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Abstract: The effects of mineral composition on the cooking quality {texture and
cooking time) of bean {Phaseolus vulgaris L.} varieties were investigated. A
positive correlation was found between cocking time and mineral {caicium,
magnesium, potassium) composition. Cooking time was found o decrease with an
increase in water hydration capacity. Hardness of cooked beans, measured using a
texture analyzer, was negatively correiated with both seed magss and water
hydration capacity. Hardness aiso correlated positively with unhydrated seeds and
Ca, Mg and K cations in bean seed. Ca, Mg and K are the principal cations which
prevent water permeation info bean and have effects on cocking qualities of the
tested bean samples. They have revealed a direct relationship with hardness.
These caticns of the bean depend on the soil composition where the beans are
grown. Hence, for a given variety, soil composition determines mineral com_  tion
of bean which in turn determines important characteristics like cooking time and
hardness. it was alsc indicated that, haricot bean seed mass {g/100seeds) had a
significant (P< 0.05} effect on swelhng capacity and cooking quality of beans.
Beans with iower vaiues in seed mass exhibited higher swelling and water hydration
capacity, shorter cooking tin  and softer texture after cooking. Among the tested
samples, Awash, Mexican Roba and Tabor varieties exhibit goocd grain quality due
to their cooking characteristic, physicochemical properties and cooked bean texture.

Key words: Cooking quality, Cooking time, Ethiopia, Haricot bean, Minerat
curmnposition, Phasecius vui~—-s, Texiure

introduction
Food legumes are potentiai sources of several imporiant nutnienis. Legumes
sonsidered as underpriviieged man’'s meat, are gererally good sources of orotein,
netary fiber and starch (Perla =2 24, 2003). Amongst the commenly consumad faed
egumes, haricot beans {Phaseoiys vuigans L.} occupy an imporiant place i numan

~utrition in Ethiopia. They not oniy add 10 varsty . the numan diet bul also serve as

an econamical source of suppiemariary oroiem especEaiiv m he East ang Grest
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Statistical analyses
Daty were anaiyzed by anatysis of variance {ANOV AL The Duncan multipie range tests
were used {6 separate means and significance was accepled at 2< §.05.
Results and Discussion
Physicochemical properties

General characternistics and physicochemical properties such as seed density, seed

mass, hydration capacity, hydration index, sweliing capacity, swelling index,

nydration coefficient, swelling coefficient and cooking i s of dry
beans are presented in Table 1 and Table 2. Density s of dry
bean varied from 1.18 to 1.34 g/mi, the highest being : lowest
being in Gobirasha. Mexican had a significantly (P < 0 foilowec

by Awash, Tabor and Besnbesh. Roba and Tabor, Awas: aiu wicacar: nad simiiar

density values.

Hydration capacity (g/seed) ranged from G.08 to C. n
vaneties {Taodle 2). Gofia had the minimum. whe m
nydrati, capacily. Awash variely alsc had the highest hydration  tex followes Sy

i oxicen and Tabor Gofta. having the lowest hydration capacity aisc had the

~imuam nydration inagex. Sweliing capacity did e
v~riehes inoa similar manner ¢f hydration capacity. i
index had a similar rend for a specified vanety amon G
the nighest hydration capacity, hydraton index, swe X,

avaraton coefficient and swelling coefficient. Hence, it wouid require ‘ess ooChTg

tme. which is usaful for saving fuel energy.

Unnydraed seeds (nard or non - sczkars) percentage among the eiant vaneties of

nean vared from 1.52 to 40 33 {Tabie 3} the highest being 1 Gofta and the iowes:

DEINY 11 AWASH. T e aumber of uniny ter s NG 'S aisu an ngicanorn

rai2d 38e0s 3

jon

for their resoective cooking time. Tha hgn differance in unhydratea seeds among

vaiielic: ::eariy agicaes e vanstos in yaTancy f""'CW Denwvaen VLI
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Based on these results, differences in cooking quality between the bean varieties
are non-marginal. Unhydrated seeds are undesirable, and would increase cocking
time whnich in turn increases fuel and energy consumption. Ner-soaked
{unhydrated) seeds correlated negatively with water absorbed ana positively

correlated with cooking time.

Table 1. Generai characteristics of haricot bean varieties

Seed mass® S o
Seed density Seed

Varieties Type Origin {g/1006 o . Aspect
ig/mi} size”
seeds)
Roba Food CIAT 18.98 £ 0.01 1.256+0.01 Smail Elengated
Gobirasha  Food CIAT 4394000 1182004 lLarge Flongated
Beshbesh Food CIAT 19.35 + 0.01 122+ 0.00 Small Round
3ofta Feod CIAT 31212000 1.18£00C Medum Reund
Awash Export CIAT 16.91 + 0.01 1.33%0.0C Small Round
Mexicanr Export Kenya 1785+000 134000 Smal Round
Red o ‘
o Food  Ethiopia 21.92 £{.01 122 £0.00 Smail Eiongated

wolaita
Tabor rood CIAT 1828000 1272000 Small Eiongated

“ Mass of 100 dry bean seeds. ° Small size. Iess than 25 g/100 seeq or 3-4 mm:
meaiuity size. 25-40 g/100 seed or 4-6 mm large size. greater than 40 ¢/100 seeq

or 8-2mim
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Hardness after cooking mcreases with a decrease of hydration capacity {(g/seea} in

different vanc e, bul decreases with cocking time. Hence, the consumers and

processors ol - et vaiieties with low cooking time and low hardness value.

A large hvdranuon capacity ieads fo better cooking guality {less cooking time and
texture) and gwicker sprouting, so is ultimately desirabie o the end-user. As  1king
of some of the vaneties wouid require less fuel and energy, they should be

oreferreq.
Cooking time and texture measurements

Cooking time s one of the main considerations used for evaluating pulse cooking
guality. Longer cooking times resuit in a loss of nuirients and couid limit end-uses.
Hence, consideration of ccoking time is of paramount importance. The resuits
obtained for cooking properties of haricot bean are given in Table 3. Awash and
Gofta required the minimum ¢ imum cooking time of 19.50 and 41.70 min,
respectivety. As Mexican and Awash had higher hydration and swelling capacities.

they reguired less cooking

The hardness of the cocxed bean is defined as the maximum force required for
75% deformation of seccs after cooking. The force required for seed deformation
was iess for Awash and Mexican and these varieties aiso had the smallest cooking
time. Hardness of ary :eans ranged from 118.09 tc 178.72 N g™, the highest being
in Gotta and the iowest being in Awash {Table 3}. Hardness values have similar
correlation trenas in ~eoking time reported by Wang ef al., {2003). Most of the
vanieties studied hau 206 cooking ability as easured hardness by LLOYDXK texture

anaiyzer.
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upon such faciors as growing conditions nanding anc srtgrwéqe chemica
composiiior. beans microstructure {seed coat and cotyiegon celi walis; anc
thickness of the palisade iayer. Much research has been and 1s being conducied or
nese aspecis and nelr interrelalionsnies but ne.satisfaciory sciuuon o e nare

Dboan crogie™ nas yet been TounG. in general COnsumers orersr +

(eow Colorad

wHERTAL

Seeds ana fuicker ceoking times. The cocking fime reguired ior peans (¢ reach an
acceptable iexiure and iextureé charactenstics of cookeo beans arge imporian:

faciors influenging consumer's perception ¢f bean quality (Chan and Watts, 1388)

Minerai composition
The cation conceniration within bean seeds s presenied n
magnesium anc polassium concenirations varec CONspiCuousiy accoraing 1c near
types. Much greater amounis were tound in ceans with higher valiles of COOKING
time. Calcium, magnesium and potassium concentrations in beans might have a

great influence on cooking tme. Similarly. Patang i ai. {2004 indicaiec tha:

The
N

lower caicium content ieads to a betler seed cookabiiity (cooking quality:
results indicated that cookability of haricot bean seed 1s influenced by its Ca and Mg
concentrations {Jones and Boulter. 1983}. Thus, Gofta with calcium, magnesium
and potasstum conient of 1929.77 mg/kg. 1827.0C mg/kg and 1680C..  mg/kg had
higher cooking time while Awash with 731.93 mg/kg caicium. 72824 malkg
magnesium and 14206.32 mg/kg potassium content respectively had iower Cooking
time. These mineral compoesition vaiues are slightly lower than concentaticns
reported by Augustin er al., . (1981). But they were greater than those reporied by

Barampama and Simard (1993},

Caicium. Mg and K are the principal cations present in drv pean seed (Human
Nuirition Information Service. 1986, There is evidence that, proportionately. Ca
concentration  maore variabie than that of Mg or K in n commodity (Walker ang
Hymowitz, 1972;. Both environmeniai and genetic Jactors influence Ca
accumulation in bean seeds (Quenzer et a/, 1. 3). b ve | littie is known ¢ ut

factors influencing the distribution of Ca and associated  tions within bean plants

W
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Accompanying phytochemicais in bean seeds reduce the bicavailability of bivalent

and trivalent minerais.

Deposition of Iron varied from 61.81 {Tabor} to 84.00 mg/kg (Redwolaita). Iron
vaiues obtained are similar to or greater than concenirations given by many workers
(Fordham et. al., 1975; Barampama and Simard, 1993). iron preseni in beans js
nonheme form, and is oniy 0.8-5.2 mg/kg available {Lynch et al, 1984). Zinc
concentrations in the eight varieties varied from a low of 15.39 mg/kg (in Tabor) to
28.22 mg/kg (in Redwolaita).

The zinc co‘ncentrations {60.35-80.79 mg/kg) in the dry beans reported by
Barampama and Simard (1993) were greater than in the results of this work (15.39-
28.22 mg/kg;. Zinc is an essential trace element (micronutrient) for normal healthy
growth and reproduction. Although zinc is less available for absorption from
vegetable proteins than from meats, beans are significant source of ¢ ary zinc ‘
(Murphy et. af.. 1975). Zinc deficiency is common in Africa and A« where people
consume large quantities of milk, which is high in caicium and fow in zinc. Starch

and fibers present in their food also interfere with zinc apsorpiion (Umeta et. ai,
2000}. Zinco-protein supplementation of bean-based foods can reduce protein

energy mainutrition (PEM) disease in general.

The Phosphorus concentrations in the eight varieties were found in the range of
{147.99 mg/kg in Tabor to 173.99 mg/kg in Gobirasha} and were smalier than the
concentrations reported by other researchers. Dry beans are good sources of

-

dietary phosphorous in generai.
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ndex and hyaration ingex {Figure 5. The good correiations can se uilized i

determining cooking time of such beans.

Seed - coat and cotyledon cell walls are of greaf interesi from the stanapoint of
cookability and texture in dry peans {Bhatty, 199C; Shomer et ai. 1950} The
relationship between calcium content and cooking time is due to accumuliatior; of
most of the calcium @aken up by the bean in the seed - coat and outer layers of the
pean microstructure (Jonhrn and Kenneth, 1888 Zhang ef al. 2004 Caicium
cations which are accumuiated in the bean seed - coat (palisade ceils} reduce ine
permeapiiity of seeds. Upsurge of caicium can result in augmenting the thickness of
the paiisade (the cutermost cell 1ayer of the seed coat} layer which is an imporant
parameter 1 cooking quality {Reyes-Morenc andg Paredes-Lopez, 1893 Muiler,
19687;. This accumulation affects a decrease in waier absorplion capacity and ioss
of cecking ability of cotyledon and seed ccat {De Leon ef. al., 1989) and alterations
o=

in texture, color and flavor (Varrnanc-Marston and Jackson, 1981} in bnef, Ca Mc

anc K concentrations in seed texiure were negatively correlated with cooking time.

Additionally, accumuiation of minerals on ihe seed - coar explamn ther nu

P —

retenticn values during cooking which was vared from 78 9 to 100% for Cu

Jverall son charactenstics determine

£

ely (Augusun el 2l 1887

proximate analysis, in particular the mineral composition of the beans, w,woh i1 1rm

saraciensne where he beans are grown.
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Figure 2: Cooking time and swelling capacity of haricot beans
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Figure 3: Cooking time and calcium content of | cot beans












Eth. J. Sci. & Technot. 4(1): 1-22, Z200€ iSSN- 1816-337&8

Daugh’y 4.. and Walker, /}
Ta%\/ Food anc r\(]”'C'

Issac. R, A, an }o'm%cw‘ W ! . CDI;—JI orative swdy of wel ana dry ashi

echnques 1o slementar analysis of pianl Ussue by Atomio ADS\),;_,L

Spectropniotomaier. J. Ass. GF Ana. Cham. 38 4:6-440.

Jackson, . al, and j'afrlaur» Marston, £ (1981}, rHarg-tc-cook phenomenon o
beans: effect m accelerated storage on water apsorpiion and cooking time. ..
Food Sci. 48:799-802.

John. 7., V.. and uoran, J.. M. (1996). Accumuiation of sodium anc potassium by
flax. Soil Sci. Soc. Am. J. 60:832-83€.
Jonr. T.. M., and Kenneth, G. {1987}, ccumuliation of calcium in bean cultivars

differing in sead size. J. Scf. Food Agn. 74 257-25¢€
Jones. P M. and Boulter, B, (1983). The cause of reduced
Pias eotue vuigaris following adverse siorage cenailions. U

I e -
523-844

«>

Latunda, .. G, G {1991) Some physical properigs of ien soybean vanelies and
anEf‘ts of processing on iron jevels and avaiiabiiity. Food Chem. 42:89-98.

iyncn, S, R., Beard. J.. L. Dassenko, S.. A, and Cook, J., T. {1984} iron
absorpuon from iegumes in humans. Am. J. Clin. Nutr. 4G: 42,

Mattscn. S. {1646} The cook ability of yeilow peas a colioid-chemicai andg
pioc  ucal study. Acta Agricultura Suecana. 2. 185-231.

Morrish, H. J., Oison, R. R. and Bean, R. C. (1950). Processing quality of variiies
and strams of dry beans. Food Technol. 4(2). 247 — 252.

Moms. H.. J. {1963). Cooking gualities of dry beans. | eedings of the sixth
annual dry b conference, Los Any i, CA

Mutler, F., M. {1967). Cooking quality of puises. J. Sci. Food Agri. 18: 292,

Murphy, E.. W., Willis, B., W., and Watt, B., K. (1975). Provisionai {abies on the
zinc content of foods. /. Am. Dief. Ass. 66: 345.

Paane, C., iacoponi, E., and Raccuia, S., A (2004). Physico-chemical
characteristics, water absorption, soaking and cooking properties of some
Sicihan populations of chickpea (Cicer arietinum L.). Int. J Food Sct. Nutr
55: 547-554.

Peria, O., Luis, A, B., Sonia, G.. S.. Maria. P.. B., Juscelinc. T.. and Octavic.
P.. L .{2003;. Effect of processing and storage time on in vitro digestibiiity
ancd resistant starch content of two bean {Phaseolus vuigans L} varieues.
Sci. Fooa Agnc. 83 1283-1288.

Quenzer, N.. M., Huffman. V., i, iBurns, £E. £{1978; Some facicrs affecting
pintc pean guaiity. J. )& Sci 43:1059-10671.

Reves-Moreno, C., and Paredes-Lopez. G., {1993} Hard-1o-ccok phencmenor in
common beans-a Review. Crit. Rev. Food Sci Nutr. 33: 227-286.

Saiunkhe, D.. K. (1982). ._egumes in hun nutritior: current siatus ang future
resea | ds. Curr.Sci. 51777






