r  yol3No L ISSN: 2006-3350

c .
| NALYSES AND F
| CHEMICAL A OOD PROPERTT] :
(PﬂAsgoLUS LUNATUS L.) SEEDS GROWN IN PL. A]FSA%FSLTIMA BEAN
A

-
M. O. Aremu’, R. B. Salau’ F. D, Olowoniyi® 1. A

Ambo’, R.]. Ombugadu® and C. K. M 1
1Department of Chemis.tl'y, Nasarawa State Universi.ty, 11%511102
o artrnent“’f Chemistry, Federal University of Technol 7y
- ont of So.tleﬂc‘_* Labqratory Technology, Federal Polyt
o ment of Biological Scxences', Nasarawa State Universj
§ E-mail: lekearemu@gmail.com
Date Received: 20th May, 2010; Date Accepted: 28th June, 2010

Abstract

1 tional composition and functional properties of lima bean were studied usin

- Reth, Nigeria
gy, Minna, Nigeria
echnic, N asarawa, Nigeria
ty, PMB 1022, Keffi, Nigeria

iques. The results gave proximate composition as follows: moisture, ash, cru de ft Cm&:’i :famtia_rd analytical
’ s proten, crude fibre

feni
hohydrate were 3.8 2.10,4.0,1.50, 3.2 0.50,2.5.9 2.30, 2.50 9 :

:}licgwwecyi that the predominant mingml was Ca (147.4mg/100g) }Jogx)zg iafwﬁ, };sgchvely. The results

inerdls setermined were Fe, P, Mn, Ni, Na, K, Cu, Zn and Cr with concentrah%ns §f56 O.ZImg/IOOg). e

r 13,04 and 0.2mg/100g sample, respectively while harmful metals such as Cd and 'Pbo'?' o

flctableTange ofMS. 'I71£ sarfiple contained nutritionally useful quantities of most of the essenzgelre i

with the first hfmtmg amino acid as Met + Cys (0.49g/100g crude protein). Functional propertiesa r:mll,:o aads'
. fuaming capaley_ (6.0 2.5%), foaming stability (75.0 1.0% ), water absorption capacity (360.0 5: Of;/z;)ergi
dhorption capaaty.(356.0 1.5%), emulsion capacity (50.0 5.0gmL), emulsion.stability (65.0 .S'Ogm'L')o l;:szt

yloncncentration (12.0 2.0%) and bulk demsity (0.39356 0.5gmL). The studied sample could therefore be

podsources of proteinand supplement cereal dietsin raising the biological value significantly.

Keywords: Nutritional composition, functional properties, lima bean

INTRODUCTION
.[ﬂ::;fnca and other developing countries, there is
radequate supply and shortage of food protein
eggs“;:nﬂnal Rrotein such as meat, milk and
quie (&Xpenswe and relatively difficult to
ot th?sofg et_ al,, 1994; Akintayo, 1997). In
evluatiy , 1t 1s .geared at identifying and
g under-utilized protein sources. This

Lima bean (Phaseolus lunatus) is referred to as
edible seed of leguminous plant belonging to the
family of leguminosae or fabaceae. There are
more than a hundred named Lima cultivars. Lima
beans are most often associated with succotash, a
traditional native American dish that combines
this delicious bean with corn. Many people think

that they are native to the United State where the
lorers were thought t0 have

devely X
"eopment has stimulated research on the early European €xp
hich is actually reflected

Wlzation of
: some under-utilized legumes such  first discovered themw
can gumes suc st disc therr : th
; Ade)t(;am oean (Adeyeye, 1996; Oshodi et al, in its name “Lima”, the capital of .theb:;: is
h'hichubed'owale et al, 2004; Amarteifio and Americancountry of Peru. The pod of lima .
Mcyn, b1, 1997, Enwere and Hung, 1996), flat, oblong and slightly c-ur'ved, aver;g:;igd Z -
Mty oo Johnson and Brekke, 1983; three inches in length. Within tRe PO 0 wwe
1, gy, MiZ)’ Kersting's groundnut (Aremu ef  to four flat kidney shz.aped seeds ;;;1'1989). das
beap (Si dc’lh té}nga and Sugiyama, 1974), Gila generally refer toas Iun?'l be"an (!Jathe ;ru'ddle belt
al, 1996), uu'l'a]u etal, 2001), faba bean (Kranee et origin of lima beans cultivation lanine Al though
bAeﬁn emli’llh seed (Lqari et al.,, 2002)" cranberry  of Nigeria can not be (f:ert]ours ;3uch osted,
a;:ngv 1998 Et:l"ﬁ 2010) and chick pea (Liu and different variEtif;(S in tegrrr;ls 0 ;:)(l)lt nutritio and
Pledicny. o - OIS geared t ds legum brown and bla aré & own to
;ilabﬁs Eateg On the fact that 19;‘:,1&‘:3 ls;aie be:; 1;dustrial Potenna.l of lima bean ar¢ u
ein (A krOy?jCheap but abundant sources of thehost communities:
and Doughty, 1994).
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Therefore this work seeks to evaluate nutritional
composition (proximate, minerals and amino
acids) and functional properties of lima bean seed
flour, with a view to providing useful information
towards effective utilization of this legume. in
various food applications.

MATERIALS AND METHODS

Sample Collectionand preparation

Lima bean seeds were directly purchased from
farmer in a village close to University of Jos main
campus, Plateau State, Nigeria. The seeds were
sorted to remove stones and bad ones. Cold water

was added- on the sample for dehulling. The

dehulled seeds were dried in the oven at 45°C and
finally ground into fine flour with a small sample

mill.

Proximate Analyses ,
The moisture, ash, ether extract, crude fibre, crude

protein (N x 6.25) and carbohydrate (by
difference) were determined in accordance with
AOAC (1995) methods. All proﬁmate analyses of
the legume flour were carried out in triplicate and
reported in % sample. All chemicals were of

Analar grade.

Mineral Analysis

The minerals were analyzed by dry-ashing the
samples at 500°C to constant weight and
dissolving the ash in volumetric flask using
distilled, deionised water with a few drops of
concentrated hydrochloric acid. Sodium and
potassium were determined by using a flame
photometer (Model 405, Corning, UK) using NaCl

and KCl to prepare the standards. All metals were

determined by atomic absorption
spectrophotometer (Perkin-Elmer Model 403,
Norwalk, CT, USA). Earlier, the detection limits of
the metals had been determined according to
Techtron (1975).

Amino Acid Analysis
Amino acid composition was analyzed by ion
echange chromatography (IEC) (FAO/WHO,
1991) using the Technicon Sequential
Multis'ample (TSM) amino acid analyzer
g\ echm.con Instruments Corporation, New York).
e period of analysis was 76min for each sample.
The gas flow rate was 0.50mL/min at 60°C with

.Water and oil absorption

reproducibility cong;

: Istent vy

height of each peak proc‘i'\’lt}un 3y

recorder of the TSM neeg by th t
7 e

- (each
ac%g) V;flas measured anq ziirslsen ngay G
acid v B '
ues reported were the ed, ]}\ez“i

determinations. Tryptophan Wasa:(?: des Oy,
fery.

Norleucine was theji
eintern Cter,
alstar darg, &

Determination of i
isoelectric pointq:;hty of die
efficiency ratio (P-PER)
The quality of diet rotej

finding the ratio oﬂ/filablzna:s;omea.s :
legume sample compared with need:udsmlh
as ratio (FAO, 1970; Bender, 1992). AE;M
score (AMSS) was then estimated by app| o8
FAO/WHO (1991) formula; PPYIY

prﬂhh

d” predicteq o
|

mg amin e acid in g oflest protein 10

mgamino acid inlg of reference protein T

AMSS =

) n=1
PIm >, pliX
i=1

Where:
plm = the isoelectric point of t
mixture of amino acids.
pl = the isoelectric point of the amd
acids in the mixture.
Xi = the mass or mole fraction of
amino acids in the mixture.

The predicted protein efficiency rat‘io (P-.Pi]?;
the sample was calculated from )‘llEH ami
composition based on the equation des™
Alsmeyeret al. (1974) as stated thus;
P-PER = 0.468 + 0.454(Leu) 0.105(0¥")

g 4
Determination of functional ProP erti® i
d foanuggdesdib

Foaming Capacity (FC) an i
(FS), were determined by th€ f;‘sue periﬂ‘”;
by Coffman and Garcia (1977)- ! el o

details have been reported by

measured by
] emulsion ca

Beuc’ ™" ad
ocedlgeof (1994 o

OAC) were
procedures. Oi
determined by the pr
modified by Adeyey®
emulsion stability (©
Beuchat (1977)- Bul
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ical Analy a;f;:: od Properties of Lima Bean
((ff;:fsm!us punafus &

e USING the procedure of Chou and

mi g) as modified by Akpapunam and

ki 1981); Narayana and Narasinga Rao

N ;4) Lowest gelation concentration, (LGC) was

9 ﬂ.ﬂne dby employing the method of Coffman

de:jﬂcarcia (1977) with slight modification as
zzscribed by Aremu etal. (2007D).

RESULTS AND DI.SFUSSION

proximate Composition
proximate composition of Phaseolus lunatus flour
is presented in ' Table 1. The percentage
composition of moisture content (3.8 2.10%) was
high compared with the value reported for
qanberry bean (17 0.51%), rare cowpea (1.8
025%)and Prosopis africana (1.9 0.3%) as reported
by Aremu ef al. (2006b; 2006¢). The water soluble
ash(4.0 1.50%) is comparable with some reported
suudies on legumes (Mtanga and Sugiyama, 1974;
Kay, 1979; Poulter, 1981; Aletor and Aladetimi
1989; Aremu et al., 2009). The ether extract (crudé
fat) value of 3.2 0.50% did not qualify Phaseolus
linatus seed as an oil-rich legume when
compared with soybean (22.8 23.5%) (Elias ef al.
1976; Salunkhe ef al., 1985; Aremu et al., 2007b), 01,’
Z:ther seeds such as pumpkin seed (47.0 49.2%)
lerljﬁl):;) 11;;)89;' Fagbemi and Oshodi, 1991) and
iy Olaofeg::zsISchrad. (47.9 51.1%) (Ige et al.,
g a . 1994; Ogungbefﬂe et al.,, 2005)
20%) of p hagerlla. Crude Protem value (25.9
e comp neio us lunatus is comparable with
Nigeia ok yd consumed plant proteins In
NgOddy 1985.11‘2r un et al., 1982; Thekoronye and
s emu et al., 2007b) and qualified
emmmendes protein rich plant food. The
ldren g daily allowance for protein for
565 (NRC X 9gse; from 23.0 36.0g and for adult, 44
gty ca;\ - ). It can be evaluated that Phaseolus
proei fo:lgﬂy the recommended daily intake
lunagyg e dren. However, about 220g of P.
Weghing 70?( may be required by an adult
& to meet the minimum daily

Proteip, .
1555) 11 QUirement of 57g (FAO/WHO/UNU,
Obinsgy, alfg;lunt cannot lead to dietary stress
®Onten (7:5 i 5)-0 P. lunatus had crude fibre
;ome legume 05%) comparable with values of
6% AIEtors Téported in the literature: cowpea,

T 2y d Aladetimi, 1989); bambara
2, 389 h 4.1% (Aremu et al., 2006b); pigeon

odi and Ekperigin, 1989); African

I

eds Grown in Plateau State Nigeri
s na

yam bean, 3 59,

e

1,588 9K /1r001g) hzif;olés lunalus Mty acid

:&embolizable energy .5i6 g Tespectively, ﬁs
ggests that the floyr g,

(AdEYQ
) Ye an
olizable ener;yAye, 1998)_ TH

The most ab .
a 47_4mg/100g1)11;i2nr; amme'rals were calcium
: gnesium (142.2mg /100
while the least was chromiu g/100g)
(Table 2). These values com m (0.4mg/100g)
pare favourably with
some reported values of cowpea varieties and
under-utilized legumes (Oyenuga, 1968; ;]:E,r
and Aladetimi, 1989; Oshodi et al., 1998; J’irapa et
al. 2001; Aremu et al., 2006b; Olaofe et al.,, 1993).
The values of sodium, potassium, manganese,
chromium, nickel, copper and zinc were low
(Table 2). It is interesting to note that harmful
minerals such as lead and cadmium are not at
detectable range of AAS in the Phaseolus lunatus
seed powders. Generally, the samples of Phaseolus
lunatus may be regarded as good sources of
essential minerals. Calcium in conjunction with
phosphorus, magnesium, vitamin A, C and D,
chlorine and protein are all involved in bone
formation (Fleck, 1976). Calcium is also important
in blood clotting, muscle contraction and in
certain enzymes in metabolic processes (Shills,
1973). Magnesium is an activator of many engn)e
systems and maintains the electrical 'potenhz?l in
(Shills, 1973). Phosph(t)hrus a;51§tts t;a:)d;‘l;
i body reactions, although it also n
gdg;gzient lemctions. Modern diets thatare ncth
in animal proteins and phosphorus may promote
in the urine

: i d Young,
Jcfum in (Shills and ¥
the loss o Caa(s:slled to the concept of the calcium to

1992). This h tio is low (low
rus ratio. the Ca:P ra

phosphors® 2 esphorus intake), mere tiet o

calcium, high P be lost in the

unt of calcium may b
s considered “g00 if the Ca:P rz;) :
» i the ratio is 1esS than 0.5,
s to increase the
in the sm intestine.
e studied sample (13.8)
jum are required t0

normal amo
urine. Food i
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- maintain osmotic balance of the body fluids, the
pH of the body, to regulate muscle ar}d nerve
limitability, control glucose absorpnon a'nd
enhance normal retention of protein during
growth (NRC, 1989). The ratio of sodium to
potassium in the body is of great concern for tl}e
prevention of high blood pressure. A Na:K ratio
less than 1 is recommended. The value of Na:K in
the studied sample was 0.2 (T able 2). This
suggests that Phaseolus lunatus seed powder may
not promote high blood pressure. '

The result of amino acid composition is shown in
Table 3. Asp and Glu were found to be the most
abundant as expected to be present in legumes
(Aremu et al., 2010). Asp and Glu together make
up to 17.41g/100g crude protein with a
percentage of 26.06%. This value is in close
agreement with the report of Olaofe and Akintayo
(2000); Oshodi et al. (1998); Aremu et al. (2006a,b);
" Adeyeye and Aye (1998) who had observed that
Asp and Glu were the most abundant in legumes
and nuts. Leu was also found to be in abundance
with value of 6.17g/100g protein. Table 4 depicts
the essential, non-essential, acidic, neutral and
sulphur containing amino acids. The total
essential amino acids (TEAA) (with His) was
44.0g/100g protein which represents 53.9%. This
is comparable with values obtained for selected
oil seeds (Olaofe et al, 1994), varieties of V.
subterranean and P. coccineus (Aremu et al., 2006b).
Pellet and Young (1977) reported that the
nutritive value of a protein depends primarily in
its capacity to satisfy the needs for nitrogen and
essential amino acid. Tryptopha was not
determined. The calculated isoelectric point (plI)
was 4.11. This is useful in predicting the pl for
protein in order to enhance a quick precipitation
of protein isolate from biological samples (Olaofe
and Akintayo, 2000). The predicted protein
efficiency ratio (PPER) is one of the quality
parameters used for proiein evaluation
(FAO/WHO, 1991). The PPER in this report (2.01)
is comparable with the value reported for Prosopis
africana (2.3) (Aremu et al., 2006a) and Phaseolus
coccineus (1.91) (Aremu et al., 2007a). Therefore,
Phaseolus lunatus could be considered as good
diets that can provide the required essential
amino acids. The observed value (27.3g/100g
protein) for essential alphatic amino acid (EAAA)

‘

which constitutes the hydmphobi
protein indicates that P. lunatys p, chre i
emulsification properties (Osho dietZz ;ve e
total acidic amino acid (TAA A) (365 } 1998),
found to be greater than tota] baSicg [?Og)
(TBAA) (19.3g/100g), indicating that i 0 aciq
lunatus is probably acidic in natyure. eeemofp_
aromatic amino acid (EArAA) - 928senti
protein. This value fall within the j de‘alg/ 10
suggested for infant protein (68 113 ;1 ge
(FAO/WHO/UNU, 1985). 761100y

Wag

With the exception of Phe + Tyr in the p. hina
seed flour, the contents of essential aming acidar:
lower than FAO/WHO (1991) recommendatiopg
(Table 5). Thus, for a healthy diet, P. lunatys y
require supplementation with essential amy,
acids such asIle, Leu, Lys, Met + Cys (TSAA),Tj,
and Val. It has been reported that the essentiy]
amino acids most often acting in a limitin

capacity are Met (and Cys), Lys and Try (Aremuet
al., 2010). However, the first limiting amino acids
for the studied sample in this report was Thr.

The results of some functional properties are
presented in Table 6. P. lunatus produced thin
foams with medium size air cells and its foaming
capacity (FC) of 6.0 2.5% was very low when
compared with that of benniseed (18.0%), pear
millet and quinoa (19.0%) as reported by Oshodi
et al. (1999); varieties of legume seeds (146
15.5%), Aremu et al. (2007d); soybean (66.%), Lit
et al. (1974); great northern bean (32%), Sathe etal.
(1982) and varieties of African yam bean (5‘?'0
55.0%), Oshodi et al. (1997). Foaming stabilty
recorded after 8h was 750 10% Wal
absorption capacity (WAC), 360.0 6.0 highet
than that of sunflower (107 %) and soybean (13(_]%)
reported by Lin et al. (1974) and varieties of l“;m
bean (130 142%) (Oshodi and Ekperig 1% 35
The high WAC recorded in this report sug-geso
that P. lunatus may be used in the formllle‘hé’“cts
some foods such as soups or baked P fjorl
(Olaofe et al. (1994). The value of oil abSOrPabe
capacity (OAC) in this report was 3560 15 A(L .
6). This value is higher than the reports of (17].3
et al. (2007d) on varieties of legumes Se20* C_ g
172.0%); pigeon pea (89.7%), 0P gt
Ekperigin, 1989 and varieties of COVP#2/ ]
310%) (Olaofe et al., 1993). OAC s jmporta?
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”
chﬂlom g Lund

14 “
i er and improves the mouth

our re::lus will be good in this respect.
foods: .,hm vity; P. lunatus had a low
fl,elﬁf if ing activ tY’ . i 3
Is  emulsion capacity, 50.0 S{OmL'g in
tage ot € th pear millet (89.0mLg’), quinoa
arson Vgshodi ot al,, 1974) but higher than
gort(ed for soybean (18rr11Lg’) (Lin _et al.,
jgeon pea (11mLg) (Oshodi and
974) 27 1ogo). This indicates that P. lunatus
piperig «eful in the production of sausages,
b i; cakes (Kinsella, 1979). Emulsion
after 24h, which is the volume of
ater separated s shown in Table 6.1 T_he Yalue
biained for P- lunatus (65.0 3.0]ng) is }_ughe.r
ihan that of pear milllet (34.0mLg) ('Oshodw if al_.,
1999). The least gelation concentration (12.0%) is

s0ups
stability (ES)

alyses a;) geeds Grown in Plateau State, Nigeria
tus

reported for some legumes i

(Oshodi and Ekperi?n, 195;;;5;' 5;%822‘1582\ i
(Altschul and Wilcke, 1985). The abilj ()}f)eal 10'%
to form gels and provide a structuratlym P{Otem
holding water, flavours, et
ingredients is useful in food

sugars and food
new product development, th

application and in
_ ereby providi
added dimension to protein Lot

functionality (Olaof
et al,, 1994). The bulk density (BD) wt:s(().393z

0.5gmL") (Table 6). This value is comparable with
the values reported for various samples of
extrusion texturized soya products with varied
protein and soluble sugar contents (0.2382
0.4460gmL’) (Adeyeye and Adamu,2003).

Table1: Proximate composition (%) of lima bean (Phaseolus lunatus) flour

Parameter Concentration (%)’
Moisture 3.8 210

Total ash 4.0 1.50

Ether extract 3.2 0.50

Crude protein 259 2.30

Crude fibre 2.5 0.05
Carbohydrate by difference 60.6

Energy (k]/100g)° 1,588.9

Faty acids 256

s e bolisable energy
Values are mean standard deviation of triplicate determinations; *Calculated meta

y 100g) (proteinx 17 + fatx37+ carbohydrai:e x17); ‘Calculated

fatty acid (0.8 crude fat).
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Table 2: Mineral composition (mg/100g) of lima bean (Phaseolus lungtus) flour
S ter Concentration (mg/loogﬁmpa\
1.7 \

Sodium (Na)

Potassium (K) -
s (Ca) 147 4
L V0 1422
Phosphorus (19)] g
Manganese (Mn) A
Chromium (Cr) o
Nickel (Ni) Le
Copper (Cu) : 1
Tron (Fe) . 56.0
Zinc (Zn) 13
Lead (Pb) - ND
Cadmium (Cd) ND
NaK " 02
CaP 13.8.

ND =notdetected; Na:K =sodiumto potassium ratio; Ca:P = calcium to phosphorus ratio

acid composih'bn (g/100g crude protein) of lima bean (Phaseolus lunatus).ﬂour

Table 3: Meanamino
Amino acid Concentration (g/100g protein)
Lysine (Lys)’ 513
Histidine (His)" 271
Arginine (Arg)’ 5.13
Aspartic acid (Asp) 8.25
Threonine (Thr)" 2.35
Serine (Ser) 2.61
Glutamic acid (Glu) 9.16
Praline (Pro) 231
Alanine (Ala) 431
"Cystine (Cys) 091
Valine (Val)’ 4.25
Methionine (Met)" 0.82
Isoleucine (Ile)* 335
" > Leucine (Leu)’ 6.17
= Ty'rosi.ne (Tyr) 3.02
Phenylalanine (Pha) 6.17
Isoelectric point (pl) 411

PPER 2.01 -

PPER, predicted protein efficiency ratio
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and Food Properties of Lima Bean

al A.m!y:;fs 1) Seeds Grown in Plateau State, Nigerig
gll:tsco us L4
.~ acid composition (8/100gcrude protein) of ]
| " pmin0adt ) of lima bean, (Phaseolys lunatus) floy,
3
/ T :

; __ Concentration 5
AR (INEAA Gy LD protein
foel £ ssential amuno acl ( _ ) : 30,

09" amino acid (TEAA) with histidine 44-8
5 ;s .
o ot histidine 3.0
ah with histidine. 53.9
} paA without histidine 499
b il alphatic amino acid (EAAA) 27'3
Esszgh, ] aromatic amino acid (EArAA) 99
gsla] reutral amino acid (ENAA) 24
TNAA . ) 36.5
b scidicaminoacid (TAAA) e
GTABA e
ol basic amino acid (TBAA) 129
4 TBAA _ 193
ol sulphur amino acid (TSAA) 17
% cystine in TSAA 2.5

Table 5: Amino acid scores of lima
Standards _ .

bean (Phaseolus lunatus) flour based on FAO/WHO (1973)

Concentration (g/100g protein)

AC PAAESP EAAC AMSS
le 40 34 0.85
lew 7.0 6.2 0.82
Lys 55 42 0.7
Met + Cys (TSAA) 35 2.7 0.77
s
4.0 - -
Try 1.0 ND ND
Total 2 31.3 6.08
o 36-0 *!

Source; Belschant et al. (1975)
-amino acid composition

PAARSP

+Provisional amino acid (egg) scoring pattern

C essential amino acid composition (see Table3)

»amino acid scores

'Motdetermined - '

"ble6:Funcy flour
*functional properties of lima bean (Phaseolus IunatuS)/

P]'()R prop vaIuE.
Roa 60+25
oy ng Capacity (FC)% , 75.0+ 1.0
Watey 0 “tability (FS)% 360.0+6.0

il afsa SOrption capacity (WAC)% 356.0 +1.5
Emy) "OTption capacity (OAC)% 50.0+5.0
Emulzign Capacity (EC)mL Sl ¢5.0 13-200

T Stabili + 2.

Leagy : Stability (ES)mLg é%ga% 205

By Bela - LI
ulk densit‘;’}g%‘)‘{;;ti?non (LGC)%

fo, L Ll

Alyeg i o
e mean standard deviation of triplicate determinations-
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CONCLUSION ' :
The results revealed that the lima bean (Phaseolus

lunatus L.) flour sample was good sourcesﬁoi
energy, protein (amino acids) and essen. a
minerals. It was also observed that the foaming
capacity and stability in the lima bean_ sarrfxples
were higher than some legume flours. Since foam
contributes to smoothness, lightness, flavour,
dispersions and palatability, hence the results
obtained from the present study indicate that the
sample would serve as potential replaceme.nt' of
known proteins in food applications requiring
high foam ability and stability, for example,
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