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Abstract. Solichatun, Putri TA, Mudyantini W, Pitoyo A. 2022. Effect of seed priming using KCI on the growth and proline accumulation
of paprika (Capsicum annuum) growing at different water availability. Asian J Trop Biotechnol 19: 1-6. Paprika (Capsicum annuum L.)
is a vegetable commodity that has high economic value. Paprika cultivation still faces problems related to drought conditions. One
technique to increase plant resistance to drought stress is the seed priming technique. Seed priming treatment can use various solutions,
including KCI. The purpose of this study was to determine the effect of seed priming with KCI solution on the growth of paprika and
accumulation of proline. This research is experimental, using a completely randomized design (CRD) with a combination of seed
priming treatment and water availability. Seed priming treatment was variation of concentration of KCI solution of 10, 20, and 40 ppm.
The treatment of variations in water availability was 100% field capacity (FC), 75% FC and 50% FC. The experiment used 3
replications. Seed priming treatment using KCL at various concentrations (10, 20, and 40 ppm) significantly affected the growth of
paprika (C. annuum) that grow on variations in water availability. Seed priming treatment using KCI can increase the resistance of
paprika plants to moderate drought conditions. Paprika resistance to drought is characterized by accumulation of proline and regulation

of root to shoot ratio.

Keywords: KCI, paprika, proline, seed priming, water availability

INTRODUCTION

Paprika (Capsicum annuum L.) is one of the chili
varieties grown in Indonesia. In general, the success of
paprika and chili cultivation is still constrained by several
factors. These factors include the presence of disease and
environmental stress. Water availability is one of the
environmental factors that cause stress for plants. Water
stress occurs when the availability of water in the
environment is not at an optimal level. Water stress can be
in the form of excess water (flooding) or lack of water
(drought).

Drought is considered as one of the most destructive
abiotic stresses across the world and creates a huge impact
on crop production (Marthandan et al. 2020; Zhu et al.
2021). Drought is an environmental condition that very
often inhibits chili growth. Drought stress causes low
productivity (Nawiri et al. 2017; Begna 2020). The long
dry season is one of the causes of drought in agricultural
land. Drought stress can have a negative impact on chili
growth. Reducing water availability can cause vegetative
growth such as plant height, root length, root dry weight,
plant dry weight decreases. The low availability of water
also causes the generative growth of chili to be inhibited.
The results of the research by Yusniwati et al. (2008)
showed that drought stress treatment on several varieties of
chili can reduce chili production (Tit Super 29.2%, Jati
Profit 47.72%, Hot Chilli 25.74%, Laris 52.63%, and Prabu
50.83 %). According to Matiu et al. (2017), globally,

drought has reduced the production of several other
horticultural crops, namely corn (11.6%), wheat (9.2%),
and soybeans (33.1-12.2%). Drought stress can affect plant
growth and production.

Physiologically, plant tolerance to drought is carried out
by accumulating proline compounds that act as
osmoregulatory and osmoprotectant compounds. Under
drought stress conditions, there was an increase in the
percentage of leaf proline content compared to normal
conditions. Based on the research results of Yusniwati et al.
(2008) the leaf proline content in some chili genotypes
increased by 12.62% to 646.31%. Drought conditions can
also cause metabolic activity disorders in plants due to a
decrease in chlorophyll content. Based on research
conducted by Armita et al. (2017), the content of
chlorophyll a, chlorophyll b and total leaf chlorophyll of
control plants were higher than plants that grew under
drought stress conditions.

The growth and development of seedlings are one of
important stages in plant cultivation. The growth and
development of seedlings determine growth at later stages
in the plant life cycle. The problem faced in the growth
phase of cayenne pepper seedlings is the very fast
vegetative growth of the aerial parts. According to de
Rezende et al. (2017), growth imbalance results in the
formation of fragile and elongated seedlings, with smaller
hypocotyl diameters, producing fewer roots, and having a
higher sensitivity to biotic and abiotic stresses. These
factors can cause a decrease in the ability to grow and
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develop seedlings. Uniform seed germination and good and
healthy seedling development are key factors for increasing
agricultural production.

Seed priming is an alternative technology to overcome
seed quality by giving certain treatments to seeds before
planting. Seed priming is defined as the preparation of
seeds using a variety of procedures in order to increase
seed germination rate, percentage germination, and
seedling emergence uniformity by manipulating the amount
of water available in the seed. The pretreatment starts the
germination process but prevents radicle protrusion, after
which the seeds are dried until needed. Seed priming
treatment can use various solutions, namely polyethylene
glycol (PEG), mannitol, sorbitol, glycerol, organic salts
such as NaCl, KCIl, KNOs;, MgSQ,, CaCl;, vermiculite,
activated charcoal, clay; or hormones and growth
regulators (PGR) such as paclobutrazol, abscisic acid, I1AA,
gibberellins, kinetin, polyamines and salicylic acid
(Mirmazloum et al. 2020).

Plant tolerance to drought stress is controlled
genetically and is expressed phenotypically through
morphological and physiological adaptations. Based on the
research of Naz et al. (2014), KCI treatment in Pisum
sativum L. seeds can increase root elongation. The
treatment of soaking seeds in 2.5% (w/v) KCI solution can
induce drought resistance in wheat seeds (Triticum
aestivum L.) (Eivazi 2012). Considering the economic
importance of paprika and also for the development of its
cultivation techniques, research on seed priming using KCI
on paprika seeds needs to be done. This study aims to
determine the effect of seed priming using KCI on the
growth and accumulation of proline paprika (C. annuum)
grown in various water availability.

MATERIALS AND METHODS

Paprika seeds used were taken from ripe fruit. The fruit
was obtained from paprika farmers in the Cepogo area,
Boyolali, Central Java, Indonesia, harvest year 2020.
Growth and germination tests were carried out at the
Biology Laboratory of Faculty of Mathematics and Natural
Sciences, Universitas Sebelas Maret (UNS), and the
greenhouse of Unit Pelaksana Teknis (UPT) Central
Laboratory of UNS, Surakarta, Central Java, Indonesia.

The materials used for seed priming are KCI and
aquades. KCI was dissolved in distilled water according to
the concentration variations of 10, 20, and 40 ppm. The
materials used for the seed viability test were 2,3,5-
triphenyltetrazoliumchloride, KH,PO4, Na;HPO4.2H,0,
and aquades. The media used for the growth test was
regosol soil that was given compost with a ratio of 2:1.
Chemicals to determine proline levels are standard proline,
3% sulfosalicylic acid, ninhydrin acid, toluene, and glacial
acetic acid (AAG).

Seed preparation
The seeds are removed from the paprika fruits, then air-
dried for 1 week. Dried seeds were used for testing. The

seeds used are selected in good condition and uniform
(shape, size and color).

Seed viability test

Seed viability assay was done by tetrazolium-based
method. For tetrazolium staining, 100 seeds were put in a
wet paper at 20°C for 18 hours. Seeds were then wounded
by cutting the testa between the radicle and the cotyledon.
Wounded seeds were immersed in 1% tetrazolium chloride
solution (in phosphate buffer) for 6 hours at 30°C, in dark
conditions (ISTA 2016). Seeds were cut in half, observed,
and counted the viability percentage based on red color of
seed.

The percentage of seed viability is calculated by the
following formula:

Seed viability (%) = number of viable seeds x 100%
total number of seeds

Seed priming treatment using KCI solution at various
concentrations

KCI solution was applied as seed priming at
concentrations of 10 ppm, 20 ppm and 40 ppm. Paprika
seeds are soaked in the solution for 24 hours. After that, the
seeds are drained and air-dried at room temperature for 24
hours. The dried seeds will be used for the growth test.

The growth test using different water availability

The water availability test was carried out in polybags
filled with soil. The size of the polybag used is 10 x 20 cm.
The soil used was regosol type with a pH of 6.0. Each
polybag is filled 1000 gram regosol soil. Three seeds were
sown per polybag at the depth of 3 cm. The polybags were
placed in the greenhouse. The research design used was
complete randomized design with 5 replications. The
treatment under study is as follows :

100% field capacity = 500 mL of water volume
75% field capacity = 375 mL of water volume
50% field capacity = 250 mL of water volume

Determination of the field capacity of the soil using the
gravimetric method. One kilogram of wind-dried soil is
weighed and put into a polybag that has been provided with
drainage holes. Water is sprinkled on the ground, and left
until the soil is evenly wet and water drips from the
drainage hole. The soil is left for 6 hours (until the water is
no longer dripping). This condition is a condition of 100%
soil capacity. The soil is then weighed again, and the
difference between its weight and the initial weight of the
soil (dry soil) is calculated. The figure obtained is the
volume of water that must be added to reach the specified
field capacity. The water content of the media is checked
every day, and given water so that it is at the specified
water content. The data for the plant height, leaf area, fresh
weight, root to shoot ratio (fresh weight of root biomass
divided by fresh weight of shoot biomass), chlorophyll
content, carotenoid content and also proline content was
recorded after 2 months of sowing (Kurniawan et al. 2010;
Sayyari and Ghanbari 2012; Gayathri et al. (2016).
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Shoot: root ratio determined based on fresh weight,
according to Kakanga et al. (2017). Chlorophyll and
carotenoid content were determined using
spectrophotometer (Hendry and Grime 1993). Leaf proline
levels were calculated at the end of the growing season
using spectrophotometer according to Bates et al. (1973).
Samples of fresh leaves (2nd leaf from the tip of the plant)
weighing 0.1 g were cleaned and crushed, then extracted
with 5 mL of 3% sulfosalicylic acid. After homogenization,
2 mL of the sample was taken and added with 2 mL of 0.14
M ninhydrin acid and 2 mL of glacial acetic acid (AAG)
then water bathed at 100°C for 1 hour. The tube containing
the sample was put into a beaker containing ice cubes for 5
minutes. The sample was extracted again with 4 mL of
toluene and shaken for 15-20 seconds. After shaking it will
form 2 layers of liquid. The pink layer was taken and the
absorbance was calculated by means of a UV-visible
spectrophotometer at a wavelength of 520 nm. The
standard solution used is L-proline. There are 5 levels of
proline concentration as a standard solution, namely 0.1 M,
0.2 M, 0.3 M, 0.4 M and 0.5 M, and is calculated based on
the standard curve.

Data analysis

Quantitative data were analyzed by ANOVA (Analysis
of Variance) and if there was a significant difference
between the treatment groups, further tests were carried out
using Duncan's Multiple Range Test (DMRT) at a 95%
confidence level.

RESULTS AND DISCUSSION

Seed viability test

The tetrazolium test was carried out at the beginning of
the study to determine the viability of the seeds to be used.
The results of the tetrazolium test showed that the seeds
used had a viability of 100% (Figure 1).

Growth parameters

Growth parameters observed in this study were plant
height, leaf area, fresh weight, and shoot:root ratio,
presented in Table 1. The results of the analysis of variance
showed that combination of seed priming treatment using
KCI and water availability had a significant effect on the
height of paprika seedlings (Table 1).

Figure 1. A cross-section of paprika (Capsicum annuum) seeds. A. Before soaking pepper seeds in 1% tetrazolium solution, B. After

paprika seeds soaking in 1% tetrazolium solution

Table 1. Growth of paprika (C. annuum) seedling after seed priming and water availability treatments

Combination treatment (KCL Plant height (cm)

Leaf area (cm?)

Fresh weight Root to shoot ratio

concentration and water availability) (gram)

Control (without 50 FC 5.0% 2.39% 0.53% 1.002

priming) 75 FC 8.6bcd 3.250¢ 0.52% 2.32ac
100 FC 4.0% 1.622 0.46° 0.93?

KCI 10 ppm 50 FC 5.3® 2.69% 0.38? 1.37%
75 FC 6.6%c 2.21% 0.74% 1.78%
100 FC 6.5%¢ 2.30% 0.56% 1.75%

KCI 20 ppm 50 FC 6.5% 2.52% 0.372 1.64%
75 FC 9.7¢ 2.67% 0.74% 1.29%
100 FC 11.5% 3.26" 1.11° 2.23ac

KCI 40 ppm 50 FC 11.1¢% 3.40% 0.48° 2.57%
75 FC 14.9¢ 3.280¢ 2.43¢ 3.42¢
100 FC 8.7>cd 4.00° 0.322 1.88%

Note: Different letter notation in the same column shows significantly different using Duncan's Multiple Range Test (DMRT) at a 95%

confidence level; FC means field capacity
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The plant heights from seeds that were not treated
(control) and those that were treated with 10 ppm KCI were
not significantly different in all wvariations of water
availability, but treatment using KCI 20 and 40 ppm
significantly increased plant height at all levels of water
availability. The highest plant height resulted from 40 ppm
KCI treatment.

At 50% field capacity water availability, the 40 ppm
KCI treatment significantly increased paprika plant height.
This means that seed priming treatment using KCI can
stimulate paprika plants to grow well at low water
availability. According to Putra et al. (2017), 50% level of
field capacity similar than medium drought stress, so that
seed priming using KCI has the potential to be used to
increase the resistance of paprika plants to drought. Figure
2 shows the morphology of paprika seedlings that have
been treated with different seed priming and water
availability.

Besides the plant height parameters, according to Table
1, the combination of seed priming treatment using KCI
and water availability also had a significant effect on the
leaf area, fresh weight, and shoot:root ratio of paprika
seedlings. The lowest leaf area resulted from control plants
growing at 100% water availability; while the highest leaf
area was produced from plants treated with 40 ppm seed
priming and grew at 100% water availability. These results
indicate that seed priming treatment could increase the
growth of paprika plants. Higher leaf area can increase the
area of light absorption for photosynthesis. The increased
rate of photosynthesis causes increased production as well.
In the 40 ppm seed priming treatment, the leaf area of
paprika plants growing at various levels of water
availability was not significantly different. These results
indicate that seed priming treatment causes plants to grow
well in conditions of low water availability (medium
drought stress).

Plants express a dynamic response to sustain under
stress conditions through morphological, physiological, and
biochemical changes. The response of plants to drought
stress conditions has been categorized into drought escape,

drought avoidance, and drought tolerance (Marthandan et
al. 2020). Determination of root to shoot is one of the
adaptations of plants to drought stress. The root to shoot
ratio depends upon the partitioning of photosynthate which
may be influenced by environmental stimuli. The results of
the ANOVA showed that seed priming treatment and water
availability had a significant effect on the root to shoot
ratio of paprika plants. The highest root to shoot ratio value
was obtained from the seed priming treatment of 40 ppm,
which grew at 75% water availability of field capacity.
This indicates that under these conditions, the shoot
biomass is low while the root biomass is high. In drought
conditions, plants will increase their root growth in order to
optimally absorb water and nutrients from the soil.
Changes in the metrics of root-to-shoot relationships can
compensate for moisture deficiency and maintain stomatal
conductance under drought stress conditions (Kim et al.
2020). Drought stress can cause inhibition of cell division,
enlargement and elongation caused by a lack of water
availability (Rosawanti 2015). Drought stress can also
cause a decrease in plant water potential, thereby reducing
cell turgor. Then due to the decrease in cell turgor, it will
inhibit the process of cell division and enlargement, so that
the plant becomes short (Osakabe et al. 2014).

Biochemical parameters

Drought stress can alter the physiological and
biochemical processes in plants. According to Mibei et al.
(2017) the alteration processes including chlorophyll and
carotenoid content, which is related to photosynthesis. The
concentration of carotenoids and chlorophylls provides
information about the level of stress experienced by the
plant as well as its ability to endure these stresses.
Therefore, due to the significant decrease in carotenoids
during drought stress, it is evident that drought may lead to
reduction in plant productivity. This is mainly by inhibiting
growth and photosynthesis, and is one major limiting factor
in agriculture worldwide leading to huge reductions in crop
yield.

Table 2. Chlorophyll, carotenoid, and proline concentration of paprika (C. annuum) seedling after seed priming and water availability

treatments

Combination treatment (KCL

concentration and water Chiorophyll (mg/g of

Carotenoid (mg/g of fresh

Proline (mg/g of fresh weight)

availability) fresh weight) weight)
Control (without 50 FC 11.84% 0.652 3.00
priming) 75 FC 13.4%c 0.73% 1.26°
100 FC 15.48° 0.80% 1.112
10 ppm 50 FC 13.44abc 0.71% 2.60°
75 FC 13.223b¢ 0.69% 2.850¢
100 FC 12.36% 0.87° 3.00«
20 ppm 50 FC 12.80% 0.69% 3.48°
75 FC 14.00°¢ 0.74® 3.23%
100 FC 12.61%® 0.622 3.58¢f
40 ppm 50 FC 11.542 0.68a 3.51¢f
75 FC 11.502 0.67a 3.50¢°f
100 FC 13.47%¢ 0.65a 3.73f

Note: different letter notation in the same column shows significantly different using Duncan's Multiple Range Test (DMRT) at a 95%

confidence level; FC means field capacity
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Figure 2. Seedling of paprika (C. annuum) two months after seed priming treatment using KCI and grown at different water availability.
A: Control + 50%FC; B:control +75%FC; C:control+100%FC; D: 10ppm+50%FC; E:10ppm+75%FC; D: 10ppm+100%FC; G:
20ppm+50%FC; H:20ppm+75%FC; I: 20ppm+100%FC; J: 40ppm+50%FC; K: 40ppm+75%; L: 40ppm+100%FC

In this study, seed priming treatment significantly
affected the chlorophyll content of paprika. The highest
chlorophyll content resulted from the treatment of 20 ppm
KCI at 75% field capacity. Seed priming treatment also
significantly affected the carotenoid content of paprika,
which is the highest carotenoid content resulting from the
treatment of 10 ppm KCI at 100% field capacity. There was
no pattern of increasing or decreasing levels of chlorophyll

and carotenoids on water availability. According to
Rustioni and Bianchi (2021), each plant has a different
strategy in dealing with drought stress, for example,
drought increases chlorophyll content in  stems
of Vitis interspecific hybrids. The concentration of
photosynthetic pigments in woody tissues appeared to be
strongly determined by genotypes.
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Other metabolic alterations include accumulation of
proline induced by drought stress in plants. Proline content
of seedlings response to drought stress changed
significantly compared to control (Table 1). Proline plays a
vital role in maintaining optimal growth in plants under
biotic stresses (Kurniawati et al. 2014; Nguyen et al. 2020).
The significantly enhanced proline content in paprika leaf
in drought stress is a response characteristic of plants like
as osmotic adjustor under abiotic stresses. Proline promotes
higher resistance in plant cells under adverse
environmental conditions. In this study, seed priming
treatment significantly affected the proline content of
paprika. The highest proline content resulted from the
treatment of 40 ppm KCI.

In conclusion, seed priming treatment using KCL at
various concentration (10, 20, and 40 ppm) significantly
affected the growth of paprika (C. annuum) that grow on
variations in water availability. Seed priming treatment
using KCI can increase the resistance of paprika plants to
moderate drought conditions. Paprika resistance to drought
is characterized by accumulation of proline and regulation
of root to shoot ratio.
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Abstract. Yakubu OE, Bando DC, Zephaniah M, Umaru 13, Abu MS. 2021. Kidney function status of Wistar rat treated with ethanolic
extract of Phyllanthus amarus leaves owing to diethylnitrosamine intoxication. Asian J Trop Biotechnol 19: 6-9. The kidney plays a
central role in detoxification and excretion of harmful metabolites and therefore is susceptible to toxicity by xenobiotics. This research
investigated the possible modulatory effect of Phyllanthus amarus Schumach & Thonn on diethylnitrosamine (DEN) induced
nephrotoxicity in rats. Wistar rats received a single dose intraperitoneal injection of DEN. Twenty (20) rats were randomly allocated into
four groups of five (5) rats each, and toxicity was induced using a single dose of DEN at 200 mg/kg intraperitoneally. Treatment was
carried out using P. amarus extract at 200 mg/kg for 14 days, while silymarin was used as a standard drug orally at 5mg/kg. Kidney
function parameters (Urea, Creatinine, sodium (Na*)), Potassium (K*), and Chloride (CI) were determined. After 2 weeks, DEN-
induced rats showed renal injury evidenced by the significant increase in circulating kidney function markers. Results showed that
concurrent supplementation of P. amarus significantly (p<0.05) modulated kidney function markers and prevented renal tissue damage
induced by DEN. In conclusion, P. amarus prevents DEN-induced nephrotoxicity via attenuation of oxidative stress and alleviation of

the antioxidant defense system.

Keywords: Diethylnitrosamine, kidney, nephrotoxicity, Phyllanthus amarus, xenobiotics

INTRODUCTION

The genus Phyllanthus, which belongs to the
Euphorbiaceae family, is one of the largest genera of
flowering plants, with about 800 species found throughout
the tropical and subtropical regions of both hemispheres,
exhibiting a relatively wider range of habits such as annual
or biennial herbs, shrubs, and trees.

Phyllanthus amarus Schumach. & Thonn. (Family:
Euphorbiaceae) is widely found in all tropical and
subtropical regions of the planet (Edeoga et al. 2006). The
P. amarus is one of the most important herbs discovered
recently in Nigeria and Akwa Ibom State, in particular. It is
known among Ibibios and Efik’s as
“‘oyomokisoamankeedem,’” Yoruba as “eyinolobe,” Hausa
as “geeron tsutsaayee,” and Igbo as “Iteknwonwanazu” and
in English as “leaf flower” or “chamber bitter” (Jagtap et
al. 2016).

In several countries, the aerial section of P. amarus is
highly prized in traditional and indigenous medicine for its
healing powers, according to Foo and Wong (1992). This
herb has long been used to cure liver problems and kidney
stones worldwide. 'Chanca Piedra' is a Spanish word that
means "stone breaker or shatter stone." 'Chanca piedra' has
been utilized in South America to treat gall bladder and
kidney stones and gall bladder infections. Antifungal,
antibacterial, and antiviral properties have been discovered
in P. amarus (Mirunalini and Krishnaveni 2010). Plant

extracts of P. amarus can be utilized as blood purifiers for
light malaria fevers and anemia, according to Heyde
(1990). In combination with other herbs, P. amarus aids in
the release of phlegm (Oudhia and Tripthi 2002); when the
plant's leaves are boiled, it acts as a diuretic and can be
used to treat diabetes, diarrhea, hepatitis, menstrual
abnormalities, and skin conditions (Oudhia and Tripthi
2002).

In Suriname, a decoction of P. amarus is consumed
with other plants to relieve stomachache, and constipation
can also be treated with this plant (Oudhia and Tripthi
2002). Antioxidant properties of P. amarus extract to aid in
eliminating free radicals from the human body (Nwanjo et
al., 2007; Yakubu et al., 2019; Yakubu et al., 2021).
Alkaloids, flavonoids, hydrolyzable tannins, major lignans,
and polyphenols are secondary metabolites found in P.
amarus.

Phyllanthus amarus has an antiurolithic action on the
excretory system and treats Kkidney/gallstones, other
kidney-related issues, appendix inflammation, and prostate
problems (Bjelakovic et al., 2012). It is used in treating
dyspepsia, colic, diarrhea, constipation, and dysentery due
to its efficacy in gastrointestinal illnesses. The herb has
been used to treat leucorrhoea, menorrhagia, and breast
abscess in women, and it can also work as a galactagogue.
For the treatment of chronic dysentery, the young branches
of the plant are given as an infusion. Fresh leaf paste can
heal wounds and treat white spots on the skin and jaundice.
The stem juice can also be utilized to treat wounds. Urinary
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difficulties and liver edema are treated with the whole plant
extract. Stomach pain is treated with the root extract. The
plant's floral paste is administered externally as a snake bite
remedy (Chandewar and Dhongade 2013).

Over the years, there has been rising concern over the
side effect of synthetic drugs on humans to treat various
illnesses and diseases. There is also a lack of information
on the health benefit of some plants, such as P. amarus.
This research work is aimed at investigating the effect of
ethanol extract of P. amarus leaves owing to
diethylnitrosamine (DEN) intoxication on kidneys.

MATERIALS AND METHODS

Collection, identification, and preparation of plant
(sample)

Fresh and well-grown leaves of P. amarus were
harvested at the University Environment, Federal
University Wukari, Taraba State, Nigeria. The leaves were
identified at the herbarium of Biological Science, Federal
University Wukari. The plant leaves were thoroughly
washed and air-dried for two days, pounded to a fine
powder using mortar and pestle, then stored and labeled in
a dried container.

Plant ethanolic extraction

The fine powder was soaked in an adequate volume of
ethanol (95%) measured at 1,300 mL, and the sample was
stirred and allowed to stand for 48 hours before filtration.
After that, the suspension was first filtered using a clean
white sieving mesh and then filter paper (Whatman No.1)
(Yakubu et al. 2016). The filtrate was then subjected to
dryness to evaporate the ethanolic content at 45°C under
reduced pressure on a rotary evaporator to obtain an oily
gel-like extract which was weighed with the use of
analytical weighing balance (AHUS); the extract was
stored in an air-tight container, corked and preserved for
use. The aliquots portion of the crude plant extract was
weighed and used for phytochemical screening, and also, a
portion was given to the Wistar rat of the labeled and
selected group (Yakubu et al., 2016).

Animal procurement and treatment

Twenty (20) albino rats (Wistar rats) of both sexes
weighing 150-350g were purchased from a commercial
breeder in the Obudu area in Cross River State, Nigeria.
The rats were acclimatized for 14 days after randomization
under standard laboratory conditions at (25+2°C) and
relative humidity of 60+5% and 12 hours of light/dark
cycle before and during the experimental period. The rats
were maintained on commercial poultry feed (growers
mash) and water ad libitum.

Animal grouping and administration

Twenty (20) albino Wistar rats weighing 150-350 g of
both sexes were divided into 4 groups (n=5 rats) and kept
in aluminum cages. A single dose (200 mg/kg) of DEN was
used to induce nephrotoxicity, while 200 mg/kg and 5
mg/kg of the extract and silymarin were used as treatment

drugs daily for 14 days (Yakubu et al. 2016). (i) Group 1
(Normal control) received distilled water and fed only. (ii)
Group 2 (DEN control) 200 mg/kg/ip. (iii) Group 3 (DEN
and extract) 200mkg/kg/po. (iv) Group 4 (DEN and
silymarin) 5 mg/ka/po.

Collection of blood samples for analysis

At the end of the experimental period (two weeks), the
rats were withdrawn from the cages in each group on day
14 and placed in a desiccator containing cotton wool
soaked in light chloroform to anesthetize the rats (Yakubu
et al., 2016) partially. Blood samples were collected from
the heart via cardiac puncture using a sterile syringe and
needle. The blood sample was divided into two fractions:
One fraction was put into plain sample tubes while whole
blood samples were put in Ethylene diamine tetraacetate
(EDTA) treated sample bottles (Yakubu et al., 2016). The
serum was collected from the clotted sample in the sample
container by letting it stand for 2 hours at room temperature
to clot before centrifugation at 3,000 rpm for 20 minutes
using an MSE England benchtop centrifuge. Sera obtained
from each sample were gently separated using Pasteur
pipettes and dispensed into respective dry specimen bottles
labeled accordingly. These were kept frozen in a
refrigerator until when needed for various biochemical
assays. The blood samples collected into the EDTA bottles
were corked immediately, shaken gently to allow the blood
to mix with the anticoagulant and prevent clotting and cell
hemolysis. The hematological analyses were carried out as
soon as the blood sample was collected.

Determination of serum urea concentration

This was assessed using the method described by
Fawcett and Scout (1960).

Principle: Urease breaks down urea into ammonia and
carbon dioxide. In an alkaline medium, ammonia reacts
with hypochlorite and salicylate to form dicarboxy
indophenol, a colored compound. The reaction is catalyzed
by sodium nitroprusside. The intensity of color produced is
measured spectrophotometrically at 578 nm.

Urea + H;O Urease ——p 2NH3+ CO;

NH; + hypochlorite + salicylate — dicarboxyindophenols (blue compound)

Procedure: Reagent (1 mL) containing sodium
nitroprusside and urease was added into three clean test
tubes labeled as a test sample, standard and reagent blank
containing 0.01 mL sample, 0.01 mL standard reagent, and
0.01 mL distilled water, respectively. The content in each
test tube was mixed and incubated at room temperature
(25-30°C) for 10 minutes. The absorbance of the test
sample and standard were read against the reagent blank at
578 nm.

Calculation: The serum wurea concentration was
calculated using the formula below:

Ahzorbance of Test

Urea Cone. d) =
rea Cone. (mg/dl) Lbzorbance of Standard

x Conecentrationof Standard

BUN concentration (mg/dL) = 0.467 x urea concentration (mg/dL).
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Determination of serum creatinine concentration

The colorimetric method was used to determine serum
creatinine concentration according to Bertels and Bohme
(1973).

Principle: Creatinine in the serum reacts with alkaline
picrate to form colored complexes. The rate of formation of
colored complexes is directly proportional to creatinine
concentration. This reaction rate (intensity of orange color
produced) is measured colorimetrically at 510 nm and
compared with the standard.

Creatinine + Picric acid — NaOH Creatinine picrate (510 nm)

(YYellow) (Alkaline medium) (Orange)

Procedure: A working reagent (1 mL) containing picric
acid and sodium hydroxide was added into two clean test
tubes labeled sample test and standard, containing 0.1 mL
of the test sample and 0.1 mL of standard solution. The
content in each test tube was mixed, and after 20 seconds,
the absorbance of the standard (ST1) and test sample (TS1)
was read at 510 nm. Exactly 80 seconds later, absorbance
for (ST2) and (TS2) of the standard and sample were read
at 510 nm against distilled water (blank).

Calculation: The Concentration of creatinine in serum
(mg/dl) was calculated using the formula below:

Ti2 -Til
Creatinine Cone, (mgfdl) = T

m a Concentration of Standard

Where: ST: Standard, TS: Test Sample

Estimation of serum sodium, potassium and chloride ions

A flame photometer Model 143, equipped with an
automatic diluter Model 144 (ratio of the dilution of 200:1)
(Instrumentation Laboratory, Inc., Lexington, Mass.,
U.S.A.)) was used. The calibration of the flame photometer
was performed with twice distilled water and a standard
having a Na* concentration of 140 mequiv/L and a K*
concentration of 5 mequiv/L (Instrumentation Laboratory,
Inc., Lexington, Mass., U.S.A). The instrument’s stability
was checked with the standard solution after each sample
measurement.

Statistical analysis
The results were analyzed by one-way ANOVA, using
SPSS statistical package version 20. All data were

expressed as mean + SD, and the difference between
groups was considered significant at p<0.05.

RESULTS AND DISCUSSION

The results of kidney function parameters such as
Sodium (Na*), Chloride (CI"), Potassium(K*), Urea, and
Creatinine obtained are presented in SD £ Mean error in
Tables 1 and 2. Results showed that the extract could
significantly (p<0.05) mitigate the harmful effect of the
toxicity caused by DEN in the extract-treated group (Group
3) compared with Group 2, which was DEN-induced but
not treated.

Phyllanthus amarus is an important medicinal plant
used in ayurvedic medicine to treat diseases for over 2,000
years (Adedapo et al. 2005). The plant is also used in
traditional medicine for the treatment of diseases. Scientific
investigation revealed the therapeutic value of this
medicinal plant; it showed that the plant contains several
chemical constituents isolated and characterized and was
found to be active against some diseases. For example,
phyllanthin is a chemical compound isolated from P.
amarus and reported hepatoprotective activity. This
activity is associated with its radical scavenging activity
(Krithika et al., 2009). The P. amarus has been used for
years in different parts of the world for liver problems. The
aqueous extract of P. amarus has also been used by
Brazilians as a traditional medicine to treat stone disease
(Barros et al. 2003) and jaundice and hepatitis (Mirunalini
and Krishnaveni 2010). Scientific investigation has proven
that the plant positively affects the hepatitis B virus and
kidney stones.

Table 2. Urea and creatinine of Wistar rats Intoxicated by DEN
and treated with ethanolic extract of Phyllanthus amarus leaves

Groups Treatment Urea Creatinine
1 Normal 10.44+5.01° 5.12+3.21°
2 Den control 19.22+6.09° 12.56+2.37°
3 DEN + extract 8.4+1.372 6.68+1.982
4 DEN + silymarin 11.0+1.212 4.64+3.82°

Results represent the mean + standard deviation of group results
obtained (n=5). Mean in the same row, having different letters of
the alphabet is statistically significant (p<0.05) compared with the
normal control (group one). Legend: Urea and creatinine

Table 1. Some electrolytes levels in Wistar rats intoxicated by DEN and treated with ethanolic extract of Phyllanthus amarus leaves

Groups Treatment Na* K* CL
1 Normal 138.6+12.342 19.5+21.69? 145.0+25.142
2 Den control 295.2+11.47¢ 38.42+23.22° 219.4+83.58°
3 DEN + extract 151.0+7.28° 25.58+20.842 159.4+41.042
4 DEN + silymarin 184.0+3.93¢ 21.26+20.58° 161.4481.65%

Note: Results represent mean + standard deviation of group results obtained (n=5). Mean in the same row, having a different letter of the
alphabet is statistically significant (p < 0.05) compared with the normal control (group one). Legend: Sodium (Na*), Potassium (K*),

Chloride (CI")
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The kidney helps maintain the body’s homeostasis by
reabsorbing important material and excreting waste
products. Creatinine is a breakdown waste product formed
in the muscle by creatinine phosphate metabolism.
Creatinine is synthesized in the liver, passes into the
circulation, and takes up almost entirely by skeletal muscle
for energy production. Creatinine retention in the blood is
evidence of kidney impairment.

Urea is the main end product of protein catabolism.
Amino acid deamination takes place in the liver, which is
also the site of the urea cycle, where ammonia is converted
into urea and excreted through urine (David et al., 2014). It
represents 90% of the total urinary nitrogen excretion. Urea
varies directly with protein intake and inversely with the
rate of excretion. Renal diseases that diminish urea's
glomerular filtration rate will lead to its retention in the
blood (David et al., 2012).

The kidney also maintains a marginal concentration of
electrolytes in the body. Electrolytes are small inorganic
ions prevalent in body fluid that are important in normal
physiological functions (Palmer 2014). They are mainly
sodium ion Na*, chloride ion CI, potassium ion K-,
bicarbonate ion HCOs, and hydrogen ion H*. The volume
of extracellular fluid (ECF) depends on the body’s sodium
content because Na* and its salt are the major osmotic
solute in ECF (Vasudevan et al., 2011). Renal regulation of
these ions is controlled by renal sympathetic, atrial
natriuretic peptide, and aldosterone actions which may
result in reabsorption or excretion of these ions at the distal
tubule of the nephrons. However, nephrology defects
caused by xenobiotics such as CCls and DEN toxicity may
truncate these functions and result in irregular distribution
of these ions in the ECF (Showkat et al. 2011).

In this research, upon induction of the rats with a toxic
xenobiotic agent, DEN, the levels of the various kidney
function parameters determined significantly (p<0.05)
increased. However, the results of kidney parameters
obtained showed that concurrent supplementation of P.
amarus significantly (p<0.05) modulated kidney function
markers and prevented renal tissue damage induced by
DEN. The P. amarus may prevent DEN nephrotoxicity via
attenuation of oxidative stress and activation of the body's
antioxidant defense mechanism, which agrees with
Showkat et al. (2011), where aqueous rhizome extract
extracts of Podophyllum hexandrum Royle was able to
reverse kidney and lung functions owing to its antioxidant
propensity.

In conclusion, kidney function parameters (urea,
creatinine, sodium, potassium, chloride) were significantly
(p<0.05) reversed after extract treatment which was an
indication of amelioration of the harmful effects of the
toxicity caused by DEN by the P. amarus leaves extract.
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Abstract. Mgbodile CF, Otutu U, Onuoha S, Eze U, Ugwuoji T, Nnabuife O, Nwagu TNT. 2022. Hydrolases secreting, heavy metal-
resistant halophilic bacteria isolated from metal dumpsites. Asian J Trop Biotechnol 19: 11-19. Microorganisms with the potential to
accumulate heavy metals are currently under investigation for application in environmental detoxification. The current study aimed to
isolate heavy metal tolerant bacteria from metal dump sites. The soil samples were sourced from two metal dumpsites in Eastern
Nigeria. The pH and metal content of the samples were evaluated. Microorganisms were screened for tolerance of lead, copper, silver
and chromium. Isolated strains were characterized and identified by molecular techniques. All isolates grew in 2000 ppm Pb, Cu and Cr.
The optimal temperature for their growth was 37°C. While isolates B and C grew optimally at 12.5% NaCl, the growth rate increased for
isolate A (i.e., 7.5%>12.5%>15%). The three isolates produced extracellular protease, and inulinase isolates B and C produced amylase,
while isolating A produced xylanase. Isolate A, B, and C were identified as Pseudomonas asiatica, Sphingobacterium caeni, and
Burkholderia cenocepacia. The bacteria were resistant to a wide range of antibiotics, including ampicillin (30 mcg/disc), ceporex (10
mcg/disc), and streptomycin (30 mcg/disc). These results indicate that the bacterial strains have the potential as sources of inoculants for
the bioremediation of heavy metal contaminated environments and application in various industrial processes where metal-resistant

organisms and their hydrolases are required.

Keywords: Burkholderia sp., environmental remediation, heavy metal tolerance, Pseudomonas sp., Sphingobacterium sp.

INTRODUCTION

Heavy metal contamination is a major environmental
problem due to its toxicity (Juhaeti et al. 2004; Gurave et
al. 2015; Irawati et al. 2021). Urbanization and
industrialization have resulted in several activities that
interact with or utilize various heavy metals in one form or
another; a typical example is mining (Gautam et al. 2016;
Irawati et al. 2017). As a result, high concentrations of
heavy metals, including silver, copper, cadmium, zinc,
iron, manganese, nickel, and lead, pollute the environment.
The current widespread contamination of the air, surface
waters, ground waters, sediments, and soil with heavy
metals constitute a serious threat to all living organisms;
since most metals are highly toxic and not easily degraded,
unlike organic molecules, they indefinitely persist in the
environment (Zulkali et al. 2006). Cadmium is a non-
essential metal, not involved in any known biological
process. However, it is fast accumulating in our
environment due to its wide application in many industrial
processes, including the pulp and paper industry, the
production of copper alloys, electroplating, alkaline
batteries, fertilizer, metal mining, and refining.
Unfortunately, low cadmium concentrations (about 0.001-
0.1 mg/L) are harmful to organisms, and accumulation
causes much damage to plants leading to poor productivity
(Chellaiah 2018). The environmental stress caused by these
heavy metals generally decreases soil bacterial diversity

and activity, leading to a reduction in the total microbial
biomass, reduced numbers of specific populations, and a
shift in the microbial community (Zulkali et al. 2006)
Cleaning metal-contaminated sites are required to avoid
environmental degradation and preserve human health.
Standard methods for environmental clean-up involve
physicochemical methods, including electrodialysis, ion
exchange, ultrafiltration, and precipitation (Hashim et al.
2011). Owing to the high cost, low efficacy, and
environmentally unfriendly nature of most of these
methods, alternative techniques are currently being
researched and adopted (Wang and Chen et al. 2009). The
application of bacterial biomass in environmental clean-up
has received great attention in recent years, especially due
to its cost-effectiveness and eco-friendly nature (Wang and
Chen 2009). The response of the soil microbial population
to heavy metal contamination provides a relevant model for
environmental studies. Different microorganisms display
various reactions to toxic metals that confer them with a
range of metal tolerance (Chihomwvu et al. 2014). Many
studies have shown that these heavy metals affect the
microbial population differently, including morphology,
growth, density, and biochemical activities (Kathiravan et
al. 2011; Abd et al. 2013). Microbial response to toxic
metals depends on the microbial strain and the type of
metal implicated (Mohamed and Abor-Amer 2012).
Environments heavily contaminated with heavy metals
harbor organisms that can deal with pollution, including
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prokaryotes and eukaryotes. The metal resistance and
ability to convert the toxic metals to less harmful states
make them potentially useful in bioremediation and other
industrial applications (Gurave et al. 2015).

This study aimed to isolate and characterize bacterial
isolates from soil from heavy metal dump sites and
evaluate their potential for heavy metal resistance, sugar
and salt tolerance, and enzymatic activities.

MATERIALS AND METHODS

Sample collection

Soil samples from the surface layer (0-20 cm) were
collected from two metal dumpsites in Enugu and Anambra
state, both in the South-Eastern part of Nigeria. The soil
samples were placed into labeled plastic polyethene bags,
quickly transported to the laboratory for microbiological
analysis and stored at 4°C till further use. A small portion
of the sample was pulverized with a pestle in a sterile
mortar, air-dried and sieved with a 2-mm metal screen, and
then kept aside for physical and chemical analysis (Jiang et
al. 2017).

Determination of soil pH

According to Aka and Babalola (2017), the soil samples
were analyzed for pH. First, the soil sample (5 g) was
suspended in 12.5 mL of distilled water and allowed to
stand for 30 min. Then, pH was recorded using a calibrated
glass electrode pH meter (Apera Instruments, LLC).

Total metal (Pb, Cd, and Cu) concentration in soil

To determine the metals present in the soil samples, the
samples were first digested with a microwave digester per
the standard method by Aka and Babalola (2017).
Afterward, the samples' volume was adjusted to 50 ml each
with distilled water, and the concentrations of Pb, Cd, and
Cu in the sample were measured using the Atomic
Absorption  Spectrophotometer, AA-7000 (Shimadzu
Scientific Instruments).

Isolation and screening for heavy metal-resistant
bacteria

Soil sample (1 g) was suspended in an enrichment
medium comprising 10 mL of sterilized peptone water
containing 500 ppm metal salt (chloride of Cd, Pb, Hg, or
Cu) and agitated continuously at 24+2°C for 18 h (Singh et
al. 2010). After 18 h, 0.1 mL of each incubated sample was
placed on Luria-Bertani (LB) agar plates by the spread
plate method. The plates were incubated at 24+2°C for 2-3
days and observed for visible colonies.

In order to isolate strains tolerant to high concentrations
of the heavy metals, distinct colonies were subcultured
(streak method) onto LB agar plates containing increasing
concentrations of the heavy metal salts (500-1000 ppm).
Isolates displaying the greatest resistance to the metals
were selected for further studies.

Determination of the cellular and biochemical
properties of the isolates

The colonies grown on LB plates were analyzed
morphologically and then Gram-stained to observe under a
light microscope using oil immersion at 100 x to 400x.
Biochemical tests were carried out, including sugar
utilization, urease and indole production, nitrate reduction,
catalase and oxidase detection tests (Khosro et al. 2013).

Temperature tolerance of the heavy metal-resistant
bacterial strains

The isolates (20 pL of 12-hour culture) were inoculated
into 20 mL of sterilized LB broth containing 500 ppm of
Pb, Cd, or Cu chloride and incubated at different
temperatures (10°C, 25°C, 37°C, and 40°C) for 48 h to
determine the effect of temperature on the bacterial growth.
After incubation, each sample's optical density (OD) was
measured at 600 nm using a UV spectrophotometer.

Glucose tolerance of the heavy metal-resistant bacterial
strains

The glucose tolerance of the bacterial isolates was
determined according to Aka and Babalola (2017). LB
broth (20 mL) containing increasing concentrations of
glucose (8%, 12%, 16%, and 24%) were inoculated with
100 pL (OD = 0.5) of 12-hour bacterial cultures and
incubated at 37°C for 24 h. The optical density was
determined at 600 nm using a UV spectrophotometer.

Screening for the ability to produce selected enzymes

The microbial isolates were screened to produce
hydrolytic enzymes by using a modification of the method
by Veraset al. (2018). Agar plates containing casein,
starch, cellulose, xylan, Tween 80 and inulin were used to
screen for protease, amylase, cellulase, xylanase, lipase and
inulinase, respectively. First, a loopful of the organism was
streaked on the agar plate and incubated for 48-72 h.
Afterward, the plates were flooded with 0.2 g/L potassium
iodide for 5 min and observed for the presence of clear
zones around bacteria colonies.

Determination of antibiotic resistance

According to Kirby Bauer's methods, the antibiotic
resistance of our isolates was determined by a susceptibility
test (Bauer et al. 1966). The isolates were enriched in
nutrient broth for 24 h and swabbed aseptically onto freshly
prepared Muller Hinton agar plates (Neethu et al. 2015).
Standard antibiotic-impregnated discs were then placed on
the plates and incubated for 24h at 37°C. The diameter of
the inhibition zone was measured, and results were
recorded in terms of Resistant (R), Susceptible (S), or
Intermediate (I), using the standard antibiotic disc chart.

Molecular identification and phylogenetic analysis

The DNA extraction of the bacterial isolates was
performed using the ZR Bacterial DNA Miniprep Kit. The
polymerase chain reaction (PCR) was performed on the
extracted DNA samples using universal bacterial primers
27F (5 AGA GTT TGA TCM TGGCTC AG 3) and
1525R (5° AAG GAG GTG WTC CAR CCG CA 3)
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(Chouari et al. 2005). The PCR cycle started with an initial
denaturation step at 94°C for 5 min, followed by 36 cycles
of denaturation at 94°C for 30 sec. Annealing was at 55°C
for 30 sec and elongation at 72°C for 45 sec, followed by a
final elongation step at 72°C for 7 min, and cooling to 4°C.
DNA amplification was evaluated by electrophoresis of 10
pL of each PCR product in 1% (w/Vv) agarose gel as
described by Abor-Ameret al. (2014). The amplified
fragments were sequenced using a Genetic Analyzer
3130xI sequencer from Applied Biosystems, while the
sequencing kit used was the Big Dye terminator v3.1 cycle
sequencing kit. The genetic analysis was conducted using
the Bio-Edit and MEGA 6 software. Bioinformatics
analysis of the sequencing results was performed using the
blastn algorithm (Altschul et al. 1997), at the National
Center for Biotechnology Information  website
(http://www.ncbi.nlm.nih.gov).

Phylogenetic analysis was done using the neighbor-
joining method in the MEGA-X software (Kumar et al.
2018). The Neighbor-Joining method was applied to
determine the evolutionary history and the Kimura 2-
parameter method for the distances (Kimura 1980).

RESULTS AND DISCUSSION

Determination of soil pH and total Pb, Cd, and Cu
concentration

The soil pH of samples was recorded as 8.2 and 6.7,
collected from Abagana and Enugu, respectively. The
Atomic Absorption Spectrophotometric (AAS) analysis of
the soil samples revealed that the order of concentration of
Cu, Pb, and Cd was 6.42, 3.00, and 0.12 ppm, respectively,
for the Abagana soil sample, and 0.50, 0.39 and 0.09 ppm,
respectively for Enugu soil sample (Figure 1). It was
observed that the Abagana soil sample had relatively higher
levels of heavy metals than the Enugu soil sample. While
Cu was the highest contaminating metal (among those
evaluated) in the Abagana soil sample, Pb was the highest
contaminating metal in the Enugu sample. Heavy metal
contamination in soils is one of the world's major
environmental problems, posing significant risks to the
ecosystems and the general public (Sheng et al. 2008).
Several environments around us are battling heavy
contamination, and environmental pollution is fast
spreading worldwide as industrialization increases (Gautam
et al. 2016). Copper, chromium, cadmium, and lead are the
most commonly implicated in these heavy metals (Mendez
et al. 2008). Though traces of heavy metals serve as
essential co-factors to some enzymatic reactions, at high

concentrations, these metals may become toxic to living
organisms due to the inhibition of metabolic reactions
(Hussein et al. 2004).

Screening for heavy metal tolerant microorganisms

Three isolates were obtained based on the ability to
grow on 1000 pm of salts containing Cu?*, Pb?, and Cd?*.
One isolate (Isolate A) was obtained from the Abagana soil
sample, while two isolates (Isolate B and Isolate C) were
from the Enugu soil samples. The pH of the soil samples
varied from slightly acidic to slightly alkaline, depending
on the source. The soil pH is an important parameter that
strongly affects the behavior of metal ions present in a
terrestrial environment. It also affects the soil solubility and
ability to form chelates with other soil constituents (Aka
and Babalola 2017). All the isolates could not grow in the
presence of Hg?* (result not shown). Heavy metal pollution
of soil changes its microbial communities (Pacwa-
Plociniczak et al. 2018). The metal tolerance of the isolated
bacteria was in the order of Cd>Pb> Cu>Hg, Pb>
Cd>Cu>Hg, and Pb>Cu>Cd> Hg for isolates A, B, and C,
respectively. Table 1 shows the result of the isolates'
growth rate under different concentrations (500, 600, and
1000 ppm) of the heavy metal salts (Cu, Pb, and Cd). Very
good growth was recorded for isolates A when grown on
500 ppm of all the metal salts tested. Though very good
growth was observed when isolate C was grown on 500
ppm Pb?* and Cu?*, the same was not the case on Cd?*.
Isolates A, B, and C had good growth on 1000 ppm Pb?*
but were inhibited by 1000 ppm Cu?*. Interestingly, isolate
A had very good growth on 1000 ppm Cd?*, while isolates
B and C had poor growth.
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Figure 1. The concentration of heavy metals in the soil sample

Table 1. The growth rate of the heavy metal resistant bacteria in varying concentrations of the metal salts

Conc. (ppm)
Isolate Pb? Cu® Cd?*
500 600 1000 500 600 1000 500 600 1000
A +++ ++ ++ +++ ++ + +++ +++ +++
B ++ ++ ++ +++ ++ + ++ ++ +
C +++ +++ ++ +++ ++ + ++ ++ +
Note: +++: very good, ++: good, + poor, - : no growth
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When the isolates were subjected to increasing
concentrations of heavy metal, it was discovered that the
time required for colony formation was longer, suggesting
that the organisms had to constantly adjust their cellular
environments to accommodate the heavy metal stress.
Microbial colonies' sizes also varied; for instance, in a
lower concentration, such as 500 ppm, the colonies
appeared robust and profuse, while in higher concentration
(1000 ppm), the colony sizes were much smaller. The
isolates thrived in 500 ppm of Pb?*, which may be due to
the high concentration of Pb?* in the soil samples. High
amounts of heavy metals in the soil confer resistance to the
soil microbial population (Mohamed and Abor-Amer
2012). The Pb concentration for Anambra and Enugu soil
was 3.0 ppm and 0.50 ppm, respectively. Though lead is
not a micro-nutrient, higher concentrations (600 and 1000
ppm) did not significantly inhibit the growth of the
bacterial strains, although the colony sizes were slightly
reduced. A low concentration of Cu?* (500 ppm) strongly
promoted the bacterial strains' growth, which could be
attributed to Cu?* being a micro-nutrient required by living
organisms in minute concentrations (Gurave et al. 2015).
Another responsible factor may be the concentration of
Cu?* in the soil samples (a concentration as high as 6.40
ppm for Anambra soil and 0.39 for Enugu soil). It was,
therefore, not surprising that the isolates could thrive in the
copper-containing medium (Raja et al. 2009). However,
with increasing Cu?* concentrations, a decline in bacteria
growth was observed; at 1000 ppm, growth was very poor.
Though a micro-element for some metabolic activities, at
high concentration, it could play inhibitory roles to
organisms that previously promoted growth in minute
concentrations (Abd et al. 2013). Although the soil samples
did not contain higher cadmium concentrations than copper
or lead, the isolates were relatively tolerant to the Cd?*
even at 1000 ppm. Pacwa-Plociniczak et al. (2018) isolated
a Cd-resistant Sphingomonas sp. from a long-term heavy
metal polluted soil; and concluded from their observations
that Cd-resistant bacteria are common in long-term
polluted soils. Of particular interest is Pseudomonas
asiatica, which displayed a notable growth trend in
cadmium supplemented media maintain a relatively same
density of growth at all the concentrations investigated.
Thus P. asiatica strain A could be said to be ‘cadmium
loving' loosely speaking. Ahirwar et al. (2016) isolated a
Cd?* and Pb?" resistant Pseudomonas spp. among other
isolates from an industrial soil in Central India. Similar to
our work, Hg was the most toxic of the metals investigated.
Ahirwar et al. (2016) attributed the high Pb?*/Cd?*
resistance of isolated Pseudomonas strain to the high
concentration of these metals in the soil from which these
strains were isolated.

Characterization of the isolates

The physicochemical characteristics of the selected
isolates are shown in Table 2. The isolates showed a
similar form (circular), elevation (convex), and margin
(entire) but different colors when growing on the agar
containing the different metals. The isolates were Gram-
negative, in line with findings that Gram-negative bacteria

dominate metal-contaminated soil (Frostgard et al. 1993;
Sulowicz et al. 2011; Pacwa-Plociniczak et al. 2018). They
were catalase-positive and negative for the indole test and
methyl red. Isolates A, B, and C were able to utilize
glucose and sucrose but unable to utilize dulcitol. While
isolate C showed weak growth in mannose and lactose,
isolates A and B could not utilize these sugars.

The isolates' ability to secrete industrially relevant
enzymes such as protease, amylase, cellulase, xylanase,
and inulinase was evaluated. The enzyme assay result
showed the bacterial strains varying abilities to secrete
extracellular hydrolases when growing on a solid medium.
While all the isolates could secrete extracellular proteases
and inulinase, only B and C could synthesize amylase and
cellulase. Isolates A and C were xylanase producers, while
B was negative for xylanase production (Table 2).

The effect of temperature on the growth of the isolates
on different is shown in Figure 2. All the isolates grew
poorly at 10°C irrespective of the metal present, except for
isolate B grown in a medium containing Pb?*. Optimum
growth rates for all our isolates were generally recorded
between 25-37°C, regardless of the heavy metal present. A
drastic drop in growth occurred when the temperature
increased to 45°C. There was no remarkable difference
when isolate B incubated in a medium containing Pb?* was
grown over the temperatures of 10, 25, and 37°C. There
was a rapid decline in growth following a temperature
increase to 45°C. Growth characteristics, metabolism, and
the microorganisms' cell membrane are altered due to
temperature variations (Kathiravan et al. 2011). The result
shows that the isolated bacterial strains were mesophilic,
which aligns with the sample source's environmental
temperature and climatic condition.

Considering the presence of varying solutes in the
environment and their effects on microbial growth and
metabolite production, we investigated the effect of low to
a high concentrations of salt (NaCl) and glucose on the
heavy metal-resistant strains. The isolates exhibited
varying levels of NaCl tolerance. Isolate A grew with
increasing concentration of NaCl (10% > 12.5% > 15.0%).
Isolates B and C grew optimally in the presence of 12.5%
NaCl concentration. A further increase in NaCl
concentration to 15% led to a decrease in microbial growth
(Figure 3). As seen in Figure 4, all the isolates grew at
glucose concentrations in the range of 8-24 %; however,
the highest growth at 8% glucose concentration was
observed for isolates B and C. As expected, the varying
concentration of these agents influenced the bacterial
growth. Isolate A grew exponentially in the presence of 10-
15% salt concentration, indicating its moderate or extreme
halophile nature (Singh et al. 2019; Irwin 2020).

Molecular identification

The size of the fragments produced from the PCR
amplification of the 16S rRNA gene of each bacterium was
determined. The variable sized DNA fragments of the
bacterial isolates can be seen in Figure 4. The PCR
products were sequenced and matched to the available
sequences in the NCBI database. Table 3 indicates that
isolates A was P. asiatica strain A (NCBI Accession
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number MW304002). Isolate B was identified
as Sphingobacterium caeni strain B (NCBI accession
number MW304003), while isolate C was identified as
Burkholderia cenocepacia strain C (NCBI accession
number MW304004). The evolutionary history of bacterial
strains was inferred using the Neighbor-Joining method.
Figure 5shows the phylogenetic relatedness of P.
asiatica strain A S. caeni strain B and B.
cenocepacia strain C to other closely related strains. It is
established that the soil harbors varying species of
Pseudomonas (Noura et al. 2009), and Burkholderia (Hall
et al. 2015). Sphingobacterium species have been isolated
from the soil and activated sludge (Sun et al. 2013; Feng et
al. 2014; Cheng et al. 2019). There are available reports of
moderately halophilic Pseudomonas species isolated from
saline and hypersaline environments such as brined foods
and water bodies (Korcan et al. 2015; Patel and Saraf
2015). However, P. asiaticais a novel species isolated
from a stool sample from a hospitalized patient in Japan
(Tohya et al. 2019). More recently, P. asiatica C1 capable
of synthesizing coenzyme B12 while growing aerobically
on glucose was isolated from activated sludge in Korea's
waste treatment plant (Nguyen et al. 2021). This was the
first report to isolate a heavy metal tolerant halophilic P.
asiatica from the soil. Potential applications of halophiles
include producing compatible solutes, biopolymers
(polyhydroxyalkanoates and  polysaccharides) and
enzymes. Halophiles are also employed in biodegradation
and remediation, enhanced oil recovery, cancer detection,
and drug screening (Waditee-Sirisattha et al. 2016). Feng et
al. (2014) reported that Sphingobacterium paludis sp. nov
and S. caeni sp. nov. did not grow in NaCl concentrations
above 5% (w/v). In comparison, the S. caeni strain A
isolated in the current study grew in 15% salt concentration
while the optimum concentration required for growth was
12.5% (w/v). Several Burkholderia species are halotolerant
and help ameliorate plant salt stress (Arora et al. 2020).
Recently reported cadmium, nickel, and mercury
tolerant B. cenocepacia isolated from plant environments
(Torres et al. 2019). Burkholderia species are mainly
endophytes with heavy metal tolerant abilities used in plant

15

growth promotion and environmental remediation (Jiang et
al. 2008; Liu et al. 2019). Inoculation of soil with heavy
metal-resistant bacteria enhances the expression of metal
stress-related genes in plants with a consequent increase in
plant growth and yield (Liu et al. 2018).

Table 2. Cultural, morphological and biochemical properties of
the heavy metal-resistant bacterial isolates

. Isolates

Characteristics A B C
Morphology
Form Circular Circular Circular
Elevation Convex Convex Convex
Margin Entire Entire Entire
Colony colour when
grown on
Pb2 Brown Silvery Light
Cd?* Creamy  Whitish  Silvery white
Cu# Whitish  Yellowish Yellowish
Biochemical
characteristics
Gram stain - - -
Catalase + + +
Indole - - -
Nitrate reduction + - +
Methyl red - - -
Citrate + + -
Utilization of
carbohydrate
Glucose + + +
Sucrose + +weak +
Dulcitol - - -
Mannose - - +weak
Lactose - - +weak
Production of some
hydrolases
Protease + + +
Amylase - + ++
Cellulase - + +
Xylanase + - +
Inulinase + + +
Note: ++ : very good; + : good; +weak : poor; - : negative
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Figure 2. Growth of the isolate at varying temperatures
broth was supplemented with 500 ppm of the salt

in the presence of (A) Cu?*, (B) Cd?*, and (C) Pb?* salts. Luria Bertani (LB)
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Figure 3. Growth of the metal-resistant bacteria under different NaCl (A) and glucose (B) concentrations

Table 3. Bacterial strains identified by 16s rRNA sequencing

Isolate Phylum Nearest phylogenetic neighbour (Accession no.) Affiliation (Accession no.) Similarity (%)
A Proteobacteria  Pseudomonas asiatica strain CWC NVN Pseudomonas asiatica strain A 100.0
(MK836042) (MW304002)
B Actinobacteria  Sphingobacterium caeni strain LH6 (MG786758)  Sphingobacterium caeni strain B 94.0
(MW304003)
C Proteobacteria  Burkholderia cenocepacia Burkholderia cenocepacia strain C 97.4
strain 1IST439 (LR798194) (MW304004)

2008P

Figure 4. The agarose gel shows bands of the DNA fragments.
Lane M represents the molecular ladder, while lanes A, B, and C
represent the bands formed by the DNA of the isolates. These fall
between 1000-10037 base pairs

Recall that the isolated bacterial strains produced some
industrially relevant enzymes. Only 2% of the microbial
population has been successfully investigated as enzyme
sources (Demain 2000). The ability of soil microorganisms
to synthesize enzymes aid in the biodegradation of
environmental polymers and pollutants in the soil (Sun et

al. 2014). A microorganism's ability to produce specific
enzymes facilitates its heavy metal resistance ability
(Thavamani et al. 2015). Cellulase is a cell wall degrading
enzyme, and the extracellular secretion helps facilitate
plant colonization by endophytes (Verma et al. 2001; Ma et
al. 2015). Enzyme activities also assist in these organisms'
heavy metal resistance ability and subsequently enhance
the detoxification of heavy metals in contaminated soils
(Thavamani et al. 2015). Sphingobacterium athyrii from
decaying fern, produced both cellulase and Xxylanase
(Cheng et al. 2019); however, S. caeni strain B did not
secrete Xxylanase. Of special interest are the enzymes
produced by the halophilic P. asiatica strain A. Halophilic
bacteria are important sources of novel hydrolytic enzymes
and are often extremozymes (Moreno et al. 2013; Munawar
and Engel 2013). Typically, extremozymes tolerate
extreme conditions, e.g., high salt concentrations, high
temperature, and organic solvents. The P. asiaticais a
recently proposed species of Pseudomonas, which before
this study has only been isolated in Japan and Myanmar
(Tohyaet al. 2019). Our work is the first account of a
halophilic metal-resistant strain. Both halophilic/halotolerant,
osmophilic and enzyme-producing render our isolates
potentially useful in a wide range of biological processes.

Based on the current findings, the isolated bacterial
strains can serve as candidates for bioremediation,
biodegradation and plant growth in metal-polluted soils or
saline environments. However, the extent of their
capabilities can only be determined following well-
designed detailed studies with the respective bacterial
strains. In addition, there is also a need to study the
capacity of these strains to produce halotolerant or
halophilic hydrolases, which are useful for various
industrial processes.
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Bacterial antibiotic resistance
All three bacterial strains were resistant to ampicillin

bacteria to heavy metal increases antibiotic tolerance
(Sharma et al. 2000; Vermaet al. 2001; Samanta et al.

the B.

and ceporex (Table 4). Notably,
cenocepacia exhibited resistance against all ten antibiotics
tested, whileS. caeniwas the most susceptible.
Burkholderia species are significantly antibiotic resistant
(Rhodes and Schweizer 2016). The P. asiatica and S.

2012).

Table 4. Antibiotic sensitivity of the heavy metal-resistant
bacterial isolates

caeni strains were susceptible to tarivid, reflacine,

augmentin, and ciproflox. Multiple antibiotic resistance in Prug (mcg) P.asiatica S.caeni B. cenocepacia
bacterial strains may be related to the soil heavy metals, the ~ Ampicillin (30) R R R
isolate's genetic makeup, and the factors influencing gene ~ Ceporex (10) R R R
transfer between bacteria (Rhodes and Schweizer 2016;  Tarivid (10) S S R
Sinegani and Younessi 2017). OnlyP. asiaticawas Nalidixicacid (30) : S R
susceptible to streptomycin; meanwhile, it showed CRE?;II?:FI:;C%O():LO) ? g E
|ntermed|ate aC.tI\./It)./ to _naI|d|X|c acid, gentamycin, and Augmentin (30) S S R
septrin. The antibiotic resistance was further represented as  ciprofiox (10) S S R
single-resistance, co-resistance, and multiple resistance to  streptomycin (30) S R R
capture the resistance to one, two or more antibiotics, Septrin (30) I S R

respectively (Figure 6). It was hypothesized that exposing

Pseudomonas plecoglossicida strain C6-1 (KY910104.1)

Pseudomonas taiwanensis strain U3 (MT373534.1)
o5 | Pseudomonas putida strain F-3 (KX171071.1)
Pseudomonas monteilii strain CF2.1 (KX986321.1
Pseudomonas asiatica strain CWC NVN (MKB36042.1)
78 Pseudomonas asiatica strain A (MW304002.1)
Pseudomonas hunanensis strain LV (JX545210.1)

Pseudomonas fluorescens strain YPS3 (MH580200.1)

Pseudomonas aeruginosa strain PF2 (MK156466.1)

Pseudomonas sp. L25 (DQ300308.1)
100

ir Paraburkholderia metalliresistens strain D414 (NR 136833.1)
Burkholderia tropica strain BRUESCS01 (KT390912.1)

100 — Paraburkholderia soli strain GP25-8 (NR 043872.1)

100 l— Burkholderia fungorum strain FM-2 (KM263605.1)

6L Burkholderia sp. EK-118 (GU935274.1)

Burkholderia arboris strain R-24201 (NR 042634.1)
Burkholderia cenocepacia strain snnu 9 (MK087742.1)
Burkholderia cenocepacia strain C (MW304004.1)
Burkholderia territorii strain HBT8 (MG571692.1)
Burkholderia cepacia (KR477874.1)

Sphingobacterium sp. EK-151 (GU935291.1)

Sphingobacterium thalpophilum strain DSM 11723 (NR 042135.1)

Sphingobacterium siyangensis strain YRL14 (EU373423.1)

Sphingobacterium changzhouense strain N7 (NR 135709.1)
Sphingobacterium detergens strain S41 (KU323618.1)
Sphingobacterium caeni strain LH6 (MG786758.1)
Sphingobacterium caeni strain B (MW304003.1)
Sphingobacterium caeni strain DC-8 (NR 109661.1)
Sphingobacterium multivorum strain 12 (KT614052.1)

Sphingobacterium canadense strain CR11 (NR 043196.1)

0.050

Figure 5. Phylogenetic relationships of the heavy metal-resistant isolates (Pseudomonas asiatica strain A, Sphingobacterium caeni
strain B, Burkholderia cenocepacia strain C) to other closely related species
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Figure 6. The percentage of antibiotic resistance of the bacterial
strains. Letters in parenthesis indicate the sensitivity of the
isolates to the antibiotic, and are represented as R: Resistant, I
Intermediate, and S: Susceptible

In conclusion, P. asiatica strain A, S. caeni strain B,
and B. cenocepacia strain C were isolated from soils
obtained from the metal dumpsite. The isolated bacteria
thrived in high concentrations of Cu, Cd and Pb. The P.
asiatica was the most resistant to the tested metals. The
bacterial strains were halotolerant/ halophilic and
osmotolerant and exhibited wide degrees of resistance to
different antibiotics. The B. cenocepacia was resistant to all
the antibiotics tested. The properties of the isolated bacteria
strains imply their potential as bioremediation agents and
possible candidates for producing halotolerant and
osmotolerant hydrolases such as cellulase, xylanase,
amylases and proteases, enzymes that currently dominate
the world enzyme market. Further studies are required to
ascertain the scope of these strains for the biotechnological
processes.
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Abstract. Abimbola Al, Rapheal 1A, Abayomi B, Moki EC, Ayodele OO. 2021. Effect of alkaline delignification on physico-chemical and
combustion properties of bean chaff briquette. Asian J Trop Biotechnol 19: 20-27. Adopting lignocellulose-rich agro-waste materials for
briquette production could be regarded as a better alternative energy source and also helps to ameliorate the challenges associated with
deforestation and agro-waste disposal. This study examined the effects of alkali pretreatment on briquettes produced from bean chaffs.
The proximate analysis, Energy Dispersive X-ray Fluorescence (EDXRF), Fourier-Transform Infrared (FTIR) analysis, Scanning
electron microscopy (SEM), physical analysis and combustion properties were determined for the briquettes produced. The mean
moisture content of 3.52+0.10% and 5.81+0.01% were recorded for Treated Bean Chaff (TBC) and Untreated Bean Chaff (UBC)
briquettes, respectively. A high heating value of 24.18+0.12 MJ/kg was recorded for TBC compared to 21.12+0.01 MJ/kg of UBC
briquette samples. Furthermore, it was observed that alkali pretreatment reduced the percentage of Potential Toxic Element (PTE)
concentration in the treated sample, as shown by EDXRF. The FTIR results reveal surface modification in the fiber matrix shown by the
C-O band shift from 1013 cm™ observed in TBC to 1010 cm™ recorded in UBC. In contrast, SEM shows clear disruption in the biomass
matrix due to the alkali pretreatment process. The findings of this study show that the alkaline pretreated bean chaff briquettes have a
great potential to be used as biomass fuel.

Keywords: Agro-waste, bean chaff, biomass, briquette, lignocellulose

INTRODUCTION

Bean production occurs in many countries, and Nigeria
is one of the world's largest producers and consumers.
Common bean also has the economic and environmental
benefit of associating with nitrogen-fixing bacteria, which
gives an advantage to fixing atmospheric nitrogen and
leaving phosphorous (P) for plant growth. It is widely
appreciated in developing countries for its affordability and
long storage life. It is the most important crop for food
security and wealth creation (Hordofa and Etisa 2019).

The utilization of agricultural and forest wastes as
biomass is being progressively more studied and could
serve as an alternative to fossil fuels and related problems
(Fernandes et al. 2013; Amirta et al. 2016). But conversely,
it is not easy to handle, transport, store, and use biomass in
its original shape due to some factors, including high
moisture content, irregular shape and sizes, and low bulk
density (Karunanithy et al. 2012). Therefore, it is important
to improve energy efficiency and technological innovation
for biomass to be a notable impact as fuel.

The application of briquetting technology is one of the
promising technology solutions to these problems.
According to Wilaipon (2007), briquetting can be defined
as a densification process for improving raw materials'

handling qualities and enhancing the biomass's volumetric
calorific value. In addition, the briquetting technology
improves physical and combustion characteristics. The
production of briquettes from raw biomass has been
extensively studied (Husain et al. 2002; Ndiema et al.
2002).

Modifying the surface of biomass materials utilizing
alkaline pretreatment is proficient and is usually done to
advance adhesion between the biomass materials and
improve the quality properties of the briquette
(Mahalingam et al. 2019; Elinge et al. 2020). The briquette
production process can be adjusted to improve the quality
of the briquette through alkaline pretreatment of the
agricultural biomass. Several researchers have generated
briquettes from agricultural wastes, but few studies on the
alkaline pretreatment of agricultural biomass for briquette
production (Elinge et al. 2020; Oyibo et al. 2020; Bamisaye
and Rapheal 2021).

To the best of our knowledge, there is no account to
study the utilization of beans chaff for the production of
biofuels. Therefore, there is a need to investigate the
influence of alkaline pretreatment on the proximate,
chemical, physical, and combustion properties of the
briquette produced from beans chaff.
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MATERIAL AND METHODS

Materials

The bean chaff used for this study, as shown in Figure
1, was sourced from Gashua, Yobe State, Nigeria. After
collection, it was washed with tap water to remove
impurities and dried in the oven at 105°C for 24 hours. The
dried biomass was sieved with a medium size, 2 mm
particle and stored in airtight containers until further use.

Alkaline pretreatment

The bean chaff surface was treated with an alkaline
solution. Half a cup of beans chaff was treated with 100 ml
solution at 3% concentration, and soaking was done for 3
hours at room temperature. After soaking, the sample was
filtered and washed with distilled water five times to get
pH of 7.0. The washed residues were dried in an oven at
105°C.

Lignocellulosic composition analysis

Analysis of lignin and cellulose was done according to
the method of Mahyati et al. (2013).

The mixture containing 1 g of dry sample (a) and 150
ml of demineralized water was heated in a bathtub at a
temperature of 100°C per hour. The mixture was filtered,
and the residue was washed with warm water (300 mL).
The residue was dried in the oven until the weight was
constant (b). Next, the residue was mixed with 150 mL of 1
N H2SO4 and heated in an oil bath at 100°C for 1 hour. The
mixture was dissolved and washed with 300 mL of water,
demineralized, and then the residue was dried (c). The
remaining residue is soaked in 10 milliliters of 72% H,SO,
at room temperature for 4 hours. After that 150 mL of 1 N
H,SO4 was injected into the mixture and re-injected into
the oil bath for an hour. The solid was dissolved with 400
mL of demineralized water, heated in the oven at 105°C
and measured until constant weight (d). Finally, the solid
was heated to ashes and measured (e). The proportion of
hemicellulose, cellulose and lignin was calculated as
follows:

9% hemicellulose = ¥ 1009 ........1

(c—b)

U cellulose = % 100% ........2

(d—c)

(e—d)

U lignin = *100%........3

Briquette production

Briquettes are produced using a briquetting machine
that operates on a 10-ton hydraulic jack that attaches to a
cylindrical mold chamber that compresses the slurry. The
length and width of the briquettes are 94 mm and 61 mm,
respectively. Processed cassava starch was purchased from
Gashua market, Yobe State, and was used as a binder. The
untreated bean chaff was measured, mixed in a ratio of 4:
1, thoroughly mixed with water to form a slurry and fed
into the molds to form briquettes and the briquettes were
dried in the sun for two weeks.

Determination of physico-chemical and combustion
properties of briquettes

Ash content, moisture content, fixed carbon, and
volatile matter of the dried matter and briquette sample
were determined according to the specifications ASTM D-
3172 (ASTMS 2021). The calorific system of briquette
photographs is obtained using the LECO AC 350 bomb
calorimeter in the system design (ASTMS 2019). Density
was determined by DIN 52182 and specifications 51731
published elsewhere (Krizan et al. 2009). The compressive
strength capacity of the briquette sample was determined
using the ELE tritest 50 compression machine according to
specifications D 3173-878 (Wilaipon 2007). The boiling
water test was performed by recording the time set for the
maximum amount of 500 g of briquette to start boiling 500
ml of water at various meeting conditions.

Elemental composition

Based on the results of the proximate evaluation, the
primary sources of common elements such as carbon (C),
hydrogen (H), and oxygen (O) for briquettes were
estimated using Equations (1), (2), and (3), respectively.
These were determined at an estimate of 95% confidence
level (Jigisha et al. 2007):

C=0.637FC+0455VM  oovooereeeieeeen, (1)
H=0.052FCc+0.062VM  ooooveeereeeeeein, )
0=0304FC+0476 VM  tooveeeeeeeeeenn, 3)

Figure 1. A. Bean chaffs; B. Manual piston briquetting machine, C. Untreated briquette samples, D. Treated briquette samples
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Energy dispersive x-ray fluorescence (EDXRF)

EDXREF is a non-Functional tool for the measurable and
qualitative determination of main and trace elements in a
wide range of sample types (Jyothsna et al. 2020). The
EDXRF measurement was performed with the following
experimental parameters values: side window tube, high
voltage tube: max. 30 kV; emission current: max. 1 mA,;
power: max. 9 W,; air cooled (lon et al. 2007). The
Capacities of X-Ray emitted are detected using Si(Li) and
processed by a high Pulse Analysis (Jyothsna et al. 2020).

FTIR (Fourier Transform Infrared Spectroscopy)

Infrared bands of alkali-treated and untreated bean
chaffs were measured on AVATAR 330 Fourier Transform
Infrared (FT-IR) Spectrophotometer.

Scanning electron microscopy

The analysis of the microstructure of alkali-treated and
untreated bean chaffs were evaluated by Scanning Electron
Microscopy (SEM). The samples were first transformed into
capsules, coated with Palladium (Pd) at 30 mA, and analyzed
in a JEOLJFC-5510LV Scanning Electron Microscope.

Statistical analysis

The sum of all the parameters analyzed was calculated
by two T-tests (Statistical significance determined using
the Holm-Sidak method, with alpha=5.000%.) using Graph
Pad Prism® (Version 6.04) and results were presented as
mean + SEM.

RESULTS AND DISCUSSION

Alkaline pretreatment is one major practice that helps
improve biofuel quality through bond loosening and
fractionation of the biomass matrix, thereby bringing about
an effective separation between the lignin and
carbohydrates (Zhao et al. 2008). This increases the
hemicellulose and cellulosic contents of the biomass. Also,
it helps to increase the internal surface area of biomass
through adequate disruption of lignin structure and
delignification and decreases the degree of crystallinity and
polymerization of the potential solid fuel (Zhao et al. 2010;
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Conde-Mejia 2012). The observed result of the
lignocellulosic contents of the untreated (UBC) and
alkaline treated bean chaff (TBC) was presented in Figure
2. This shows that alkali pretreatment increases the
cellulose and hemicellulose contents of the treated samples.
Recorded mean values of 43.20+0.30% (TBC) and
9+0.10% (TBC) were observed compared to the untreated
raw bean chaff with a mean value of 40.60+0.02% (UBC)
and 8x+0.43% (UBC) for the cellulose and hemicellulose
contents respectively. Furthermore, the lignin contents of
the treated sample were observed to reduce compared to
the untreated, as shown in Figure 2. The recorded mean
lignin contents of UBC and TBC were 10+0.01 and
8+0.01%, respectively. However, suggested that alkali-
pretreatment of TBC results in delignification and increases
the cellulose and hemicellulose contents of the biomass
sample (Zhao et al. 2010; Bensah and Mensah 2013).

The proximate composition analysis is a determinant of
the potentials hidden in any biomass samples and as such,
its report helps to know if a supposed biomass sample can
be harnessed as an alternative source of energy. Figure 3A
shows the proximate composition of the untreated and
alkaline treated bean chaff before briquetting, while Figure
3B shows the proximate composition of the untreated and
alkaline treated bean chaff briquettes.
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Figure 2. Lignocellulosic contents of the untreated and alkaline
treated bean chaff

80 4

60- ] = T8¢
= 404
204 l
ol o [ | wm : :
& © oS &

Sample parameters

B

Figure 3. A. Proximate composition of the untreated and alkaline treated bean chaff before briquetting, B. Proximate composition of the

untreated and alkaline treated bean chaff briquettes
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The combustion strength of any biofuel determines the
probability of its usability of such for its intended purpose.
Such moisture content is the key to this because it measures
the degree of dryness or wetness of the briquette (Demirbas
2013; Abayomi et al. 2021) and the shelf life of a briquette
sample (Rapheal et al. 2018). Figure 3A shows a mean
value of 6.52+0.02% recorded for UBC and 4.41+0.10%
for TBC at p<0.05 before briquetting. However, a
reduction in the moisture content value of the briquette was
observed to be smaller at a mean value of 3.52+0.10 % for
TBC briquette compared to 5.81+0.01 % observed in the
UBC briquette samples. Although, all the samples- both
treated and untreated raw and briquette chaff- were
observed to be within the acceptable range value of 10-
15% moisture content reported by (Maciejewska et al.
2006). This study's result is lower than 9.35+0.17%
recorded for treated banana leaves (Bamisaye and Rapheal
2021) and 8.08%, as reported by Deepak et al. (2019). This
shows that both the treated and the untreated raw and
briquette samples can be considered good biomass and can
be used as a solid fuel. The treated briquette sample (TBC
briquette) is the best alternative due to its lowest moisture
content of 3.52+0.10 %, as shown in Figure 3B, and will
have a positive effect on the stored energy value of the
briquette.

Determining the ash content of any combustible solid
fuel is very important because it gives information about
the potential pollution that could result from burning such
material. It is a good pointer to environmental pollution
management. The ash content and the EDXRF are very
important to prevent the potential public health challenges
resulting from the usability of any fuel for industrial or
domestic purposes. Reports have shown that the ash
content value of any biofuel should not exceed 20 % and
must be between 5 to 20%. This shows that a low ash
content value (that is, <20%) briquette is better quality.
Figure 3 shows a mean ash content value of 6.20+0.03%
for the UBC of briquette compared to 3.93+0.20% TBC
briquette. However, the raw TBC sample recorded a mean
value of 3.10+0.01%, as shown in Figure 3B. Upon
comparing the percentage ash content of TBC of the raw
chaff and briquette, the result shows that briquetting
(densification) does not literarily have a significant effect
on the ash content value in this sample. However, alkali
treatment does, with a good observable difference between
the treated and untreated briquette and chaff sample, as
shown in Figure 3. This suggests that the treated samples
(TBC) raw chaff and briquette with lower ash content
value, as shown in Figure 4, are considered to be of better
quality than UBC for both the raw chaff and the briquette.
The percentage ash content value of this study is lower
compared with the observed to be lower when compared
with the ash contents of 13.17+0.13% and 15.71+0.29%,
which were recorded for both treated starch-bonded and
paper-bonded banana leaves, respectively (Bamisaye and
Rapheal 2021).

An observable difference in the volatile matter content
values of 64.50+0.02% and 67.40+0.30% were recorded

for both UBC and TBC at P<0.05, respectively, for the raw
chaff, as shown in Figure 2. Likewise, for the briquettes
sample, a recorded mean values of 62.29+0.01% (TBC)
and 66.25+0.05% (UBC). Reports have shown that the rate
of combustion and the stored energy released by a solid
fuel could be affected by the percentage of the volatile
matter content of such biomass (Maninder et al. 2012;
Rapheal et al. 2018). This shows that the higher the volatile
content values of solid fuel, the faster its ignition rate and
the faster it would burn off. This, therefore, shows that the
UBC of the raw chaff will burn off faster compared with
the TBC briquette. Aside from alkali pretreatment,
densification could also be observed to improve the TBC's
combustibility property, as shown in Figure 3A, with
64.50+0.02% recorded for TBC chaff and 62.29+0.01 for
TBC after briquetting.

There is a highly significant difference in the observed
fixed carbon content of the treated and untreated biomass
samples; for both the raw chaff and its briquette
counterpart. The fixed carbon content of TBC after
briquetting was observed to be the highest at a mean value
of 30.26+0.01% compared to 21.74+0.12% for UBC for the
briquette sample, as shown in Figure 3B. Densification and
alkali pretreatment was observed to have improved the
quality of the FC of the biofuel. The study, however, shows
that the briquette with the highest FC value will have a
correspondingly high rate of energy release and a lower
time of cooking compared to the ones with low FC value,
which are the UBC of both untreated biomass of the raw
chaffs and the briquettes samples as shown in Figure 3.

The physical characteristics and combustion properties
of untreated and alkaline-treated bean chaff briquettes,
including the density, compressive strength, combustibility
test and the time taken to burn to ashes, were presented in
Table 1. The density and compressive strength are
determinant parameters for the compactness of solid
biofuel. In addition, they determine the shelf life of
briquettes. This means that a solid fuel with a considerably
high density or compact value will last longer in storage
which can aid its transportability without any observable
compromise in the integrity of the stored energy value of
the biofuel. The recorded high density and compressive
strength values of 0.71+0.10 N/mm? and 1.11+0.20 g/cm?®
in the alkali-treated (TBC) sample compared to the UBC
value shown in Table 1 can be attributed to the reduction in
diameter of the fiber matrices of the biomass samples. This
corroborates the result obtained in Figure 2. Thereby
confirming that delignification, which is the disruption and
restructuring of the biomass matrices, has occurred, and the
impact of these could be observed in the time taken to burn
to ashes in which TBC recorded a value of 14.12+0.02 min
compared to 12.40+0.14 min to boil 500 cm3 recorded for
UBC. This, therefore, shows that alkaline treatment
improved the quality of the solid biofuel produced from
raw bean chaff through an observable increase in fixed
carbon content, density, and calorific value, which are
essential to the heat energy of a biofuel.
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Table 1. Physical characteristic and combustion properties of
untreated and alkaline treated bean chaff briquettes

Sample/parameters UBC TBC
Density (g/cmd) 0.52+0.05 0.71%0.10
Compressive strength (N/mm?)  0.72+0.03 1.11+0.20
Water quantity (cm®) 500 500
Combustibility test (min) 6.21+0.40 4.57+0.40
Time taken to burn to ashes 12.40+0.14 14.12+0.02

(min)

The amount of stored heat energy in the briquette
sample is shown by the measure of its heat value, otherwise
known as the calorific value (Santhebennur and Jogttappa
2012). The raw and briquette samples' heating values are
presented in Figures 4A and 4B, respectively. Mean high
heating values of 24.18+0.12 and 21.12+0.01 MJ/kg were
recorded for both the TBC and UBC of the briquette
samples shown in Figure 4B compared to the raw chaff
with a low mean value of 15.41+0.10 (TBC) and
13.17+0.01 MJ/kg (UBC) shown in Figure 4B. The results
are compared well with Brand and Jacintho's (2017) report,
in which a calorific value of 17.98 MJ/kg was recorded,
and Lubwama and Yiga (2017) recorded a value of 23
MJ/kg were recorded. This study showed an observable
high significant difference between the heating value of the
raw chaff and the briquette produced from bean chaff
which is suggestive of being as a result of densification
improved the heating capacity of a solid biofuel due to the
compactness of the fiber matrices resulting to low porosity
as a result of delignification.
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The ultimate analysis of both UBC and TBC is
presented in Table 2. The result indicated that all the
analyzed parameters, including carbon, oxygen, and
hydrogen contents, increased in the treated samples
compared to the untreated, as shown in Table 2. However,
the differences in the results of the obtained values of
oxygen and hydrogen contents of UBC and TBC were
minimal compared to the large difference in the mean value
observed in the percentage carbon content of UBC and
TBC. The recorded mean values of 43.60+0.02% were
observed for carbon content in UBC compared to TBC
with a mean value of 47.35+0.10%, which was higher than
the untreated sample (Matali et al. 2016). Also, the ultimate
analysis results were corroborated by the EDXRF results
shown in Figure 4B compared to Figure 4A, in which the
observed counts of carbon were observed to be slightly
below 1000 counts in the UBC spectrum compared to the
TBC spectrum in which carbon counts was observed to be
above higher than 1000 counts (Figure 4B) This have an
impact on the heating capacity and fixed contents of the
biomass samples of the raw bean chaff prior briquetting
and after briquette production as shown in Figure 3A and
3B, respectively.

Table 2. Ultimate analysis of untreated and alkaline treated bean
chaff

Samples C% 0% H%
UBC 43.60+0.02 38.25+0.01 5.24+0.30
TBC 47.35+0.10 39.29+0.01 5.47+0.02

Note: Data are means of three replicates (n= 3) £ SEM using
Graph Pad. Prism, t-test. UBC: Untreated Bean Chaff, TBC:
Treated Bean Chaff
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Figure 4. A. Heating value untreated and alkaline treated bean chaff, B. Heating value untreated and alkaline treated bean chaff briquettes

Table 3. Elemental concentrations of untreated and alkaline treated bean chaff

Elements K Ca Mg Fe Na S Pb Sn Si Nb Ba
UBC (%) 1.45 1.23 0.04 0.05 0.00 0.20 0.09 0.18 0.00 0.36 0.17 0.17
TBC (%) 0.63 1.10 0.05 0.05 0.29 0.18 0.07 0.40 0.07 0.65 0.05 0.27

Note: UBC: Untreated Bean Chaff, TBC: Treated Bean Chaff
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Figure 5. A. The EDXRF Spectrum of Untreated Bean Chaff (UBC), B. The EDXRF Spectrum of alkaline Treated Bean Chaff (TBC)
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Figure 6. Showing the FTIR spectrum of untreated (UBC) and
alkaline-treated bean chaff (TBC)

Table 4. Showing the FTIR vibrational stretch of untreated
(UBC) and alkaline-treated bean chaff (TBC)

S/n UBC (cm™?) TBC (cm™)  Assignment

1 3280 3268 O-H

2 2918 2922 Methylene Ass/Sym

3 2851 2851 Spd stretch

5 1733 - Aldehyde, C-O-H

5 1606 1601 NHs deformation

6 1010 1013 C-0

7 - 764 C-H, bending vibration

The EDXRF is one of the important analytical non-
destructive multi-element analyses for determining trace or
potential toxic elements (PTES) in biomass samples. The
major application of this technique in this work is to
determine the amount of PTE at their trace level in a
potential solid fuel. Thus, monitoring the rate of potential

environmental pollution and health hazards that could arise
from the continual usage of such fuel. This study shows
that alkaline pretreatment improves the biomass's
combustion properties and fuel quality, as shown in Table
3. On the other hand, the PTEs that are sulfur (s), lead (Pb),
tin (Sn), and niobioun (Nb) tend to cause public health
havoc; eye, skin, brain, and respiratory tract diseases (Ali et
al. 2019), were observed to have been reduced drastically
as shown in Table 3. Also, the carbon content, which
determines the efficiency of combustibility and one of the
potential parameters that determine the usage of any
biomass for fuel purposes, was observed to have increased
due to alkali pretreatment, as shown in Figure 5 for UBC
and TBC, respectively.

The FTIR analysis was used to assess the surface
modification and restructuring in both treated and untreated
samples. The results of this analysis are presented in Table
4. The absorption band in the range of 3570-3200 cm™?,
which is attributed to the broad hydrogen-bonded (O-H)
group, was observed in both UBC and TBC samples.
However, a value of 3268 cm™ was recorded in the OH
absorption band of TBC compared to 3280 cm™ in UBC, as
shown in Table 4. This suggests that NaOH treatment
results in bond fractionation or breaking in the fiber matrix.
Furthermore, an absorption band in the range of 1026-1000
cm is majorly a characteristic absorption band resulting
from C-O stretch in cellulose, hemicellulose and lignin
(Akhtar et al. 2016; Bamisaye and Rapheal 2021). A
corresponding shift in the C-O stretching with a wave
number value of 1013 cm™ observed in TBC compared to
1010 cm? recorded in UBC could be attributed to
delignification due to alkali treatment, as shown in Figure
6.
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Figure 7. The SEM micrographs of: A. Untreated bean chaff, B. Alkaline Treated bean chaff

The SEM micrograph of untreated bean chaff (UBC)
and treated bean chaff (TBC) were presented in Figure 7.
The result showed a high degree and clear disruption in the
biomass matrix, which could be attributed to the
penetration of NaOH in the hemicellulose complex (OH
group) in the treated sample, thereby providing a better
tackiness and reduction in the lignin content of the biomass
compared to 7A in which minimal or no disruption was
observed (Bamisaye and Rapheal 2021). However, this
corroborates the result obtained in Figure 7B, in which
delignification was observed due to the low percentage of
lignin contents of the biomass sample of TBC, and also the
FTIR result that established that modification, that is, a
disruption in the biomass matrix has occurred due to alkali
pretreatment compared to the untreated counterpart of the
biomass samples.

In conclusion, this study compared the combustion
properties of the treated and untreated raw bean chaff and
the briquette samples produced with this biomass. The
proximate analysis of both the raw chaff and briquettes and
the heating value of the bean chaff were determined before
and after alkali treatment which improved the quality of the
biomass sample. The study's finding reveals that all the
essential parameters showed that alkali pretreatment
reduced the percentage of Potential Toxic Element (PTE)
concentration in the treated sample, as shown by the
EDXREF result, thus producing an environmentally friendly
briquettes sample. Also, the observed high mean heating
value, fixed carbon content, compressive strength, and
density of 24.18+0.12 MJ/kg, 30.26+0.01%, 1.11+0.20
N/mm? and 0.71+0.10 g/cm®, respectively of the treated
biomass samples compared to the untreated sample was
due to the alkali pretreatment process. Furthermore, FTIR
analysis was used to confirm bond disruption in the fiber
matrices by alkali treatment resulting in delignification at a
value of 8+0.01% in TBC with an observed vibrational C-
O stretch of 1013 cm™ in the alkali-treated sample (TBC)
to 1010 cm® in UBC. Removing lignin components from
the feedstock was necessary because a manually fabricated
briquetting machine was adopted. This improved the
compactness and porosity, thus showing improved
combustion properties of the briquettes sample. In

conclusion,

alkali-treated  briquettes
characteristics of a solid biofuel
counterpart.

possess better
than their untreated
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Abstract. Oladejo BO, Oluwasola HM. 2022. Hematological modulatory effects of Weissella and Pediococcus sp. on formalin-induced
inflammation in wistar rats. Asian J Trop Biotechnol 19: 28-34. The activity of three LAB strains, Weissella cibaria 11-1-59, Weissella
confusa JMC 1093, and Pediococcus pentosaceus DSM20336, isolated from a Nigerian locally fermented food condiment; ‘iru’ on
blood parameters of acutely inflamed rats using formalin (1%) was investigated in this study. The rats were distributed into six groups
(A-F). Rats in Groups A were neither administered formalin nor treated with LAB, while Group B received formalin injection only.
Groups C-E were treated with the strains of LABs (2 x 107 CFU/mL), while Group F received diclofenac sodium treatment (150 mg/kg
body weight) following formalin administration. In addition, Erythrocyte sedimentation rate (ESR), total and differential white blood
cell (WBC) count, and total red blood cell (RBC) count were analyzed using standard methods. LAB Treatments significantly reduced
the ESR of the blood of LAB-treated rats (1.00+£0.00 mm/hr at 1 hour) at P<0.05 and regulated leucocyte infiltration in the blood
circulation (W. cibaria treated group with a neutrophil count of 13.67+1.20% at 336 hrs) compared to diclofenac sodium. These findings
revealed that the LAB were good immune modulators and would be effective agents for the treatment of inflammation-induced anemia.

Keywords: Formalin, hematology, inflammation, Lactobacillus, edema

INTRODUCTION

Inflammation is a routine immune response used to
subdue infectious agents or infections that get into the body
tissues (Paramita et al. 2017; Szalay 2018). This
inflammatory reaction usually facilitates healing processes,
however, it may become fatal if uncontrolled (Sung-Min et
al. 2019). Anemia of inflammation (Al), also referred to as
anemia of chronic disease or anemia of chronic disorders,
is occasionally characterized by a mild to moderately
severe anemia that arises during infection, such as in the
case of inflammatory disease and or malignancy (Nemeth
and Ganz 2014). Unfortunately, there seem to be less
efficient laboratory measures required to assess patients
suffering from chronic inflammation. Also, diagnoses are
only initiated when the inflammation occurs alongside
other medical conditions, as observed in the case of
cytokine storms linked with the severity of COVID-19
infection.

The development of Al within the first few hours after
the commencement of inflammation is sustained by the
activation of immune cells and the release of pro-
inflammatory chemical mediators such as interferon
interferon-y, interleukin-1, interleukin 9, and tumor
necrosis factor-a (TNF-o) (Nairz et al. 2016). As such,
alleviating these pro-inflammatory cytokines is highly
important for improving inflammatory disorders (Oladejo
and Oluwasola 2021). Also, a mild reduction in erythrocyte
survival combined with the weakened production of
erythrocytes has been linked with Al disorder. This
increased destruction of the erythrocytes is mainly

associated with the activation of macrophages by
inflammatory  cytokines; however, other hemolytic
mechanisms may play a significant role in specific
inflammatory disease conditions. Direct cytokine reaction
on the erythropoietic precursors and iron restriction
associated with the suppression of erythrocyte production.
This can lead to a reduction in the numbers but usually of
normal hemoglobin content and size (normocytic,
normochromic anemia) (Nemeth and Ganz 2014).

Anemia of inflammation can, therefore, significantly
contribute to the morbidity of arrays of inflammatory
disorders or diseases occasionally in patients. Treatment
options include blood transfusion (although risk associated)
as well as the use of iron supplements and erythropoiesis-
stimulating agents (ESAs) via intravenous administration
(Steinbicker et al. 2011). Although some acceptable
outcomes have been achieved with the use of conventional
drugs such as non-steroidal anti-inflammatory drugs
(NSAIDs), corticosteroids, and herbal supplements in the
treatment of inflammatory disorders, a life-threatening
condition of chronic cases which poses a major threat to the
health status and longevity of individuals persist (Barcelos
et al. 2019). As such, there is the need to explore more
naturally available alternative therapy for Al., such as in
the case of lactic acid bacteria, which are generally
regarded as safe (GRAS).

Fermented locust bean (‘Iru’) is a popular food
condiment consumed in Nigeria and other West African
countries. It is a very good source of many beneficial
microbial strains, particularly the genera of Bacillus,
Lactobacillus, Leuconostoc, and Pediococcus. Also, it is



OLADEJO & OLUWASOLA - Effects of Weissella and Pediococcus sp. on formalin-induced inflammation 29

often consumed as a good alternative to meat due to its
high protein, fat, tannin, vitamins, and mineral contents.
These organisms form part of major probiotics, which are
live organisms that confer significant health benefits when
administered in sufficient amounts in the host (Afolabi et
al. 2016). Lactic acid bacteria (LAB) are also known as
probiotics and can serve as immune modulators (Pessione
2012). They have been isolated from various fermented
foods and used in the production of various fermented
foods and beverages. A previous study by Oladejo and
Oluwasola (2021) showed that Weissella and Pediococcus
sp. have anti-inflammatory potentials and suppressed the
effect of acute inflammation in rats via cytokine regulations
(interleukin-10, C-reactive protein, and transforming
growth factor-p). Formalin is a strong chemical that has
been predominantly explored in the induction of
inflammation. Formalin-induced paw edema in a rat is,
therefore, one of the most suitable tests to screen for
inflammatory responses. Therefore, this study aims to
assess the effect of oral administration of lactic acid
bacteria isolated from indigenous fermented locust beans
(‘Iru’) on the hematological parameters of Wistar rats
induced with formalin.

MATERIALS AND METHODS

Collection of fermented locust bean (‘Iru’)

Fermented locust bean (‘Iru’) was purchased from Oba
market in Akure, Ondo State (7°10°N 5°05°E), Nigeria.
They were put in a sterile polythene bag and transported
immediately to the Department of Microbiology
Laboratory, Federal University of Technology, Akure,
Nigeria, for bacteriological analysis.

Isolation and identification of lactic acid bacteria (LAB)
Lactic acid bacteria from the fermented locust bean
(‘Iru’), including Weissella cibaria 11-1-59, Weissella
confusa JMC 1093, and Pediococcus pentosaceus
DSM20336 were isolated and identified as described in the
previous work of Oladejo and Oluwasola (2021). Briefly,
molecular identification of the isolated LAB was carried
out by harvesting cell pellets from 2mL of overnight
cultures (up to 2 x 10° cells) of LAB grown in MRS broth
and DNA extraction was done using a JenaBioscience
DNA Purification Kit following the manufacturer’s
instructions. Polymerase chain reaction (PCR) was carried
out to amplify the 16SrRNA gene of the bacteria using the
primer pair 27F-5-AGAGTTTGATCCTGGCTCAG-3’,
and 1492R  5’GGTTACCTTGTTACGACTT-3". The
amplified product was separated on a 1.5% agarose gel and
electrophoresis was carried out at 80 V for 1 hour 30
minutes. Following electrophoresis, DNA bands were
visualized by ethidium bromide staining with 100 bp DNA
ladder (Solis Biodyne) used as DNA molecular weight
marker (Oladejo and Oluwasola 2021). They were BLAST-
searched to detect similar sequences in the NCBI database
(https://www.ncbi.nlm.nih.gov).

Inflammatory drugs and chemicals

Formalin (Pascal Biosciences) and diclofenac sodium
drug (Impulse Pharma Pvt. Ltd, Boisar, India. Expiry date;
March, 2023) were purchased in Akure, Nigeria.

Animal and experimental design

Eighty-four (84) male Wistar rats weighing 120 -150 kg
used in this research were obtained from the Department of
Microbiology, Federal University of Technology, Akure
(FUTA), Nigeria. They were housed in cages with wire
screen tops and maintained under adequate ventilation and
environmental temperature. The animals were maintained
on a commercial rat chow with tap water, food (finisher)
provided and acclimatized for one week before the
experimental session. All the experimental procedures were
carried out following the guidelines of the Institutional
Animals Ethics Committee of the Federal University of
Technology Akure, Nigeria. Ethical permission was sought
from FUTA Research Ethical Committee
(FUTA/ETH/21/06).

Evaluation of anti-inflammatory activity

Inflammation was induced by sub-plantar injection of
0.1 mL of 1% freshly prepared formalin into the right hind
paws of all the rat groups except the Group A rats
(formalin control). After inflammation had been induced,
the rats were divided into 5 groups (Groups B-F) of 14 rats
each. Rats in Group B were not treated following
inflammation (negative control); rats in Group C, D, and E
were treated orally with 2 x 10” CFU/mL of W. cibaria I1-
1-59, W. confusa JMC 1093, and P. pentosaceus
DSM20336 respectively while rats in Group F (positive
control) were treated with diclofenac sodium (150 mg/Kg
body weight) after the development of paw edema in all the
rats. Changes in rat paw thickness were measured at 20 min
before and after injection at different time intervals (0, 1, 4,
8, 24, 72, 168 and 336 h) using a digital vernier caliper and
were measured in millimeters (mm) (Amdekar et al. 2012).

Blood sample collection

At earlier intervals, the rats were sacrificed through
cardiovascular bleeding according to the guidelines of the
Committee for the Purpose of Control and Supervision of
Experiment on Animals (CPCSEA). Then, blood samples
were collected into an EDTA bottle for hematological
assays. The hematological parameters such as erythrocyte
sedimentation rate (ESR), total and differential white blood
cell count, and total red blood cell count were analyzed
using the method of Valentini et al. (2015) as stated below.

Determination of erythrocyte sedimentation rate (ESR)

Erythrocyte Sedimentation Rate (ESR) was estimated
by adding dilution of the blood sample with sodium citrate
anticoagulant into a Westergren tube until the blood level
reached 100 millimeters (mm). The tubes were stored
vertically and allowed to sit at room temperature for an
hour. The distance between the top of the blood mixture
and the top of the sedimentation of RBCs was measured.
The ESR (mm) was calculated using the formula: ESR
(mm) = Final reading — initial reading.
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Determination of white blood cell count (WBC)

The blood was first diluted in ratio 1: 20 and 0.02 mL
of the blood was pipetted into 0.38 mL of diluting fluid,
Turk's reagent (3 % acetic acid with crystal violet dye).
Then, a small portion was charged into the counting
chamber and observed using x40 aobjective to count the cell
in cells/cubic mm. Finally, the total number of WBCs
counted was calculated using the formula:

WBCs = number of cells counted x depth factor (10) x
dilution factor x area factor (0.25).

Determination of red blood cell count (RBC)

The blood sample was diluted 1: 200 and mixed
properly. About 0.02 mL of the blood was pipetted into 4
mL of diluting fluid in a bijou bottle and was mixed
thoroughly by alternately drawing up expelling fluid. A
Pasteur pipette was used to fill the counting chamber and
red blood cells were counted under x40 objective. The total
number of RBCs counted was calculated using the formula:

RBCs = number of cells counted x dilution factor (200) x
1/5 x area factor (0.1 mm3).

Determination of leucocyte differential count

A drop of blood was thinly spread over a glass slide and
air dried. The smear was covered with Leishman stain and
allowed to stand for 2 minutes after which it was buffered
with distilled water and allowed to stand for 10 minutes.
The slide was then rinsed thoroughly with distilled water,
air dried and viewed under a microscope. Different WBC
(neutrophil, eosinophil, lymphocyte and monocyte) were
counted and numbers recorded.

ESR (mm)

N
1

Statistical analysis

Data were expressed as the mean * standard error mean
(SEM) calculated over an independent time frame of
experiments performed in duplicate. One-way analysis of
variance (ANOVA) was applied, followed by a post hoc
test; Bonferroni’s Multiple Comparison Test for difference
between treatments groups compared with control (Group
B) using GraphPad Prism version 5.0.

RESULTS AND DISCUSSION

Effects of oral treatment of LAB on erythrocyte
sedimentation rate (ESR)

The sub-plantar injection of formalin into the right hind
paw of the rats caused an increase in the erythrocyte
sedimentation rate (ESR) of the injected groups reaching
the maximum rate at 1 hour and then reducing continuously
till the end of the experiment, as shown in Figure 1. In
Group A rats (formalin control), the ESR was 0.30+0.00
mm/hr at 1 hour, which remained the same throughout the
period of the experiment. The highest erythrocyte
sedimentation rate (4.00£0.00 mm/hr) was observed in
group B and C rats 1 hour after the injection, which was
significant at p<0.05. Group E and F rats showed the
lowest ESR of 1.00+0.00 mm/hr at 1 hour. A significant
decrease was immediately observed in every group except
Group A after 1 hour and continued till the end of 336
hours.
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Figure 1. Effect of oral treatment of LAB on erythrocyte sedimentation rate [ESR] (mm). Note: n =2 (significant at P<0.05). Data are
expressed as mean + standard error of two rats per group. Group A: formalin control; Group B: formalin only (negative control); Group
C: treated with W. cibaria 11-1-59; Group D: treated with W. confusa JMC 1093; Group E: treated with P. pentosaceus DSM20336;

Group F: treatment with diclofenac sodium (positive control)



OLADEJO & OLUWASOLA - Effects of Weissella and Pediococcus sp. on formalin-induced inflammation 31

Effects of oral treatment of LAB on the total white
blood cell count of rats

In Group A (formalin control group), total white blood
cell count at 1 hour was 4.68+0.00 x 10°® pL? which
remained the same throughout the period of the
experiment. The WBC count of Group B rats at 1 hour was
3.40+0.38 x 10° L which increased gradually till the end
of the experiment. LAB treated Groups C, D and E rats
showed WBC counts of 2.85+0.00 x 10° puL?, 5.55+0.00 x
10° Lt and 3.95+1.60 x 10° pL?, respectively, at 1 hour
which increased up to the end of 36 hrs, followed by a
decrease at 72 hours till 336 hours. Group F rats
(Diclofenac treated group) showed the most decrease in the
WBC count at 1 hour to be 2.43+0.75 x 10% uL* as shown
in Table 1.

Effects of oral treatment of LAB on the total red blood
cell count of rats

Total red blood cell count of Group A rats (formalin
control) at 1 hour was 8.65+0.41 x 10° pL' which
remained constant throughout the period of the experiment.
In untreated Group B rats, a continuous low RBC count
was observed until after 168 hrs. LAB treated Groups C, D
and E rats showed RBC counts of 6.00£0.03 x 105 pL!,

4.83+0.12 x 10° pL?! and 4.33%0.06 x 10% pL7,
respectively, within the first hour of the experiment. An
increase in RBC count was observed at 8 hours and then
continued till the end of the experiment. Relatively low
RBC count was observed in Group F (Diclofenac treated
group) until the end of 72 hours compared with other
treatment groups, as shown in Table 2.

Effects of LAB treatment on the percentage of
circulating lymphocytes in rats

The percentage circulating lymphocyte count of
80.50+£2.02% was observed in Group A rats (formalin
control) at 1 hour, which remained constant throughout the
period of the experiment. After 1 hour, a significant
reduction in the population of circulating lymphocytes was
observed in all other groups. In untreated Group B rats,
there was a continuous reduction in the percentage of
circulating lymphocyte count till the end of 72 hours. But
in Group C, D, E, and F, a significant increase was
observed after 24 hours and continued till the end of the
experiment. The percentage of circulating lymphocyte
count observed in Group F (Diclofenac treated group) at 1
hour was lower compared with other treatment groups, as
shown in Table 3.

Table 1. Effects of LAB treatment on the total white blood cell count (WBC) x 103 pL

Groups Time (hrs)
1 8 24 36 72 168 336
A 4.68+0.00™ 4.68+0.00™ 4.68+0.00™ 4.68+0.00™ 4.68+0.00™ 4.68+0.00™ 4.68+0.00™
B 3.40+0.38 3.55+2.08 4.00+0.18 5.05+0.25 5.25+0.38 5.40+0.15 5.50+0.05
C 2.85+0.00™ 5.50+0.00™ 9.05+0.03 11.40+0.00™ 9.10+0.00™ 8.55+0.00™ 4.85+1.83"
D 5.55+0.00 5.40+0.00™ 10.07+0.60™ 11.95+0.05™ 9.45+0.00™ 4.75+0.00™ 4,15+1.73"
E 3.95+1.60 6.45+0.00 8.20+1.68 8.65+0.67 8.55+0.00 7.60+0.00 5.15+0.00
F 2.43+0.75™ 3.85+0.00 6.20+0.90 9.55+0.00 3.52+1.17 2.50+0.00 5.00+0.00

Note: Data are expressed as mean + standard error of two rats per group. Group A: formalin control; Group B: formalin only (negative
control); Group C: treated with W. cibaria 11-1-59; Group D: treated with W. confusa JMC 1093; Group E: treated with P. pentosaceus
DSM20336; Group F: treatment with diclofenac sodium (positive control). **Difference between comparison treatment group was
considered statistically significant at P <0.05 when compared with control group (B)

Table 2. Effects of LAB treatment on the total red blood cell count (RBC) x 108 uL*

Groups Time (hrs.)
1 8 24 36 72 168 336
A 8.65+0.41™ 8.65+0.41™ 8.65+0.41™ 8.65+0.41™ 8.65+0.41™ 8.65+0.41™ 8.65+0.41™
B 4.15+0.43 4.48+0.50 4.30£0.65 5.23+0.50 5.69+0.42 5.50+0.75 8.05+0.54
C 6.00£0.32™ 6.10+£0.03™ 6.82+0.08™ 7.45+0.31™ 6.09+0.11 7.40£0.20™ 8.24+1.10
D 4.83+0.12 6.05+0.34™ 6.15+0.33™ 7.25+0.28™ 7.55+0.06 7.73£0.36™ 7.91+0.28
E 4.33+0.06 6.52+0.66™ 7.08+0.90™ 7.21£0.15™ 7.86+1.33™ 7.48+0.26™ 8.25+0.27
F 3.81+0.75 4.71+0.13 5.65+£0.18 5.74+0.52 6.64+0.18 9.72+1.15 9.11+1.08

Note: Data are expressed as mean =+ standard error of two rats per group. Group A: formalin control; Group B: formalin only (negative
control); Group C: treated with W. cibaria 11-1-59; Group D: treated with W. confusa JMC 1093; Group E: treated with P. pentosaceus
DSM20336; Group F: treatment with diclofenac sodium (positive control). **Difference between comparison treatment group was
considered statistically significant at P <0.05 when compared with control group (B)
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Table 3. Effects of LAB treatment on total percentage circulating lymphocyte count (%)

Groups Time (hrs.)
1 8 24 36 72 168 336
A 80.50+2.02 80.50+2.02™ 80.50£2.02™ 80.50+2.02™ 80.50+2.02 80.50+2.02 80.50+2.02
B 76.00+2.08 61.33+0.88 61.67+£2.73 64.67+1.20 73.33+£1.45 75.33+2.40 81.67+0.88
Cc 71.00£1.00 68.00+1.15 58.67+2.91 75.67+1.20™ 78.67+1.20 80.00£1.15 83.33+£1.45
D 72.00+1.73 70.67+2.33™ 64.00£1.73 76.66+1.33™ 75.33+£2.40 78.00+£1.53 79.67+3.28
E 69.34+1.33 67.00+1.53 63.00£1.15™ 74.67+0.33™ 78.33+1.20 82.00+1.73 85.33+1.33
F 62.00+1.53 60.00+0.58 69.00+1.15 68.00+1.53" 71.00+0.57 80.34+1.45 81.00+0.58

Note: Data are expressed as mean = standard error of two rats per group. Group A: formalin control; Group B: formalin only (negative
control); Group C: treated with W. cibaria 11-1-59; Group D: treated with W. confusa JMC 1093; Group E: treated with P. pentosaceus
DSM20336; Group F: treatment with diclofenac sodium (positive control). **Difference between comparison treatment group was
considered statistically significant at P <0.05 when compared with control group (B)

Effects of LAB treatment on the percentage of
circulating neutrophils in rats

Sub-plantar injection of formalin into the rat paw
caused infiltration of neutrophils in blood circulation,
which led to an increase in the percentage circulating
neutrophil count in all the injected Groups within 8 hours
of the experiment. In Group A rats (formalin control),
the total percentage neutrophil count was 17.50+1.44% at 1
hour, which remained the same throughout the period of
the experiment. The highest percentage circulating
neutrophil count (38.33+4.33%) was observed in Group B
rats at 8 hours, while the lowest was observed in Group C
rats (13.67+1.20%) at 336 hours. In LAB-treated Groups C,
D, and E rats, a significant decrease in percentage
circulating neutrophil count was observed after 24 hours
and then continued till the end of the experiment.
The percentage neutrophil count observed in Group F

(Diclofenac treated group) was higher when compared with
other treatment groups, as shown in Table 4.

Effects of LAB treatment on the percentage of
circulating monocyte in rats

In Group A rats (formalin control), the percentage
circulating monocyte count was 1.67+£0.33% at 1 hour,
which remained the same throughout the period of the
experiment. A significant increase in the population of
circulating monocyte was observed in all other groups after
1 hour. The highest percentage of circulating monocyte
was observed in Group B rats (3.82+0.00%) at 8 hours,
while the lowest was observed in Groups C and E rats
(0.67+0.33%) at 336 hours. In LAB treated groups, a
significant reduction in the population of circulating
monocyte was observed after 8 hours which continued till
the end of 336 hours, as shown in Table 5.

Table 4. Effects of LAB treatment on total percentage circulating neutrophil count (%)

Groups Time (hrs)
1 8 24 36 72 168 336
A 17.50£1.44™  17.50+1.44™ 17.50+1.44™ 17.50+1.44™ 17.50+1.44™ 17.50+1.44™ 17.50+1.44
B 24.33+2.33 38.33+4.33 35.00+2.89 32.33+1.20 22.67+1.20 24.67+0.88 16.00+1.00
C 25.67+0.33 31.66+1.20 26.67+1.76™ 22.00+1.15™ 19.00+0.58 16.67+0.88™ 13.67+1.20
D 27.00+1.15 32.33+2.67"  29.67+3.84™ 19.00+1.15™ 22.00£3.51 17.67+0.88 15.67+2.85
E 27.33+1.20 32.33+2.02 24.00+1.16™ 23.33+1.45™ 18.67+1.76 15.33+1.76™ 14.67+1.45
F 36.33+1.67  33.00+0.58 36.00+1.16 27.00+2.08™ 23.00+1.73 18.67+1.45 18.00+0.58

Note: Data are expressed as mean + standard error of two rats per group. Group A: formalin control; Group B: formalin only (negative
control); Group C: treated with W. cibaria 11-1-59; Group D: treated with W. confusa JMC 1093; Group E: treated with P. pentosaceus
DSM20336; Group F: treatment with diclofenac sodium (positive control). **Difference between comparison treatment group was
considered statistically significant at P <0.05 when compared with control group (B)

Table 5. Effects of LAB treatment on total percentage circulating monocyte count (%)

Groups Time (hrs)

1 8 24 36 72 168 336
A 1.67+0.33 1.67+0.33 1.67+0.33 1.67+0.33 1.67+0.33 1.67+0.33 1.67+0.33
B 1.00+0.33 3.8240.00 3.004£0.33 2.00+£0.58 2.33+0.66 1.67+0.33 1.33+0.33
C 1.67+0.33 3.33+0.33™ 2.6610.33 2.33+058 2.0040.33 1.33+£0.58 0.67+0.00™
D 2.3340.33 3.67+0.33™ 3.34+0.33™ 2.67+0.33" 2.33£0.33 1.6740.33 1.70+0.00
E 2.34+0.33™ 2.6740.33 2.33£0.33 2.004£0.58 1.3340.33 1.00+0.33 0.67+0.00™
F 1.67+0.33 2.004£0.58 3.004£0.58 2.33£0.33 0.33+0.00™" 1.33+0.00 1.00+0.33

Note: Data are expressed as mean * standard error of two rats per group. Group A: formalin control; Group B: formalin only (negative
control); Group C: treated with W. cibaria 11-1-59; Group D: treated with W. confusa JMC 1093; Group E: treated with P. pentosaceus
DSM20336; Group F: treatment with diclofenac sodium (positive control). **Difference between comparison treatment group was
considered statistically significant at P <0.05 when compared with control group (B)
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Discussion

Lactic acid bacteria isolated from African fermented
locust beans (lru) in this study appear similar to other
studies that have successfully isolated and identified
different types of LAB from fermented food products,
including African locust beans (Uaboi-Egbenni et al. 2009;
Ouoba et al. 2010; Ajayi 2014; Afolabi et al. 2016; Oyetola
et al. 2017). Therefore, they are regarded as a major group
of probiotic bacteria with a sufficient number of studies
revealing their health-promoting ability in man and
animals.

Blood cells play a major significant role in the onset of
inflammation. The aggregation of white blood cells
(Leucocytes) at the site of inflammation is a key elemental
event in the inflammatory process, where adhesion and cell
mobility processes could lead to cell migration (Umapathy
et al. 2010). Treatment with W. cibaria 11-1-59; W. confusa
JMC 1093, and P. pentosaceus DSM20336 significantly
decrease the WBC count, which suggests that these LAB
strains can regulate the migration of WBCs to the site of
inflammation which might have led to their significant
decrease in the paw thickness of LAB treated Groups C, D
and E rats. However, it was observed that W. cibaria 11-1-
59 and W. confusa JMC 1093 had a better ability to
regulate this leucocyte infiltration in the inflamed rats’
blood circulation than P. pentosaceus DSM20336.
Moreover, studies by Szabo et al. (2011) and Tsai et al.
(2014) further supported that treatment with LAB strains
had a statistical significance on the hematological
parameters in rats.

Red blood cells (Erythrocytes) and hemoglobin are also
important for oxygen transportation. It is well known that
inflammation can cause a significant decrease in the RBC,
leading to erythropenia (Straat et al. 2012). LAB strains in
this study showed a better ability to regulate the decrease in
the RBC of the inflamed rats. An increase in RBC count
was observed in LAB-treated rats compared to diclofenac
sodium. This result was in line with the study of Bikheet et
al. (2021), which showed that oral administration of LAB
(P. acidilactaci) caused a significant increase in the RBC
count of treated rats. A high level of RBC shows that the
rats were not anemic, while a lower level indicates a sign of
anemia (Cheesborough 1991). LABs may have used
mechanisms to disrupt RBC-endothelial interactions,
thereby modulating the rats’ excessive development of
anemic conditions as described by several researchers
(Adeboboye et al. 2022). They might have also been able to
avoid prolonged erythropenia by controlling the release of
acute phase proteins like fibrinogen, as shown in the ESR
results of this study.

Erythrocyte sedimentation rate (ESR) measures the rate
at which RBCs settle in anticoagulated blood, which is a
process influenced by the presence of fibrinogen, an acute
phase protein associated with inflammatory response (Bray
et al. 2016). An elevated ESR due to an increase in the
level of fibrinogen serving as a significant mediator of
RBC aggregation, therefore, indicates the existence of
inflammation. The sub-plantar injection of formalin into
the right hind paws of the rats in this study induced an
inflammatory response within the first hour based on the

swelling of the rat paw and an increase in the ESR.
However, a significant ESR decrease (P<0.05) in the blood
of LAB-treated rats indicated that W. cibaria 11-1-59; W.
confusa JMC 1093, and P. pentosaceus DSM20336 were
able to control the release of fibrinogen in the blood
thereby alleviating inflammatory response.

The reduction in the population of neutrophils and
monocytes after the treatment with these LAB strains
showed their involvement in suppressing the inflammatory
response. The W. cibaria I1-1-59 had the best ability to
control the influx of neutrophils, which is essential for
sustaining inflammatory response and the release of pro-
inflammatory cytokines. The control of leucocyte
infiltration could result from the production of specific
cytokines responsible for regulating the responses of arrays
of immune cells (Scheiermann et al. 2015). Also, the
lymphocyte counts of LAB-treated rates were higher
compared to diclofenac-treated rats (positive control
group). The primary role of lymphocytes is associated with
antibody formation (humoral) and cellular immunity.
Therefore, a marked increase in the lymphocyte count
observed in LAB-treated rats showed signs of an
immunostimulatory effect. In a previous study, Aboderin
and Oyetayo (2006) reported that the lactic acid bacterium
(Lactobacillus plantarum) isolated from fermenting corn
slurry has immunostimulatory properties due to raised
lymphocyte count in rats. Also, Aattouri et al. (2002) had
also earlier reported that oral ingestion of lactic acid
bacteria increases lymphocyte proliferation and interferon-
v production.

These immune cell responses can be due to findings of
our previous study, Oladejo and Oluwasola (2021), which
reported that the oral administration of Weissella and
Pediococcus sp. significantly decreased inflammatory
responses in rats. This showed that treatment with these
LAB had a very consistent anti-inflammatory effect and
thus compared favorably with diclofenac sodium (standard
NSAID drug) through the ability to modulate inflammatory
responses via control of the balance between the pro- and
anti-inflammatory cytokines (Groeger et al. 2013), as our
treatments with Weissella and Pediococcus sp. significantly
decreased the secretion of pro-inflammatory biomarker
(CRP) and increased the serum IL-10 and TGF-p
concentration of LAB treated rats (Oladejo and Oluwasola
2021).

In conclusion, the results of oral administration of W.
cibaria 11-1-59; W. confusa JMC 1093, and P. pentosaceus
DSM20336 on the hematological parameters in the rats
showed that these LAB strains could ameliorate
inflammatory-induced anemia. Therefore, treating anemia
of inflammation with lactic acid bacteria would be a great
breakthrough, considering the risks associated with the
treatment, as mentioned earlier.
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