Chapter 3

To model nachos from bhimkol blossom by

using an artificial intelligence approach



Nutritional and biochemical contents of bhimkol blossom

3.1 Introduction

Nutrition and phytochemicals rich plants have been in great demand in the field of
pharmaceuticals as food supplements. Almost every plant species that originated on earth
has been studied for its different uses in day-to-day human life. Bhimkol blossoms (BB)
have been used for the preparation of a special dish by the people living in the Assam
Region (India) since antiquity [28]. A boiled blossom dish is used as a traditional
medicine to treat fever, low to high blood pressure, nutritional deficiency, and anaemia.
Though BB is known for high nutrition and phytochemicals, it is still veiled as
underutilized food and is usually discarded as waste material after the harvesting of fruits
[33].

Phytochemical contents have been reported to exhibit various health beneficial
properties and antimicrobial activities over some food-borne pathogenic microorganisms
by disrupting the microbial cell membranes [13]. Various phytochemical contents in
banana blossom were reported in wide varieties viz., Musa sp. var. Nanjangud rasa
bale, Musa acuminata, and Musa sapientum, with several secondary metabolites that
exhibit potent antioxidant and antimicrobial properties [33]. Various pathogens
like Escherichia  coli, Salmonella  typhimurium, Campylobacter  jejuni, Legionella
pneumophila, Staphylococcus aureus, and Streptococci) contaminate food and lead to
various serious diseases [1]. The secondary metabolites such as polyphenols, steroids,
and terpenoids are naturally present in the plants, which help them to protect themselves
from plant predators and pathogens [28]. Some fatty acids like hexanoic acid, octanoic
acid, and palmitic acid were reported to exhibit inhibitory effects against Streptococcus
mutans, Streptococcus gordonii, and Streptococcus sanguis [15]. Prior research
substantiates the belief that frequent use of antibiotics may lead to numerous side effects
and may impose negative effects on health in many ways and therefore, consuming
natural food is contemplated to be much healthier than consuming antibiotics [13]. In
today's world, due to high urbanization, people are deficient in fresh farm grown goods
with proper nutrition and health benefits. There is an upsurge in the escalation of demand
for fresh farm foods and organic foods to avert the adverse effects of consuming foods

grown using chemical fertilizers.

As BB is known for its richness in phytochemicals, the secondary metabolites

present may have the potential activity to inhibit the growth of some common food-borne
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bacteria. As the consumption level of the BB is comparatively low commercially,
therefore the development of a nutrition-rich with high phytochemical content processed
food product would be highly beneficial to the consumers. In developing any food
product, proper formulation and optimization of product forming parameters are
paramount to achieving consumer satisfaction and market demand [6]. There are several
process optimization models and software such as response surface methodology (RSM),
particle swarm optimization (PSO), artificial neural networking (ANN), and genetic
algorithm (GA). Implementing these methods provides an optimized and desired product
with the most desired qualitative and quantitative attributes. Optimization models are
being used very frequently nowadays to obtain the best out of the best from a
complicated set of problems. There is scant research on the BB, particularly its
nutritional and phytochemical components showing antioxidant and antimicrobial
activities. Using agricultural raw materials like BB for highly valued products is always
a priority, which helps in environmental protection and economic growth. Chips and
nachos are snack foods consumed regularly and in high demand globally. Nachos are the
modified snack food originally from the Latin America, usually made from corn powder
mixture cut into any thin sheet shape available in fried or baked form. They are mostly
served with the side items such as sauces, mayonnaise and vegetables [26]. The present
study concentrated on the study of nutritional profiling with antioxidant and antibacterial
properties of BB. Thereafter optimized nachos have been formulated through ANN-PSO
from the BB, and sensory analysis has been performed to obtain the best with the help of

customer satisfaction through PCA analysis.
3.2 Materials and methods
3.2.1 Raw materials and chemical reagents

Inflorescence of BB was collected from the Tezpur University Campus, Assam (26.7003
°N, 92.8308°E), India. Immediately after collection BB was washed under running tap
water and then chopped the individual major parts (viz., whole blossom, bract, male
flower, and spadics). Chopped parts were dried in a hot air oven (Advantage lab, ALO1-
05-100, Belgium) at 45°C for 24 h and ground to powder, followed by sieving (300 um)
and stored in air-tight containers at 4°C for further analysis.
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All the reagents and chemicals used in the study were of analytical grades. All the
chemicals (including standards) and bacterial cells such as S. typhi (Salmonella typhi -
ATCC 6539), B. cereus (Bacillus cereus -ATCC 14579), S. aureus (Staphylococcus
aureus -ATCC 25923), E. coli (Escherichia coli -ATCC 25922), P. aeruginosa
(Pseudomonas aeruginosa -ATCC 35554) were purchased from Sigma Aldrich (USA)
and Hi-Media Laboratories Pvt. Ltd. (India).

3.2.2 Nutritional and phytocomponent analysis
3.2.2.1 Proximate and other phytocomponents

The proximate and nutritional analyses were done following AOAC [4] methods. Some
secondary metabolites, such as solanine and cyanogenic glycosides, were determined
following AOAC [4] methods. Saponin and oxalate content was determined following

the methods of Mahmood et al. [25] and Aina et al. [2], respectively.
3.2.2.2 Vitamins

Water-soluble vitamins (thiamine, riboflavin, nicotinamide, and pyridoxine) were
determined by reverse phase-high performance liquid chromatography (RP-HPLC) [7].
Three concentrations of water-soluble standards from 0 to 1 mg/ml were prepared along
with sample extract (1 mg/ml). A column (Symmetry 300™) C18-4.3 x 250 mm, 5 pm
was used at isocratic mode with mobile phase methanol (A) and 0.023 M phosphoric
acid (B) (pH 3.5), at ratio A:B (33:67) in 0.5 ml/min flow rate and each run was carried

out for 25 min at 270 nm.

For determination of fat-soluble vitamins (D, E, K, A, and B-carotene), 2 ml of
homogenized banana blossom powder (BBP) (10% W/V) was mixed with 2.5 ml of
ethanolic solution of ascorbic acid (0.2%). Potassium oxide (1 ml of 50%) was added to
the mixture and purged with nitrogen for 20 s and then the mixture was subjected to heat
in the water bath at 80°C for 10 min and then centrifuged (Eppendorf, 5430R, Germany)
at 1702 g for 4 min. The supernatant was collected and subjected to further filtration by
using a 0.45 um syringe filter. For the HPLC determination of fat-soluble vitamins,
standards and sample were run at mobile phase acetonitrile: methyl alcohol: ethyl acetate

at ratio 80:10:2 in 1 ml/min flow rate. Each run was carried out for 25 min at 325 nm.
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3.2.2.3 GC-MS analysis of volatile phytochemicals and fatty acids

The volatile phytochemicals and fatty acid profiling were performed by Gas
Chromatography-Mass Spectrometry (GC-MS), and the BB extract was prepared at a

concentration of 5 mg/ml in ethanol [31].

The volatile phytochemical screening was done using GC-MS (Bruker Scion
436-GC) with the column BR-5 MS (stationary phase: 5% diphenyl / 95% dimethyl
polysiloxane and specifications 30 m x 0.25 mm ID x 0.25 um). The carrier gas 'helium’
was used at 1 ml/min flow rate at split 10:1 by the detector TQ Quadrupole MS with the
software MS Workstation 8. The oven temperature was programmed at 110°C hold for
3.50 min up to 200°C at the rate of 10°C /min. The injector temperature was 280°C with
a total GC running time of 40.50 min. Fatty acid profiling was done following AOCS [5]
method. Fatty acid methyl esters (FAME) were prepared first by the direct

transmethylation method to estimate the fatty acid content.
3.2.3 Antioxidant activities
3.2.3.1 2,2- diphenyl-1-picrylhydrazyl (DPPH) assay

The antioxidant activity was estimated by DPPH inhibition [28]. The colorimetric
measurements were done using a spectrophotometer (AG22331, Eppendorf, Germany) at
517 nm. The DPPH radical scavenging activity (antioxidant activity) was evaluated as
the ratio of the difference between absorbance of DPPH solution (Acontror) and
absorbance of the sample and DPPH mixture (Asampie) to the absorbance of the DPPH

solution (Equation 1).

(Acontrol_Asample) X 100 1

% Antioxidant activity = A
control

3.2.3.2 Ferric reducing ability of plasma (FRAP) assay

The FRAP assay was carried out using the method of Lv et al. [24] with slight
modification. The colorimetric measurements were done using a spectrophotometer at

523 nm, and the ferric reducing property was expressed in percentage.
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3.2.3.3 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay

The ABTS assay was carried out using the method of Lv et al. [24]. The colorimetric
measurements were done by using a spectrophotometer at 734 nm. The ABTS

scavenging property was expressed in percentage as given in Equation 2.

(Acontrol_Asample) % 100 2

% Antioxidant activity =

Acontrol

3.2.4 Antibacterial activities
3.2.4.1 Preparation of bacterial culture

The microbial cell culture preparation was done following Hudzicki [16]. The five
pathogen strains viz., S. typhi, B. cereus, S. aureus, E. coli, and P. aeruginosa were
cultured in 13% nutrient broth by introducing 10 pl of glycerol stock culture to 5 ml of
nutrient broth in test tubes and then incubated in a shaking incubator at 37°C (Excella-

E24r, New Brunswick, Germany) up to 24 h.
3.2.4.2 Disc diffusion method

The disc diffusion method was performed using the protocol described by Hudzicki [16].
The aliquot of 100 pl of each bacterial culture was spread and plated separately on five
nutrient agar plates (28%). Then three concentrations of BB extract (0.5 to 4.0 mg/ml)
and kanamycin (10 to 30 pg/ml) were introduced to the wells prepared on every Petri
plate containing cultures. Then each Petri plate was incubated in a shaking incubator
(Excella-E24r, New Brunswick, Germany) at 37°C for 12 h. The areas of every
inhibition zones (diameter in mm) were calculated with the help of a measuring scale for
all the Petri plates. The experiment was performed in triplicate and antibacterial activity

was expressed in the ICsq of inhibition.
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3.2.5 Formulation of nachos by optimal mixture design

Table 3.1 Experimental design by OMD for formulation of nachos

Run | A(g) B (9) C(9) D (ml) E (9)
1 0.20 5.85 2.95 0.50 0.50
2 0.59 5.93 2.38 0.78 0.31
3 0.57 4.74 3.84 0.75 0.10
4 0.71 4.04 4.35 0.50 0.40
5 0.20 6.00 2.80 0.90 0.10
6 0.20 4.39 441 0.90 0.10
7 0.22 5.12 3.16 1.00 0.50
8 0.94 3.63 3.93 1.00 0.50
9 0.71 4.04 4.35 0.50 0.40
10 0.20 4.53 3.77 1.00 0.50
11 1.00 4.43 3.47 0.82 0.28
12 0.59 5.93 2.38 0.78 0.31
13 1.00 5.70 2.17 0.63 0.50
14 1.00 6.00 2.40 0.50 0.10
15 1.00 3.20 5.00 0.69 0.11
16 0.26 3.70 481 0.73 0.50
17 1.00 5.26 3.05 0.50 0.19
18 0.97 6.00 1.93 1.00 0.10
19 1.00 4.43 3.47 0.82 0.28
20 0.75 4.15 4.00 1.00 0.10
21 0.20 411 5.00 0.50 0.19
22 0.20 5.52 3.68 0.50 0.10
23 0.57 4.74 3.84 0.75 0.10
24 0.59 5.93 2.38 0.78 0.31
25 0.33 3.44 5.00 1.00 0.23

The nachos' formulation was done using an experimental design set by the optimal
mixture design (OMD) with the help of Design Expert 11 software [27]. Optimal mixture

design was selected for the formulation because it gives non-negative set of input
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variables or components to obtain proportionate amount of mixture. Each set of
experiment have equal sum of ingredients or components for the analysis of effective

mixture formulation [18].

In the formulation process of nachos, the amount of corn starch (0.2 tol g) (coded
A), wheat flour (3 to 6 g) (coded B), BB (1.5 to 5 g) (coded C), refined oil (0.5 to 1 ml)
(coded D) and black pepper (0.1 to 0.5 g) (coded E) were taken as independent factors
whereas, salt, water, ginger garlic paste, baking temperature and time were taken as fixed
independent factors (Table 3.1). The experimental design was introduced by using
quadratic model in OMD. A total of 25 experimental runs were generated and further

optimized by artificial neural networking (ANN) and particle swarm optimization (PSO).
3.2.6 Process of making nachos

Nachos were prepared according to the 25 experimental runs obtained from OMD (Fig.
3.1) [17]. The dough was prepared by adding D (0.5 to 1 ml) and drinking water (10 +
0.6 ml) in a mixture of A (0.2tol g),B(3to6g),C(1.5to50), E (0.1t00.5(), salt (0.2
g) and ginger garlic paste (0.1 g). The prepared dough was flattened into a sheet (0.25 cm
thickness) separately and then cut into smaller triangular pieces (1.5 x 1.5 x 1.5 cm). Cut
dough sheets were placed over a baking tray containing butter paper. A slight amount of
refined oil was sprinkled above the cut pieces before baking. Trays containing cut dough
pieces were put in the pre-heated deck oven (Sinmag electric oven, SM-502, China) and
allowed to bake for 15 min at 180°C. After the completion of baking, nachos were

allowed to cool down and stored in airtight containers separately.
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Fig. 3.1 Formulated nachos prepared from bhimkol blossom

3.2.7 Sensory analysis of nachos

Sensory analysis was carried out [29] based on the five parameters viz., taste, flavor,
mouth feel, texture, and overall acceptability (OA) in the hedonic scale from 1 to 9, i.e.,
dislike extremely to like extremely. Thirty-five different panelists were taken for the
sensory analysis to assume customer demand in the market. Average OA was taken for
formulation and optimization of the development of nachos. At each run, the browning
index was determined from the L*, a*, and b* values obtained from the Hunter

colorimeter (HunterLab, UltraScan VIS, Virginia).
3.2.8 Texture analysis

The texture analysis [20] was conducted by the texture analyzer (Stable Micro System,
TA-HD plus, UK), where the fracturability and hardness (N) were noted down by a
P/0.25S ball probe. The analysis was performed at a pre-test speed of 1 mm/s, test speed
of 1 mm/s, and distance of 10 mm. The hardness of the nachos was the maximum force
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required to break the nachos. The numbers of positive peaks obtained during puncture
were used to express the fracturability of the nachos.

3.2.9 ANN model

In this study, an artificial neural toolbox was used in a mathematical software
(MATLAB-V9.2, R2017a) to predict the best OMD-formulation nachos from BB [21].
ANN can solve a non-linear and complicated set of problems by using computing
systems through biological neural structures. It runs the operation by summing junction

and transfer function with the help of connections; weights (w), neurons, and biases (b).

The summing junction of an operator of a neuron works on w and b to net input
argument, which is to be processed. The hyperbolic tangent transfer function (Equation
3) was used to solve the non-linear problem, which receives the summing function and

produces a scalar output of a neuron.

eX—e~X

flx) = -1<f(x)<1 3

eX+e~%

The input and output layer of a neuron is connected in topology, and each neuron
in a neural network is structured in many layers involving several neurons. A feed-
forward back-propagation algorithm was used by trainlm and trained the network
according to Levenberg-Marquardt. The input layer comprised of five numbers of
neurons viz., A, B, C, D, and E whereas the output layer was OA. Out of 25 runs, 70%
was taken for data set training, 15% for the validation set, and the rest 15% for the
testing set. An iterative optimization was given to train the ANN using the BP algorithm
to obtain minimized performance functions by adjusting the weights. Some performance
functions viz., root mean square error (RMSE), mean square error (MSE), coefficient of
regression (R?), mean absolute error (MAE), and mean absolute percentage error

(MAPE) were introduced as shown in the following Equations 4, 5, 6 and 7.

MAE = w 4
n
n |At - Ft|
t=1|" 7,
MAPE = - x 100 5
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* (A — F)?
RMSE:\/ t—l( t t) 6
n
A, — F,)?
R2:1_Z(t—_t)2 7
2(A; — F)

Where, n=25, A, is experimental value, F;is predicted value
3.2.10 Particle swarm optimization

Particle swarm optimization (PSO) is a metaheuristic approach known as swarm
intelligence. The technique is used to obtain the best solution to complicated problems
by using swarm intelligence inspired by natural bird flocking and schooling [8]. PSO
was used to get an optimum set of inputs to obtain the best output (OA). After the model

was developed in ANN, the optimization was initiated through the PSO algorithm. The
position (xl.j ) and velocity (vij ) of each particle will be altered by the particles best value

(xl.j*) and global best value (xl.j) [21]. Swarm intelligence used the following given

Equations 8 and 9 to best solutions for the problem in an efficient way.

j+1
v/

i = ini + Cblrl(xij* _xl]) + (Dzrz(xj _xl]) 8

Where, the Uz] vij“ are the velocities of particles i at the j and j+1 iterations. Similarly,

xl’ xij+1 are the sites of particle i at the j and j+1 iterations. @, and ®,are the cognition

and social learning factors. Best solution obtained by the particle i until iteration j is
denoted as x/* and x/ is the best sites or position obtained from x/* out of whole swarm
population i at j iteration. Lastly, w is the weight and r; and r,are the random numbers

between 0 and 1 that are distributed in the algorithm.
3.2.11 Principal component analysis

Principal component analysis (PCA) was conducted in SPSS 11 [19]. A sensory
evaluation was conducted for the nachos produced at an optimum set of input layers

(obtained from ANN-PSO), control, and commercial nachos based on a hedonic scale.
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The PCA was introduced to summarize the variations in datasets and reduced the
variations between the sensory evaluation of nachos produced at an optimum set of input
(obtained from ANN-PSO), control, and commercial nachos. The eigenvalue was set up
to 1 in the extraction process of the dataset and the component plot at rotated space was

analyzed with the varimax concept.

3.3 Results and discussions

3.3.1 Nutritional and phytocomponents

3.3.1.1 Proximate and phytocomponents

Many varieties of banana blossoms have received interestingly increasing attention for
their potential medicinal role. High nutritional content in BB is uplifting its demand in
various cuisines throughout the world. A significant amount of minerals (ash content
18.94+0.10% db) and high moisture content (92.5+0.50% wb) were found in BB. The
content of minerals plays a major role in keeping our body in a healthy state. Abundant
moisture content in the blossom holds many bioactive compounds. The crude protein,
crude fat and carbohydrate content were found at 1.83+0.04%, 6.83+0.28%, and
66.87+0.20%, respectively and are in line with the results reported by Begum and Deka
[9]. The crude fiber content in the blossom was estimated (12.12+0.28%) and revealed
good amount, wherein soluble dietary fiber was 18.28 + 0.16% and insoluble dietary
fiber was 50.32+0.04%. Fibers in both soluble and insoluble forms are necessary for
healthy bowel movement. Bound phytochemicals in fibers possess antioxidant activity
throughout the gastrointestinal (Gl) tract and potentially treat the Gl inflammations and
irritations [9]. Some other phytocomponents viz., reducing sugar, vitamin C, oxalic acid,
saponin, solanine and cyanogic glycoside in BB were 0.41+0.01%, 6.24+0.31,
550+0.22, 5300+0.81, 1.29+0.00, and 1+0.00 mg/100g, respectively. Vitamin C
contributes as a great antioxidant source and helps in preventing ulcers, inflammations
etc. Saponin, mostly considered an alkaloid has various medicinal effects such as
hypocholesterolemic, antioxidant, anticarcinogenic, anticoagulant, hypoglycemic,
immunomodulatory, neuroprotective along with antimicrobial activity and also

responsible for the bitterness of the blossom [11].
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3.3.1.2 Vitamins

Some fat-soluble and water-soluble vitamins were assayed by HPLC are presented in
Table 3.2 and Fig. 3.2. Fat-soluble vitamins: vitamin E and vitamin A were detected at

concentrations of 8.73 and 0.32 mg/g, respectively.

Table 3.2 Fat and water-soluble vitamins in bhimkol blossom

Vitamins RT? (min) Bhimkol blossom (mg/g)
Fat-soluble Vitamin D 2.60 ND"

Vitamin E 2.68 8.73

Vitamin K 6.85 ND"

Vitamin A 3.30 0.32
Water-soluble Thiamine 7.00 0.09

Riboflavin 14.43 ND"

Nicotinamide 5.87 ND"

Pyridoxine 7.19 0.21

aRT: Retention time, °ND; Not detected

Water-soluble: thiamine and pyridoxine were detected at concentrations of 0.09 and 0.21
mg/g, respectively. Vitamin E is a strong antioxidant that has various uses in the
pharmacological and food sectors for its numerous health beneficial effects such as gene
regulator, immunomodulatory, antiallergic, anticarcinogenic, neuroprotective [12].
Vitamin A can prevent vision problems, cancer, and cell damage and have the ability to
support healthy skin. Thiamine and pyridoxine have the property to prevent beriberi, and
neurological manifestation dysfunction of the cardiovascular system [10]. Pyridoxine is
essential for the maintenance of body cells and helps in the metabolism of amino acids,
makes hemoglobin, transmits signals to the brain, normalizes the nerve system, creates

antibodies and protects from illness etc. [22].
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Fig. 3.2 HPLC chromatograms of vitamins in bhimkol blossom: vitamin E (1F), vitamin
A (2F), thiamine (1W), and pyridoxine (2W)

3.3.1.3 GC-MS analysis of volatile phytochemicals and fatty acids

In the investigation of volatile phytochemicals in the BB extract, some volatile
compounds viz., methoxyacetic acid, 2-tridecyl ester, ethanol 2-(octadecyloxy),
octadecane, 3-ethyl-5-(2-ethylbutyl) and 1-Hexadecanol 2-methyl were seen in the
maximum peak area. Identified volatile compounds in GC-MS (Table 3.3 and Fig. 2.3a)
might be the volatile secondary metabolites that exhibit aromatic attributes of the
blossom. Methoxyacetic acid and 2-tridecyl ester, 1-Hexadecanol 2-methyl- and 1-
Hexadecanol 2-methyl- [3] are antimicrobial metabolites exhibits antioxidant activity
and strong anti-inflammatory property [14]. Octadecane, 3-ethyl-5-(2-ethylbutyl) is a
bacterial metabolite that tends to act as a defense mechanism along with antioxidant and

possess anti-inflammatory effect [3].
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Table 3.3 Volatile phytochemicals profiling in bhimkol blossom

Sl. RT Name of the compound Molecular | Molecular | Peak
No (min) Formula Weight Area %
(g/mol)

1. 496 | |-Gala-l-ido-octose CsH160s | 240 0.06

2. 5.64 | d-Gala-l-ido-octonic amide CsH17NOg | 255 0.41

3. 9.98 | B-D-Glucopyranose, 4-O-p-D- Ci2H2011 | 342 0.17
galactopyranosyl-

4. 10.85 | 2H-Oxecin-2-one, 3,4,7,8,9,10- CioH1603 | 184 0.30
hexahydro-4-hydroxy-10-methyl-,
[4S-(4R*,5E,10S%)]-

5. 11.39 | 4a,8a-Butano[1,4]dioxino[2,3-b]-1,4- | C1oH1604 | 200 0.59
dioxin, tetrahydro-

6. 14.42 | Thiazole, 2-amino-4-(p-aminophenyl)- | CogHgN3sS | 191 0.70

7. 15.23 | n-Hexadecanoic acid CisH320, | 256 3.40

8. 18.04 | 17-Octadecynoic acid CisH3,0, | 280 0.06

9. 19.82 | Oleic Acid CigH340, | 282 3.94

10. 22.33 | 9,12-Octadecadienoyl chloride, (Z,2)- | C1gH31Cl | 298 3.53

O

11. 22.40 | Z-(13,14-Epoxy)tetradec-11-en-1-ol Ci6H2803 | 268 5.34
acetate

12. 22.78 | trans-13-Octadecenoic acid CisH340, | 282 5.29

13. 22.93 | Methyl 10,12-pentacosadiynoate CasHasO, | 388 1.48

14, 25.18 | Methoxyacetic acid, 2-tridecyl ester CiH305 | 272 21.59

15. 25.36 | 1-Hexadecanol, 2-methyl- C17H360 256 10.15

16. 26.47 | Cholestan-3-ol, 2-methylene-, (38,5a)- | CosH4sO | 400 0.90

17. 27.96 | 12-Methyl-E,E-2,13-octadecadien-1- C19H360 280 2.26
ol

18. 30.99 | Ethanol, 2-(octadecyloxy)- CaoH420, | 314 23.42

19. 33.40 | Ethanol, 2-(9-octadecenyloxy)-, (Z)- CaoHg0O, | 312 0.64

20. 37.00 | Octadecane, 3-ethyl-5-(2-ethylbutyl)- | CeHsq 366 15.76
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Fig. 3.3 GC chromatographs of volatile phytochemicals and fatty acids profiling; (a)
volatile phytochemicals profiling in bhimkol blossom: (1) I-Gala-I-ido-octose; (2) d-
Gala-I-ido-octonic amide; (3) B-D-Glucopyranose, 4-O-p-D-galactopyranosyl-; (4) 2H-
Oxecin-2-one, 3,4,7,8,9,10-hexahydro-4-hydroxy-10-methyl-, [4S-(4R*,5E,10S*)]-; (5)
4a,8a-Butano[1,4]dioxino[2,3-b]-1,4-dioxin, tetrahydro-; (6) Thiazole, 2-amino-4-(p-
aminophenyl)-; (7) n-Hexadecanoic acid; (8) 17-Octadecynoic acid; (9) Oleic Acid; (11)
Z-(13,14-Epoxy)tetradec-11-en-1-ol acetate; (14) Methoxyacetic acid, 2-tridecyl ester;
(16) Cholestan-3-ol, 2-methylene-, (33,5a)-; (17) 12-Methyl-E,E-2,13-octadecadien-1-ol;
(18) Ethanol, 2-(octadecyloxy)-; (19) Ethanol, 2-(9-octadecenyloxy)-, (Z)-; (20)
Octadecane, 3-ethyl-5-(2-ethylbutyl)- (b) fatty acids profiling in bhimkol blossom: (2)
Oleic Acid, 9,12-Octadecadienoic acid (Z,Z2)-;(3) 9,12-Octadecadienoic acid (Z,2)-; (4)
cis-13-Eicosenoic acid; (5) 7-Methyl-Z-tetradecen-1-ol acetate; (6) 8,11,14-
Eicosatrienoic acid, (Z,Z,2)-; (7) 5,8,11,14-Eicosatetraenoic acid, methyl ester, (all-2)-;
(8) Linoleic acid ethyl ester; (9) Z-8-Methyl-9-tetradecenoic acid; (10) Erucic acid; (11)
9-Octadecenoic acid (Z)-, phenylmethyl ester and (12) 10-Undecenoic acid, octyl ester
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Some of the fatty acids were detected in GC-MS analysis and listed in Table 3.4.
Fatty acids viz., 5,8,11,14-Eicosatetraenoic acid, methyl ester, (all-Z)-, Z-8-Methyl-9-
tetradecenoic acid, 7-Methyl-Z-tetradecen-1-ol acetate, Linoleic acid ethyl ester, Erucic
acid and 9-Octadecenoic acid (Z)- were detected in majority peak area in GC
chromatogram (Fig. 3.3b). A total of 66.67% of monounsaturated fatty acid (MUFA) and
33.33% of polyunsaturated fatty acid (PUFA) were found among twelve fatty acid

detections.

Table 3.4 GC-MS fatty acids profiling in bhimkol blossom

Sl Fatty | RT Name of the compound Molecular | Molecular | Peak
No | acid (min) Formula | Weight Area %
(9/mol)

1. MUFA | 15.22 | Isopropyl palmitate C19H30, | 298 0.30

2. MUFA | 19.82 | Oleic Acid CigH340, | 282 1.26

3. PUFA | 22.40 | 9,12-Octadecadienoic acid | C1gH30, | 280 4.11
(2,.2)-

4. MUFA | 25.25 | cis-13-Eicosenoic acid CyH30;, | 310 6.34

5. MUFA | 25.61 | 7-Methyl-Z-tetradecen-1-ol | C17H3,0, | 268 12.65
acetate

6. PUFA | 26.98 | 8,11,14-Eicosatrienoic acid, | CooH340, | 306 7.22
(Z2,2,2)-

7. PUFA |28.32 |5,8,11,14-Eicosatetraenoic | C5;H340O, | 318 17.57
acid, methyl ester, (all-Z)-

8. PUFA | 29.78 | Linoleic acid ethyl ester CaoH360, | 308 11.37

9. MUFA | 31.45 | Z-8-Methyl-9-tetradecenoic | Ci5H2s0, | 240 14.10
acid

10. MUFA | 33.45 | Erucic acid CoH40, | 338 10.03

11. MUFA | 35.91 | 9-Octadecenoic acid (2)-, | CosHs0O, | 372 9.49
phenylmethyl ester

12. MUFA | 38.95 | 10-Undecenoic acid, octyl | CigH30, | 296 5.58
ester
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Moreover, MUFA and PUFA were reported for their inversely effect on coronary
heart disease and have the tendency to lower total plasma cholesterol concentration.
Some of the fatty acids like linoleic acid, oleic acid and fatty acids ethyl esters were
reported for their strong antimicrobial activity against oral pathogens [15]. The presence
of the double bond in MUFA and PUFA makes them different from any other fatty acids
and is responsible for its various additional health beneficial properties such as protective
mechanism in growth and development, antiallergic, anticancer, antidiabetic and has

potential to treat Alzheimer’s disease [30].
3.3.2 Antioxidant activities

Three different parts of the blossom (bract, male flower, and spadics) and whole blossom
showed high antiradical scavenging activities (Fig. 3.4a). The results of the antiradical
scavenging activities of blossom and its various parts by DPPH, ABTS, and FRAP
assays revealed that bract showed the highest antioxidant activities. The antioxidant
activities by standard trolox were 85.96+0.13, 78.00+1.63, and 81.89+0.46 % for DPPH,
ABTS, and FRAP, respectively whereas the antioxidant activities by bract were
74.14+0.55, 64.67+0.47 and 75.21+0.91% for DPPH, ABTS, and FRAP, respectively.
The high antioxidant property of plant extract depicts the potentiality of being health
beneficial attributes that may treat cell damage, repair inflammation, can minimize the
risk of some diseases such as diabetes, cancer, tumor, hyper-cholesterol [28].
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Fig. 3.4 Antioxidant activities and antibacterial activity of bhimkol blossom extract; (a)
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Sp; spadics WB; whole blossom. Error bar with different letters are significant different
values (p<0.05), and (b) Antibacterial activity of bhimkol blossom extract and

kanamycin
3.3.3 Antibacterial activities

The antibacterial activity was expressed in the 1Csy based on the zone of inhibitions of
BB extract and kanamycins against five foodborne pathogens (Fig. 3.4b). The maximum
zone of inhibition over S. typhi was seen at 25.21+£0.14 (mg/ml) as compared to other

pathogens. Growth inhibitions by BB extract of B. cereus, S. aureus, E. coli, and P.
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aeruginosa are presented. Inhibition areas were seen to be different over different
pathogens, as every microorganism has a different level of susceptibility to different
medium and environments. Similar result was reported by Gonelimali et al. [13] where
with the increase in the concentration of plant extract, the antibacterial activity increased
and found varied levels of inhibitions over different pathogens. Kanamycin, which was
taken as the standard antibiotic in the study, evinced the maximum zone of inhibitions
with 1.42+£0.15 mg/ml 1Cso against S. typhi, and the least inhibition effect was seen
against E. coli with 3.20£0.09 mg/ml ICs, value and our results are corroborated by
Ramu et al. [33] where the banana blossom variety Musa sp. var. Nanjangud rasa bale
ethanol extract at 2.5 mg/ml was tested for its antimicrobial properties against S. aureus,
B. cereus, and E. coli, and the area of inhibition shown by them was 15.24+0.28,
10.84+0.19, and 17.994+0.19 mm, respectively. Variation of inhibitions may be due to
different combinations and constituents of bioactive molecules present in each variety of

banana blossom.
3.3.4 Sensory analysis of Nachos

The formulation of nachos by optimal mixture design in Design Expert 11 was
done and the average thicknesses of nachos were found at around 0.11+0.05 cm. The
sensory analyses of 25 runs of nachos are presented in Fig. 3.5a. The browning index
was found to be higher with an increasing amount of wheat flour (B) (in Fig. 3.5b).
Moreover, in bakery products browning occurs when a protein and sugar is heated above
around 120°C which is also known as Maillard reaction. Maillard reaction up to a certain
limit develops pleasant flavor and aroma, but after certain limit it may give off flavor and
may lead to low quality sensory property. Therefore, quantity and duration of application
of heat to the product majorly affects the browning index and sensory properties of
product [32]. The fracturability was observed a bit higher in an increased amount of
refined oil (D) and wheat flour (B) at a lower level of BB (C) ratio. Hardness increased
with the lower content of water and fat. The acceptable hardness and crispiness depend
on the product to product. The desirable textural attribute obtained might be due to the
ratio of the input parameters producing the desired hardness and crispiness of nachos.
Adequate amount of oil and water content before baking leads to rapid evaporation of

moisture from the dough sheet and results in a more porous structure to crispiness [23].
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3.3.5 Optimization by ANN-PSO

The performance of ANN training was influenced by the training given to the
experimental runs (Fig. 3.6). Experiment datasets were put randomly in the workspace
for each subset. The coded level for input and output data ranged from O to 1 (O at
minimum and 1 at maximum). Input and output data were normalized between 0 to 1 and
scaled network input, output was pondered to evade over-fitting of the training process.
A regression analysis was performed for ANN outputs and the experimental datasets
were 0.85, 0.78, 0.96, and 0.80 for training, validation, testing, and all data,
correspondingly. The performance functions viz., RMSE =1.13, MSE =1.28, R? =0.96,
MAE =0.12, MAPE =0.19 were recorded. The best validation performance was 0.306 at
epoch 6. The fitness value was noted at 0.081. The training was controlled once the
minimal MSE percentage was obtained. Minimum RMSE represents the minimal
variance between the experimental and predicted set of output data and lesser error in the

experiment [21].

Effective optimization of any process is mandatory to develop and formulate any
product to obtain the best quality, cost-effective, high consumer acceptability,
identification, and up-gradation of the problems, to reduce market loss and demand. In
optimization of OA by ANN coupled with PSO, the optimum set of parameters obtained
were the amount of A=0.139g,B=0.399,C=0.33g,D=0.66 g, and E =0.26 g. The
output (OA) of the nachos obtained at an optimum set of the parameter from ANN-PSO
was 8.9. Inertia weight obtained was 7 at a maximum number of iterations for

optimization which was set up to 40 iterations.
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Fig. 3.6 Performance of ANN-PSO for training, validation, dataset and all data

In the output layer (OA), the sensory scale of the nachos was hugely affected by
the input layer B used. By the increasing amount of B and D, the increased value of the
output layer (OA) was recorded. The reason behind the increased OA might be due to the
better consumer acceptability recorded as sensory analysis based on taste, texture, aroma,
mouthfeel, and color. The OA was also decidedly affected as the C was higher, which
might be due to the bitterness and more fibrous texture of the BBP. The obtained

optimized parameter was the best imparting high consumer acceptability with 8.9 OA.
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3.3.6 Principal component analysis of nachos

In the sensory analysis of commercial, control, and BB nachos, commercial nachos had
100% of 8 and above hedonic ratings in each sensory parameter. Control nachos had
91.42 and 68.57% of 8 and above rating for texture and color, respectively. On the other
hand, BB nachos had 100% of 8 and above rating for texture and color with 8.43+0.39
rating of OA. The principal component analysis (PCA) of sensory properties showed the
inter-relationship between the variables and detected similarities and differences (Fig.
3.7). In the component plot in rotated space, the first principal component depicts the
variations in the data as much as possible. Then the second principal component defines
the remaining variations orthogonally to the first. For the control and BB nachos,
variations were identified in three principal components, as shown in Figures 5 b and c.
The plot of a variable towards positive axes of components 1, 2, and 3 showed the

positive correlation of variables.

In the PCA of commercial nachos, Fig. 3.7a OA, mouthfeel, and flavor weighted
highest in component 1 and taste weighted more in component 2 with 0.555, 0.701,
0.720, and 0.879 eigenvalues, respectively. In Fig. 3.7b, taste and flavor weighted more
towards component 1, whereas OA, mouthfeel weighted towards component 2, and
texture weighted towards component 3 at eigenvalues 0.816, 0.693, 0.776, 0.768, and
0.821, respectively. In Fig. 3.7c, OA, flavor, and taste are weighted towards component
1, whereas mouthfeel was weighted towards component 2, and then texture towards
component 3 at eigenvalues 0.690, 0.785, 0.607, 0.861, and 0.862, respectively.
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3.3.7Antioxidant activities of nachos

Antioxidant activities of nachos prepared from Musa balbisiana blossom, control and
commercial nachos were found at 7.60+0.21, 1.19+0.09, and 2.17+0.22% (DPPH
inhibition activity), respectively. Nachos prepared from bhimkol blossom showed higher
antioxidant property than control nachos and commercial nachos, which might be
because of its phytochemical constituents.

3.4 Conclusion

Bhimkol blossom displayed a good amount of phytochemicals and nutritional

compounds, which have the potential to supply day-to-day human healthy nutrition diet.
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Good antioxidant and antibacterial properties were observed that might contribute to

various health-beneficial properties. Nachos prepared from BB with good overall

acceptability from the sensory evaluation were obtained after optimizing the formulation

of processing parameters using an effective metaheuristic approach (OMD-ANN-PSO).

After the effective training of the network, optimized BB nachos were obtained from
ANN-PSO with less RMSE, MAPE, and MAE. In contrast, a satisfactory reading of

sensory quality was obtained for BB nachos to control and commercial nachos. The

nutrition-rich nachos have immense potential for commercialization on a small to large

profitable industrial scale.

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

Abebe, E., Gugsa, G., and Ahmed, M. Review on major food-borne zoonotic
bacterial pathogens. Journal of Tropical Medicine, 2020, 2020.

Aina, V. O., Sambo, B., Zakari, A., Haruna, M. H., Umar, H., Akinboboye, R.
M., and Mohammed, A. Determination of nutritional and anti-nutrient content of
Vitis vinifera (Grapes) grown in Bomo (Area C) Zaria, Nigeria. Advance Journal
of Food Science and Technology, 4(6), 445-448, 2012.

Alonso-Amelot, M. E. Milk as a Natural Product: Foreign Natural and
Anthropogenic  Organic Compounds in It. Studies in Natural Products
Chemistry, 56, 335-435, 2018.

AOAC. (2005). Official Method of Analysis, 18" edn. Washington DC:
Association of Officiating Analytical Chemists

AOCS Official Method Ce 1h-05. Determination of cis-, trans-, saturated,
monounsaturated and polyunsaturated fatty acids in vegetable or non-ruminant
animal oils and fats by capillary GLC. In: Official methods and recommended
practices of the AOCS, 16" edn. AOCS Press, Champaign, IL, USA, page 1-29,
2005.

Arboleya, J. C., Garcia-Quiroga, M., Lasa, D., Oliva, O., and Luis-Aduriz, A.
Effect of highly aerated food on expected satiety. International Journal of
Gastronomy and Food Science, 2(1), 14-21, 2014.

Aslam, J., Mohajir, M. S., Khan, S. A, and Khan, A. Q. HPLC analysis of water-
soluble vitamins (B1, B2, B3, B5, B6) in in vitro and ex vitro germinated

chickpea (Cicer arietinum L.). African Journal of Biotechnology, 7(14), 2008.

3.25



Nutritional and biochemical contents of bhimkol blossom

[8] Aydilek, I. B. A hybrid firefly and particle swarm optimization algorithm for
computationally expensive numerical problems. Applied Soft Computing, 66,
232-249, 2018.

[9] Begum, Y. A, and Deka, S. C. Chemical profiling and functional properties of
dietary fibre rich inner and outer bracts of culinary banana flower. Journal of
Food Science and Technology, 56(12), 5298-5308, 2019.

[10] Fathima, S. J., Fathima, 1., Abhishek, V., and Khanum, F. Phosphatidylcholine,
an edible carrier for nanoencapsulation of unstable thiamine. Food
Chemistry, 197, 562-570, 2016.

[11] Fatima, T., Magbool, K., and Hussain, S. Z. Potential health benefits of
fenugreek. Journal of Medicinal Plants Studies, 6(2), 166-169, 2018.

[12] Galli, F., Azzi, A., Birringer, M., Cook-Mills, J. M., Eggersdorfer, M., Frank, J.,
Cruciani, G., Lorkowski, S., and Ozer, N. K. Vitamin E: Emerging aspects and
new directions. Free Radical Biology and Medicine, 102, 16-36, 2017.

[13] Gonelimali, F. D., Lin, J., Miao, W., Xuan, J., Charles, F., Chen, M., and Hatab,
S. R. Antimicrobial properties and mechanism of action of some plant extracts
against food pathogens and spoilage microorganisms. Frontiers in
Microbiology, 9, 1639, 2018.

[14] Habila, M. M., Festus, E. A., Morumda, D., Joseph, I., Chinonso, A. D., and
Sunday, A. M. FTIR and GC-MS analysis of the aqueous and ethanolic extracts
of Jatropha tanjorensis leaves. Journal of Bioscience and Bioengineering, 8(1),
1-11, 2021.

[15] Huang, C. B., Alimova, Y., Myers, T. M., and Ebersole, J. L. Short-and medium-
chain fatty acids exhibit antimicrobial activity for oral microorganisms. Archives
of Oral Biology, 56(7), 650-654, 2011.

[16] Hudzicki, J. Kirby-Bauer disk diffusion susceptibility test protocol. American
Society for Microbiology, 15, 55-63, 20009.

[17] Islas-Rubio, A. R., de la Barca, A. M. C., Molina-Jacott, L. E., del Carmen
Granados-Nevarez, M., and Vasquez-Lara, F. Development and evaluation of a
nutritionally enhanced multigrain tortilla snack. Plant Foods for Human
Nutrition, 69(2), 128-133, 2014.

[18] Jeirani, Z., Jan, B. M., Ali, B. S., Noor, I. M., Hwa, S. C., and Saphanuchart, W.
The optimal mixture design of experiments: Alternative method in optimizing the

3.26



Nutritional and biochemical contents of bhimkol blossom

aqueous phase composition of a microemulsion. Chemometrics and Intelligent
Laboratory Systems, 112, 1-7, 2012.

[19] Kara, D. Evaluation of trace metal concentrations in some herbs and herbal teas
by principal component analysis. Food Chemistry, 114(1), 347-354, 2009.

[20] Kayacier, A., and Singh, R. K. Effect of mono-and diglyceride addition on baked
tortilla chips and their storage properties 1. Journal of Food Processing and
Preservation, 27(1), 1-8, 2003.

[21] Khajeh, M., Kaykhaii, M., Hashemi, S. H., and Shakeri, M. Particle swarm
optimization—artificial neural network modeling and optimization of leachable
zinc from flour samples by miniaturized homogenous liquid—liquid
microextraction. Journal of Food Composition and Analysis, 33(1), 32-38, 2014.

[22] Kuzmanovi¢, D., Khan, M., Mehmeti, E., Nazir, R., Amaizah, N. R. R., and
Stankovi¢, D. M. Determination of pyridoxine (vitamin B6) in pharmaceuticals
and urine samples using unmodified boron-doped diamond electrode. Diamond
and Related Materials, 64, 184-189, 2016.

[23] Lumanlan, J. C., Fernando, W. M. A. D. B., and Jayasena, V. Mechanisms of oil
uptake during deep frying and applications of predrying and hydrocolloids in
reducing fat content of chips. International Journal of Food Science &
Technology, 55(4), 1661-1670, 2020.

[24] Lv, H. P., Zhang, Y., Shi, J., and Lin, Z. Phytochemical profiles and antioxidant
activities of Chinese dark teas obtained by different processing
technologies. Food Research International, 100, 486-493, 2017.

[25] Mahmood, A., Ngah, N., and Omar, M. N. Phytochemicals constituent and
antioxidant activities in Musa x Paradisiaca flower. European Journal of
Scientific Research, 66(2), 311-318, 2011.

[26] Marletta, L., Camilli, E., Turrini, A., Scardella, P., Spada, R., Piombo, L.,
Khohar, S., and Carnovale, E. The nutritional composition of selected ethnic
foods consumed in Italy. Nutrition Foundation Nutrition Bulletin, 35, 350-356,
2010.

[27] Moreira, G. A., Micheloud, G. A., Beccaria, A. J., and Goicoechea, H. C.
Optimization of the Bacillus thuringiensis var. kurstaki HD-1 &-endotoxins
production by using experimental mixture design and artificial neural

networks. Biochemical Engineering Journal, 35(1), 48-55, 2007.

3.27



Nutritional and biochemical contents of bhimkol blossom

[28] Muchahary, S. and Deka, S. C. Impact of supercritical fluid extraction,
ultrasound-assisted extraction, and conventional method on the phytochemicals
and antioxidant activity of bhimkol (Musa balbisiana) banana blossom. Journal
of Food Processing and Preservation, 45(7), e15639, 2021.

[29] Mudgil, D., Barak, S., and Khatkar, B. S. Cookie texture, spread ratio and
sensory acceptability of cookies as a function of soluble dietary fiber, baking time
and different water levels. LWT-Food Science and Technology, 80, 537-542,
2017.

[30] Oz, M., Ucak, i., and Nayik, G. A. PUFA and MUFA. In: Nutraceuticals and
Health Care, 1* eds. Academic Press, India, page 199-215, 2022.

[31] Pakkirisamy, M., Kalakandan, S. K., and Ravichandran, K. Phytochemical
screening, GC-MS, FT-IR analysis of methanolic extract of Curcuma caesia
Roxb (Black Turmeric). Pharmacognosy Journal, 9(6), 2017.

[32] Purlis, E. Browning development in bakery products—A review. Journal of Food
Engineering, 99(3), 239-249, 2010.

[33] Ramu, R. A. M. I. T. H., Shirahatti, P. S., Zameer, F. A. R. H. A. N., Lakkapa, D.
B., and Nagendra, M. N. Evaluation of banana (Musa sp. var. Nanjangud rasa
bale) flower and pseudostem extracts on antimicrobial, cytotoxicity and
thrombolytic activities. International Journal of Pharmacy and Pharmaceutical
Sciences, 7(1), 136-140, 2015.

3.28



	07_chapter 3

