obtained on 3 different days;  
1SEM = Standard error of the means; 

 2S = Standard deviation. 

 

Based on the average daily gain (ADG) of broilers in the in vivo trials and the UIA using both 

the ΔpH and NH3-released procedures, a relationship was drawn and is shown in Figure 4.2. 
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Figure 4.2: Urease Activity Index (UAI) determined by pH-difference and NH3-released 

procedures in relation to body weight gain of chickens in the in vivo trials. 

 
As extrusion temperatures increased, a decrease in the pH and released NH3 was observed.  A 

value close to zero was reached from a temperature of 127°C when the ΔpH procedure was used 

and the pH decreased from 1.92 at 120°C to a value close to zero (0.16) from a temperature of 

127°C.  Using the NH3- released procedure, a linear response in released NH3- with regard to 

increased temperatures was observed and from 1360C a value close to zero was reached.   

 

4.3. Protein solubility in potassium hydroxide (PSKOH) 

4.3.1. Preliminary studies 

The results of the full fat soybeans (FFSB) analysis for the FFSB processed at 1450C using the 
original PSKOH method (Araba and Dale, 1990) are shown in Table 4.6.  
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Table 4.6. Results of analysis of FFSB sample conducted by two laboratories, two analysts 

at each laboratory and in seven replicates, using the original PSKOH method (Araba and 

Dale, 1990a).  

FFSB processed at 1450C 

PSKOH (%) 

LAB 1 LAB 2 

Analyst 1 Analyst 2 Analyst 1 Analyst 2 

71.50 72.00 54.06 48.75 

72.44 72.47 53.45 49.16 

73.40 73.40 50.18 51.34 

72.94 73.78 51.88 51.61 

71.75 73.09 51.27 50.59 

73.34 73.18 53.11 50.11 

71.22 72.06 53.11 48.55 

x         72.37 72.85 52.44 50.02 

SD       0.894 0.686 1.374 1.233 

x = Means; SD = Standard deviation 
 
The application of the Student’s t-test on PSKOH results obtained by the two analysts at Lab 1 

and Lab 2 confirmed that the two sets of results at each laboratory were not significantly 

different (P>0.05).  However, the application of the Student’s t-test on the PSKOH results of the 

two laboratories showed that there was a significant difference (P<0.01) in results.  The relative 

average difference in results obtained by the two laboratories was in excess of 41%. 

 

 

4.3.2. Inter-laboratory study 

The results of the inter-laboratory study in which nine South African  laboratories participated 

using the PSKOH method are shown in Table 4.7.  
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Table 4.7.  Results of the determination of PSKOH in FFSB samples processed by dry 

extrusion at different temperatures  

Lab No PSKOH (%) 

  110ºC 120ºC 127ºC 136ºC 140ºC 145ºC 151ºC 164ºC 

1 89.74 85.74 84.70 77.50 74.68 67.04 68.27 57.84 

  89.85 85.79 85.35 76.77 74.77 67.41 68.01 59.48 

2 87.10 87.64 88.05 76.91 68.94 65.84 66.18 56.70 

  87.42 89.09 88.20 76.19 68.65 66.49 66.53 57.34 

3 93.57 88.06 86.57 77.70 72.40 69.63 72.47 61.62 

  95.45 88.79 85.15 78.23 71.71 71.25 73.90 60.57 

4 95.70 89.82 88.63 75.12 80.05 68.39 69.66 62.69 

  95.88 93.34 87.73 78.40 78.02 67.44 71.99 63.97 

5 89.72 90.00 87.01 71.45 67.37 58.14 60.83 51.94 

  87.37 90.10 87.35 74.13 68.30 57.22 61.14 50.18 

6 85.76 91.91 87.12 76.13 76.64 72.41 71.21 65.08 

  83.54 91.79 88.96 75.90 76.64 70.77 71.80 65.55 

7 88.42 82.67 82.31 74.64 73.35 65.36 73.60 61.23 

  88.71 83.33 82.35 73.73 73.54 65.36 73.12 60.01 

8 94.18 92.75 92.48 77.70 74.27 70.63 58.88 68.61 

  96.23 97.57 88.31 78.40 77.00 66.14 57.26 70.00 

9 90.45 91.85 88.38 79.47 77.88 70.78 69.33 64.54 

  88.93 85.62 84.99 78.74 75.48 68.23 69.56 61.46 

Average 99.45 89.21 86.87 76.51 73.87 67.14 67.99 61.01 

 

The influence of the processing temperatures for the FFSB processed at eight different 

temperatures on PSKOH values is shown in Figure 4.3. 
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Figure 4.3: The influence of the temperature of processing on PSKOH values. 

 

A very high negative correlation (R2= 0.94) was established between PSKOH values and 

treatment temperatures.  A summary of the relationship between the processing conditions based 

on the in vivo trials and the PSKOH values is tabulated in Table 4.8. 

 

Table 4.8: South African ranges for describing the degree of FFSB processing using the 

PSKOH project method. 

Degree of FFSB processing PSKOH (%) 

Under-processed >77% 

Adequately-processed 67%-77% 

Over-processed <67% 

 

. 

According to the results indicated in Table 4.7, adequately processed FFSB have PSKOH values 

between 67% and 77%.  PSKOH values below 67% and above 77% index units are associated 

with under- and over-processed soybeans respectively (Table 4.8).  
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4.3.3. Precision of the PSKOH method 

The precision parameters of the PSKOH method were determined based on results from nine 

(Table 4.7) national laboratories and are tabulated in table 4.9.  

 

Table 4.9: Precision parameters of the PSKOH method 

Parameter 
Sample temperature (ºC)  

 110 120 127 136 140 145 151 164 
Number of 
laboratories 

9 9 9 9 9 9 9 9  

Number of laboratories 
retained after eliminating 
outliers  

9 9 9 9 9 9 9 9  

PSKOH values (%), 
average of 9 laboratories 

90.45 89.21 86.87 76.51 73.87 67.14 67.99 61.05  

Repeatability standard  
deviation (sr), % 
 

1,07 2,08 1,41 1,09 1,02 1,38 0,78 1,11 1,24 

Repeatability relative 
standard deviation 
(RSDr), % 

1,19 2,33 1,62 1,42 1,38 2,06 1,15 1,81 1,63 

Repeatability limit (r) 
[r = 2,8 x sr] , %  3,01 5,81 3,94 3,04 2,86 3,86 2,19 3,10 

 
3,48 

 
Reproducibility standard  
deviation (sR), % 3,94 3,84 2,50 2,12 3,81 4,18 5,37 5,27 

 
3,88 

 
Reproducibility relative  
standard deviation 
(RSDR), % 

4,36 4,30 2,88 2,77 5,15 6,22 7,903 8,63 5,06 

Reproducibility limit (R) 
[R = 2,8 x sR] , % 11,03 10,75 7,01 5,93 10,66 11,70 15,04 14,76 

 
10,86 

 
 

When the PSKOH method, as described in this study, is used by South African role players, the 

repeatability (r) defined according to AOCS Official Methods, (1997e) which is the absolute 

difference between two single results of analysis of the same sample obtained in one laboratory, 

should not exceed 3.48%.  The reproducibility (R), which is the absolute difference between the 

single results of analysis of the same sample obtained in different laboratories, should not 

exceed 10.86% as calculated using the values in Table 4.9. 
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The relationship between PSKOH and the average daily weight gain (ADWG) and feed 

conversion ratio (FCR) of broilers is shown in Figures 4.4 and 4.5. 

 

Figure 4.4: Relationship between PSKOH and the average daily weight gain in trials with 

broilers. 

       

 

Figure 4.5: Relationship between PSKOH values and feed conversion ratio of broilers in 

the in vivo trials. 

The results showed a very good correlation, i.e. R2 =0.82 and R2=0.93 between the PSKOH 

values and the animal production parameters ADWG and FCR respectively. 
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4.4. Protein Dispersibility Index (PDI) 

4.4.1. Inter-laboratory study 

The results of the inter-laboratory study on the PDI determination of eight FFSB samples 

processed at different temperatures by eight national laboratories are shown in Table 4.10.  

Based on these results a relationship was derived between the PDI values and the processing 

temperatures (Figure 4.6) 

 

Table 4.10: Results of determination of Protein Dispersibility Index (PDI) in FFSB samples 

processed by dry extrusion at different temperatures. 

Lab No     PDI       

  110ºC 127ºC 136ºC 140ºC 145ºC 151ºC 164ºC 

1 38.21 25.77 11.62 9.67 8.42 7.25 6.21 

  36.66 22.10 9.22 10.55 8.89 7.82 6.75 

2 37.26 21.32 10.34 9.07 8.74 7.77 6.74 

  36.15 21.46 10.01 9.27 8.81 7.30 6.09 

3 47.63 26.39 9.64 8.91 8.79 7.27 4.09 

  47.18 28.20 10.01 8.36 9.39 6.80 4.23 

4 44.72 31.10 14.69 10.87 9.10 3.96 1.62 

  48.42 30.10 10.64 8.51 8.86 4.57 2.43 

5 45.50 19.83 11.88 9.55 10.08 8.45 8.66 

  47.62 18.17 12.54 9.50 9.90 8.26 8.38 

6 46.24 27.79 10.17 9.12 9.02 8.89 7.78 

  45.61 28.58 10.18 8.92 8.70 8.23 8.10 

7 41.80 25.40 10.10 8.70 8.60 7.90 7.20 

  41.90 25.25 10.70 8.80 8.10 8.20 7.10 

8 35.86 11.84 6.15 6.90 5.01 4.73 4.66 

  36.80 12.25 6.81 6.10 5.42 5.48 5.39 

Average 42.35 23.47 10.30 8.92 8.49 7.06 5.96 
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Figure 4.6: The influence of processing temperature on PDI values. 

A high negative correlation (R2=0.98) was established between the FFSB processing 

temperature and the PDI (Figure 4.6). 
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The precision parameters of the PDI method were determined based on results from the eight 

national laboratories that participated in the inter-laboratory study (Table 4.10) and are tabulated 

in Table 4.11. 

 

Table 4.11. Precision parameters of project PDI method  

Parameter 
Sample  

110ºC 127ºC 136ºC 140ºC 145ºC 151ºC 164ºC 
Number of 
Laboratories 

8 8 8 8 8 8 8  

Number of laboratories 
retained after eliminating 
outliers  

8 8 8 8 8 8 8  

PDI values (index units), 
average for 8 laboratories  

42.35 23.47 10.30 8.92 8.49 7.06 5.96  

Repeatability standard  
deviation (sr), index units 
 

1.21 1.16 1.22 0.68 0.27 0.38 0.36 
0.75 

 

Repeatability relative 
standard deviation (RSDr), 
index units 

2.85 4.92 11.81 7.61 3.22 5.33 6.10 
4.94 

 

Repeatability limit (r) 
[r = 2,8 x sr] , index units 

3.38 3.23 3.40 1.90 0.77 1.05 1.02 
2.11 

 
Reproducibility standard  
deviation (sR), index nits 

4.95 5.99 2.05 1.20 1.42 1.58 2.15 
2.76 

 
Reproducibility relative  
standard deviation (RSDR), 
index units 

11.69 25.51 19.87 13.41 16.72 22.40 36.09 
18.14 

 

Reproducibility limit (R) 
[R = 2,8 x sR] , index units 

13.86 16.76 5.73 3.35 3.97 4.43 6.03 
7.73 

 
 

When using the PDI method as described in this study, the repeatability (r) i.e. absolute 

difference between two single results of analysis of the same sample obtained in one 

laboratory, should not exceed 2.11 index units.  

 

The reproducibility of the PDI method (R), i.e. the absolute difference between single results of 

analysis of the same sample obtained in different laboratories, should not exceed 7.73 index 

units, as calculated in Table 4.11. 
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Table 4.12: South African ranges for describing the degree of FFSB processing using the 

project PDI method (Summarized from Table 4.11)            

Degree of FFSB processing PDI 

(index units) 

Under-processed >10.30 

Adequately–processed 8.50– 10.30 

Over-processed <8.50 

 

According to the results, adequately-processed soybeans have PDI values between 8.50 and 

10.30 index units.  PDI values below 8.50 and above 10.30 index units are associated with 

under- and over-processed soybeans respectively (Table 4.12). 

 

 

Figure 4.7: Relationship between PDI values and average daily weight gain (g), in the trial 

with broilers 
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Figure 4.8: Relationship between PDI values and feed conversion ratio (FCR) in the trial 

with broilers  

 

The results (Figure 4.7 and 4.8) showed a very low correlation (R2 = 0.21 for ADWG and R2 = 

0.57 for FCR) between the PDI values and the animal production parameters when using the 

PDI method as described in this study.   
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CHAPTER 5 

 

Discussion 

5.1. In vivo trials with broilers to determine the adequacy of the processed full fat soybeans 

(FFSB) 

The in vivo trials with broilers conducted in the present study showed that the best performance 

with regard to the average daily gain (ADG) and feed conversion ratio (FCR) was achieved at 

the FFSB which were processed between 1360C -1450C as summarized in Table 4.2.  Heat 

treatment has been shown to remove the detrimental effects of anti-nutrient factors, especially 

trypsin inhibitors in FFSB (Leesson and Atteh, 1996) and to improve the protein quality by the 

denaturation of the anti-nutrient factors.  From the present study it was observed that increasing 

heat treatment improved the growth performance of broilers, but FFSB processed at higher 

temperatures of above 1450C resulted in a decreased growth performance.  

 

In correlation with the above mentioned results, studies by Leeson and Atteh (1996) observed 

that extrusion temperatures of 140 °C are regarded as adequate to process FFSB and are 

recommended for inclusion in broiler diets as they result in the highest weight gain in broilers.  

In addition, Meyer and Froseth (1988) reported an improved body weight gain and FCR in 

broiler chicks fed a diet containing soybeans extruded at 138 °C-154 °C.  

 

5.2. Urease activity index (UAI) as an indication of the degree of adequacy of full fat 

soybean (FFSB) processing. 

 

5.2.1.Urease activity index (UAI) using the change in pH (ΔpH) method 

According to the results indicated in Table 4.3 and 4.4 there was a significant difference 

(P<0.05) for the sample processed at 125 °C between test laboratories A and B.  These 

observations raised many questions regarding the reliability of the UAI method using the (ΔpH) 

method especially as the same protocol was followed in both laboratories.  Therefore, in order to 

have a deeper understanding of the differences in the results obtained by the two laboratories, a 

single-laboratory follow-up study was conducted whereby the ΔpH method and the NH3 
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released method were compared. 

 

5.2.2.Urease activity index (UAI) using the ΔpH and NH3 released methods 

The Urease activity index (UAI) determined by the NH3 released method had a linear response 

to an increase in temperature as compared to the UAI using the ΔpH method.  The released NH3 

decreased linearly up to the entry point (136 °C) of adequately-processed FFSB and remained 

constant throughout.  

 

When using the ΔpH method, there was a steep decrease in urease activity and a value close to 

zero was reached from the FFSB processed at 127 oC, which is assessed as under-processed 

according to the in vivo trials with broilers (Table 2).  A significant number of studies reported 

that the UAI method is only effective in assessing under-processed FFSB (Waldroup, 1982; 

Araba and Dale, 1990; Batal et al, 2000; Lee et al, 2007).  Waldroup (1982); Araba and Dale 

(1990), Batal et al. (2000) and Lee et al. (2007) indicated that the ΔpH reaches a value close to 

zero at the entry point of adequately-processed FFSB.  A value close to zero was expected to be 

reached at 136 °C which is regarded as the entry point of adequately-processed FFSB in this 

study.  Similar observations were made when the NH3 released method was used at temperatures 

below 136 °C where the urease activity was low (Table 4.5).  McNaughton et al. (1981), Araba 

and Dale (1990), Anderson-Haferman et al. (1992) and Batal et al. (2000) also reported little or 

no change in the urease activity for the high extrusion temperatures that produced the largest 

changes in chick growth performance. 

 

The fact that the UAI is not linear (using the ΔpH method) and that it rapidly falls from 

approximately 1.92 units of pH to a value near zero (Figure 4.2) as the extrusion temperatures 

increase, contributes to the difficulty in determining a precise maximum acceptable level of 

urease activity using the ΔpH method. 

 

The Urease activity index (UAI) as a quality control indicator using the released NH3 method 

can be used to identify under-processed FFSB only.  It was also observed that the NH3-released 

procedure showed more reliability in assessing under-processed FFSB than the ΔpH procedure.  
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5.3. Protein solubility of FFSB in KOH (PSKOH) for determining the degree of heat 

treated full fat soya bean (FFSB)  

 

Globally accepted ranges for describing the degree of FFSB processing using the Protein 

solubility in KOH method (Monary, 1989) are as follows: 

 

In the preliminary study on these values, according to the results of laboratories A and B (Table 

4.6), the FFSB sample processed at 145 °C was assessed as over-processed.  The same sample 

was assessed as adequately-processed by means of the in vivo trials with broilers.  

 

Following the obtained results, a critical review of the original PSKOH method (Araba and 

Dale, 1990) used by test laboratories A and B was undertaken and four major possible sources 

of errors in analysis were revealed: 

 

1. Milling through a 0.5 mm screen.  

It was very difficult to obtain a representative sample, uniform in the size of the 

particles of FFSB by milling through a 0.5 mm screen.  This has been shown to be 

especially true for samples processed above 130 °C. 

  

2. Mixing of FFSB sample with 75 ml of 0.2% KOH.  

The volume and shape of the beaker, which both affect the protein solubility, were 

not specified in the method. 

 

3. Stirring of the sample on a magnetic stirring palate.  

The speed of stirring and the size of the magnetic stir bar, both of which have a great 

effect on protein solubility, were not specified the method. 

 

4. Centrifugation of mixture at 2700 rpm (revolutions per minute).  

Specification of “rpm” value means little in practice where different types of centrifuges 

are used.  The g-value (centrifugal force) which is the acceleration constant between 

centrifuges should be specified instead of the rotational speed (rpm).  Specifying the 
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acceleration is important as two rotors with different diameters running at the same 

rotational speed will subject samples to different accelerations. 

 

Based on a review of the method, modifications to the original KOHPS method were made. 

 

5.3.1  Inter-laboratory studies to standardize the degree of adequately-heat treated FFSB using 

the PSKOH method for use in South African laboratories  

A reduction in the protein solubility in 0.2% KOH was found to be associated with an increased 

heat treatment in soybeans and a decreased growth performance in chickens (Wiriyaumpaiwong 

et al, 2004).  As indicated in Table 2, FFSB processed at temperatures between 136 °C and 

1450C represented adequately-processed FFSB.  PSKOH values for these samples obtained in 

the inter-laboratory study were 77 % and 67% respectively as shown in Table 4.7.  Therefore, 

these are the South African ranges for describing the degree of FFSB processing using the 

PSKOH method. 

 

The PSKOH did not change consistently as soybeans were heated at higher temperatures.  The 

inconsistent response for FFSB protein solubility in KOH was observed at higher temperatures 

of above 145 °C at which the growth performance of broilers decreased.  According to the 

observed results, the FFSB processed at 1510C had a PSKOH value of 68% which falls within 

the range of adequately-processed FFSB.  The same FFSB is assessed as over-processed in the 

in vivo trials.  Previous studies by Parsons et al. (1991), Anderson-Haferman et al. (1992), and 

Batal et al. (2002) reported that PSKOH is a good indicator of the over-processing rather than 

the under-processing of soybeans.  On the other hand, results of the inter-laboratory study 

showed that PSKOH is a reliable indicator of the under-processing rather than the over-

processing of soybeans. 

  

Recently, Lee et al. (2007) reported a very good negative correlation (R2=0.97) between PSKOH 

and treatment temperatures.   In agreement with the present study, a very good negative 

correlation (R2 =0.94) was achieved between PSKOH and treatment temperatures.  

There was a good correlation between PSKOH values and the animal production parameters 

(Figures 4.4. and 4.5).  This is in agreement with Parsons et al. (1991) who also reported a good 
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correlation between the KOH and the growth performance of chicks and pigs especially in the 

case of over-heat-treated soybeans.  

 

5.3.2 Precision of the PSKOH method in terms of repeatability and reproducibility of the 

method 

When the PSKOH project method, as described in this study, is used by South Africa 

laboratories, the repeatability (absolute difference between two single results of analysis of the 

same sample obtained in one laboratory) should not exceed 3.48% and the reproducibility 

(absolute difference between single results of analysis of the same sample obtained in different 

laboratories) should not exceed 10.86% as shown in Table 4.9. 

 

5.4. Inter-laboratory studies using the protein dispersibility index (PDI) as an indicator of 

the degree of heat treated full fat soya beans (FFSB). 

The PDI measures the protein solubility in water with high speed mixing (Lee et al. 2007).  

According to the in vivo trials with broilers (Table 4.2), the samples which represent adequately-

processed FFSB were between 136 °C and 145 °C.  The PDI values for those temperatures were 

between 10.3 and 8.5 index units.  Therefore, South African ranges for describing the degree of 

FFSB processing using the PDI method applied in this study were found to be between 8.5 and 

10.3 index units (Table 4.10).  Nevertheless, these results are much lower than the globally 

accepted PDI values which are between 15 and 28 index units (Monary, 1989).  At this stage, 

there is no firm explanation for the difference between the globally accepted and the values 

established in the present study.  

 

There was a good correlation between the PDI values and extrusion temperatures.  Studies by 

Lee et al. (2007) also reported a good correlation between treatment temperatures and the PDI 

values.   The present study showed that there was a steep decrease in the PDI from a temperature 

of 110 °C to 127 °C and, thereafter, a slight decrease was observed throughout.  In addition, Lee 

et al. (2007) reported a decrease when the PDI was used to determine the quality of soya flakes 

(SFs).  They reported that the PDI decreased steeply when the SFs were heat treated for five 

minutes at 95 °C and 110 °C, but decreased only slightly thereafter.  Nevertheless, Batal et al. 

(2000) reported a consistent pattern of decrease of the PDI in response to the temperature.  
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Previous studies have shown that the PDI is a better indicator of the adequate-heating of 

soybean meal than either the UIA or the PSKOH (Batal et al, 2000).  However it was observed 

that the PDI has no meaning when compared with the in vivo quality of heat treated soya flakes 

(Lee et al, 2007), which is in line with the results of this study as presented in Figures 4.7 and 

4.8, as a low correlation was observed between the PDI and animal production parameters 

(ADWG and FCR). 

 

5.5. Precision of the PDI method in terms of the repeatability and reproducibility of the method 

When the PDI method as described in this study is used the repeatability (r), i.e. absolute 

difference between two single results of analysis of the same sample obtained in one laboratory, 

should not exceed 2.11 index units.  

 

The reproducibility of the PDI method (R), i.e. the absolute difference between the single results 

of analysis of the same sample obtained in different laboratories, should not exceed 7.73 index 

units. The repeatability limit of the PDI method is very good. Nevertheless the reproducibility 

value of 7.73 is too broad, considering the narrow (8.50-10.30) range for adequately processed 

FFSB.  
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CHAPTER 6 
 
Conclusions and recommendations 
 

Although the urease activity index (UAI) using the change in pH (ΔpH) procedure is used as an 

indicator of under-processed full fat soybeans (FFSB), the test has met with some criticism in a 

number of studies.  Araba and Dale (1990) found that the UIA of zero does not always indicate 

heat damaged FFSB and that the assay is of no value in determining over-processed FFSB.  

Therefore, the assay was declared not suitable for determining over-processed FFSB and only 

suitable for determining the degree of under-processed soybeans.  An alternative UAI method 

that can be used is the released NH3 procedure which measures the amount of NH3 released in a 

soybean sample to determine the amount of toxic factors. 

 

Results of the present study did not agree with the conclusion made by Araba and Dale (1990) 

regarding the suitability of UIA using the ΔpH method for determining under-processed FFSB.  

The results showed that the UAI determined by the ΔpH procedure cannot be considered as a 

reliable indicator for the FFSB quality control.  The NH3-released method showed better results 

when compared to the ΔpH procedure in determining the degree of under-processed FFSB.  The 

UAI determined by the NH3-released procedure has potential as a quality control indicator, but 

for under-processed FFSB only.  Therefore, the UIA using NH3-released procedure is 

recommended for use in South African laboratories over the ΔpH procedure in the case where 

only under-processed soybeans are to be determined. 

 

Scientific studies indicated that the FFSB processors are using the protein dispersibility index 

(PDI) test to aid in obtaining a high quality soybean product.  This is because the PDI procedure 

is relatively easy and fairly correlated to in vitro protein degradability although it tends to lose 

sensitivity as the optimum heat treatment is approached.  Satter et al. (1994) suggested that a 

PDI value of 9-11 index units be considered as optimally heated, those with a PDI value of 11-

14 as marginally under-heated, and others with a PDI value of greater than 14 index units as 

under-heated.  On the other hand, globally accepted PDI ranges are between 15 and 28 index 

units (Monary, 1989) and a relatively large number of studies indicate different PDI values for 
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adequately-processed soybeans which caused confusion among soy processors, feed 

manufacturers, laboratories and end users. 

 

It has been established in the present study that the protein dispersibility index (PDI) range for 

adequately-processed FFSB is between 8.5 and 10.3 index units, with repeatability and 

reproducibility limits of 2.1 and 7.7 index units respectively.  The reproducibility value of 7.7 

index units creates a concern with regard to the use of the PDI method.  The PDI method 

produced a good repeatability limit of 2.1 index units, but the reproducibility limit was too wide 

(7.7 index units), taking into account the range of 8.5 – 10.3 index units for adequately- 

processed FFSB.  A low correlation between animal production parameters (average daily 

weight gain and feed conversion ration) and PDI values was established.  Therefore, the PDI 

method in this study did not prove to be the most reliable indicator of processed FFSB despite 

its simplicity and initial indications that it might be the best indicator. 

 

Protein solubility in potassium hydroxide (PSKOH) is also one of the methods used for FFSB 

quality control. This method has also indicated variations in the values obtained for adequately 

processed FFSB.  Whittle and Araba (1992) attempted to evaluate a number of the factors that 

could lead to differences in the PSKOH values obtained in different laboratories.  The authors 

attempted to bring a solution to the confusion experienced by assessing certain variables such as 

the particle size of SBM, the fat content, the processing method and the duration of extraction in 

a 0.2% KOH solution.  Despite their efforts to standardize the assay, different values were 

nevertheless obtained for the PSKOH method.  Other alternative efforts were made in the 

present study to attempt to solve the problem further.  

 

When using the protein solubility in potassium hydroxide (PSKOH), the values obtained for 

adequately-processed FFSB were found to be between 67% and 77% with the absolute 

difference between two single results of analysis of the same sample obtained in one laboratory 

not exceeding 3.5% and in different laboratories not exceeding 10.9%. 

 

A very good correlation between the PSKOH and the animal production parameters PSKOH 

values (average daily weight gain and feed conversion ratio) was established.  These factors 
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have proven that PSKOH is a reliable indicator of the degree of processed FFSB.  

Other methods, for example trypsin inhibitor, available lysine and cresol red test were less 

suitable as they are complicated, require a great amount of effort and, therefore, cannot be 

recommended for a routine, everyday quality control of FFSB. 

 

The results of the present study will be able to address an effective resolution to the confusion 

between the following parties: Soya processors- feed manufacturers –laboratories- and end 

users.  

 

Protein solubility in KOH is recommended as the best method for the analysis of extruded FFSB 

in South African laboratories because of the fact that it showed good repeatability and 

reproducibility values when evaluated in the inter-laboratory study and also a very good 

correlation with the in vivo trials using broilers.  

 

It is also recommended that an initiative for establishing the PSKOH method used in this study 

as an official method for determining the degree of FFSB processing in South Africa is put 

forward. 
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