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Legume proteins (unmodified and chemically modified) were subjected to heat
treatment (100°C, 60 min). The effects of heating on the protein solubility, the
amino nitrogen content and UV spectra were studied. The protein solubility
decreased after heat processing. The amino nitrogen content increased after
heating of unmodified proteins, indicating polypeptide chain unfolding. But
chemical modification resulted in a decrease of this form of nitrogen, suggesting
that protein chains were involved. UV spectra indicate exposure of phenylalanine
residues in heated unmodified and chemically modified proteins. Acetylation
enhanced thermal denaturation and acetylated pea proteins showed an especialily
high sensitivity to heat. Copyright © 1996 Elsevier Science Ltd

INTRODUCTION

Thermal behaviour of legume proteins has been dis-
cussed by many workers (Hashizume & Watanabe,
1979; Pilosof et al., 1982; Sheard et al., 1986; Bacon et
al., 1989; Deshpande & Damodaran, 1989; Carbonaro
et al., 1993). Several factors have been shown to have an
effect on the denaturation changes of legume proteins.
The amount of water associated with the protein can
markedly affect the thermal stability and potential
application of food proteins (Pilosof et al., 1982; Dut-
son & Orcutt, 1984). The temperature and heat-moist-
ure conditions are of great importance. Only some
properties of bean and cowpea flours affected by heat at
different moisture levels have been investigated (Pilosof
et al., 1982, 1986; Phillips ef al., 1988). However, there is
little information on the heat processing of proteins in
their natural state or on the effect of chemical mod-
ifications on the properties of heat-processed legume
proteins.

Therefore, the aim of the present work was to inves-
tigate the effect of heat treatment on acylated proteins.
Protein solubility, the amino nitrogen content and UV
spectra of soluble fractions of proteins were studied to
estimate the changes induced by heat treatment.

MATERIALS AND METHODS
Materials

Plant material
Dry seeds of bean, Phaseolus vulgaris (var. ‘Wenta’),
two ‘sweet’ varieties of lupin, Lupine albus (var.

*To whom correspondence should be addressed.

‘Hetman’ and ‘Wat’), and three varieties of pea, Pisum
sativum (‘Koral’, ‘Poa’, ‘Ramir’), were obtained from
plant breeding stations in Poland.

Sample preparation

The seeds were dehulled, ground, sieved (100 mesh) and
held at 5°C until used. The unmodified and acylated
(acetylated and succinylated) proteins were obtained by
the method previously described (Klepacka & Porzucek,
1994). Flour was dispersed in distilled water (1:10, w/v)
and acylated with acetic (acetylation) or succinic (succi-
nylation) anhydride in amounts of 0.2 g or 0.2 ml per
1 g of flour protein, respectively, added over a period of
90 min. During the acylation process the pH was main-
tained at 7.5-8.0 with the periodic addition of 1 M
NaOH. The suspension was centrifuged at 5500g for
15 min. Isoelectric precipitation of acylated legume
proteins was performed with 2 M HCI at pH 3.5, 3.95
and 3.7 for bean, lupin and pea, respectively. Proteins
were recovered by centrifugation at 5500g for 20 min at
4°C. The precipitate was re-dispersed in distilled water,
adjusted to pH 7.0 and lyophilized. The unmodified
proteins were prepared in a similar manner as modified
proteins except that no acylating agent was added and
the extraction and precipitation were performed at pH
9.2 and 4.5, respectively.

Heat treatment of proteins

Flour and protein samples were packed into glass vials,
sealed under nitrogen and heated for 60 min by immer-
sion in a boiling water bath. After heating, the samples
were cooled immediately in ice slurries. Such processing
was defined as ‘heat treatment’. One part of the samples
(control) received no heat treatment.
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Methods

Protein solubility

The proteins were extracted from unheated and heat-
treated samples with 0.5 M NaCl for 60 min. The sam-
ples were centrifuged at 10000g for 15 min. After
centrifugation, the supernatant was separated. Protein
contents (Nx6.25) in the supernatants were estimated
by the Kjeldahl procedure. Relative decrease of soluble
proteins (Rysp) was calculated using the formula:

Nunh - Nh

Rysp =
P N unh

x 100 (%)

where Ny, is the nitrogen content in untreated sample
supernatant, Ny, is the nitrogen content in heat-treated
sample supernatant.

Amino nitrogen determination

The thermal changes of proteins were examined by
monitoring amino nitrogen in the presence of o-phthal-
dialdehyde (OPA) by a spectrophotometric procedure
(Church ez al., 1983; Ma et al, 1990). To determine
amino nitrogen, sample solutions containing 100~
200 pg of soluble proteins were mixed with 0.15 ml of
20% sodium dodecyl sulphate (SDS) and 2.85 ml of
OPA reagent (OPA and mercaptoethanol, but without
SDS). The OPA reagent was prepared daily. The solu-
tions were mixed and incubated for 2 min at ambient
temperature and the absorbances were measured at
340 nm with the Beckman 24 spectrophotometer.
Amino nitrogen was calculated from a standard curve
prepared with glycine (Lie, 1973) and expressed as ug
amino nitrogen per 1 mg soluble protein.

UV spectrophotometry

Ultraviolet spectra of unheated and heated samples
(0.04% protein) were recorded on the Beckman 24
spectrophotometer in the 250-300 nm region. Data for
UV spectra were expressed as wavelengths of absorp-
tion maxima (Amax)-

RESULTS AND DISCUSSION

Data on the protein, salt-soluble nitrogen, amino
groups and moisture contents are summarized in
Table 1. As previously reported (Porzucek et al., 1991;
Klepacka & Porzucek, 1994), samples of bean and pea
flour contained 25-28% and lupin flour 34-41% protein
on a dry basis; the protein contents were 76-86% in
unmodified samples and 65-82% (dry weight basis) in
acylated samples.

The differences in solubilities between control and
heated to 100°C samples, expressed as relative decreases
of soluble proteins (Rysp), are shown in Table 2. Heating
caused part of the proteins to be rendered insoluble,

Table 1. Protein, salt-soluble nitrogen, amino nitrogen and
moisture contents of flour (F), unmodified (UP), acetylated (AC)
and succinylated (SP) protein samples

Sample Protein Salt-soluble Amino  Moisture
(Nx6.25% nitrogen (% nitrogen (%)
dry weight) total N)  (ugg™!’

protein)
Bean
‘Wenta’
F 28.5 (0.69) 84.2(0.42) 12.3(0.10) 10.9(0.05)
UP 76.0 (0.38) 79.5(1.66) 6.8 (0.06) 6.8 (0.06)
AP 65.5(0.77) 94.9(1.34) 1.0(0.05) 9.0(0.08)
SP 71.7 (0.35) 71.0 (0.65) 5.2(0.01) 3.2(0.07)
Lupin
‘Hetman’
F 41.5(0.34) 81.2(0.39) 7.8(0.12) 9.6(0.07)
UP 80.6 (0.58) 65.3(0.35) 4.6(0.09) 4.9(0.02)
AP 75.4 (0.40) 88.0(0.84) 0.8(0.01) 4.3(0.11)
SP 79.6 (0.80) 73.9(0.75) 3.1(0.04) 3.3(0.06)
‘Wat’
F 33.8(0.17) 82.3(0.58) 8.9(0.09) 7.9 (0.04)
UP 83.6 (0.48) 75.3(0.78) 4.1(0.02) 4.2(0.13)
AP 75.3(0.66) 95.4(1.27) 1.1(0.01) 8.0(0.15)
SP 66.7 (0.72) 62.0 (0.69) 3.8(0.01) 2.9(0.03)
Pea
‘Koral’
F 26.4 (0.89) 83.0(0.91) 17.3(0.17) 9.9(0.10)
up 84.7 (0.38) 53.8(0.54) 4.7(0.06) 5.8(0.03)
AP 82.3(0.49) 92.5(1.13) 1.9(0.01) 3.8(0.15)
SP 77.4 (0.48) 94.5(0.60) 3.0(0.05) 4.0(0.05)
‘Poa’
F 26.2 (0.89) 74.6 (0.39) 15.8 (0.12) 10.5(0.06)
UP 85.6 (0.03) 55.9(0.56) 6.2(0.01) 5.9(0.17)
AP 78.9 (0.84) 96.9 (1.25) 0.9(0.01) 7.8(0.12)
SP 75.2 (0.64) 86.9(0.90) 2.8(0.02) 3.7 (0.10)
‘Ramir’
F 24.9 (0.80) 82.5(1.18) 12.6(0.12) 11.4(0.05)
UP 84.8 (0.13) 59.2(0.59) 6.5(0.04) 5.1(0.12)
AP 71.8 (0.62) 90.4 (0.56) 1.0(0.01) 2.8 (0.01)
SP 76.1 (0.66) 96.7 (1.01) 1.3(0.01) 3.6(0.04)

Figures in parentheses are standard deviations of samples.

which was attributed to protein denaturation. The ther-
mal denaturation of proteins has traditionally been
associated with loss of solubility (Pilosof et al., 1982;
Sheard et al., 1986; Phillips ez al., 1988; Carbonaro et
al., 1993). The results for Ry, showed that sensitivities
to heat treatment were different and dependent on the
type of sample. The unmodified and modified proteins
of bean and pea were far more sensitive to heat than
were the flour proteins. A similar phenomenon was
observed by Pilosof et al. (1982). The marked changes
were seen in all heated acetylated proteins. An especially
significant increase in Rgsp Was noted for acetylated pea
proteins. This indicates that acetylated proteins were
more sensitive to heat than were succinylated and
unmodified proteins. Based on these results, it can be
deduced that pea proteins were more affected by heat
treatment than were bean and lupin proteins. This sug-
gests that genetic variations may affect the solubility of
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Table 2. Effect of temperature on the relative decrease of
protein solubility (Rq,p) in salt solution (0.5 M NaCl)

Sample Rasp (%)

F UpP AP Sp
Bean
‘Wenta’ 16.7 244 55.4 18.2
Lupin
‘Hetman’ 21.7 23.2 54.9 19.5
‘Wat’ 21.0 19.5 47.4 219
Pea
‘Koral’ 27.8 38.2 80.8 27.7
‘Poa’ 25.6 36.3 76.7 329
‘Ramir’ 20.9 41.2 77.8 39.8

heated proteins. Comparing the behaviour of proteins
after heat treatment, we found that the Ry, values of
succinylated proteins were lower than those of acety-
lated and unmodified proteins. This suggest that the
thermal denaturation of proteins can be prevented by
net charge, as was shown by Lakkis & Villota (1992)
and Ma & Holme (1982).

The results obtained by Pilosof et al. (1982) indicated
that a greater reduction of nitrogen solubility occurred
when the samples were heated at higher moisture con-
tent. It has been suggested (Sheard et al., 1986; Phillips
et al., 1988) that water is the decisive factor in the
denaturation, not the protein content. In the present
study, the flour moisture contents ranged from §% to
11% and from 3% to 9% for the protein samples. This
level of moisture presumably has a negligible influence
on the protein denaturation process. Such an effect can
be observed when the water content is much higher (i.e.
>20%) (Sheard et al., 1986; Phillips et al., 1988). The
effect of heating on proteins also depends on other
components and carbohydrate-protein interactions
(Back et al., 1979; Sheard et al., 1986; Yamasaki &
Tkebe, 1992). Sugars protect proteins against heat dena-
turation due to their effect on hydrophobic interactions.
We observed (data not shown) that the sugar content
decreased in all unmodified and modified proteins
(Porzucek et al., 1993).

The extent of the protein changes upon heat treat-
ment was investigated by OPA spectrophotometric
assay. Amino nitrogen increased after heating of flour
and unmodified proteins, but decreased in acylated
proteins (Fig. 1). Heating of flour and unmodified pro-
teins probably resulted in unfolding of polypeptide
chains, but in the case of chemically modified proteins
the chains were involved.

The changes in thermally denaturated proteins
remaining soluble in salt solution (0.5 M NaCl) were
observed by UV spectroscopy. The results, expressed as
wavelengths of the absorption maxima (An.,), are
shown in Table 3. Heating of flour caused a shift in A,y
to longer wavelengths (red shift). On the other hand, the
heating of unmodified and chemically modified proteins
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Fig. 1. Changes of amino nitrogen content after heat treat-
ment of bean, lupin and pea proteins. F, flour proteins; UP,
unmodified proteins; AP, acylated proteins; SP, succinylated
proteins. Bean: a, var. ‘Wenta’. Lupin: b, var. ‘Hetman’; c,
var. ‘Wat’. Pea: d, var. ‘Poa’; e, var. ‘Koral’; f, var. ‘Ramir’,

Table 3. Changes in the UV absorption maxima (Amax) of
unheated and heated legume proteins

Sample Amax (nm)
F UP AP SP
Bean
‘Wenta’
Control 269 275 268 275
Heated 274 268 260 269
Lupin
‘Hetman’
Control 274 270 268 274
Heated 276 265 262 268
‘Wat’
Control 273 270 265 274
Heated 275 269 260 265
Pea
‘Koral’
Control 265 265 265 269
Heated 274 260 260 267
‘Poa’
Control 269 264 265 274
Heated 276 259 260 269
‘Ramir’
Control 265 265 260 268
Heated 274 260 259 264

For abbreviations, see Table 1.

shifted Ap,.x to shorter wavelengths (blue shift). These
results have been used to obtain information about the
state of aromatic residues in proteins. The peaks
between 250 and 270 nm are due to phenylalanine,
while those between 270 and 300 nm are contributed
predominantly by the tyrosine and tryptophan residues
(Ma & Harwalkar, 1988; Yamagishi ez al., 1982, 1983).
The present data show that denaturation by heat treat-
ment exposed the aromatic residues and this may be
attributed to various protein fractions. It is known that
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globulins are the predominant fraction of legume flours
(Bhatty, 1982; Deshpande & Nielsen, 1987; Gueguen
& Barbot, 1988). Yamagishi er al, (1981, 1982)
reported differences in the states of aromatic amino acid
residues in heated soybean 7S and 11S globulins. Elec-
trophoretic studies (data not shown) confirmed that
flour proteins consisted of 7S and 118 globulins, while
7S globulin was the main component of unmodified and
modified proteins. All heated unmodified and chemi-
cally modified proteins showed the denaturation blue
shift and this could be connected with predomination of
phenylalanine residues, while heating of flour proteins
gave a red shift caused by the exposure of tyrosine
residues.

In conclusion, the results of our study indicate that
acylated proteins were affected by heat treatment dif-
ferently from flour and unmedified proteins. The trends
of heat denaturation were similar for both applied
chemical modifications. However, acetylated proteins
were more sensitive to heat than succinylated proteins,
probably because of prevention of thermal protein
denaturation by the negative charges of succinylated
proteins. Comparing the behaviour of the legume pro-
teins investigated upon heating, a higher susceptibility
of pea proteins than bean and lupin proteins to heat
processing was found.
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