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SOME PHYSICAL PROPERTIES OF MASH BEAN (Phaseolus aureus L.)SEEDS CULTIVATED IN TURKEY
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ABSTRACT

The mash bean (Phaseolus aureus L.) seeds were analyzed for physical properties. Physical properties such as length,
width, thickness, weight, geometric mean diameter, sphericity, volume, thousand seed weight, bulk density, terminal velocity,
projected area and porosity were measured at four moisture content levels (6.66 %, 11.00 %, 15.24 % and 18.59 %). Also
the coefficient of static friction on iron sheet and galvanized iron sheet were determined. The values of length, width, thick-
ness, mass, geometric mean diameter, sphericity, volume, 1000 seed weight, bulk density, terminal velocity, projected area
and porosity were found as 4.45-4.95 mm, 3.84-4.00 mm, 3.81-4.08 mm, 0.048-0.070 g, 4.02-4.30 mm, 0.906-0.870, 30.37-
34.95 mm®, 49.2-60.1 g, 771.3-679.1 kg m>,6.22-6.54 ms™, 0.140-0.213 cm’ and 35.08- 47.1%, respectively. The coefficient
of static friction increased from 0.270 to 0.322 and 0.302 to 0.367 for galvanized iron sheet and iron sheet respectively.

Key words: mash bean, Phaseolus aureus, Leguminoseae, physical properties

TURKIYE’ DE TARIMI YAPILAN MAS FASULYESI (Phaseolus aureus L.) TOHUMLARININ BAZI FIZIKSEL
OZELLIKLERI

OZET

Bu calisma Mas fasulyesi tohumlarimin  fiziksel ézelliklerinin belirlenmesi i¢in yapilmistir. Dort nem seviyesinde(%
6.66, % 11.00, % 15.24 ve % 18.59) uzunluk, genislik, kalinlik, agirlik, geometrik ortalama ¢ap, kiiresellik, hacim, bin tane
agirligy, hacim agirligi, son hiz, projeksiyon alani ve porozite degerleri saptanmistiv. Ayrica ¢elik ve galvanizli sac levhalar-
da statik siirtiinme katsayist belirlenmistir. Nem seviyelerine bagl olarak, uzunluk, genislik, kalinlik, agirlik, geometrik orta-
lama ¢ap, kiiresellik, hacim, bin tane agirligi, hacim agirligi, son hiz, projeksiyon alani ve porozite degerleri sirasiyla 4.45-
4.95 mm, 3.84-4.00 mm, 3.81-4.08 mm, 0.048-0.070 g, 4.02-4.30 mm, 0.906-0.870, 30.37-34.95 mm’, 49.2-60.1 g, 771.3-
679.1 kg m?,6.22-6.54 ms™, 0.140-0.213 cm’ ve %35.08- 47.1 olarak bulunmustur. Statik siirtiinme katsayisi degerleri ise
galvanizli ve ¢elik sac levhalarda sirasiyla 0.270 ile 0.322 ve 0.302 ile 0.367 arasinda, nem seviyesine bagh olarak artmus-
tr.

Anahtar kelimeler: Mas fasulyesi, Phaseolus aureus , fiziksel ozellikler
Nomenclutare

L length of mash bean seed (mm) pi initial pressure (kg cm™)

W width of seed (mm) p.  final pressure (kg cm?)

T thickness of seed (mm) V,  terminal velocity of seed (ms™)
M weight of seed (g) P,  projected area of seed (cm?)

a sphercity of seed R’ determination coefficient

M,  moisture content of seed (%) d.b. vV volume (mm?®)

Mg thousand seed weight (g) € porosity of seeds (%)

o, bulk density of mash bean (kg m™) us  coefficient of static friction

INTRODUCTION

Phaseolus aureus (bundo, mongo, mash bean,
golden gram, green gram, lack gram, mungo bean,)
is a common food legume widely grown and eaten
throughout many parts of the world (Sing, 2000;
Kataria et al, 1989). Varieties of mash bean are
grown throughout Australia, China and USA
(Anonymous, 2003b). Mash bean is for mainly food
used as the sprouts. They are extensively used in
Oriental dishes (Anonymous, 2003a). It is erect
bushy annual widely cultivated in warm regions of
India and Indonesia and United States for forage

Whereas the physical properties of used equipment must
be known for plantation, harvesting, transportation, stor-
age and other processing of mash bean. The aim of this
work is to determine the proximate composition and
some physical properties such as projected area, bulk
density, grain density and dimensions.

MATERIAL AND METHODS
Seeds

Mash bean (Phaseolus aureus L.) seeds were ob-
tained from Karaman (Ermenek) in Turkey in September
2003 harvest season. The mash seeds were transported in

and especially its edible seeds. At the same time, it
is source of bean sprouts used in Chinese cookery
(Anonymous, 1998). Pressure cooking had a greater
effect than ordinary cooking. The physiological
actions of dietary fibre are likely based on its
physiological properties such as water and oil ca-
pacities (Leterme et al 1998; Lopez et al., 1997,
Oliveira et al.,1991; Betancur-Ancone et al.,2004).

No detailed study concerning physical proper-
ties of mash bean seeds have been reported hitherto.

polypropylene bags and held at room temperature. The
seeds were cleaned in an air screen cleaner to remove all
foreign matters such as dust, dirt, stones, immature and
damaged seeds and broken seeds. The initial moisture
content of seeds was determined by using a standard
method (Brusewitz, 1975). The remaining material was
packed in a 3000 ml hermetic glass vessel and kept in
cold storage until use.
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Physical properties

Mash bean (Phaseolus aureus L.) seed was
assessed at 6.66, 11.00, 15.24 and 18.59 % moisture
contents (d.b.) respectively, because the processing
with these products is usually carried out between
these moisture content values (Brusewitz,1975).
Samples were kept in the refrigerator for a week by
shaking at the internal periods. Then, the seeds
were kept at the room temperature for analyses, and
moisture content of samples was established.

All physical properties of mash bean have been
determined for 10 repetitions at the moisture con-
tent of 6.66, 11.00, 15.24 and 18.59 % respectively.

To determine the size of the grains, ten groups
of samples consisting of 100 grains have been se-
lected randomly. 10 grains have been taken from
each group and their linear dimensions - length,
width and thickness- and projected areas have been
measured. A micrometer was used for measuring
linear dimensions with an accuracy of 0.01mm.

Projected area of grains was determined by us-
ing a digital camera (Kodak DC 240) and Sigma
Scan Pro 5 program (Trooien & Heerman, 1992;
Ayata, Yal¢in & Kirisei, 1997).

The weight of grains and a thousand grain
weight were measured by an electronic balance
with an accuracy of 0.001g. To evaluate 1000 grain
weight, 100 randomly selected grains from the bulk
were averaged.

Geometric mean diameter (Dg), sphericity (O)
and seed volume (V) values were found using the
following formula; (Mohsenin 1970; Jain & Bal
1997)

D, = (LWT)**>

0 =AW B/L

V=r B’ L’ /6(2L-B)
Where B=(WT)"?

The bulk density (p,) was determined with a
weight per hectoliter tester which was calibrated in
kg per hectoliter (Desphande, Bal & Ojha, 1993;
Suthar & Das 1996; Jain & Bal 1997). The grains
were removed by a strike off stick. The grains were
not compacted in any way.

The porosity of the bulk (g) at different
moisture contents were measured using a porosity
device (Day, 1964; Carman, 1996). It consists of
two identical tanks, one containing air under pres-
sure (p;) and the other one containing the samples
of seed. When the valve between the two tanks
opened, the air pressure in the two tanks equalized
to a value p,. Porosity was calculated from the
following equation;

€= [(prp2)/p21*100

The terminal velocities of mash bean seed at
different moisture content were measured using an

air column. For each test, a sample was dropped into the
air stream from the top of the air column, up which air
was blown to suspend the material in the air stream. The
air velocity near the location of the grain suspension was
measured by electronic anemometer having a least count
of 0.1 m s (Joshi, Das & Mukherji, 1993; Hauhout-
O’hara et al., 2000).

The coefficient of static friction was measured by
using iron sheet and galvanized iron sheet surfaces. For
this measurement one end of the friction surface is at-
tached to an endless screw. The grain was placed on the
surface and it was gradually raised by the screw. Vertical
and horizontal height values were read from the ruler
when the grain started sliding over the surface, then
using the tangent value of that angle the coefficient of
static friction was found. Baryeh (2001), Dutta, Nema &
Bhardwaj (1988), Suthar and Das (1996) have used simi-
lar methods.

Randomized plots of factorial experimental design
was used for the data analyse (Minitab, 1991).

RESULT AND DISCUSSION
Mash bean seeds dimensions and mass distribution

Some properties of mash bean seeds at 6.66 %,
11.00 %, 15.24 % and 18.59 % moisture content were
given in Table 1. Distribution percentage of seeds di-
mension properties are given in Fig 1.

Table 1. Some properties of mash bean seeds at different
moisture contents d.b. %.

Properties 6.66 11.00 15.24 18.59

Mass (g) 0.048+0.001 0.056+0.001 0.068+0.001 0.070+0.001
Length (mm) 4.4540.041 4.69+0.047 4.86+0.030 4.95+0.032
Width (mm) 3.8440.026 3.93+0.021 4.00£0.020 3.94+0.027
Thickness (mm) ~ 3.814£0.028 3.9540.024 4.02+0.027 4.0820.027
Geometric mean .0 077 4.1740.025 427+0.024 4.30+0.022

diameter (mm)
Sphericity (-)
Volume (mm?®)

0.906+0.005 0.893+0.004 0.880+0.004 0.870+0.004
30.37+0.597 32.79+0.557 34.73+0.652 34.954+0.587

Percentage (%)

Fig 1. Distribution percentage of curves of length, width,
thickness and weight measuring of mash bean seed
at the moisture content 6.66% d.b.
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87 % of mash bean seeds have a mass ranging
from 0.04 g to 0.06 g, 90 % of mash bean seeds
have a length from 3.74 mm to 5.03 mm, 87 % of
mash bean seeds have a width from 3.22 mm to
421 mm and 88 % of mash bean seeds have a
thickness from 3.25 mm to 4.12 mm at a moisture
content of 6.66 %.

The values (except for sphericity ) given in
Table 1 increased by the increase of moisture con-
tent. The reasons for this increase were probably
due to some tiny air voids on the seeds. Similar
results were found by Desphande et al. (1993) for
soyabeans; Baryeh (2001) for Bambara graundnuts
and Gezer ef al. (2002) for apricot pits and kernels.
But, sphericity value decreased with respect to
moisture content. Baryeh (2001) reported that
sphericity values of Bambara groundnuts at the 5%
and 35% moisture content were determined as
0.895 and 0.840, respectively.

The correlation coefficients show that the L/7,
L/W and L/M rations were found highly significant
(Table 2). The relationships between length, width,
thickness and weight were given by the following
equation.

L=1.159%xW =1.168xT = 92.708xM

Similar results were reported by Haciseferogul-
lar1 et.al (2003), Gezer et al. (2002), Demir et al.
(2002) Carman (1996) and Joshi et al. (1993).

Table 2. The correlation coefficient between some
physical properties of mash been seeds

Particulars ~ Ratio Degree of Correlation
freedom  coefficient
(r)
LT 1.168 98 0.474%*
L'w 1.159 98 0.517**
L/M 92.71 98 0.733%*

(< %)
Thousand seed weight

The thousand seed weight values of mash bean
seeds at moisture contents of 6.66 % and 18.59 %
varied from 49.2 to 60.1 g (Figure 2).
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Fig. 2. Seed versus moisture content

An increasing relationship was found between 1000
seed weight and moisture content in mash bean seeds.
The equations are as follows;

M 000 = 41.81+0.9934 M. (R? = 0.947)

Similar results were found by Desphande et al.
(1993) for soybeans; Singh & Goswami (1996) for
cumin seeds and Ogiit (1998) for lupin seeds.

Bulk density

The bulk density values of mash bean seeds at mois-
ture contents of 6.66 % and 18.59 % varied between
771.3 and 679.1 kg m™ (Figure 3). The relationship be-
tween bulk density of mash bean seeds and moisture
content was found as follows;

0, =82726-79733 Mc (R’ =-0.992)

g

g
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Fig. 3. Bulk density variation with moisture content

As the moisture content increased, the bulk density
values decreased. Carman (1996) for lentil seeds and
Desphande et al. (1993) for soybean had found similar
results. These changes are probably due to the structural
properties of the grains.

Porosity

The variations of porosity values depending on
moisture content in mash bean seeds were shown in
Figure 4. The porosity values of mash bean seeds at
moisture contents of 6.66 and 18.59 % varied between
35.01 % and 47.1 %. The relationship between porosity
value and moisture content was found;

£=28247+1.0258 M, (R’ =0.998)
50 -
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Fig. 4. Porosity variation with moisture content
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Gupta & Das, (1997) for sunflower, Carman
(1996) for lentil and Singh & Goswami (1996) for
cumin seeds stated that as the moisture content
increased so the porosity value increased.

Projected area

Projected areas values of mash bean seeds at
moisture contents of 6.66 and 18.59 % varied from
0.140 to 0.213 cm’ (Fig.5).
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Fig.5. Projected area variation with moisture con-
tent

As moisture content increased, so did the pro-
jected areas. The relationship between projected
area and moisture content of mash bean seeds was
found as follows;

P,=0.102+0.0064 M. (R’ =0.939)

Desphande et al., (1993) for soybean, Carman,
(1996) for lentil, Ogiit, (1998) for lupin have found
similar results.

Terminal velocity

Terminal velocities values of mash bean seeds
at moisture contents of 6.66 and 18.59 % varied
between 6.22 and 6.54 ms” (Figure 6). The rela-
tionship between terminal velocity and moisture
content was found as the following:

V,=6.0398 +0.0253 M, (R’ = 0.945)
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Fig.6. Terminal velocity variation with moisture
content

As the moisture content of grains increased,
so the values of terminal velocity increased. Rama-

krishna, (1986) for melon, Joshi et al., (1993) for pump-
kin and Carman, (1996) for lentil found similar results.

Coefficient of static friction

The variation of the coefficient of static friction with
moisture content in mash bean seeds is given in Figure 7,
for iron sheet and galvanized iron sheets. It can be seen
from the figure 7 that the coefficient of static friction
values on an iron sheet and one galvanized iron sheet
increased with the increase of moisture content. The
coefficient of static friction increased from 0.270 to
0.322 and from 0.302 to 0.367 for galvanized iron sheet
and iron sheet respectively. This relationship was found
as follows;

1t = 0.2587 +0.0054 M, (R> = 0.912) (for iron sheet)

U = 0.2391 + 0.0043 M, (R* = 0.989) (for galvanized iron
sheet)
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Fig. 7. Coefficient of static friction versus to moisture
content (0, Galvanized iron sheet; A, iron sheet).

Joshi et al. (1993); Tsang-Mui- Chung,Verma &
Wright, (1984); Carman (1996) and Ogiit (1998) re-
ported that as the moisture content increased so the coef-
ficient of static friction increased.

CONCLUSIONS

a. All the dimensions of the mash bean seed,
width, thickness, mass, geometric mean diame-
ter increase with increase in moisture content.

b. The 1000 seed weight increases linearly with
increase moisture content.

c. Sphericity decreases non-linearly with increase
in moisture content.

d. The porosity increases with increases in mois-
ture content

e. Bulk density decreases with increase in mois-
ture content.

f. Coefficient of static friction is highest for iron
sheet and galvanized iron sheet, in descending
order.
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