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Abstract

An experiment was conducted to evaluate the efficiency of stor-
ing faba beans in underground pits . The results obtained revealed an in-
crease in CO, concentration in the different heights of the pit; This was
attributed to respiration of faba bean embryos and the accompanied mi-
croorganisms. This method of storage had arrested initial infestation
with bruchid beetles (3%) and prevented further develpment of insects.
The respiration process caused an increase in the concentration of Co,
on the expense of 02 concentration.

Storage of faba bean seeds in the underground pit for a period of
8.5 months did not affect the germinative capacity . There was an obvi-
ous increase in the moisture content of stored faba bean seeds.

The testa of the seed remained white instead of tuming brown as
in the case of beans stored in the light and exposed to air and sun .

The hectolitre weight of the seeds, cooking time and percentage
of stewing were not affected . The water absorption of stewed bean
seeds and the total solids increased markedly, while viscosity and amy-
lose percent decreased.

There was an increase in reduced sugars, a decrease in non- re-
duced sugars and no change was observed in total sugars. The effect
on total protein and totla lipids was negligible. ¢

INTRODUCTION

The experiment was conducted in Barheem village (Menoufia Governorate )
which is the only village where faba beans (Vicia faba L.) is stored on a commerical
basis in underground pits. The purpose of such experiment was to evaluate the feasi-
bility of underground storage as a protective method for faba beans. Several points
were studied. These were : the effect of storage on insect infestation , germination
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of seeds, moisture content of grains , grain technology and grain chemical composi-

tion.

MATERIALS AND METHODS

The pit was nearly conical, of about three meters in bottom diameter and two
meters high with a flat bottom. Through one hole of one meter diameter and two me-
ters depth at the top, grain can be either introduced or removed. The pit was exca-
vated in the soil, with the floor and sides well pressed and smoothed. As the pit was
filled, the bottom and walls were lined with faba bean straw or fenugreek
(Trigonella foenum graecum) straw. Gas sampling connections (copper tubes) were
fixed at three levels near the bottom, in the middle , and near the top of the seed.
The copper tubes were ended with a rubber connection with a clip to make it tight.
After complete filling, the hole at the top was covered and sealed with mud. The
ends of the sampling connections were also covered with mud near the surface.

To study the changes of CO, concentration in the intergranular spaces, sam-
pling was undertaken using a gas tight syringe (100ml capacity). The syringe was
adapted for sampling from the copper tubes that were inserted at the three heights
of the pit. Accurate samples of air of known volume under atomspheric pressure
were taken one from each copper tube, and CO, was analysed for each tube individu-
ally.

Carbon dioxide concentration was determined using the titrimetric method . A
conical flask was designed to be convenient for this method of analysis . A quantity
of 25ml of barium hydroxide (0.025 N) was placed in the conical , 2-3 drops of phe-
nolphthalene indicator plus 1 mi of butanol.

The sample was injected under the surface of the solution. After injection, an-
other 10ml of the air was injected through the capillary tube to expell all CO, under
the solution. The rate of CO, sample injection was made very slow to ensure com-
plete reaction (Sml minute) . The solution was shaken for about 15 minutes and then
titrated against Oxalic acid ( 0.01 N). A blank was conducted using space air.

The effect on insect infestation was determined before and after storage by
testing faba bean random samples against tinfestation with pulse beetles.

The effect on the germinative capacity of seeds was studied by taking ran-
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domly 4 replicates of 100 seeds each before and after storage (Abrol and Mackay,
1980).

Each replicate was planted on surface layer of sand, moistened to 50% of its
water holding capacity, in an aluminium dish of 150 mm. diameter. After planting,
the seeds were covered by 13 mm. of sand of the same moisture content and the
dish covered with a flat aluminium plate. After incubation for a further four days at
18°C ., seedlings were evaluated according to International Rules.

Samples of soil, from the pit walls and floor , samples of faba bean straw and
fenugreek straw and samples of faba bean seeds, were taken before and after stor-
age to determine their moisture contents. The determination of moisture contents
was achieved by using the air -draft oven method specified in the A.0.A.C. (1970).

The hectolitre weight was determined according to the method described by
the Cereal Laboratory Methods (1962).

Cooking quality test was perfomed by placing a sample of ten seeds of known
weight (A) in a carbohydrate tube. Fifty cubic centimeters of distilled water were
then added . Afterwards, the tubes were placed in an autoclave under 1.5 K/c2
pressure for the periods 1.25, 1.50 and 1.75 hr. Finally , the tubes were taken out
of the autoclave at the time when the stewing percentage reached 100% . The stew-
ing liquor is separated by filtration and evaporated to calculate total soilds (B). The
stewed seeds were then weighed (C). Absorption rate is calculated from the follow-

ing equation :

C - (A-B)
=X

Absorption rate = 100
(A-B)

Viscosity of cooking liquor was studied by the method reported by Meyers and
Smith (1952) . A sample of cooking liquor of stewed bean seeds (10 cc) was accu-
rately introduced through Ostwald viscometer. The relative viscosity (u,) was cal-
culated from the following equation up = tg/t

when p, = relative viscosity, ts = time of flow of cooking
Liquor, and t,, = time of flow of water.

Amylose content was determined in stewed bean seeds using the method ad-
poted by Juliano (1971) .

Water soluble protein fraction was prepared according to the method adopted
by El-Dash and Jonson (1967).
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Extraction of soluble sugars and determination of reduced, non -reduced and
total sugars were performed according to the technique adopted by Shaffer and
Hartman (1921).

Crude protein was determined by the microkjeldahl methoc_i outlined in the Ce-
real Laboratory Methods (A.A.C.C., 1962).

The total lipid content of the samples was determined according to the meth-
ods of A.0.C.S. (1955).

RESULTS AND DISCUSSION

Table 1 shows the mean % concentrations of CO, build up in the underground
pit during the storage of bean seeds up to 8.5 months. This increment of CO, concen-
trations might be due to the respiration of the bean seeds' embryos and the accom-
panied microorganisms. A slight increase in CO, concentrations occurred in the dif-
ferent heights of the pit throughout the storz:lge period. This is an expected result
when storing dry seeds (10.4 % m.c.) , where the respiration is relatively low.
Hyde and Oxley (1960) mentioned that with grain of less than 14 % m.c. , the rate
of respiration was slow, the carbon dioxide concentration being only about 2% after
18 months of storage. As long as oxygen remained, the apparent respiratory quo-
tient was consistently between 0.6 and 0.7 whatever the moisture content of the
seed.

Table 1. Percentages of CO2 concentration in the underground pit during storage of
faba beans up to 8.5 months.

Storage 15 35 51 67 82 137 189 235
time level days days days days days days days days
Upper 0.8 1.6 2.2 3.1 4.0 4.9 S.3 6.1
Middle 1.4 1.5 2.0 3.4 4.3 4.9 5.3 6.5
Lower 0.6 1.7 2.1 3.5 4.8 4.8 5.4 6.5
Mean 0.9 1.6 2.2 3.3 4.4 4.9 5.3 6.4
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The initial infestation of faba beans with bruchid beetles was 3% . This per-
centage was not changed even after 8.5:months of storage in the underground pit.
This could be attributed to the fact that storage of dry seed in underground pit had
resulted in a low increase in the concentration of €O, which did not exceed 6.5 %,
meanwhile depletion of oxygen remained the principal factor for limiting insect de-

velopment.

The storage of faba bean seeds in the underground pit for a period of 8.5 mo-
nths did not affect significantly the germinative capacity of beans . The percentage
of germination was 97 % and 95% before and after storage, respectively.

The increase in soil moisture content either in floor or in walls of the pit was
the highest (Table 2) , which could be due to infiltration of water. The increase in
moisture content of faba bean and fenugreek straw was intermediate, and this in-
crease in moisture was absorbed from the moisture content of the enclosed soil. The
increase in faba bean moisture was relatively low and could be attributed to the
equilibrium of its moisture with the relative humidity of air atmosphere in the pit
which became higher after storage.

Table 2. Percentages of Moisture content of pit walls , pit floor, fenugreek straw ,
faba bean straw and faba bean seeds before and after storage in the under-

ground pit.
Moisture contents of
Pit walls Pit floor | Fenugreek | Faba bean | Faba bean
straw straw seeds
Before 24.5 22.4 6.8 6.3 10.4
Storage
After 28.0 23.0 14.6 21.0 11.8
storage

Data shown in Table 3 indicate that storage of bean seeds in underground pits
for 8.5 monts has no effect on the hectolitre , cooking time and percentage of stew-
ing but the water obsorption of stewed bean seeds increased markedly . Data in table
3 also show that the total solids behaved in complete accordance with water absorp-
tion. This is due to the bounding chemical constituents of solids in the cooked beans .
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Also, the viscosity decreased under the condition of underground pit storage. Con-
cerning amylose percentage, a noticeable ‘decrease in the amylose content of starch
was observed. This decrease in the optical density {0.D.) of starch refers only to
the change in special relation-ships of such molecules that lead to a variation of the
affinity of such molecules to absorb iodine. A slight decrease in the protein fraction
was noticed (Table 3). This decrease was due to an alteration in the colloidal nature

of the protein matrix when associated with starch molecules through coacervates in

Table 3. Percentages of Chemical constituents of faba bean stored in underground pit
for 8 months and 15 days.

Hoctoliti | Cooking | Stewing | Water | Total Protein
cweight| time % absorpti| solids | Viscoity | Amylose| fraction
(9) (min) on %

Before 172.2 |90 100 155 8.42 |0.1320|35.2 |4.80
Storage

After 174.6 |90 100 178 14.55 [0.0722]23.4 4.71
storage

the acidic pH of CO,.

Data presented in Table 4 show a slight increase in the total protein of bean
seeds after 8.5 months of underground pit storage. This had showed that storage has
no effect on the total protein of bean seeds. The percentage of lipid content of bean
seeds varied only from 1.6% to 1.8%. This is in agreement with Nikitinski (1955) ,

Table 4. Percentages of Chemical constituents of faba bean stored in un-
derground pit for 8 months and 15 days.

Total Lipids Reduced | Non-reduced
protein sugars sugar
Before 24.5 22.4 6.8 6.3
Storage
After 28.0 23.0 14.6 21.0
storage
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Oxley and Hyde (1955) and Shvetsova and Sosedev (1958) who found that the her-
metic storage of grains having a moisture content below 16% unaltered the chemical
properties of the stored grain. They also showed that there was virtually no change

in protein content or total nitrogen of seeds.

After 8.5 months of storage in underground pit, the reduced sugars increased
(Table 4). This increase may be interpreted by the degradation of carbohydrates into
reduced sugars during the respiratory process. The non-reduced sugars of bean
seeds decreased after 8.5 months of underground pit storage (Table 4). These re-
sults are in agreement with the findings of Nikitinski (1955) , Oxley and Hyde
(1955) and Shvetsova and Sosedov (1958) who indicated that the main changes in
seed contents were the increase in reduced sugars and the decrease in non-reduced
sugars. Also, Shoji and Takasuke (1980) found that the CO,- filled package demon-
strated a significant increase in the reduced sugar content of seeds.
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