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Abstract Moringa seed protein isolate (MPI) was prepared
by aqueous salt extraction followed by watering-out to
precipitate proteins. Extraction and precipitation steps were
optimized to achieve maximum MPI yield. Besides, MPI
was characterized based on its composition and functional
properties. Among the multiple salts examined, Na,SO,
(69.9%), KCl (66.2%), NaCl (65.4%), and NaBr (63.5%)
displayed better protein extractability as well as higher
MPI yield (~ 52%) with a protein content of > 90% d.b.
However, NaCl was preferred considering its wider
acceptance. Based on response surface methodology anal-
ysis, solvent-to-flour ratio, 22:1 (v/w), NaCl concentration,
0.4 M and temperature, 55 °C were found optimal for
maximum protein extractability of 70.3%. Subsequent
watering-out resulted in a maximum MPI yield of 56%
(protein basis). MPI contained all the protein subunits (6.5,
14, 29 kDa) present in its source. It also scored over
commercial soy protein isolate in many of the functional
properties.
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Introduction

Protein energy malnutrition is a serious problem in devel-
oping and underdeveloped countries due to the limited
availability of protein sources and compounded by other
socio-economic conditions (Guleria et al. 2017). Moreover,
the availability of animal proteins is hindered due to their
inadequate supply accompanied by higher cost (Che et al.
2017). Plant proteins can serve as a better alternative due to
their good environmental sustainability, health-oriented
composition, reliable origin, and attractive prices. How-
ever, even though large number of sources exists, the uti-
lization is mainly centred around soybean, kidney bean and
cowpea (Sridaran et al. 2012). Thus, research on unex-
ploited plant protein sources have become important, and
there is a necessity to look at all the potential sources of
plant proteins.

Moringa oleifera is a highly valued vegetable plant
owing to its nutritional and medicinal values (Makkar and
Becker 1997). Moringa seed meal (MSM) is used as a
natural coagulant and plays a significant role in water
purification industry. MSM contains considerably good
quantity of high-quality protein (~ 52%) with all the
essential amino acids and may serve as a potential source
of functional protein isolate. Moringa seed protein isolate
can be used as an alternative to other proteins for human
food use due to its balanced amino acid profile. The present
authors have filed a patent application (3529/DEL/2014)
entitled “A process for the preparation of protein isolate
from defatted moringa seed meal flour”. In the current
study, authors have attempted to determine optimal
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conditions for protein isolate preparation and to charac-
terize the isolate in term of its constituent proteins and
functional properties.

Hofmeister (1888) reported that protein solubility is
influenced by the concentration and type of salts present,
based on the precipitation studies of egg yolk protein and
other colloids. The increase in protein solubility generally
followed the Hofmeister series, accordingly:

Anions: SCN™ > CIO, > I" >Br > CI"
> CH3;COO™ > HPO}™ > SO:~
Cations : NH; > Cs" > K" > Na® > Li*

> Mg*" > Ca’* > Ba’"

Moringa seed meal protein (MSMP) extraction using
salts (NaCl and CaCl,) was rated to be better compared to
alkaline and water extraction (Govardhan et al. 2011).
However, the attempts were limited to only two salts, while
there could be a scope to improve the protein extractability
by examining a wide range of salts. Besides protein sur-
rounding environment (ion type and ion concentration) also
has an influence on the conformational property of the
protein, and ultimately affect micelle formation in the
subsequent protein precipitation step.

Protein solubility in salt solution may be affected by
various parameters including pH, temperature, ionic force,
salt or solvent type, extraction time, solid—solvent ratio and
presence of components causing inter-moleclar linking
(Jain et al. 2015). When many factors and interactions
affect desired response, response surface methodology
(RSM) is an effective tool for optimizing the process
(Triveni et al. 2001).

The objective of the present study is to understand the
influence of Hofmeister ions on the moringa seed protein
extraction and optimize protein extraction from seed meal
with selected salt using RSM. Further, protein concentra-
tion and precipitation steps were assessed to achieve
maximum protein isolate yield. Additionally, protein iso-
late obtained under optimized conditions was compara-
tively assessed with a commercial soy protein isolate in
terms of functional properties.

Materials and methods

Materials

Dried moringa seeds were purchased from the local market.
All the chemicals and solvents used were of analytical

grade and purchased from reputed companies in the
country.
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Methods
Preparation of Moringa oleifera seed meal

Moringa seed flour was defatted with hexane until the fat
content was reduced below 0.5%. The defatted flour was
air-dried at ambient temperature (25-28 °C) for about 24 h
and ground to a fine flour in a precision laboratory mill
(Quadrumat; Brabender, Buisburg, Germany) fitted with a
stainless steel control sieve (100 pm mesh). Moringa seed
meal (MSM) thus obtained after milling was stored at
ambient temperature in an airtight container until experi-
mental use.

Single-factor experiments
Solvent-to-flour ratio

The impact of solvent-to-flour ratio on protein
extractability from MSM was determined by dispersing
0.5 g of MSM in 0.75 M NaCl solution at various solvent-
to-flour ratios (5:1, 10:1, 15:1, 20:1, and 25:1). Samples
were stirred in a shaking water bath for 1 h at ambient
temperature without any pH adjustment (natural pH 5.5).
The solubilized liquor was separated from insoluble
material by centrifugation at 6000g for 15 min at ambient
temperature and protein estimated.

Incubation time

Protein extractability was examined over a range of
extraction periods 5-60 min at a solvent-to-flour ratio of
20:1 under otherwise similar conditions as described in the
earlier section of solvent-to-flour ratio.

Incubation temperature

Protein extractability was examined over a range of
extraction temperature 30-100 °C for 10 min under
otherwise similar conditions as described in the earlier
section of incubation time.

Salt selection

Hofmeister cations The impact of cations (Nat, K,
Mg**, Ca®") on protein extractability from MSM was
determined by dispersing 0.5 g of MSM in 10 mL of their
chlorine salt solution (NaCl, KCl, CaCl,, MgCl,) at dif-
ferent salt concentrations 0.15, 0.25, 0.50, 0.75 and 1.0 M
without any pH adjustment. Samples were stirred for 1 h at
ambient temperature. The homogenate was separated from
the insoluble residue by centrifugation and protein
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extractability was estimated. Another homogenate prepared
from 0.25 M salt solution maintaining the rest of the
conditions same was used for protein precipitation using
watering-out. Watering-out was performed by diluting
(tenfold) the homogenate with chilled water having a
temperature of 8—10 °C, and the solution was centrifuged
at 12,000g for 10 min at 10 °C. Protein precipitate
obtained was dried and weighed. Protein precipitate yield
was calculated by using the following formula:

Protein precipitate yield(%)

_ Weight of protein precipiate obtained (g)

100
Weight of protein present in MSM (g) *

Hofmeister anions The impact of anions (SO427,
HPO,*~, CH5COO™, CI™, Br, I" and SCN™) on the
extraction efficiency of MSMP was determined by dis-
persing 0.5 g of MSM in 10 mL of their sodium salt
solution (Na,SO,, Na,HPO,, CH;COONa, NaCl, NaBr,
Nal and NaSCN) at 0.25 M salt concentration without any
pH adjustment. Samples were stirred for 1 h at ambient
temperature. The homogenate was separated from the
insoluble residue by centrifugation and protein
extractability was estimated. Another homogenate prepared
from 0.25 M salt solution under similar conditions was
used for protein precipitation using watering-out and pro-
tein precipitate yield was calculated as explained in the
earlier section of “Hofmeister cations”.

NaCl concentration Protein extractability was examined
over at a wide range of NaCl concentration 0.05-3.00 M
for 10 min under otherwise similar conditions as described
in the earlier section of “Hofmeister anions”.

Extraction pH Protein extractability was examined over a
range of pH (2-11) in 0.25 M NaCl solution under other-
wise similar conditions as described in earlier section of
NaCl concentration. The pH of the solution was adjusted to
the required working pH (2-11) with HCl or NaOH of
high-low normality to limit dilution as well as to maintain
accuracy.

Experimental design for protein extraction optimization
using RSM

Box—Behnken experimental design with three factors and
three levels, including three replicates at the center point,
was employed to fit a second-order response surface. Sol-
vent-to-flour ratio (X;), NaCl concentration (X,) and
temperature (X3) were chosen as independent variables in
this design. Based on the single-factor experiments, X; (5,
15, 25), X, (0.05, 0.25, 0.45 M) and X3 (30, 55, 80 °C)

were delineated as critical levels. A broader range was
selected to adequately take care of the inter-dependent
effects of experimental variables.

The variables were coded according to the following
equation

Xj = (Xl — Xo)/Axl (1)

where X; is the coded value of an independent variable, X;
is the real value of an independent variable, X is the real
value of an independent variable at the center point and
AX; is the step change. Experiments were randomized to
minimize bias.

The average yield of the duplicate values obtained was
taken as the dependent variable or response, Y;. The model
proposed for the response is given below:

Y = By+ BiXi + BXao + BsXs + B Xi+ BpXs
+ BiX3 + BXiXo + BXiXs + BruXoXs (2)

where Y is the predicted response (extractability of pro-
tein), By is offset term, B, B> and B5 are linear effect terms,
B11, B2z and B33 are squared effects and By,, B3 and B3 are
interaction effects.

The proportion of variance explained by the polynomial
models obtained is given by the multiple coefficients of
determination, R. The significance of each coefficient was
determined using the Students ¢ test and p value. The
behavior of the surface was investigated for the response
function protein extractability, using the regression Eq. (2).
The optimum conditions were validated by conducting
experiments under these conditions. Responses were
monitored, and results compared with model predictions.

Effect of dilution on precipitate yield

Seed meal protein was extracted from MSM under RSM
optimized conditions. The extract obtained was diluted at
different dilution fold (1-12) with chilled water (8—10 °C).
The solutions were centrifuged at 12,000g for 10 min at
10 °C. Protein precipitates obtained were dried and pre-
cipitate yield was calculated as described in the earlier
section of “Hofmeister cations”.

Membrane processing

Seed meal protein was extracted from MSM under RSM
optimized conditions. Extract obtained (50 mL) was
ultrafiltered to concentrate proteins at a volume concen-
tration ratio of 4. The ultrafiltration was carried out in a
stirred membrane cell unit fitted with a 25-30 kDa MWCO
membrane at 0.4 MPa. The retentate containing concen-
trated solubilized protein was diluted (sixfold) with chilled
water (< 10 °C) and the solution was centrifuged at
12,000g for 10 min at 10 °C. Protein precipitate obtained
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was dried and the precipitate yield was calculated as
described in the earlier section of “Hofmeister cations”.

Functional properties of obtained protein isolate
Nitrogen solubility

Nitrogen solubility of moringa seed protein isolate and
moringa seed meal at different pH (2-11) was determined
according to the method of Adebiyi et al. (2007) with slight
modifications. Samples were dispersed in distilled water
(2% w/v), and the pH of the solution was adjusted to the
required working pH (2-11) with HCl or NaOH as
required. After a 30 min equilibrium period at ambient
temperature and readjustment of pH if necessary, the
samples were centrifuged at 5000 rpm. Solubility of
nitrogen in the supernatant was determined by Kjeldahl
method. The nitrogen solubility (NS) was calculated
according to the formula:

NS(%) = Nitrogejn content in the. supernatant « 100,
Total Nitrogen content in the sample

Foaming capacity and foam stability

Foaming properties were determined by the method of
Fernandez-Quintela et al. (1997), with minor modifica-
tions. Aliquots (100 mL) of sample solutions (1% in 0.4 M
NaCl solution, w/v) were homogenized with a homoge-
nizer (ART-MiccRA, Mullheim, Germany) at 19,000 rpm
for 1 min. Foaming capacity was calculated as the percent
increase in volume of the protein dispersion upon mixing
whereas foam stability was estimated as the percentage of
foam remaining after 30 min.

Water absorption capacity

Water absorption capacity (WAC) was determined using
the method by Tomotake et al. (2002), with slight modi-
fications. 1 g of protein isolate sample was dispersed in
10 mL of distilled water and mixed for 30 s every 10 min
using a glass rod and the mixing was repeated four times.
The mixture was centrifuged at 4000g for 20 min and the
supernatant was carefully discarded. WAC was calculated
as the increased percentage of the sample weight.

Oil absorption capacity

Oil absorption capacity (OAC) was determined by the
method of Sze-Tao and Sathe (2000). Protein isolate
sample (0.5 g) and groundnut oil (3.0 mL) were mixed and
stirred for 1 min. After a holding period of 30 min, the
mixture was centrifuged at 3000g for 20 min and excess oil
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was discarded. OAC was expressed as the percentage of oil
absorbed by the protein isolate.

Emulsification capacity

Emulsion capacity was determined according to the
method of Pearce and Kinsella (1978). About 2 g flour
sample was dispersed in 100 mL distilled water and
homogenized in a blender-mixer until the proteins dis-
persed completely. As the dispersion was being homoge-
nized, refined groundnut oil was added gradually at the rate
of 0.5 mL/s from a burette. As the process continued, oil
addition was interrupted after each addition of 5-10 mL to
prevent a sudden rise in temperature until the emulsion
became thick and attained maximum viscosity. Then, the
rate of oil addition was reduced and continued dropwise
thereafter until the emulsion reached breakpoint, at which
oil and water separated into two phases. Emulsion capacity
was measured as mL of oil emulsified and held per gram of
flour.

Analyses
Protein estimation

Nitrogen content was determined according to AOAC
micro-kjeldahl procedure (AOAC, Method 32.1.22, 2005).
Protein content was estimated by multiplying nitrogen
content by 6.25.

Sodium dodecyl sulphate polyacrylamide gel
electrophoresis (SDS-PAGE)

Molecular mass determination under denaturing conditions
was carried out by discontinuous SDS-PAGE using a ver-
tical system (Laemmli 1970). A 12% polyacrylamide gel
prepared in 1.5 M Tris—HCl buffer, pH 8.8, containing 1%
SDS was used. Samples (moringa seed meal, NaCl extract,
moringa protein isolate) were dissolved in 0.5 M Tris—HCl
buffer, pH 6.8 (containing 2% SDS, 1% dithiothreitol) and
boiled at 95 °C, for 5 min, before electrophoresis. Protein
bands were stained with Coomassie Blue R-250.

Antinutritional factors determination
Glucosinolate

Glucosinolate content was determined based on the
detection of the glucosinolate hydrolysis products
(Slominski and Campbell 1989) since the samples con-
tained both intact and hydrolyzed glucosinolates. The
concentration of thiocyanate ion was determined
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colorimetrically using potassium thiocyanate (KSCN) as a
standard.

Saponin

Saponin content was determined using the spectrophoto-
metric method as described by Hiai et al. (1976). The
results were expressed as diosgenin equivalent from a
standard curve of diosgenin prepared in 80% aqueous
methanol.

Statistical analysis

All the experiments and analyses were carried out in
duplicate. The means of each pair of data were compared at
5% significance level by using t-test, in Microsoft Excel
Data Analysis Tool Pack. Data from the BBD were used
for determining the regression coefficients of the second-
order multiple regression models. The results were ana-
lyzed with one-way Analysis of Variance (ANOVA) using
Design Expert software version 9. Contour plots were
created keeping one variable constant at center point while
varying the other two variables.

Results and discussion
Effect of individual extraction parameter

Single factor experiments were conducted to analyze the
individual parameters that have significant effect on protein
extractability from MSM.

Effect of solvent-to-flour ratio

Solvent-to-flour ratio showed a significant influence on
protein extractability from MSM (Fig. la). Protein
extractability increased from 484 to 67.4% with an
increase in solvent-to-flour ratio from 5:1 to 20:1. How-
ever, further increase in solvent-to-flour ratio (25:1) did not
have any significant effect. Therefore, solvent-to-flour ratio
of 20:1 was used in the subsequent studies.

Effect of incubation time

The influence of incubation time on protein extractability
from MSM is shown in Fig. 1b. Virtually, all the proteins
were extracted within 10 min, which indicated that the
bulk of MSMP solubilized within a relatively short period.

Effect of incubation temperature

Figure Ic shows the effect of incubation temperature on
protein extractability from MSM at different temperatures
from 30 to 100 °C. Extractability increased significantly
with an increase in temperature from 30 to 40 °C and
became constant in the temperature range 40-70 °C.
However, with further increment of incubation temperature
(70-100 °C), extractability showed a drastic decrease
probably due to protein denaturation.

Salt selection

Effect of Hofmeister cations The effect of cations (Na™,
K™, Mg?*", Ca*") on protein extraction from MSM as well
as protein precipitation using watering-out was studied
with their chlorine salts (NaCl, KCI, CaCl,, MgCl,). Salt-
ing-in strength of Hofmeister cations is shown in Fig. 1d.
There was a significant increase in protein extractability
with monovalent cationic salts till 0.25 M salt concentra-
tion. Afterwards it remained constant in the range of con-
centration (0.25-1 M) examined. Whereas divalent salts
showed improvement only up to 0.15 M. Therefore,
0.25 M salt concentration was used uniformly in the sub-
sequent studies.

Results showed that protein extractability with cations
followed a direct Hofmeister series (Na™ ~ K< Mg**
< Ca2+). Although divalent cationic salts (MgCl,, CaCl,)
exhibited higher protein extractability compared to mono-
valent salts (NaCl and KCl), they did not result in protein
precipitation upon watering-out (Fig. 1e). The reason could
be that these salts provide higher ionic strength compared
to monovalent salts at the same ionic concentration,
therefore, requiring more dilution to reduce the ionic
strength in the watering-out process. However, this would
increase the distance between the exposed hydrophobic
groups and thereby leading to limited inter-hydrophobic
interaction, drifting away from a delicate balance of
hydrophilic-hydrophobic non-covalent forces which is
critical for the protein precipitation and their subsequent
association. Consequently, monovalent cations were
selected for subsequent studies since divalent cationic salts
are not suitable for the critical precipitation step in the case
of moringa seed protein.

Effect of Hofmeister anions Hofmeister series is more
pronounced for anions as compared to cations because
anions have a stronger interaction with water than cations
of the same size and absolute charge density (Kunz 2010).
Therefore, few sodium salts were tested to study the effect
of anions on protein extractability from MSM as well as
precipitate yield and the results obtained are shown in
Fig. If.
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Results showed that protein extractability followed a
reverse Hofmeister series except for CI~ and Br~ ions
which advanced their position. The descending order of
protein extractability was of the following order:

SO}” > ClI” > Br~ > HPO; ~ CH3;COO™ > I~
> SCN™.

There are studies that reported Hofmeister series
reversal and some of them are contradictory. Zhang and
Cremer (2009) reported a reversed anion series at low salt
concentrations and a direct series at high salt concentra-
tions. Whereas Salis et al. (2012) reported increase in salt
concentration or change in pH could lead to Hofmeister
series reverse. A partial or total reversal of the series could
be ascribed to changes in the polarity or charge of protein
surface (Schwierz et al. 2010). In a systematic study using
small angle X-ray scattering (SAXS), Finet et al. (2004)
demonstrated the occurence of Hofmeister reversal at
pH < pl for lysozyme, a-crystallins,  -crystallins, ATCase
and Brome Mosaic Virus. The major moringa seed protein
(6.5 kDa) is cationic in nature due to its high pl greater
than 10 (Gassenschmidt et al. 1995; Jerri et al. 2012).
Therefore, moringa protein would have a net positive
charge on its surface at the extraction pH (5.5) as it is lower
than its pl value. This could be the possible reason for
Hofmeister series reversal observed in the present system.

Na,S0O, (70%), NaCl (65%), and NaBr (64%) exhibited
greater protein extractability but resulted in nearly the same
precipitate yield (52%) with more than 90% purity. These
results suggested that any one of these three salts could be
used for preparation of M. oleifera seed protein isolate.
However, NaCl was preferred considering its wider
acceptance in various applications. So, NaCl was used in
the subsequent studies for protein extraction optimization
using response surface methodology (RSM).

Effect of NaCl Concentration Figure 1g shows the effect
of NaCl concentration on protein extractability from MSM.
Protein extractability increased significantly with an
increase in the salt concentration up to 0.25 M beyond
which that there was no significant change in extractability
till salt concentration reached 2.0 M. Further increase in
the salt concentration affected the protein extractability
significantly.

Effect of extraction pH Figure 1h demonstrated that
protein extractability was comparatively higher at its nat-
ural pH. Besides, any altered pH could affect the protein
structure and functionality owing to the change effected in
its surface charge. Hence, it is preferable to extract native
protein at natural pH (5.5) without any pH adjustment.

Protein extraction optimization using response
surface methodology (RSM)

Single factor experimental results concluded that the pro-
tein extractability from MSM dependent on various
parameters including solvent-to-flour ratio, salt type, salt
concentration and temperature; however, extraction time
and pH did not have much sensitivity to the process. Since
many factors and interactions affect the desired response,
RSM was adopted for optimizing the process after appro-
priate selection of parameters and their limits.

Fitting the models

The experimental conditions and their corresponding
experimental, predicted and relative % deviation values
from the experimental design are presented in Table 1.

The regression equation obtained for protein
extractability from MSM is as follows:

Y = —27.1886 + 2.190073X; + 156.431X,
+ 1.68659X5 — 0.09743X7 — 229.072X;
— 0.01899X3 + 2.070203X,; X, + 0.023439X,X;
— 0.259317588X,X5.

(3)

F-test checked the statistical significance of Eq. (3).
Because of the model F value (10.95) and a small proba-
bility value (0.008), it could be deduced as highly signifi-
cant. Further, a high coefficient of determination (Rz) of
0.9517 suggested that the model proposed is relatively
accurate. This implied that independent variables included
in the study attributed to 95.17% of the variation for the
protein extractability from MSM. The data proved that the
developed model could adequately represent the real rela-
tionship among the parameters chosen. Besides, the aver-
age relative deviation, an indicator of fitness between
experiment and model, was only 6.8%.

Effects of independent variables on responses and RSM
model validation

The estimates of independent variables and their corre-
sponding P values suggested that the independent variables
X, (salt concentration) and X3 (temperature) had a signif-
icant effect on Y (Protein extractability from MSM). Pos-
itive coefficient for X;, X, and X5 revealed a linear effect
to increase Y. All of the quadratic terms (Xz, X%, X%) had a
significant impact on Y (P < 0.05), whereas the cross-
product terms (X;X,, X,X3 and X;X3) were not significant
(P > 0.05). In this work, X5, X5, X3, X3 and X3 were
significant model terms (see Supplementary Table S-1).
The presence of optimum levels of solvent-to-flour-ratio,
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Table 1 Box—Behnken experiment design matrix with experimental, predicted and relative % deviation values of the protein extractability from

MSM
Run Solvent-to-flour ratio NaCl Conc. (M) Temp. (°C) Protein extractability (%) Relative deviation (%)
X X5 X3 Experimental Predicted
1 5 0.05 55 352 30.1 14.3
2 5 0.45 55 39.9 433 8.6
3 25 0.05 55 48.8 45.3 7.1
4 25 0.45 55 70.1 75.1 7.2
5 15 0.05 30 41.1 43.8 6.4
6 15 0.05 80 59.4 53.5 9.8
7 15 0.45 30 20.4 26.3 28.6
8 15 0.45 80 62.1 59.5 4.2
9 5 0.25 30 33.8 36.2 7.1
10 25 0.25 30 61.5 62.3 1.3
11 5 0.25 80 33.8 33.0 24
12 25 0.25 80 56.3 53.9 43
13 15 0.25 55 67.3 67.4 0.1
14 15 0.25 55 67.5 67.4 0.2
15 15 0.25 55 67.3 67.4 0.1
Average deviation 6.8

NaCl concentration and temperature for maximum protein
yield can be seen in contour plots (see Supplementary
Fig. S1).

RSM model was validated by extracting proteins from
MSM under the optimal conditions obtained from the
model. The experimental values were compared with the
predicted values to ascertain the validity of the model. The
stationary point giving the maximum protein extractability
from MSM had the following critical values: solvent-to-
flour ratio 22:1, NaCl concentration 0.4 M, and tempera-
ture 55 °C. The predicted protein extractability under these
conditions was 76% while the experimental value was
70.3%. The corresponding percentage deviation of 8% is
closer to the average relative percentage deviation (6.8%)
indicating the agreement of the predicted values. Addi-
tionally, ten more experiments were conducted to further
validate above RSM model (see Supplementary Table S-2).
The results indicated that the experimental values agreed
with the predicted ones with an average relative percentage
deviation of 5.0%.

Effect of dilution on protein precipitate yield

Protein was extracted from MSM under the optimal con-
ditions established (solvent-to-flour ratio 22:1, NaCl con-
centration 0.4 M, temperature 55 °C and incubation time
10 min) and the influence of dilution on precipitate yield
was studied. There was a significant rise in precipitate yield
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up to sixfold dilution and reached 56%, beyond which it
remained nearly constant (Fig. 1i). These results indicated
that a sixfold dilution is optimal for precipitating proteins
using watering-out process.

Membrane concentration of protein extract

Concentration of aqueous protein extract was attempted
using membrane processing to explore whether the amount
of water required in the subsequent precipitation process
could be reduced. Aqueous seed extract having a protein
content of 17.5 mg/mL. was concentrated to 63 mg/mL
with a protein recovery of 90% in the ultrafiltration process
(25-30 kDa, 4 VCR). The retentate containing concen-
trated proteins upon dilution (sixfold) with water resulted
in a protein precipitate yield of 56%. Although there was a
10% protein loss in the concentration process, it did not
affect the overall precipitate yield. Further the reduction in
extract volume reduced the amount of water required in the
subsequent precipitation step by 75%.

Anti-nutritional factors in MSM and MPI

Anti-nutrients are natural or synthetic compounds that
interfere with the absorption of nutrients. Glucosinolate
and saponin, are the two major anti-nutritionals factors
reported in moringa seed meal (Makkar and Becker 1997).
Glucosinolate and saponin content reduced drastically
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(95% and 97%) in MPI compared to MSM owing to the
precipitation process involving large amount of water
taking away these water-soluble compounds (Table 2). The
reduction was lower in the membrane isolate (84% and
93%) as the concentration step proportionally reduced the
amount of water employed for protein precipitation to the
extent of 75%. If desired, anti-nutritional factors content in
these isolates could be further reduced by washing (3—4
times) the isolate with water as most of the anti-nutritional
factors are water soluble in nature.

Molecular weight estimation

Moringa seed meal showed the presence of three major
protein bands in reducing condition corresponding to
molecular weights, 29, 14.2 and 6.5 kDa (Fig. 2). Previous
researchers have shown the presence of many coagulating
proteins in the moringa seed meal with different molecular
weights (6.5-26.5 kDa) (Ndabigengesere et al. 1995;
Santos et al. 2009; Garcia-Fayos et al. 2010). The major
protein bands corresponding to moringa seed meal were in
agreement with earlier studies. All these three proteins
were also present in the salt extract as well as in the MPL.
Thus, the composition of MPI prepared from the process
proposed construed to be identical to the protein compo-
nents present in the source material.

Functional properties of moringa seed protein
isolate

Functional properties of food proteins denote those
physicochemical properties that determine the behavior of
foods during processing, preparation, storage and con-
sumption. Functional properties affect the sensory charac-
ter and physical behavior of foods or food ingredients. The
type of functional properties required in a protein varies
with the food system. The important functionality that
determines the quality of the protein product includes
nitrogen solubility, foaming capacity, foam stability, water
absorption capacity, oil absorption capacity and emulsifi-
cation property.

Table 2 Anti-nutritional factors in MSM and MPI

KkKDa
66
45

MSM NE MPI

36

29
24

20

=
' i

14.2

6.5

-— - &

M-Marker, MSM-Moringa seed meal. NE-NaCl extract, MPI-Moringa protein isolate

Fig. 2 Constituent proteins of moringa protein isolate and moringa
seed meal

Nitrogen solubility

Solubility characteristics of proteins are among the most
important functional properties since many functional
performances of proteins depend upon their capacity to go
into solution initially. Figure 3 shows the nitrogen solu-
bility profile of MPI and MSM over a pH range of 2-11.
Nitrogen solubility of MPI was significantly higher com-
pared to MSM in the acidic pH range (2-5) widening its
scope of practical application. The lower nitrogen solu-
bility of the MPI and MSM in the pH range pH 7-10 may
be since this pH range is closer to its isoelectric point (10).
The lack of electric charge corresponding to the isoelectric
point has been known to promote hydrophobic aggregation
which translates to the minimum solubility (Damodaran
1996). Similar observations on nitrogen solubility and
isoelectric point of protein had been reported for soy
(Zhang et al. 2007) and groundnut (Jain et al. 2015).

Foaming capacity (FC) and foam stability (FS)
Foaming capacity and foaming stability are the important

functional properties of protein isolates that determine their
utilization in different food systems where aeration and

Sample Protein content (%) Glucosinolates (uM/g) Saponins (%)
Total Free Bound

MSM 52 + 0.8 34.50 +£ 04 7.27 £ 0.2 2723 £0.2 1.73 £ 0.02

MPI (without UF) 93 + 0.7 1.78 + 0.1 0.50 + 0.1 1.28 £+ 0.1 0.06 £ 0.00

UF-MPI 93 + 0.9 5.54 + 0.04 1.51 + 0.03 4.03 £+ 0.04 0.13 £ 0.01
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Fig. 3 Nitrogen solubility of MPI and MSM at different pH

overrun is required, for example whipped toppings, baked
foods and ice-cream mixes (Shevkani et al. 2015).

The capacity of proteins to form stable foams with gas
by forming impervious protein films is called as foaming
capacity. The foaming capacity of MPI was 36% higher
than that of SPI (Table 3). High protein solubility is a
prerequisite for achieving better FC (Deng et al. 2011).
Besides, the diffusion rates of protein at the air—water
interface to unfold its structure as well as its capability to
encapsulate air particles determine FC.

FS indicates the percentage of foam remaining after a
given period, which is dependent upon the formation of a
thick cohesive layer around the air bubble. Protein mole-
cules should form continuous intermolecular polymers
enveloping the air bubble to render good FS, since inter-
molecular cohesiveness and elasticity are important to
produce stable foams (Kamara et al. 2009). Foams from
MPI and SPI were quite stable till 30 min and MPI
exhibited 29% higher foam stability than SPI (Table 3).
The high FS could be attributed to the unfolding of the
protein structure which facilitates surface hydrophobic
association as well as reduced air leakage leading to pre-
vention of rupture and coalescence (Wang et al. 2012;
Shevkani et al. 2015). Although the WAC of MPI was

Table 3 Functional properties of moringa seed protein isolate (MPI)
and soy protein isolate (SPI)

Property MPI SPI
FC (%) 185 & 10 120 + 12
FS (%)

10 min 170 £ 5 116 £ 5
20 min 165 & 4 114 £5
30 min 165 + 6 114+ 6
WAC (g g™ ") Not detected 40 £02
OAC (gg™h 1.9 £ 0.1 14 £0.1

Emulsifying capacity (mL g~ ") 90 + 6 120 £ 7
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rather very poor, it showed excellent foaming capacity in a
salt system.

Water and oil absorption capacity

The ability of protein to absorb water and retain it against a
gravitational force within a protein matrix is known as
water absorption capacity (WAC). MPI did not display any
water absorption capacity, while SPI displayed WAC of
4 g g~ (Table 3). But poor WAC of MPI will not restrict
its application because the salt content in the functional
foods formulation would be sufficient to provide the
desired solubility. Arrese et al. (1991) studied the func-
tional properties of several commercial isolates and
reported that isolates with more denaturation showed a
greater water holding capacity. This may be attributed to
the unfolding of the polypeptide chain resulting in a matrix
that can trap the absorbed water. The process employed for
the isolation of proteins also did not disrupt the protein
structures to impart WAC to MPL

An important functionality that influences the taste of
the fried products is the ability of the protein to absorb oil.
il absorption capacity (OAC) of MPI (1.94 g g~ ') was
30% higher compared to SPI (1.36 g g~ '). The differences
in oil absorption capacity might be due to the presence of
more non-polar amino acids in MPI than SPI. The presence
of several non-polar side chains may bind the hydrocarbon
chains of fats, thereby resulting in higher absorption of oil
(Sathe et al. 1982). High OAC of MPI make them good
ingredients in cold meat industry, particularly for sausages,
where the protein usually bridges the fat and water to
obtain good products.

Emulsifying capacity

The emulsifying capacity is a measure of the effectiveness
of proteinaceous emulsifiers (Pearce and Kinsella 1978).
Proteins are composed of charged amino acids, non-
charged amino acids and nonpolar amino acids which make
protein a possible emulsifier, to interact with both water
and oil in food system. The emulsifying capacities of the
protein are generally dependent on its ability to adsorb on
the interface whereas emulsion stability is related to the
properties of this adsorbed layer. Protein solubility and
hydrophobicity are two major important factors that
determine their initial adsorption and thus their emulsifying
properties (Shevkani et al. 2015). Emulsifying capacity of
MPI was 25% lower than SPI understandably due to its
poor solubility in water. Nevertheless, emulsifying capac-
ity of MPI was closer to the whey protein concentrate,
104-110 mL g~' (El-Desoki 2009) which is second com-
monly used proteinaceous emulsifier after soy.
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Conclusion

This paper provides information on the preparation and
characterization of Moringa seed protein isolate with a
purity of > 90% and maximum yield. Various extraction
factors namely solvent-to-flour ratio, salt type, salt con-
centration, and temperature were found to have a signifi-
cant effect on protein extractability from MSM; however,
incubation time and pH did not have much influence.
Ultrafiltration reduced the amount of water required in the
subsequent precipitation step drastically without affecting
the final precipitate yield. MPI preparation process retained
the protein subunit profile (6.5, 14, 29 kDa) intact while
reducing the major anti-nutritional factors (glucosinolates
and saponins). MPI also showed superior oil absorption
capacity, foaming capacity and foam stability compared to
commercial SPI which could be exploited in food
formulations.
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