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Abstract: The effects of pH and NaCl concentration on the tional properties of African locust bean pulp flavere
investigated. Flour was prepared from locust badp.@he pH of the flour was adjusted with HCI ort
solution from 2 - 12. The NaCl solution was addetht®flour from 0.1 to 1.0M. The functional propestof
the flour samples were evaluated. The locust bedm fiour had minimum nitrogen solubility of 3% pH
4.0. At pH 2.0, the nitrogen solubility was 7 % adndreased to 10 % at pH 8 and thereafter, dealed$e
locust bean pulp flour had maximum water absorptigpacity of 321% at pH 2.0 and minimum of 292% at
pH 12. The oil absorption capacity increased fr&@#% in water to 262% at pH 2.0; dropped to 250%+at
4.0 and increased to maximum 270% at pH 12. Thestdoean pulp flour had minimum foaming capacity of
7.5% at pH 4.0 and maximum of 22% at pH 8.0. Theitamh NaCl up to 0.2 M enhanced the nitrogen
solubility, foaming capacity and foam stability lotust bean pulp flour but these parameters deedeat
concentrations above 0.2M. The addition of NaClaip.8 M improved the water absorption capacity aihd
absorption capacity of locust bean pulp flour. Bdeition of up to 0.4M increased the emulsion dtgtiand
emulsion stability of locust bean pulp flour. Sadichloride improved the emulsion activity in thé pange
of 2-8. At any level of flour concentration, th@dr gelled at 0.2M NaCl concentration. At 0.4 an@ Bl
NaCl concentrations, the least gelation concentrativere 8 and 16%, respectively. The locust bedm pu
flour gelled at 16% and above at any NaCl concebtrat
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Introduction Akubor, 2012), functional properties provide gufdeuse
African locust beanRarkia biglobosa) tree grows widely of flours in different food formulations. Functidna
in many parts of the Sahel, particularly, the dperts of  properties are linked to carbohydrate, fat and ginot
West Africa (Akomaet al., 2001). In Nigeria, the tree constituents of foods (Ochens al., 2015). They are
grows in the wild throughout the savanna from Gaine influenced by food particle size, protein shape, ghit
through Sudan to Sahel (Addgt al., 1995). The tree concentration, temperature and storage (Onimawo &
produces 25-52 kg pods (Ada@y al., 1995). In Northern  Akubor, 2012). Therefore, studies to characterine t
Nigeria alone, about 200,000 tons of locust beatspoe  effects of pH and sodium chloride concentrationta
produced yearly (Addyet al., 1995). Similarly, large functional properties of locust bean pulp flour apeded.
quantities of the pods are produced in Oyo and Kwar This would provide useful information for processor
states of Nigeria (Addgt al., 1995). A mature locust bean wishing to use the flour for specific food formudats.
pod contains yellow dry and powdery pulp in whicirld  Therefore, the objectives of this study were toedaine
brown seeds are embedded. The pulp is rich irthe effects of pH and sodium chloride concentration
carbohydrates, minerals, vitamins and essentiasome functional properties of locust bean pulprflaod to
phytochemicals such as flavonoids, carotenoidsgevaluate interactions between the factors.

polyphenols, saponinsetc (FAO, 1988). The pulsisally

licked for its sweet taste but only to a small extefhe  Materialsand methods

pulp is usually washed away when the seeds aregsed  Preparation of locust bean pulp flour

into condiment calledlawadawa or iru. This condiment  Mature and ripe African locust beaRafkia biglobosa)
serves as source of protein intake among the leene  fruit pods were plucked from locust bean trees iocal
groups and rural populations of West Africa. Theust  farm in Ugwaka —Ollah Township, Kogi State, Nigeria
bean seed has been extensively studied (Omafetvale, The locust bean pods (20 kg) were sorted, clearfed o
2004). However, little has been done on the utiizaof extraneous materials and split open manually. Telew
the pulp except for its use in making local disteewl  pulps along with the attached seeds were remowvad fr
drinks (Akomaet al., 2001). In West Africa, the pulp is the hulls, sun dried at 30%2 for 48 h and pounded lightly
prepared into flour and used in soups and stewsaten in a mortar with a pestle. The pulp pieces weresspd
with cereals as porridge (FAO, 1988). from the seeds, milled in a hammer mill and sieved
Due to its high contents of phytochemicals, vitasnand  through 60 mesh sieve (0.05 mm) (British standartg
minerals (FAO, 1988), locust bean pulp could bepulp flour was packed in high density polyethyldregs
processed into flour and potentially used in simiays to  and stored in a refrigerator (132 until required.

efforts reported on other flours. However, noveld éood  Evaluation of functional properties

ingredients such as locust bean pulp flour must beThe Water and oil absorption capacities were deterth
functionally reliable to be acceptable for use. ciamality as function of pH and NaCl concentration as desdrlne
is any property of food or food ingredient othearththe = Okaka & Potter (1977). The pH of the water or aitled
nutritional ones that affects its utilization (Poamez, to the flour was adjusted with 1M HCI or 1M NaOH.€Th
1991). Quality attributes of developed food produate  emulsion activity and emulsion stability were detered
generally affected by the functional propertiesha flour  using the methods of Onimawo & Akubor (2012). The p
(Akubor, 2016). Even though the methods used in thg2-14) of the distilled water used in preparing ¢&meulsion
measurement of functional properties are open tows  was adjusted with 1M HCI or 1M NaOH. To determine th
criticisms on the basis of rigor and trial errom{@awo & effect of NaCl concentration on emulsion capacity an
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emulsion stability, flour samples were preparedisiilled
water containing 0.2-1M NaCl concentrations. No
adjustment of pH was made in NaCl samples. The fogmi
capacity and foam stability were measured as fanabf
pH and NaCl concentration by the methods of Setlat.
(1982). The volume of foam at 30 sec of whippingswa
expressed as foaming capacity (FC). The volume afo
was recorded one hour after whipping to determoserf
stability (FS) as percent of the initial foam voleiniThe
least gelation concentration was determined astifumof
pH and NaClconcentration as described by KinseB81}
with slight modification (Badifu & Akubor, 2001). EhpH

of the distiled water used in preparing the flour
dispersions was adjusted with 1 M HCI or 1M NaOH.
Statistical analysis

Data were subjected to analysis of variance inpdetaly
randomized design using Statistical Package foriaboc

Sciences (SPSS) software (version 15, 2007). Mean

where significantly different were separated by tbast
significant difference (LSD) test (Steel & Torri#980).
Significance was accepted at p< 0.05.

Results and Discussion

Effect of pH on functional properties

The effect of pH on nitrogen solubility of locustdn pulp
flour (LBPF) is shown in Fig. 1. The locust beanmpflbur
had minimum nitrogen solubility of 3% at pH 4.0,thvi
values increasing at above or below this pH vakiegoH
2.0, above 7% of the nitrogen was soluble whilptat.0,
solubility increased to 10%. Beyond pH 8.0, theres wa
significant (p<0.05) drop in nitrogen solubility. hib
solubility behavior was similar to that reported feoy
flour (McWatters & Holmes, 1977). Below and above th
isoelectric point, proteins have positive or negattharge
which enhances solubility (Kinsella, 1981). At the
isoelectric point, the charge is zero, the attvacforces
predominate and the molecules tend to associat
(Onimawo & Akubor, 2012). This perhaps, explaine th
relatively minimal solubility of the locust beanIpulour

at certain pH values. Foods with proteins which are

soluble at pH 4-8 could be used in beverages ssch
vegetable milk (McWatters & Holmes, 1977). Thisules
showed that the proteins of locust bean pulp fleere not
very soluble. Protein solubility characteristics e ar
influenced by origin, processing conditions, pHpi®
strength and presence of other ingredients (Kiasell
1981). In this study, the functional attributedazfust bean
pulp flour such as emulsion and foaming (Table Hgt t
could be adversely affected by low protein soltypilvere,
indeed found to be low.

The effects of pH on some other functional propsribf
locust bean pulp flour are shown in Table 1. Theusd
bean pulp flour had maximum water absorption capaci

of 321% at pH 2.0. Beyond pH 2.0, water absorption
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Fig. 1: Nitrogen solubility profile of locust bean pulir

The emulsion activity of locust bean pulp flour vil96 at
6H 2.0 and 12% at pH 4.0 (point of minimum nitrogen
solubility). With progressive increase in pH in @l&aline
region, emulsion activity increased to maximum eabf
24% at pH 12.0. At pH 4.0, the locust bean pulpiflo
protein was slightly soluble and would not conttéto
the repulsive surface charge in oil droplets whaie
necessary for emulsion formation (Chawinal., 2007).
Altering the electrical charge of the protein moles
probably caused structural rearrangement which maag
increased the number of potential binding reacsites in
locust bean pulp flour (Kinsella, 1981).The emuisio
stability of locust bean pulp flour exhibited slamitrend

to emulsion activity except that maximum emulsion
stability was at pH 4. The maximum emulsion stapiit
pH 4.0 could be due to the native conformationoziubt
bean pulp flour protein at pH 4.0 (point of minimum
nitrogen solubility) (Pomeranz, 1991).

Generally, there was improved FC in the acid andlialk
regions. A minimum foaming capacity of 7.5% was
Bbtained at pH 4.0 and maximum of 22% at pH 8.Ge Th
foaming capacity at pH 4.0 may be due to decreased
protein solubility. Similar observations were rejgadr for
lupin seed proteins (Sattet al., 1982), African oil bean

Hour (Akubor&Chukwu, 1999) and African breadfruit

kernel flour (Badifu & Akubor, 2001). The improved
foaming capacity at pH 2.0 and pH 8.0 could be &@red
by the higher solubility of locust bean pulp flquotein at
these regions (Fig. 1). Native protein is assodiatith
higher FS than denatured proteins (Alobo, 2003)pAt
4.0, the locust bean pulp flour proteins would yamo
charge and would be more stable than at other plitsa
where repulsion would decrease the stability (Kiase
1981). The foam stability and emulsion stability uktb
therefore, be expected to be maximum at pH 4.0

Table 1. Effect of pH on some functional properties of
L ocust Bean Pulp Flour

capacity decreased steadily. The water absorptpadty
of locust bean pulp flour at pH 2.0 was higher tkizat in
water (318%). At pH 2.0, the locust bean pulp flour

protein may have been denatured (unfolding of tioéein
molecules) by the acidic medium. This might have
increased accessibility of locust bean pulp flaumater.
The oil absorption capacity increased from 257%vater

to 262% at pH 2 and dropped to 250% at pH 4. Tliemra
the oil absorption capacity increased to a maxinafm

Properties

PH WAC OAC EA ES FC FS
(99) @9 ) ) %) *)
318 257 143 1¥ 85 619

2 32F 267 18 15 13 5%
4 318 250 12 50 75 70
6 313 254 17 2Z 10 56
8 308 259 20 258 22 52
10 3.06 26F 21° 3% 14 55
12 292 270 248 400 18 40

270% at pH 12. The locust bean pulp flour had mimm
oil absorption capacity at PH 4.0 which was thenpaif
minimum nitrogen solubility of the flour (Fig. 1).

Values are means of 3 replications. Means withaolamn with the same
superscript were not significantly different (p 08). WAC = Water
absorption capacity, OAC = Oil absorption capaciBA = Emulsion
activity, FC = Foaming Capacity, FS = Foam stapilit
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Table 2: Effect of sodium chloride concentration on the of soy flour and fish protein concentrate were regmb
functional properties of L ocust Bean Pulp flour (L BPF) (Kinsella, 1981). Low concentrations of NaCl enhahce

NaCl Properties the LBPF protein solubility whereas high concentnagi
Conc. NS WAC OAC EA  ES FC  FS decreased it (Tablel). Since foaming capacit &R
(Mol _06) (99 (@9 (6) (6) (%) (%) be due to sol(ubilized) roteins (Chnr?tjaalp 20y12a)rls IC;he
0.0 16 318 257 143 13 83 6L9 = p i x y
0.1 12 328 270 164 18 100 5% dlffer!ng effects of salt concentrations may be lakped
0.2 15 340 285 191¢ 258 140G 77 on this basis.
0.3 13 380 294 220 3¢ 110 5€ Effect of flour and NaCl concentration on least gelation
0.4 1 340 278 250 40 8.5 5(¢° concentration
0.5 9 310 260 210 278 75 4T The effect of NaCl concentration on least gelatien i
0.6 g 300" 250 200 24F% 60 359

shown in Table 3. At 0.2M NaCl concentration, foryan

8'; i E'gg g'jg 135{ gé'g g'g 3205000 level of flour used, the locust bean pulp flour lggl
0.9 4 289 23% 14 120 28 244 However, at 0.4 and 0.6M NaCl concentrations, tletle
10 X 279 23F 128 o9d 20 206 gelation concentrations were 6 and 14%, respeytivéie

Values are means of 3 replications. Means withaolamn with the same  locust bean pulp flour only gelled at higher flour
superscript were not significantly different (p>08). NS = Nitrogen  concentrations at above 0.2M NaCl. The improved
solubility. Abbreviations as defined in Table 1 gelation capacity of locust bean pulp flour at 0.RMCI

concentration indicated by a lower least gelation

The effects of NaCl trai the functi |concentration of 2% (w/v) could be due to higher
e efiects of NaLl concentrations on the€ tunclionalg, hijization of LBPF protein by the salt solution

properties of locust bean pulp flourare shown ibl&e2. whichcaused over lapping of the functional aroups
The addition of NaClup to 0.2M enhanced the nitrogen, .;,..con adjacent pro?gin gmolecules. This cond%i'mnp

splubility of IO.C.USt bean pulp flour b_UI decreasti necessary for network or gel formation (Badifu & Asku,
nitrogen solub|I|_ty at NaCl concentrations a_boveM).Z__ 2001). The least gelation concentration of locestrbpulp
Low concentrations of NaClenhanced protein solybilit 4, jncreased at higher NaClconcentrations. It basn

(salting- in effect) while high NaCl concentrations su L .
. . . ggested that hydrogen and ionic bonds are resfpens
decreased it (salting-out effect) (Oshodi & Asz93p The for the stabilization of gel and that the additiohNaCl

addition. of NaQI up to. 0.3M improved Fhe Water il decrease the viscosity of the gel if the
absorption capacity and oil absorption capacitjooist NaClconcentration is high enough to neutralize therges

bean pulp flour. At concentrations above 0.3M, ¢heere stablishing the gel (Oshodi & Asa, 1993). ThusCNat
concomitant decreases in water absorption and oi bove 0.2 was able to neutralize tlhe charges ettaty)
zizseoorretg)ena ﬁiﬁﬁc(:l(t)ys'hos(;nélca,gs;esfggs@wgﬁo:i?j%c;r(gi gel formati_on in LBPF and_decreased th(_e viscos_itjplwh
bound h i1 which i ’ d h hafdb leads to higher least gelation concentration. Timiglied
ound to the protein which increased the net chafdse o iy | BPF based food systems where high gellind) a

moflel((;l_JIes f(ﬁ]deunvza_et ali, 281(21)' -[h'st_ resﬂ;ﬁ.. in thickening is desirable, it is unnecessary to adgh h
unfolding of the protein network (denaturation) iin amount of salt. However, if high salt concentratisn

turn leads to increased aqces&bnhty to water. Thenecessary, it is advisable to increase the loceah lpulp
enhancement of water absorption capacity by lowlteuof flour concentration

NaCl would be added advantage in the use of looessh b
pulp flour for the preparation of breads and cqkdsibor,
2016). The addition of up to 0.4M NaCl increased the
emulsion activity and emulsion stability of locus¢an
pulp flour. Concentrations above 0.4M decreased the gy conc. L €8St gelation conc. (S,w/v)

Effect of NaClon functional properties

Table 3: Effect of NaCl concentration on the least
gelation concentration of locust bean pulp flour

emulsion activity and emulsion stability. The bécief (% wiv) NaCl conc. (Mol™)
effects of low concentration NaCl on emulsions hbgen 0 02 04 06
reported for African breadfruit kernel flour (Badif& i + ) -

Akubor, 2001). The increases in emulsion activitd a

+ -
emulsion stability by low concentration of NaCl were ] : : i
probably due to salting-in effect of NaCl on protein 10 ; + + -
Salting —in effect is a biochemical process whereby 12 + + + -
proteins (amino acids) are extracted from a prodvitt 14 + + + +
high salt concentration due to denaturation ofginst by 16 + + + +

precipitating the proteins (Kinsella, 1981). At NaCl + = Gelled, — =Not gelled

concentrations above 0.4M, the emulsion activityd an

emulsion decreased as there was likely to be galtint of ~ Table 4: Effect of interaction of pH and NaCl concentration
the proteins (Kinsella, 1981). In salting-out, theteins —on theemulsion activity of L ocust Bean Pulp flour

are extracted with low salt concentration which sloet 2‘0?1? pH
denture the protein. The proteins are not predgutdout (Mol'i) 0 2 4 6 8 10 12

rgmained ip solut_io_n (Onimawo _& Akub_o_r, 2012). The 5, 1243 & 1F 17 20 oF o2&

high emulsion activity and emulsion stability of LBRt 0.2 9% 18 14 1?2 1 10 10

low NaCl concentration is desirable in nutriton.rFo 0.4 256 18 11° 1 10° 10 ¢

instance, hypertension is linked to high level QM in 0.6 206 12 100 17 o g 7

foods. Addition of NaCl up to 0.2M concentraton 08 175 1 ¢ & 7 & &

increased the foaming capacity and foam stabifityRPF 10 125 ¢ 8 6 5 6 4

but greater concentrations of NaCl decreased the.nn\'./'SdO-OE 090 1.28 089 090 108 10 094

Similar result was reported for orange seedfloypaa & alues are means of 3 replicates. Means within lanco with the same
imi p - . g uo . superscript were not significantly different (p 208). Least significant

Akubor, 1999). The foaming capacity and foam siighaf difference (Lsd)

LBPF were higher at 0.2M than in water. The benafici

effects of low concentrations of NaCl on foaming aeity
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Interaction of pH and NaCl concentration on emulsion
activity

Sodium chloride improved emulsion activity of lotus

bean pulp flour in the pH range of 2-8 (Table 4)yd&wl
this range, the emulsion activity decreased. Thalgon

Badifu GIO & Akubor Pl 2001. Influence of pH and
sodium chloride on selected functional and  physica
properties of African breadfruitT(eculia Africana
Decne) kernel flourPlant Foods Hum Nutr., 56: 105-
115.

activity at pH values of 2, 10 and 12 decreasech wit Chavan UD, Mekenzie DB & Shachidi F 2007. Functional

NaClconcentrations.

Conclusion

Locust bean pulp flour has potential for use iniowas
food products. However, the functional propertiekoust
bean pulp flour are affected by pH and sodium dtiéor
concentration. Sodium chloride at high concentratio
(>0.4M) decreased the water and oil absorption,|spm
and foaming properties of locust bean pulp flounege
properties may limit the use of locust bean putuifito
low sodium chloride food systems. Further studiesia
progress in our laboratory to determine the actdfitaof
food products supplemented with locust bean pulprfl
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