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Abstract

This study investigated the immunological impact of fermented Pentaclethra macrophylla (Oil
bean) candy, aiming to address the issue of chemical-fortified candies affecting gut immunity in
Nigeria. The researchers prepared and fermented Pentaclethra macrophylla seeds, then mixed
them with Lactobacillus rhamnosus and packaged them as candy. The immunological effects
were evaluated using in vivo techniques, gravimetric and instrumentation methods. The results
showed significant improvements in immune response, including increased Phagocytic Index:
Enhanced ability of immune cells to engulf pathogens; Elevated Antibody Titre: Higher levels of
antibodies, indicating a stronger immune response; T Cell Population Increase: Boosted cell-
mediated immunity, Pronounced Delayed Type Hypersensitivity (DTH): Enhanced immune
response to pathogens. The study used Lactobacillus acidophilus strain DSM20079 and Bacillus
subtilis strain PK5-17 as fermenters and demonstrated the candy's safety and immunostimulatory
potential. The findings suggest that this fermented candy could be a potential natural remedy for
boosting gut immunity. Further research could explore its applications in human health and
potential integration into existing confectionery products, like those offered by Sweetco Foods
Limited, a Nigerian candy manufacturer known for its high-quality products

.Keywords: Pentaclethra, Lactobacillus, In vivo, Fermenters

Vol. 3 Issue 1 (2025)

https://tjansonline.org/view-paper.php?id=72
mailto:ik.iheukwumere@coou.edu.ng


INTRODUCTION

Candy is basically made of sugar, in

addition to some other ingredients,

according to the kind of candy; such as

fats, colors and flavors. The nutritional

value of candy is confined to the fact

that it is a source of considerably big

energy, but it does not provide the body

with the necessary nutrients, like

proteins, vitamins and minerals (Zulkani

et al., 2017). Chocolate, however, could

be exempted, as it contains a number of

proteins, owing to milk being one of its

ingredients. Sugars or sweets are not

always harmful. On the contrary, the

body is always in need of sugars to

produce the energy necessary for motion

and activity. However, people,

especially children, should rationalize

the use of sweets to avert the harmful

effects that might come up as a result of

the excessive use of them. Tooth decay

and obesity may result. Some

additives, like caffeine which affects the

nervous system and causes nervousness,

tension and insomnia. It could also

accelerate pulse and cause many other

problems, especially for children (Feng

et al., 2019). Research had shown that

candy can be produced from natural

sources such as oil bean ((Pentaclethra

macrophylla). Oil bean is a nutritious

food found majorly in the Eastern part of

Nigeria. It is a nutrient dense condiment

containing the essential vitamins and

minerals required for healthy living.

Pytochemical composition of oil bean

includes terpenoids, cardiac glycosides

and saponin. Medically, oil bean had

been optimized in lowering cholesterol

level, reducing risk of cancer, insomnia

and cataract, promoting weight loss and

healthy heart (Bell et al., 2018).

Recently, bioactive compounds

associated with fermented plant products

and activities of probiotics especially

Lactobacillus species have been

considered as an important strategy to

retaining the nutritive values of candy in

order to maintain the steady-state of the

gut and boost the body immunity. In

Nigeria, the choice of fermenters and

plants with high nutritive values and

beneficial phytochemical constituents

remain the major aspect that needs

urgent attention. Hence, the present

study focuses on the immunological

impact of fermented Pentaclethra

macrophylla (Oil bean) seed candy

MATERIALS AND METHODS

Isolation and Characterization of the

Fermenters

Isolation of the fermenters: The

inocula used in this study were yoghurt

and garden soil samples. The yoghurt



sample was prepared in 1:10 dilution

whereas 1:10 diluted garden soil sample

was further diluted to 1:1000 dilution.

The media used for this isolation

includes de Man Rogosa and Sharpe

broth (MRS/BIOTECH) and Nutrient

agar (NA/BIOTECH). The soil sample

was boiled, allowed to cool in an aseptic

condition, and 0.1 mL of the prepared

soil sample was collected using a sterile

pipette and aseptically plated onto

solidified Nutrient Agar plate (90 mm x

15 mm) which was prepared according

to the manufacturer’s instruction, and

this was spread using a spreading rod,

and incubated using electronic

laboratory incubator (STXB128) at

35±20C for 24 h. Also 10 mL of the

prepared yoghurt sample was collected

using sterile pipette and aseptically

inoculated into sterile 200 mL conical

flask (Glassco) containing MRS broth

(BIOTECH) which was prepared

according to the manufacturer’s

instruction, and this was incubated in a

microaerophic environment (containing

candle used to evacuate all traces of

oxygen thereby creating an environment

having only carbon iv oxide). The

incubation was done for 24 – 72 h at

(30±20C).

Purification of the isolates: The plate

that showed discrete colonies were

selected after 24 h and each colony was

aseptically streaked using a sterile wire

loop on a sterile poured plate (90 mm x

15 mm) containing nutrient agar

(BIOTECH) prepared according to the

manufacturers description. Similar

procedure was repeated on deMan

Rogosa Sharpe (MRS) agar plate (90

mm x 15 mm) that was prepared

according to the manufacturer’s

instruction after which it was incubated

at their required growth conditions.

Characterization of the bacteria pure

isolates: The pure isolates were

characterized using the morphological,

biochemical and molecular

characteristics as described by

Iheukwumere et al. (2018).

Morphological characteristics of the

bacteria isolates: The cultural

descriptions (size, appearance, edge,

elevation, colour) of the isolates were

carried out. The Gram staining

technique which revealed the Gram

reaction, cell morphology and cell

arrangement were also carried out using

the procedure described in the study

published by Iheukwumere et al. (2018).

Immunostimulatory Potential of the

Prepared Candy

Antigen preparation: This was carried

out using the method described in the



study published by Nfeimbi et al. (2015).

Fresh blood sample was collected from

healthy sheep reared in Ipupe, Abia

State, and this was mixed with sterile

Alsever's solution (1:1). The sample was

centrifuged at 2000 xg for 5 min to

enable the red blood cells (RBCs) settled

at the bottom of the test tube. Then the

supernatant was discarded and the

sediment was collected as the sheep red

blood cells (SRBCS). The SRBC was

then washed three times with pyrogen-

free phosphate buffered saline (PH 7.2).

This was then kept under refrigeration

for the study.

Experimental protocols for the in vivo

models: A total of 64 albino Wistar rats

were used for this study. The albino

Wistar rats were grouped 4 groups

(Normal control, test, dexamethasone

and levamisole group) and each group

contained 16 rats. A total of 8 rats in

each group were sensitized

intraperitoneally with 0.1 mL SRBC

containing 1x108 cells. Then all the rats

in control group (C) were giving normal

saline (0.85% Nacl), the test group (T)

were fed with the candy (0.5 g/100g),

dexamethasone group (D) were giving

dexamethasone (200 mg / kg bwt) and

levamisole group (L) were giving

levamisole (50 mg/kg bwt) for 7 days.

The Immunostimulatory activity of the

set- up was determined using the

parameters below.

Delayed type hypersensitivity (DTH):

This was carried out using the modified

method described and published by

Anarthe et al., (2014). Here, four (4) rats

that were not injected SRBCs were

selected from each group for this study.

On the 7th day prior to injection, right

hand footpad thickness of the albino rats

(4 rats of 16 in each group) were

measured with micrometer screw gauge.

Then the rats were challenged by

injecting 20 mL of 1 % SRBC into the

right hind foot pad. On the 8th and 9th

days, the footpad thickness of the

experimented rats were again measured

and the mean differences of the

pretreated and post treated rats were

calculated and recorded in millimeters.

Antibody titer: This was carried out

using the modified methods described

and published by Anarthe et al. (2014)

and Nfeimbi et al. (2015). Here, four (4)

rats that were not injected SRBCs were

selected from each group for this study.

On 7th day before challenge, blood

samples were drawn from retro-orbital

plexus of the rats. The blood samples

were centrifuged for 2000 xg for 5 min,

and the sera were collected. Two -fold

serial dilution was carried out on each of

the serum (i.e. 50 µl of serum was added



in each microtiter well dilution in order

to get up to the 24th well. Then 50 µl of

1 % SRBC prepared using normal saline

was added into each well, and the plates

were incubated at 37oC for 1 h. The

reciprocal of the highest dilution that

showed visible agglutination was

considered as the hemagglutination

antibody titer (HA units /NL).

Population of T cell: This was carried

out using the modified method described

and published by Anarthe et al. (2014).

Here, four (4) rats that were injected

SRBCs were selected from each group

for this study. On the 11th day, blood

samples were collected from retro-

orbital plexus of the rats (another 4 rats

in each group) and these were mixed

with Alsever's solution in test tubes.

These were kept, in sloping position (45o)

and incubated at 37oC for 1 h. The RBCs

were allowed to settle at the bottom of

the test tubes, and supernatant was

collected from each test tube using

micropipette and this contains the

Lymphocytes. Differential white blood

cell count was carried out to determine

percentage population of lymphocytes

using Automated Hematology Analyzer

(MIN DRAY BC – 360) as described in

the work published by Agiang et al.

(2017)

Phagocytic activity (Carbon clearance

assay): This was carried out using the

modified method described and

published by Anarthe et al. (2014). Here,

four (4) rats that were injected SRBCs

were selected from each group for this

study. After 7days, the experimented

rats (another 4 rats from each group)

were stabilized for 2 days. On the 11th

day, the selected rats were intravenously

(through the tail vein) injected with

carbon suspension (1:50 dilution of

Indian ink) in a dose of 0.5 mL/100 g

bwt. Blood samples were withdrawn

from the retro-orbital venous plexus

before injection, at 5 min and 15 min

after injection of the carbon suspension.

Then 0.05 mL of each blood sample was

lyzed with 4 mL of 0.1 % Na2CO3 and

the optical density was measured

spectrophotometrically at 650nm

wavelength. The phagocytic index (K)

was calculated using the equation below

K = Log ( ODa) - Log (ODt) /t

ODo = Optical density at 0 min

ODt = Optical density at 5 min

and 15 min

t = time (5 min and

15 min)



Statistical Analysis

The data obtained in this study were

presented in Tables. One way Analysis

of Variance was used to determine the

significance of the sample sources 95%

confidence level. Pairwise comparison

was carried out using student “t” test

(Iheukwumere et al. 2018).

RESULTS

Characteristics of the Fermenters

The cultural and morphological
characteristics of the two used
fermenters is shown in Table 1. The two
isolates were Gram positive rods but
differed in their elevation, edge, surface
nature, optical character, motility and
ability to produce endospores as shown
in Table 1. Isolate P had low convex
elevation, smooth edge, and surface,
transparent and non-motile whereas
isolate Q had flat elevation, irregular
edge, rough surface, opaque, centrally
positioned endospore and motile. Isolate
P was catalase, oxidase, citrate, urease,
methyl red and Voges Prokauer negative,
and was not able to hydrolyze gelatin
whereas as shown in Table 2. The two
isolates showed varying utilization of
sugars and sugar alcohols, and isolate Q
utilized D- mannitol and this pointed to
Bacillus subtilis. The ratio of the
absorbance of nucleic acids extracted
from the two isolates at 260 nm and 280
nm were within the range 1.80 – 1.90,
and this pointed that the nucleic acids
were Deoxyribonucleic acid (DNA) as
shown in Table 3. The molecular
identities of isolate P and Q revealed
Lactobacillus acidophilus strain DSM

20079 (LADSM) and Bacillus subtilis
strain PK5-17 (BSPK5) as shown in
Table 4 with 100% identities.

Immunostimulatory Effect of the
Candy

Delayed type hypersensitivity (DTH),
mean antibody titre, mean lymphocyte
population, phagocytic index and
percentage lymphocytes were used as
yardstick for monitoring the
Immunostimulatory activity of the
melded candy as shown in Table 7.
There were significant (P < 0.05)
increased in DTH, mean antibody titre,
mean lymphocyte population,
phagocytic indices and percentage
lymphocytes among the experimented
rats fed with the melded candy
compared to the normal control group
who were giving the normal feed and
water without the melded candy. There
was no significant difference (P > 0.05)
between the values of DTH, mean
antibody titre, mean lymphocyte
population, phagocytic indices and
percentage lymphocytes from the rats
fed with 100 mg/g dose and those fed
with 200 mg/g dose of the melded candy,
only that slight increase was detected
among the rats fed with 200 mg/g dose
of the melded candy. It was also
observed that the values of DTH were
detected more after 24 h and the values
slightly decelerated after 48 h in both
rats fed with 100 mg/g and 200 mg/g of
the melded candy, and this decrease was
statistically non-significant (P > 0.05).



Table 1: Cultural and morphological characteristics of the fermenters

Parameter Isolate P Isolate Q

Appearance Cream-white on MRS agar Cream/white on Nutrient
agar

Elevation Low-convex Flat

Edge Smooth Irregular

Surface Smooth Rough

Optical Nature Transparent Opaque

Gram Reaction + +

Cell Morphology Rods Rods with round ends

Spore _ +

Position of Spore _ Central

Motility _ +

+ + Positive; - = Negative

Table 2: Biochemical characteristics of the fermenters

Parameter Isolate P Isolate Q

Catalase _ +

Citrate _ +

Oxidase _ +

Urease _ _

Gelatin _ +

Methyl Red _ _

Voges Proskauer _ +

Glucose + +



D-mannitol +/_ +

Lactose + _

Maltose + +

Xylose _ +

Inositol +/_ +

Fructose + +

Sorbitol _ +

Trehalose +/_ +

Dulcitol +/_ +

Possible Isolate Lactobacillus species Bacillus species

Table 3: Authentication of nucleic acids extracted from the fermenters

Sample ID Nucleic Acid
Conc(μg/mL)

260 nm 280 nm 260/280

P 142.40 3.1915 1.7440 1.83

Q 126.20 1.7220 1.81

Table 4: Molecular identities of the fermenters

Parameter Isolate P Isolate Q

Max Score 6593 4783

Total Score 10535 4783

Query Cover (%) 100 100

E-Value 0.0 0.0

Identity (%) 100 100

Accession Length 2009973 4086149

Accession Number CP020620.1 CP026037.1

Description Lactobacillus acidophilus Bacillus subtilis strain



strain DSM20079
Chromosome Complete
genome (LADSM)

PK5-17 Chromosome
Complete genome
(BSPK5)

Table 7: Immunostimulatory effect of the candy

Parameter Control 100 mg/g 200 mg/g

DTH 24 h 5.00±0.00 9.50±0.00 9.67±0.14

48 h 4.50±0.00 8.67±0.14 9.00±0.00

Mean Antibody
Titre(HA Units/μL)

32.00±0.00 512.00±0.00 512.00±0.00

Mean Lymphocytes
Population

147.22±1.82 286.44±.62 289.31±1.22

Phagocytic Index 0.041±0.001 0.086±0.001 0.087±0.001

Lymphocytes (%) 49.80±1.08 86.50±1.22 87.20±1.41

DTH = Delayed Type Hypersensitivity 24/48 h (P > 0.05); 100 mg/ control (P <0.05)
200 mg/control (P < 0.05); 200 mg/ 100 mg (P > 0.05).



DISCUSSION

The characteristics of Lactobacillus

acidophilus and Bacillus subtilis strains used

for this study agrees with the findings of

many researchers (Oz et al., 2017; Salam et

al., 2017; Zhu et al., 2017; Anggraeni et al.,

2019; Rizal et al., 2020). The characteristic

features of the prepared candy and the level of

water activity conform with World Health

Organization (WHO) and National Industrial

Standard (NIS) stipulation for preserved and

safety food product. Fermentation of the

product introduced the biological method of

preserving the food product, reducing the

microbial load due to the presence of organic

acids, ethanol and bacteriocins, producing

new and desirable food product. Similar

deduction was made by Marco et al. (2017).

The microbial degradation results in

degradation of various anti-nutrient, and

increases the amount of small peptides and

essential amino acids content of the candy,

making the product more palatable, safe and

nutritive. Similar deduction was made by

Mukherjee et al. (2016) and Bell et al. (2018).

The joint activities of Lacobacillus

acidophilus and Bacillus subtilis strains

produced extracellular enzymes that could

have fermented the food product in order to

boost the nutritive values, majorly the protein

content and fat content as reported by

Mukherjee et al. (2016).

The increase in delayed type hypersensitivity

(DTH), antibody titre (AT), phagocytic

indices (PI), population of T cells (PTC) and

percentage of lymphocytes (PL) are

indications of immune stimulation induced by

the candy and these agree with the findings of

Anarthe et al. (2014), Ramesh et al. (2016)

and Obi et al. (2019). Anarthe et al. (2014)

reported that DTH involved initial

sensitization and effector phases. The initial

sensitization phase involves activation of TH1

cells as a result of presentation of processed

antigen by antigen presenting cell (APC)

using major histocompatibility class 11 (MHC

11) molecule whereas effector phase involves

induction of DTH as a result of subsequent

exposure to the antigen, and secretion of

cytokines and other non-specific

inflammatory mediators. The significant

increase in antibody titre is an indication of B

cell activation and secretion of plasma cells

that produce significant antibodies. The

activation of B cells was due to the interaction

of macrophage, T cells and B cells leading to

immune stimulation through humoral activity

as described by Anarthe et al. (2014).

Study has shown that IL-1β induced by

commensal bacteria is critical for the



differentiation of Th 17 cells, and fermented

foods that contain active lactic acid bacteria

play active role in maintaining the population

of Th 17 cells which are the prominent

population among the T cells present in the

intestinal lamina propria that maintain the

intestinal homeostasis (Hur et al., 2014; Bell

et al., 2018; Pandiyan et al., 2019; Shahbazi

et al., 2021). Th 17 is a subset of CD4+ T cells

and primarily secretes IL – 17, which has

important effects on the intestinal epithelium

through improving the barrier function and

stimulating mucin production, as well as on

the function of tight junction and transport of

Ig A. In the present study, the study increase

in the population and percentage of T cells

could be attributed to the proliferation of Th

17 cells which was induced by IL - 1 β

secreted by the commensal bacteria and

activities of autochthonous and allochthonous

probiotics. Similar findings were reported by

many researchers (Zulkani et al., 2017; Bell et

al., 2018; Birhanu et al., 2018; Yahfoufi et al.,

2018; Pandiyan et al., 2019; Shahbazi et al.,

2021).

CONCLUSION

This study has shown that candy prepared

from fermentation of Pentaclethra

macrophylla using Lacobacillus acidophilus

strain DSM20079 (LADSM) and Bacillus

subtilis strain PK5-17 (BSPK5) had good

quality. The blood samples drawn from rats

fed with the candy showed elevation of

delayed type hypersensitivity, antibody titre,

phagocytic index, T cell population and

percentage of lymphocytes. Therefore, the

candy is recommended since it is safe and had

pronounce immunostimulatory potential.
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