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ABSTRACT

Several studies have shown that most condiments consumed in Nigeria today are fortified with
chemicals that alter the nature and stripped the natural immunological adjuvants designed by nature
to protect the body system. Several condiments have been developed from fermented foods in order
to control this ugly situation but there is still controversial thought in the choice of microorganism to
be used in order to produce a non-toxic condiment with an improved immunological function. The
aim of this study was to evaluate the toxicity, nutritive value and immunological impact of fermented
soybean condiments. Soybean (Glycine max) sample was fermented with indigenous
microorganisms isolated from 7 days old fermented soybean sample; this was oven-dried,
pulverized and packaged in a cleaned sterile screw capped container. The immunological impact,
pro-inflammatory and anti-inflammatory activities were determined using in vivo and instrumentation
techniques. Lactobacillus plantarum strain ZS 2058 (L), Bacillus subtilis strain 168 (B) and
Saccharomyces cerevisiae strain YIJM555 (Y) were the indigenous microbes used both singly and in
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consortium for the production of light to dark brown condiments with water activity ranging from 0.27
— 0.37 for the fermented soybean in the plate and 0.22 - 0.36 for the fermented soybean wrapped
with Thaumatococcus danielli leaves (called Uma in Igbo and Ewe eran in Yoruba). There was
pronounced delay type hypersensitivity (DTH) and significant (P<0.05) elevation of lymphocyte

population, rosette counts, antibody titers,

phagocytic

indices, total lymphocytes and

malondialdehyde (MDA) values, of which pronounced activities were mostly seen on those
condiments prepared with consortium of the organisms (BLY). Therefore condiments produced from
fermentation of soybean using indigenous B, L, Y, BL and BLY are recommended as this would
enhance its immunological impact and also safe, and those fermented in plastic plates using BLY

were most efficient, preferable and acceptable.

Keywords: Immunological; condiments; fermented.

1. INTRODUCTION

“Soybean (Glycine max leguminosae) is one of
the highly nutritional natural vegetable foods
known to humans” [1]. “Soybean contains
approximately 35%, protein, 31% carbohydrate,
17% fats, 5% mineral and 12% moisture” [2].
“The soybean protein contains acceptable
amount of essential amino acids vis a viz
histidine, Isoleucine, leucine, lysine,
phenylalanine, tryrosine, tryptophan and valine
which is recommended for daily intake as a
balanced diet” [2]. “In addition to essential

nutrients, soybean products, especially
fermented soybean products contain various
functional components including peptides,

isoflavonoids and saponin” [3]. “Soybean has
been reported to impact several health benefits
such as lowering of plasma, choresterol,
prevention of cancer, improvement in bone
mineral density and provide protection against
bowel and kidney disease” [3] Kreijkamp-
Kaspers et al., 2004; [4,5,6]. “These health
benefits are caused by the presence of
Isoflavone, Saponins, protein and peptide in
soybean” [5,7,8].

“A condiment is a substance applied to food in
the form of a sauce, powder, spread or anything
similar, to enhance or improve the flavor. In
Nigeria and most Africancountries, condiments
such as fermented locust bean (Iru), fermented
melon seed (Ogiri), fermented soybeans
(Dadawa), fermented cotton seed (Ogiri) and
fermented pigeon pea were widely used to
season food. The production of condiments is
largely on a traditional small-scale, household
basis under highly variable conditions” (Odunfa
1981) [9]. “Condiments are also known to
contribute to the calorie and protein intake and
are generously added to soups as low-cost meat
substitute by low-income families in parts of
Nigeria” [10].
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“Traditionally, fermentation was a method to
preserve foods for a longer time; however, this
process recently has attracted great attention
due to the increase in the nutritional value of
foods and the production of health-promoting
components” [11]. “Over fermentation, the
microorganisms responsible for this process
generate bioactive compounds by metabolizing
fermentable carbohydrates and proteins” [2].
“Generated metabolic compounds play a
significant  protective role against chronic
disorders, including obesity, diabetes, cancer,
cardiovascular disease, and allergies” [3,12,
6,13].

Moreover, fermentation increases the peptides,
amino acids, vitamins, minerals, and antioxidant
contents of food. Nowadays, a wide range of
fermented products is produced and consumed
world-wide.

“Chronic inflammatory diseases are the leading
cause of mortality worldwide” [11]. “Inflammation
is part of the host’s complex defense mechanism.
It is the immune system’s biological response
against different infectious or non-infectious
stimuli. These stimuli may activate inflammatory
signaling pathways such as nuclear factor-kappa
B (NF-kB), mitogen-activated protein kinase
(MAPK), and Janus kinase-signal transducer and
activator of transcription (JAK-STAT) pathways
underlying the pathology of many chronic
diseases” (Shahbazi et al., 2021) [11]. “Exploring
the potential role of natural bioactive components
in preventing and treating chronic inflammatory
disorders such as cancers, obesity, diabetes,
rheumatoid arthritis, atherosclerosis, ischemic
heart disease, and inflammatory bowel disease
(IBD) is now the subject of intense research” [11].
Historically, natural products have been known to
exert significant biological and pharmacological
properties and play a valuable role in drug
discovery and treating many diseases. Due to
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significant anti-infective, antioxidative, anti-
inflammatory, antiangiogenic, and
anticarcinogenic properties [11] many natural
compounds have been applied as preventive and
therapeutic agents against many ailments [11]
“Fermented plant products are highly popular
foods worldwide, and are a rich source of natural
compounds such as probiotics and
phytochemicals with known biological properties”
(Obafemi et al., 2022). Studies have shown that
“polyphenolic compounds found in fermented
products are beneficial in microbiota metabolism
and growth and can inhibit the production of
inflammatory cytokines and suppress
inflammatory responses” [11]. Furthermore,
neutralizing free radicals, regulating antioxidant
enzyme activities, reducing oxidative stress, and
enhancing immune system activity are other
potential mechanisms by which plant-based
fermented foods exert health benefits. In this
review, we will discuss the immunological
impacts of fermented condiments produced from
soybean.

2. MATERIALS AND METHODS
2.1 Sample Collection

This was carried out using the modified method
of Suleiman and Omafe [14]. Soybean seeds
were collected randomly from different shops and
open markets in Eke Awka, Awka South LGA,
Anambra State. Sampling was performed
manually from different bags and basins, such
that soybean seeds were collected from different
parts of the bags and basins. The samples were
aseptically pooled and mixed properly to form a
bowl! and placed in sterile nylon bag, the soybean
seeds were properly labeled and taken to the
laboratory for analysis.

2.2 Transportation

“A sterile polythene bag containing ice blocks
placed inside a cooler was used for the
transportation of the sample. The temperature of
the cooler was carefully checked and adjusted to
28°C -30°C in order to prevent or reduce
microbial shock by reducing the quality of the ice
inside the cooler. The samples were aseptically
arranged inside the cooler without direct contact
with the ice bag. The cooler was covered
properly with packing tape to prevent accidental
opening of the cooler. The cooler was taken to
the laboratory safely for the analysis”
[lheukwumere and lheukwumere,2022].
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2.3 Preparation and Local Fermentation
of the Soybean

“Two hundred and fifty grams (2509g) of cleaned
soybean seeds were weighed using an analytical
weighing balance and steeped in 500ml bucket
of water overnight, after which the seed coat
were removed by rubbing between the palms
and then the chaff were removed using sieve.
The soybean seed were then thoroughly washed
and placed inside cleaned Thaumatococcus
danielli leaves (called “uma” in Igbo and “ewe
eran” in Yoruba) and wrapped properly and then
kept inside 500ml bucket that was well covered
with the lid for fermentation to take place for 7
days at room temperature” [15].

2.4 Processing of the Fermented Soybean

“After the fermentation the fermented soybean
were prepared for culturing and the diluents used
was peptone (BIOTECH) water which was
prepared according to the manufacturers
instruction, then was sterilized by autoclaving
at121°C for 15min at 15psi. Ten grams of the
fermented soybean was aseptically weighed
using analytical weighing balance into a 200 ml
beaker (G.G) and little amount of the diluent was
added and homogenized and then make upto
100 ml, part of these preparations was
transferred into 100 ml beaker (G.G) and boiled
for 10-15 min using a pressure pot” and [15].

2.5 Isolation of the Test Sample

The media used for this isolation includes
Sabourand dextrose agar (SDA), de Man
Rogosa and Sharpe broth (MRS) and Nutrient
agar (BIOTECH). A 0.1ml of  the
preparation/inoculum collected using a sterile
pipette and aseptically plated onto solidified
Sabourand dextrose agar plate (90 mm x 15 mm)
which was prepared according to the
manufacturers instruction and the procedures
described in Cheesbrough (2010) supplemented
with chloramphenicol (0.05%) and spread using
a spreading rod, 0.1 ml of the boiled
preparation/inoculums was collected and plated
unto solidified nutrient agar plate also 1 ml of the
inoculums was collected using sterile pipette and
aseptically inoculated into sterile 100 ml conical
flask (Glassco) containing MRS broth (Oxoid)
which  was prepared according to the
manufacturers instruction and the conical flask
were incubated in a microaerophic environment
(containing candle used to evacuate all traces of
oxygen thereby creating an environment having
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only carbon iv oxide). The incubation was done
for 24 — 72 h at (30+2°C). The SDA and NA

were incubated in an inverted position for
24 h at 35+2°C (for NA) and 30+2°C
(for SDA) in an incubator (STXB128). The

isolates were sub cultured and characterized
appropriately.

2.6 Preparation of Soybean Condiments
2.6.1 Processing of soybean for fermentation

This was carried out using the modified method
of Farinde et al. [16]. One kilogram of soybean
were carefully picked and weighed using
analytical weighing balance and steeped in
200ml bucket of water overnight for fermentation
to take place, after the soybean were dehaulled
by rubbing between the hands to remove seed
coat, after the chaff/seed coat were properly
removed using a clean sieve, the soybean
was then properly washed and placed inside a
beaker and then autoclaved at 121°C for 15 min
at 15psi.

2.6.2 Fermentation process

This was carried out using the modified method
of Hu et al. (2010) and Chukeatirote et al [17].
After autoclaving the soybean, a 100g of
soybean was weighed using analytical weighing
balance and placed inside 6 different
Thaumatococcus danielli leaves (called “uma” in
Igbo and “ewe eran” in Yoruba) which was
properly sterilized using electric oven at 180°C
for 2 h, each of the leaves containing the
soybean were inoculated with the fermenters
prepared and diluted to a turbidity that matched
0.5 MacFarland standard that was
prepared by mixing 0.6mL of 1% BaCl..2H20
and 99.4 mL of 1% Conc. H2SOs4, 10ml of
suspension Bacillus was added and
labeled as “B”, 10ml of suspension of
Lactobacillus was added and labeled as “L’,
10ml of suspension of yeast was added and
labeled as “Y” , consortium of suspensions 5ml of
Bacillus and 5ml of Lactobacillus was added and
labeled as “BL”, consortium of suspensions of
3ml of Bacillus,3ml of Lactobacillus and 4ml of
yeast were added and labeled as “BLY”
consecutively and one of the leaves containing
only soybean was set aside as the control. These
leaves were carefully wrapped. This same
method was repeated using sterile plates. The
wrapped leaves and the plates containing the
soybean were kept at room temperature for
fermentation to take place for 7days.
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2.7 Storage and Packaging

After fermentation, the fermented samples were
aseptically dried using an electric oven at 80°C
for 7days. After drying water activity of the
fermented samples was determined, after which
it was grinded into powder and stored in a sterile
screw capped container for subsequent analysis.
2.8 Immunomodulatory Effects of the
Prepared Condiments

2.8.1 Antigen preparation

This was carried out using the method described
and published by Nfambi et al [18]. Fresh blood
sample was collected from healthy sheep from
NgorOkpala in Imo State, and this was mixed
with sterile Alsever's solution (1:1). The sample
was centrifuged at 2000xg 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.

2.8.2 Experimental protocols for the in vivo
models

A total of 272 albino Wistar rats were used for
this study. The albino Wistar rats were grouped
(16 rats in each based on the number of
condiments (12 condiments), three control
groups (maggi, okpeyi

and normal control), dexamethasone group and
levamisole group making it total of 17 groups.
The experimented rats were sensitized
intraperitoneally with O.1 mL SRBC containing
1x108 cells. The control groups were giving
normal saline (0.85% Nacl), dexamethasone
(200 mg / kg bwt) and levamisole (50 mg/kg bwt),
maggi star (0.5 g/kg bwt), “Okpeyi’(0.5 g/kg) for 7
days, and the remaining groups (test groups)
were fed with the respective condiments (0.5
g/kg) for 7 days. The immunomodulatory activity
of set- up was determined using the parameters
below.

2.8.3 Delayed type hypersensitivity

This was carried out using the modified method
described and published by Anartlhe et al. [19].
On the 7th day prior to injection, right hand
footpad thickness of the albino rats (4 rats of 16
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in each group) were measured with micrometer
screw gauge (MitutoyoDigimatic). Then the rats
were challenged by injecting 20ml of 1% SRBC
into the right hind foot pad. On the 8th and
ot 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

2.8.4 Humoral activity of the condiments

This was carried out using the modified methods
described and published by Anarthe et al [19]
and Nfambi et al 18]. On 7th day before
challenge, blood samples were drawn from retro-
orbital plexus of the rats (4 rats in each group,
mainly those used for the DTH). The blood
samples were centrifuged for 2000xg for 5 min,
and the sera were collected. Two -fold
serial dilution was carried out on each of the
serum (ie 50ul of serum was added in each
microtiter well dilution in order to get up to the
24t well. Then 50ul of 1% SRBC prepared
using normal saline was added into each
well, and the plates were incubated at 37°C for
1h. The reciprocal of the highest dilution that
showed visible agglutination was considered
as the hemagglutination antibody titer (HA units
INL).

2.9 T-Cell Population

This was carried out using the modified method
described and published by Anarthe et al [19].
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 (45°) and incubated at
37°C for 1h. 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.

Then 50 pl of Lymphocyte suspension and 50pl
of SRBC were mixed in each test tube and
incubated at 37°C for 1h. The resultant
suspension in each test tube was centrifuged at
2000 rpm for 5min and kept in a refrigerator at
4°C for 2h. The supernatant was removed and
one drop was placed on clean grease - free slide.
Total Lymphocytes were counted and a
lymphocyte binding with three or more
erythrocytes was considered as rosette and
number of rosettes was counted.
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2.9.1 Carbon clearance assay (phagocytic
activity)

This was carried out using the modified method
described and published by Anarthe et al [19].
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 tailvein) injected with
carbon suspension (1:50 dilution of Indian ink) in
a dose of 0.5ml/100g bwt. Blood samples were
withdrawn from the retro-orbital venous plexus
before injection, at 5min 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% Na2COsz 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)
B t

ODa = Optical density at 0 min

ODt= Optical density at 5 and 15 min

t =time (5 and 15 min)

2.10 Pro-inflammatory and Anti-
inflammatory  Activities of the

Condiments
2.10.1 Malondialdehyde (MDA) Analysis

This was carried out using the method described
in the study published by Mao et al [20]. Test
tubes A contained 1.0mL serum from the
experimented rats, 1.0ml of 17.5% trichoroacetic
acid (TCA), 1.0ml of 0.6% thio barbituric acid
(TBA), and test tubes B contained all the
reagents as contained in test tubes A but
contained distilled water in place of serum. The
test tubes were mixed well and incubated in
water bath at 100°C for 15min. these were
allowed to cool, then the test tubes were also
allowed to stand at room temperature for 20min.
the test tubes were centrifuged at 2000 rpm for
15 min and then the supernatants were collected
in cuvette and the absorbance’s were read at
534nm using UV-visible spectrophotometer.

A B
MDA(Nmol/ml) = TxlOOO

Where AT = Absorbance value of the test serum
AB = Absorbance value of the blank
156mm1CM-1 = Extinction coefficient of MDA-
TBA abduct at 534nm
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3. RESULTS

3.1 Delayed Type Hypersensitivity (DTH)
Response for the Prepared
Condiments

The study recorded pronounced activity of
delayed type hypersensitivity (DTH) response
from those samples collected from the rats fed
with the condiments as shown in Table 1. The
maximum (DTH) response after 24 h were
recorded majorly on those samples collected
from the rats fed with condiments prepared
majorly with Lev, BLYL, BLYP and BL, followed
by LL, BLL, BP and LP and least was seen
among those fed with Dex. Then the maximum
(DTH) response after 48 h were recorded majorly
on those samples collected from the rats fed with
condiments prepared majorly with Lev, BL, BLYL
and BLYP, followed by LL and BLL, and least
was seen among those fed with Dex. After 24 h
Delayed type hypersensitivity (DTH) response
generated from Lev, BLYL, BLYP, BL, LL, BLL,
BP, LP, okpeyi, CP, YP, BLP  were significantly
(p<0.05) higher than that of Dex. After 48 h
Delayed type hypersensitivity (DTH) response
generated from Lev, BL, BLYL, BLYP, LL, BLL,

LP, BP, okpeyi, CP, BLP and CL were
significantly  (p<0.05) higher than that of
Dex.

Table 1. Delayed type hypersensitivity (DTH)
response for the prepared condiments

Treatment Dose DTH
(mg/g) Response
24h 48h

Bp 100 7.00+0.00 6.00+0.00
BL 100 8.33+0.47 7.67+0.57
Lp 100 7.00+0.00 6.33+0.47
LL 100 7.67+0.57 7.00+0.00
Yp 100 6.00+0.00 5.00+0.00
BLP 100 6.00+0.00 5.33+0.47
BLL 100 7.67+0.00 7.00+0.00
BLYP 100 8.33+0.47 7.33+0.47
BLYL 100 8.67+0.00 7.67+0.57
Maggi 100 6.00+0.00 5.00+0.00
Okpeyi 100 6.67+0.57 6.00+0.00
CP 100 6.67+0.57 6.00+0.00
CL 100 6.00+0.00 5.00+0.00
Dex 200 4.00+£0.00 3.33+0.47
Lev 50 9.00+0.00 8.00+0.00
Control - 5.00+0.00 4.00+0.00

Dex = Dexamethasone ; Lev=Levamisole
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3.2 Effect of the Condiments on the
Humoral Response to SRBC in Albino
Rats

The study showed significant mean antibody titre
with the maximum and minimum activities of 512
and 128 HA unit/NL respectively for the prepared
condiments (Table 2). The humeral response
was seen most among the samples collected
from those rats fed with condiments prepared
with BLYL; BLYP and Lev, followed by BL and
BLL and least were seen among those fed with
maggi. The humoral response elicited from BLYL,
BLYP, BLP, BLL, BL, BP, LP, LL, YP and YL
were significantly (p<0.05) higher than that of
control group and Dex. Also the humoral
response elicited by Bp, BL, LP, LL, YP, BLP,
BLL, BLYP and BLYL were significantly (P<0.05)
higher than that of CP, CL and Okpeyi.

Table 2. Effect of the condiments on the
humoral response to SRBC in albino rats

Treatment Dose Antibody Titre
(ma/g) (HA units/UL

Mean Max
Bp 100 213.33 256
BL 100 341.33 512
Lp 100 213.33 256
LL 100 213.33 256
Yp 100 170.67 256
YL 100 85.33 128
BLP 100 213.33 256
BLL 100 341.33 512
BLYP 100 426.67 512
BLYL 100 426.67 512
Maggi 100 26.67 32
Okpeyi 100 85.33 128
CP 100 85.33 128
CL 100 85.33 128
Dex 200 21.33 32
Lev 50 426.67 512
Control - 26.67 32

Dex=Dexamethasone; Lev=Levamisole

3.3Lymphocyte Population Associated
With the Rats Fed With Prepared
Condiments

The study recorded significant number of
lymphocytes from those samples collected from
the rats fed with the condiments as shown in
Table 3. The maximum lymphocyte counts were
recorded majorly on those samples collected
from the rats fed with condiments prepared
majorly with BLYL and BLYP. The lymphocyte
counts recorded from BLYL, BLYP, BL, LL, BLP
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and BLL were significantly (p<0.05) higher than
that of the control group, maggi, okpeyi, CP and
CL. Generally, the lymphocyte counts from the
samples drawn from those rats fed with the
prepared condiments were higher than that of CP,
CL and maggi, but the counts recorded from
okpeyi were higher than that of YP and YL. Also
the counts recorded from BLYL, BLYP and BLL
were slightly higher than that of Lev, but there
were statistically non-significant (p>0.05).

Table 3. Lymphocyte Population associated
with the rats fed with the prepared

condiments
Treatment Dose Mean lymphocytes
(mg/g)

Bp 100 194.16+1.58
BL 100 264.38+1.22
Lp 100 198.52+1.39
LL 100 209.41+1.64
Yp 100 176.48+1.91
Yl 100 182.06+1.23
BLP 100 248.91+2.03
BLL 100 271.08+1.96
BLYP 100 271.12+1.83
BLYL 100 278.31+2.11
Maggi 100 154.28+1.62
Okpeyi 100 199.23+1.68
CP 100 154.21+2.12
CL 100 157.16+1.72
Dex 200 122.46+1.32
Lev 50 269.96+2.01
Control - 149.14+1.82

Dex = Dexamethasone; Lev = Levamisole

3.4 Mean Rosettes Counts of the Blood
Samples Collected From Rats with the
Condiments

The study showed elevations in rosettes counts
from the blood samples drawn from the rats fed
with the prepared condiments as shown in Table
4. The counts were higher for BP, BL, LP, LP,
BLP, BLL, BLYP, BLYP, CP, CL and Lev when
compared with the control group, and
statistically significant (P<0.05) for BLYP and
BLYL. Also BP, BL, LP, LL, BLP, BLL, BLYP
and BLYL  were higher than that of maggi,
opei, CP and CL, and statistically significant
(P<0.05) forBLYP and BLYL. The rosettes
counts for BLYL and BLYP were slightly
lower than those group administered Lev,
and these were  statistically non-significant
(P>0.05).
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3.5 Phagocytic Indices of the Prepared
Condiments in the Experimented Rats

The studied condiments were able to elicit
significant activities of phagocytes as shown in
Table 5. Phagocytic indices of the samples
drawn from the experimented rats fed with the
prepared condiments were higher than those
drawn from the normal control group, CP, CL,
Maggi and Dex, and this was statistically
significant (P<0.05) for BLP, BLL, BL, BLYP and
BLYL. It was also observed that the phagocytic
index of the sample drawn from rats fed with
“okpeyi” was similar to that from YP and YL. The
phagocytic indices were recorded most among
the samples drawn from the rats majorly fed with
BLL, BLYP and BLYL. Also the phagocytic
indices of Lev is slightly higher than that of BLL
and BLYP but slightly lower than that of BLYL,
and these values were statistically non-significant
(P<0.05).

Table 4. Mean rosettes counts of the blood
samples collected from rats fed with the

condiments
Treatment Dose Mean Rosette
(ma/g) Count

Bp 100 17.00+0.00
BL 100 23.33+0.47
Lp 100 19.47+0.57
LL 100 19.33+0.47
Yp 100 13.00+0.00
YL 100 14.00+0.00
BLP 100 21.33+0.47
BLL 100 23.00+0.00
BLYP 100 26.00+0.00
BLYL 100 27.33+0.47
Maggi 100 15.00+0.00
Okpeyi 100 15.67+0.57
CP 100 16.00+0.00
CL 100 16.33+0.47
Dex 200 8.00+0.00
Lev 50 28.00+0.00
Control - 14.33+0.47

Dex = Dexamethasone ; Lev=Levamisole

Anti-
the

3.6 Pro Inflammatory and
Inflammatory  Activities
Condiments

of

3.6.1 Malondialdehyde (MDA) values from
serum samples of experimented rats

The study revealed that the studied condiments
were able to produce normal and significant level
of MDA (Table 6).
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The values of MDA significantly (P<0.05)
increased in every 1 week interval but
decelerated after two weeks of the experiment.
The concentration of MDA was moderately
higher than that of control on those experimented
rats fed with condiments prepared using BP, BL,
LP. LL, BLP, BLL, BLYP and BLYL whereas
deviation from normal increase were notably
Observed among those rats fed with mostly
maggi. The MDA value is a biomarker for
oxidative stress, activation of free radicals and
inflammatory processes. The study revealed a
significant (P<0.05) normal increase in the level
of MDA among those rats fed with the
condiments with deviation from normal increase
among those rat fed with maggi. Also the
increase in MDA values among those rats fed
with condiments prepared with Lp, LL, BLP, BLL,
BLYP and BLYL were more safe when compared
with normal control rats (i.e. those rats that were
not giving the condiments but also giving distilled
water).

4. DISCUSSION

The significant increase in the delayed type
hypersensitivity (DTH), antibody titer, population
of lymphocytes, mean rosettes counts and
phagocytic indices of the rats and samples drawn
from the rats fed with prepared condiments
indicate immunostimulatory activities of the
condiments and these agree with the findings of
Dashputre and Naikwode [21] Yapo et al [22]
Sumalatha et al [23] Tripathiet al [24] Anarthe et
al [19] Ramesh et al [25] and Obi et al [26] but
disagrees with the findings of Ahirwal et al. (2013)
and John et al [27].

Anarthe et al [19] reported that DTH involved
initial sensitization phase and effecter phase. In
initial sensitization phase TH?! cells are activated
and clonally expand by antigen presenting cell
APC) with class Il MHC molecule. In effecter
phase subsequent exposure to the SRBC
antigen induces DTH response, where TH! cells
secrete a variety of cytokines and other non-
specific inflammatory mediators. The above
explanation was also made by Dashpute and
Naikwode [21] and Tripathi et al. [24].

Table 5. Phagocytic indices of the prepared
condiments in the experimented rats

Treatment Dose (mg/lg) Phagocytic Index
Bp 100 0.068+0.002
BL 100 0.081+0.003
Lp 100 0.071+0.001
LL 100 0.074+0.002
Yp 100 0.058+0.001
Yl 100 0.061+0.002
BLP 100 0.077+0.001
BLL 100 0.082+0.003
BLYP 100 0.084+0.001
BLYL 100 0.086+0.003
Maggi 100 0.049+0.001
Okpeyi 100 0.058+0.001
CP 100 0.051+0.001
CL 100 0.053+0.002
Dex 200 0.032+0.001
Lev 50 0.085+0.001
Control - 0.048+0.001°

Dex=Dexamethasone; Lev=Levamisole

Table 6. Pro Inflammatory and anti-inflammatory activities of the prepared condiments via the
effect on the production of malondialdehyde (MDA)

Sample Week 1 Week 2 Week 3
ABS Conc (NM/ml) ABS Conc (Nm/ml) ABS Conc (NM/ml)
Bp 0.0075 0.048 0.0094 0.060 0.0097 0.062
Bl 0.0081 0.051 0.0104 0.067 0.0108 0.069
Lp 0.0058 0.037 0.0081 0.052 0.0084 0.054
LL 0.0066 0.042 0.0086 0.055 0.0090 0.058
Yp 0.0088 0.056 0.0101 0.065 0.0112 0.072
YI 0.0092 0.059 0.0112 0.072 0.0114 0.073
BLP 0.0048 0.031 0.0075 0.048 0.0080 0.051
BLL 0.0054 0.035 0.0080 0.051 0.0084 0.054
BLYP 0.0037 0.024 0.0059 0.038 0.0062 0.040
BLYL 0.0044 0.028 0.0066 0.042 0.0067 0.043
Cp 0.0098 0.063 0.0111 0.071 0.0114 0.073
CL 0.0102 0.065 0.0115 0.074 0.0119 0.076
Maggi 0.0154 0.099 0.0178 0.114 0.0243 0.156
Okpei 0.0109 0.070 0.0120 0.077 0.0126 0.081
Control 0.0031  0.020 0.0037 0.024 0.0036 0.023
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The significant increase in antibody titer is an
indication that antibody production to T-
dependent antigen SRBC requires cooperation of
T and B lymphocytes and macrophages and
these evolved immunostimulation through
humoral immunity. Similar deduction was made
by Anarthe et al [19] In the present study, the
condiments were able to influence the roles of
immunoglobulins in order to activate pre B cells
and dendritic cells, and these result produce
antibodies. Thus the titer values against SRBC
increases. Similar observation was reported by
Anarthe et al [19].

The increase in the lymphocyte population and
rosette formation in the present study supported
the findings of Yapo et al [22] Anarthe et al 19]
and Obi et al [26] but disagrees with the findings
of Johnson et al., (2017).[27] This increase is an
indication of cell mediated immunity. Also the
condiments have the capability to activate CD 4
and CDS8 cells and this influences the population
of T cells. Similar report was presented by
Anarthe et al [19].

The significant increase in the phagocytic indices
of the samples drawn from the rats fed with the
condiments could be attributed to the ability of
the condiments to stimulate the reticulo
endothelial system (R.E.S). Anarthe et al. [19]
reported that the rate of removal of carbon
particles by the reticulo endothelial system (liver,
spleen), from the blood stream is a measure of
R.E.S. phagocytic activity.

Malondialdehyde (MDA) is one of the final
products of poly unsaturated fatty acids
perioxidation in the cells. An increase in free
radicals causes over production of MDA.
Raghavan et al [28] reported that MDA was
produced due to poly unsaturated lipid
peroxidation and this induces pro-inflammatory
activities and thus increases the population of
lymphocytes as the level of IL-6, IL-8 and IL25
increases. In the present study, there was
increased in blood MDA, and this could be due to
degradation of nuclear factor NF-kB subunit due
to reactive oxygen species (ROS), thus allows
the promotion of the expression of genes that
could lead to pro-oxidant and inflammation.

The increase in the lymphocytes and red blood
cells (RBCs) associated with the present study
supported the findings of Yapo et al [22]
Sumalatha et al [23] Anarthe et al [19] and Obi et
al. (2019) but disagree with the findings of
Johnson et al. (2017). Variations in the values of
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immune cells/blood cells observed in the present
study could be attributed to the variation in the
ability of the condiments to argument the
hematopoietic processes in the cells of the
experimented rats [29-32].

5. CONCLUSION

This study has shown that condiment produced
from fermentation of soybean using indigenous
Bacillus subtilis strain 168 (B), Lactobacillus
plantarum strain ZS2058 (L) and Saccharomyces
cerevisiae strain YIJM555 (Y) were safe and the
blood samples drawn from rats fed with the
condiments showed elevation in T cell population,
phagocytic indices, total lymphocytes,
malondialdehyde value and pronounced activity
DTH. Therefore condiments produced from
fermentation of soybean using indigenous B, L, Y,
BL and BLY are recommended as this would
enhance its immunological impact and also safe,
and those fermented in plastic plates using BLY
were most efficient, preferable and acceptable.
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