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Abstract

A central composite orthogonal experimental design
(CCOD) was used to develop a nutraceutical product
from soy protein isolate, sorghum pyrodextrin and basil
instant soluble powder using their levels incorporation
as the independent factors while functional, and
antinutritional parameters served as the responses. The
haematological and biochemical parameters of albino
wistar rat fed with the preferred nutraceutical product
were determined. Sensory profiling by 30 panelists
using a 9-point hedonic scale was conducted. The
response surface analysis of the dependent variables of
the products revealed both quadratic and linear fitted
effects (P<0.05).The developed nutraceutical product
had water absorption capacity, 1.69g/g, oil absorption
capacity, 0.78g/cm3 bulk density, 6.82 pH, 1.40mg/g
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trypsin inhibitor, 0.73mg/100g phytate, 0.54mg/100g
2.15HU/mg The

nutraceutical product boosted the homopeitic activities,

tannin, and haemagglutinins.
reduced the fasting blood glucose and cholesterol of the
experimental rats, while biochemical analysis indicated
no toxicological implication. A regression graph of the
observed and predicted physicochemical properties of
the product showed a highly fitted model of R2 = 0.999.
Consumer acceptability tests showed that the developed

nutraceutical product was accepted by the panelists.

Keywords:  Nutraceuticals;  Pyrodextrin;  Basil;
Bioassay; Soy isolate; Response Surface Methodology
(RSM); Model;

Regression; Optimization
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1. Introduction

The increase in the spate of health-related diseases
coupled with emerging trend in the demand for
functional foods had fueled in the past few years the
evolving aggregated interest by scientists geared
towards producing foods targeted at meeting this current
challenge. The world food market is currently interested
in food that provide not only nutritive values but that
also promote health benefits beyond those provided by
their inherent components [1]. Due to risk of toxicity or
adverse effect of drugs, consumers are turning
massively to food supplements to improve health where
pharmaceutical fails. This resulted in a worldwide
nutraceutical revolution [2].

The term ‘‘nutraceutical’’ was coined from ‘‘nutrition’’
and ‘‘pharmaceutical’’ in 1989 by Stephen DeFelice.
Nutraceutical can be defined as, a food or part of a food
that provides medical or health benefits, including the
prevention and/or treatment of a disease [3].
Nutraceuticals is a broad term used to describe any
product derived from food sources that provides extra
health benefits in addition to the basic nutritional value
found in foods [4]. These nutraceuticals normally
contain the required amount of vitamins, lipids,
proteins, carbohydrates, minerals, or other necessary
The

presence of these bioactive ingredients in the processed

nutrients, depending on their emphases [5].
foods has become quintessential in order to satisfy the
demands of health conscious consumers. At present,
nutraceuticals represent the fastest growing segment of
today’s food industry [6]. Soybeans, Glycine max (L.)
Merr. (Leguminosae) are one of the most important
legumes [7]. Soybeans also contain many nutritious and
functional phytochemicals such as isoflavones, phytic
acids, saponins and oligosaccharides [8, 9]. Due to its
high biological value and content good numbers of
essential amino acids it can be used to prevent protein-
calorie malnutrition among vulnerable groups in the

community [10]. Several recent scientific studies [11]

Journal of Food Science and Nutrition Research

DOI: 10.26502/jfsnr.2642-11000068
have shown that regular intake of traditional soya foods
may help to prevent breast cancer, prostate cancer,
colon cancer and menopausal problems of women. Due
to presence of isoflavones and phytoestrogen in
soyabean, it helps to prevents cancer by inhibiting the
growth of existing tumor cells, and the risk of
endometrial cancer. Regular intake of soya product
helps to prevent disease by lowering total cholesterol,
low density lipoprotein, blood pressure and prevent
plague built up in arteries (atherocleorosis) [12]. Soy
protein isolate (SPI), a soybean derivative protein
powder, is one of the most important products in food
processing as well as many other industrial uses [13]. Its
preference is attributed to its ability to enhance
nutritional (especially protein) and functional qualities
of food products to which it is used as an ingredient [14-
16]. Sorghum (Sorghum bicolor (L.) Moench) is a
cultivated tropical cereal grass. It is the only viable food
grain for many of the world’s most food insecure people
[17]. Diversification of the use of this important grain
through conversion to nutraceutical commodity like
dextrin will open new vistas of application of sorghum
and thereby enhance utilization. Eliminating low
molecular-weight fractions can make the dextrin sugar-
free and significantly improve its digestive tolerance
and reduce hygroscopicity. An ideal soluble dietary
fiber should exhibit
solubility,

instant and complete water
high-fiber
content, high digestive tolerance, excellent stability

low viscosity, neutral taste,
(heat and acid), and easy processability (good flow and
direct compressibility). A novel soluble dextrin fiber,
possessing all the above-mentioned characteristics, can
overcome the stability and application limitations of
most soluble fibers [18]. Ocimum gratissimum L.
(Lamiaceae) is an herbaceous perennial plant commonly
known as scent leaf because of its aromatic smell. The
genus, Ocimum with the general name Basil, belongs to
the family of plants known as Labiatae [19]. The plant

is known to contain alkaloids, tannins, flavonoids and
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oligosaccharides [20]. It is used in the treatment of
various diseases like cancer [21], antinociceptive, anti-
inflammatory [22], antidiahorreal [23], antibacterial
[24], antifungal [25], wound-healing [26] and as
nephroprotective [20]. Its ethanolic extract has shown
various activities like analgesic [27], antifungal [28],
aphrodisiac [29], hepatoprotective [30], antioxidant
[31,32] and anti-diabetic activity [33]. The specific
objective of this study was to develop effective
nutraceutical products from combinations of locally
sourced plant material using response surface
methodology as a means of optimization of the desirable

responses.

2. Materials and Methods
2.1 Procurement of materials
The seeds of soybean (Glycine max) and sorghum
(Sorghum bicolor L. (Merr.)) were purchased from
Bodija market, Ibadan, Oyo State, Nigeria. Freshly cuts
leaves of African Basil (Ocimum gratissimum) were

procured from Ojo market, Ibadan, Oyo State, Nigeria.

2.2 Production of soy protein isolates (SPI)

DOI: 10.26502/jfsnr.2642-11000068
The flow chart of preparation of soy protein isolate
(SPI) is shown in Figure 1. The defatted soybean meal
was produced using method of [34]. Briefly, soybean
seeds (12kg) were sorted, cleaned and washed
thoroughly with clean water. The washed seeds were
soaked in 1:5 ratio of water for 8 hours and
subsequently drained and dehulled. The dehulled seeds
where dried, milled into fine flour using hammer mill
and was deffated using soxhlet extraction method. The
defatted meal was converted to isolate by the method
reported by Zhongjiang et al. [35]. Defatted soy bean
flakes where suspended in 10-fold water and adjusted to
a pH of 7 with 2mol/L NaOH. After stirring for 1hour,
the suspension was centrifuged at 8000rpm for
30minutes. The supernatant was further subjected to
isoelectric precipitation by adjusting the pH to 4.5 with
2mol/L HCL. The protein precipitate was obtained by
centrifugation (5,000 rpm, 30 minutes), resuspended in
water and adjusted to a pH of 7 with 2mol/L NaOH.
After removing a small amount of insoluble substances
by centrifuging at 10,000 rpm for 30minutes, the protein
solution was freeze dried and ground to yield SPI

powder.

Soybean Seeds

Sorting, cleaning and Washing

Soaking (at refrigeration temperature for 8hours)

Draining and Washing

Dehulling

Drying

Milling
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Defatting/Extraction of fat

[Defatted Soybean Meall

¢

Solubilization/Suspension in 10 folds Distilled water

'

pH Adjustment to Between 6.8-10 (Using 0.2% NaHCO; or2mol/L NaOH)

Stirring for 1 hour

¢

Centrifugation (at 8,000rpm for 30minutes)

¢

ISupernatant/Extract

'

pH Adjustment to 4.5 (using 2mol/L HCL)

¢

Centrifugation (at 5,000rpm for 30minutes)

Protein Curd

Resuspension in Water and pH Adjustment to 7 (Using 0.2% NaHCO; or 2mol/L NaOH)

Centrifugation (at 10,000 rpm for 30minutes)

ISupernatant/Extract

Freeze Drying

¢

Grinding to Powder

'

Packaging & Storage
Figure 1: Flow chart for the production of soybean protein isolate (SPI) [35]

2.3 Production of sorghum pyrodextrin 24hours. The steeped grains were washed and ground
2.3.1 Isolation of sorghum starch: Sorghum starch was ~ with an equal volume of water using a blender for
extracted by using the methods of Beta and Singh [36,  3minutes. The slurry was filtered through a 200-mesh
37] as shown in Figure 2. Sorghum grain (10kg) was  screen. The material remaining on the sieve was rinsed

steeped in 10 litres of NaOH (0.25%, w/v) at 5°C for ~ with water. Grinding and filtering processes were
Journal of Food Science and Nutrition Research Vol. 4 No. 2 - June 2021. [ISSN 2642-1100] 147
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repeated on this material. After rinsing, the material still
remaining on the sieve was discarded. The filtrate was
allowed to stand for 1hour. The filtrate was centrifuged
at 10,000rpm for 19 minutes. The grey coloured, top

protein-rich layer was removed using a spatula. Excess

DOI: 10.26502/jfsnr.2642-11000068
water was added to re-suspend the sample, and
centrifugation was done for 5minutes. Washing and
centrifugation was repeated several times until the top
starch layer was white. The starch was dried for 24
hours at 40°C.

Sorghum Seeds

Sorting and Cleaning

Steeping (in 0.25% NaOH)

Draining and Milling

SievingiFiItering

|

Filtrate

<

Residue

Re-milling

Sieving/Filtering
L

<

v
Centrifugation (10,000rpm, 10minutes)

|

Washing and Re-centrifuging

}

Drying (40°C)

|

Packaging and Storage

Filtrate

Figure 2: Flow chart of production of pyrodextrin from sorghum
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2.3.2 Pyrodextrinization of sorghum starch: The
method of Sankhon [38] and Ghali [39], with slight
modification was employed in the production of
sorghum pyrodextrin. Briefly, 5kg of starch was placed
in stainless trays and 2.2 M hydrochloric acid was
added. The starch/HCI ratio was 80:1 (w/v). The acid
was dispersed on the starch and the mixture was
allowed to react for 16 hours at room temperature. After
that the mixture was dried in an oven at 110 °C for 3

hours and grinded to pass through a 100 um sieve.

2.3.3 Production of basil instant (Soluble) powder: The

instant soluble basil powder was produced from freshly

DOI: 10.26502/jfsnr.2642-11000068
cut leaves of the Ocimum gratissimum as shown in
Figure 3. Basil instant (soluble) powder was produced
using the method of Sinija [40, 41], with slight
modification. Fresh basil leaves were steamed
immediately after plucking to arrest the fermentation
reaction. The leaves were crushed and the juice was
expressed out manually with the aid of cheese cloth for
production of instant soluble powder. The juice with
total solids of 7-9% was freeze dried to obtain basil

instant soluble powder.

[Fresh Basil Leaves|

}

Washing

}

Blanching/ Steaming (2mins)

}

Crushing

|

Pressing

|

Centrifugation (10,000rpm, 20minutes)

'

Freeze-drying (-39°C to +15°C, 6-8hours)

lInstant (soluble) Basil Powder]

|

Figure 3: Production of Ocimum gratissimum instant (soluble) powder

2.4 Nutraceutical product formulation
Nutraceutical products were prepared in the laboratory.
Each sample of the nutraceutical products were
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formulated from soy proteins isolates, sorghum

pyrodextrin and basil instant soluble powder. The

ingredients were measured accurately with weighing
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balance and mixed thoroughly using Kenwood Mixer
according to experimental design in Table 1.

2.5 Experimental design for the nutraceutical
product formulation

Response surface methodology (RSM) was used to
determine optimum formulation for the responses of
interest. A central composite orthogonal experimental
design (CCOD) was created with 20 runs, 8 factorial
points, 6 center points, and 6 axial points, with o value
=1.52456. Response surface methodology (RSM) with a
five-level three-factor mixture design was used to
optimize the formula of the nutraceutical product. The
effects of three independent variables: soy proteins
isolate (A; 54.75-85.25g), sorghum pyrodextrin (B;
14.75-45.259) and Basil instant (soluble) powder (C;
0.95-7.05g) on the physicochemical, functional, and

sensory parameters of the nutraceutical products as well

DOI: 10.26502/jfsnr.2642-11000068
as effects on the haematological and biochemicall
parameters on albino wistar rats after standardisation
test were determined. The range and center point values
of three independent variables presented in Table 1 was
based on the results of preliminary experiments. Each
variable to be optimized was coded at five levels (—a,
-1, 0, +1, +a). Star points were carried out using o of
1.52465. Twenty randomized experiments including six
replicates as the centre points were assigned based on
CCOD.

In brief, the specified amount of the ingredients (soy
protein isolate, sorghum pyrodextrin and basil instant
tea powder) were measured accurately for each run and
mixed thoroughly for even distribution of the
component in a laboratory mixer.

The relationship of the independent variables and the
response was calculated by the second-order polynomial

Equation ().

B I B F OB Y Y BaXXK ®

=0 =0

Y is the predicted response; Po is a constant; i is the
linear coefficient; Bij is the cross product coefficient;
and K the number of factors [42]. The second order
polynomial coefficients was calculated using Statease
design expert software package version 7.0.

2.5.1 The optimization process: A stepwise multiple
regression analyses were conducted on the data from the
Central Composite Ortogonal Design to relate amounts
of soy protein isolate, sorghum pyrodextrin and basil
(soluble)
antinutritional, and colour parameters of the samples.

instant powder to the functional,

The response surface models were generated and

Journal of Food Science and Nutrition Research

i=2 j=i2

presented as 3-dimensional plots in the function of 3
factors (soy protein isolate, sorghum pyrodextrin basil
instant soluble powder). Adequacy of the model
equation for predicting optimum response values was
tested in the experiment using the soy protein isolate of
54,75-82.25¢, sorghum pyrodextrin of 14.75-45.25¢
and amount of basil instant (soluble) powder of 0.95—
7.05g. The optimal formulation of the nutraceutical
products was determined from the mathematical
models. In order to get these optimal values, the first
partial derivatives of the regression equations was done
according to X1 (A), X2 (B) and X3 (C) and sorted.
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Soy Protein Isolate (g) A Sorghum Pyrodextrin (g) B | Basil Instant Tea Powder (g) C
Runs Coded Uncoded Coded Uncoded Coded Uncoded
1 -1.52465 54.75 0 30.00 0 4.00
2 0 70.00 0 30.00 0 4.00
3 0 70.00 0 30.00 0 4.00
4 0 70.00 +1.52465 45.25 0 4.00
5 -1 60.00 +1 40.00 -1 2.00
6 -1 60.00 -1 20.00 -1 2.00
7 +1 80.00 -1 20.00 -1 2.00
8 +1.52465 85.25 0 30.00 0 4.00
9 -1 60.00 +1 40.00 +1 6.00
10 0 70.00 0 30.00 -1.52465 0.95
11 0 70.00 0 30.00 0 4.00
12 +1 80.00 +1 40.00 +1 6.00
13 0 70.00 0 30.00 0 4.00
14 0 70.00 -1.52465 14.75 0 4.00
15 0 70.00 0 30.00 +1 7.05
16 0 70.00 0 30.00 0 4.00
17 0 70.00 0 30.00 0 4.00
18 +1 80.00 +1 40.00 1 2.00
19 -1 60.00 -1 20.00 1 6.00
20 +1 80.00 -1 20.00 1 6.00

Table 1: Levels of dependent and independent variables

2.6 Analyses of the nutraceutical products

Functional, antinutritional and colour parameters
analyses were done on the samples of the nutraceutical
products. The optimized sample of nutraceutical
products was feed to albino wistar rats and the effects
recorded through bioassay and subsequently subjected
to sensory analysis to ascertain the level of acceptability

of the developed product.

2.6.1 Functional properties: Water absorption capacity
and oil absorption capacity was determined by the
method of Sosulski [43], while bulk density was
determined by the method of Pan [44]

2.6.2 Determination of anti-nutritional factors and
phytochemicals: inhibitor
determined by the method of Kakade [45], phytate by

Trypsin activity was

the method of Maga [46], tannin was determined by the
method of Kirk and Sawyer [47], while haemagglutinin

was determined by the method of Pull [48]

Journal of Food Science and Nutrition Research
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2.6.3 Bioassay: The optimized nutraceutical product
was selected and used for bioassay study using 20
albino rats, their cholesterol level and blood sugar was
determined by the method described by Sood [49],
biochemical and haematological parameters were
determined by Coles [50], liver and kidney function test

was determined by Burtis and Ashwood [51].

2.6.4 Sensory analysis: Sensory evaluation of the
samples was carried out using a 30-member panel; for
various sensory attributes. A 9- point hedonic scale,
where 9- like extremely, 8- like very much, 7- like
moderately, 6 — like slightly, 5- neither like nor dislike,
4- dislike slightly, 3- dislike moderately, 2- dislike very
much, 1- dislike extremely, as described by Ihekoronye
and Ngoddy [52] was used to rate the taste, colour,
flavour, mouthfeel and overall acceptability of the

samples.

2.6.5 Statistical analysis: All the statistical analysis and

graphical presentations were done using Statease Design
151
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Expert Software Package version 7.0. The significant
probability was set at P < 0.05.

3. Results and Discussion

3.1 Effects of independent variables on the functional
and antinutritional properties of the nutraceutical
products

The functional and antinutrional properties of the
nutraceutical products as affected by the varying
proportions of soy protein isolate, sorghum pyrodextrin

DOI: 10.26502/jfsnr.2642-11000068
and basil instant soluble powder is presented in Table 2.
From the results, water absorption capacity ranged
between 2.698g/g and 3.366g/g, oil absorption capacity,
1.538g/g and 1.775g/g, bulk density, 0.715g/ml and
0.809g/ml, pH, 6.594 and 6.920, trypsin inhibitor
activity, 1.132mg/g and 1.577mg/g, phytate,
0.609mg/100g and 0.810mg/100g, tannin,
0.532mg/100g and 0.610mg/100g and haemagglutinins,
1.774HU/mg and 2.399HU/mg.

Water Oil Bulk Trypsin Haemaggl
RuUN Absorp'gion Absorpt_ion Density pH Inhi.bi.tor Phytate Tannin utinins
Capacity Capacity (g/ml) Activity (mg/100g) mg/100g (HU/mg
(9/9) (9/9) (mg/g) protein)
1 2.967 1.648 0.759 6.663 1.311 0.69 0.592 2.033
2 2.961 1.621 0.748 6.686 1.309 0.689 0.558 2.018
3 3.019 1.654 0.762 6.692 1.346 0.706 0.57 2.077
4 3.02 1.66 0.762 6.702 1.35 0.704 0.571 2.07
5 3.011 1.645 0.766 6.7 1.34 0.7 0.571 2.08
6 3.195 1.719 0.788 6.743 1.463 0.759 0.563 2.244
7 3.08 1.689 0.775 6.7 1.387 0.724 0.585 2.14
8 2.765 1.578 0.731 6.598 1.176 0.629 0.61 1.843
9 3.001 1.667 0.78 6.692 1.356 0.706 0.573 2.077
10 3.264 1.726 0.791 6.783 1.509 0.779 0.534 2.302
11 3.108 1.591 0.777 6.92 1.344 0.707 0.572 2.075
12 2.905 1.611 0.744 6.658 1.27 0.671 0.576 1.968
13 2.698 1.538 0.715 6.594 1.132 0.609 0.591 1.774
14 3.093 1.663 0.765 6.732 1.395 0.728 0.542 2.14
15 3.366 1.766 0.806 6.811 1.577 0.81 0.532 2.399
16 2.851 1.594 0.738 6.67 1.233 0.655 0.583 1.918
17 3.023 1.65 0.763 6.8 1.359 0.704 0.572 2.07
18 3.145 1.698 0.779 6.731 1.429 0.743 0.562 2.195
19 3.353 1.775 0.809 6.794 1.569 0.806 0.55 2.392
20 2.761 1.57 0.728 6.603 1.174 0.628 0.6 1.837
Table 2: Functional properties and antinutritional components of the nutraceutical products
The dependency of functional and antinutritional trysin  inhibitor activity, phytate, tannin and

properties  of

the nutraceutical

samples on

the

haemagglutinins had a mix of linear and quadratic

independent variables of soy protein isolate, sorghum
pyrodextrin and basil instant soluble powder is shown in
the regression equations in Table 3. From the regression
equations, water and oil absorption capacities, bulk

density and pH possessed linear relationships, while
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effects. The effects of the independent factors on the

functional and antinutrional properties of the
nutraceutical products is depicted in 3D response plots

in Figure 4.

Vol. 4 No. 2 - June 2021. [ISSN 2642-1100] 152



J Food Sci Nutr Res 2021; 4 (2): 118-130 DOI: 10.26502/jfsnr.2642-11000068

Water
Absorsption +3.04332 +9.37746E-003*A - 0.019708*B -0.019789*C 0.9789
Capacity
oil
Absorption +1.65768 + 3.31444E-003*A - 6.38082E-003*B - 0.011273*C 0.9341
capacity
Dz‘:l'i‘ty +0.76621 +1.32577E-003*A - 2.55233E-003*B - 4.50927E-003*C 0.9529
pH +6.74500 + 2.56898E-003*A - 6.75805E-003*B - 2.03283E-003*C 0.5453
Trvosin +1.29970 + 0.014052*A - 0.025860*B - 0.024941*C + 6.68408E-005*A*B +
Inhﬁ’ﬁi or 7.27080E-005*A*C + 2.57688E-004*B*C -7.21194E-005*A? + 1.16853E-004*B? - 0.9989
1.33931E-004*C?

+0.73755 + 5.07859E-003*A - 0.012170*B - 0.013002*C +3.00784E-005*A*B
Phytate +3.27186E-005*A*C +1.15959E-004*B*C -2.35613E-005*A? +6.14764E-005*B? + 0.9993
1.62042E-004*C?

+0.55876 -1.12125E-003*A + 4.59850E-003*B - 8.83440E-003*C - 1.50547E-005
Tannin *A* B +5.10070E-005*A*C +2.32601E-005*B*C + 4.96553E-006* A? - 0.9991
2.33804E-005*B? -3.40112E-007 *C?

Haemagglut +2.14497 + 0.016680*A - 0.037402*B - 0.043190*C +9.21405E-005*A*B 0.9997
inins +1.19481E-004*A*C +3.78452E-004*B*C -7.92431E-005*A? +1.85319E-004*B> '
+3.91564E-004*C?

Table 3: Regression equations of functional and antinutritional properties of the nutraceutical product formulations
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Figure 4: 3D Response surface plots of the effects of independent factors on the functional and antinutrional

composition of the nutraceutical products

*A= water absorption capacity, B= oil absorption capacity, C= bulk density, D= pH, E= trypsin inhibitor, F=

phytate, G= tannin, H= haemagglutinin

3.2 Optimization and validation of nutraceutical
product formulation

In order to determine the optimum formulation, the
regions of acceptability in the contour plot for each
attribute  were superimposed. Optimization was
performed on the basis of a multiple response method
This

transforming scores on each of the dependent variables

called  desirability. procedure  involved
into desirability scores that could range from 0.0 for
undesirable to 1.0 for very desirable. Thus considering
the above mentioned approach, the objective was to
hold in range functional, antinutritional, and colour
parameters. Superimposition of contour plot regions of
interest (within which, each attribute received ratings
greater than or equal to 3.0) resulted in optimum regions
for nutraceutical product formulation. The optimum
nutraceutical product formulation were determined as

all combinations from 54.75g to 85.25g soy protein

isolate, from 14.75g to 45.25¢g sorghum pyrodextrin and
from 0.969g to 7.05g basil instant soluble powder. Based
on the superimposed plots, the selected optimal
ingredient (independent variable) levels were 60.0g soy
protein isolate, 20.0g sorghum pyrodextrin, and 4.83g
The

desirability for this formulation was 0.679 and resulted

basil instant soluble powders. calculated
to nutraceutical product of good quality. In order to
verify the optimum formulation, the nutraceutical
product using the optimal ingredient level was analyzed
and the results were statistically compared to the
predicted values of the mathematical model. The
predicted response values and the actual obtained
response values for the optimized products were within
the range and found to be not statistically different at the
95%

responses of the developed nutraceutical product are

confidence level. The predicted and actual

shown in Table 4.

Functional Properties

Antinutritional

Water Ol
Absorpti Absorption Bul!< Tr)_/p_s In Phytate Tannin Haerngggl
Responses on capacity Density | pH Inhibitor (mg/100g) | (Mg/100g) utinin
capacity (9/0) (g/cm3) Unit(mg/qg) (HU/mg)
(9/9)
Predicted 3.1158 1.6744 0.7729 | 6.75 1.41498 0.7362 0.5484 2.1683
Observed 3.1469 1.6911 0.7806 | 6.82 1.40083 0.72886 0.5429 2.1467

Table 4: Predicted and Observed values for the physicochemical properties of the nutraceutical product properties.

The matching quality of the data obtained by the
optimization model proposed was evaluated considering
the R2, the

experimental and modeled data. The mathematical

correlation  coefficient, between

adjustment of those values generated a R2 = 0.999,
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revealing that the model could not explain only 1% of
the overall effects, showing that it is a robust statistical
model. The parity plot shows a satisfactory correlation
between the experimental and predictive values (Figure
5).
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Figure 5: Parity plot showing the distribution of experimental versus predicted values by the mathematical model of

the y values

3.3 Haematological and Biochemichemical
parameters of albino wistar rats fed with the
developed nutraceutical product

The various biochemical and haematological parameters
investigated in this study are useful indices of
evaluating the toxicity of plant extract in animals [53].
Assessment of haematological parameters cannot only
be used to determine the extent of deleterious effect of
extracts on the blood of an animal, but it can also be

used to explain blood relating functions of a plant

Journal of Food Science and Nutrition Research

extract or its products [54]. Analysis of blood
parameters is relevant in risk evaluation as changes in
the haematological system have higher predictive value
for human toxicity when the data are translated from
animal studies [55]. The comparative effects of the
developed nutraceutical product and controlled diet on
the haematological and biochemical parameters of the
albino wistar rat is presented in the bar charts in Figures

6 and 7 respectively.
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Figure 6: Haematological parameters of albino wistar rat fed with the nutraceutical product and controlled diet

*WBC = White blood cell count, RBC = red blood cell count, P\VC = packed cell volume, MCH = mean corpuscular
haemoglobin, MCHC = mean corpuscular haemoglobin concentration and MCV= mean corpuscular volume

Biochemical parameters of Controlled and Nutraceutical Products
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Figure 7: Biochemical parameters of albino wistar rat fed with the nutraceutical product and controlled diet
*ALP = alkaline phosphatase, ALT = alanine aminotransferase, and AST = aspartate aminotransferase

The result showed that there was non-significant effect
of the nutraceutical product on the haematological
parameters of the rats as compared to the controlled
sample. The non-significant effect of the extract on the
haematological parameters may be an indication that the
balance between the rate of production (erythropoiesis)

Journal of Food Science and Nutrition Research

and destruction of the blood corpuscles was not altered.
From the result, there was slight increase in the
haematological parameters of rats fed with the
nutraceutical product compared with the controlled
sample, indicating that the developed nutraceutical

product could be homeopetic and helps in building of
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blood. This could be as a result of the relative high iron
content of the nutraceutical product and iron had been
known to be an integral part of haemoglobin moiety.
Alkaline phosphatase (ALP), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), bilirubin,
albumin, total protein, urea and creatinine which
measured the extent of alteration of normal biochemical
reactions in the animals were significantly same for both
groups. This may imply that the developed nutraceutical
product had no toxicity implication as the biochemical
parameters of the rats fed with it were similar to the
ones fed with normal rat chows. On the contrary, the
blood glucose level and cholesterol of the rats fed with
the nutraceutical product significantly reduced. This
implied that the developed nutraceutical product could
had blood sugar and cholesterol lowering potentials.

3.4 Sensory profile of the nutraceutical product

The sensory analysis of the developed nutraceutical
product using hedonic rating system revealed that the
product was accepted by the panelists. It was observed
that the mean rating for overall acceptability of the
product was 7.17 (moderately liked). The mean rating
for colour was 7.63 (like moderately), mouthfeel/texture
had 7.43 (moderately liked), while taste had 6.97
(slightly liked). Flavour was rated the lowest having

mean value of 6.90 (slightly liked).

4. Conclusion
Response surface methodology (RSM) was successfully
applied to optimize the development of soy-sorghum-
The

employed in the study had a significant effect on the

basil nutraceutical product. three variables

functional, and antinutritional parameters of the
nutraceutical products. Modelling of experimental data
allowed the generation of useful regression equations
for general use, to predict the behaviours of the products
under different factor combination. The nutraceutical

product developed from the models had no toxicological

Journal of Food Science and Nutrition Research
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effects and significantly lowered the blood glucose and
cholesterol levels of the albino wistar rats fed with it.
The product was equally accepted by the sensory

evaluation panelists.
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