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STELLINGEN 

I. 
Potentiële verbetering van de verteerbaarheid van peulvruchten door middel 
van procesbehandelingen wordt door de veevoederindustrie slechts ten dele 
benut. 
(Dit proefschrift). 

II. 
Lage lectine gehalten in warmtebehandelde Phaseolus bonen zijn geen garantie 
voor de hoogst mogelijke voederwaarde. 
(Dit proefschrift). 

III. 
De bepaling van het gehalte van lectinen via ELISA is meer onderscheidend 
dan de bepaling van de haemagglutinatie-activiteit. 
(Dit proefschrift). 

IV. 
Voor het beperken van het aantal dierproeven is onderzoek naar en verbetering 
van de in vitro enzymatische methoden noodzakelijk. 
(Dit proefschrift) 

V. 
Het door Rackis et al. aangehaalde effect van vocht op de inactivering van 
enzymremmers in zogenaamde 'soja'bonen geeft aan dat identificatie van 
bonen niet alleen bij hun verwerking maar ook in de wetenschappelijke 
literatuur een probleem kan zijn. 
(Rackis et al., 1986; In: Advances in Experimental Medicine and Biology Series: 
M. Friedman [Editor], Plenum Press, New York, 299-347). 

VI. 
In de discussie ten aanzien van kippen op legbatterijen en scharrelkippen dient 
ook de gezondheid als voorwaarde voor het welzijn betrokken te worden. 

VII. 
Procestechnologie biedt betere mogelijkheden om de voederwaarde van 
ruwvoeders voor herkauwers te verbeteren dan enzymtechnologie. 



VIII. 
Improved 'feed conversation' cannot be an ultimate objective of soya bean 
processing. 
(Walter, 1988; Feed Magazine, nov./dec, 47-50). 

IX. 
Honger maakt rauwe bonen zoet maar niet minder toxisch. 

X. 
In vergelijking met analoge, modulaire systemen doen digitale synthesizers 
afbreuk aan de creativiteit van de componist. 

XI. 
Nagelbijten kan geestelijke schade door frustratie voorkómen. 

XII. 
Alcohol-vrij bier is alleen goed voor de dorst. 

Stellingen behorende bij het proefschrift "Effects of processing on bean 
(Phaseolus vulgaris L.) protein quality". 

A.F.B, van der Poel Wageningen, 8 juni 1990 



Voor Ine, Rob 

mijn ouders 
mijn schoonouders 



VOORWOORD 

Dit proefschrift bestaat uit een zestal wetenschappelijke artikelen, waarvoor 
het onderzoek is uitgevoerd bij de vakgroep Veevoeding van de 
Landbouwuniversiteit te Wageningen. Een deel van de experimenten is 
uitgevoerd in samenwerking met de vakgroep Levensmiddelentechnologie, 
sectie Proceskunde, met het TNO Instituut voor Voeding en Fysiologie van 
Landbouwhuisdieren (ILOB) te Wageningen en de vakgroep Pathologie van de 
Rijksuniversiteit te Utrecht. 

Een groot aantal personen heeft een directe of indirecte bijdrage geleverd aan 
het tot stand komen van dit proefschrift. Voor haar of zijn bijdrage dank ik 
een ieder zeer hartelijk. Josien van de Kraats (het vlotte en correcte typewerk; 
de layout van het proefschrift), Karel Boekhorst (de tekeningen en grafieken), 
Willem Stolp (het ziften, het toasten) en alle (ex-)studenten wil ik op deze 
plaats graag noemen. 

Tevens een woord van dank aan de Programmacommissie Landbouw 
Biotechnologie en het Produktschap voor Veevoeder voor de financiële 
bijdrage voor een gedeelte van het onderzoek, beschreven in dit proefschrift. 



CONTENTS 

"S 

Introduction 9 

Chapter I. Effects of processing on antinutritional factors (ANF) 
and protein nutritional value of dry beans (Phaseolus 
vulgaris L.). A review 19 

A.F.B. van der Poel 

Chapter II. Air classification of bean flour - effects on protein, 
antinutritional factors and the effect of a fines fraction 
on cultured expiants of small intestinal epithelium 55 

A.F.B. van der Poel, H.L.M. Aarts and M.J.L. Kik 

Chapter III. A small-scale pressurized toaster for upgrading grain 
legumes and oilseeds 73 

A.F.B. van der Poel and D.J. van Zuilichem 

Chapter IV. Thermal inactivation of lectins and trypsin inhibitor 
activity during steam processing of dry beans (Phaseolus 
vulgaris L.) and effects on protein quality 89 

A.F.B. van der Poel, J. Blonk, D.J. van Zuilichem 
and M.G. van Oort 

Chapter V. Steam processing methods for Phaseolus vulgaris beans -
Implications for ileal digestibility of nitrogen and lysine 
in piglets 105 

A.F.B. van der Poel, J. Blonk, J. Huisman 
and L.A. den Har tog 

Chapter VI. Evaluation of techniques to determine the protein di
gestibility in heat-processed beans for piglets 121 

A.F.B. van der Poel, J. Doorenbos, J. Huisman 
and H. Boer 

General Discussion 135 

Abstract 151 

Samenvatting 155 



INTRODUCTION 

Animal feed manufacturing involves the use of a variety of raw materials to 
produce complete diets. These diets are defined according to nutritional and 
technological specifications to meet the requirements of several animal species. 
Some raw materials, for example certain legume seeds, can satisfy these 
specifications only after some form of processing. 

Feed legumes represent a diverse assemblage of plant seeds suitable as 
ingredients for animal feeds. Pea (Pisum sativum), fababean (Vicia faba), 
common bean (Phaseolus vulgaris), lupin (Lupinus spp.), soya bean (Glycine 
max), lentil (Lens culinaris) and chickpea (Cicer arietinum) are considered 
legume crops capable of producing good yields in the temperate climate 
common to much of Europe (Wiseman and Cole, 1988). 
The genus Phaseolus includes all species of legume seeds normally known as 
common beans. Within the group of common beans various bean-type 
designations are distinguished (Great Northern, Small White, Navy, Kidney, 
etc.). These beans can vary considerably in shape, size and colour. 
Diet ingredients for livestock supply energy yielding and other nutrients which 
are essential for an efficient and economical livestock production. In common 
bean, protein and carbohydrates are the principal nitrogen and energy-yielding 
components, respectively. When compared with animal products the nutritive 
values of beans, particularly proteins, are often lower than is expected from 
their chemical analysis. The nutritive values are limited in a number of aspects 
(Sgarbieri and Whitaker, 1982): 
a. amino acid composition of the proteins, availability of amino acids and 

digestibility of proteins. 
b. the presence of toxic proteins and other so-called antinutritional factors. 

Antinutritional factors (ANF) are referred to as constituents which are 
naturally present in many types of dry legume seeds (Liener, 1980; Chubb, 
1982). They form a plant defense mechanism against insect, microbial and 
bird prédation (Jansen et al., 1976). The ANF which may influence the protein 
utilization of common beans are mainly associated with lectins (or 
phytohaemagglutinins) and protease inhibitors (Pusztai and Palmer, 1977; 
Liener, 1980) and in some varieties also with polyphenols (Reddy et al., 1985). 



Bean lectins constitute a class of (glyco)proteins with the ability to combine 
with glycoconjugates located in the mucosa of the intestine. They are resistant 
to gut proteolysis to a considerable but variable extent (Liener, 1980; Pusztai, 
1987). Due to their binding to glycoconjugates in the epical membrane of the 
epithelial cells which line the small intestine, lectins may account for various 
morphological and functional changes in the epithelium of the small intestine 
in animals (Pusztai, 1987; Kik et al., 1989). Lectins may therefore interfere 
with digestion and absorption of nutrients. They may cause growth depression 
in the animal and may even become lethal. This effect of lectins on animals 
is different from the effect of other ANF such as protease inhibitors. The 
growth depression effects of the latter inhibitors are thought to be due to a 
decrease in proteolysis of feed proteins in the intestinal lumen. As a 
consequence, digestion of dietary protein may be reduced. In addition, other 
mechanisms which cause pancreatic hypertrophy and hyperplasia, presumably 
due to the overstimulation of pancreatic enzyme secretion, are involved 
(Liener, 1980; Burns, 1987). 

In addition to ANF, the Phaseolus bean protein itself is somewhat resistant to 
enzymatic attack; the digestibility of the raw protein, therefore, may be low. 
It is notable that the contribution of lectins, protease inhibitors and the storage 
protein of beans to the negative effects on feed digestion may vary with the 
differences in the gastro-intestinal tract of several animal species. 
Piglets, rats and chicken have been observed to react differently (Table 1) 
during short-time feeding of (un)processed Phaseolus bean diets (Huisman et 
al., 1990; Van der Poel et al., 1990a,b). From these recent studies it appears 
that the pig is the most sensitive species to the negative effects of the ANF 
present in raw or underheated Phaseolus vulgaris, followed by the chick and 
than the rat (Table 1). It was indicated that the pig digests raw protein with 
much greater difficulty than the rat (Van der Poel et al., 1990b). Also, the 
growth of the small intestine was enhanced, an effect which is no doubt due 
to the binding of the lectin (King et al., 1983). Because the diets used in these 
studies contained the whole bean, conclusions are difficult with respect to the 
contribution of each separate ANF (lectins; protease inhibitors) to the relative 
sensitivity of different animals to their biological effects. 
Most of these negative effects could be compensated effectively by that degree 
of heat treatment which causes inactivation of lectins and trypsin inhibitors. 
This may be taken as a preliminary evidence for these compounds as major 
causative factors. In addition, however, the bean protein itself may undergo 
significant changes owing to denaturation induced by thermal treatments. 
On the basis of these results and because plant proteins are often used in diets 
for pigs, it was decided to use the piglet as the target animal for in vivo 
evaluation of heat treated beans. 
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Table 1. Feed intake (g/d), daily gain (g/d) and feed conversion efficiency 
(FCE) of piglets, chicken and rats after 14 days of growth.1 

Rats 
Feed intake 
Daily gain 
FCE 

Chicken 
Feed intake 
Daily gain 
FCE 

Piglets 
Feed intake 
Daily gain 
FCE 

Control 
diets 

12.3 
2.99 
4.19 

17.2a 

9.6a 

1.79a 

233.9a 

151.6a 

1.55a 

Experimental diets2 

TO 

12.3 
2.92 
4.26 

16.7b 

8.7b 

1.92c 

134.8b 

-3.5b 

— 

T20 

12.5 
3.15 
3.98 

17.3a 

10.0a 

1.73b 

214.3a 

121.5C 

1.81b 

T40 

12.4 
3.13 
3.97 

17.2a 

10.0a 

1.73b 

225.4a 

145.8a 

1.56a 

T80 

12.4 
3.08 
4.05 

17.2a 

9.9a 

1.75ab 

225.7a 

138.0a 

1.65a 

1Data from Van der Poel et al. (1990a,b). 
2T0, T20, T40 and T80 refers to bean thermal processing at 105°C during 0, 
20, 40 and 80 min., respectively. 

a 'b,cValues with different superscripts in the same row differ significantly 
(P<0.05) 

Commercially available Phaseolus seeds cannot always be distinguished 
according to their correct botanical names. This problem of identification is 
further aggravated by contamination of other commercial samples (Grant et 
al., 1983). Therefore, available batches of beans cannot be labelled according 
to their ANF properties. Since the lectins from Phaseolus beans are considered 
potentially toxic, as a routine, beans of Phaseolus are always processed prior 
to the inclusion into diets. 
Feed manufacturing involves the (primary) processing of separate dietary 
ingredients as well as the (secondary) processing of the complete diets. These 
technologies can provide feed intake and utilization of nutrients which are 
more optimal than without these treatments. Techniques for primary 
processing, currently applied on animal feed ingredients are steam treatment, 
infrared irradiation and extrusion. In addition to these thermal treatments, 
new techniques e.g. dry fractionation (Vose et al., 1976) and the use of 
chemicals (protein modification by disulfide interchange; Friedman and 
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Gumbmann, 1986) have been explored. These techniques cannot always be 
applied in routine procedures for the manufacturing of complete animal diets. 
Specific processing conditions have to be used to control the treatment in the 
best possible way. Therefore, techniques for primary processing are generally 
applied in specialist plants. 
The upgrading of beans by processing is largely based on thermal treatment, 
which is an effective way to decrease the activity of protease inhibitors 
(Rackis et al., 1986) and lectins (Antunes and Sgarbieri, 1980). In addition, a 
positive effect of heat treatment on the in vitro digestibility of the major 
storage protein has been suggested (Deshpande et al., 1983). 
The effectiviness of thermal treatments in establishing an improved nutritional 
value depends on a combination of process temperature, time of exposure, 
particle size and moisture content. In controlling the final product quality, 
processing must be carried out under well-controlled and standardized 
conditions. Moderate conditions of heating are often necessary for improving 
nutritional quality. Overheating, however, will diminish protein quality 
through a decreased availability and/or content of lysine (Almas and Bender, 
1980). Also, it may cause a slower release of amino acids from the protein (De 
Wet, 1982). Therefore, equipment is needed to measure process characteristics 
precisely, in order to define the optimal thermal treatments. 

A general aim of protein nutrition is that all amino acids can serve protein 
metabolism in the animal as far as possible (biological value). This can only be 
achieved by elimination of lectins which are major inhibitors of protein 
utilization in Phaseolus beans (Grant et al., 1983; Pusztai, 1987). Elimination 
of lectins (a protein itself) most likely also eliminates protease inhibitors. This 
does, however, not necessarily mean that after elimination of these ANF, the 
storage protein can be used maximally by the animal. In vitro measurements 
have been suggested not to reflect the actual physiological state of the 
intestine. Consequently, these estimates cannot be considered as substitutes 
for biological appraisal of protein quality (Bender, 1984; Donnatucci et al., 
1988). Upgrading of beans, therefore, must include at least short-term feeding 
experiments to relate nutritional parameters and in vitro indicators for a 
precise estimate of the effectiveness of a process. 

The aim of the studies described in this thesis is to investigate the effect of 
different processing conditions of beans on the residual level of anti-
nutritional factors and on in vivo digestibility of the resulting products. Steam 
processing technology has been chosen as a principle process for heat 
treatments. 
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General aspects of lectins, trypsin inhibitor activity and protein nutritional 
value in beans of Phaseolus vulgaris in relation with processing are reviewed 
in Chapter I. Examination of the literature clearly shows that research efforts 
to establish maximum nutritional value of beans for animals through 
processing are mostly based on heat treatment. These efforts are directed 
mainly towards the elimination of antinutritional factors. The effects of heat 
treatments on essential nutrients have been hardly studied. A great variation 
of processes have been used. Only few systematic studies of the process have 
been made which have been followed by evaluation with a biological assay. 

Different types of ANF have been identified in different seed fractions. 
Therefore, fractionation seemed to be a first logical step in removing ANF 
from various feed components. In Chapter II a fractionation technique for the 
possible separation of proteinaceous ANF from storage protein is described. 
For that purpose, fine milling of beans and subsequent air classification was 
used to fractionate beans into its main constituents. The effect of the type of 
milling as well as changing the processing variables for air classification on 
the distribution of proteins, lectins and trypsin inhibitor activity was 
evaluated. Preliminary experiments showed that variation in processing 
characteristics during air classification did affect the composition of proteins 
in various fractions (Patel et al., 1980; Sosulski et al., 1987). The effect of 
lectins on cultured mucosal tissues of pig small intestine was verified and also 
sensitive assays were used to determine the level of total and functional lectins 
(Hamer et al, 1989). 

In studies of thermal treatments of feedstuffs only a few temperatures at 
various duration times have been applied according to literature. We decided 
to use a technique in which temperature and time can be altered easily and 
accurately. It was further decided to compare High Temperature Short Term 
(HTST) and Low Temperature Long Term (LTLT) processing. A pressurized 
steaming equipment was modified for this purpose to ensure sufficient 
controls to minimize ambiguities (Chapter III). In this approach, processing 
variables can be evaluated by deriving reaction kinetics. This approach, 
therefore, combines the features of a more fundamental and a practical 
assessment of different heating procedures. 

In Chapter IV the products derived from steam processing of beans are 
evaluated by chemical methods. It was decided to assess the influence of 
steaming both at ~100°C and at two high temperatures (-120 and ~140°C) in 
a HTST-designed process for different processing times. The products 
resulting from these treatments will differ in the content of antinutritional 
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factors (level and activity of lectins and protease inhibitors). Kinetic aspects 
of the inactivation reactions of ANF are discussed as well as kinetics of 
nutrient (lysine and available lysine) retention and of protein solubility. 

Heating of a feed ingredient will affect not only ANF, also the nutrients may 
be altered in such a way that their components or availability for the animal 
is affected (Gall, 1989). Therefore, the consequences of the thermal treatments 
for potential nutritional value of the total bean proteins were studied with in 
vivo techniques (Chapter V) and in vitro techniques (Chapter VI). 
For physiological consequences of various processing methods, ileal digestiblity 
is thought to be a good estimate. There is no literature available on the ileal 
digestibility of heat processed Phaseolus beans nor wether the digestibility is 
influenced by the temperature used in the processing. In Chapter V the 
implications of different steam processing conditions on the ileal digestiblity 
of protein and lysine are described. The effect of bean inclusion level in the 
diet was also investigated. 

A major drawback in in vivo experiments determining digestibility by total 
collection of ileal chyme or faeces is the requirement of large amounts of 
feeds. Also, these methods are time consuming and only a limited number of 
feed samples can be tested. Since many processing variables need to be 
evaluated, more rapid feed evaluation techniques have been proposed such as 
in vitro enzymatic digestibility assays (see Moughan et al., 1989; Babinszky et 
al, 1990) and the Mobile Nylon Bag Technique (MNBT; Sauer et al, 1983). 
Chapter VI deals with a series of experiments in which the protein digestibility 
was determined according to such rapid evaluation techniques. 

The experiments described in this thesis were performed with the aim to 
contribute to the evaluation of processing plant feedstuffs to be used for 
animal production. A lot of feedstuffs have to be evaluated and processing of 
samples implies the evaluation of a large number of treated products. In order 
to keep it managable we resticted research to beans of Phaseolus vulgaris. 
This is a typical example of a plant protein with a potential for increased 
nutritive value after steam processing. 

In the General Discussion the aim of processing and its consequences for 
protein quality parameters are discussed. Firstly, the processes need to be 
evaluated technologically. Secondly, the aim of processing a feedstuff should 
be to maximize nutrient availability of the feedstuff. The study of this 
involves many subsequent steps. Therefore, techniques, which can be used to 
diminish the number of steps or from which information is gained more 
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rapidly, should be employed as much as possible. The evaluation of these 
latter steps in connection with process variables is of real importance for 
improvement of processing practices and optimizing nutritional value. 
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Abstract 

Seeds of common beans (Phaseolus vulgaris L.) contain several antinutritional 
factors (ANF). For example, they contain some heat-sensitive proteins that 
greatly reduce the nutritional value of unprocessed beans in feeding 
monogastric animals. 
Proteinaceous inhibitors require their structural integrity for their inhibiting 
activity; therefore, heat processing abolishes the negative effects by denaturing 
these proteinaceous inhibitors. 
The increase of the in vivo protein nutritional value of beans after heat 
processing, however, does not allow the elucidation of the nutritional 
significance of a specific ANF. This is due to the simultaneous presence of 
other ANF which still exert (heat- stable) or do not exert (heat-sensitive) their 
negative effects after processing. There seems to be only little correlation 
between residual activity of ANF in heat-treated beans and in vivo protein 
nutritional value. For estimating a more precise bean protein nutritional value 
after processing more detailed information is required on residual 
ANF-activity, based on functional ANF assays in relation with target animals. 
Moreover, nitrogen partitioning in feed or endogenous origin has to be 
elucidated. 

Introduction 

Seeds of the family Leguminosae, referred to as pulses, feed legumes, dry 
beans, etc., are important sources of proteins, minerals, vitamins and energy 
in diets for especially monogastric animals. Nevertheless, their role in animal 
nutrition could be even more important if several factors can be removed. 
These limiting factors of dry beans are associated with: 
1) low protein quality associated with low proportions of sulphur amino 

acids, a low inherent protein digestibility and/or antinutritional factors, 
respectively. 

2) flatulence and general gastro-intestinal distress experienced after ingestion 
of legume products and associated with e.g. oligosaccharides. 

Many different antinutritional factors (ANF) are found in raw legumes 
(Liener, 1980) and they include a wide range of digestive inhibitors, toxins 
and other substances interfering with appetite, absorption or metabolism in 
various ways. Many of these ANF can be inactivated by adequate heat 
treatment, such as might be employed in primary processing procedures for 
livestock feeding purposes. The nutritional significance of the residual 
ANF-activity or enhanced protein digestion after processing, however, has not 
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been properly assessed in view of the various practical processing applications 
for livestock feeding. 
It becomes important, therefore, to study the removal, elimination or 
inactivation through processing of the inhibitory constituents and coherent 
factors in legume seeds, necessary to enhance protein digestion in vivo. By 
elucidating the in vivo responses of the animal to processed beans one might 
be able to establish the processing conditions and quality control criteria 
necessary to optimize bean treatments for livestock consumption. 

This paper reviews the available information on the reduction by heat 
treatments of antinutritional and coherent factors in dry beans of Phaseolus 
vulgaris and the consequences of thermal treatments for its protein nutritional 
value in pigs. 

Protein quality of beans 

Cultivated common beans (Phaseolus vulgaris) are a large group of several 
genetic varieties in this species. Various bean-type designations are 
distinguished such as Navy, Great Northern, Pinto, Kidney, Small Red, etc. 
The protein in beans is located mainly in the cotyledon and in the embryonic 
axis of the seeds. Small amounts are also present in the testa. On a dry weight 
basis the beans contain less than 2% lipid and approximately 5% crude fibre, 
4-6% ash and up to 60% total carbohydrate. Starch is the major component of 
the carbohydrate fraction (Tobin and Carpenter, 1978; CVB, 1988). 
Based on N x 6.25 as the conversion factor, crude protein content generally 
ranges between 20 and 27% on a dry weight base. However, nitrogen to true 
protein conversion factors based upon the nitrogen content of amino acids in 
feed legumes range from 5.38 to 5.86 (Peace et al., 1988) indicating that the 
use of the 6.25 factor overestimates the true protein content of legumes. 
The nutritional value of protein in Phaseolus vulgaris bean is low and varies 
between species and between cultivars (Sgarbieri, 1979). This is mainly due to 
a deficiency in sulphur amino acids and the low protein digestibility (Bressani 
and Elias, 1978; 1988). The nutritional properties of common bean proteins are 
shown in Table 1. 
Faecal or ileal apparent nitrogen digestibility, measured by in vivo 
experiments, is low. Also, after heat processing crude protein digestibility is 
lower than that of casein (Rockland and Radke, 1981; Koehler et al., 1987) 
and the availability of essential amino acids may be depressed after heating. 
The relative low digestibility is attributed to the resistance of the major 
storage protein (phaseolin) to proteolysis and to the presence of fibre, tannins 
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Table 1. Some general nutritional properties of bean (Phaseolus vulgaris L.) 
proteins 

Amino acid composition 

Deficient in sulphur amino acids (methionine, cystine, cysteine), 
particularly in main storage globulins. 

High concentration of lysine. 

Amino acid levels (g/100 g protein)1: 
Methionine 
Cysteine 
Tryptophan 
Lysine 

0.57-0.94 
0.12-0.40 
0.80-1.00 
4.70-6.40 

Digestibility 

Relatively low compared to other legumes 
Depending on content of pigment in testa (polyfenols) 
Resistance of protein globulin components to proteolytic digestion 
Affected by antinutritional factors 
Biological availability of amino acids can be low after processing because 
of 

(1) substantial numbers of disulfide bonds in proteins 
(2) Maillard type reactions upon processing. 

1Data from Sgarbieri and Whitaker (1982). 

and other polyphenolic compounds (Philips et al., 1981; Aw and Swanson, 
1985) in dry seeds. Protein utilization of common beans is also negatively 
affected by constituents like lectins, protease inhibitors and other inhibitors 
(Liener, 1980). 
These antinutritional factors are present at relatively small or substantial 
(lectins) levels. They should be taken into account evaluating bean protein 
quality, even though it is the protein itself which is the component of primary 
interest. 
Only feed legumes that contain low levels of deleterious ANF can be evaluated 
in the raw state. Appropriate heat processing causes destruction or inactivation 
of some of these ANF. This is necessary to determine the true protein value 
of beans which cannot be fed in the raw state. 
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Factors influencing bean protein utilization 

The efficiency of the utilization of proteins from legume seeds depends on, 
firstly, the inherent protein resistance to proteolysis and, secondly, the 
interference by antinutritional factors. 

Resistance to proteolysis 
Seeds of most cultivars of the common bean (Phaseolus vulgaris L.) contain 
similar constituent protein fractions based on solubility properties (Andreas et 
al., 1986): phaseolin (36-46%, by weight), globulin-2 (or G2/albumin) 
(5-12%), albumin (12-16%), prolamine (2-4%) and an alkali-soluble fraction 
(20-30%). The protein distribution and composition in cultivars of Phaseolus 
vulgaris is shown in Table 2. 

Table 2. Protein distribution (% of total), protein (%) and amino acid 
(g/100g protein) composition of seeds from Phaseolus vulgaris L. 

Sample(s) Protein distribution Protein composition 

Lectin Phaseolin NLNP3 Level Amino acid profile 

Lys Meth Cys Trp 

Sanilac 12.7 
L/L 11.9 
1/1 0.0 

25 varieties 
6 cultivars 
100 lines 
120 varieties 

41.3 
46.9 
60.7 

45.9 
41.2 
39.3 

19.7 
21.4 
22.2 

24.1 

22.7 
25.2 

8.46 
7.90 

7.31 

1.17 
0.50 
1.12 
1.10 

0.68 
0.71 
0.98 
1.29 

4 

Data adapted from Sgarbieri and Whitaker (1982) and from Osborn and 
Bliss (1985). 

^L/L and 1/1 are lectin-containing and lectin-less backcross lines. 
NLNP = Nonlectin nonphaseolin protein. 

Phaseolin (globulin) is the major storage protein of dry beans. The resistance 
to proteolysis of phaseolin, has been considered a main reason for their poor 
nutritional value (Kakade et al., 1964; Liener and Thompson, 1980; Chang and 
Satterlee, 1981; Sathe et al., 1983). The theories proposed for the phaseolin 
resistance to proteolysis found in in vitro experiments are controversial, as 
discussed by Deshpande and Nielsen (1987b). The techniques of measuring in 
vitro protein digestibility are not standardized very well. 
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Table 3. Antinutritional factors associated with the digestion/utilization of 
bean protein and carbohydrates in monogastric animal nutrition. 

Antinutritional factor Major in vivo effect References 

Lectins 

Protease inhibitors 
Trypsin/chymo-
trypsin inhibitor 

a-Amylase inhibitor 

Tannins and poly-
phenolic compounds 

Flatulence factors 

Fibre-protein 

Phytic acid 

Storage proteins 
Quality 
Resistance to 
proteolysis 

Damage of gutwall 

Immunological reaction 
Metabolism toxicity 

Reduction activity of 
(chymo)trypsin 
Pancreas hypertrophy 
Decreased digestion 
Forming complex with 
amylase in salivary and 
pancreatic juice 
Reduces starch availa
bility 

Forms complex with 
enzymes or feed protein 
Reduces protein digesti
bility 

Gastrointestinal dis
comfort 
Increased maintenance 
Proteolysis hampered 

Forms complex with 
anions and protein 
Depresses absorption 
of minerals 

Low digestibility 
Low digestibility in 
gastro-intestinal tract 
Pancreas hypertrophy 

Donatucci, 1983; Kik et al., 1989 
Donatucci et al., 1987 
Greer, 1983; Liener, 1986; 
Pusztai, 1987 

Liener, 1979; Richardson, 
1980/81; Sgarbieri and 
Whitaker, 1982; Burns, 1987; 
Birk, 1989 
Powers and Whitaker, 1977 

Griffith, 1981; Philips et al., 
1981; Aw and Swanson, 1985; 
Marquardt, 1989 

Fleming, 1981; Fleming et al., 
1988 

Murphy el al., 1972; Fleming, 
1981 

Reddy et al., 1982, 
Lolas and Markakis, 1975 

Sgarbieri and Whitaker, 1982 
Kakade el al., 1964; Liener and 
Thompson, 1980; Deshpande and 
Nielsen, 1987a, 1987b 

Antinutritional factors (ANF) 
Dry beans of Phaseolus vulgaris and other legume seeds contain a variety of 
constituents which can interfere with appetite, absorption and metabolism. A 
survey of these factors and their negative effects are given in Table 3. In many 
cases, the levels of antinutritional factors are not considered to be absolute and 
may vary depending on -firstly- the variety and, furthermore, on cultivar, 
climatic conditions, location etc. 

24 



The contribution of these antinutritional factors to the poor nutritional quality 
of raw Phaseolus beans has been associated with lectins (Donatucci, 1983; 
Greer, 1983; Liener, 1986; Pusztai, 1987), protease inhibitors (PI; Rackis et al., 
1986), amylase inhibitors (Marshall and Lauda, 1975; Powers and Whitaker, 
1977), phytate (Reddy et al., 1982), tannins and polyphenols (Salunkhe et ah, 
1982; Aw and Swanson, 1985) and oligosaccharides (Fleming et al., 1988). 
Reviews on these ANF have been made by Liener (1980), Sgarbieri and 
Whithaker (1982), Chubb (1982), Bondi and Alumot (1987) and Gupta (1987). 
A considerable amount of work has been conducted on specific biochemical 
aspects of various ANF without direct application to the utilization of legume 
seeds for animal feed. This work has included studies on the isolation, 
identification, characterization and analysis of individual constituents such as 
lectins, protease and a-amylase inhibitors. As pointed out by Richardson 
(1980-81) and Gupta (1987) a notable feature of these inhibitors is the 
heterogeneity for their levels in Phaseolus beans, with differences between 
bean-type designations and even between cultivars. 
Primarily lectins and also protease inhibitors (PI) in Phaseolus vulgaris are the 
ANF considered the most important. More recently the importance of tannins 
and associated polyphenolic compounds has been recognized (Fernandez et al., 
1982). In the following some specific ANF are briefly described for Phaseolus 
vulgaris. For the proteinaceous ANF, some properties are summarized in Table 
4. 

Lectins constitute a class of proteins which are characterized by their unique 
ability to bind to glycoprotein and carbohydrate. Lectin protein in Kidney 
bean is made up of five tetrameric proteins (isolectins; Goldstein and Poretz, 
1986). The isolectins are derived from combinations of two slightly different 
subunits, one erythrocyte-reactive (E) and the other leucocyte-reactive (L) 
(Felsted et al., 1982). In this way, a leukoagglutinin (L-PHA; four identical 
L-subunits), an erythroagglutinin (H-PHA; four identical E-subunits) and 
three mitogenic isolectins containing various proportions of L and E subunits 
(L3E, L2E2 and LE3) are distinquished. 
Lectins have been shown to be a strong growth inhibitor in Phaseolus vulgaris 
(Grant et al., 1983; Pusztai et al, 1981) in diets for rats (Honovar et al., 1962) 
and pigs (Myer et al., 1982; Huisman et al., 1987; Van der Poel and Huisman, 
1988). Lectins, (glyco)protein in nature, interact with the glycoproteins on red 
blood cells (causing agglutination of the cells) and with glycoproteins in 
mucosa of the intestinal wall. This may reduce the extent of feed digestion and 
absorption and may increase cellular protein and mucin synthesis. Lectins 
influence systemic metabolism and immune system and catabolic breakdown 
of body tissue (Pusztai, 1987). Grant et al. (1983) showed that the toxic factor 
from Phaseolus vulgaris was identical with its constituent lectins. 
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Table 4. Properties of some proteinaceous ANF from Phaseolus vulgaris L. 

Proteinaceous ANF 

Lectins2 Protein inhibitors of 
Serine protease a-amylase 

Occurence/ 
Distribution 

Nature 

Molecular form 

Activity 

2-15% of total 
protein 
Cytoplasm of 
cotyledons and 
embryonic cells 

Glycoprotein; 
subdivision 
in units 
Low content of 
S-amino acids 

High degree of 
heterogeneity 

MW 
114.000-150.000 
subunits: 
29.000-36.500 

Haemagglutinating 
and/or autogenic 
activity 

0.2-2% of total 
protein 
Cotyledons (85%) 
not in embry 

Protein, 
no carbohydrate 

High content of 
S-amino acids 

Multiple forms 
*arginine-Iike (AL) 
*lysine-like (LL) 
MW 
8.000-10.000 

Decrease activity 
trypsin (AL) or 
chymotrypsin and 
trypsin (LL) 

± 0.20% 
Present in most 
cultivars 
Concentrated in 
cotyledons 

Glycoprotein with 
8-10% carbohydrate 

High degree of 
heterogeneity 

1Adapted from Richardson (1980-1981), Sgarbieri and Whitaker (1982) and Brown et 
al. (1982) 
Variously referred names are: lectins, phytohaemagglutinins, phytolectins, G2. 

Bean varieties vary in the amount and toxicity of their lectins. The lectin 
properties from cultivar to cultivar may vary more than between bean-types 
and the colour of the seed coat (Jaffe, 1980; Scarbieri and Whitaker, 1982). 
The inhibition of growth may be termed a toxic factor. The level of toxicity 
is directly related to the lectin content and hence haemagglutinating activity 
(Pusztai and Palmer, 1977). The highest activities of lectins are found in the 
albumin fraction with considerable activity present also in the globulin 
fraction (Antunes and Sgarbieri, 1980). 
Lectins are present in relatively large quantities in the seeds of Phaseolus 
vulgaris and make up approximately 2-15% of the total seed protein (Sgarbieri 
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and Whitaker, 1982; Donnatucci, 1983; Greer, 1983; Osborn et al, 1984). The 
contribution of lectins to the poor nutritional quality of raw beans has 
attracted much attention, resulting in numerous studies and reviews on their 
physical and chemical properties (Liener, 1976; Lis and Sharon, 1981; Sgarbieri 
and Whitaker, 1982). 
It is clear that lectins are specific compounds and several distinct lectins and 
isolectins have been isolated. However, these substances have chemical 
resemblance and are identified by haemagglutinating activity (Grant et al., 
1983). Heat denatures proteinaceous molecules and, subsequently, the activity 
of lectins is decreased after heating, but often not entirely eliminated. 

Protease inhibitors (trypsin-chymotrypsin inhibitor) have been extensively 
studied. They form a group of proteins which inhibit proteolysis of feed 
protein by inhibiting the action of enzymes (trypsin, chymotrypsin, amylase) 
in the small intestine (Sumathi and Pattabiraman, 1976). These inhibitors are 
also important in another aspect. They form a small part of the bean protein 
(2.5%) but 30-40% of the cystine of the bean protein is associated with the 
inhibitor (Kakade, 1974). Thus, trypsin inhibitor in its inactivated form can 
potentially serve as a source of the sulphur-containing amino acids. Almquist 
et al. (1966) found that cystine is not easily released when incubated with 
proteases. 
Levels of trypsin inhibitor activity in Phaseolus vulgaris in a range of legume 
seeds are ranked second after soybeans (Gallardo et al., 1974). There is 
evidence which suggests that the protease inhibitors in common beans do not 
play a major role as a growth inhibitor (Liener and Thompson, 1980; Philips 
et al., 1981). The highest TI activities in Phaseolus vulgaris were found in the 
albumin fraction of the protein. Protease inhibitors are of low molecular 
weight and are well characterized (Sgarbieri and Whitaker, 1982). Some 
properties are indicated in Table 4. 
There are two types of protease inhibitors found in common beans. They 
include the inhibitors of the serine group (chymotrypsin and trypsin) and of 
the Q-amylases. The Bowman-Birk soybean protease inhibitor appears to be 
a good prototype of the Phaseolus protease inhibitors (Jacob and Pattabirama, 
1986). Inhibitors from Phaseolus do not contain carbohydrate and have 
multiple forms (Wilson and Laskowski, 1973; Richardson, 1977; Sanderson et 
al., 1982; Tsukamoto et al., 1983a). Three (Wilson and Laskowski, 1973) and 
five (Tsukamoto et al., 1983b) different inhibitors have been purified from 
kidney beans, having almost identical properties. 
Comparable to lectins, the trypsin/chymotrypsin inhibitors are inactivated by 
denaturation after heat treament. 

Jaffe et al. (1973) found a-amylase inhibitor in 79 of 95 legume varieties 
tested. The most active extracts were from kidney beans. The amylase 
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inhibitor in red kidney beans has been indicated as the factor to be responsible 
for impaired digestion of starch (Jaffe and Vega Letta, 1968). Subsequent 
work, however, has shown that the addition of a purified inhibitor to various 
diets did not affect the availability of starch in rats (Savaiano et al., 1977). 

Tannins and associated polyphenols which are present in feed legumes have 
been investigated only recently compared to previous mentioned factors. The 
tannins are located mainly in the seed coat and have been found to adversely 
affect protein digestibility in coloured cultivars (Elias et al., 1979). It has been 
suggested that the level of tannins is related to flower colour. Studies show that 
white seeded varieties contain negligible amounts of tannins, while coloured 
seeded varieties contain large quantities of tannins (Bressani and Elias, 1978; 
Reddy et al., 1985). 
Condensed tannins are able to form complexes with proteins, including 
enzymes, and may reduce digestibility of protein and activity of enzymes in 
diets for nonruminants. Sathe and Salunkhe (1984) suggested a non-specific 
binding of tannins with protein. 
It has been reported that the polyphenolic content of Phaseolus vulgaris alters 
the biological value (BV) for seeds, both with and without testa. The effect of 
heat treatment on tannins, however, is not well understood. Decreased levels 
of tannins after heating are reported but are attributed to different effects 
such as a decreased extractivity or a change in chemical reactivity (Barroga et 
al., 1985). 

From this section it is clear that the chemical properties of proteinaceous ANF 
(lectins and protease inhibitors) in common beans make them a good target for 
heat processing. To study the heat inactivation of these ANF it should be kept 
in mind that these factors may react differently upon heating whether they are 
studied as an integral component of the protein or as a purified (crystalline) 
supplement. 
The precise effect of heat on tannins and associated polyphenols, however, 
remains to be established. 

Common procedures for determining the activity of lectins and trypsin 
inhibitors are given in Table 5. The use of different methods for the 
measurement of ANF-activities may be the reason for the sometimes 
contradictory results of investigators for levels in legumes or for residual 
levels after processing. For example, both protein-type and other-type 
inhibitors (polyphenols) contribute to the total inhibitory activity towards 
trypsin. A clear separation between the functional types of inhibitors may help 
explain differences found between assay procedures. 
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Table 5. Methods reported for determining (activity of) lectins and trypsin 
inhibitors. 

I. Lectins 
a. Agglutination of animal red blood cells (Valdebouze et al., 1980). 
b. Toxicity to animals (e.g. PER) or other feeding trials. 
c. Specific lectins bands in the protein patterns separated by SDS-

Polyacrylamide gel electrophoresis (Koehler et al., 1986). 
d. Enzyme Linked Immuno Sorbent Assay (Hamer et al., 1989). 
e. Functional Lectin Immuno-Assay (Hamer et al., 1989). 

II. Trypsin inhibitors (TI) 
a. TI-activity (Kakade et al., 1974; Smith et al., 1980; 

Van Oort et al., 1989). 
b. TI-units (Hamerstrand et al., 1981). 
c. TI-spottest (Kourteva et al., 1987). 
d. TI-Immunoassay (Brandon et al., 1988). 
e. TI-Affinity chromatography (Roozen and De Groot, 1987). 

Furthermore, in relation with in vivo assesment of heat treated products, 
accurate and reliable measurements are required. Therefore, optimization of 
the assay methods is still a challenge and work is still in progress. Recently, 
new procedures were developed for determining total and functional lectins 
(Hamer et al., 1989) and for specific trypsin inhibitors (Roozen and De Groot, 
1987). 

Methods to remove ANF from beans 

To improve the nutritional value of beans and especially the protein from 
Phaseolus vulgaris to their full potential in diets for monogastric animals, 
removal of ANF-activity resulting in a higher protein digestibility is essential. 
Several approaches may be considered, including breeding and processing 
techniques. 

Breeding. 
Breeding and genetic manipulation of plants are long term efforts in 
establishing the removal of antinutritional factors while improving the 
nutritional quality of raw beans. Improving the nutritional value has only 
recently become a serious consideration in breeding programs (Ma and Bliss, 
1978a; Koehler and Burke, 1981). Since bean protein contains up to 12% 
lectin, a protein which is deficient in methionine, the incorporation of a 
lectinless allele could improve the nutritional quality of the bean protein if the 
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Table 6. Processing techniques for common bean processing and principal 
effects on ANF1. 

Processing 

Fractionation techniques 
Dry milling/air classification 

Protein and starch concentration 
Increase lectins/enzyme inhibitors 
in the protein fraction 

Dehulling 
Decrease polyphenol/tannin content 
Increase enzyme inhibitory activity 

Increase protein digestibility 
Increase protein quality 

Range for ANF-activity 

171-225% (HA/g) 
217-235% (TIA/g) 

68- 95% (CE2 mg/100g) 
2- 36% (TIA) 
3- 25% (CTIA) 
27-189% ( Q - A I A 3 ) 
2.3-4.3% 

up to 100% (HA/TIA) 
20- 56% 

Thermal processing 
Wet processes 

Reduction lectin/enzyme inhibitors 
Reduction essayable levels of 

polyphenols/tannins 
Increase digestibility protein and 

carbohydrate 
Excess of heat reduces total content 

and availability of lysine, cystine 
and methionine 

Dry processes 
HTST-processing: similar to wet processes: 

some controversial results 
LTLT-processing: decrease nutritional quality. 

1Adapted from Bressani & Elias (1988) and compiled from results Elias et al. 
(1979), Elkowicz and Sosulski (1982), Deshpande et al. (1982), Rackis et al. 
(1986) and Burns (1987). 

2CE : Catechin equivalent. 3AIA: Amylase inhibitor activity. 

lectin fraction were to be replaced by a protein fraction containing more 
methionine (Osborn and Bliss, 1985). 
However, in removing antinutritional factors genetically, one has to consider 
the implications for possible simultaneous consequences in agronomic 
characteristics like resistance to adverse weather conditions and resistance to 
diseases and predators. Moreover, bean yield may be affected by changes in 
ANF (Bond and Smith, 1989). Decreases in ANF-activity of Phaseolus beans 
by breeding has been achieved for lectins (Osborne and Bliss, 1985) and TI 
(Hymowitz, 1986). Decreasing the level of tannins is also possible for low 
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tannin genes have been reported to be dominant in common beans (Ma and 
Bliss, 1978b). 

Processing 
Many efforts have been made to define the processing conditions, which 
eliminate or at least strongly reduce ANF-activity in legume seeds. These 
approaches are largely based on thermal treatment, but other ways have been 
explored (Table 6). 
Heat processing is an effective method for decreasing the activity of protease 
inhibitors and lectins. The method is based on heat denaturation of these 
proteinaceous inhibitors. Friedman and co-workers provided experimental 
evidence for improvement in nutritional value of some legumes, based on 
alteration of protease inhibitors and lectins by reagents, which disrupt the 
tertiairy structure of the proteins (disulfide interchange; Friedman and 
Gumbmann, 1986; Lei et al., 1981). The commercial feasibility of this 
procedure, however, remains to be evaluated. 

Processing, based on the separation into fractions with high and low levels 
of ANF, is a further possibility. The distribution of ANF in fractionated seeds 
has been studied for the dehulling process (Deshpande et al., 1982) and for 
pin-milling and subsequent air-classification. From Table 6 it can be seen that 
fractionation of feed legumes by dehulling generally increases protein 
digestibility and protein quality for certain legume species with e.g. high levels 
of tannins present in the seed coat. This has been indicated for common beans 
(Deshpande et al., 1982), chickpea (Geervani and Theophilus, 1980) and faba 
beans (Marquardt, 1989). 
Dry milling and separation techniques can be used to produce protein 
concentrates. Based on the size differential between starch granulas and 
discrete protein bodies, the technique of air classification can fractionate the 
legume into its main constituents. This processing technique has been initially 
studied with respect to ANF (Elkowicz and Sosulski, 1982). These techniques 
therefore may contribute for each legume to the knowledge of the distribution 
after fractionation of nutrients and ANF in order to separate into valuable and 
less valuable products for target animals. The antinutritional effects of these 
ANF in the protein fraction and the ease of denaturation during thermal 
processing have still to be evaluated. 

Effects of thermal treatments 
It has been well established that the nutritive value of vegetable protein is 
improved by heat treatment. With some exception heat treatment causes an 
improvement of the nutritive value of legume seeds. 
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The mechanism through which proteins are better available after heat 
treatment may result from an increased accessibility of protein to enzymatic 
attack. Furthermore, and perhaps primarily, this may be due to inactivation 
of proteinaceous ANF. Protease inhibitors require their structural integrity in 
order to inactivate proteolytic enzymes by complex formation (Rackis et al., 
1986). 

The effectiviness of heat treatment on the nutritional value of Phaseolus 
vulgaris depends on a combination of process temperature, heating time, 
particle size, initial moisture content (dry heat processing) and furthermore the 
amount of water added during the heat process (wet heat processing). In 
relation to the temperature/time setting, processing equipment is HTST- (high 
temperature, short time) or LTLT-designed (low temperature, long time). 
Several studies have dealt with trypsin inhibitor (TIA) and lectin activity (the 
latter measured as haemagglutination activity) (HA) as a function of time and 
temperature. It has been reported that most of the trypsin inhibitor activity 
present in the original products is destroyed during normal cooking procedures 
(Walker and Kochhar, 1982; Rackis et al., 1986). These studies, however, 
involve, for the greater part, cooking the beans in water. Soaking prior to 
heating and/or boiling may involve extraction and this reduces the level of 
water soluble or dispersible compounds in the remaining product. These 
procedures, therefore, do not simulate actual treatment procedures used for 
livestock feeding purposes and are not used because they are too costly. 
Processing of beans for livestock consumption involves the use of treatments 
that are more economical. Extrusion, dry roasting, atmospheric steaming 
(toasting), pressurized steaming (pressure cooking ; autoclaving) have been 
studied as ways to improve the utilization of beans by industrial and 
experimental heat processing. 

Loss of haemagglutination activity in Phaseolus vulgaris by thermal treatment 
is shown in Table 7. 
Proper heat treatment inactivates the level of lectins, based on 
haemagglutinating activity (HA) in Phaseolus beans very effectively, as 
reported previously (Liener, 1979; Mancini-Filho et al., 1979). Heating 
Phaseolus vulgaris beans at 100CC for at least 20 minutes eliminated the 
haemagglutination activity (Antunes and Scarbieri, 1980; Reaidi et al., 1981) 
as well as reduction in performance in rats (toxicity) of beans, according to 
Grant et al. (1982). Lectins from different sources differ in their susceptibility 
to heat inactivation (Reaidi et al., 1981; Zahnley, 1984): moist heat treatment 
eliminates lectins from Phaseolus vulgaris. Reports on the effect of dry heat, 
however, are controversial. 
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Table 7. Effect of thermal treatments on the inactivation (%) of lectin 
haemagglutinating activity (HA) in common bean (Phaseolus 
vulgaris L.). 

Thermal treatment Bean-type Reduction References 
designation of HA 

Proces Thermal conditions 

Autoclaving 

Steam-heating 

Extrusion 

Dry roasting 

Temp. 
CC) 

100 
121 
121 
121 
121 

121 

121 

100 

100 

145 

150 

244 
273 
200 

Time 

30 
5 

30 
15 
7.5 

15 

5 
15 
30 
5 

20 

15 

75 

16 

16 

108 
133 
23 

navy bean 
navy bean 
small red 
dry beans 

dry beans 

navy beans 
navy beans 
navy beans 
kidney bean 
kidney bean 

white beans 

white beans 

small red 

small red 

navy bean 
navy bean 
navy bean 

82 
100 
100 
100 
100 

100 

99 
99 
100 
74 
91 

100 

100 

98 
93 
96 

97 
85 
99 

De Muelenaere, 1964 
Kakade and Evans, 1965 
Kakade and Evans, 1965 
Myer and Froseth, 1983a 
Antunes and Sgarbieri, 
1980 
Antunes and Sgarbieri, 
1980 
Yadav and Liener, 1977 
Yadav and Liener, 1977 
Yadav and Liener, 1977 
Tannous and Ullah, 1962 
Tannous and Ullah, 1962 

Rodriguez and Bayley, 
1987 
Rodriguez and Bayley, 
1987 

Myer and Froseth, 1983a 
Myer and Froseth, 1983a 
Myer and Froseth, 1983b 

Aquilera et al., 1982 
Aquilerae/ al., 1982 
Yadav and Liener, 1977 

Processing time autoclaving and steam heating in min.; others in sec. 

Lectins resist inactivation by dry heat in common beans (De Muelenaere, 
1964) or are inactivated by dry heat in winged beans (Kadam and Smithard, 
1987). The effect may vary with the nature of lectins (Jaffe and Vega Letta, 
1968). 
Thermal inactivation of trypsin inhibitor activity (TIA) loss has been 
investigated intensively and results of these studies show that the extent of 
destruction of TIA in beans, grits and flours and also in isolated fractions 
differ widely (Ellenrieder et al., 1980). 
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TIA in dry beans of Phaseolus vulgaris is largely destroyed by heating 
(Carvalho and Jansen, 1977; Antunes and Sgarbieri, 1980; Sathe and Salunkhe, 
1984; Rackis et al., 1986) as can be derived from Table 8. Loss of TIA is 
almost complete for autoclaving and extrusion processing for certain 
processing times. 

Table 8. Effect of thermal treatments on the reduction (%) of trypsin 
inhibitor activity (TIA) in common beans {Phaseolus vulgaris L.). 

Thermal treatment Bean-type 
designation 

Reduction References 
of TIA 

Proces Thermal conditions 

Autoclaving 

Steam-heating 

Extrusion 

Dry roasting 

Temp. 
<*C) 

121 
121 
121 
121 
120 
121 

121 

120 
121 
121 
121 
121 
121 

100 

100 

145 

150 

190 
220 
200 
273 
244 

Time 

30 
30 
5 

30 
15 
7.5 

15 

8 
5 

20 
5 
15 
30 

15 

75 

16 

16 

30 
10 
23 
133 
108 

whole bean 
meal 
navy bean 
navy bean 
small red 
dry beans 

dry beans 

navy beans 
kidney beans 
kidney beans 
navy beans 
navy beans 
navy beans 

white beans 

white beans 

small red 
small red 
small red 

navy bean 
navy bean 
navy bean 
navy bean 
navy bean 

85 
29 
82 
88 
100 
100 

100 

86 
74 
91 
55 
85 
100 

65 

97 

78 
98 
100 

72 
82 
75 
54 
77 

Elias el al., 1976 
Elias et al., 1976 
Kakade and Evans, 1965 
Kakade and Evans, 1965 
Myer and Froseth, 1983a 
Antunes and Sgarbier, 
1980 
Antunes and Sgarbier, 
1980 
Carvalho and Jansen, 1977 
Tannous and Ullah, 1962 
Tannous and Ullah, 1962 
Yadav and Liener, 1977 
Yadav and Liener, 1977 
Yadav and Liener, 1977 

Rodriguez and Dayley, 
1987 
Rodriguez and Bayley, 
1987 
Myer and Froseth, 1983a 
Myer and Froseth, 1983a 
Myer and Froseth, 1983b 

Carvalho and Jansen, 1977 
Carvalho and Jansen, 1977 
Yadav and Liener, 1977 
Aquilera el al., 1982 
Aquilera et al., 1982 

For steam-heating and autoclaving: time in minutes, other processes in seconds. 

The TI of beans, cowpea (Vigna unguiculata) and black gram {Phaseolus 
mungo) appears to be resistant to dry heat (Sathe and Salunkhe, 1984). Thermal 
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stability of TIA in kidney beans has been noted and considered dependent on 
the concentration of other components present in the protein matrix 
(Ellenrieder et al, 1980). 
Residual TIA after heat treatment indicates that TIA may not be fully 
eliminated and this residual activity may come (partly) from heat-stable 
compounds capable of trypsin inhibition (Roozen and de Groot, 1987). 
Polyphenolic compounds have been shown to account for the majority of the 
residual TIA in heat treated winged beans (De Lumen and Salamat, 1980; Elias 
et al., 1979). Some heat resistant components, for example, are residual 
heat-stable TI, fatty acids and tannins (Tsukamoto et al., 1983b; Padhye and 
Salunkhe, 1980). 
Heat processing is critical in relation to the possible low biological value of 
proteins. Overheating (in terms of temperature and/or exposure time to heat) 
may adversely affect the availability of lysine, arginine, methionine and 
cystine, in intact bean proteins (Rios-Iriarte and Barnes, 1966; Skrede and 
Krogdahl, 1985). The destruction of amino acids, lysine in particular, upon 
heating can be estimated in measuring the lysine availability by several assays. 
Total lysine may be lost on heating but available lysine is depressed even more 
(Roach et al., 1967). Table 9 shows that available lysine in heat processed 
common beans is markedly reduced in meals or whole beans, with differences 
in the degree of loss between bean types. 

Table 9. Available lysine value (ALV: g/16 g N) for heat-processed and 
unprocessed common beans (Phaseolus vulgaris L.). 

Bean-type 
designation 

Rosinha G2 
meal 
albumine 
globuline 

White kidney 
whole bean 

Red kidney 
whole bean 

Available lysine 

Not 
treated 

6.0 
6.3 
6.5 

6.3 

6.5 

Auto-
claved2 

3.5 
5.7 
6.2 

5.7 

5.1 

Loss of 
ALV (%) 

42 
10 
5 

10 

22 

Assay 

A 

B, C 

B, C 

References 

Antunes and 
Sgarbieri, 1980 

Almas and 
Bender, 1980 
Almas and 
Bender, 1980 

Assay procedures: A = Colorimetric method 
B = FDNB = Fluoro-dinitrobenzene method 
C = DBV = Dye binding method 

2121°C for 30 minutes. 

35 



Overheating proteins may depress digestibility and cause a slower release of 
amino acids from the protein (De Wet, 1982). Therefore, a safe heating proces 
is critical to the processing of bean protein in order to establish maximum 
(protein) nutritional value. 

It is clear that thermal treatment of beans has two advantages: it removes the 
major part of proteinaceous inhibitors at the same time; it may even increase 
the nutritional value of trypsin inhibitor and protein by making it more 
accessible. However, each product will have its own thermal optimum. It will 
be necessary to demonstrate that heat treatment and processing decreases the 
ANF-activity and will increase in vitro and in vivo digestibility by the same 
degree. 

Kinetic studies 

Optimization of heat processing is necessary for an adequate inactivation of 
trypsin inhibitory and lectin activity. Moreover, the process should result in 
optimal amino acid availability and in enhaced protein digestibility. 
In isothermal process research, systemic thermal analysis is considered an 
important tool. Varying the temperature and time of heating on feed 
components and the subsequent determination of the level of ANF in 
(un)heated samples provide kinetic parameters for the inactivation of ANF. 
Studies on the kinetics of the heat inactivation of proteinaceous ANF in 
relation to processing conditions are reported in soybeans (Labuza, 1973; 
Cuevas and Cheryan, 1983; Ida et al, 1983), cowpea (Philips et al., 1983) and 
Phaseolus vulgaris (Buera et al., 1984). From these studies Rackis et al. (1986) 
deduced that loss of trypsin inhibitor activity (TIA) was of first order reaction. 
They established, that the influence of temperature on the reaction velocity 
can be quantitated in terms of the Arrhenius equation (Charm, 1971). 
However, in studying the kinetics of TIA inactivation in soybean suspensions 
during steam infusion, Johnson et al. (1980) found that under all process 
conditions plots of log [TI], with respect to the time of heating, were 
curvilinear. This indicated that inactivation in this study did not comform to 
a single reaction following first-order kinetics and that there may be two 
separate first-order reactions. The latter reactions are attributed to the 
inactivation of Kunitz inhibitor (moderate heat labile) and Bowman-Birk 
inhibitor (more heat stable), respectively (Wolf, 1977; Johnson et al., 1980). 
As mentioned before, loss of TIA in Phaseolus vulgaris was shown to follow 
first order reaction kinetics (Buera et al., 1984). They also observed the rate 
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