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The most advantageous parameters of hydrothermal treatment of faba cotyledons
were determined. These are: steaming temperature 110°C and time 2 min. and they
caused —at relatively smay decrease of protein solubility and slight damage of
cotyledons structure (SEM)—a cansiderable lowering of trypsin inhibitors activity
and an improvement of organoleptic quality of flour obtained from thus prepared
cotyledons.

INTRODUCTION

Seeds and flours, as well as protein concentrates and isolates obtained from
leguminous plants, are of limited applicability in food industry due to their
characteristic beany flavour. In order to improve the organoleptic properties of
these preparations efforts are made to identify the compounds responsible for the
flavour and to find ways of their elimination or inactivation during technological
processes [ 1,4, 17]. So far the most effective way of eliminating the beany flavour
from protein preparations was to rinse them with alcohol. As this method is
rather expensive, new, cheaper and simpler ones are being searched for. One of
them is hydrothermal treatment of seeds. In this research faba bean cotyledons
were steamed for a short period, and the quality of obtained flours was examined.

EXPERIMENTAL

Dehulled seeds of the Fribo faba bean variety were investigated. Cotyledons
were treated hydrothermally in a fluidizing device of our own make enabling
measurements of time and temperature of superheated steam action. The
parameters of cotyledons steaming were as follows:
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temperature (°C) time (min)
100 2, 5,10, 20
110 2,510
120 1,2

Following steaming, the cotyledons were dried at 30°C to moisture content
10%, and grinded to 0,2 mm grain size. In thus obtained flour, the nitrogen
solubility index (NSI) was determined according to AOCS [14] and trypsin
inhibitors activity (TIA) according to Kakade et. al. [8]. Microscopic analysis
was performed with 2 Tesla BS-300 scanning electron microscope at accelerating
voltage 10 kV. Flour obtained from cotyledons steamed for 2 min at 110°C was
analysed organoleptically according to a 5-point scale [3].

RESULTS AND DISCUSSION
EFFECT OF HYDROTHERMAL TREATMENT ON FABA BEAN PROTEINS

Hydrothermal treatment of faba bean cotyledons resulted in a lowering of
nitrogen solubility as expressed by NSI (Fig. 1A). The changes clearly depended
on the temperature and time of steaming. The higher the temperature applied, the
greater the decrease of nitrogen solubility. Thus, steaming of beans for 2 min at
100°C caused a 12% decrease of NSI, at 110°C —27%, and 120°C —41%. The
least solubility (NSI 11%) was found for cotyledons steamed for 20 min at 100°C.
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Fig. The effect of hydrothermal treatment on NSI (A) and II activity (B); ® © non steamed seeds,
1 — x100°C, 2— x 110°C, 3— x 120°C

Yet it was impossible to apply such a long time of steaming in higher
temperatures as the beans turned into pulp already after 10 min of steaming at
110°C and after 2 min at 120°C. There is no data in the available literature on the
effect of hydrothermal treatment on nitrogen compounds solubility in faba bean
cotyledons. From our investigations it follows that in order to maintain a
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possibly high protein solubility at simultaneous serious decrease of trypsin
inhibitors activity the cotyledons should be steamed at 110°C for 2 min (Fig.). The
relatively small decrease of NSI (27%) in these conditions makes it possible to use
the material thus prepared as a source of protein isolates. The study of this
problem is reported in part V of this paper.

In the conditions of our experiment, a complete or partial inactivation of
trypsin inhibitors was caused by denaturation changes of proteins (Fig. 1B). The
decrease of NSI was accompanied by TIA decrease. Also, it was rather the
temperature than the time of steaming that affected TIA more. For instance,
complete inactivation was observed in beans steamed for 10 min at 110°C, while
the extension of steaming time to 20 min at 100°C resulted in a mere 64 % loss of
antitrypsin activity.

There are no data in the available literature concerning changes of TIA
caused by hydrothermal treatment of faba bean, or changes of NSI. The data in
hand concern TIA changes during faba bean flour granulation and flaking
accompanied by steaming [11]. Granulation at 70°C caused a slight lowering of
activity, while flaking accompanied by steaming at 92°C-96°C resulted in a
73%-94% loss of activity. According to Ferrier and Lopez [5], steaming of
soybeans for 20 minutes at 99°C resulted in a 73% drop of TIA.

CHANGES OF FABA BEAN MICROSTRUCTURE DURING HYDROTHERMAL TREATMENT

In order to confirm changes of NSI and TIA in faba bean caused by
hydrothermal treatment, the structure of cotyledons was examined with a
scanning electron microscope. The microscope picture of a control faba bean
cotyledon cell (photo 1) doses not differ from the photographs published so far
[6, 10]. The main component of the cell were starch granules surrounded by
numerous clusters of matrix protein and protein bodies. Oval-shaped starch
granules had an average diameter of about 30 um, while spherical-shaped protein
bodies mentioned by Lorenz [6] had diameters ranging from 0.5 to 2pm (photo
2). The analytically determined lowering of NSI and TIA connected with proteins
changes seemed to be confirmed by the microscopic picture of a cotyledon cell.
The least NSI decrease (12%) and antitrypsin activity decrease (38%), observed
in the sample of cotyledons steamed for 2 min at 100°C, were accompanied by
only slight changes in the protein bodies microscopic picture (photo 3). Under the
action of moisture and heat the bodies seemed to swell considerably, acquiring
regular spherical shape. The sings of denaturation were visible as subsistence of
spherical-shaped surfaces which, according to Gwiazda and Kocon [7] and
Schweiger [16] is connected with the change of arrangement of hydro aqd
lipophylic groups and with the destruction of natural intramolecu%ar protein
conformation. The observed changes of protein bodies microscopic picture were
accompanied by microscopic changes in starch granules, namely by swel.llng and
gelatinization. These processes, according to Rockland et al. [13], _1nten51fy along
with tempereture. The effect of steaming time extension to 20 min at 100°C on
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23% (Fig. 1A) and a trace amount (Fig. 1B) respectively. Microscopic analysis of
cotyledons treated hydrothermally for 2 min at 120°C showed, in comparison to
the samples treated for the same time at 100°C and 110°C, considerably greater
changes of microscopic picture of protein and starch (photos 11 and 12). This was
especially evident in the case of starch whose swollen and gelatinized granules, the
result of migration of amylose from their inside, acguired the shape of pontoons.
These essential changes of protein structure were accompanied by a 41%
decrease of NSI and an 88% decrease of TIA. The presented results show that
there exists a relation between NSI and protein picture as observed in the
scanning electron microscope. They also show that the denaturation changes at
protein depend on temperature rather than on the time of steaming.

The presented analysis of the effect of hydrothermal treatment on the basic
cotyledons components, i.e. on protein bodies and starch, seems to confirm our
choice of parameters temperature 110°C acting for 2 min turned out to be
optimal. In these conditions the structure of cotyledons was not disturbed as
much as it was in the case of longer steaming time or higher temperature despite
the changes that did take place.

ORGANOLEPTIC QUALITY OF THE HYDROTHERMALLY TREATED FLOUR

Applying the optimal parameters of hydrothermal treatment, we prepared a
large amount of flour and evaluated its colour, tasae and smell (Table). It turned
out that steaming completely changed the flours taste and smell without affecting
its colour. Flour obtained from steamed cotyledons was completely devoid of the
beamy flavour so typical for this species. Such results indicate possibilities of
applying faba bean as a protein rich food component and as a source of

high-quality protein preparates.

Table. Effect of steaming faba beans on organoleptic properties of flour

Colour Taste Odour
Flour . . . . .
points | description | points description | points | description
Non steamed 4.5 light beige 3.0 leguminous 2.5 leguminous
Steamed 110°C, 2 min 4.5 light beige 4.5 neutral 4.5 similar to
wheat flour

CONCLUSIONS

1. Hydrothermal treatment of faba bean cotyledons res-ult.s iq lgwer solubility
of nitrogen compounds (NSI) and in lower activity of trypsin inhibitors (TIA), the
temperature of steaming being of greater importance for these changes than the

time of steaming.
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2. A relation was found between the NSI coefficient decrease and changes in
the picture of protein bodies observed in a scanning electron microscope.

3. The steaming of faba bean cotyledons at optimal parameters (110°C, 2 min)
evidently improves the organoleptic properties of flour.
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Streszczenie

Dazac do poprawy jakosci preparatéw biatkowych otrzymywanych z nasion roslin stracz-
kowych, liscienie nasion bobiku odmiany Fribo poddano obrébce hydrotechnicznej w temp.100, 1 10,
i 120°C oraz czasie od 1 do 20 min w urzadzeniu fluidyzacyjnym.

Zastosowana obrobka hydrotermiczna zdecydowanie poprawita jakos¢ maki bobikowe;.
Ustalono wyrazne obnizenie aktywnosci inhibitorow trypsyny oraz poprawg cech organoleptycz-
nych, przede wszystkim smaku. Obnizenie si¢ aktywnosci inhibitorow trypsyny, podobnie jak
rozpuszczalnosci azotu bylo uzaleznione od zastosowanej temperatury oraz czasu jej oddziatywania.



Faba bean products, IV 169

Zaznaczyt si¢ wyrazniej wplyw temperatury, anizeli czasu na badane wyrdzniki jakosciowe. Na
przyktad inaktywacj¢ inhibitorow trypsyny do aktywnosci sladowej uzyskano poddajac liscienie
ogrzewaniu w temp. 110°C przez 10 min, natomiast ogrzewanie w temp. 100°C przez 20 min
spowodowalo spadek aktywnosci o 64%.

Wyniki analiz chemicznych znalazly potwierdzenie w obserwacji zmian struktury komorkowej
liscieni w skaningowym mikroskopie elektronowym. Spadkowi rozpuszczalnosci towarzyszyly
zmiany cial biatkowych i skrobi widoczne w mikroskopie. Nasilaty si¢ one w miar¢ podwyzszania
temperatury, badz tez wydtuzania czasu jej oddzialywania.

Na podstawie uzyskanych wynikow ustalono, ze temp. 110°C oddzialujaca na badany materiat
przez 2 min powodowala stosunkowo niewielkie zmiany denaturacyjne biatka oraz istotne obnizenie
aktywnosci inhibitorow trypsyny. Maka otrzymana przy zastosowaniu wymienionych parametrow
obrobki hydrotermicznej pozbawiona byla catkowicie grochowego smaku i zapachu, co rokuje
mozliwosci jej wszechstronnego zastosowania w Zywnosci.




