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Preface

We would like to present, with great pleasure, the inaugural volume-9, Issue-9, September 2023, of a
scholarly journal, International Journal of Engineering Research & Science. This journal is part of the AD
Publications series in the field of Engineering, Mathematics, Physics, Chemistry and science Research
Development, and is devoted to the gamut of Engineering and Science issues, from theoretical aspects to
application-dependent studies and the validation of emerging technologies.

This journal was envisioned and founded to represent the growing needs of Engineering and Science as an
emerging and increasingly vital field, now widely recognized as an integral part of scientific and technical
investigations. Its mission is to become a voice of the Engineering and Science community, addressing
researchers and practitioners in below areas
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Each article in this issue provides an example of a concrete industrial application or a case study of the
presented methodology to amplify the impact of the contribution. We are very thankful to everybody within
that community who supported the idea of creating a new Research with IJOER. We are certain that this
issue will be followed by many others, reporting new developments in the Engineering and Science field.
This issue would not have been possible without the great support of the Reviewer, Editorial Board
members and also with our Advisory Board Members, and we would like to express our sincere thanks to
all of them. We would also like to express our gratitude to the editorial staff of AD Publications, who
supported us at every stage of the project. It is our hope that this fine collection of articles will be a valuable
resource for IJOER readers and will stimulate further research into the vibrant area of Engineering and
Science Research.

Py

Mukesh Arora
(Chief Editor)
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Abstract— This paper presents a derived model which predicts the soil pH based on its soil moisture content and distance
from flare point. The response coefficient of the soil pH to the distance from flare point and soil moisture content was evaluated
to ascertain the viability and reliability of the highlighted dependence. Results of series of evaluations carried out indicate that
the correlations between soil pH and distance from flare point & soil moisture content as evaluated from the actual and model-
predicted results were all > 0.88. Standard errors incurred in obtaining results of soil pH based on distance from flare point
& moisture content were 0.08 and 0.07 & 0.076 and 0.06%, as obtained from actual and model-predicted results respectively.
The validity of the model; &= - 0.0496 2 — 1.5 x1079 + 0.71225 + 0.00034 + 2.5408 was rooted on the insignificant maximum
deviation of model-predicted values of soil pH from the corresponding actual values which was less than 1.1%. This translated
into over 98.9% operational confidence level for the derived model as well as over 0.98 response coefficient of soil pH to the
combined operational influence of distance from flare point and soil moisture content.

Keywords— Analysis, soil pH, distance from flare site, and soil moisture content.

l. INTRODUCTION

Investigations [1] carried out to measure physicochemical parameters in flare sites have shown that pH of soil and rain-water
samples are acidic in nature if collected at varied distances of 20, 50 and 100 m from flare points. This implies presence of acid
rains and acid soils around the flare locations. The results of the investigation also reveal that soils and rain water are
contaminated by heavy metals such as Cr, Cd, As, Pb, Zn, Fe. The research findings further show that higher concentration of
air quality parameters (such as SOz, NO2, H,S, CO, VOC, SPM etc.) exists at least distances near the flare point and lower
values at distances farther away from flare point.

Research [2] has shown that apart from the fact that gas flaring activities in the Niger-Delta region pose very serious
environmental implications on the host communities, it is an economic wastage of natural resource to Nigeria. For example,
acid compounds are formed when NOx and SO, gases contained in gas flares reacts with water. This has placed gas flaring as
being responsible for the acid rain syndrome often experienced in the Niger Delta region.

It has been revealed [1] that high pollution loads are imposed on gas flaring environments arising from increased pH of soil
and acid rain concentrations (due to gas emissions), abnormal air temperature (due to flare radiation), heavy metal concentration
and poor air quality due to flare emissions (particularly CO, NO,, SO,, smoke and particulate matter contents). This has
impacted negatively on human habitats and as a result, no meaningful human activity can take place at gas flaring locations
within radial distances < 2 km away from flare point.

Some undermining effects of gas flaring on locations and its inhabitants has been reported [3] to include poor soil fertility (due
to soil pH, heavy metals and toxics pollution), health hazards (such as skin problems, cancer, reproductive health problems,
respiratory disorders etc.), climate change (bringing about flooding).

Some research works [4], [5],[6] and [7] have corroborated earlier finding [3] that gas flaring is also the major cause low
agricultural productivity, depleted success in fishing and hunting due to incessant acid rain. This causes impoverishment in the
Niger Delta. The poor agricultural activities were observed [4] to be as a result of release of some substances which alters the
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surface and ground water quality, aggregate nutrient deficiencies in soils, or accelerate the soiling, weathering or corrosion of
engineering and cultural materials. Furthermore, visible changes exist in soil characteristics close to a flare site.

Factors such as distance of sample from source of flare, duration of flare and height of flare stack have been observed [1] to
absolutely affect the distribution (or spread) of soils physicochemical parameters in a gas flaring environments. These research
outputs are in line with earlier report [8] where soil pH values changed from acidic to near neutral as soil samples were collected
some distances away from flare point.

Results [9] of insitu and laboratory tests indicate that gas flare effect pH, temperature and moisture content of soils negatively.
The results reveal that pH showed the least value (most acidic) of 5.12 at depth of 5cm and distance of 200m away from the
flare. The soil temperature at 200m and 5cm depth, recorded the highest value (39.7°C) and the least value (27°C) at 35000m
(control site) away. The least value for moisture content (5.83%) was recorded at 200m and the highest (15.38%) at the control
site.

This work attempts to derive a model which will predict the soil pH based on its soil moisture content and distance from flare
point.

TABLE 1
VARIATION OF SOIL PH WITH ITS MOISTURE CONTENT AND DISTANCE FROM FLARE POINT [10]
(9) (m) ® ©
200 5.83 5.09
500 8.13 5.12
750 7.68 5.25
1000 7.11 5.27
1200 6.58 5.18
1500 6.35 5.12

1. MATERIAL AND METHOD

2.1 Model formulation

Computational analysis (using C-NIKBRAN [11]) of results in Table 1 indicates that

&-K=-hHp?- S+ NB + C9 ()
Introducing the values of b and K into equation (1) reduces it to

- 2.5408 = - 0.0496 B? - 1.5 x1073 + 0.7122f + 0.0003% 2

£=-0.0496 p? — 1.5 x1079 + 0.71228 + 0.00039 + 2.5408 (3)
Where

(9) = Distance from flare point (m)

(&) = Soil pH at distance $ from flare point (%)

(B) = Soil moisture content at distance y where the soil pH was evaluated

K, b, S, N and C are equalizing constants; 2.5408, 0.0496, 1.5 X107, 0.7122 and 0.0003 respectively.

1. BOUNDARY AND INITIAL CONDITIONS

The ranges of distance from flare site, soil pH and soil moisture content are 200 -1500m, 5.09- 5.27, and 5.83 — 8.13(%)
respectively.

V. RESULTS AND DISCUSSION
4.1 Model validation

Validation of the model was carried out by statistical, graphical and deviational methods.
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TABLE 2
VARIATION OF § — 2.5408 with - 0.0496 B — 1.5 x1079 + 0.71228 + 0.00039
&~ 2.5408 - 0.0496p2 - 1.5x1079 + 0.7122p + 0.00039
2.5492 2.5203
2.5792 2.6243
2.7092 2.6848
2.7292 2.7063
2.6392 2.6794
2.5792 2.635

The derived model was rooted in equation (2). Equation (2) agrees with Table 2 following the values of & — 2.5408 and - 0.0496
B%—1.5x1079 + 0.7122B + 0.00039 evaluated from Table 1.

5.3 - 5.3 -
* *
5.25 - . 5.25 -
R = 0.9837
el
5.2 4 5.2 -
T

= =
= 5.15 4 S 5.15 -
@ - ‘ .

51 | R? = 0.7766 51 4 R? = 0.7397

¢ MoD ' * ¢ MoD
+ Actual ¢ Actual
R s 7 ran e,
. —Poly. (Actual) —Poly: {MoD)
I I I I 5 T T T T T 1
0 500 1000 1500 2000 55 5 65 ; 75 8 85
Distance from flare point (m) Soil moisture (%)
FIGURE 1: Comparison of the correlations of the FIGURE 2: Comparison of the correlations of the
actual and model-predicted soil pHs (relative to actual and model-predicted soil pHs (relative to
distance from flare point) soil moisture)

4.2 Statistical Analysis
4.2.1  Standard Error (STEYX)

The standard errors incurred in predicting the soil pH for each value of the distance from flare point & soil moisture content
considered as obtained from actual and derived model were 0.08 and 0.07 & 0.076 and 0.06 % respectively. The standard error
was evaluated using Microsoft Excel version 2003.

4.2.2  Correlation (CORREL)

Comparison of the correlations of the actual and model-predicted soil pHs relative to both distance from flare point and soil
moisture content were evaluated (using Microsoft Excel Version 2003) from results of the actual and derived model. These evaluations
were based on the coefficients of determination R? shown in Figs. 1 and 2.

R =R? “)

These correlations are 0.9918 & 0.8812 and 0.9566 & 0.8601 respectively. These evaluated results indicate that the derived
model predictions are significantly reliable and hence valid considering its proximate agreement with results from actual
experiment.

4.3 Graphical Analysis

Analysis of Figs 3 and 4 shows close alignment of the curves of model-predicted soil pH (relative to distance from flare point
and soil moisture content) and those from the actual results.
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5.3 4 5.3 1 + 535
5.25 5925 1 + 53
—_ + 5.25
5.2 4 S 524
1_.3’ + 5.2 a
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b T —
@ 5.1 S o514 151 &
o =
5.05 ? co5 1 1505 B
—eo— MoD —e—MoD T°
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FIGURE 3: Comparison of the soil pHs (relative to FIGURE 4: Comparison of the soil pHs (relative to
distance from flare point) as obtained from actual  soil moisture content) as obtained from actual and
and model-predicted results model-predicted results

Figs.3-4 strongly indicates that the degree of alignment of curves is indicative of the proximate agreement between both actual
and model-predicted values of soil pH. This also indicates that the derived model is valid, reliable and of very high operation
confidence.

4.4 Deviational Analysis

Analysis of soil pH as obtained from actual and derived model show deviation of model-predicted values from those of the
actual. This is believed to be due to the fact that some considered assumptions and experiment-oriented conditions which
prevailed during the actual field work were not considered during the model formulation. This necessitated the introduction of
correction factor, to bring the model-predicted values to those of the actual.

Deviation (Dv) (%) of the model-predicted soil pH from that of the actual is given by

Dy = E"E;f‘ x 100 ()

Where
&p = Model-predicted soil pH
&a = Soil pH evaluated from actual results

Table 3 shows that the least and highest deviations of model-predicted results (from actual results) are — 0.43 and + 1.09%.
These deviations correspond to model-predicted soil pHs: 5.2471 & 5.1758; distance from flare points: 1000 & 1500m, and
soil moisture content: 7.11 & 6.35% respectively.

TABLE 3

ACTUAL SOIL PH AND CORRESPONDING PERCENT DEVIATION OF MODEL-PREDICTED RESULTS
®© Dv (%) Cf(%)

5.09 -0.57 0.57

5.12 0.88 -0.88

5.25 -0.46 0.46

5.27 -0.43 0.43

5.18 0.78 -0.78

5.12 1.09 -1.09

Correction factor (Cr) is the negative of the deviation i.e
Cr=-Dv (6)

Page | 4



International Journal of Engineering Research & Science (IJOER) ISSN:[2454-1850] [Val-9, Issue-9, September- 2023]

Therefore
Cr = —100 {“%‘Ea} x 100 @

Introduction of the corresponding values of Cf from equation (7) into the model gives exactly the corresponding actual values.

Equations (6) and (7) show that correction factor is the negative of the deviation. It is strongly believed that the correction
factor takes care of the assumptions made and experimental condition prevailing during the field works which were not
considered during the model formulation.

Table 3 also revealed that the least and highest deviations of model-predicted results (from actual results) are + 0.43 and -
1.09%. These deviations also correspond to model-predicted soil pHs: 5.2471 & 5.1758; distance from flare points: 1000 &
1500m, and soil moisture content: 7.11 & 6.35% respectively.

The deviation of model predicted results from that of the actual is just the magnitude of the value. The associated sign preceding
the value signifies that the deviation is deficit (negative sign) or surplus (positive sign).

V. CONCLUSION

Following derivation of a model for prediction of the soil pH based on its soil moisture content and distance from flare point,
the correlations between soil pH and distance from flare point & soil moisture content as evaluated from the actual and model-
predicted results were all > 0.88. Standard errors incurred in obtaining results of soil pH based on distance from flare point &
moisture content were 0.08 and 0.07 & 0.076 and 0.06%, as obtained from actual and model-predicted results respectively.
The validity of the model; & = - 0.0496 B2 — 1.5 x1079 + 0.7122p + 0.00039 + 2.5408 was rooted on the insignificant maximum
deviation of model-predicted values of soil pH from the corresponding actual values which was less than 1.1%. This translated
into over 98.9% operational confidence level for the derived model as well as over 0.98 response coefficient of soil pH to the
combined operational influence of distance from flare point and soil moisture content.
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Abstract— It has significant potential to strengthen carboxymethyl cellulose/gelatin nanocomposite with cellulose
nanocrystals from plantain stems for the production of bioplastics. Alkaline pretreatment and acid hydrolysis were used to
extract cellulose nanocrystals from plantain stem. Films made of carboxymethyl cellulose and gelatin were strengthened using
cellulose nanocrystals made from plantain stem fiber. SEM, thermogravimetric analysis (TGA), and water vapour permeability
(WVP) were used to characterize the synthetic bioplastic's physical properties. The environmental deterioration of the
bioplastic samples was observed over time at regular intervals in soil that was taken from a waste landfill. The results showed
that the water vapour permeability of the investigated films was decreased by the addition of CNC from 2.45 x 10-°g/m x h x
Pato 1.73 x 10°g/m x h x Pa. Additionally, it was discovered that unreinforced films degraded by 0.2% after 35 days, whereas
5wt% and 10wt% CNC reinforced films lost weight as a result of biodegradation by 0.1% and 0.18%, respectively. Overall,
the interconnected carboxymethyl cellulose/gelatin bolstered CNC nanocomposite film for making plastics increased the heat
and water vapour permeability of the packaging film, which offers the chances of their packaging application.

Keywords— Plantain stem, packaging material, carboxymethyl cellulose, gelatin, and bioplastics.

l. INTRODUCTION

Hydrocarbon packaging materials currently pose a serious hazard to the environment as they are unable to decompose naturally
and the scarcity of petroleum feedstock (Goh et al., 2016). Toxic waste production should be decreased by employing
environmentally friendly and renewable methods. About 300 million metric tonnes of synthetic polymer will be discharged
into the environment in 2018, with half of that quantity being released without being sorted, based on the assessment conducted
by (Ogunola et al., 2018). Recycling plastic is not always easy because end products made from these wastes might not be
suitable for use in post-consumer goods and because mixed plastic pollutants might cause problems. The demand for bioplastic
as an alternative to traditional plastics has risen exponentially because to its non-toxicity, biocompatibility, renewability, and
biodegradability features (Mostafa et al., 2020). Biobased plastics can be degraded by microbial processes using a variety of
raw materials (proteins and polysaccharides), largely generated from plants (cellulose-based plastics and starch-derived
plastics), as well as algae and bacteria such polyhydroxyalkanoates (PHAS) and polylactic acid (PLA). The amount of the
plastic material is significant because it has the potential to be dangerous toward each human, communities, and the entire
ecosystem (Gerritse et al., 2020; Mateos-Céardenas et al., 2020). As a result, an increase in waste volume was caused by an
unrestrained population growth and an excessive use of non-renewable resources. Only a few methods exist at the moment for
partially eradicating harmful wastes, such as landfills and ocean discharges of an assortment of materials, some of which can
decompose in a predetermined amount of time while other garbage cannot decompose for hundreds of years. The bio bags, on
the other hand, were expected to differ from conventional plastic bags only little (Fernandez-Braa et al., 2019). All these issues
with conventional plastic have been addressed by the introduction of biopolymers, which maintains remarkable distinctive
qualities and is more reliable today. It could be among the best solutions to fill the void left by the widespread prohibition of
regular plastic. Biodegradable plastics are obviously manufactured from renewable biomass resources including vegetable and
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fruit garbage, biopolymers, and microorganisms (Yaradoddi et al., 2019). Biodegradable polymers can be broken down into
smaller bits through aerobic or anaerobic biological processes. The procedure is frequently explained in terms of the kinds of
bioplastics employed, such as starch, cellulose, and materials made of biopolymers.

As appealing alternatives to synthetic-based plastic packaging materials, biopolymers derived from a variety of natural
resources, such as cellulose, chitosan, starch, soy, zein, and other proteins from plant and animal sources, have been considered
(Tang et al., 2012). Due to their advantageous characteristics, these natural polymers packaging materials increase the quality
and shelf life of the packed commaodities (Han and Gennadios, 2005). One of the components that is utilized the most frequently
in the production of bioplastics is carboxymethyl cellulose (CMC). It is a translucent, non-toxic synthetic polymer with a top
standard of biocompatibility as well as biodegradability. It has excellent film-forming capabilities, is highly polar, highly
soluble in water, and causes a number of beneficial associations with hydroxyl groups (Naduparambath et al., 2018). The
prospect of interaction and blending with other polar polymers is thus suggested (Ismaiel et al., 2018). Gelatin is used to make
biodegradable films, but it is also a soluble, pleasant, and renewable material. It is an animal protein that is made from collagen
through acid hydrolysis or alkaline hydrolysis.

It is widely used in the food and pharmaceutical industries (Alves et al., 2015). Gelatin is employed in packaging for a number
of reasons, including its accessibility, cost, versatility, as well as protective action towards gas flow (Ramos et al., 2016).
Furthermore, cellulose nanocrystal is among the most studied bio-based reinforcements (CNC). According to Moon et al.,
(2011), cellulose nanocrystal particles typically have a crystallinity index that fluctuates around 54 to 88%, a width of 20 to 50
nm, and fiber lengths of 100 to 250 nm. The CNC is created by acid or enzymatic hydrolysis of cellulose fibers. They are used
as replacements in polymeric composites because of their unique properties, such as high modulus, the ability to generate a
highly porous structure, huge surface area, biodegradability, as well as environmental benefits (Mariano et al., 2016; Ferreira
etal., 2017). It is possible to separate cellulose nanocrystals from a variety of natural sources of cellulose. The most accessible
and prolific of these sources is plant biomass. They therefore have the greatest potential for mass producing CNCs. Shape, size,
and degree of polymerization are a few properties of nanocellulose that rely not only on the isolation techniques used in addition
to origin through which they were derived (Habibi et al., 2010). One of the cellulose-containing natural fibers is found in the
plantain stem (Musa paradisiaca). It is a substantial staple food in Nigeria and other humid tropical countries in Africa, America,
and the Caribbean (Ketiku, 1973; Baiyeri and Unadike, 2007). It is a natural fiber product whose potential has not yet been
fully realized. Thus, processing plantains can boost product variety, market price, and usage whilst still positively contributing.
The use of CNC to improve the properties of popular film-forming mixtures like gelatin/CMC is not well supported by research.
This approach is based on the idea that a bothersome plantain stem fiber can be given value in order to assist speedy
deconstruction and packaging of meals for on-the-go eating. The results of the study should provide new applications for
plantain stems and contribute to addressing pressing environmental issues associated with the usage of petroleum-based and
non-biodegradable plastics in food packaging, especially for goods that need to be consumed on the go.

1. MATERIALS AND METHODS
2.1 Materials

The Onitsha Bridge-head Chemical Market in Anambra State, Nigeria, provided the ingredients. The analytical grades of
gelatin (bloom strength 185), glycerol (98%), sulphuric acid (99%), sodium hydroxide, sodium chlorite, acetic acid (98%),
benzene (99%), ethanol (99%), calcium chloride (96%) and potassium sulphate (99%). The analytical grades of carboxylmethyl
cellulose (molecular weight, 115 000 g/mol; degree of polymerization, 1700-1800). The plantain stem fiber came from
Okeanyanwu's plantation in Awka Town, Awka South Local Government Area, Anambra State, Nigeria.

2.2 Extraction of cellulose pulp

Cellulose was extracted from the plantain stem fibre (PSF) using a similar technique by EL Miri et al., (2015), with a little
alteration. Carefully selected, cleaned, and dried fiber was used. The fiber was ground into a powder, sieved to a thickness of
150 m, and diced to a length of about 10 mm before being cooked in a sodium hydroxide solution. For this treatment, 17.5%
(w/v) sodium hydroxide was employed for 1 hour at 80 °C. The generated fibers were thoroughly cleaned with distilled water
before being dried in an oven at 100 °C to a constant weight. A previously documented bleaching procedure involved bleaching
1 g of dry fiber for 1 h at 75 °C using 0.6 g sodium chlorite, 0.5 ml acetic acid, and 65 ml distilled water (EL Miri et al., 2015).
Due to the continuous injection of extra bleaching solution at 1-hour intervals, the fibers had gone white after 4 hours. After
properly cleaning them with distilled water, the fibers were left to air dry to their ultimate weight.
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2.3 Plantain stem cellulose nanocrystal (CNC) preparation

The CNC was produced by controlled sulphuric acid hydrolysis using 8.75 mL of 64 weight percent sulphuric acid (H2SO4)
and 1g of dried cellulose pulp. The mixture was vigorously stirred at 45°C for 30 minutes, according to earlier findings (Csiszar
and Nagy, 2017; Kargarzadeh et al., 2017). When the timer went off, ten rounds of ice-cold deionized water were used to stop
the reaction. The cold solution was centrifuged for 10 minutes at 8500 rpm, and the liquid supernatant was decanted. The solid
was centrifuged and diluted constantly until it became murky. To achieve a pH of around 6.5-7.0, the turbid suspension was
dialyzed for a whole week against demineralized water. The recovered solution was refrigerated until use, and the weight
fraction of CNC concentration in the solution was determined using the gravimetric method.

2.4 Preparing nanocomposite films

The films were produced using a process called solution casting, just like Mohammadi et al., (2020). A predetermined amount
of CMC was dissolved in distilled water at 90°C for 30 minutes while being constantly agitated to produce a 100 g solution.
Furthermore, gelatin was dissolved in a distinct batch of distilled water at 60 °C with a specified weight (per the design). Then
the mixture of CMC and gelatin was heated to 90 °C for 30 minutes while being stirred continuously. The necessary quantity
of CNC was dissolved in glycerol (30 wt% of the total solid content of the gelatin and CMC), and the mixture was combined
at 90 °C while droplets were added to the CMC/Gelatin solution. The liquid was added to a 130 mm diameter petri dish after
30 minutes of stirring, and air dried for 48 hours to ensure the solvent evaporated gradually. The resultant films were separated
from the plate and stored for analysis in a desiccator.

25 Analyzing the morphology of nanocomposite films

A scanning electron microscope was utilized to examine the distribution of the CNC fillers in the polymer matrix on a VEGA
3 TESCAN at 5 kV. The film samples were vacuum dried overnight at 40°C and then cryogenically shattered to uncover their
cross section for analysis. Before examination, the samples were coated with a 5nm layer of platinum to improve clarity in the
scanning electron microscope (SEM).

2.6 Analysis using thermoradimetry

The heat decomposition of cellulose nanocrystals and nanocomposite films was evaluated using an SDT Q600
thermogravimetric analyzer. The samples were cooked in a nitrogen atmosphere from 0°C to 500°C at a rate of 10°C/min for
a total of 3.8 mg.

2.7 Determination of WVP

WVP was calculated using the gravimetric method in accordance with ASTM E96/E96M-05 (2005). 4g of anhydrous calcium
chloride (CaCly) was placed in a glass container with the specified diameter and depth in order to achieve a relative humidity
(RH) of 0. In a desiccator with potassium sulfate (K2.SQ4) at a temperature and relative humidity of 98%, the glass bottle was
covered in the nanocomposite film, weighed, and placed. The sample was measured once every 24 hours in order to determine
how the weight of the glass bottle changed over time. Slopes were produced using a linear regression (weight change versus
time). The water vapour transfer rate was calculated by dividing the diameter of the plastic bottle opening (m?) by the gradient
of the straight line (g/h) (WVTR). Following that, the WVP (g/(m x h x Pa)) was calculated as stated in the equation below.

WVTR (1)

S(R1—R2)
where X is the film's thickness in meters, S is the saturated water vapour pressure in pounds at the test temperature of twenty-
five degrees Celsius, and R; and R, are the relative humidity in the climate chamber and the glass bottle, respectively.

WVP =

2.8 Deterioration of nanocomposite films in soil

The soil degradation test was conducted as described by Salisu et al., (2012) with a few minor adjustments. The test films were
weighed and positioned at a depth of 6 cm in a container filled with sand. The samples were carefully taken out of the soil
every five days for 40 days in order to determine the weight loss.

1. RESULTS AND DISCUSSION

The CNC arrangement in the CMC-gelatin mixture as observed under an electron microscope scanning is depicted below. In
the micrograph of the unstrengthened film, there were a few boundless aggregates and a few abrupt fractures that may have
been caused by inadequate smoothness during the film-making operation (Ma et al., 2017). As a result, for films enhanced
using five weight percent cellulose nanocrystal, interconnectivity as well as stable nanostructures composed of cellulose
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nanocrystal and matrices were observed. However, the CMC-Gelatin film supplemented with 10% cellulose nanocrystals
showed some superficial inhomogeneity and substantial splitting. This might be due to increased CNC strengthening, which
causes more agglomeration and decreased dispersibility. The compact aggregation of CNCs, as per Kumar et al., (2020), shows
that the chains of CNCs display potent hydrophilic contacts with intermolecular hydrogen bonds. In addition, consistent
nanostructures made of cellulose nanocrystal and networks were observed for films enhanced using 5 wt% cellulose
nanocrystal, with a diameter of approximately of 31 nm for the isolated CNCs and sizes spanning between 20 nm to 50 nm.

The 10 wt% CNC augmented CMC-Gelatin film, however, showed substantial fracturing and some superficial imperfections.
It could be due to increased CNC fortification, which causes greater clumping and decreased miscibility. The tight assemblage
of CNCs, as per Kumar et al., (2020), shows that the networks of CNCs display potent aqueous contacts and strong hydrogen
bonds. The segregated CNCs were found to have sizes spanning between 20 nm to 50 nm, with a mean size of 31 nm. Although
this region is similar to that shown by Agustin et al., (2013) utilizing onion shoots (30-50 nm). Zhou et al., (2017) observed
ranges around 10 nm as well as 50 nm for CNC synthesized using silk plant, and Benini et al., (2018) documented 10-60 nm
with CNC utilizing Imperata brasiliensis vegetation. According to Kargarzadeh et al., (2017), the width of rice husk fiber was
lowered by 15-20 nm.

(’-/\S ;),A>.‘” ’\’ v\‘v)

() 10% CNC relnforced film
FIGURE 1: Scanning electron micrograph of the nanocomposite films; (i) 0 wt% CNC, (ii) 5 wt%
CNC, and (iii) 10 wt% CNC
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3.1 Thermal evaluation

Thermogravimetric analysis (TGA) as well as differential thermogravimetric analysis was implemented to investigate the
thermal properties of the CNC and nanocomposites (DTG). The results show that below 284°C, the nanocomposites remained
thermostable. Because of this, neither CNC nor the nanocomposites was capable of maintaining upwards of 90% of their
original weight at this temperature. Its depolymerization, dewatering, as well as disintegration of glycosylation units are
assumed to be the main contributors to CNC degradation between 284°C and 286°C. Zhou et al., (2017) found a 245°C
beginning decomposition temperature, which really is equivalent to the findings of this study. Early on in the heating process,
the weight of the CNC experiment progressively dropped since the sample contained free water (Xu et al., 2017). The CNC's
highest temperature of deterioration, as indicated by the DTG curve, was 407°C.

The maximal degrading temperature of 364°C for CNC has indeed been recorded (Benini et al., 2018). The major thermal
decomposition threshold for cellulosic materials is typically thought to vary between 200°C and 400°C, and so this optimum
degeneration temperature fits in that range (Agustin et al., 2014).

The weight loss was reasonably steady above 400°C and produced a 32% char residue. The sulphate groups formed after
sulphuric acid hydrolysis could have had an influence on the amount of residue that was left following the breakdown. The
curve patterns with in CMC-gelatin nanocomposite films both with and without reinforcing were similar, however the addition
of CNC improved their thermostability. The 5 wt% as well as 10 wt% CNC strengthened films declined at 285°C as well as
286°C, respectively, while the unreinforced film started to deteriorate at 284°C.

According to the DTG graph, the deterioration temperature of such nanocomposite films considerably rose from 390 °C for
the unstrengthened film to 400 °C and 407 °C with both the inclusion of 5 wt% as well as 10 wt% CNC, respectively. CNCs
showed that they marginally improved the thermostability of the nanocomposite by serving as just an insulation as well as mass
transport barrier towards the volatile compounds released upon decomposition (Benini et al., 2018).
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FIGURE 2: Thermal degradation of the nanocomposites

3.2 Water Vapour Permeability

For applications such as packaging, films are expected to at the absolute least lessen gaseous transmission across wrapped
items and the environment. This important factor is necessary for avoiding product contamination or packaging-related
environmental pollution. The WVP of unstrengthened CMC-gelatin film, 5 wt%, as well as 10 wt% CNC strengthened CMC-
gelatin films were examined and reported. The WVP of unstrengthened CMC-gelatin film was calculated to be 2.45 x 10
g/(m x h x Pa), while for 5 wt% and 10 wt% CNC strengthened films, it was reduced to 1.99 x 10 g/(m x h x Pa) and 1.73 x
10 g/(m x h x Pa), respectively.

There is unmistakable proof that the addition of CNC to the CMC-gelatin combination improved the films' WVP. This decrease
in WVP can be attributed to the impermeable CNCs, which were evenly dispersed throughout the mix matrix to produce a
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circuitous pathway and prolong overall effective diffusion pathway for water vapour transmission (Kanmani and Rhim, 2014;
Yadollahi et al., 2014; Bai et al., 2015). The WVP result obtained from this investigation, however, is lower than that reported
by Noshirvani et al., since 15% CNC (6.79 x 107 g/(m x h x Pa)) were introduced to the starch-PVVA mixture Noshirvani et al.,
(2018). Additionally, WVP of 3.7 x 10! g/(m x h x Pa), which is much lower than the results obtained in this study, was
recorded in chitosan/gelatin plasticized using sorbitol as well as glycerol for food containers with a thickness of 0.8 mm
(Arvanitoyannis et al., 1998). Similarly, it is assumed that the permeability of a film to water vapor is unrelated to its thickness;
yet, hydrophobic films usually exhibit a strong association between their susceptibility and thickness as a result of their
attraction to water (Patricia-Miranda et al., 2004). Our research has shown that biodegradable films created by strengthening
CMC-gelatin using plantain stem CNC possess excellent WVP for food packaging, in contrast to standard synthetic polymer
packaged food films, which are stated to also have WVP in the region of 2.3 x 1014 to 8.7 x 1014 g/(m x h x Pa) (Bastarrachea
etal., 2011).

25 4
£ 7
=
E 15 -
la .
2
E 1 - B Seriesl
e
E 05 -

l:l 1 I I I

1 2 3
CNC Concentration (%)

FIGURE 3: Water vapour permeability of the nanocomposite films

3.3 Degrading of the soil

Common polymers including polystyrene, polypropylene, polyethylene terephthalate, and polyethylene are all well recognised
for their environmental resistance.

Biodegradability therefore has gained significance when assessing overall environmental impact of polymer in areas such as
packaging. The biodegradation behaviors of the 0%, 5%, and 10% CNC strengthened CMC-gelatin films were investigated
utilizing the earth immersion strategy. The microbial degradation was studied in regards to the weight loss upon interment in
wet soil. The study indicate that the specimen degraded faster compared to the other specimens, despite the fact that significant
deterioration wasn't really seen throughout the study period. The degradation of the nanocomposite after first few days of soil
burial was essentially similar for both the strengthened and the unreinforced CMC-gelatin films. After 25 days, the unreinforced
film showed a higher degree of biodegradability 0.3%, while the 5 wt% as well as 10 wt% CNC strengthened films experienced
weight losses of 0.4% as well as 0.5%, correspondingly, attributable to degradability. A superior three-dimensional (3D
network) might have resulted from 5 wt% CNC dispersing more evenly in the CMC-gelatin matrix than 10 wt% CNC. Their
structural rigidity is readily jeopardized since composites' poor dissemination encourages pressure areas to form in their
structure. Although it's crucial to note that equilibrium degradation was not reached in the 35-days timeframe, it's probable that
the inclusion of CNC retarded those biodegradation of the films. The strengthened films showed the possibility of continuous
deterioration if the disintegration timeframe were protracted, despite the fact that the deterioration rate of the unstrengthened
films fell dramatically. After being buried in earth, films quickly disintegrate (Goheen and Wool, 1991; Danjaji et al., 2002);
nevertheless, strengthened films have a higher likelihood of ongoing complete breakdown than unstrengthened films, which
might also decay gradually beyond 1 month.
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FIGURE 4: Soil burial test of the nanocomposites
IV.  CONCLUSIONS

Plantain stem fiber was used to make cellulose nanocrystals with sizes varying from 20 to 50 nm with both the aim of fabricating
as well as strengthening nanocomposite films with CMC and gelatin as the matrix for upcoming packaging applications.
Interestingly, the thermal efficiency of the CMC-gelatin matrix performed better with the inclusion of CNC. The thermal
conductivity of the film was increased to 390-407°C. The enhancement in thermal properties shows that the plantain stem
CNC's act as an insulator shielded the volatile compounds released during disintegration from mass transfer. The water vapour
permeability of the films under investigation also showed that the inclusion of CNC to the CMC-gelatin matrix decreased the
water vapour permeability from 2.45 x 10 g/(m x h x Pa) to 1.73 x 10 g/(m x h x Pa). Although hydrophobic, CNC has a
higher water barrier property due to its capacity to create a compact three-dimensional framework with the matrix and have
less water particle accessibility. The demonstrated findings support the use of plantain stem CNC strengthened CMC-gelatin
films as potential sustainable packaging materials, notably for on-the-go food containers.
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Abstract— Nono is a traditionally fermented milk product commonly consumed in parts of Nigeria. It undergoes spontaneous
fermentation by lactic acid bacteria (LAB), conferring potential probiotic properties. This study isolated and identified LAB
from Nono and assessed their suitability as novel starter cultures for yogurt production using commercial milk. Three LAB
isolates were obtained from Nono samples on selective media. They were Gram-positive rods, catalase-negative, with ability
to ferment various sugars. The isolate with the greatest antimicrobial activity against Escherichia coli and Staphylococcus
aureus was molecularly identified as Lactobacillus fermentum. Set-type yogurt was produced at laboratory scale by inoculating
reconstituted commercial milk (14% total solids) with 2% of commercial starter culture (Lactobacillus delbrueckii subsp.
bulgaricus and Streptococcus thermophilus); 2% L. fermentum; and 1% each of commercial starter and L. fermentum. The
probiotic, physicochemical, sensory and storage properties were analyzed. L. fermentum-containing yogurts had lower pH
and higher titratable acidity than the control yogurt. Proximate composition was similar across samples. Sensory evaluation
showed comparable consumer acceptability, with slight preference for the control sample. Yogurt with L. fermentum
maintained higher viable LAB during storage at refrigeration temperature for 28 days. The findings demonstrate the potential
for using LAB isolates from traditionally fermented foods like Nono as novel starter cultures in yogurt manufacture. This can
promote product diversification and valorization of indigenous fermentation practices.

Keywords— Nono, lactic acid bacteria, yogurt, probiotics, starter culture, consumer acceptability.

l. INTRODUCTION

Probiotics are live microbial food supplements that confer health benefits on the host when consumed in adequate amounts
(Hill et al., 2014). Fermented foods are regarded as important probiotic carriers, with yogurt being the foremost dairy product
acclaimed for its probiotic properties (Granato et al., 2010). Yogurt popularity has surged in recent years due to associated
nutritional and therapeutic advantages (Hekmat and Reid, 2006). Its industrial production involves fermentation of milk by
starter cultures consisting principally of Lactobacillus delbrueckii subsp. bulgaricus and Streptococcus thermophilus
(Sfakianakis and Tzia, 2014). These bacteria impart yogurt’s characteristic texture, flavor and acidity by producing lactic acid
from lactose fermentation (Gonzalez-Gonzalez et al., 2011).

Besides the traditional yogurt starters, other lactic acid bacteria (LAB) can also be incorporated as adjunct cultures to diversify
yogurt products. For instance, Lactobacillus acidophilus, Lactobacillus casei and Bifidobacterium spp. are often used as
probiotic enrichments in commercial yogurts to enhance health attributes (Donkor et al., 2007). A growing consumer
preference for natural, minimally processed foods has fueled interest in using novel LAB strains isolated from traditional
fermented products as starter cultures (Bourdichon et al., 2012). Such strains possess inherent robustness and diverse enzymatic
activities tailored by years of adaptation to their natural niches. This can potentially improve yogurt functionality, quality and
uniqueness (Leroy and De Vuyst, 2004).
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Nono is a traditional fermented milk product widely consumed in Northern Nigeria for its nutritional value. It is produced by
Fulani pastoralists through spontaneous fermentation, relying on back-slopping with previous batches to propagate the
microbiota (Beukes et al., 2001; Oguntoyinbo and Narbad, 2015). Nono'’s fermentation profile and microbial diversity have
been elucidated in a few studies. Isolates obtained include Lactobacillus delbrueckii, Lactobacillus fermentum, Lactobacillus
plantarum, Lactobacillus brevis, Leuconostoc lactis, Leuconostoc mesenteroides and Pediococcus acidilactici (Banwo et al.,
2020). Nono thus represents a promising reservoir of novel LAB that can be harnessed for functional starter culture
development. This study therefore aimed to isolate and identify LAB from Nono, evaluate their probiotic properties, and assess
the physicochemical qualities, consumer acceptability and stability of yogurt made by incorporating selected Nono isolates
alongside conventional starter cultures in commercial milk fermentation.

1. MATERIALS AND METHODS
2.1 Sample Collection

Nono samples were purchased from a local producer in Gariki, Amansea, Anambra State, Nigeria and immediately transferred
aseptically into sterile flasks. Commercial full cream powdered milk and conventional yogurt starter culture (Yogurmet,
France) containing L. bulgaricus and S. thermophilus lyophilized direct-vat-set cultures were also obtained from Eke Awka
Market, Awka, Anambra State, Nigeria.

2.2 Isolation and Identification of LAB from Nono

MRS (de Man, Rogosa and Sharpe) agar (pH 5.4) was used to selectively isolate Lactobacillus spp. from the Nono samples by
anaerobic pour plate technique, while TOS-MUP (transgalactosylated oligosaccharides-mupirocin lithium salt) agar facilitated
selective isolation of Bifidobacterium spp. based on the methodology described by Siile et al. (2014). Discrete colonies were
randomly picked and purified by successive subculture on fresh media. Also, Isolates were screened by Gram staining, catalase
and oxidase tests. Three presumptive LAB isolates that were Gram-positive rods, catalase-negative and oxidase-negative were
selected for further characterization (Sile et al., 2014). Their ability to ferment different sugars was assessed using inverted
Durham tubes in peptone water with 1% sugar substrates. The isolate exhibiting greatest antibacterial activity was identified
by 16S rDNA sequencing using genomic DNA extraction, PCR amplification with universal primers and Sanger sequencing
(Magray et al., 2020). The ~1500 bp 16S rRNA sequence obtained was matched against the NCBI GenBank database using
BLASTN to determine closest phylogenetic relatives.

2.3 Preparation of Yogurt Samples

The powdered milk was reconstituted to 149% total solids based on standard methods (Suzanne, 2003) and pasteurized at 90°C
for 15 minutes. It was cooled to 42°C and inoculated with different starter cultures as follows:

S - 2% commercial yogurt starter
SP - 2% Lactobacillus isolate from Nono
Mix - 1% commercial yogurt starter + 1% Lactobacillus isolate

Inoculated milk samples were incubated at 42°C for 4 hours to achieve a titratable acidity of 0.9% lactic acid. The yogurts were
then cooled to 4°C and analyzed while fresh (day 0) as well as on days 14 and 28 of refrigeration storage. All experiments were
performed in triplicate.

2.4 Assessment of Probiotic Properties of LAB Isolates
2.4.1  Antimicrobial Activity

The agar well-diffusion assay was used to evaluate cell-free supernatants of LAB isolates against Escherichia coli ATCC
25922 and Staphylococcus aureus ATCC 12600 as described previously (Barefoot and Klaenhammer, 1983). Zones of
inhibition were measured after 24h incubation.
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2.4.2  Acid Tolerance

Isolates were grown in broth, harvested by centrifugation and resuspended in sterile phosphate buffered saline (pH 7.0) at 10x
concentration. This cell suspension was inoculated (1% v/v) into simulated gastric juice (pepsin 3g/L in saline, pH 2.0) and
viable counts were determined after 0, 1, 2 and 3h by plating dilutions on MRS agar (Shehata et al., 2016).

2.4.3 Bile Tolerance

Similarly, washed isolate suspensions were inoculated into MRS broth containing 0.3% oxgall bile (HiMedia, India). Viable
counts and optical density (625 nm) were monitored after 0, 1, 2 and 3h incubation to assess bile tolerance (Shehata et al.,
2016).

2.5 Analysis of Yogurt Quality
2.5.1 pH and Titratable Acidity

Yogurt samples were stirred with distilled water before measuring pH directly using a digital pH meter. Titratable acidity
expressed as % lactic acid was determined by titrating yogurt samples with 0.1N NaOH using phenolphthalein indicator
(AOAC, 2005; AOAC, 1990).

2.5.2  Viscosity
Viscosity (Pa.s) was measured using a Brookfield viscometer at 150 rpm and 250C on fresh and stored yogurt samples.
2.5.3  Proximate Analysis

Moisture, fat, protein, ash and carbohydrate content of fresh yogurt samples were analyzed using standard AOAC methods
(AOAC, 2005; AOAC, 1990). Total carbohydrate was estimated by difference.

2.5.4  Lactic Acid Content

Lactic acid concentration was determined spectrophotometrically using 0.2% FeCls reagent and comparing absorbance at 390
nm against a standard curve of known lactic acid concentrations (Borshchevskaya et al., 2016).

25,5  Sensory Evaluation

A 9-point hedonic scale test was conducted with 20 untrained panelists to evaluate the appearance, color, aroma, taste, texture
and overall acceptability of fresh yogurt samples. The scales were anchored at 1 for extreme dislike and 9 for extreme like
(Udezor, 2012).

2.6 Microbiological Analysis
2.6.1  Antibacterial Activity

Cell-free supernatants were prepared from yogurt samples and their ability to inhibit Escherichia coli ATCC 25922 was
evaluated by agar well-diffusion assay on days 0, 14 and 28 of refrigeration storage.

2.6.2  Viability of Starter Cultures

Serial dilutions of yogurt samples were plated on MRS agar and incubated anaerobically at 370C for 48 hours to determine
viable LAB counts on days 0, 14 and 28 of storage.

2.7 Data Analysis

All data were analyzed by one-way ANOVA and Duncan's multiple range test using SPSS version 20.0. Mean values were
considered significantly different at p<0.05.

1. RESULTS
3.1 Isolation and ldentification of Probiotic Bacteria

A total of three lactic acid bacteria were isolated from nono samples on MRS agar. The isolates were characterized
biochemically and identified as rod-shaped, Gram-positive, catalase-negative bacteria resembling Lactobacillus species (Table
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1). Further identification of the isolates was done by 16S rDNA sequencing, which revealed isolate B to be Lactobacillus

fermentum strain 17-6 (Figure 1).

TABLE 1

BIOCHEMICAL CHARACTERIZATION OF LACTIC ACID BACTERIA FROM NONO

Gram stain + + +
Cell morphology Rod Rod Rod
Catalase reaction - - -
Oxidase + +
Glucose fermentation +
Gas from glucose - - +
Lactose fermentation + + +
Sucrose fermentation + + +
Galactose fermentation + + +
Probable Organism Lactobacillus sp. Lactobacillus sp.. Lactobacillus sp.

Keys: (+) = positive test; (-) = negative test; Sp = Species

Lactobacillus fermentum strain 17-6 16S ribosomal RNA gene, partial sequence
Sequence ID: KY435814.1 Length: 1106 Number of Matches: 1

Range 1: 20 to 5632 GenBank Graphics

Score

712 bits(385)

Query
Sbijct
Query
Sbjct
Query
Sbijct
Query
Sbict
Query
Sbijct
Query
Sbijct
Query
Sbjct
Query
Sbijct
Query
Sbjct
Query
Sbijct

a
20
64
79
124
139
183
199
242
259
3ez2
319
362
379
422

439
482

498
542
558

Identities Strand

492/546(90%)

Gaps
4/546(09@)

Expect
0.0

ATGCAGTCGACGCGTTGGCCCTATTGATTGGTGGTGCTTGCTCCTGATTGATTTTGGTCG

(LEERLDRRERErt ey pene e et e irepet b0 LRt aeittill
ATGCAGTCGACGCGTTGGCCCT-TTGATTGATGGTGC TTGCACCAGATTGATTTTGGTCG

?CAACGAATGGCGGACGGGTGATTAACACGTATGTCCCCTGCCCAGAAATGGGGGACGAC

FoRERELRRE et peeeer  Rer RRieerneet teneetl 1l
CCGACGAATGGCGGACGGGTGAGTAACACACCTGTCACC TGCCCAGAAACGGGGGACAAC

ATTTGAAAACAGATGCTAATACCGCCTAACAACGTTGGTCTCATGAACG - CGCTTAAMAK

CERREL RRELREL RRRLer e et ey tee t pineet tieet |
ATTTGATGCCAGATGCGAATACCGCCTAACACCGTTTGTCGCTTGAACGACGC TTGGAAG

ATGGCTTCTCGCTATCACTTCTGGATGGACCTGCGGTGCATT-GCTTGTTGGCGGGGTAA

(ELEERLLEERR Rt et e e e et ed et teetitl
ATGGCTTCTCGCTATCACTTCTGGATGGACC TGCGGTGCATTGGCTTGT TGGTGGGGTAA

TGGCCTACCGATGCGATGATGCATAGCCAAGTTGATAGACTGATCTGCCACTATGGGACT

COURERURERE PRt ee et e et LR en ettt Lt tenititl
TGGCC TACCGAGGCGATGATGCATAGCCGAGT TGATAGAC TGATCGGCCACAATGGGACT

GACACACCTCCCATACTCCTACGGGAGGCAGAATCATGGAATCTTCCCCAATGGGCGCAA

CERRERECEER Rt e e et Leenr et e b et
GACACACCTCCCATACTCCTACGGGAGGCGGAATCATGGAATCTGCCACAATGGGCGCAG

GCCTGATGGAGCAACACCGCATAAGGGAATAAGGGTTTCGGMTCCTAAAGCTCTATTGTT

CORRRRECRRRrre et L beeeri et e o eeieetttiy 1ifl
GCCTGATGGAGCAACACCGCGTGAGGGAATAAGGGT TTCAGCTCCTAAAGCTCTGTTGTA

AAAGAAGAACGCGTATGAGATTAACTGTTCATACGTTGACGGCATTTAACCACAAATACA

CEREREREE RRLErenr LERRn et ettt nntt |1
AAGGAAGAACACGTATGAGAGTAACTGTTCATACGT TGACGGTATTTAACCACAAAGA-A

CGGCTAACTACGTGCCAGCAACCGCGGAAATACCTAGGGGGCTCCCGTTATCTGGATTTA

COURERERR Rt Ceener teeer Peer peet  Leeetir tieiiil
CGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGC TAGCGTTATCCGGATTTA

TTGGGC
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FIGURE 1: Gene Sequence of Lactobacillus fermentum
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3.2 Assessment of Probiotic Properties

The three isolates were assessed for various probiotic characteristics including acid tolerance, bile tolerance and antimicrobial
activity. Growth at different pH showed that all isolates were able to grow at pH 4.0 and pH 7.0, with maximum growth
observed at pH 4.0 (Table 2). This indicates the isolates can survive the acidic conditions of the gastrointestinal tract.
Additionally, the isolates demonstrated bile tolerance by growing on MRS agar supplemented with 0.3% oxgall bile,
confirming their ability to withstand the physiological concentrations of bile salts (Table 3). Of the three isolates, isolate B (L.
fermentum) exhibited the strongest antimicrobial activity against E. coli and S. aureus, with inhibition zone diameters of 20.64
+ 0.04mm and 18.50 = 0.50mm respectively (Table 4). The antibacterial activity suggests the isolate's potential to inhibit
pathogens and maintain gut health. Based on the probiotic characteristics demonstrated, isolate B (L. fermentum) was selected
for further assessment in yogurt production.

TABLE 2
GROWTH OF LACTIC ACID AT DIFFERENT PH
Isolate codes pH 2.5 pH 4.0 pH 7.0
A + ++ ++
B ++ +++ ++
C + ++ ++

Keys: (+) = positive test

TABLE 3
SURVIVAL OF ISOLATES IN FRESH BOVINE BILE
Isolate Codes Survival in Fresh Bovine Bile
A +
B +
C +
TABLE 4

DIAMETER ZONES OF INHIBITION (Mmm) FOR ANTIMICROBIAL ACTIVITY OF PROBIOTIC ISOLATES AGAINST
SELECTED PATHOGENS

Isolate Codes

Escherichia coli

Staphylococcus aureus

A 17.38+0.10 16.67 +1.15
B 20.64 £ 0.04 18.50 £ 0.50
o 15.27+£0.25 12.47 +0.41

3.3 Physicochemical Properties of Yogurt

Yogurt was prepared using a commercial starter culture (S), L. fermentum isolate (SP) and a mix of both (mix). The
physicochemical properties evaluated were pH, titratable acidity, viscosity and total solids (Table 5). Yogurt S had the highest
viscosity (10.51 £ 0.01 Pa.s) and total solids (21.70%), while SP and mix had lower pH values (4.11 + 0.01 and 4.26 + 0.01
respectively) and higher titratable acidity indicating increased lactic acid production. This was confirmed by lactic acid
quantification, where mix had the highest lactic acid concentration within 24hrs (Figure 2).
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TABLES
PHYSICO-CHEMICAL EVALUATION OF YOGURT SAMPLES
Parameters S SP Mix
Total solid (%) 21.70 18.90 20.08
pH 452 +0.03 411+0.01 426 +0.01
Titratable Acidity 1.16 £ 0.02 1.10 £ 0.02 1.21+0.02
Viscosity (Pa.s) 10.51 £ 0.01 8.21+0.01 7.21+0.01
Keys: S = Standard yogourmet; Sp = Lactobacillus fermentum; Mix = Mixture of standard yogurmet plus Lactobacillus
fermentum
120
100
80 -
=5
60 -
—&-5P
40 - Mix
20 -
O [ T 1
0 12 24

FIGURE 2: Lactic Acid Content of Yogurt Samples
Keys: S- standard yogurmet; SP- Lactobacillus fermentum; Mix- Mixture of standard yogurmet plus
lactobacillusfermentum

34 Proximate Composition

The nutritional composition of the yogurts was analyzed in terms of moisture, ash, fat, protein, fiber and carbohydrates (Table
6). Yogurt SP had slightly higher moisture, ash, fat and protein compared to S and mix. Notably, SP had higher fiber (3.74%)
but lower carbohydrates (5.73%) versus S and mix.

TABLE 6
PROXIMATE COMPOSITION OF YOGURT SAMPLES
Parameters (%) Sample S Sample SP Mix
Moisture content 85 86 84
Ash 0.70 0.80 0.92
Crude fat 3.61 3.74 381
Crude protein 3.18 3.2 3.31
Crude fibre 0.51 0.53 0.49
Carbohydrate 7.00 5.73 7.47
Keys: S = Standard yogurmet; Sp = Lactobacillus fermentum; Mix = Mixture of standard yogurmet plus Lactobacillus
fermentum
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3.5 Sensory Evaluation

Sensory analysis of the yogurts indicated that S had the highest overall acceptability based on appearance, taste and mouthfeel
(Table 7). However, there were no marked differences between the samples for aroma and color. This suggests that
incorporation of the L. fermentum isolate did not adversely affect sensory properties.

TABLE 7
SENSORY EVALUATION OF YOGURT SAMPLES

Parameters S SP Mix
Appearance 8.00 7.00 8.00
Aroma 7.00 7.00 7.00

Taste 8.00 8.50 7.00
Mouth-Feel 6.00 5.00 4.00
Overall Acceptability 8.00 7.00 7.00

Keys: S = Standard yogurmet; Sp = Lactobacillus fermentum; Mix = Mixture of standard yogurmet plus Lactobacillus
fermentum

3.6 Storage Viability

The viability of probiotic bacteria and antimicrobial activity against E. coli was evaluated during refrigerated storage for 28
days (Tables 8 and 9). Although viable counts decreased over time in all samples, mix maintained the highest counts at day 14
(14.2 x 104 cfu/ml) and day 28 (10.8 x 104 cfu/ml) indicating better probiotic survival. Antimicrobial activity also declined
with storage but was likewise highest in mix yogurt compared to S and SP.

TABLE 8
TOTAL VIABLE COUNT (X104) FOR LACTIC ACID BACTERIA FOR THE YOGHURT SAMPLES
Samples Day 14 Day 28

S 9.2 6.2

SP 10.8 45

Mix 14.2 10.8

Keys: S = Standard yogurmet; Sp = Lactobacillus fermentum; Mix = Mixture of standard yogurmet plus Lactobacillus

fermentum

V. DISCUSSION

The present study isolated three lactic acid bacteria from traditionally fermented Nono milk, with one isolate identified as
Lactobacillus fermentum based on 16S rRNA gene sequencing. Lactobacillus fermentum has previously been reported as one
of the predominant LAB in Nigerian Nono, conferring its probiotic properties (Obi et al., 2016). In agreement, our isolated L.
fermentum strain exhibited good probiotic characteristics including acid and bile tolerance as well as antimicrobial activity
against pathogenic E. coli and S. aureus. These properties enable probiotic bacteria to survive gastrointestinal transit and inhibit
pathogens through the production of bacteriocins and organic acids (Granato et al., 2010; Donkor et al., 2007).

Yogurt manufactured by incorporating the Nono-derived L. fermentum alongside conventional starter cultures demonstrated
enhanced physicochemical attributes compared to the control yogurt made solely with starters. Specifically, the L. fermentum-
containing yogurt had lower pH and higher titratable acidity, indicating increased lactic acid production (Sfakianakis & Tzia,
2014). This was corroborated by direct lactic acid quantification. The higher acidity can extend yogurt's shelf life by
suppressing spoilage microorganisms. Despite compositional differences, sensory analysis revealed comparable consumer
acceptability across all yogurt samples. This suggests that the L. fermentum adjunct did not adversely affect flavor and texture
attributes. Mild or no flavor defects upon adding probiotic cultures to yogurt have been documented before (Donkor et al.,
2007).

During refrigeration storage, the viability of probiotic bacteria decreased in all yogurts as expected, but viable counts remained
significantly higher in the L. fermentum-supplemented yogurt compared to the control after 28 days. Enhanced starter culture
survival indicates the robustness of the Nono isolate for maintaining yogurt functionality over time (Gonzalez-Gonzalez et al.,
2011). In summary, the indigenous L. fermentum strain isolated from traditionally fermented Nono demonstrated strong
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probiotic properties that can be harnessed to develop novel functional starter cultures for yogurt production. Incorporating the
isolate improved physicochemical and storage qualities without compromising sensory attributes.

V. CONCLUSION

The findings of this study demonstrate the potential of isolates obtained from traditionally fermented Nono to be developed as
novel functional starter cultures for yogurt production. The Lactobacillus fermentum isolate showed good survival under
conditions simulating the gastrointestinal tract, indicating its robust probiotic properties. Incorporation of this isolate into
yogurt fermentation enhanced the physicochemical attributes by improving acidification compared to the control. Sensory
evaluation revealed comparable consumer acceptability among yogurts produced with different starter combinations.
Moreover, viable counts of probiotic bacteria were maintained at a higher level during refrigeration storage of yogurt with
added L. fermentum. Overall, the results suggest that LAB from indigenous fermented foods like Nono have the capacity to be
developed as adjunct starter cultures for diverse probiotic dairy products. This offers opportunities to valorize traditional
fermentation practices and promote product innovation through strain diversification. Further research could optimize the Nono
isolate's application in diverse dairy and non-dairy probiotic foods.
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