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EFFECT OF STORING TEMPERATURE AND MIXING OF DRY
AND WET FABA BEANS ON EQUILIBRIUM MOISTURE

T.H. Ghanem* and LS. El-Soaly*
ABSTRACT

*  The main purpose of this work was to study the moisture migration from the
wet to the dry Faba bean grains, at different storage conditions, such as storage time,
temperature and disturbing the grains. Three different storage temperatures were
studied that approximately similar to ambient air temperatures during harvesting and
siorage seasons namely 28 , 36 and 44 °C .The results show that the process of
adsorption and desorption in mixture was very rapid during the first three days . As
the storing temperature increases the required time to reach the equilibrium moisture
content decreases. Disturbing grains hastened the moisture migration from the wet to
the dry grains.
INTRODUCTION

Blending is an expression used in the grain trade for the practice of mixing
grains at different moisture confents to obtain a mixture having an intermediate
moisture content. In some practices, where, the moisture of grains is important {lor
example in transporting and storage), the moisture content is greatly affected by
temperature. Blending grains at different moisture contents is commonty used in such
processes. Hall (1980) reported that the equilibrium moisture content 15 di‘rectly
related to the drying and storing of farm crops. The egquilibrium moisture content is
used to determine whether a product will gain or loss moisture under a given set of air
temperature and air relative humidity conditions, Flood and White (1984), Labuza et
al (1985), Sokhansanj et ai (1986), Banasazek{1990), Fasina (1992), Lamond and
Grham(1993), Ghanem(1998) and Ghanem and Ei-Soaley (1999} studied equilibrium
moisture content of agricultural products as affected by different air temperatures and
air relative humidity conditions . Fisher and Jones (1939) reported that it wasa
common practice to partially dry excessively damp wheat by mixing with dry wheat

and ailowing the mixture to tie for a convenient length of time .
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Hart (1964) reported that liquid diffusion across grain kernel has an effect on
moisture migration inthe stored grain . The driving force for diffusion of moisture
is said to be slowly dependent on grain moisture content . Hemeda et al. (1985)
studied some factors affecting the blending of dry and wet cormn . They concluded that
the moisture interchange between the wet and dry grains was very rapid during the
first two days , while no significant change occurred after the forth day . The
disturbed treatment reaches the equilibrum faster than the undisturbed . They also
stated that as the temperature of corn increased , the difference in moisture content at
equilibrium and time required to reach equilibrium decreased . Hemeda and Abd El-
Wahab (1994) studied the moisture migration between mixtures of wet and dry wheat
grains, at different storage conditions, as storage time, temperature and disturbing the
grains . The results showed that the process of adsorption and desorption in mixture
was very rapid during the first day. As the storing temperature increases the required
time to reach the equilibrium moisture content decreases . Disturbing grains hastened
the moisture migration among the wet and dry érains )

The objective of this study is to investigate the relationship of moisture
movement among a bilend of wet and dry faba beans at different storage conditions ,
such as storage time and temperature and to study the effect of disturbing the blend on
the moisture migration between the wet and dry faba beans , where producers , some
times , harvest faba beans at different moisture contents .

MATERIALS AND METHODS

In the present work Faba beans were manuaily graded and cleaned . A portion
of faba beans was rehydrated till its moisture content was 25% . Another portion was
over dried at 100 °C till its moisture content was 6 % . The portion of over dried faba
beans was slashed by car paint from one side to allow moisture migration without
obstacle .The following relation was used for estimating the quantities of dried and
rehydrated grains to prepare the mix of samples to reach the equilibrium moisture
content (10 %) .
C0.10(x+y) =0.25y+0.06 x
where :

x : weight of dried faba beans at moisture content of 6 % , gram . -

y : weight of rehydrated faba beans at moisture content of 25 %, gram .

When the wet grains (y)is equal to 100 g the calculated dried faba beans (x)

required to be mixed is 375 g. Three mixed sampies were prepared and individually
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put in double polyethylene bags , and stored at three different temperatures of , 28, 36
and 44 °C respectively and they were disturbed continuously . Three other samples
each of them was prepared of wet and dried faba beans were also stored at 28 |, 36 and
44 °C respectively without blending . For the determination’ of moisture content
samples of 2 to 3 grams were grinded and oven dried for one hourat 130°C.
Samples were weighted using Sartorious electrical balance, made in Japan of accuracy
0.0001 g . For determining the drying constant ( k ), for all treatments the relations
that-used by Hemada et al (1994) and many other researchers were employed :

a- For the desorbing moisture :

MR = (M-Mo/ (Mo~M,) =e™ )
b) For the adsorbing moisture :

MR = MeMY/ (M, -M,) =e™ - )
Where :

M : Moisture content of grain at any time, % .

M, : [nitial moisture content, % .

M, : Equilibrium moisture content, % .

t : Elapsed time Hours .

k : Is the drying constant , h™' .

RESULTS AND DISCUSSIONS
Moisture content for mixed and disturbed grains as affected by elapsed time

and temperatures were studied . Three different storage tempérarures namely : 28 | 36
and 44 °C were studied as shown in Fig.( 1). Results showed that as the storing
temperature increases the required time to reach the equilibrium moisture content
decreases and also disturbing grains hastened the moisture migration from the wet to
the dry grains . At storing temperature of 28 °C eight day swere required to reach the
equilibrium moisture content, while, at storing temperatures , of 36 and 44 °C three
to four days were required for mixed and disturbed grains to reach the equilibrium
moisture content . Moisture adsorption data for grains as affected by elapsed time and
temperatures are plotted in Fig.(2) . Results showed that as the storing temperature
increases the required time to reach the equilibrium moisture content decreases . At
storing temperature of 28 °C eight to nine days were required to reach the
equilibrium moisture content and as the storing temperature increases to 36 °C and 44

°C four days were required for bone dried grains to reach the equilibrium moisture
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content . Fig.(3) shows also desorption of moisture content through grains . Itis ’
clearly revealed that as the storing temperature is increased the required time to reach
the equilibrium moisture content decreased. Six days were required to reach the
equilibrium moisture content .Fig. (1), (2) and (3) showed that after the first two days
or 50 hours the difference between the grains moisture contents and the equilibrium
moisture content of the mixed and disturbed grains at 36 and 44 °C were 0.67 %,
0.55% compared to 0.69 %, 0.86 % for the dry beans and 4.1% , 3.73 % for the wet
beans respectively . At the storing temperature of 28 °C the difference between the
grains moisture contents and the equilibrium moisture content were 1.95 %, 2.43 %
and 6.32 % for mixed , dry and wet beans respectively . Fig. (4), (5) and (6) showed
simultaneous desorption and adsorption process for blending ,wet and dry grains at
constant storing temperatures , as affected by elapsed time . Regression analysis was
employed to test and estimate the experimental data , Table(1) showed calculated
drying constant values using the conventional empirical equations (1) and(2) .

Table(1):values of drying constant (k) for mixed , desorption and adsorption processes .

Treatment Mixed and disturbed Dry beans Wet beans
Temperaiur (desorption&adsorption) (adsorption) desorption

28°C 0.013 0.0229 0.018
36°C 0.044 0.040 0.027
4°C 0.048 0.023 0.029

SUMMARY AND CONCLUSION

In some practices, where, the moisture of grains is important (for example in
transporting and storage), the moisture content is greatly affected by temperature .
Blending grains at different moisture contents is commonly used in such processes.
Mixing , wet and dry samples of faba beans at three different storing temperatures
namely : 28 , 36 and 44 °C were studied to investigate the relationship of moisture
movement among a mixture of wet (25 % moisture content) and dry faba beans (6 %
moisiure content )} at different storage conditions , such as storage time , temperature.
Also to study the effect of disturbing the mixture on the moisture migration between
the wet and the dry faba beans , where producers sometimes harvest faba beans at
different moisture contents .

From the previous work we can concluded that :
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Fig(3)Moisture desorption of wet faba beans as affected by
elapsed time at different storage temperatures,
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Fig.(1):Moisture content for mixed and disturbed faba beans at
different storage temperatures as affected by elapsed time .
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Fig.(2) Moisture adsorption as affected by elapsed time at
different storage temperatures for dry faba beans.
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~  Fig.(4) Moisture content as affected by elapsed time for mixed -
<7 and disturbed ,dry and wet Faba beans at 28 °C.
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Fig.(5):Moisture content as affected by elapsed time for mixed and
disturbed ,dry and wet faba beans at storage teperature of 36 °C.
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Fig.(6):Moisture content as affected by elapsed time for mixed and
disturbed faba beans at storage temperature of 44 °C.
312 Thel " Annual Conference of the Misr

Society of Ag. Ang ., 16 -17 Oct, 2002



1. The process of adsorption and desorption in grains was very rapid particularly
for mixed grains within the first two days .

2. As the storing temperature increases the required time for grains to reach
equilibrium moisture content decreases .

3. Disturbing the grains hastend the moisture migration among the dry and wet
grains, and reached the equilibrium moisture content at a short time compared
with undisturbed grains .

- REFERENCES

Banazek ,T.J .1990.Absorption equilibrum moisture contents of long-grain rough
rice. Trans. of the ASAE 33 (1): 247 -252.

Fasina ,0.0 .1992.Hygroscopic moisture absorption by alfalfa cubes and Pellets .
Trans. of the ASAE 35 (5): 1615-1619.

Fisher,E.A.,and CR.Jones . 1973 . Notes on moisture interchange in mixed wheats ,
with observations on the rate of absorption of moisture by wheat. The
Research Assoc. of British flow miller . st Albans, En. England : 582 - 872
(C.f. Hemeda et al.1985).

Flood ,A.C, White,G.M .1984 Desorption equilibrium moisture relationships for
popcorn . Trans. of the ASAE 35 (5): 561-571.

Ghanem ,T .H. 1998.Solar energy utilization ,specifically on drying or sterilization
of animal manure under Egyptian conditions for use as protein supplement in
animal feed . PhD.Th. , Fac. of Agric. Al-Azhar . U.:95-99.

Ghanem ,T H . and El-soaly, [.S.1999. Desorption equilibrium moisture content
relationship for okra as affected by ambient air temperature and relative
humidity . The 7 th conference of Misr Society of Agr. Eng., 27-28 QOctober .

Hall, C.W,.1980 .Drying and storage of agricuitural crops. The AVI Publishing
Inc. Westport, Connecticut U.S.A .:291-308 .

Hart,JR. 1964 Hysteresis effects in mixtures of wheat taking from §arnplcs but
having diierent moisture contents . Cerial Chm,, 41:340-350.

Hemeda, M.A.: Shoukr, A.Z, and Wahby , M.F.1985. A study of some factors
affecting the blending of wet and d.ry corn . Misr J. Agr. Eng. 2(3) : 82-93 .

Hemeda, M.A.and Abd El-Wahab, M. K.1994 . Effect of storing a mixture of wet
and dry wheat on the equilibrium moisture content . 11(3) : 615-625,

Labuza T.P., Kaanane, A.,and Chen , J.Y. 1985 . Effect of temperature on
moisture sorption isotherms and water activity shift of two dehydrated
foods. I. of Food Sc. Vol. 50 ; 385-387. US.A.

Lamond, and W.J,Grham , R.1993. The relationship between the equilibnum
moisture content of grass mixture and the temperature and relative Humidity
of the air. J.Agric. Eng. Research . Vol 56, 327-335 . U.5.A.

Sokhansaj , S.W. Zhijie , D. Jayes ,and Kaneoka, T. 1986 .Equilibrium relative
humidity - moisture content of rapeseed (concola) from S oC to 25 oC.
Trans. of the ASAE 29 (3): 837 - 83%.

Thel 0™ Annual Conference of the Misr ' 313
Society of Ag. Ang., 1617 Oct, 2002



Cilad (sl Jgdl Lalh g A0 B loa ke s
A gl s giaad e ol g
* el i paal b [ " sl g (3 0/
SRR LRI ICIAL P BPP-SOUFR T COU IR B A LR PR Y.

e gt 2l JilS Chags 45 gl 4y gha ) Db giaay i pall Jpolas das o Jid
ol Jpill aga hala Sililee Al 0 ) Caall Chgs e Sbaad! cl gl b i
G o) b Jail Gy (A (%0 N sl G staa) B g Slialy )y Lalas il
Aol p S, % Ve sk siae L ge) ey dymanll (% Yo gk,
ol i il 8y L ol 5 gl gle oD pe y D Cilee

(i ol aaiadt ) Jo il i iy o cayind o Tapha s o Rlee )

- e dal B Adle Aoy S

skl —Tadll (N Jgea gl Ao o ash 5 0 3800 3 o Ao 50 Camdi ) LS LY

bl
o O 03 AR G (sl (5 sinall B gyl (b 3ol T gliall ol T

P S TRV

A9 Analared )3 K8 — T Taigh et
314 Theld™ Annual Conference of the Misr
Society of Ag. Ang., 16 =17 Oct , 2002





