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Abstract

The Upper Cretaceous (Maastrichtian) Araromi Shale formation in the
Nigeria sector of the Dahomey basin has been investigated for its
petroleum generation potential. From three exploratory wells, Araromi,
Bode Ashe and Gbekebo in the eastern end (west of Niger Delta), source
rock potential has been evaluated for over one hundred (100) drill core and
ditch cutting samples. The investigated shallow marine shale facies have
Total Organic Carbon (TOC) value range of 0.50-4.78wt% and Hydrogen
Index (HI) value range of 1-327mgHC/gTOC with the maceral
composition of liptinite (av. 26.0%) and abundance of vitrinite (av. 38.1%)
plus inertinite (av. 35.9%) in all the samples investigated. Vitrinite
reflectance values vary from 0.51-0.68%R,. The Tmax Values vary from
398°C-437°C and the kerogen Types include type II, 1I/I11, 111, and IV in
all the samples. The Source Potential (SP) values range from 0.01-
14.56kgHC/ton of rock. Biomarker analysis of the shale samples generally
reveal a bimodal n-alkane envelope with maxima between (nCys and nCig)
and (nC,7 and nCyg) suggesting that the source organic matter were derived
from a variable mixture of algae and higher plant materials with q relative
higher input from marine algae as reveal by the presence of the Cszy 24-n-
propyl cholestane (%Cs sterane range from 0.45 to as high as 5.23%).
The presence of organic matter of marine algae (%C,; sterane av. 52% and
positive detection of Csp sedimentary n-propyl cholestane av. 3.7%)
suggest that the control on the HI as an indication of source rock quality in
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varying level of organic matter preservation. The source rocks have
predominantly gas prone with lesser oil prone organic matter ranging from
immature to marginally mature at shallow levels but reaching proven
mature levels in the subsurface. Hydrocarbons in the basin would be
predominantly gas dominated, generated from deeper Cretaceous source
rock (marine shale) in the subsurface levels with greater chances of heavy
oils and tars at shallow levels.

Keywords: Total Organic Carbon, Biomarker analysis, Hydrocarbons
Introduction

The search for hydrocarbons in the Cretaceous source rocks in the
Nigerian in land sedimentary basins has been a major task for many
decades now. The efforts were to bust the oil and gas exploration and
production activities and also adequately tap the natural resources in the
country. Geoscience research in the aspects of hydrocarbon search in the
Nigeria sector of the Dahomey basin has been so few for many years. In
the last decade, there have been considerable interest and geosciences
researches in the aspects of hydrocarbon search in the basin. Recent
exploration and prospect re-evaluation efforts in the Nigeria segment of
the basin have been encouraged following oil discovery and production in
the neighboring Benin republic sector west of the basin and the social
unrest in the prolific Niger Delta, east of the basin.

The Dahomey basin is an extensive sedimentary basin in the Gulf of
Guinea. It extends from southeastern Ghana through Togo and Benin
Republic on the west side to the Okitipupa ridge/Benin Hinge line on the
west of Niger Delta. Shale samples (drill cores and ditch cuttings) for this
study came from the Araromi and Gbekebo wells drilled in the eastern part
of the Dahomey basin, southwestern Nigeria (Fig. 1). The drill core
samples were collected from Geological Survey of Nigeria Agency
(GSNA), Kaduna main office. This work is to contribute to the
geosciences research and data generation activity by assessing and
documenting the organic geochemical parameters and hydrocarbon
generation potential of the Araromi shales in the Nigeria sector of the
Dahomey basin. This paper will also throw more light on the possibility of
Cretaceous sourced oil in the overlying prolific Tertiary Niger Delta which
is at the eastern side of the basin.
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Figure 1

Fig. 1: Map showing the sedimentary basins of Nigeria. The arrow points
to thelocation of the Dahomey Basin on the western margin of the Niger
Delta. The map to the right is an enlarged outline geological map of
Dahomey basin showing the location of the Araromi and Ghbekebo wells
(red ring) on the eastern margin of Dahomey (west of the Niger Delta).
Map modified after Adekeye et al. (2006).

Geological setting

The break-up of the Gondwanaland as a result of “continental drift” led to
the subsequent opening of the South Atlantic Ocean during the Mesozoic
Era (Stoney, 1995; Mpanda, 1997). This event is also connected to the
evolution of the Dahomey Basin. Several hypotheses have been developed
as to the origin and evolution of the basin. The rift hypothesis is widely
supported, on the basis of several salient features characterising the basin.

During the rifting stage in the Lower Jurassic — Early Cretaceous,
there was basement fracturing and initial separation between the African
and South American plates. At this time, several marginal basins
developed consequent to block faulting, fragmentation and subsidence on
the central Paleozoic basement rock (Asmus and Ponte, 1973; Ojeda,
1982; Omatsola and Adegoke, 1981). The early movements were in the
Early Cretaceous when there was transcurrent movements on the oceanic
fracture systems especially the Romanche, Chain and Charcot fractures
during the drifting stages of separation of South America from Africa in
the Campanian to Tertiary times. Consequent to the opening of the South
Atlantic Ocean, there was landward extensional and transtensional

3
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movement (drift stage) during the Upper Cretaceous to Tertiary.
Horizontal movements along the oceanic fracture zones were translated to
vertical movements leading to block faulting and subsequent development
of horsts and grabens (Omatsola and Adegoke, 1981).

Adediran and Adegoke, 1987 proposed a four stage evolutionary model
for the Gulf of Guinea basin (Dahomey Basin inclusive); as follows:

Stage 1 — The deposition of thick clastic sediments mostly immature
sandstones and fresh water shales in the intracratonic basin.

Stage 2 — Reworked sands and silts intercalated with shales of fluviatile —
lacustrine origin deposited within the grabens during a period of tectonic
activity, erosion and sedimentation.

Stage 3 — Paralic sequence (in the northern basins) and evaporitic deposits
(in the southern basins) marking the beginning of marine incursion into
the basin after the separation of South America from Africa.

Stage 4 — Marine sediments rich in fauna and flora marking the final stage
of the development of the Gulf of Guinea basins.

The stratigraphic setting of the Dahomey Basin has been described in
detail in the works of Adegoke, 1969; Ogbe, 1970; Kogbe, 1974; Billman,
1976; Omatsola and Adegoke, 1981; Ako et al., 1980; Okosun, 1990;
Adekeye, 2005 and Adekeye et al., 2006. These authors reported five
lithostratigraphic formations covering the Cretaceous to Tertiary ages. The
formations from the oldest to the youngest include: Abeokuta Group
comprises of Ise, Afowo and Araromi formations (Cretaceous), Ewekoro
Formation (Paleocene), Akinbo Formation (Late Paleocene-Early Eocene),
Oshosun Formation (Eocene) and llaro Formation (Eocene) Fig.2.
Substantial amount of sediments were deposited in fault-controlled
depressions in the Dahomey Basin during the Late Cretaceous. Post
Santonian marine transgression accompanied the subsidence and drowning
of continental margins, which brought about the deposition of very thick
sequence of continental grits and pebbly sands over the entire basin
(Lehner and Ruiter, 1977). In some places, mudstones and shales with thin
limestone beds were formed. This lithostratigraphic formation is referred
to as Abeokuta Group comprising Ise, Afowo and Araromi formations
(Omatsola and Adegoke, 1981). A continuation of the marine
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transgression during the Paleocene led to the deposition of shallow marine
limestones of the Ewekoro Formation and the shales of the Akinbo
Formation (Ogbe, 1970; Okosun, 1990). On top of the Paleocene sequence
is the Eocene shales of the Oshosun Formation and the sandstones of the
Ilaro Formation (Okosun, 1990; Idowu et al., 1993).

AGE FORMATION LITHOLOGY
Omatsola and
Ako et al.. 1980 Adegoke. 1981
ILARO FM ILARO FM SANDSTONE
EOCENE
> OSHOSUN FM
= OSHOSUN FM SHALE
= AKINBO FM | AKINBO FM
e
~ PALEOCENE| gEwWEKORO FM EWEKORO FM |LIMESTONE
5
» 3 SHALE
S MAASTRICHTIAN ABEOKUTA FM g ARAROMI FM
8 £ | AFOWO FM |SANDSTONE
= TURONIAN 2 LAND SHALE
w o o
% BARREMIAN o ISE FM  [SANDSTONE

Fig. 2: Generalised stratigraphic setting of the Dahomey Basin in the
southwestern Nigeria (modified and redrawn from Idowu et al., 1993)

Materials and methods
Hydrocarbon Source Rock Potential

Representative core samples of the Late Cretaceous Araromi Formation in
the Dahomey Basin, SW Nigeria were collected from the Araromi and
Gbekebo wells (Fig. 1) drilled on the eastern margin of the basin where it
shares a border with the western Niger Delta. The samples were analysed
for their total organic carbon content (TOC) and hydrocarbon source
quality by Rock-Eval Pyrolysis using standard experimental techniques.
Bitumen extracts from selected organic rich source rock samples were
analysed for their biomarker and stable carbon isotope composition of n-
alkanes using the GC, GC-MS and GC-MS-MS techniques described
below.

Selected shale samples were crushed to less than 2mm and impregnated in
epoxy for qualitative reflected light microscopy. Where organic
constituents are sparse, kerogen concentrates were prepared, mounted and
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polished. Organic petrology studies were carried out on a Reichert Jung
Polyvar Photomicroscope equipped with halogen and HBO lampa, a
photomultiplier and computer unit at the Zentraleinrichtung fur
Elektronemikroskopie (ZELMI), Technische Universitat Berlin, Germany.
Mean random reflectance of vitrinite in oil (R,%, cf. Bustin et al., 1983)
was calculated from the reflectance of at least 30 grains of vitrinite
measured in random orientation using monochromatic (546nm) non-
polarised light in conjunction with a x40 oil immersion objective.
Calibration of the microscope photometer was achieved using standards of
known reflectance (1.23 and 3.16%). Measured R, values of reflectance
standards confirmed the photomultiplier to be consistently linear within
the range of the measurements. Data collection and evaluation were done
using the coal programme by Reichert Jung and macerals were identified
through the use of white light and blue light excitation at 546 and 460nm
respectively. The mean reflectance as compared to the median or modal
reflectance appear to be an adequate measure of thermal maturity in this
study (Tissot and Welte, 1984; Pollastro and Barker, 1986).

The rock Eval pyrolysis was carried out at the Organic Geochemistry
Laboratory of the Department of Mineralogy, Geochemistry and
Petrology, University of Szeged, Hungary following the standard
procedure of Rock Eval pyrolysis experimentation on Rock Eval Il
machine. The Rock-Eval Il pyroanalyses has the ability of measuring the
total organic organic carbon (TOC) content on the pulverized samples at
elevated temperatures of ca. 600°C (Espitalie et al., 1977). Pyrolysis of 10-
40mg of samples at 300°C for 4mins was followed by programmed
pyrolysis at 25°C/min to 550°C in an atmosphere of helium.

Biomarker

Gas chromatography was performed on the saturated hydrocarbon
fractions in order to obtain n-alkane and isoprenoid data as well as to
determine sample concentration and complexity before GC-MS and gas
chromatography-isotope ratio mass spectrometry (GC-IRMS) analyses.
An HP 5890 series Il gas chromatograph equipped with an HP-5 coated
capillary column (60m x 0.25mm, 0.25um film thickness) was used. The
GC oven was initially set at 50°C for 2 min. and then the temperature was
ramped from 50°C at 4°C/min to 300°C and held at final temperature for
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20 minutes with hydrogen as the carrier gas (flow rate approx 2ml/min and
initial pressure of 100kPa).

Gas  chromatography-mass  spectrometry  (GC-MS) and gas
chromatography-mass spectrometry-mass spectrometry (GC-MS-MS)
analyses of saturated hydrocarbon fractions were performed on a Varian
CP3800 GC split/splitless injector (280C) linked to a Varian 1200 triple
quadrupole mass spectrometer (electron voltage 70eV, filament current
50uA, source temperature 230°C, quad temperature 40°C, multiplier
voltage 1400V, interface temperature 300°C). After addition of 5p-
cholane internal standard, the samples were analysed in scan mode (50-
550 amu/sec) or selected ion monitoring mode (SIM) for 30 ions (dwell
35ms per ion) or in MS-MS mode where up to 8 parent/daughter
transitions could be monitored, using argon as the collision gas at a
pressure of 2mTorr and with a collision energy of -10ev. The sample
(2pD) in dichloromethane was injected by a Varian CP8400 autosampler
and the split opened after 1 minute. Separation was performed on a fused
silica capillary column (60m x 0.32mm i.d) coated with 0.25um
methylsilicone (HP-1). The GC was temperature programmed over 3
ramps from 4°C-300'C ( 40°C-75C at 10 C/ min, held for 1min at 175C,
followed by 175°C-225 "C at 6 C/min and held for 1 min at 225 C, and
225-300 at 4 ‘C/min) and was held at final temperature for 20 minutes
with helium as the carrier gas (flow approx 1ml/min, initial pressure of
30kPa, split at 30 mls/min).

Results, Interpretations and Discussions
Organic Matter Richness

The quantity of organic matter (OM) in a rock is a direct measure of the
Total Organic Carbon content (TOC). The analysed Araromi shale
samples have a value range of 0.5-4.78wt% (Tables 1 and 2), which
indicates variable source rock organic carbon quality from poor to
excellent. There is an overall trend of increasing TOC values down the
well (Fig. 3) suggesting better source rock quality in deeply buried
intervals. Most of the samples have TOC >0.5wt% which is the minimum
threshold value for hydrocarbon generation in siliciclastic source rock
(Tissot and Welte, 1978, Hedberg et al., 1979). The TOC values suggest
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that Araromi shales have adequate organic matter constituents for
hydrocarbon generation.

Hydrogen Index (HI)

The hydrogen index (HI) values vary from 1-327mgHC/gTOC (Tables 1
and 2) thus, suggesting source rock quality that spans from non-source
potential through to gas/oil and oil generating potentials. In general, the
OM is considered to be a mixture of Type Il and Type Il and a downhole
profile of increasing HI concomitant with the TOC trend is apparent in the
well logs. Deeper sections of the formation seem to be more organic rich
and thus presumably have greater potential to generate liquid hydrocarbon.
Additionally as shown in Fig. 3, two organic rich intervals (A and B) are
obvious from the geochemical log and some core samples within the
interval B contain HI values as high as 327mgHC/gTOC suggesting that
more organic rich sections in the deep offshore equivalent of the strata
may have greater potential to generate liquid petroleum.

Samples with HI value range of 1-45mgHC/gTOC having kerogen Type
IV indicate a highly reworked terrestrially derived OM perhaps in a highly
oxic depositional environment. They form inert source which have no
potential for hydrocarbon generation. The samples with HI values of 45-
132mgHC/gTOC with kerogen Type Il suggest woody or herbaceous
organic matter origin having gas prone characteristics. Those samples with
in the range of 151-327mgHC/gTOC consisting of kerogen Type Il and
Type 11/111 usually at the basal part of the wells contain oil and mixture of
oil and gas prone kerogens.
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Table 1: Rock Eval pyrolysis data of the Araromi (Maastrichtian) and Imo
(Paleocene) formations in the Araromi borehole.

8 Dept | Locati | Form | Sl(m | 82 SP [ Tass | FI | %E. | TO | Hifm | Kero
ample [h on a eHC | (me (ke/ C gHC | gen
Numbe | (m} ton | g HCe | B wite | g Type
r rock) | rock) rock)
Ar-df | 256, | Ararg | Ime | 019 | 044 [ 083 | 417 |03 |- 0.75 | 38 I
03 mi Shale 1
EBH
Ar-33 (277, | Ararg | Ime | 016 | 038 [ 034399 |03 (045 ) 0483 (40 I
37 m Shale 0
EBH
Ar-60 (298, | Ararg | Ime | 009 | 009 [018 ) 427 |05 [ 06403923 nd
70 m Shale 0
EH
Ar-68 329 | Arag | Ime (007 | 009 [ 016|391 |04 |- 034 | 26 nd
18 m Shale 4
EH
ArT4 | 3500 | Aparp [ Ime | 009 | 013 (022 (399 |04 | 0355|0350 28 IV
52 m Shale 1
EH
ArBl (5371 [ Amrp |Ime 009 | 035 | 044 | 420 |02 | 055|058 | 60 m
86 m Shale 0
EBH
Ar-28 (393 A |Ime | 008 | 031 039 419 |02 |- 074 | 41 v
19 Shale 1
EBH
Ar01 | 405 | Ararg | Agarg | 0.02 | 0.01 003 1403 |10 | 0510651 IV
3B |m i
EH FM
Ar Q7 | 435 | Ararp | Agarg | 005 | 010 [ 015 (419 |03 |- 061 | 15 IV
36 m m G
BH FM
Ar-100 | 454, | Ararg | Ararg | 005 | 010 [ 015 ) 412 (03 |- 07513 IV
44 m m G
BH FM
Ar-105 | 463, | Ararg | Ararg | 004 | 005 [ 009 | 410 |05 |- 066 | 7 IV
24 mi mi 0
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BH | FM
Br 110 | 475. | Amarg | Ararg | 017 | 085 | 112 | 424 |01 |- | 160 |56 |II
£ |m wi 5
BH |FM
Ar-114 | 487. | Ararg | Araro, | 011 | 057 | 068 | 428 |01 |- | 105 |54 |
68 |m w §
BH |FM
Ar 110 | 495. | Amarg | Amarg | 015 | 075 | 0.87 [422 |01 |- | 177 |40 | IV
0 |m m 7
BH |FM
Ar-124 | 505. | Ararg | Araro, | 0.18 | 054 | 072 | 420 |02 |- | 119 |45 |
% |m w 5
BH |FM
Ar132 | 518, | Amarg | Amarg | 008 | 026 | 034 [408 |02 |- |102|25 | IV
16 |m m 4
BH |FM
Ar 130 | 530. | Amarg | Ararg | 008 | 018 | 026 | 411 |03 | 051|101 |17 | IV
2 |m Wi 1
BH |FM
Ar-143 | 557. | Ararg | Aram | 021 | 310 | 331 | 423 |00 | 0.66 | 2.05 | 151 | LI
78 ; W §
BH |[FM
Ar 148 | 566. | Amarg | Ararg | 028 | 518 | 546 | 424 |00 |- | 275|188 | I
93 |m w 5
BH |[FM
Ar-151 | 572, | Ararg | Aramg | 052 | 3.70 | 422 | 426 |01 |- | 1.83 | 202 | LI
72 |m w 2
BH |[FM

10
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Table 2. Bulk geochemical and selected biomarker parameters for the
analysed Araromi shale from Gbekebo well in Dahomey Basin

Sample TOC
P Depth Tous

Number () (we%6) S1 82 () HI PI PyPh %C27 %CI8 0C20 %C30 OL C298/5+R

GB 304 27357 030 000 001 43000 200 000
GB305 2739 043 012 036 42500 5714 023
GB306 27388 102 014 0351 42500 350.00 022
GB307 2772 101 013 048 43200 4732 021 106 3694 23535 3706 045 000 0.23
GE 309 27883 049 003 024 42300 3478 017

GEB310 27984 091 004 034 43000 3736 011 128 4528 2662 28.09 000 000 0.18
GB311 28017 099 006 0355 43000 35536 0.10

GB312 28182 095 008 041 42300 4316 0.16

GB 313 28248 100 028 042 43200 4200 040

GB314 28281 068 012 044 43500 6471 021 078 2410 4181 3277 132 000 0.

[}
Lh

GB315 28314 091 007 036 43500 3936 016 093 2362 3530 3888 200 006 031
GB316 28347 076 006 021 43700 2763 022
GB 318 283%F 032 006 030 43100 3639 017 118 2216 3974 3639 131 000 0.26
GB320 28677 124 006 013 42200 1210 029
GB323 28974 167 012 129 43300 7725 0.09

GB324 2904 170 006 0.83 43200 4882 007 L 3195 4115 2420 261 000 031

=]
[

GB325 29106 187 027 301 42700 16096 0.08

GB326 29172 213 018 325 43000 24648 0.03 3820 3847 2083 230 000 0.26
GB327 28203 212 017 301 42700 14198 0.03
GB 402 29634 197 021 139 43200 7036 0.13 3139 3100 3331 411 023
GB 421 31449 166 028 042 41500 2530 040
GB 430 33198 224 031 301 43300 22366 0.06 113 3368 3820 2509 302 020 029
GB 431 33231 232 032 644 43200 25356 0.03
GB 43 3333 478 081 1375 43400 287.66 0.06
GB 435 33363 333 073 1030 431.00 30931 007 202 3015 3074 3389 323 021 0.16

GB 436 33429 3.

=
[
K=}
—
[
oo
ca

426.00 32707 009 139 3781 3323 2673 113 012 047

GB 460 33726 1354 031 109 43400 7078 022 096 3420 3336 2900 324 009 0.19

HI = Hydrogen index (100*S2/TOC). FI = production Index 51/(S1+52). Py/Ph = pristane/phytane. % C27-C30 = % individual C27-
C30 aoo sterane to sum of C27-29 aaa regular steranes. OL = 18a(H) + 13F(H) oleanane/Can 17e(H).215(H)- Hopang. C29 3/5+R=
ratio of JofH), 140/H). 21 w(H) - steranes (208/5+R) thermal maturity parameter.
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Figure 3: Geochemical log of the Gbekebo well. Two organic rich
intervals are apparent (A and B). Only one sample within the interval A
contains oleanane whereas most samples in the interval B contain
oleanane, with oleanane index values as high as 0.21, despite the high
marine algal biomarker composition of interval B.

Thermal Maturation

The thermal maturation (Tmax) measured from the Rock Eval pyrolysis
varies from 398°C to 437°C while the vitrinite reflectance values vary
from 0.50 to 0.68%R,. These values suggest that the source rocks are
thermally immature to marginally mature for hydrocarbon generation. The
plots of Rock Eval Tma against hydrogen index also show thermally
immature to early mature source rocks with respect to hydrocarbon
generation and dominance of a mixture of oil prone Type Il and gas prone
Type 111 kerogens (Fig. 4).
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Figure 4: Plot of Rock-Eval HI against Tmax indicating the kerogen types
and their respective hydrocarbon potentials in the analysed Araromi
Formation sediments. Overlay field after Integrated Geochemical
Interpretations Ltd P: IGI 2.7 geochemical interpretation software.

Source Potential

The source potential (SP) values vary from 0.01-14.56kgHC/ton of rock
(Tables 1 and 2). The SP values are generally lower than the 2kgHC/ton of
rock expected for good source rock (Dymann et al., 1996), suggesting
little or no oil source rock potential but some potential for gas. Samples
with higher SP values ranging from 3.01kgHC/ton of rock to
12.88kgHC/ton of rock suggest a moderate source rock with fair oil
potential.

Maceral Analysis

The organic petrological study of the disseminated organic matter in the
shale samples was carried out using the techniques in studying optical
characteristics of finely dispersed organic matter particles in coals, coaly
shales and carbonaceous shales. Terminologies of Stach et al., 1982
modified in Teichmuller, 1987 were used here. Selected shale samples
were polished and observed under organic petrological microspcope. The
different macerals of vitrinite, liptinite and inertinite were observed.
Photomicrographs of representative macerals are shown in Fig. 5. In
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general, the maceral composition include liptinite (av. 26.0%), vitrinite
(av. 38.1%) and inertinite (av. 35.9%) in all the samples inverstigated. The
dominance of vitrinite and inertinite macerals suggests terrestrially
derived, reworked and oxidized organic matter in the shale sediments.
There is no particular maceral variation pattern or zonation down deep in
all the wells.

s
Figure 5: Photomicrographs of the macerals observed in the shale samples
from the Araromi Formation in the Araromi borehole.

Biomarker compositions of the shales

Core samples analysed by Gas Chromatography (GC) display a bimodal n-
alkane GC fingerprint envelope with maxima between nC;s — nCyg and
nC,7 — nCyq (Fig. 6), suggesting variable inputs from both terrigeneous and
non-terrigeneous (probably marine algal) organic matter. However, some
samples display a unimodal n-alkane GC fingerprint typical of dominantly
normal marine algal contribution (maximizing between nCis and nCig).
There is a relatively high input from alga-bacterial precursors indicated by
the abundance of the low molecular weight relative to high molecular
weight n-alkane derived from terrigeneous higher plants (Bray and Evans,
1961). Additionally pr/ph ratios vary from 0.78-2.02 reflecting anoxic to
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sub-oxic source rock depositional environment (Didyk et al., 1978,
Volkman and Maxwell, 1986).

Steranes in the saturated hydrocarbon fractions of the bitumen extracts of
the Araromi shale samples analyse by GC-MS and GC-MS-MS show the
C27-C29 distributions to be nearing a ratio of 1.1:0.9:1.0, with higher C27
and C28 compounds on occasions relative to the C29 sterane homologues
for the Sa(H),14a(H),17a(H) 20R configuration isomers. Figs. 7 and 8
show the sterane distributions of the bitumen extracts from the Araromi
shales. The above observation suggests a relatively higher input from the
marine red algae and a low level of land plant contribution to the source
organic matter (Goodwin, 1973). Additionally, the presence of the Czy 24-
n-propyl cholestane (detected by GC-MS-MS m/z 414-217 parent to
daughter ion transition), confirms the relatively high marine algal
contribution to the organic matter in the Araromi shales, as values of %Cs
sterane range from 0.45 to as high as 5.23%, even in oleanane rich
intervals in “Zone B” (Figure 3).

ar149 (38,1)
Acquired 28 June 2005 21:41:06

8

asuodsey
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Figure 6: A bimodal peaks n-alkane envelope of sample Ar-149
maximizing at nC16 and nC29 typical of source rock whose organic
matters have been derived from a variable mixture of algal and terrigenous
higher plant materials. Note 13,15, e.t.c represent the n-alkane carbon
numbers and Pr; Pristane , and Ph; Phytane.
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Figure 7: Figure 9. Gas chromatograms of representative saturated
hydrocarbon fractions of the Araromi shale (samples GB314 and GB 307)
extracts showing how n-alkane and isoprenoid distributions in the Araromi
shale.
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Figure 8: m/z 217 mass chromatograms showing the distribution of Cy;-
Cyo steranes in representative intervals within the Araromi. Note the
downhole variation in the sterane distributions within the Araromi shale
extracts.
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Conclusion

Rock Eval pyrolysis data from this study suggest that the organic rich core
samples of Late Cretaceous Araromi Formation in the Dahomey Basin,
southwestern Nigeria contain predominantly gas prone with lesser oil
prone organic constituents ranging from immature to marginally mature at
shallow levels but reaching proven maturity in the subsurface.
Hydrocarbons in the basin will be predominantly gas dominated generated
from deeper Cretaceous source rock in the subsurface levels with greater
chances of heavy oils and tars at shallow levels.

Gas chromatographic analyses of the bitumen extract show bimodal and
unimodal n-alkane distributions, suggesting elevated contributions of
marine relative to terrigenous higher plant matter to the source organic
matter. The source rock organic matter accumulations probably occurred
under anoxic to sub-oxic conditions (pr/ph ratios range from 0.78-2.02).
Sterane distributions in the shale extracts are dominated by C,; relative to
Cos and Cyg carbon homologues and the presence of significant C3g 24-n-
propyl cholestane concentrations are both diagnostic of marine algal
inputs. These biomarker characteristics are comparable with the deepwater
oil. Araromi bitumen extracts have nearly flat n-alkane CSIA stable
carbon isotopic profiles that suggest derivation from organic carbon from
a uniform &'*C composition marine algal source.
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Abstract

The study investigated the effect of sublethal concentration of sniper
1000EC on the weight and length growth of Oreochromis niloticus
obtained from Asa dam under laboratory conditions. Indiscriminate use of
Sniper 1000EC by fishermen has become a serious problem in Northern
region of Nigeria. Juveniles of Oreochromis niloticus (mean body weight
7.05%+ 1.02; mean standard length.9.60+0.38cm) were subjected to 5
sublethal treatment levels: 0.00mg/L is the control, 0.12, 0.15, 0.19 and
0.25mg/L. There was no significant difference between water quality
parameters of the exposed and control groups. A 56 day exposure to
sublethal concentrations of the toxicant led to a significant decrease
(p<0.05) in specific and relative growth rate in the exposed fish species in
comparison with their controls. Change in weight and length decreases
with increasing sublethal concentrations of sniper 1000EC. It is concluded
that depressive growth rate in the exposed fish species were consequences
of exposure to the toxicant (sniper 1000EC).It is recommended that the
use of Sniper 1000EC by local fishermen be banned to save the aquatic
environment from destruction.

Keywords: Sniper 1000EC, Oreochromis niloticus, chronic toxicity and
growth rates.
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Introduction

Weight and length data provide a very useful tool for estimating growth
rates, length, and age structuresand for the improvement of the knowledge
regardingfish  population dynamics (Froese, 2006). Weight-length
relationship is very useful for fisheries research because they allow the
conversion of growth-in-length equation to growth-in-weight for use in
stock assessment models (Moutopoulos and Stergiou, 2000). Length-
weight relationship allow for estimation of biomass from length
observations as well as comparisons of life histories of certain species
(Goncalves et al., 1996; Froese and Pauly, 1998). They are important
component of FishBase (Froese and Pauly, 1998). Pauly (1993) stated that
length-weight relationship provides valuable information on the habitat
where the fish lives while Kulbicki et al.,(2005) highlighted the
significance of length-weight relationship in modeling of aquatic system.
Length-weight is useful for the conversion of growth-in-length to growth-
in-weigth for use in stock assessment models and to estimate stock
biomass from limited sample sizes (Ecoutin et al., 2005). Length and
weight measurements can give information on the stock composition, life
span, mortality, growth and production (Bolger and Connoly, 1989;
Erkoyuncu, 1995; King, 1996; Moutopoulos and Stergiou, 2000).

Tilapia fishes are important source of animal protein to humans. They are
obtained through capture fisheries activities and also farmed in ponds.
They dominate major inland water bodies including rivers, lakes and
reservoirs in major fish landings (Trewavas, 1982). Tilapia is one of the
fisheries resources that suffers from environmental effects and needs to be
protected because world production of tilapia exceeds two million tons per
year far exceeding the harvest of Atlantic salmon and secondary only to
carp as a culture food fish (FAO, 2005). Tilapia has become the shining
star of aquaculture across the globe (Waleed, 2012). Fagbenro (2002)
stated that tilapia species are of major economic importance in tropical
and sub-tropical countries throughout the world, particularly in Africa
where farms stock mixed-sex tilapia in production ponds. Arrignton
(1998) describes Oreochromis niloticus as the best species for culture-
among the tilapia family-with squat shape. Trewavas (1982) recognized
Oreochromis niloticus as macrophages and herbivorous used in irrigation
channels and dams to control weed. Fagbenro (2002) stated that tilapia
species are of major economic importance in tropical and sub-tropical
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countries throughout the world, particularly in Africa where farms stock
mixed-sex tilapia in production ponds. There are different species of
tilapia fish in Asa dam but Oreochromis niloticus is more abundant.
Oreochromis niloticus can survive in bad environmental conditions
because their resistance to disease is physically powerful, and their
respiratory demands are slight so that they can accept low oxygen and
high ammonia levels (Zhou et al,. 1998). They are disease resistant,
highly prolific; feed on wild variety of foods, tolerant of poor water
quality with low dissolved oxygen level (Fagbenro, 2002).

Widespread application of various pesticides has aggravated the problem
of pollution to aquatic environment. Due to these synthetic chemicals,
environment has failed to keep its healthy characteristics. The insecticides
of proven economic potentialities could not do well in the ecosystem when
viewed on extra fronts since these revenue poisons, in a residual form or
as a whole, get into the aquatic ecosystem. They cause a series of
problems to aquatic organisms (Mastan and Ramayya, 2010).

Sniper 1000 EC is the common pesticide among the local farmers
cultivating crops around Asa dam, Ilorin. In line with the saying, “When
Sniper and Mussel struggles inside water, it is the local fishermen that
smile home” (Abubakar, 2013). Indiscriminate use of Sniper 1000EC by
fishermen around Asa dam has become a serious problem to be studied.
Sniper 1000EC (2, 3-dichlorovinyl dimethyl phosphate), a brand of
dichlorvos, is contact acting and fumigant insecticide (Abubakar, 2013).
Like all organophosphates, it kills insects and other target organisms
because of its toxicity to the nervous system. This is achieved by
inhibition of enzyme acetylcholinesterase (AchE) that breaks down
acetycholine at the receptor site for partial uptake into the nerve terminal.
Without functioning AchE, accumulation of acetylcholine results in
depolarizing block of muscle membrane, producing rapid twitching of
involuntary  muscles, convulsions, paralysis and early death.
Indiscriminate use of Sniper 1000EC is common among local fishermen
from Northern parts of Niger state.

There is paucity of information on toxicity of sublethal concentrations of

sniper 1000EC on weight and length growth of tilapia fish despite its
indiscriminate use by the fish farmers.
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Accordingly, this investigation is aimed at evaluating the effect of
sublethal concentrations of sniper 1000EC on weight and length growth
rates of Oreochromis niloticus under laboratory conditions.

Materials and methods
The Study Area

The study was conducted in Asa dam which is located in llorin, the
capital of Kwara State, Nigeria.
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Figure 1: Map of llorin showing the location of Asa dam. Inset: map of
Nigeria showing the states

Asa dam is located on River Asa (8_ 4400 N; 4_ 5600 E) at approximately
5 km from the city centre. The dam has an overall length of 597 m and
storage capacity of 43 million m* with lake extension of 18 km. The length
and breadth of the spillway are about 65 m and 14 m respectively with
discharge capacity of 79,000 m® (Araoye, 2009; Ayanshola, 2013). Asa
River is the major river in llorin city. llorin is mainly drained by Asa
River which flows in a South-North direction (Ajadi et al., 2016). The
river has a total surface area of about 303 hectares (Olayemi, 1994; Eleta
et al., 2005). Other rivers in llorin that drains into Asa river are river
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Agba, river Alalubosa, river Okun, river Osere, river Aluko, river Yalu,
river Odota and river Loma.

Sample collection, transportation and test chemical

Juveniles of Oreochromis niloticus (mean body weight 7.05+1.02kg; mean
standard length.9.60+0.38cm) were obtained from Asa dam using drag
nets with the help of the local fishermen. The samples were transported to
the laboratory in plastic container of 100L capacity filled with water to
two-third volume between 0700 hours and 0900 hours. They were held in
large water baths of 160L capacity and acclimated for 14days to
laboratory conditions. The top of water bath was covered with netted
material to prevent jumping out of the fish. A slit was made at middle of
the net to allow for feeding fish and cleaning of the bath. Feeding
commenced two days after the arrival and stopped twenty-four hours
before the commencement of the experiment. During acclimation, fish
were fed twice daily (0800 and 1600 hours) with formulated feed (35%
crude protein) at 3% body weight. The fishes were accepted as well as
adapted to laboratory conditions when less than 5% death was recorded
for the 14 days. The water in the bath was changed daily and uneaten food
and faecal matters were siphoned out. Dead fish were also removed to
minimize contamination of water.

Test chemical (2, 3-dichlorovinyl dimethyl phosphate), a brand of
Dichlorvos with the trade name Sniper 1000EC was obtained from llorin
central market and was used for the study. The test concentrations were
prepared after range finding tests had been conducted.

Experimental Design

The experimental design was a complete randomized design. A total of
one hundred and fifty (150) juvenile of Oreochromis niloticus were
randomly distributed into the tanks at a stocking rate of 10 fish per tank.
The fifteen (15) tanks were assigned to 5 treatments (control inclusive). In
order to determine the LCs, the O.niloticus were exposed to four different
concentrations of sniper 1000EC for 96hr. LCsg value obtained using EPA
Probit Analysis programme version 1.5 was 3.81mg/L. Using the method
of Abubakar and Abdulsalami (2013), One fifteen (1/15), one twenty
(1/20), one twenty fifth (1/25) and one thirty (1/30) of 3.81mg/L were
used to produced the sublethal concentrations used in the study.
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1/15 x 0.00mg/L=0.00mg/L
1/15 x 3.81mg/L = 0.25mg/L
1/20 x 3.18mg/L = 0.19mg/I
1/25 x 3.18mg/L = 0.15mg/L
1/30 x 3.18mg/L = 0.12mg/L

The Aqua feed used for feeding the fish composed of 35% of ground nut
cake, 30% of fish meal 20% of rice bran, 5% of bone meal, 5% of
vegetable oil and 5% of vitamin and mineral premix respectively (Table
1).

Table 1:Ingredient of the Aqua feed used:

INGREDIENTS % COMPOSITION
Groundnut cake 35

Fish meal 30

Rice bran 20

Bone meal 5

Vegetable oil 5

Vitamin and mineral pre-

mix 5

Agua feeds total 100

The fish were fed 3 times daily .The test solutions were renewed
forthrightly. The average weight and length of the fish were measured bi-
weekly using a 3- digit sensitive weighing balance Meter pm 2500 Delta
range ®. For clarity purpose, a transparent ruler was used for the
measurement of length. The experiment lasted for 56 days
(8weeks).Growth was based on relative and specific growth rates which
were calculated using standard formulae:
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GR=W;-W,X100 ----- Haghighi, 2009:

Wy

RGr =W, -W - Goda et al, 2007:

-1

SGR=InWtW, - Akintola et al., 2010:
Wy

Where:

W, = Final body weight at time t (weeks);
W, = Initial body weight at time 0(weeks);
GR = Growth rate;

RGgr- Relative growth rate;

SGgr= Specific growth rate;

t; - Initial time;

t, -Final time:

Water quality parameters

Dechlorinated municipal tap water was used. It was allowed to stand for
72 hours during which it was aerated. The water quality parameters
determined were temperature, dissolved oxygen, pH, water hardness and
total alkalinity which could adversely affect survival and growth of fish in
tanks.Temperature and dissolved oxygen were monitored on daily basis
(09:00 and 14:00 hours) using a thermometer and oxygen meter(Cole
Parma model 5946; Sigma Chemical, Berlin, Germany). The values of pH
were measured daily using an Orion digital pH meter (Model 210; Sigma
Chemical, Lisbon, Portugal). Water hardness was monitored daily using a
German hardness scale while total alkalinity were monitored on weekly
basis using standard method of APHA (1987). These were done to ensure
proper recordings and calculations of the parameters.
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Statistical Analysis

All the data generated were managed with Microsoft office Excel 2003;
they were analyzed with one-way analysis of variance (ANOVA) using
Statistical Product for Service Solution (SPSS), version 16.0 for window.
Statistical significance of difference among means was compared for
significant differences using Duncan’s New Multiple Range tests at 95%
probability (Snedecor and Cochram, 1980).

Results
Effects of sublethal concentrations on water quality parameters

The water quality variables at various sub lethal treatments for the
exposed and control groups did not differ significantly (p<0.05).The
mean values recorded for various sublethal concentrations compared
with those of the controls are presented in Table 2.

Table 2: Physio -chemical parameters of chronic test solutions for Oreochromis nilgticus.

(meantSD)
pH Temperature Dissolved

(0C) oxygen Hardness Alkalinity
Concentration (mg/L) (mg/L) (mg/L)
0.00 6.64=1.70 28.6x1.52 750£030 39.1£281 33.7£2.13
0.12 6.67+0.51 28.8+2.09 7.63£028 40.2+326 33.3=1.54
0.15 6.56=0.42 28.6x1.51 765029  40.4x222 33.0=2.37
0.19 6.59+0.49 28.52.04 768+027 402+342 34.1=2.14
0.25 6.62+0.45 28.6x1.61 7672022  39.4+3.86 34.3=1.56

values of parameters along the same column are not sigmificantly different at

(p=0.05)

Effect on growth rates

Differences in weight and length among the exposed fish species at
various

sublethal concentrations were significant (p<0.05). Weight ranged from
16.4g in the control tank to 13.6g in the highest concentration tank

28



A. M. Idi-Ogede et al.

(0.25mg/L). Change in length ranged from 9.5cm in the control tank to
7.6cm in the highest concentration tank (0.25mg/L). Differences were
also observed in the growth rates, specific growth rates and relative
growth rates of the two fish species exposed to the various concentrations
of sniper 1000EC. The toxicant exhibited depressive effect on the exposed
groups with increase in concentration levels in the exposed fish species.
These are shown in Tables 3 to 6.The change in weight of Oreochromis
niloticus at different concentration levels of sniper 1000EC are presented
on Table 3. The results show that the bi-weekly change in weight declined
with increase in concentrations of sniper 1000EC.

Table 3: Weekly change in weight (g) at different concentration level of sniper

1000EC in Oreochromis niloticus

Concentration Mean change in weight

WEK2 WE4 WEK6 WEKS
0.00mg/L 16.42 16.62 16.62 16.72
0.12mg/T. 16.22 1592 1582 1562
0.15mg/T. 15 83 1532 5.7 14.92
0.19mg/T 1472 1452 1432 1422
0.25mg/L 14.02 13.82 13.72 13.6%
Mean with the same superscript along column are not significantly different at (p=0.03)
NB
WK denotes week
WEK2 denotes Second week

WE4 denotes Fourth week
WE6 denotes Sixth week
WEKS§ denotes Eight week

Data for change in length of Oreochromis niloticus at different
concentration levels of sniper 1000EC are shown in Table 4. The Table
revealed that the mean change in length decreased insignificantly (p>0.05)
with increase in concentrations of sniper 1000EC.
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Table 4. Bi-weekly change in length (cm) at different concentration levels of sniper 1000EC in

Oreochromis niloticus,

Concentration Mean change in length (cm)

WEK2 WEK4 WKé WEKS
0.00mg/L 9.52 9.52 9.62 9.72
0.12mg/L 922 912 9.02 9.02
0.15mg/L 9.02 892 87 8.6%
0.19mg/L 8.52 g.42 g2 g.12
0.25mg/L 8.02 7.8b 7.72 7.6

Mean with the same superscript along column are not significantly different at (p<<0.03)

NB

WK denotes Week

WK2 denotes Second week
WEK4 denotes Fourth week
WK denotes Sixth week
WEKS denotes Eight week

Table 5 shows the growth rate, specific growth rate and relative growth
rate in weight at various concentration levels of sniper 1000EC in
Oreochromis niloticus. The Table shows that growth rate, specific growth
rate and relative growth rate declined with increase in concentration of
sniper 1000EC.

Table 5. Mean Initial weight, Mean final weight, Specific growth rate and Relative growth

rate in Oveochromis niloticus

Mean Mean Growth
Concentration Initial Final rate Specific growth Relative growth

weight (g)  weight(g) (g2) rate(g) rate (g)
0.00mg/L 13.02 16.72 2852 122 0.292
0.12mg/L 13.42 16.2* 21.0 0.9 0212
0.15mg/L 12.92 153% 18.6° 0.8 0.192
0.19mg/L 13.22 15.0° 13.6¢ 0.6* 0142
0.25me/L 13.52 15.3b 13.34 0.62 0.132

Mean with the same superscript along column are not significantly different at (p=0.03)
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The growth rate, specific growth rate and relative growth rate in length of
O. niloticus at different concentration levels of sniper 1000EC are shown
in Table 6. The Table shows a similar trend as in weight. Growth rate,
specific growth rate and relative growth rates also decreased with increase
in concentrations of sniper 1000EC.

Table 6. Mean initial length, Mean final length, Specific growth rate and Relative growth rate
in Oreochromis niloticus:

Growth Specific

Concentration Mean Imtial Mean Final rate orowth Relative growth
length (cm)  lenghth (em)  (cm) rate(cm) rate (cm)

0.00mg/L 7.8 972 24 42 0.62 0242

0.12me/L 742 8.0t 20.3b 0.52 0.202

0.15mg/L 722 g.4b 16.7¢ 042 0172

0.19ms/L 712 8.2k 15.54 042 0.16*

0.25me/L 1.7 8.6b 11.7% 0.32 0.122

Mean with the same superscript along column are not sigmificantly different at (p=0.03)

Discussion

The effect of sublethal concentrations of sniper 1000EC has depressive
effect on the growth rate of Oreochromis niloticus. The fish exhibited a
progressive decline in growth at various concentration levels. This is in
agreement with the work of Abubakar and Abdulsalami (2013) who
worked on toxicological effects of sublethal concentrations of sniper
1000EC on growth of Clarias gariepinus under laboratory conditions. The
results of water quality parameters of the media were within the optimal
range recorded by Omoniyi et. al., (2002) as requirements for fish culture
which implied that the parameters did not seem to influence the toxicity of
the pesticide to the test fish .Exposure to toxicant without causing death to
organisms can still cause harm (Stephan, 1982) and survival of estuarine
and marine organisms in relatively low concentrations of toxicant on the
first day, does not necessarily indicate that they are resistant to the
toxicant pollution (Mironov, (1972). Decreased growth was reported on
Mesidotea etemon by Percy (1978). A similar reduction in growth was
also observed by Abubakar and Abdulsalami (2013) when they worked on
toxicological effects of sublethal concentrations of sniper 1000EC on
growth of Clarias gariepinus. Reduction in growth was also observed by
Toussain, et al.,, (2001) and Onusiriuka (2002) when they exposed
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Japanese Medaka fish and Clarias gariepinus to sub-lethal concentrations
of chloroform and formalin respectively, better growths were reported in
control groups of certain fish than those exposed to toxicants as observed
in this study. This might be due to the fact that they were able to utilize the
feeds or that the feeds were palatable. This observation was in agreement
with the reports of Omoregie and Okpanach (1995) in Tilapia zilli:
Omoregie et al., (1998) in Oreochromis niloticus; Omoregie and Onuogu
(2000) in Aphyosemion gardneri. Literature reports often attributed the
decline in growth rates to the impairment of feeding by fish in the toxicant
polluted area as observed in this study. Several workers have reported
similar findings (Shanmugavel, et al., 1988; Auta 2001 and Toussain, et
al., 2001). This might also be due to the presence of a dominant aggressive
fish that caused an increased activity for others and consequentily a
reduction in their growth rates as well as an increase in their sensitivity of
the pollutant. The dose- dependent effects of sniper 1000EC on the growth
rates of the fish species suggested that high concentration of the toxicant
inhibited the feeding rate of the fish species or make the feed unpalatable
for them. Pal and Konar (1987) similarly reported that growth rate of
Oreochromis mossambicus was considerably reduced by sublethal
concentrations of organophosphorus insecticides. Other pollutants have
also been reported to decrease fish growth and survival as recorded in
Petroleum effluent by Omoregie et al.,(1997), Paraquat by Babatunde
(1997) and Tannery by Adakole (2005). Decrease in weight and standard
length of the treated fish species may be attributed to the stress they
experience while adjusting to attain a tolerance level with the toxicant
(Abubakar and Abdulsalami, 2013).

Conclusion

In conclusion, abnormalities in growth rates of the exposed fish species
were associated with the effects of sublethal concentrations of sniper
1000EC.By this context, the toxicant has to be taken into more
consideration as an environmental contaminant. The use of sniper 1000EC
by fishermen should be banned to save the aquatic ecosystem and more
studies recommended for further evaluation of this toxicant.
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Abstract

Watermelon (Citrullus lanatus), a drought tolerant and ubiquitous fruit,
contains a lot of seeds that are generally discarded after consumption of
the juicy portion. This study was designed to assess changes in proximate,
amino acid, mineral and phytochemical compostions of watermelon seeds
duringa 72 hr fermentation period with mixed inocular of Bacillus
subtilis and Bacillus licheniformis in the production of a local condiment
similar to ogiri (a condiment produced from Citrullus vulgaris porpularly
consumed in Nigeria). The sensory quality was also evaluated for the
resulting watermelon condiment. Proximate analysis revealed significant
(p < 0.05) with an increase in crude protein (14.00-21.10 %), and ash
(1.90-2.55%) at the end of fermentation. Some of the essential amino acids
obtained include: threonine, valine, isoleucine, tryptophan and leucine, all
of which increased with days of fermentation. Similar trend was observed
in the mineral components: magnesium (41.02-45.06 mg/100 @), zinc
(5.05-7.15 mg/100 g), phosphorus (14.52-17.00 mg/100 g), potassium
(22.03-33.02 mg/100 g), calcium (13.45-16.03 mg/100 g), sodium (5.40-
7.14 mg/100 g), and manganese (1.10-2.53 mg/100 g). Results showed
that pH of the condiment ranged from 5.6 to 8.6 over 72 hrs of
fermentation. Length of fermentation caused a steady decrease in
hydrocyanic acid (1.57-0.03 mg/100 g), tannin (22.05-16.00 mg/100 Q)
and phytate (7.05-3.52 mg/100 g) but an increase in flavonoids (1.58-2.30
mg/100 g) and phenol (0.11-1.41 mg/100 g). Sensory evaluation showed
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that ogiri produced from C. vulgaris was more generally accepted but that
produced from C. lanatus was more preferred in taste with a score of 6.20.
Increased days of fermentation with B. subtilis and B. licheniformis in
consortium had varying effects on the nutritional and phytochemical
compositions of watermelon condiment.

Keywords: Watermelon seed, Bacillus species, condiment, fermentation,
physicochemical.

Introduction

Watermelon (Citrullus lanatus) is the fruit of an herbaceous creeping plant
belonging to the family Curcubitaceae (Aguilera et al., 2011). It has been
described as one of the most widely cultivated crops with more than 1,200
varieties grown all over the world (Alfa-nla, 2014). Nigeria is one of the
leading producers of watermelon in Africa, producing over 139, 000
tonnes in 2011 (Alfa-nla, 2014). Watermelon is highly nutritious with
good contents of vitamin C as well as carotenoids, which are good
antioxidant agents. In addition to the nutritional quality, as a fresh fruit,
watermelon has an excellent thirst quenching property. The flesh of the
fruit provides a sweet refreshing juice. As a result, only this part of the
fruit is consumed. Obizoba et al. (2005) reported that only about 45-50 %
of the total weight of watermelon is consumed; the rinds and seeds are
usually discarded. This practice, aside constituting an economic loss, leads
to increase in solid waste pollution and wastage of valuable biomass and
nutrients (Acar et al., 2012). Some recent researches have again reiterated
the potential of some underutilised leguminous seeds, such as tamarind
seeds (Olagunju et al., 2018) and watermelon seeds (Adebayo, 2018;
Adebayo et al., 2018) for the production of protein-dense condiment.

Watermelon seeds are a good source of protein (16.33 — 17.75 %) (EI-
Adway and Jaha, 2001; Tabiri et al., 2016), consisting of both essential
and non-essential amino acids while watermelon rinds can be pickled and
used as a condiment (Foster, 2015). Adebayo (2018) also showed that
watermelon seeds are good potential for condiment production, and that
Bacillus subtilis is one of the active micoorganisms involved in the wild
fermentation process.

Condiment is a supplemental food ingredient, such as a sauce, added to
foods in some cultures to impart or enhance flavour or to complement the
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dish (Agboola and Oguntuase, 2006). Some locally produced condiments
in Nigeria have been identified as low-cost meat substitutes, contributing
to protein and calorie intake (Oboh, 2006) and helping to reduce the
incidence of protein energy malnutrition among low-income families who
cannot afford animal protein. Also, the controversy surrounding the safe
consumption of monosodium glutamate-based seasonings has made some
homes shift preference to the use of locally produced condiments (Oboh,
2006). Some locally produced condiments include iru or dawadawa
(fermented locust bean), okpehe (fermented Prosopis africana) and ogiri
(fermented melon seed). However, the production of these fermented
condiments is still largely being done spontaneously (village art method)
which leads to longer fermentation time, inconsistent condiment quality
and unguaranteed microbiological safety. This has made it necessary for
the use of starter cultures in the production of condiment.

Many genera of bacteria icluding Bacillus, Micrococcus, Leuconostoc,
Staphylococcus and Enterobacteria, have been shown to be involved in
fermentation during indigenous condiment production (Enujiugha, 2009;
Adebayo et al., 2018). Achi (2005) noted that the use of mixed cultures,
through their physiological and metabolic properties, might be the best
approach to achieving product of most desired nutritional and sensory
qualities. Mono and mixed cultures of Staphylococcus and Streptococcus
have been successfully used in the fermentation of soy iru (Agboola and
Oguntuase, 2006). Balogun et al., (2017) have also reported the
production of okpehe using a mixed culture of Bacillus subtilis and
Bacillus licheniformis. However, scanty information is available on the
fermentation of watermelon seeds using starter cultures for condiment
production, despite its established high protein content.

It was therefore necessary to determine the physicochemical changes and
sensory properties of a fermented condiment produced from watermelon
seeds using starter cultures of Bacillus subtilis and Bacillus licheniformis.
The use of watermelon seed for the production of a locally fermented
condiment will improve the economic importance of the seed, while also
serving as a cheap source of plant protein for low-income populations in
developing countries.
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Materials and Methods
Source of materials

Dried watermelon seeds were obtained from Obasanjo Farms, Igbo-ora,
and authenticated at the Herbarium of the Department of Plant Biology,
University of llorin with the Voucher No: UILH/003/1056 Nigeria. Pure
cultures of Bacillus subtilis and Bacillus licheniformis were obtained from
the Microbiology Laboratory of Federal Institute of Industrial Research,
Oshodi, Nigeria.

Production of fermented water melon condiment

The method of Balogun and Oyeyiola, (2011) was used with some
modifications. The seeds were first softened by heating for 1 hr on a hot
plate set at 60°C. The water used in heating the seeds was thereafter
decanted, and the seeds were washed with water at ambient temperature
(30%2 °C). The testae of the washed seeds were then removed using
gloved hands. The cotyledons obtained were thoroughly washed with
clean water, after which they were submerged in a clean pot filled with
water, and then cooked at 60 °C for 30 mins. The cotyledons were drained
over a sterile, dirt-free muslin cloth, and cooled to about 25-30 °C before
being inoculated with the selected starter organisms.

The method described by Balogun et al., (2014) was used for the
inoculation of the starter organisms. Unfermented cotyledons in two
separate portions (100 g each) were inoculated with mono cultures: one
with B. subtilis and the other with B. lichentiformis. Another 100 g was
inoculated with 1 ml of a mixed starter culture prepared from 0.5 ml each
from the mono cultures. Prior to inoculation, a suspension of each starter
organism was made in nutrient broth and incubated at 37 °C for 24 hrs.
The resulting inoculated mash was placed in banana leaves, which had
been disinfected using a 75 % ethyl alcohol and rinsed with distilled water
prior to their use. The mash was then wrapped in a 2-layered foil. The
wrapped mash was kept at 30+2 °C for different time regimes (0, 24, 48,
and 72 hrs).
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Determination of physicochemical parameters of fermented
watermelon seeds condiment

The protein content of each watermelon condiment was determined and
the sample with the highest crude protein content after 72 hrs of
fermentation was selected for subsequent analyses. The pH, proximate and
mineral compositions of the fermented watermelon condiments were
determined using the method described by AOAC (2005). The
carbohydrate content was determined by difference (i.e., 100 — moisture +
crude protein + crude fibre + crude fat + ash). Amino acid profile was
analysed using post-column Ninhydrin method described by Frank et al.
(2000) while flavonoids and phenol contents were determined using
AOAC (1990) method.

Some phytochemicals were also determined using standard methods.
These include tannin (Jaffe, 2003), hydrocyanic acid (Drochioiu et al.,
2000) and phytate (Penuel et al., 2013).

Sensory evaluation of fermented watermelon condiment

A local vegetable soup was prepared with the fermented watermelon seed
condiment. This was then compared with vegetable soup prepared using
ogiri (a fermented condiment produced from Citrillus vulgaris). Thirty
(30) panelists, who were familiar with the peculiar sensory attributes of
ogiri, were selected from the Department of Home Economics and Food
Science, University of llorin. A duo-trio test was utilized. The panelists
were given three samples, in which two were the same and one was
different. The panelists were to identify the odd sample and compare it
with the other two based on some stated sensory parameters (colour, taste,
aroma, texture and general acceptability). A 9-point hedonic scale in
which 9 represents ‘like extremely’ and 1 represents ‘dislike extremely’
was used.

Statistical analysis

Data generated from the various analyses above were subjected to
Analyses of Variance using SPSS (Version 20.0; IBM SPSS) and the
mean scores were separated using Multiple Range of Comparison Test.
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Results and Discussions

Proximate compositions of Bacillus subtilis and Bacillus licheniformis
fermented watermelon seeds

The protein content of watermelon seeds fermented with a mixed starter
culture of B. subtilis and B. licheniformis was significantly (p < 0.05)
higher (21.10 %) than those of other samples (those fermented singly and
wildly) at the end of each fermentation period (Table 1). This shows
a benefit of innoculation with either organism and an additional benefit
when both organisms are present in the innoculum. Generally, the protein
contents of all the condiments (both mono and mixed starter culture
fermented watermelon seeds) increased with increased days of
fermentation (Table 1). The increased protein content obtained in this
study is similar to the findings of Gberikon et al., (2010) who noted that
the protein contents of Parkia biglobosa, Glycin max, and Prosopis
africana seeds inoculated with a consortium of B. subtilis and B. pumilus
were higher than those of the naturally fermented seeds. Balogun et al.,
(2017) also reported an increase in the protein content of Prosopis
africana seeds fermented with starter cultures.

There was a significant (p<0.05) increase in the crude protein contents of
the mixed-culture fermented watermelon seeds with increased days of
fermentation (Table 2). This increase in protein could be as a result of
significantly reduced carbohydrate contents with increased days of
fermentation. It is plausible that the combined effects of B. subtilis and B.
Lichenformis enhanced the fermentation process. Starter organisms are
also known to secrete extracellular enzyme, which are protein in nature,
during their metabolic activities (Oboh and Akindahunsi, 2003).
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Table 1: Crude protein content (%) of watermelon seeds fermented with
culture of either or both organisms (B. subtilis and B. lichenformis)

Bacterial 0hr 24 hrs 48 hrs 72 hrs
isolate

BS1IM 14.00°£0.20  15.06°+0.02  16.50°+0.00  18.43°+0.01
BL1M 14.04°+0.01  15.02°+0.01  16.25°+0.05  19.05°+0.01
*BgB, 14.05°+0.01  16.28°+0.01  17.18°+0.01  21.10°+0.05
Control 14.05°£0.00  15.00°+0.02  15.05°+0.05  16.05°+0.01

Data presented as means + S.D

Mean values with different superscripts within the same column are
significantly (p<0.05) different

Keys: BS1M: Bacillus subtilis; BL1M: Bacillus lichenformis; BsB\:
Bacillus subtilis and Bacillus licheniformis

* Sample selected for further analyses

Table 2: Proximate composition (%) of fermented watermelon seeds using

mixed cultures of Bacillus subtilis and Bacillus licheniformis

Time Moisture  Carbohydrate Protein Ash Fiber Fat

(hr)

0 605001 52.92:0.02 14054001 1902001 7.052003 18.034:0.13

24 6072000 47584010 16282001 2.008£000 6052000 22.02:=020

48 70200 45252000 1718003 2.04b£002 501001 23.50b+0.00
2

72 7.75005 38354002  21.10=£0.15 2552001 5035001 25202:0.02

Data presented as means + S.D

Mean values with different superscripts within the same column are
significantly (p<0.05) different
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The crude fat content of watermelon condiment produced from a mixed
starter culture of B. subtilis and B. licheniformis significantly (p<0.05)
increased from 18.05 % at O hr to 25.20 % after 72 hrs (Table 2). This
is likely due to the significant reduction of carbohydrate and crude fibre
contents. The high amount of crude fat obtained is in line with the finding
of Murkovic et al., (2002) that watermelons are a good source of fat. It has
also been reported that the fat content of locust beans increased when
fermented (Achi, 2005). There was a significant reduction in the
carbohydrate content of the watermelon seeds fermented with a mixed
culture as increased days of fermentation. This could be associated with
the utilization of carbohydrate by fermenting organisms. Crude fibre
ranged from 5.05 to 7.05 % while ash content was between 1.90 and 2.55
%. Oboh (2006) earlier reported 5.9-11.2 % and 1.9-4.7 % as the crude
fibre and ash contents, respectively, for some fermented underutilized
leguminous seeds. Crude fiber is of great importance in human
metabolism; it helps to form complexes with triglycerides, and tends to
reduce low density lipoprotein (LDL) thereby reducing the risks of heart
attack (Bello et al., 2008). Ash content on the othe hand is a measure of
the amount of minerals present in food.

Amino acid profile of fermented watermelon seeds using mixed
cultures of Bacillus subtilis and Bacillus licheniformis

Seventeen amino acids were found present in varying proportions in the
seeds (Table 3). These include: all the essential amino acids (threonine,
valine, isoleucine, trypophan, lysine, histidine, methionine, leucine and
phenylalanine), most of which steadily increased with increased days of
fermentation. A similar trend was reported by Balogun and Oyeyiola
(2012). The rapid increase in total amino acids is consistent with the
increasee in protein content. Low molecular weight peptides and amino
acids produced through enzymatic breakdown of protein exhibit a
desirable flavouring property (Achi, 2005). It was actually found that
serine decreased steadily with increase in fermentation days, suggesting its
depletion by microbial activity during fermentation.
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Table 3: Amino acids profile (g/100 g) of fermented watermelon seeds
using mixed cultures of Bacillus subtilis and Bacillus licheniformis

Amino acids 0 hr 24 hr 48 hr 72 hr
Lysine 0.52 1.05 1.55 1.79
Histidine 0.39 0.56 0.64 0.79
Asparagine 0.73 0.88 1.46 1.58
Aspartic acid 0.85 0.92 1.04 1.07
Threonine 1.04 1.45 3.88 2.64
Serine 4.03 3.07 3.03 2.07
Glutamine 0.03 0.07 0.53 0.87
Proline 2.85 2.82 2.90 2.98
Glycine 2.30 242 1.65 2.45
Alanine 1.51 1.64 2.01 2.75
Valine 2.54 2.73 2.02 3.53
Cysteine 0.06 0.10 0.19 1.10
Methionine 1.25 1.29 2.20 243
Isoleucine 2.00 2.50 2.43 2.44
Leucine 1.65 2.75 1.05 2.02
Tryptophan 2.11 1.32 2.21 2.45
Phenylalanine  0.25 1.44 1.77 1.97

Results are expressed as means of two determinations (n=2)
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Mineral composition of fermented watermelon seeds using mixed
cultures of Bacillus subtilis and Bacillus licheniformis

Major minerals found in the watermelon condiment are magnesium
(41.02-45.06 mg/100 g), potassium (22.03-33.02 mg/100 g), phosphorus
(14.52-17.00 mg/100 g), and calcium (13.45-16.03 mg/100 g) (Table 4).
This is similar to the finding of Tabiri et al. (2016) who reported that
watermelon seeds had appreciable contents of the aforementioned
minerals. Oboh (2006) also reported that condiments produced from
underutilised legumes in Nigeria such as soybeans (Glycine max), locust
beans (Parkia filicoidea L.), pigeon pea (Cajanus cajan) and watermelon
seed (Citrullus lunatus) were generally high in potassium, calcium,
magnessium and sodium. The mineral contents analysed increased with
increased days of fermentation. This might be linked with reduction of
some antinutrients such as phytate (Table 5) which are known to bind with
some minerals thereby making them biounavailable. Minerals are
important for vital physiological functions in the body. Calcium is
essential for bone formation and strength (Samir-El et al., 2012) while
potassium is required for proper sodium-potassium balance in the body.

Table 4: Mineral composition (mg/100 g) of fermented watermelon seed
using mixed cultures of Bacillus subtilis and Bacillus licheniformis

Time Magnesu  Zinc Phosphorus  Potassium Calcium  Sodium  Manganese

() m

0 41.024 5.054  14.52¢ 2203 13 45 5.40¢ 1.104
=0.02 005 =002 =0.01 +0.05 =0.02 =0.01

24 42.05¢ 5.52¢  15.64° 25.04¢ 15.00° 6.01° 1.57¢
+0.05 002 =002 +0.02 +0.00 +0.01 +0.03

48 44.00= 6.20°  16.75P 25.01k 16.012 7.002 2.01e
+0.09 +0.01 =003 +0.01 +0.01 +0.00 +0.01

72 45.062 715 17.002 33.022 16.032 7.142 2532
=0.02 =000 =002 =0.02 +0.01 =012 =0.03

Data presented as means + S.D

Mean values with different superscripts within the same column are
significantly (p<0.05) different
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pH of fermented watermelon seeds using a mixed starter culture of
Bacillus subtilis and Bacillus licheniformis

Significant increase was noticed in the pH (5.8 — 8.6) of the watermelon
seeds fermented with a mixed starter culture of B. subtilis and B.
lichenformis with increase in duration of fermentation from 0 to 72 hrs
(Fig. 1). The initially acidic pH became basic after 72 hrs. This may be as
a result of ammonia, a by-product of protein, produced during
fermentation (Balogun and Oyeyiola, 2012). Ammonia production is
accompanied by a characteristic off-flavour. Fermented condiments from
vegetable seeds have a fairly alkaline pH (Ogunshe et al., 2007).

0 24 48 72

Fermentation time (hr)

10 -

pH values
OFRP N WM OUloo N 0 O O

Figure 1: Changes in pH during fermentation of watermelon seeds using
mixed cultures of Bacillus subtilis and Bacillus lichenformis

Phytochemicals present in watermelon seeds fermented using mixed
cultures of Bacillus subtilis and Bacillus licheniformis

Fermentation brought about a significant reduction in the tannin,
hydrocyanic acid and phytate contents of the watermelon seeds (Table 5).
This is desirable as these food components, when present in high quantity,
can interfere with the bioavailability of essential nutrients. For example,
phytate forms insoluble complexes with zinc, iron, copper, and calcium
(Lee and Kader, 2000) thereby limiting the absorption of these minerals.
Tannin binds with protein forming a protein-limiting complex.
Cyanohydric acids, also known as prussic acid, is extremely toxic due to
its ability to link with metals such as Fe**, Mn®*, and Cu®*, which are
functional groups of many enzymes (Alfred, 2010). This consequently
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inhibits physiological processes like reduction of oxygen in the
cytochrome respiratory chain as well as the activity of some important
metabolic enzymes in the body (Doymaz, 2007). There was however an
increase in the flavonoid (1.58-2.30 mg/100 g) and phenol (0.11-
1.41mg/100g) contents. Egbebi et al. (2016) reported that these
phytochemicals are in low amounts in fermented locust bean (Parkia
biglobosa) and fermented melon (Citrullus vulgaris).

Table 5: Phytochemical composition (mg/100 g) of watermelon seeds
fermented using mixed cultures of Bacillus subtilis and Bacillus
licheniformis

Time Hydrocyanic Tannin Flavonoids Phytate Phenol
acid

0 hr 157 22.05 1.58 7.05 0.11

24 hr 1.02 20.94 1.80 5.78 0.58

48 hr 0.82 17.01 2.08 4.45 111

72 h 0.03 16.00 2.30 3.52 141

Sensory evaluation of fermented watermelon seeds

Though the soup prepared with ogiri was more generally accepted, the one
prepared with the fermented watermelon seeds had higher mean score in
taste and also compared closely in other sensory attributes (Table 6). In
terms of taste, the mean score (6.20) obtained for fermented watermelon
seed is similar to that reported for ogiri-iru blend (Ibeabuchi et al., 2013).
These results showed that, with regards to taste, the condiment from
fermented watermelon seeds is a promising substitute for ogiri.

Table 6: Sensory scores of watermelon seed condiment

Samples Colour Taste Aroma Texture General
acceptability

A 4.05°+0.03 6.20°+0.01  5.00°+0.50  5.03°+0.51  5.32°+0.20

Al 5.05%+0.03 5.03°+0.00 6.55%+0.30 6.04°+0.41 7.30°£0.20

Data presented as means £ S.D
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Means with different subscript letters in the same column are significantly
different (p<0.05)

Keys:

A: Watermelon seed condiment
Al: Ogqiri

Conclusion

This study has revealed the suitability of starter cultures of Bacillus
subtilis and Bacillus licheniformis as innocula for fermentation of
watermelon seeds in the production of condiment. The combined use of
Bacillus subtilis and Bacillus licheniformis, as well as increased days of
fermentation resulted in an increase in protein and ash contents, and thus
nutritional value. The condiment was rated quite close to ogiri by the
panelists, and was, in fact, more preferred in taste. These findings indicate
that through fermentation, the proportionate contents of protein and other
nutrients can be increased at the expense of carbohydrate.
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Abstract

The evaluation of Oligochaeta fauna of Ozomu Lake was investigated for
a period of twelve months (July 2014-June 2016). The findings revealed a
total of 23 Oligochaeta taxa from a total of 271 individuals comprising of
14 species of Naididae family, 2 species of Aeolosomatidae family, and 7
species of Tubificidae family. The percentage abundance of Oligochaeta
in the study stations showed that Naididae had the highest abundance of
70% followed by Tubificidae and Aeolosomatidae recording 27% and 3%
respectively. Naididae was predominant and widespread in the study
stations. The abundance and community structure of Oligochaeta in this
study showed significant variations (P<0.05). The diversity indices
indicated that taxa richness (d), Shannon —Wiener (H) and Evenness (E)
varying differences at the 2 study stations respectively. Jaccard’s
coefficient of similarity of species revealed a significant similarity when
comparing the presence and absence of species found between the stations
(P>0.05). The impact of seasonal variations, human activities and
environmental factors influencing the distribution and abundance of
Oligochaeta are observed. There is a need for freshwater ecologists to
investigate the developments in Oligochaeta ecology in Lakes and other
freshwater ecosystems. Furthermore, Oligochaeta plays a vital role
biomonitoring, as their presence or absence in a water body serves as a
pointer to the true quality of water, be it in a fresh, brackish or, marine
water ecosystem.

Keywords: Oligochaeta, Naididae, Aeolosomatidae and Tubificidae,
Ozomu Lake
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Introduction

Oligochaeta is a subclass of animals in the Phylum Annelida. They are
made up of many types of aquatic and terrestrial worms, and including all
of the various earthworms (Plisko, 2013; Odigie and Olomukoro, 2016).
Specifically, the Oligochaetes contain the terrestrial megadrile earthworms
(some of which are semi-aquatic or entirely aquatic), and freshwater or
semi-terrestrial microdrile forms, including the tubificids, pot worms and
ice worms (Enchytraeidae), black worms (Lumbriculidae) and several
interstitial marine worms (Plisko, 2013; Odigie and Olumokoro 2016).
With around 10,000 known species, the Oligochaeta makes up about half
of the Phylum Annelida. These worms usually have few setae (chaetae) or
"bristles” on their outer body surfaces, and lack parapodia, unlike
Polychaeta members of the Class Oligochaeta include common
earthworms (Odigie and Olumokoro 2016). The aquatic sludge worms
(Family-Tubificidae) are best known for their value as environmental
indicators (Plisko, 2013). The name Oligochaeta means "few bristles,"”
which refers to the small bundles of hair-like bristles that occur on each
body segment. Tubificid worms have long been recognized as pollution-
tolerant because of their ability to thrive under poor water quality
conditions (Odigie and Olumokoro, 2016). Their blood contains
haemoglobin, which enables them to survive in waters where oxygen is
lacking. Haemoglobin (the same oxygen-transporting protein in our blood)
absorbs and retains oxygen from the water (Odigie and Olumokoro, 2016).
Their high tolerance for low oxygen also means that they can survive in
the anaerobic conditions caused by severe nutrient pollution, such as
sewage discharge, that kills off other invertebrates (Odigie and
Olumokoro, 2016). An aquatic invertebrate community dominated by
large red worms in an area that isn't naturally oxygen-deprived is often an
indicator of organic pollution (Voshell et al., 2002).

Generally, studies of Oligochaeta fauna in Lakes have received little or no
attention especially in benthic ecology research as the Oligochaeta fauna
on Lakes in Benin City is yet to be harnessed hence the need for this
present study. Ozomu Lake serves as a major source of water for domestic
use and cassava processing in the community. Furthermore, there remains
paucity of information and dearth of literature on the Oligochaeta fauna of
Ozomu Lake situated in Benin City, Nigeria. The present will investigate
the diversity, composition, and abundance of Oligochaetes in Ozomu Lake
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which may serve as a reference point for further research studies in the
lentic water body.

Materials and Methods
Study Area

This study was carried out in Ozomu Lake with two sampling stations
chosen. Ozomu Lake is situated in the interior of Ozomu village 60km
away from Benin- City, Edo State, Nigeria at Ovia North East local
government area of Edo State. It lies between latitude 526°25.940E and
longitude 6°16°16.154N. The Lake takes its source from underground
water. The Lakes reveal various man made segments that are specially
designed to retain water during the dry season of the year. Tropical
rainforest vegetation surrounds Ozomu Lake, as a result, the Lake is
always cool. Some of the trees shed their leaves into the water thereby
resulting in a high amount of decomposing organic matter content. The
inhabitants are mostly farmers; they till the land for production of crops
like cassava, maize, and yam. Small scale plantation farming and
processing of farm produce into semi-finished products for local
consumption is also common. For example, cassava is processed into garri
and oil palm is processed into palm oil using crude implements. Some
people also engage in hunting for bush meat, tree felling for timber and
fish farming.
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Figure 1. Map of Ozomu Lake showing sample stations.
Station 1
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Station 1 is located 200m away from the village and lies between latitude
5726°25.946E and longitude 6°16°16.155N. It had enormous vegetation
composed of large shrubs Alchomelaxiflora sp and Nephrolepsis biserrata,
thick vegetation of Bambusa sp and aquatic weeds. Organic matter from
dead and decaying leaves from trees was present in the station. Surface
dwelling frogs, snails, and other organisms frequented the station. The
water level is about 3.20m overlaid.

Station 2

Station 2 lies between latitude 525°50.509E and longitude 6°16°8.47N. In
this station, there is thick vegetation of Bambusa sp, few numbers of
aquatic plants Pistia sp, Azolla sp, and Salvinia sp. The bottom is muddy,
and organic matter from trees was also present in the station. Surface
dwelling frogs, snails, and other organisms frequented the station. The
water level is about 2.24m overlaid.

Sampling collection, duration, and analysis

Oligochaeta fauna was sampled in the months of July 2014 to June 2015.
Sampling was conducted fortnightly at each sampling stations between the
early hours of 8:00 am and 9:00 am. Water samples and bottom sediments
were collected for analysis in the laboratory. Bottom sediments were
collected using a modified Ekman’s grab and sodium chloride added for
three to five minutes to facilitate floatation of the organisms. The liquid
medium and floating fauna were sieved through a mesh sieve of size 0.5
mm. The retained macroinvertebrates were stored in sampling plastic
containers, preserved with 10% formalin and appropriately labeled.
Benthic organisms were sorted out in the laboratory using the American
Optical dissection microscope (Model 570) with X25-40 magnification.
The sorted samples were preserved in 4% formalin for identification and
counting. Specimen identification was achieved using the American
Optical dissection microscope (model 570), with a binocular light
microscope® (Olympus, England). Identification keys adopted in this
study were according to Brinkhurst (1971); Ogbeibu (1991); Olomukoro
(1996); Milligan and Hulbert (1997) and Pinder (2010).
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Data Analysis

PAST Graph-Ms word was used to analyze the Biological indices (Green,
1971). The fauna of the stations was compared using Jaccard index
(Jaccard, 1912). All statistical analysis and graphical presentations were
done with SPSS version 16.0, ANOVA and MS-Excel pack.

Results and Discussion

Twenty three taxa from a total of 271 individuals are recorded in this
study (Table 1). The taxa are represented according to study stations. The
family Aeolosomatidae represented by 2 taxa Aeolosoma sp, Aeolosoma
hemprichi, accounted for (3%) of the total number of individuals recorded
in all stations, Aeolosoma sp. had the highest abbundance in station 1 with
Aeolosoma hemprichi occuring once in staion 1(Fig 2). The family
Tubificidae accounted for (27%) of an overall number of individuals
encountred and was represented by 7 taxa(Fig. 2). Tubifex sp had the
highest abundance in Station 1 followed by Psammoryctides albicola in
station land Branchiura sowerbyi in station 2 (Table 1). Futhermore
Monopylephorus irroratus and Potamothrix hammoneniensis had a
slightly high abundance in station 2 with Limnodrilus udekemianus
recording the least abundance in the two study stations (Table 1). The
family Naididae had the highest abundance (70%) representing the
number of individuals collected from the study staions (Fig 2). Fourteen
(14) taxa of Naididae were recorded in the study station (Table 1). Nais
barbata was the most abundant occurring mostly in station 2, followed by
Dero sp occurring at a high number at both stations with a peak value was
recorded in station 2. Nais sp. had a high abundance mostly in station 1,
also Chaetogaster sp. recorded a peak value in station 1 with no
occurrence recorded in station 2 during the duration of the study. Pristina
longiseta had a slightly high abundance in station 2 with Branchiodrilus
hortensis recording the least value in station 1 and also occured once
(Table 1). The monthly abundance of Oligochaeta sp in the study showed
that the highest abundance was recorded in the months of april and may
2015 with the least abundance occuring in the month of march 2015 which
is usually the end of the dry season (Fig 3).
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Fig 2: Percentage relative abundance of Oligochaeta in the study
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Figure 3: Monthly abundance of Oligochaeta for the duration of study
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TABLE 1: The Distribution of @ligochasra in Ozomu Lake

TAXA Station 1 Station 2 TOTAL
Phylum Annelida

Clazz Oligochaera

Order Haplotaxida,

Family Tubificidas

Botamarhrix hammensnisnsis - 5 5
Prammenictides albisala 15 - 15
Monarzlenhorus Trarams. - 7 !
Limneadiilus wdefammianms, 1 1

Bramehivea sonverhud. 2 15 17
Tubifex sp 21 5

Tubifex mubifsx, - 2 2
Family Naididas

PByiztina like =p_ - 5 3
Priztina lpnginsia 2 13 13
Pristina geguissia - 3 3
Onhidenais sermentic - 5 5
Branchiodrilus hortensiz 1 - 1
Chagirgaster . 15 - 15
Naiz sp. 21 2 23
Nais behaua 7 2 36
Stularia lassstris g 9 17
Aulanhorus vagus 5 7 12
Dero zp. 19 23 4z
Dera digitars - 3 3
Dero furcatns 2 - b
Order Pleziopara,

Family deelasemandss

Asslesama sp 5 2 7
Aselosoma hewprichi 1 - 1
Total 135 136 271

Community structure

Table 2 shows the indices of diversity, taxa richness and evenness of
species distribution in the study stations. Oligochaeta species had a high
dominance in Station 1 (0.1131) and least dominance in Station 2
(0.1074). The maximum value of species abundance recorded is 19% in
station 2 while Station 1 had a slightly high abundance of 17%. The taxa
richness of Oligochaeta species was high at station 1. However, Station 2
had a higher diversity value of 2.447 with Station 1 having (2.329)
respectively (Table 2) Ozomu Lake had an evenness index value of
0.7336and 0.7219 in Station 1 and Station 2 respectively. Therefore, the
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evenness index in this study showed that Oligochaeta was evenly
distributed in Ozomu Lake. The Jaccard Similarity Index showed that the
stations in the present study were similar when comparing the presence
and absence of species found at the study stations (Table 3).

Table 2: Species Diversity of Oligochaeta in Ozomu Lakes

Indices Station 1 Station 2
Taxa_(S) 14 16
Individuals 131 149
Dominance_(D) 0.1131 0.1074
Relative abundance (%) 17 19
Shannon_(H) 2.329 2.447
Evenness_(e"H/S) 0.7336 0.7219
Margalef (d) 2.667 2.998
Equitability (J) 0.8826 0.8824

Table 3: Jaccard similarities of Oligochaeta species of Ozomu Lake

Jaccard similarity STATION 1 STATION 2
STATION 1 1
STATION 2 0.57895 1

The family Naidiade had a high occurrence and dominance in the study
stations which is sometimes constant in fresh water bodies. Odigie and
Olumukoro (2016), suggested that the abundance of Oligochaeta is
usually associated with the type of substratum in the study station. This is
in agreement with Odigie and Olumokoro (2016), who reported that the
abundance of Oligochaeta has been associated with muddy substratum
rich in organic matter, even at a short interval of 10 to 50m of the bottom
substratum. The fauna characteristics in Ozomu Lakes showed that
Oligochaeta is predominant in station 2. This recorded increase is in
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agreement with the study of Odigie and Olumokoro (2016) reported for
Obazuwa Lake, that the organic matter contents of sediments and the
dissolved oxygen concentration near the bottom are the most important
factors determining the abundance of Oligochaeta in Lakes. The
abundance of Tubificidae in the two stations of Ozomu Lake was
characterised by increased abundance of Tubificidae in station 2 with over
27%. However, the Family Tubificidae was the most dominant with
Tubifex sp and the least dominant was Limnodrilus udekemianus. These
patterns of observations may be due to human pressures in the form of
anthropogenic stress and domestic waste which could lead to escalation of
taxa that are tolerant to pollution. This is in agreement with the report of
Odigie and Olumokoro (2016) in the study of the species diversity and
abundance of Oligochaeta fauna in Obazuwa Lake. In this study, it was
revealed that anthropogenic impacts change the benthic community
composition of a lentic waterbody. Furthermore, in the Family Naididae,
the most dominant species were the Nais barbata and the least dominant
were Branchiodrilus hortensis. Also, the abundance of individual species
of the Family Naididae according to the stations showed the species was
most dominant in stations 2 and with a slightly high dorminance in station
1. The abundance of Nais sp was due to the abundance of aquatic plants at
Ozomu Lake, these results are in agreement with Timm and Veldhuijzen
van Zanten (2003) who stated that Nais sp is well known to inhabit an
aquatic plant zone and live among macrophytes when in abundance in
fresh waters. The abundance of individual species in the Family
Aeolosomatidae was observed to be abundant at station 1 and least
abundant at station 2. The abundance of Aeolosomatidae at Ozomu Lake,
was due to the location of fish ponds in some areas demarcated in both
Lakes thereby increasing the abundance of Aeolosomatidae, which are
known to inhabit fish ponds. Chatarpaul et al. (1979) showed that
Aeolosomatidae accelerated nitrogen loss from coarse streams sediments,
indicating their importance in rivers as well as Lakes. The monthly
occurrence of Oligochaeta in the duration of the study (July 2014- June
2015) showed that Oligochaeta had the peak abundance in the months of
April and May with the least abundance in the month of March. This
result is in agreement with the report of Sharma et al. (2011) who
observed a peak abundance of Oligochaeta in the months of April and
May when studying the water quality of the tributary of Behlol Nullah in
India.
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The diversity of Oligochaeta in the study area estimated by the Margalef,
Shannon-Wiener, Evenness and Jaccard Similarity indexes in the stations
were generally low and compared favorably with Odigie and Olumokoro
(2016) who reported low values for Margalef’s species richness and
Shannon — Wiener diversity Index in Obazuwa Lake. The presence of
good organic detritus content further contributed to the maximum quantity
of Oligochaeta as has also been reported by Chakraborty and Das (2006);
Gasim et al. (2006); Manoharan et al.(2006) and Odigie and Olumokoro,
2016. Oligochaeta normally favors the organically rich environment and
remains dominant in severally polluted conditions (Odigie and
Olumokoro, 2016). Some aquatic Oligochaeta species are abundant in
organically polluted water because of a lack of competition for food and
space, which is also linked to tolerance to reduced oxygen conditions
(Brinkhurst et al., 1983). However, in this study, Oligochaeta fauna was
observed to be available all year round while differences seen in some
species which may be due mainly to the recruitment and reproductive
cycle of Oligochaeta occurring all year round (Odigie and Olumokoro,
2016).

Conclusion

The low diversity of Oligochaeta fauna in this study is not unusual. It is,
therefore, important that freshwater biologists pay attention to the
developments in Oligochaeta ecology in Lakes and other freshwater
ecosystem, as Oligochaeta play a vital role biomonitoring, as their
presence or absence in a water body serves as a pointer to the true quality
of water, be it in a fresh, brackish or, marine water ecosystem.
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Abstract

Anchomanes difformis and Tacca involucrata are wild tuberous plants rich
in starch. Starch granules were isolated from the tubers of these plants
using wet milling method of extraction and further subjected to
physicochemical characterization by different experimental procedures. A.
difformis afforded starch with a percentage yield of 28.15 % while T.
involucrata yielded 12.25 % starch. The physicochemical analysis of
isolated starch compounds revealed a swelling power of 8.5 and 12.0,
gelatinization temperature of 73 and 75 °C , pasting temperature of 79.96
and 77.89 °C, with a pH of 5.8 and 6.5 and bulk density 0.77 and 0.76
g/lcm?® for A. difformis and T. involucrata respectively. The microscopic
and X-ray diffraction analysis indicated that the starch granules are
generally small in size, with clustered arrangement. This study has
revealed that both A. difformis and T. involucrata are not only rich in
starch but that the investigated starch compounds have high potential for
industrial applications and could serve as alternative sources to avoid
competition with the staple crop, cassava.

Keywords:  Starch, Anchomanes difformis, Tacca involucrata,
physicochemical properties
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Introduction

Starch is a naturally occurring; biodegradable, and widely available
polysaccharide molecule. It is composed of the chains of glucose units
(CsH1206), . with n ranging from 300 to 1000, bound with a glycosidic
linkage. Starch occurs widely as reserve for carbohydrate in stems, grains,
and fruits of all forms of green plants. Cereal grains such as corn, wheat,
sorghum and tubers and some roots such as potato, tapioca, arrowroot, etc.
are some of the commercial sources of starch for industrial exploitation.
Different starches differ depending on their botanical source, biochemistry
and morphological properties (Neelam et al., 2012). Starch is also one of
the most widely used biomaterial in the food, textile, cosmetics, plastics,
adhesives, paper and pharmaceutical industries. The diverse industrial
usage of starch is based on its availability at low cost, high calorific value
and inherent excellent physicochemical properties (Omojola et al., 2010).

Tacca involucrata; (Sch. and Thonn.) is a rhizome, usually found in the
savannah grassland. It belongs to the family Taccaceae. It is a perennial
herb with a round swollen tuber underneath the ground from which it
shoots out a leaf stalk up to 1 m long. The plant had a long history of
being a major source of carbohydrate in the savannah belt of Nigeria until
the advent of cassava when its importance waned, it is now harvested wild
(Nwokocha et al., 2011). The tuber is first boiled to remove the toxic
element and then converted to flour and employed in a variety of food
preparations. T. involucrata is an under-utilized crop with a high potential
as a source of industrial starch (Nwokocha et al., 2011).

Anchomanes difformis, a member of Araceae family (Burkill, 1985), is an
herbaceous plant with prickly stem having huge divided leaf and spathe
that arise from a horizontal rhizome occurring in the forest of West Africa.
It is sometimes called forest Anchomanes in English (Oyetayo, 2007),
while among the Yoruba speaking populace of the Southwestern Nigeria,
it is known as Abirisoko, Ogirisako or Igo (Soladoye et al., 2005).

The quest for cheaper and higher quality starch from biological materials
has necessitated this research into lesser known plants which have better
physicochemical properties over the present commercial starch sources.
Therefore, the purpose of this study is to compare the physicochemical
properties of starch granules from tubers of Tacca involucrata and
Anchomanes difformis obtained from South Western Nigeria.
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Materials and Methods

Freshly harvested rhizomes of Anchomanes difformis and Tacca
involucrata, grown naturally were collected from EKkiti East local
government area of EKiti State, and authenticated at the Herbarium unit of
the Department of Plant Biology, University of llorin, llorin, Kwara state.
Voucher specimens were deposited, the following voucher numbers were
thus issued; UILH/001/1850 and UILH/001/1930 for T. involucrata and A.
difformis respectively.

Isolation of Starch

The tubers were weighed, washed, peeled and cut into 2 cm long chips.
The chips were homogenized in a Phillips HR1720 blender with 50 ml of
water. The slurry obtained was mixed with five times its volume of water
and sieved with a muslin cloth. The starch milk was allowed to settle
overnight and the supernatant decanted. This was washed several times
with fresh water. The resultant white starch was sun dried, pulverized,
weighed and stored in a plastic container (Nwokocha et al., 2009).

Determination of physicochemical properties
Swelling power:

The method described by Daramola and Osanyinlusi (2006) was used to
determine the swelling power with slight variations. The starch sample
(0.1 g) was weighed into a test tube and 10 ml of distilled water was
added. The mixture was heated in a water bath at a temperature of 50 °C
for 30 min with continuous shaking. In the end, the test tube was
centrifuged at 1500 rpm for 20 min in order to facilitate the removal of the
supernatant which was carefully decanted and weight of the starch paste
taken. This was carried out over a temperature range of 50 — 100 °C.

The swelling power was calculated using the expression 1.

Weight of starch paste

Swelling power: .
&P Weight of dry starch sample

Solubility Index:

Solubility index was determined over a temperature range of 50 — 100 °C
as follows: Starch sample (0.5 g) was added to 10 ml distilled water in a
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test tube. This was subjected to heating in a water bath with a starting
temperature of 50 °C for 30 min. It was then centrifuged at 1500 rpm for
30 min. 5 ml of the supernatant was decanted and dried to constant weight.
The solubility was expressed as the percentage (%) by weight of dissolved
starch from heated solution (Mandala and Bayas, 2004).

Gelatinization Temperature:

This was evaluated using the method of Attama et al. (2003). The starch
sample (1 g) was placed in a 20 ml beaker and 10 ml of distilled water was
added. The dispersion was heated on a hot plate at between 60 — 80 °C.
The gelatinization temperature was then read with a thermometer
suspended in the starch slurry.

pH:

A 20 % wlv dispersion of the sample was shaken in water for 5 minutes
and the pH was determined using a pH meter (ATPH-6 water proof pocket
pH tester meter).

Pasting Properties:

Pasting characteristics such as pasting temperature and viscosity of the
starch obtained from the tubers were determined with a Rapid Visco —
Analyser (RVA), (Model RVA 3D+, Network Scientific, Australia). The
starch (2.5 g) sample was weighed into a dried empty canister, 25 ml of
distilled water was dispensed into the canister containing the sample. The
solution was thoroughly mixed and the canister was well filled into the
RVA as recommended. The slurry was heated from 50 — 95 °C with a
holding time of 2 minutes followed by cooling to 50 °C with 2 minutes
holding time. The rate of heating and cooling were at constant rate of
11.25 ¢/min viscosity and pasting temperatures were read from the pasting
profile with the aid of thermocline (Adewumi et al., 2015).

Microscopy:

A scanning electron microscope (SEM) (model EVO/MA 10) was used to
determine the particle size at 50 X and 100 X magnifications. The sample
was imaged with the secondary electron detector at an accelerating voltage
of 5 kV, probe current of 200 PA and variable pressure of 50 Pa (Fanon et
al., 1992).
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X-ray Diffraction:

The starch samples were pulverized to powder particle size of less than 63
pum mesh sieve and equilibrated in a desiccant of a desiccator overnight.
The samples were placed in the cavity of a disc sample holder of the
diffractometer. Diffraction diagrams were recorded using Inel X-ray
equipment (Inel CSP120, 45410 Artenay, France) operating at 40 kV and
a generator current of 30 mA. Cu K-1 radiation (A= 0.15405 nm) was
selected using a quartz monochromator and scanned at 0 - 20 degrees. A
curved position detector was used to monitor the intensities using 2 h
exposure periods. PeakFit software (Systat software Inc., Chicago, USA)
was used to quantitatively estimate the degree of crystallinity using the
ErfcPk type in peak fitting and analyze the amorphous area (r> > 0.99), the
percentage crystalline area was obtained by difference.

Results and Discussion
Chemical Composition:

The starch compounds obtained were slightly off white in colour with no
smell and vyields of about 28.15 % and 10.25 %. Both yields were
considered to be appreciable especially when compared with starch
compounds from other sources such as cassava, 30 % (Fakir et al., 2012)
corn, 66.31 % (Khan et al., 2014) and Mesua ferrea, 5.85 % (Sayeed et
al., 2004). The pH measurement showed that starch A. difformis is very
close to that of corn starch properties (Omojola et al., 2010), comparable
with the previous pH values reported for starch from tubers and within the
pH range of 3 — 9 obtained for most used in the pharmaceutical, cosmetics
and food industries (Coursey and Rasper, 1967).

Amylose and amylopectin composition varied in both starch compounds
with values from 20.68 to 10.30 % and 75.60 to 90.70 %, respectively.
While, Tacca involucrata shows the highest amylose content this is also
higher than 20.68 % compared to that obtained from Cassava starch. High
amylose starch compound would be suitable for the coating of fried
products, pasta, sweet and bread production (Vignaux et al., 2005). The
very low amylose content obtained in Anchomanes difformis makes it a
good choice food for diabetics and other health conscious individuals
(Agbo and Odo, 2010). Table 1 presents physicochemical properties of the
starch.
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Gelatinization temperature:

The temperature at which starch granules undergo transition from the
crystalline state to a gel is referred to as gelatinization temperature. This is
an important parameter in starch characterization. The gelatinization
temperature of Tacca starch (75 °C) obtained is comparable to that of
cassava starch (Omojola, 2013) while that of Anchomanes starch is 73 °C
which falls within the range of gelatinization temperatures commonly
observed for starch compounds (Afolayan et al,. 2012). It has however
been established that high amylose starch sometime have high
gelatinization temperature and since Tacca starch has higher amylose
content which well related to the reduced gelatinization temperature (73
°C) for Anchomanes starch.

Bulky Density:

Bulk density is a function of particle size; particle size is inversely
proportional to bulk density. Table 1 showed that there is little significant
difference in values of the bulk densities for both Tacca and Anchomanes.
Their relatively high value of bulk density supported their suitability as
drugs binder and disintegrant in pharmaceuticals (Zaku et al., 2009].

Table 1: Physicochemical properties of starch from Tacca involucrata
and Anchomanes difformis

S/N  Physicochemical Tacca Anchomanes
Analyses involucrata difformis

1 Starch yield (%) 28.15 12.25

2 pH 6.50 5.80

3 (gelatinizaton Temperature 75.00 73.00
(C)

4 Bulk density (g/cm? 0.76 0.77

5 Pasting Temperature (°C)  77.89 79.96

6 Amylose (%) 24.40 10.30

7 Amylopectin (%) 75.60 90.70
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Morphology:

The variability in the granular shape of the starch samples are shown in
Plate 1. The shapes of Tacca involucrata and Anchomanes difformis starch
granules were heterogeneous, having different shapes of oval and
polyhedral for Tacca and hexagonal for Anchomanes. From particle size
distribution analysis of the starch compounds, the results showed that the
mean granule size of 6.49 um for Tacca involucrata and a granule size
range of 1-5 pum for Anchomanes difformis. This clearly showed that both
starch compounds are smaller than cassava starch which has a mean
granule size of 11.82 um and average range of 1.05 — 36.08 um. Granule
size and particle size distribution of starch influences the functional
properties of starch this includes; swelling power, solubility and
digestibility (Moorthy et al., 2002). Generally, small and medium sized
starch granules have been reported to have varied utilization in the food
and pharmaceutical industries properties (Omojola et al., 2010) which
gives credence to the industrial potentials of the starch.

=) Sk x50 ®) Skx x 100

«© 1l x 50 (d) 1kx x 100

Plate 1: Photomicrograph of (a) Tacca Starch and (b) Anchorarnes Starch sample at S KV,
and 1 KV rezpectively
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X-ray diffraction:

The x-ray diffractogram of starch compounds presented in Fig. 1 and Fig.
2 showed that Tacca gave characteristic peaks at 10.8°, 18.2°, 20.5°,
24.0°, 24.8° 26 which are diffraction peaks corresponding to A-type
diffraction pattern while Anchomanes gave characteristic peaks at 18.12°,
18.27°, 23.7°, 24.0° 26 which are diffraction peaks corresponding to A-
type. Cassava starch was also reported by Rocha et al., (Rocha et al.,
2010) to exhibit A-type diffraction pattern. It has been shown in previous
studies that an A-type X-ray diffraction starch, that has a high proportion
of short branch chain amylopectin, has inferior crystallinity and thus is
more susceptible to digestion by a-amylose compared to its opposite, B-

type starch (Jane et al., 1997).

Fig.1: X-ray Diffractogram of Tacca involucrata Starch
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Fig. 2: X-ray diffractogram of Anchomanes difformis Starch
Swelling and Solubility properties

Figure 3 and 4 showed the swelling power and solubility properties starch
compounds from Tacca involucrata and Anchomanes difformis as a
function of temperature.

Solubility and swelling power provides the evidence of interactions
between the water molecules and the starch chains in the crystalline and
amorphous regions (Ratnayake et al., 2002). Swelling power increased
with increased temperature (60 to 100 °C) in the starch samples with
Tacca possessing a higher swelling power than Anchomanes. The
solubility profile also shows an increase in solubility with temperature rise
which relaxes at 90 °C before rising again for Anchomanes, this was an
indication that the starch granules has a greater intra granular organization
in which most of the bonding forces required energy supplied in the
temperature range 80 to 90 °C to cause a relaxation (Nwokocha et al.,
2009). Factors that influence the solubility of starches include: origin,
granule size and other component s of the starch. Solubility has been
shown to positively correlate with swelling, indicated that solubilization
occurred along with granular swelling (Srichuwong et al., 2005).
Increased swelling power is an indicative of the suitability of such starch
for use as a disintegrant in the pharmaceutical industry.
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Fig. 3: Swelling Power Profile of Anchomanes difformis and Tacca
involucrata starch
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Fig. 4: Solubility Index Profile of Anchomanes difformis and Tacca
involucrata Starch

Conclusion

The results of the physicochemical and functional properties of starch
compounds from Tacca and Anchomanes revealed that the starch granules
can compare favourably with starch from cassava plant. This confirms the
potential of starch compounds from Tacca and Anchomanes in both food
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and non-food industries. These results may allow variety of choice when
sourcing new ingredients or ingredients with properties to enhance
production and development of starch. This will help to lessen stress on
starch from other well-known sources such as cassava.
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Abstract

Malaria is one of the most deadly parasitic diseases in endemic areas
including Nigeria. The aim of the study was to investigate antimalarial
potential of the aqueous extract of Nigella sativa in combination with
honey in ratio 1: 1 (w/v) and its effect on heamatological parameters of P.
berghei infected mice. Dose levels of the combined extract and honey at
50, 100, and 200 mg/kg body weight were evaluated for the curative
effects against Plasmodium berghei (NK 65 chloroquine sensitive)
infected mice. Chloroquine (20 mg/kg body weight) was used as standard
drug. The results showed significant (p<0.05) decrease in the parasitaemia
levels in treated mice when compared to those of the untreated group.
Chemosuppresive inhibition (91.37%) of the parasite in P. berghei treated
mice at 100 mg/kg body weight of the combination was relatively higher
when compared to those treated with the standard drug (81.06%). Also,
there was significant (p<0.05) increase in white blood cell, red blood cell,
heamoglobin, packed cell volume and platelets counts of the treated P.
berghei mice when compared with the untreated P. berghei mice. The
findings suggested that the combination of aqueous extract of N. sativa
and honey has antimalarial property and restored the deranged
hematological indices caused by the P. berghei parasite.

Keywords: Antimalarial, Plasmodium berghei, Nigella sativa, Honey,
Hematological parameters
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Introduction

Malaria is a major global health problem and a predisposition risk to 97%
of Nigeria’s population where it accounts for more clinical episodes (100
million/ year) and deaths (300,000/ year) than in any other country in the
world (WHO, 2015). This devastating parasitic infectious disease
competes with death rate (215,000/ year) from HIV/AIDS in the country.
Children and pregnant women are the most susceptible groups to the
disease resulting in an estimated 11% of maternal mortality rate (WHO,
2015). Recent report from World Health Organization reveals that nearly
half of the world’s population is at risk of malaria, with about 216 million
malaria cases and about 445,000 cases of malaria-related deaths (WHO,
2016).

Most common complications in malaria infection are changes or alteration
in the hematological parameters of the infected individuals, These
changes involute the major cell lines such as red blood cells, leucocytes
and thrombocytes. As such they play a major role in malaria pathology
(Maina et al., 2010). Some degree of anaemia is linked to most malaria
infections (Lamikanra et al., 2007). Severe injury and death may arise
from malaria anaemia particularly in children and pregnant women
(Menendez et al., 2000.

Plant materials have been a major source of natural therapeutic remedies
for treatment of various infectious diseases in many countries (Wendy et
al., 2017). Among various medicinal plants, Nigella sativa (N. sativa)
(Family Ranunculaceae) is emerging as a miracle herb with a rich
historical and religious background (Al-Buhari, 1976), since many
researches revealed its wide spectrum of pharmacological potential (khare,
2004). N. sativa is commonly known as black seed. Phamacological
properties include: antioxidant activity (Kruk et al., 2000), analgesic effect
and antiflammatory activity (Al-Ghamdi, 2001; Ali and Blunden, 2003;
Hajhashemi et al., 2004), hepato-protective activity (Sultan, et al., 2012;
Yesmin et al., 2013; Rahmani and Aly, 2015). Antimalarial activity
(Abdulelah et al., 2007; Hadi et al., 2016). They stimulates the body’s
energy and help recovery from fatigue (Tembhurne et al., 2014,
Krishnaveni and Saranya, 2016; Botnick et al., 2012 ). Also they can be
administered internally in intermittent fever (Tembhurne et al., 2014).
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Honey is a natural substance produced, when the nectar and sweet deposits
from plants are gathered, modified and stored in the honeycombs by
honeybees of the genera Apis and Meliponini (Namias, 2003; Al-jabri,
2005). Honey forms part of traditional medicine in many cultures (Viuda-
Martos et al., 2008), although it is most widely used as sweetener. There is
currently resurgence in interest in the use of honey and honey products by
the public. This alternative branch of medicine is called apitherapy
(Manyi-Loh et al., 2011; Mamo, 2018). It is composed of at least 181
components and is basically a solution supersaturated in sugars (Wei et
al., 2009). The actual composition of honey varies; depending on many
factors such as the pollen source, climate, environmental conditions, and
the processing it undergoes (Bertoncelj et al., 2007).

Phamacological properties include: anti-oxidant activity (Jaganathan et al.,
2010, Manyi-Loh et al., 2011, Khan et al., 2018), anti-inflammatory
activity (Kassim et al., 2010, Candiracci et al., 2012, Vallianou et al.,
2014), anti-malarial activities (Jirattikarn et al., 2012, Olayemi, 2014) and
boosting of the immune system (Jones et al., 2000, Molan, 2001, Tonks et
al., 2007). The objective of the present work was to assess the antimalarial
potential of the combination of aqueous extract of N. sativa seed and
honey in ratio 1:1 and its effects on the hematological parameter on the P.
berghei infected mice.

Materials and methods
Plant materials and authentication

Nigella sativa seeds and honey were obtained from Alhamed shop in
Taiwo Road llorin, Kwara State, Nigeria. The seeds were authenticated at
herbarium unit of the Department of Plant Biology, University of llorin,
Nigeria with voucher number UIHO039.

Plant Preparation

100g of dry black seed was ground using a mortar and pestle, the
powdered seed was dissolved in 2L of distilled water in a plastic container
and shaken intermittently for 48 hours. The resulting mixture was filtered
and the filtrate was freeze dried.
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Laboratory Animals and Ethical protocol

Adult albino mice, with average weight of 21.5 + 1.4g, obtained from
Small Animal Holding unit, Department of Biochemistry, University of
llorin, were used for the experiment. The mice were placed on standard
pellet feed and allowed to drink water freely. They were acclimatized for 2
weeks before the commencement of the study. The guide line on animal
handling and treatment were duly followed (CCAC, 1993).

Malaria parasites

NKG65 strain of P. berghei was obtained from the Institute for Advance
Malaria Research and Training (IMRAT), College of Medicine, University
of Ibadan, Ibadan Nigeria, and sustained in the laboratory by continuous
passage of parasitized blood into mice.

Antimalarial assay

Curative antimalarial test used was a modified method of Ryley and Peters
(1970).

Preparation of smear

A drop of blood was collected from the tail end of each mouse and was
placed on slides, smear, and stain to determine its parasiteamia using a
method described by Adebayo et al. (2013).

Blood preparation

The mice were sacrificed by anaesthetizing them in a jar containing cotton
wool soaked with diethyl ether. Blood was collected in well labeled EDTA
sample bottles for the hematological analysis.

Results

There was a significant (p<0.05) decrease in percentage parasiteamia level
of treated parasitized mice when compared with untreated parasitized mice
as shown in figure 1. All the treated group shown a significant (p<0.05)
reduction in parasiteamia level from day 4 to day 8 with the treatment at
100 mg/kg bw of the combination demonstrating more reduction in
parasite level when compared with the chloroquine treated (fig. 1).
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There was a significant (p<0.05) increase in percentage chemo
suppression of parasite inhibition in all the treated groups with 100 mg/kg
bw of the combination (91.37%) demonstrated a significant parasite
inhibition when compared with chloroquine treated (87.73%) as shown in
figure 2.
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Figure 1: Mean percentage parasitaemia of P. berghei infected mice
treated with combination of aqueous extracts of N. sativa seed and honey

lines are mean = SEM; n = 5, the alphabets show the statistical different
with P<0.05. NH: Nigella sativa ageous extract and honey
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Figure 2: Percentage chemosupression of parasite inhibition of P. bergheli
infected mice treated combination of aqueous extracts of N. sativa seed
and honey
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line are mean = SEM; n = 5, the alphabets show the statistical different
with P<0.05. NH: Nigella sativa ageous extract and honey

There was a significant (p<0.05) decrease in the red blood cell (RBC)
count, hemoglobin (Hb) and packed cell volume (PCV) of untreated
infected P. berghei mice when compared with the treated parasitized mice
as shown in figure 3,4 and 5. The rate of increase in RBC, Hb, and PCV of
treated mice at 100 mg/kg bw of the combinations and chloroquine
(standard drug) was compare favorably with the normal control
(uninfected mice). Also, there was a significant (p<0.05) decrease in the
white blood cell (WBC) count and platelet count of the untreated
parasitized mice when compared with treated parasitized mice as
presented in figure 6 and 7. However, the treatment at 100 mg/kg bw of
the combination and chloroquine treated shown appreciable increase in the
level of WBC count and platelet count when compared with the normal
control (figure 6 and 7).
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Figure 3:Red blood cell of P. berghei infected mice treated with
combination of aqueous extracts of N. sativa seed and honey

Bars are mean + SEM, n = 5, the alphabets show the statistical different
with P<0.05
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Figure 4. Heamoglobin of P. berghei infected mice treated with
combination of aqueous extracts of N. sativa seed and honey

Bars are mean £ SEM, n = 5, the alphabets show the statistical different
with P<0.05 . NH: Nigella sativa ageous extract and honey
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Figure 5: Pack cell volume of P. berghei infected mice treated with
combination of aqueous extracts of N. sativa seed extract and honey

Bars are mean + SEM, n = 5, the alphabets show the statistical different
with P<0.05 NH: Nigella sativa ageous extract and honey
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Figure 6: White blood cell of P. berghei infected mice treated with
combination of aqueous extracts of N. sativa seed and honey

Bars are mean + SEM, n =5, the alphabets show the statistical different
with P<0.05. NH: Nigella sativa ageous extract and honey
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Figure 7: Platelet count of P. berghei infected mice treated with
combination of aqueous extracts of N. sativa seed and honey

Bars are mean £ SEM, n = 5, the alphabets show the statistical different
with P<0.05. NH: Nigella sativa ageous extract and honey

88



F. A. Abubakar et al.

Discussion

The results show that the combination of aqueous extract N. sativa seed
and honey at 100 mg/kg bw was able to reduce the level of the parasite in
the P. berghei infected mice. The treatment at various dosages of the
combination and chloroquine also exhibit growth inhibition of parasite
above 50%. This is in line with the work of Isha et al. (2003) who reported
that an extract is considered active if it demonstrates 50% growth
inhibition. In addition, the growth inhibition of the combination at 100
mg/kg bw (91.37%) was significantly higher than that of the chloroquine
(81.06%) treated. Therefore, the treatment at 100 mg/kg bw of the
combination was considered more effective for the treatment of malaria.

Hematological parameter plays a major role in malaria pathology (Maina
et al., 2010). The hematological assay revealed that RBC, Hb and PCV
level significantly decrease (p<0.05) after infection with P. berghei
parasite. This is an indication of anemia due to hemolysis. Anemia is a
consistent finding in blood protozoa parasite infection (Ajagbonna et al.,
2002). The increase in RBC, Hb and PCV counts after the treatment with
the combination at 100 mg/kg bw that was brought to near normal was an
indication that the combination at 100 mg/kg bw can revert the anaemic
condition of the infected parasitizes mice to near normal. The WBC and
platelets counts of the treated P.berghei mice also increased significantly
(p<0.05) following the treatment at 100 mg/kg bw of the combination.
This could also be an indication that the immune system of the P. berghei
infected mice could have been boosted after the treatment.

Conclusion

The combination of N. sativa aqueous extract and honey at 100 mg/kg bw
has antimalarial potential which was higher than that of standard drug
(chloroquine) and demonstrated the ability to restore the deranged
hematological indices caused by P. berghei infected mice.
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Abstract

Workplace accidents and illness are on the increase in the Nigerian
Sawmill industries, this is because safety measures were not given
desirable attention. The objective of the study was to assess practice of
safety measures and work related injuries of saw mill workers in Kwara
South Senatorial District of Nigeria. This is a descriptive cross sectional
survey carried out among sawmills workers in four Local Government
Areas of Kwara State. Multistage sampling technique was used in
selecting respondents and interviewer administered validated
questionnaire was used to obtain information. Data collected were
processed and analyzed using Epi-Info version 2007 software. Chi square
and simple percentages were used and p value < 0.05 was set as the
significant level. The findings from this study showed that majority of the
workers who were within age group 28-47 years and mainly involved in
technical aspect of the job had fair knowledge of sawmill hazards. The use
of personal protective equipment (PPE) was high among respondents who
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had spent many years on the job. Those who did not use PPE considered it
inconvenient, irrelevant and disturbing. The workers with secondary
education and above were found to record use of protective devices
compared with others. Sawmill machine and technical operators, Sawmill
labourers (wood loaders and machine off loaders) and workers with less
than 10 years working experience recorded the highest cases of hazards.
Government and management of the industry should make adequate
provision for regular health education, PPE at subsidized rate and mandate
regular inspection and monitoring of sawmills by occupational health
officers. Management should enforce environmental cleanliness and
hazard free environment, educate and enforce formal training on work
place hazards and need for periodic medical examination, provide first aid
box and adequate workers compensation plans in case of occupational
disability.

Keywords: Sawmill workers, safety measures, work-related injuries
Introduction

Healthy work force is vital for sustainable social and economic
development of a country. This has not been possible due to poor
compliance to health and safety standards in developing countries as a
result of proliferation of small and medium size workplace. The lucrative
nature of sawmilling industries in Nigeria have attracted a high
considerable number of the work forces, and everyday these workers are
exposed to various hazards of wood processing such as physical, chemical,
and biological hazards (Fatusi and Erhabor. 1996). Sawmill occupational
accident and illnesses are on the increase in developing countries because
workers are often migrating from rural areas with few skills and very little
training in safe work practices (Federal Ministry of Agriculture. 2003). It
was estimated that at least two million people are routinely exposed
occupationally to wood dust worldwide (Osagbemi. 2010).

Sawmills are mainly owned by individuals in Nigeria who are not keen on
the standard safety practice for their employees. Studies have also
revealed that in Nigeria, health and safety standards were neither practiced
nor enforced leading to proliferation of hazards in this growing industry.
Research had shown that sawmill workers are at high risk of ergonomic
hazards resulting from lifting of heavy loads, repetitive work, and poor
work posture (Osagbemi. 2010). Manual handling involved in sawmilling
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operations has exposed workers to higher levels of risks associated with
log handling and machine operation, work related body injuries including
fractures, and in extreme cases, death (Aruofor. 2000, Dosunmu. 1995,
Hind and Davies 2010, Larama and Anoek.2005).

In Nigeria, it has been reported that availability and use of occupational
safety devices were less than 20% (Osagbemi. 2010). Factors responsible
for the poor practices of occupational safety measure among saw mill
workers include, ignorance on the part of saw millers, unavailability and
poor attitude to use of personal protective equipment, lack of training on
the various hazards of their occupation and ways of controlling them
(Hind and Davies. 2010). Study done in the past revealed no exposure
control equipment such as exhaust ventilation fittings were available in
any of the sawmills, which are majorly situated in populated areas
(Mwaiselage and Bratweit. 2005).

Since work-related hazards are largely preventable, information obtained
from this study will go a long way in planning appropriate intervention
such as increasing the awareness and promotion of safety practices of
sawmill workers ultimately reducing work place fatalities; accidents and
illness in sawmill industries in future. This study is aimed at determining
the level of awareness; safety measures practiced and work related injuries
among sawmill workers in Kwara South Senatorial District of Nigeria.

Methodology

This is a descriptive cross-sectional survey of safety practices and
occurrence of hazards among sawmill workers in Kwara South Senatorial
District of Nigeria. The study population were the registered workers in
the sawmill industries. Sawmill workers were grouped into; machine
operators, saw technicians, dust packers, overseers, wood loaders,
machine off loaders, and administrative staff. All registered sawmill
workers who had spent at least six months in continuous employments in
the industry were included to participate in the study.

In Kwara South Senatorial District of Nigeria, there are seven Local
Government Areas (LGA); these are Oyun, Offa, Ekiti, Oke Ero, Isin,
Ifelodun and Irepodun LGAs. Four LGAs were selected by simple random
sampling using balloting method. These are Ifelodun, Offa, Ekiti and
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Irepodun LGAs. These LGAs have similar characteristics with other
LGAs in Kwara South senatorial district.

All sawmill workers available and willing to participate in all the four
LGAs selected were engaged for the study. Six hundred and sixty
respondents were involved in this study. The research instrument used in
data collection was semi-structured interviewer administered
questionnaire. The pre-testing of the questionnaire was done in sawmills
in Moro LGA, Kwara North Senatorial District using 40 sawmill workers
who had been in continuous employment for not less than 6 months and
are exposed to similar occupational hazards as respondents. Corrections
and modifications were done based on the findings from the pretest. Data
was collected by four trained research assistants after informed consent
has been taken and proper introduction done. All data generated from the
study were collected and checked manually for errors in the filling of
responses. Analysis was done using EPI INFO version 2007 computer
software package. The test statistics used was Chi square and p-value of <
0.05 was significant for the study.

Results

The age of respondents ranged from 18 to 58 years with a mean age of
34.3 + 7.8 years. About half 300 (45.5%) had secondary education while
93 (14.1%) had no formal education. The machine operators constituted
more than half 366 (55.5%) of the sawmills work force. Majority of
respondents 264 (40.0%) had spent 6-10 years in the sawmill employment.
Less than one-third 210 (31.8%) mentioned that regular wear and tear
check was done at the work place and only 423 (64.1%) said
environmental sanitation was done in their factory while none carried out
wet drilling as maintenance/precautionary measures. Almost two-thirds
393 (59.5%) did not use protective devices and only 4.5% of respondents
mentioned availability of first aid box in their work places (Table 1).

Less than two-thirds 369 (55.9%) of respondents always use boots during
work activities in sawmill. About a third (30.0%) had never used face
mask during working hours to prevent dust while almost half 48.2% never
use safety goggle at places of work (Table 2). More respondents with the
longest working years (21 years and above) recorded the highest (72.2%)
use of protective devices than those with the least working years (< 10
years). There was a statistically significant difference (p=0.0072) in the
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use of personal protective devices by those who had spent longer years on
the job compared with those who had less years (Table 3). Of the
respondents who did not use protective devices 354 (90.0%) said it was
not convenient, 165 (42.0%) said they often forget to use them, 120
(30.5%) mentioned lack of knowledge while 21 (5.3%) said it was not
necessary to use them.

More than three-quarters 609 (92.3%) of sawmills had canteens while
none had health clinic, ventilators for impurities and incinerators. Less
than three-quarters 465 (70.5%) of the sawmills had toilet facilities and
running water available in 288 (43.6%) of the factories. Only 27 (4.1%) of
the respondents reported occasional visit by the officers from Local
Government Area in charge of monitoring and supervision of work places
to observe the level of compliance with safety precautions. Majority 633
(96.0%) of the respondents had not gone for medical examination since
their engagement in the sawmill work and only 27 (4.0%) had visited
hospital for medical examinations. Of the respondents that had medical
examinations done, only three persons had eye test done while none had
done hearing and skin test although all of them were examined physically
and did chest X-ray.

Although, there was no statistically significant difference (p =
0.84721618) between use of protective devices and literacy level of
respondents, however, the proportion of respondents that used protective
devices were more among those that had primary (42.3%) and secondary
education (42.2%) compared with others. However, there was no
statistically significant difference (p = 0.84721618) in the use of protective
devices and literacy level of respondents. Majority of respondents with
many working years (21years and above) had experienced more trauma
from falls (83.3%) than those with the lesser working years of 11-20 years
and 1-10 years.

More respondents 237 (61.7%) that had the least working experience (1-
10 years) had highest occurrence of fracture compared with 21 years and
above. More respondents in technical/ machine operations 282 (68.6%)
experienced the highest cases of strains and sprains than workers in
administrative department, as this was found to be significant (p=0.0004).
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More respondents working as machine off loaders and wood loaders 90
(63.8%) had the highest cases of trauma from fall (63.8%) while the least
occurrence was recorded from administrative workers 6 (11.8%).

Discussion

This study revealed that majority (80%) of the respondents falls within age
group 28-47 years, this is similar to a study done among saw millers in
South West Nigeria, where most of the sampled respondents age falls
within 25-44 years (lyun and James. 2005). This could justify the fact that
milling activities are done by those in active age group that can hustle
around for the demands of the job. Also, a larger proportion of the
respondents are males 618 (93.6%) as this finding confirms the United
Nations agency report of the male tendency towards sawmill work.

Many (45.5%) of the respondents had secondary education, 31.4% had
primary education, 14.1% had no formal education and 9.1% had tertiary
education. The pattern of educational level of the study population is
closely related to a study done in South West Nigeria where respondents
with secondary education were the highest (58%) while those with tertiary
education constituted the least among the study respondents (lyun and
James. 2005). This might be due to the fact that no formal qualification
requirement before enrolling in sawmill industry. The occupational
structure shows that technical sawmill workers (machine operators and
saw technicians) were the majority 62.3%, followed by sawmill manual
labourers (machine off loaders, wood loaders and sawdust parkers) and
administrative workers were the least among respondents (7.7%). This is
similar to a study done by Uhumwangho in Benin where technical sawmill
workers constituted 45.9%, and sawmill manual labourers were 30.4%
while 23.1% were administrative staff (Uhumwangho and Gordon.
1993).This is due to sawmilling activities being complex and mechanized.

This study also revealed that hand glove is known by most 600 (90.9%) of
the respondents as a protective device. This might be due to their work
involving carrying of woods thus, hand glove would be the most known
and used protective device. The high number (50.9%) of hospital
attendance after sustaining injuries by the workers might be due to non-
availability of first aid services in most of the sawmills. More respondents
with post-secondary education recorded the highest (65%) in the use of
protective devices, however, the educational attainment of the respondents
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and their use of protective devices were observed not to be statistically
significant. The insignificant finding in this study might be due to the
number of respondents involved in the study. It has been observed that
educational level of a person exert influence on his or her action more
positively. According to Mwaiselage, workers behavior could be
influenced by education and training (Mwaiselage and Bratweit. 2005) and
those who are well informed are more likely to use safety measure than
those who were not. This could also be due to better access to safety
information they might have come across while in school on the
importance of safety devices thus, informing their higher usage. This is in
agreement with Asogwa which stressed that part of personal measure is
education, understanding and motivation (Asogwa. 2000).

The department and unit of operation of the respondents had influence on
the incidence of sprains and strains as it revealed that most cases of strains
and sprains were among the machine/technical operators 282 (68.6%) and
the least being among the administrative staff 3 (17.6%). This is similar to
findings from study done in Southwestern Nigeria where the high
percentage of body injuries recorded were sprain and stain due to manual
hollowing of wood and logs by a number of workers rather than the
conventional conveyors of lift cranes (Segun and Yahaya. ). The workers
in technical departments were more involved in physical activities, and
most time these work processes are done manually unlike administrative
workers who are involved with light paper work.

Working years of the respondents were also observed to exert a strong
influence on the occurrence of trauma from fall as most 83.3% of the
respondents that had being on the job for more than 21 years had more
experience of falls compared with 46.9% respondents that had been on the
job within 10 years. This is similar to a study by Demers that revealed
poor working conditions and poor housekeeping in work environment of
developing countries increase the risk of slip and falls, which workers with
longer working years have cumulative exposure (Demers and Teschke.
1998). In developing countries the workplaces have lot of potential
hazards which workers become more susceptible to as they become more
exposed to their environment.

More than half of the workers 61.7% that had spent the least years on the
sawmilling job had more occurrence of fracture than respondents with 21
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years and above. This is related to a report from Canadian Center for
Occupational Health and Safety where young untrained workers with few
weeks in the job were seriously fractured when caught between a
conveyor and a roller. This is supported by analysis of the causes of 37
sawmill fatalities in British Colombia, Canada, where 35% of the fatality
occurred within the first year of employment and 5% of this occurred
within the first week of the employment.

More respondents with the longest working years (21 years and above)
recorded the highest practice 58.3% of using protective devices than those
with the least working years. There was a statistically significant
difference in the use of protective devices and duration on the job. The
highest practice recorded by these workers can be due to their various
experiences with all aspect of the factory activities including hazards and
ways of protecting themselves from such hazards. This assertion is
supported by a study in British Colombia where sawmill workers studied
over 8 years had increased awareness of occupational hazards and use of
protective device compared with fresh apprentice recorded among them.

More than half of machine off loaders/wood loaders 63.8% had highest
occurrence of trauma from fall while the least recorded was from
administrative unit of the sawmill 11.8%. The administrative workers are
involved in secretariat job and are less exposed to wood logs and straying
objects which are often scattered around due to poor housekeeping. Also
their movement around the mill is limited when compared with other
workers who become more prone to falls. This is similar to a study done
by Uhumwangho in Benin where falls was reported in 1% of
administrative workers and 12.9% in sawmill technical and labourers
(Uhumwangho and Gordon. 1993).

The management of sawmill should enforce regular general cleaning and
improve on workplace safety to prevent frequent fall injuries. There
should be regular inspection and monitoring of the workplace by the
occupational health officers to ensure compliance with safety practices
and use of personal protective equipment.
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Table 1: Precautions or Safety measures practiced by respondents. (N=660)

MAINTENANCE/PRECAUTIONARY Yes

No

MEASURES Frequency (%) Frequency (%)
Regular wear and tear check 210 (31.8) 450 (68.2)
Servicing of machine 375 (56.5) 366 (55.3)
Environmental sanitation 423 (64.1) 237 (35.9)
Availability of First Aid box 30 (4.5) 630 (95.3)
Medical Examination 72 (10.9) 588 (89.1)
Wet drilling 0 ()] 660 (100.0)
Enclosure of dangerous 294 (44.3) 285 (43.2)
Use of protective device 267 (40.5) 393 (39.5)
Table 2: Types of protective devices used by respondents (N=660)
PROTECTIVE ALWAYS OCCASSIONALY  NEVER
DEVICES Frequency (%) Frequency (%) Frequency (%)
Goggle 102 (15.5) 240 (36.4) 318 (48.2)
Protective wears 264 (40.0) 249 (37.7) 147 (22.3)
Boot 369 (35.9) 225 (34.1) 66 (10.0)
Hand glove 279 (42.3) 270 (40.9) 111 (16.8)
Face mask 252 (38.2) 210 (31.8) 198 (30.0€)
Helmet 171 (25.9) 300 (45.5) 189 (28.6)
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Table 3: Influence of working vears on the use of protective devices

Use of protective devices

Working vears Yes No Total

< 10 years 129 (35.2) 237 (64.8) 366 (100)
11-20 years 99 (41.3) 141 (58.7) 240 (100)
= 21 vears 39 (722 15 (27.8) 54 (100)
Total 267 (40.5) 393 (59.5) 660 (100)

X*=9.8633 df =2, p=0.0072

Table 4: Influence of educational attainment on the use of protective device

Use of protective device

Literacy level Yes No Total
None 36 (36.4) 63 (63.6) 99 (100)
Primary 90 (42.3) 123 (57.7) 213 (100)
Secondary 114 (42.2) 156 (57.8) 270 (100)
Post-secondary 27 (34.6) 51(65.4) 78 (100)
Total 267 (40.5) 393 (59.5) 660 (100)

X?=0.81 df =3, p=0.84721618
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Table 5: Relationzhip between occuarrence of trauma and fractore from fallwith.
anumber of working vearz of the rezspondentsz

Variahls Freguency (24 Total X p-valone
Working experience (years) Yes No

Hiztory of falling trauma

1-10 33z 13004693 204053 1) 3B40100.0)

11-20 yxs 87(36.3) 153(63.8) 240(100.0)

21 and abowve 373 300833y 4187 26010000

TOTATL 2974500 3635500 S6600100.0) 9.7811 p=0.0075
Hiztory of bone fracture

1-10wears 237617 147(538.5) 384(100.0)

11-20vears M3IT.5) 150¢62.5) 2400100.0)

Zlwears and above 21(538.3) 15(41. 7y 3610000

Total 34B({32.7) 31247.5) &600100) 11.7450 0.00Z8

Table & Felationzhip between oocurrence of Strains’ Sprains and traamsa from falls im

the various departmemts.

Wariable Freguency (20) Total == p-value
Sprain: &utrainc'department Nex No

Administrator 176 42¢82.4) 510100.0%

Machine wood aff-loaders TSES3.2) E6(4E.8) 1411007

Mizchine operator Tackician 2B2(68.9) 1290314 41101000

Saw-dust packers SEL.4) 1B(38.8) ST1000

TOTAL 405 (614 255(38.4) &80 (100 18.4635 04
Traumea from fall'department

Adwministrator SC11.8) 45(BB_5) F10100.0)

Miachine fwood aff-loadsrs OGS B) 51362y 1410100.0%

Iiachine operator Tachmician 1830209 3430591y S4110100.0%

Saw-dust packers 33578 442 1) ST100.0N

TOTAL 2STES 0 343(55.0) SS0C100.0) L6530 0000
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Abstract

Geophysical investigation of Gosa dumpsite in Abuja, North-Central
Nigeria was carried out to provide information on lithologic and structural
characteristics of subsurface rock with a view of determining groundwater
pollution potential should the landfill be eventually developed. 19 Vertical
Electrical Soundings were carried with a view of determining presence
and depth of linear structures, soil layers resistivity and resistivity values
to infer degree of water saturation.

Results show that depth to bedrock VES-DC data indicated the presence
of three to four geoelectric layers namely topsoil, dry lateritic soil/clay
unit, and weathered basement overlying the fresh basement rock. Curve
matching with the Orellana-Mooney master curves and 2-D forward
modeling with IPI2WIN software revealed no evidence of fracture in the
underlying rock that may promote large scale groundwater pollution.
Depth to basement and aquiferous zone varies from 4.08m and 27.2m. The
presence of a clay layer with thickness ranging from 3.03m to 17.37m is
significant in siting a sanitary landfill because of its impermeable nature
that makes it qualify as a seal, hence protecting the underlying aquifer
from being polluted. However, the southern part of the proposed sanitary
landfill should be excluded as a result of a thin lateritic clay layer and
shallow depth to the basement rock.
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Introduction

Abuja became the Capital city of Nigeria in 1991 as a result of its central
geographical position. It is approximately at latitude 9° 12° North of the
equator and along longitude 7° 11° East of the Greenwich Meridian (CIA,
2012). The city has an estimated population of 1.4 million people of which
405,000 live and work within the municipality (NPC, 2012). It has a total
land area of approximately 713 km? which is divided into six area
councils: Abuja Municipal, Abaji, Bwari, Gwagwalada, Kuje and Kwali.
Like other Africa capital cities, commercialization, urbanization and
industrialization have generated much waste that will not only compete for
the limited land space but causes air, soil groundwater pollution if not
properly disposed. Limitations and implications of several methods of
waste disposal such as burning, ocean and street dumping, incineration,
open dumpsite have been reported (Ige, 2010).

Engineered landfill, which is an environment-friendly waste disposal
facility with records of success in developed countries (Lumsden, 2002)
has been proposed for development at the investigated site in order to
alleviate pollution due to solid waste. The success of this waste
containment technique in Nigeria is guaranteed because of the availability
of part of construction materials (clayey soils) and equipment (earth
moving machines) commonly used in other civil works.

Thus, this study sets out to evaluate the suitability of the GOSA dumpsite
for possible conversion to an engineered Sanitary Landfill, using
geophysical approach. This is with the view of determining the thickness
of lithologic units and depth to basement rock, delineating fracture and
identifying aquiferous zones, identifying potential materials for
construction and the predicting of suitable areas for eventual development.

Location and Characteristics of Study Area

Gosa dumpsite is located about 10 km off the Nnamdi Azikwe
International Airport road, Abuja, Nigeria (Fig.1 ) within coordinates GS
01 - GS 04 (GS 01- N09" 01.270° E007" 19.59°, GS 02- NO9' 01.463
E007° 20.120°, GS 03- N09" 01.002° E007 20.100> and GS 04- N09’ 01
173’ E007" 20.510°). Accessibility is through a rugged earth road that
maybe difficult during raining season. The topography of the terrain
shows an undulating features marked by rock exposures and stream within
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the area of study. The site is already used as an open landfill as some parts
of the land is occupied by indiscriminate-dumped waste. It has a concrete
fence which runs through the perimeter of average 0.97 by 0.97km? land.
Scavengers have inhabited the site for the purpose of sorting waste to be
recycled.

The average annual rainfall of the area is between 1200 and 1400 mm
(Akande et al., 2010). The vegetation cover consists of shrubs and trees
typically of savannah belt region of north central Nigeria. Abuja city is
warm and humid during the dry season and cool during the raining season.
Elevation above sea level varies from 430 m and 540 m with settlement
concentrated at the low-lying areas. The dumpsite is drained by the
tributary of river Wupa and a stream both trending in the North-East
direction.
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Fig. 1: Road network and drainage map of Abuja (Omeje et al., 2013)

Geologically, Abuja and its environs are underlain by the basement
complex rocks which are described as the Migmatite-gneiss complex
(Rahaman, 1988; Dada, 2008). Exposures of these rocks define the general
topography of the entire Capital city. According to Omeje et al (2013),
Gosa site is underlain by porphyroblastic gneiss and Hornblendbiotite
gneiss (Fig. 2). These rock types where not fractured, are competent
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enough to provide required supports to the proposed sanitary landfill
(Taha and Kabir, 2003)
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Fig 2: A Geological map of the study area (Omeje et al., 2013)

Materials and Method

Geophysical investigation was carried out in the study area using the
Vertical Electrical Sounding technique of Electrical Resistivity method.
Six (6) traverses were selected in the east-west direction to enable detail
investigation of the area. Vertical Electrical Sounding (VES) was carried
out along the traverses using the Schlumberger Array. A total of 19 VES
spread over the traverses were carried out at selected positions marked out
in such a way that the whole area is investigated (Fig. 3). The electrodes
were hammered into the ground until firm grip is achieved to enable
readings to be taken from the Allied Omega terrameter. The readings were
plotted on a log-log graph sheet to get the visual overview of the curves.
The data were later subjected to computer iteration and interpreted using
the IPI2WIN software to determine geoelectric layers, depth to basement
rock, and delineation of fracture zones.
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Results and Interpretation
Vertical Electrical Sounding

Partial curve matching and computer iteration of the results produced a
system of three to five geo-electric layers (Fig. 4 a-c). The pseudo and
geoelectric sections obtained after data inversion and computer iteration
for Traverses 1 to 5 delineates four subsurface layers which are the top
soil, Lateritic layer, clay soil (Sandy clay and clayey sand), weathered
basement which overly the fresh basement (Fig. 5 a-d). The top soil
apparent resistivity values vary 796 Qm — 1000 Qm (VES 1-VES 5),
490Qm — 885 Qm (VES 6 -VES 9), 5686 Qm— 686 Qm (VES 10 -VES
12) , 2945 Qm — 2659 Qm((VES 13 -VES 15) and 752 Qm- 110 Qm
(VES 16 -VES19) and depth vary from 1.45 m— 1.85 m (VES 1 -VES 5),
1.73 m-1.13 m (VES 6 -VES 9), 2.1 m—2.17 m (VES 10 VES 12) , 1.08
m- 1.02 m (VES 13 -VES 15), 2.17 m- 0.13 m (VES 16 -ES19)
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respectively for Traverses 1 to 5. The variation in the top soil resistivity
values is as a result of possible reworked surface or presence of compacted
lateritic hard pan. This is characteristic of typical basement complex.

The second and third layer is the lateritic/clay soil layer whose apparent
resistivity values vary from 1883 Qm-5128 Qm (VES 1-VES 5), 3537 Qm
— 1699 Qm (VES 6-VES 9), 2087 Qm-— 416 Qm (VES 10-VES 12) , 408
Qm — 1358 Qm(VES 13-VES 15) and 2353 Qm- 736 Qm (VES 16-VES
19) and depth vary from 9.83 m-—9.83 m (VES 1-VES 5), 7.99 m— 3.92 m
(VES 6-VES 9), 18 m— 8.16 m (VES 10-VES 12) , 6 m— 5.1 m (VES
13VES 15), 7.67 m—7.13 m (VES 16-VES19) respectively for Traverses 1
to 5. This layer plays significant role in siting appropriate location for
landfill because of the impermeable nature of clay. The layer serves as a
seal and hence protects the underlying aquifer from being polluted by any
form of contaminant as such contaminant will be prevented from
percolating into the aquifer by the porous but impermeable clay layer.
The fourth layer is the weathered basement which represents the deep
seated aquiferous layer in the area. The layer resistivity varies from vary
903 Qm — 983 Qm (VES 1-VES 5), 941 Qm — 922 Qm (VES 6-VES 9),
9054 Qm— 1010 Qm (VES 10-VES 12), 1503 Qm — 9124 Qm(VES 13-
VES 15) and 7072 Qm- 5934 Qm (VES 16-VES 19) and depth vary from
27.2 m—22.0 m (VES 1-VES 5), 25.5 m—19.2 m (VES 6-VES 9).VES 10
and VES 12 depth to basement is shallow showing only two layers above
the basement at 15.9m and 8.16m, VES 13 third layer has a depth of 14.7
m. VES 15 depth to basement is shallow showing only two layers above
the basement at 5.1 m. VES 16 and VES 19 depth to basement is shallow
showing only two layers above the basement at 5.5 m and 7 .0 m, for
Traverses 1 to 5.

It was observed that the basement is shallow towards the southern flank of
the study area particularly for the third, fourth and fifth traverses and this
accounts for general high resistivity observed across the waste dumpsite.
This observation is confirmed with the presence of an outcrop at the centre

of the high resistivity soundings. The presence of the clay layer is of great
importance to landfill siting as a result of both the attenuation and
containment properties of clay (Jones et al., 1995, Comeau et al., 1998).
The overburden thickness ranges from 4.08 m— 27.2 m indicating different
degrees of weathering of the rocks over the study area. Only the Northern
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part of the proposed sanitary landfill which represent about 35% of the
total study area is suitable for sanitary landfill (Fig. 6) Hence, the southern
part of the proposed sanitary landfill should be excluded as a result of a
thin lateritic clay layer and shallow depth to the basement rock.
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Figure 4: Typical VES Curves over the Site at: (a) VES 2 (b) VES 11 (¢) VES 19
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Fig 6: Schematic diagram showing arrangement of VES Positions
Level of suitable of the areas for the proposed sanitary landfill.
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Areas with moderate clay overburden suitable for siting of the
proposed of the impermeable nature of clay. The layer serves as
a seal and hence protects the underlying aquifer from being
polluted by any form of contaminant as such contaminant will be
prevented from percolating into the aquifer by the porous but
impermeable clay layer.

- Areas with shallow or thin overburden, characterized mostly of
sandy soil, which are porous can promote pollution in the
aquiferous zone through percolation.
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Conclusions and Recommendations

Comprehensive investigation using VES geophysical approach in the
study area has helped in arriving at the following conclusions;

Presence of a clayey layer of greater than 5.00 m thick, as recommended
by previous researchers and agencies. This layer is recommended for
geotechnical investigation as a potential leachate barrier or containment
during development of the sanitary landfill.

Absence of linear features such as fractures or faults that may promote
large scale groundwater pollution.

The average depth to basement rock head in the entire study area is about
4.08 m in the southern region and 27.2 m in the northern segment.

Only about 35% of the total area (which is restricted to the northeastern
part) is suitable for development of sanitary landfill based on this study if
the thick layer of clayey unit is suitable as barrier for sanitary landfill
development. A simplified schematic diagram of the proposed landfill site
has been used to classify the site into suitable and unsuitable zone, based
on results obtained.

Groundwater in the vicinity of the landfill is expected to be less vulnerable
to pollution as the bedrock is overlain by 5-15m of clayey and
impermeable unit.
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Abstract

Root of Vitellaria paradoxa extracted using methanol and omidun
(supernatant solution of fermented cereal mash) as solvent was tested for
efficacy by in vitro assay (Minimum Inhibitory Concentration (MIC) and
disc diffusion assay). Effects of dosage (50 mg/mL and 100 mg/mL) on
microbial induced albino rats was also determined. The test organisms
used include Salmonella typhi, Shigella flexneri, Enteropathogenic
Escherichia coli (EPEC ATCC 43887), Enterohaemorrhagic Escherichia
coli (EHEC ATCC 43889) and Escherichia coli ATCC 25922. Seven
groups (I-VI1I) of five rats each were treated thus: Group | rats received
organisms and Ciprofloxacin (positive control), group Il rats received
organisms only (negative control), group Il rats received organisms and
50 mg/mL methanol extract of V. paradoxa roots, group IV rats received
organisms and 100 mg/mL methanol extract of V. paradoxa roots, group
V rats received organisms and 50 mg/mL omidun extract of V. paradoxa
roots, group VI rats received organisms and 100 mg/mL omidun extract of
V. paradoxa roots and group VII rats received nothing. The treatment
procedures were replicated for other test organisms. Liver and kidney
samples of the treated rats were collected after six hours of observation for
diarrhea symptom. Methanol extract gave higher percentage yield (20.80
%) than omidun (19.2 %) extract. MIC of methanol extract (3.15 -50.0
mg/mL) was significantly different (P<0.05) from that of omidun extract
(6.25 - 50.0 mg/mL) on all the tested microorganisms. Higher
concentration tested and methanol extract (17.00 mm) gave wider
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inhibition zones than lower concentration and omidun extract (12.67 mm).
Amounts of active constituents were slightly higher in methanol extracts
than in omidun extracts. Livers and kidneys of rats in groups | and 1V
showed no abnormality. Mild inflammation to focal lymphocytic
aggregate was observed in the portal areas of liver and kidneys of rats
treated with 50 mg/mL of omidun and methanol extracts. Intense
infiltration, marked distortion of architecture and vacoular degeneration
was seen in group Il rats and in rats treated with 100 mg/ml concentration
omidun and methanol extract of V. paradoxa root. Hence, omidun is a
good extraction solvent and the root extract of V. paradoxa can be toxic at
high concentration.

Keywords: Omidun, Sapotaceae, Vitellaria paradoxa, Vacoular, in vivo, in
vitro, diarheagenic bacteria

Introduction

Medicinal plant is defined as any substance with one or more of its organs
containing substances that can be used for therapeutic purposes or which
can be used as precursors for the synthesis of antimicrobial drugs (1,2).
Nature has been a source of medicinal agents for thousands of years and
an impressive number of modern drugs have been generated from natural
products (3).

In developing countries, it is estimated that about 80 % of the population
rely on herbal medicine for their primary health care (4), because of better
cultural acceptability, belief of better compatibility with the human body
and fewer side effects (5). It has been used in many parts of the world as a
rich tradition for the treatment of many infectious diseases, including
diarrhea and abdominal pain (6). The major cause of diarrhea among
children in developing countries is malnutrition. To nullify the problem of
diarrhea which is a leading cause of mortality in developing countries, the
World Health Organization constituted a diarrheal disease control
programme which includes studies of traditional medicinal practices,
together with the evaluation of health education and prevention
approaches (6).

Search for potent herbal drugs require the bringing together of
ethnobotanical, ethnopharmacological, chemical, biological,
pharmacological and toxicological studies (7). Considering the importance

122



M. B. Falana et al.

of plants as a source of medicine, in the present study, a plant Vitellaria
paradoxa, often known as Shea butter tree is a tree of the Sapotaceae
family, which is in use traditionally in the treatment of many diseases was
selected.

Vitellaria paradoxa CF Gaertn, also known as locally as Ori (Yoruba),
okwuma (Igbo), éké (Nupe), is a thin, tart, nutritious pulp that surrounds a
moderately large, oil-rich seed from which shea butter is removed. It is a
deciduous tree usually 7 — 15 m tall, but can reached 25 m and a trunk
diameter of 2 m. Shea butter has many uses and may or may not be
refined. In Nigeria, it is mostly used for cosmetics as cream. All through
Africa, it is used extensively for food, being a major source of dietary fat,
and for medicinal purposes (8). The antibacterial activity of molecules
isolated from the root bark of V. paradoxa had been documented (9). Also,
the leaves and stem bark of V. paradoxa have been used for the treatment
of skin diseases, rheumatism, typhoid fever and microfilaria (in
association with other medicinal plants) (10). The present study seek to
investigate the antibacterial and effects of dosage of methanol and
“omidun” extract of Vitellaria paradoxa root on some diarrheagenic
bacteria and also add to the existing information on the toxicity of the
plant extract as it relates to the histopathology of the liver and kidney of
infected rats. Hence, this plant has been extracted traditionally using
omidun along with conventional methanol as solvents of extraction and
the different solvent extracts comparatively investigated for potential use
in treating diarrhea.

Materials and Methods
Materials
Collection of Diarrheagenic Bacteria

Clinical diarrheagenic isolates (Salmonella typhi and Shigella flexneri)
and typed cultures Enteropathogenic Escherichia coli (EPEC ATCC
43887), Enterohaemorrhagic Escherichia coli (EHEC ATCC 43889)
Escherichia coli ATCC 25922 used in this study were obtained from
Sacred Heart Hospital Lantoro, Abeokuta Nigeria and National Institute of
Medical Research, Yaba Lagos Nigeria respectively. Ciprofloxacin
antibiotics was a product of Bayer Healthcare Pharmaceuticals Inc., New
Jersey, United States. Pure cultures of the isolates were promoted by
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further subjecting them to cultural and morphological identification and
finally biochemical characterization wusing protocols described by
Cheesbrough (11). The pure cultured isolates were then maintained on
appropriate media for further use.

Inocula Preparation

An 18 hr broth culture was aseptically prepared from each microbial cell
suspension; it was adjusted to McFarland turbidity standard (equivalent to
0.5 x108 colony-forming units per mL) and kept for further studies.

Collection and preparation of roots of V. paradoxa

Roots of Vitellaria paradoxa (Shea butter tree) were collected around
Onipako Village, llorin, Kwara State of Nigeria, and authenticated in the
Herbarium unit of the Department of Forestry and Wildlife Management,
Federal University of Agriculture, Abeokuta where Voucher specimen
(UAHA NO. 015/001) was deposited. The roots were washed thoroughly
with sterile water to remove all traces of dust and sand, air-dried for 7
days in a well-ventilated room. The dried roots were reduced into small
pieces with a surface-sterilized scalpel and further milled with electric
blender (Master Chef Blender, Model MC- BC 1980, China). A quantity
of 150 g each of the fine powder were weighed into two separate 1000 ml-
capacity conical flasks and 500 ml methanol and omidun were added to
each powder in the conical flasks respectively. Each was allowed to stand
for 48 hours with constant shaking at regular intervals to facilitate
extraction (12). The percolates were then filtered and the resulting volume
on filtration was reduced to dryness with a Rotary evaporator at 45 + 10 °
C. The extracts were then collected, weighed, packed in sterile air tight
containers and labeled. They were kept in the refrigerator at 4 ° C until
needed for use.

Quantitative phytochemical screening

The phytochemicals which are present in the methanol and omidun
extracts of V. paradoxa roots were determined and quantified by standard
procedures (13 - 15).
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Preparation of Dilute Stock of Extracts

Stock solution of root extract was prepared in three test tubes labeled 1 to
3. A stock concentration of 100 mg/mL of the extract was prepared in the
first test tube, subsequently; 5 ml of distilled water was then introduced
into the remaining two test tubes. 5 ml of the stock was withdrawn from
the first tube and added to the second test tube which was mixed
thoroughly to obtain a concentration of 50 mg/mL. Another 5 ml was
withdrawn from the second tube and then transferred to the third tube
which was also thoroughly mixed to give a concentration of 25 mg/mL.

Experimental Animal

Albino rats made up of both sexes (weighing between 180 — 220 g) but
from the same genetic lineage were procured from the Animal holding
unit of the Department of Biochemistry, University of llorin, llorin,
Nigeria. They were kept in Laboratory cages and maintained according to
the NIH guidelines of care and use of laboratory Animals reported by Saha
et al. (16). They were acclimatized to standard laboratory conditions
(temperature 24 + 1 ° C and a 12 hours photoperiod), fed twice daily with
standard commercial feeds (Vital Feeds, Ibadan, Nigeria) and distilled
water ad libitum for one week before the commencement of the
experiment.

Ethical Considerations

Albino rats used for this research were appropriately selected. The rats
were kept in Laboratory wire mesh built cages and maintained according
to the NIH guidelines of care and use of laboratory Animals while
standards of the animal care and administration met those required by
applicable international laws and regulations.

Experimental Design

A total number of 125 (male: 50 and female: 75) Wistar rats (weighing
between 180-220 g) were randomly assigned into 7 groups (I- V1) of 5 rats
each. They were fasted overnight prior to the experiment but allowed free
access to water ad libitum. The various groups were treated as follows:

Group I: Received organisms and Ciprofloxacin (positive control).
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Group II: Received organisms only (negative control).

Group IlI: Received organisms and 50 mg/mL methanol extract of V.
paradoxa roots.

Group 1V: Received organisms and 100 mg/mL methanol extract of V.
paradoxa roots.

Group V: Received organisms and 50 mg/mL omidun extract of V.
paradoxa roots.

Group VI: Received organisms and 100 mg/mL omidun extract of V.
paradoxa roots.

Group VII: Received nothing.

Rats in all groups were weighed prior to and after the experiment to
determine the growth index, each rat in groups I-1V were orally given 0.5
mL of 18 hr broth culture of S. typhi to induce diarrhea. One hour later, all
groups I-VI rats were treated by intraperitoneal route as follows: Group |
rats received 2 mls of commercially obtained Ciprofloxacin, groups Il rats
received no treatment, group Il and IV received 2 mls of 50 mg/kg and
100 mg/kg of methanol extracts of V. paradoxa roots respectively, group
V and VI received 2mls of 50 mg/kg and 100 mg/kg of omidun extracts of
V. paradoxa roots respectively received while group VII rats received
nothing. The treatment procedures were replicated for other test organisms
and all treated rats were then placed in separate cages over clean white
paper and observed for the presence of diarrhea every hour for six hours
for the onset of diarrhea and number of diarrhea episodes.

Histological examination

At the end of the In vivo assay, laparotomy was carried out by placing the
treated rats in a jar containing cotton wool soaked with followed by
jugular puncture with a sharp sterile blade. Thin sections of each of liver
and kidney samples (3 um) were quickly excised and fixed in 10 %
formalin for histopathological studies. The organ sections were
histologically processed, stained with Haematoxylin and Eosin (H & E)
and observed with light microscope for histopathological changes.
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Data Analysis

Data were expressed as the mean + SEM of five determinations and
subjected to statistical analysis using Duncan Multiple Range Test with
the aid of Statistical Package for Social Sciences, version 16.0 (SPSS Inc.,
Chicago, IL, USA). Differences were considered statistically significant at
P <0.05.

Results

Percentage yield of methanolic extract of V. paradoxa roots was 20.80 %
while that of omidun extract was 19.20 %.

Table 1. Percentage Yield after Extraction of V. paradoxa roots with
methanol and omidun

Extraction solvent |Dry Raw powder (g) |Yield from dry raw powder (g) |Percentage yield?%

Methanol 150 31.2 20.80
Omidun 150 28.8 19.20

Table 2 shows the result obtained for Minimum inhibitory concentration
(MIC) of methanol and omidun extracts of V. paradoxa roots. There was
significant difference (p < 0.05) in the MIC of methanol extract (3.15 -
50.0pg/mL) and omidun extract (6.25 -50.0 pg/mL) of V. paradoxa root
on all the tested microorganisms.

Table 2: Minimum Inhibitory Concentration (MIC) of Methanol and
Omidun Extracts (ug/mL) of V. paradoxa roots on Diarrhea Inducing
Bacteria tested

E. coli
Extract [EHEC ATCC 43889 |[EPEC ATCC 43887 |S. hwhi Sh. Flexneri [ATCC

25922
Omidunroot [12.502 50.002 6.25* 12.50°® 6.25°
Methanol root 6231 50.002 6252 6£25°F 3152
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Values with different superscript on the same column are significantly
different (p < 0.05)

The antibacterial assay result of omidun and methanol extracts of V.
paradoxa roots revealed a concentration dependent zone of inhibitions
(Table 3). Methanol extract yielded zones of inhibitions ranging from
2.67- 17.00 mm while omidun extract yielded inhibition zone ranging
from 2.33- 12.67mm.

Table 3: In vitro Inhibition zone (mm) of Different Concentrations of
Omidun and Methanol extracts of V. paradoxa roots on tested
Microorganisms

EHEC EPEC

Concentration | Extraction E.coli ATC(
of Extract Solvent ATCC ATCC Shph Shflexneri | 25922

43889 43887
Methanol [12.67£1.16 |6.67=2.08 |17.00£1.00|14.67=1.16| 15.00=1.00

100 mg/mL
Omidun 11.00+1.00 [4.67+1.16 |12.33+1.53/10.33=0.58] 12.67+1.53
Methanol  [8.00£1.00 |467+1.16 |13.33£493|13.33+4.93|9.33+0.58
50 mg/mL
Omidun TO00£1.00 (467058 |9.33£058 |9.33£0.58 | 11.00+1.00
Methanol (6332116 |3.00£1.00 (2.67£1.16 |3.00£1.00 |4.67+0.58
25 mg/mL

Omidun  |4.67£0.58 |2.67£0.58 |2.67£0.58 |2.33£0.58 |3.67+0.58

Result expressed as mean = SEM of five replicates

Qualitative phytochemical analysis of the extracts revealed the presence of
all the tested active ingredients (tannin, saponin, flavonoids, alkaloids,
oxalate, steroid, terpene, Phlobatannin, cardiac glycoside and
anthraquinone) in methanol and omidun extracts of V. paradoxa roots
(Table 4).
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Table 4: Preliminary Phytochemical Constituents of Methanol and
Omidun extracts of V. paradoxa Roots

Phytochemical Constituents  Methanol Omidun
Tannin +ve +ve
Saponin +ve +ve
Alkaloid +ve +ve
Oxalate +ve +ve
Flavonoid +ve +ve
Steroid +ve +ve
Terpene +ve +ve
Phlobatannin +ve +ve
Cardiac glycoside +ve +ve
Anthraquinone +ve +ve

+ve Present

The active ingredients found in methanol and omidun extracts of V.
paradoxa roots were found present in varying proportion (Figure 1).
Although, these constituents were slightly higher in methanol extracts
(2.60- 8.60) than omidun extracts (1.80 - 7.80). Oxalate was found present
in larger amount (7.80 and 8.60) than other active ingredients. Tannin,
saponin, flavonoid and anthraquinine were present in moderate quantities
while alkaloid, steroid, terpene, phlobatannin and cardiac glycoside were
present in small quantities.
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Fig 1: Comparative Phytochemical result of omidun and methanol extracts
of V. paradoxa roots

Similar presentations with no histopathological changes (plate 1 (A) and
B) were observed in Livers and kidneys of rats in the non-challenged (with
the tested microorganisms) nor treated groups and those of rats in the
group treated with commercial antibiotics. However, moderate
inflammation was observed in liver of rats in the group treated with low
concentration (50 mg/mL) of solvents extracts (methanol and omidun) of
the root as in plate 1(A) while livers of rats in the group treated with high
concentration (100 mg/mL) of root extract showed moderate vacoular
degeneration of centrilobular hepatocytes as shown in plate 1 (B). Kidneys
of rats treated with 50 mg/mL concentration of solvent extracts of the root
revealed mild to moderate mononuclear cellular infiltrate (Plate 2 (B)) and
at high concentration (100 mg/mL), inflammation and moderate
degeneration was observed in the kidneys of rats in this group as shown in
plate 2 (C).
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Plate 1: Microscopic Presentation of liver of Diarrhea Induced Albino Rats
Treated with 50mg/mL and 100mg/mL root extracts of V. paradoxa

Normal hepatic presentation. (H & E. X400). B: moderate mononuclear
cellular infiltrate in the portal area (H & E. X400).
Moderate mononuclear cellular infiltrate in the portal area (H & E. X400).

C

Plate 2: Microscopic Presentation of Kidney of Diarrhea Induced Albino
Rats Treated with 50mg/mL and 100mg/mL of extract of V. paradoxa
roots

A: Focal interstitital lymphocytic aggregate in the kidney. (H & E. X400).

B: Marked distortion of the architecture and vacuolar Degeneration. (H &
E. X400).

C: Normal Kidney presentation with prominent structural. (H & E. X400).
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Discussion

The present study was designed to evaluate the effects of conventional
(using methanol) and traditional (using omidun) extraction methods on V.
paradoxa roots on some diarrhea causing organisms using the In vitro and
In vivo assay methods. Higher percentage yield of methanol extract V.
paradoxa roots than omidun extract may be as a result of difference in
polarity of the solvents. Reports by Ncube et al. (17) and De Boer et al.
(18) also stated that that choice of solvent used in extraction of plants may
have effect on the yield after extraction and active components of plants
are more soluble in organic solvent. Similar report was given by Sun et al.
(19) who stated that methanol was most effective in extracting active
components from oat bran while higher yield (52 %) of water extract of
Senna obtusifolia was reportedly obtained by Doughari et al. (20).
Owolabi et al. (21) also reported a yield of 10.74 % for water extract and
3.78 % of ethanolic extracts of Kigelia africana stem bark.

Minimum inhibitory concentrations (MIC) of the extracts on the tested
organisms were 50 mg/mL, 25 mg/mL, 12.5 mg/mL, 6.25 mg/mL and
3.25 mg/mL. Crude plant extracts are generally a mixture of active and
non-active compounds and MICs of less than 100 mg/mL suggest good
antimicrobial activity (22). Thus, the MICs observed in this work were
lower than 100 mg/mL and this implies high antimicrobial activity of root
of V. paradoxa. The low MIC is of great significance as this plant could be
used as an alternative to orthodox medicine in the treatment of microbial
infections, with rapid increase in microbial resistance to known antibiotics
(23).

Methanol extract gave lower MIC (3.15 - 50.0 mg/mL) than omidun
extract (6.25 -50.0 mg/mL). This could be an indication that there is a
variation in the levels of compounds in the two solvent extracts (methanol
and omidun) of V. paradoxa roots (24) and may also signify the presence
of the more dissolved phytochemicals in methanol than omidun extract of
the plant part. This is in agreement with the report of de Boer et al. (18)
who reported that active components of plants are more soluble in organic
solvent, also conforms with the work of Yahaya et al. (25) who reported
that methanolic extract of stem bark of Combretum glutinosum showed
high level of activity on Salmonella typhi and E. coli while the aqueous
extract showed less response.
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The antibacterial activities by disc diffusion method revealed that, at all
concentrations tested, omidun and methanol extracts of root of V.
paradoxa inhibited growth of the tested microorganisms (EPEC ATCC
43887, EHEC ATCC 43889, S. typhi, Sh. flexneri and E. coli ATCC
25922). Even though all the tested microorganisms were susceptible to all
the tested concentrations of methanol and omidun extracts, the zones of
inhibitions obtained were concentration dependent. Concentration
dependent zones of inhibitions have also been reported in antimicrobial
activities of roots of R. sativus (26). Akinpelu et al. (27) also reported the
bioactivity of the methanolic crude leaf extract of D. guineense on some
bacteria.

Better potency of omidun extracts may probably have resulted from the
synergistic effects of microorganisms (such as lactic acid bacteria and
Aspergillus fumigatus) found in it and the active compounds present in
root of V. paradoxa. These microorganisms have been shown to control
some diarrhea organisms in in vitro study by Falana et al. (28).
Lactobacilli are important lactic acid bacteria in foods, which contribute
not only to acidification of foods, but are also important in the
preservation of food, prevention of pathogens and improvement in food
palatability (29). Lactobacilli exert strong antagonistic activity against
many microorganisms including food spoilage organisms and pathogens
(30 - 32). Furtado et al. (33) has also reported the production of some
antimicrobial metabolites from A. fumigatus.

Although, previous work on V. paradoxa by Ayankunle et al. (34)
suggested that Gram- positive bacteria are more susceptible to the
antimicrobial effect of ethanol extract of V. paradoxa than Gram-negative
bacteria, this study however showed that the two tested solvent extracts of
root of V. paradoxa were found inhibitory against the tested Gram-
negative organisms. This agrees with the report of Akinsulire et al. (35)
that omidun extracts of Bryophyllum pinnatum and Kalanchoe crenata
were found inhibitory against some Gram-negative organisms. This result
further support the report of Bibitha et al. (36) that variations exist in the
antibacterial activities of different plant extracts.

The effect produced by the positive control agent (Ciprofloxacin) on the
tested microorganisms was higher than the tested concentrations of
methanol and omidun extracts of root of V. paradoxa, a clear indication
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that orthodox medicine was more effective against the tested
microorganisms than herbal medicine. This disparity may be due to the
mixtures of bioactive compounds present in the extract compared to the
pure compound contained in the standard antibiotics (37). The solvent
extracts contain many active compounds that are in minor which are
working either in synergy (38), some of which might have been degraded
by the tested microorganisms and some might be having antagonistic
effects with others, hence reducing their antimicrobial activities.

Based on this study, it is revealed that methanol and omidun extracts of V.
paradoxa roots showed appreciable antimicrobial effects against all the
tested diarrhea causing microorganisms. Also, methanol and omidun
extracts conferred similar patterns of protection at both concentrations of
treatments from diarrhea. The root extracts was safe on livers and kidneys
at low concentration but toxic at high concentration and should therefore
be carefully consumed and should be avoided at higher dosage.
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Abstract

The study was carried out to determine the phytochemical compositions,
physicochemical parameters, biochemical and Gas Chromatography-Mass
Spectroscopy GC-MS analysis of Petiveria alliacea leave extracts
collected at three different times of the day and the results compared. The
extracts were prepared using successive extraction with both non-polar
and polar solvents. The physicochemical analysis revealed no significant
variation in the three samples. It showed that the extracts are green in
colour and acidic with a total ash content of 18.95 %. The phytochemical
analysis revealed that flavonoids, terpenoids, alkaloids, saponins, steroids,
glycosides, tannins were present in the plant leaves but the composition
varies in relation to the time of collection of the samples. GC-MS analysis
revealed major constituents such as; 9,12,15-octadecatrienoic acid,
3,7,11,15-Tetramethyl-2-hexadecen-1-ol; Squalene and n-Hexadecanoic
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acid in the n-Hexane extracts of the morning and afternoon samples and
major constituents of Phytol, a-linolenic acid, Pinane, Palmitic acid and
5-nonadecen-1-ol in the evening sample. In the ethanol extract, n-
Hexadecanoic acid, phytol, 3,7,11,15-Tetramethyl-2-hexadecen-1-ol and
9,12-Octadecadienoyl chloride were found in the morning sample;
campesterol,  9,12,15-octadecatrienoic acid and ethyl ester in the
afternoon sample while Linolenic acid, Nonadecyl cyclohexane and
9,12,15-octadecatrienoate in the evening samples. It is thus concluded that
P.allliacea leaves contain many bioactive components and that collection
times and the extraction medium have significant effects on the chemical
compositions of the leaves. These compounds possess many biological
properties; however, these results confirmed the influence of the time of
collection of the leaves on the composition which affect the biological
activity and pharmacological applications of the plant. The variation in the
constituents in the samples could be attributed to sunlight effect, since all
other conditions are the same. Also leaf extracts of P.alliacea collected at
three different times of the day showed varying and different toxicological
effects when administered to Wistar rats.

Keywords: Phytochemicals, Petiveria alliacea, GC-MS, Physicochemical,
Biochemical parameters

Introduction

Plant is man’s friend in survival, giving him food, fuel and medicine from
the days beyond dawn of civilization. Medicinal plants are those plant
parts such as (stems, roots, leaves’ extracts etc.) that are used in treating
and preventing specific ailments and diseases that affect human beings
(Akinmoladun et al., 2007). Medicinal plants contain both organic and
inorganic constituents, and are found to be rich in one or more individual
elements, thereby, providing a possible link to the therapeutic properties of
the medicines (Singh and Garg, 1997). Many active compounds include;
alkaloids, steroids, tannins, glycosides, volatile oils, fixed oils, resins,
phenols and flavonoids, which are deposited in their specific parts, such as
leaves, flowers, barks, seeds, stems, fruits, and roots. The beneficial
medicinal effects of these plant materials typically result from the
combination of some of these secondary products (Tonthubthimthong et
al., 2001).
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Petiveria alliacea (P. alliacea) is a perennial shrub in the pokeweed
family (Phytolaccaceae), which grows wildly in the South and Central
American tropics, Africa and the Caribbean (Garcia-gonzalez, 2006). P.
alliacea is known by a wide number of common names including: anamu
in the Dominican Republic, Puerto Rico in Brazil (where it is also known
as tipi), mucura in Peru, guine in many other parts of Latin America,
mapurite (pronounced Ma-po-reete) in Trinidad, in Mexico as gully root
and in Jamaica as guinea hen weed (Mendes,1986). It is sometimes called
"garlic weed" as the stems and roots have a strong garlic odour, which
taints the milk and meat of animals that graze on it. Petiveria alliacea is
described as a tall straight perennial herb, slightly branched and is 0.5 to 1
m tall, with alternate leaves in elliptic form, 6 to 19 cm long and up to 5
cm wide. Its flowers are small and white, bisexual, zygomorphic, slightly
imbricate to rather remote; sepals are white or greenish to pinkish, linear-
lanceolate to linear-oblong, 3.5-6 mm long with superior ovary; fruit is a
cuneiform berry, narrowly oblong achenes, 6-8 mm long with four hooks
turned downwards (llInait, 2007; Alegre and Clavo, 2007); Seeds are
solitary, erect and linear.

P. alliacea plants have been used for pain relief, as an anti-influenza, anti-
inflammatory, anti-tumor, anti-bacterial, anti-fungal, anti-hyperlipidemia,
anti-diabetic, anti-venereal, sedative, anti-helminthic, emmenagogue,
anesthetic, and anti-cancer drug (Schmelzer and Gurib-Fakim, 2008; TPD,
2011; Hernandes et al., 2014). It is used in folk medicine to enhance
memory and in the treatment of common cold, flu, other viral or bacterial
infections (Kim et al., 2006), and it has depurative properties (De Lima
etal., 1991).

Due to the various reported biological effects of this plant, there arises a
need to screen the plant for bioactive compounds. Also, secondary
metabolism is known for showing response patterns related to
environmental stimuli, and it is thought that environmental temperature
might play a major role in the composition and metabolic activity of the
plant (Blank et al., 2005). This study aimed at carrying out phytochemical,
physicochemical, and GC-MS analysis on the leaves’ extracts of P.
alliacea and assessing the effects of collection time and extraction
medium on the chemical constituents. Similarly, despite the therapeutic
uses of medicinal plants and medicinal plant products, the toxicological
effects and effective dosage of most of these plants has not been
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investigated to the best of our knowledge. Therefore, this research also
determined the toxic and safety effects of n-hexane and ethanol extracts of
P. alliacea leaves, collected at different times of the day (morning,
afternoon and evening).

Materials and Methods
Chemicals and reagents

The assay Kits for urea, creatinine, albumin (ALB), alkaline phosphatase
(ALP), alanine aminotransferase (ALT), and aspartate aminotransferase
(AST) were products of RANDOX Laboratory Limited, Cumlin, UK. All
other reagents used were of analytical grade and supplied by Sigma-
Aldrich Inc., St. Louis, USA.

Distilled water, double-distilled ethanol and n-hexane, Ferric chloride,
glacial acetic acid, chloroform, hydrochloric acid, concentrated sulphuric
acid and Dragendorff reagent.

Plant Sample Collection and Preparation to Powder Form

The leaves of P. alliacea were collected at a flower garden in llorin,
Kwara state, Nigeria at three different times (6:00 am, 1:00 pm and 6:00
pm) of the day. Identification was done at the Herbarium of the
Department of Plant Biology, University of Ilorin, llorin, Kwara State and
voucher specimen number UILH/001/1224 was deposited. The leaves
were thoroughly washed with water, air dried until constant weights were
obtained (163.28, 231.33 and 166.94 g) for morning, afternoon and
evening samples respectively. The dried leaves were then pulverized using
mortar and pestle and stored in an air tight, sealed plastic container at
room temperature till the time of extraction.

Preparation of Plant Extracts

All solvents used in the extraction process were double-distilled using a
distillation apparatus. The P.alliacea leaves’ extracts were prepared using
cold successive extraction at room temperature. The pulverized samples
were soaked in extract jars with double-distilled n-hexane, left for three
days (72 hours) with frequent agitation and then decanted. Double-
distilled ethanol solvent was successively added to the samples in the jars
and also left for another three days (72 hours) with frequent agitation
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before being decanted. The extracts were then filtered using a Whatmann
No.1 filter paper (Sringfield, Maidstone, Kent and England) and
concentrated using a rotary evaporator (Buchi Rotavapor R110
Laboratories-Technik Ag. CH-9230 FLAWIL/SCHWE12, made in
Switzerland) at 40 °C and kept at a temperature of 4°C until further
analysis.

Experimental Animals

Twenty-one (21) healthy adult male Wistar rats weighing 165.5 g were
obtained from the Animal House of Biochemistry Department, University
of lorin, llorin, Nigeria. The animals were housed in well-ventilated
plastic cages with sawdust as beddings and fed on standard rodent feed
and water ad libitum. The animals were acclimatized for two weeks before
treatment. Appropriate ethical clearance had been obtained.

Animal Grouping

All rats were maintained under standard laboratory conditions (12-h
light/dark cycle, 25 + 2°C). The animals were then randomly distributed
into seven groups, each with three rats. Group A is the positive control and
Groups B to G are the test groups. Table 1 shows a list of the groups.

Table 1: Animal Grouping

Test Groups Extracts administered daily

Control: distilled water

Petiveria ethanol morning

Petiveria n-hexane morning

Petiveria ethanol afternoon

Petiveria n-hexane afternoon

Petiveria ethanol evening

O M m g O W >

Petiveria n-hexane evening
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Collection of Blood Samples and Preparation of Serum

After two weeks of administration of the extracts, the animals were
sacrificed after inhalational anaesthesia with di-ethyl ether. This was
followed by blood collection by cardiac puncture into sterile plain bottles
for analysis. Blood samples were allowed to stand for 30 minutes, after
which it was centrifuged at 1000 g for 10 minutes. The collected serum
after centrifugation were appropriately labeled and stored in a freezer at -4
°C until required for analysis.

Isolation and Homogenization of Tissues

During the sacrifice, the rats were dissected and a known weight of
selected tissue were isolated (liver, heart and kidney). The isolated tissues
were cleaned with cotton wool to remove blood stains, weighed and
immediately stored in ice cold 0.25 M sucrose solution. The isolated
organs were subjected to homogenization in ice-cold 0.25 M sucrose
solution (1:5 w/v). The homogenates were stored in the freezer (-4 °C)
before used for analysis.

Preliminary Phytochemical Screening of Extracts

Qualitative tests for the presence of active compounds such as steroids,
glycosides, saponins, alkaloids, flavonoids, tannins and phenols were
carried out on the n-hexane and ethanol extracts, using standard
procedures (Harborne, 1984, Trease and Evans, 1989, Sofowora, 1996).

Physicochemcal Analysis

The pH, specific gravity, colour, moisture and ash content of P. alliacea
leaves’ extracts were determined. The pH of each extract solution was
measured using a pH meter (Combo meter, New Zealand) and the colour
was determined by measuring the absorbance of the extract solution on a
Beckman Coulter DU 730 UV/VIS spectrophotometer. The moisture and
ash contents were determined using standard methods (AOAC, 1980).

GC-MS Analysis

Three gram (3 g) each of the P. alliacea leave extracts were re-dissolved
in 5 ml n-hexane and ethanol in two different sample tubes before they
were subjected to GC-MS analysis for characterization.

144



A.M.O. Abdul Raheem et al.

Some Biological activities of reported Bioactives in Petiveria

The biological activities of some of the compounds identified as published

by a researcher are as summarized in Table 2.

Table 2: Biological activities of reported Bioactives

5MNo | Name of Compound’s | Biological Activity

. compounds nature

1 Hexaderanaig acid, | Orzamic acid Antimicrobial

mathy] aster
2 n-Hexadecanaie Palmitic acid Antimicrobial, Lubricant, Antioxidant,
acid Hemolvtie
Hemochelesternlamie, Mematicids, Pesticide,
Antiandrozeme. Flavonr
3 Squale Trotarpena Antibacterial, anticancer, Antioxidant, Peshicide,
ne Antitumor, Immunostomulant, Chemo
preventive, Lipoxveenase-inhihitor | A djuvant

4 317.11,15- Tarpens Aptimerobaal

Tetramethyl-2- aleohol Antitberculosis_ mzecticidal, anti-
hexadacen-1-ol mflammatory, antioxidant

5 Phytol Diterpene Arntimierobial, Anticancer, Cancer preventive,

Diuretic Anti-inflammatory,
& Hezaderapmin acid, | Ester Anticemidant, Flaver, Hypachalesteralsmin
ethyl ester compound Mematicide, Pesticide, Lubricant,
Antiandrogenic, Hemolvtic, 3-Alpha raductase
inhikitor

7 Hemaderapain acid, | Fatty acid Anticeidant, Flaver, Hypachalesteralemin

methv] aster ester Pesticide, 5-Alpha reductase mhubator

B 9,12,153- Fatty acid Aptinflammatan. Hynechelesternlamis, Cancer

Octadecatrienoic ester preventive, Hepatoprotective, Mematicids,

acid, mathy] ester, compound Ipsectifnee Anthistarminic, Antiarthrtie,

(22,20 Arnficoranary, Antisczemic Antiacne, 5-Alpha
raductaze inhubator Antiandrogenie,

9 Stipmastercl Ani-inflammmatory, inhibit tumor promotion,
anti-HIV reverse tranzcriptase, anti-
inflammatory

10 2-Hexadecen-1-0l, | Phytol Antimierobial Anticancer Anti-inflammatory

3.7,11,13- Dhuretic
tetramethyl-, [B-
[FEE*E]-

Source: Duke’'s Phvtochemical and Ethnobotanical Databaszes (2016)

Roles of identified fatty acids in soap making

The fatty acids; stearic acid, palmitic acid, myristic acid, lauric acid and
oleic acid contribute to lathering and washing properties of the soaps.
These are characteristically different from soaps made from divalent
metals such as calcium, magnesium, iron or aluminum which are not water
soluble (Shoge, 2011).
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Cosmetic effects

The presence of phytochemicals such as antioxidants, vitamins, proteins,
tannins, terpenoids and other bioactive ingredients help rejuvenate, freshen
and protect the hair and skin from various skin and hair conditions such as
psoriasis, eczema, skin dryness, skin cancers, sun burn, skin dryness, boil,
solar keratosis, dermatitis, impetigo, candidiasis, athlete’s foot, chicken
pox, carbuncles, staph infections, cyst, abscess, cracking, dandruff, flaking
and others.

Increased attention has been given to the use of natural antioxidants for
prevention of diseases caused by oxidative damage in human body and/or
by lipid peroxidation in food (Teow et al., 2007).

Biochemical Assays
Total Protein Determination

The protein content of the serum and homogenates was determined using
the Biuret method as previously described by Sulaiman and Adeyemi,
2010.

Determination of other Biochemical Parameters

The concentrations of urea, creatinine and albumin (ALB), as well as the
enzyme activities of alkaline phosphatase (ALP), alanine aminotransferase
(ALT), and aspartate aminotransferase (AST) were done according to the
methods described in the RANDOX Laboratory assay Kits.

Statistical Analysis

All data were expressed as the mean of 3 replicates + standard error of
mean (S.E.M). Statistical evaluation of data was performed by Graph pad
prism version 5.02 using one way analysis of variance (ANOVA). Post-
Hoc test analysis was done using the Tukey’s Multiple Comparison Test.
Values were considered statistically significant at P < 0.05.
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Results and Discussion
Results of the Phytochemical Analysis

The results of the phytochemical analysis carried out on the extracts of
Petiveria alliacea leaves collected in the morning (6:00 am.), afternoon
(1:00 pm) and evening (6:00 pm) are as summarized in table 4:

Table 4: Phytochemical composition of Petiveria alliacea leaves
collected at different times of the day

Phytochemicals | Morning (6:00 am) Afternoon (1:00 pm) Evening (6:00 pm)
n- Ethanol n- Ethanol n- Ethanol
Hexane Hexane Hexane

Alkaloids + + - - +

Tannins + + - + - +

Flavonoids + + + - - +

Glycosides + + + + - +

Steroids + - + + -

Saponins + + - + + +

Phenols - - - + N

Terpenoids + + + - +

Key: + present: - absent

The phytochemical screening of the n-hexane and ethanol extracts of the
leaf of Petiveria alliacea revealed that tannins, glycosides, terpenoids,
flavonoids and saponins are present in almost all the extracts, which shows
that the plant is rich in these metabolites.

Flavonoids, tannins and phenols are phenolic compounds; they are a major
group of compounds that act as primary antioxidants or free radical
scavengers. Since these compounds were found to be present in the
extracts, they may be responsible for the potent antioxidant capacity of
Petiveria leaf. Previous studies have also reported that phenolic
compounds possess other biological activities such as anti-inflammatory,
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anti-ulcer, anti-spasmodic and anti-diarrheal (Galm and Bashen, 2007;
Djeridane et al., 2006). Alkaloids, according to literature, possess anti-
inflammatory, anti-asthmatic, and anti-anaphylatic properties with
consequences of altering immunological status in vivo study (Johnson et
al., 2012). Saponins are special class of glycosides that have been shown
to possess anti-fungal activity, hypolipidermic and anti-cancer activity
(Sarker and Nahar, 2007). Steroids have also been reported to possess
antibacterial, anti-inflammatory, anti-ulcerative and anti-tumor actions
(Kim et al., 2006).

Flavonoids, tannins and phenols are phenolic compounds; they are a major
group of compounds that act as primary antioxidants or free radical
scavengers. Since these compounds were found to be present in the
extracts, they may be responsible for the potent antioxidant capacity of
Petiveria leaf. Previous studies have also reported that phenolic
compounds possess other biological activities such as anti-inflammatory,
anti-ulcer, anti-spasmodic and anti-diarrheal (Galm and Bashen, 2007;
Djeridane et al., 2006). Alkaloids, according to literature, possess anti-
inflammatory, anti-asthmatic, and anti-anaphylatic properties with
consequences of altered immunological status in vivo (Johnson et al.,
2012), and chemopreventive, anti-tumorous, and anti-carcinogenic
properties (Beloin et al., 2005; Grover and Yada, 2004).

Saponins are special class of glycosides that have been shown to possess
anti-fungal activity, hypolipidermic and anti-cancer activity (Sarker and
Nahar, 2007). Steroids have also been reported to possess antibacterial,
anti-inflammatory, anti-ulcerative and anti-tumor actions (Kim et al.,
2006). However, there is variation in the phytochemicals obtained from
the leaves in relation to the collection times. For instance, alkaloids are
present in both n-hexane extracts of leaves collected in the morning and in
the evening but absent in those collected in the afternoon (Table 3). Also,
Phenol is absent in all the extracts except in the ethanol extract of leaves
harvested in the afternoon while steroids are present in both morning and
afternoon samples but not in the evening sample. These observations are
indication that the time of collection depends on the ailment to be treated
that is the metabolite of interest.
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Physicochemical Analysis of Extracts

The results are as summarized in Tables 4a and 4b:

Table 4a: Results of physical parameters of Petiveria
collected at different times of the day

alliacea leaves

Physicochemical | Morning Afternoon Evening
Parameters
n- Ethanol | n- Ethanol | n- Ethanol
Hexane Hexane Hexane
pH 4,58 5836 | 6.955 6.342 | 6.129 | 5.777
Color Green Green | Green Green | Green | Green
Specific gravity | 0.8355 | 0.8148 | 0.633 0.801 | 0.7147 | 0.8299

Table 4b: Result of physicochemical parameters of Petiveria alliacea
leaves collected at different times of the day

Physicochemical | Morning (6:00 | Afternoon  (1:00 | Evening (6;00
a.m.) p.m.) p.m.)

Parameter

Moisture content | 79.00 80.94 80.74

(%)

Total ash content | 18.59 18.59 18.59

(%)

As shown in table 4b, there was no significance variation in the
physicochemical parameters in relation to the collection time. A total ash
content of 18.59 % indicates that the amount of organic matters and other
minerals in the leaves of P. alliacea is slightly high. It also showed that

the extract is acidic (4.58) and green in colour (Table 4a).
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Results of GC-MS Analysis

As revealed by GC-MS analysis, in n-hexane extracts 14 compounds were
present in the morning, 17 compounds in the afternoon and 10 compounds
in the evening (Table 5). However, in ethanol extracts, 13 compounds
were present in the morning, 11 in the afternoon and 17 compounds in the
evening extracts (Table 6).

Table 5: GC-MS results of n-hexane extracts of morning, afternoon and
evening samples

S/No | Morning % Afternoon % Evening %

1 3,7,11,15-Tetramethyl- | 16.8 3,7,11,15-Tetramethyl- | 17.2 Phytene 2 1.32
2-hexadecen-1-ol 0 2-hexadecen-1-ol 2

2 2(4H)- 1.49 | 2(4H)-Benzofuranone, 1.20 | Pinane 11.2
Benzofuranone,5,6,7,7 5,  6,7,7a-tetrahydro- 1
a tetrahydro-4,4,7a 4,4, 7a-trimethyl
trimethyl-, (R)-

3 2- 1.76 | 2-Hexadecen- 151 | 5- 6.08
Hexadecene,3,7,11,15- 3,7,11,15-Tetramethyl nonadecen
tetramethyl-[R-[R*,R*- -1-ol
®1I-

4 N-Hexadecanoic acid 11.0 N-Hexadecanoic acid 9.38 Palmitic 9.86

7 acid

5 Hexadecanoic acid, | 1.99 Hexadecanoic acid, | 5.53 Squalene 2.10
ethyl ester ethyl ester

6 Phytol 9.22 Phytol 8.02 Phytol 43.9

7

7 9,12,15- 325 | 9,12,15- 22.0 | Ethyl 1.42
Octadecatrienoic acid, 1 octadecatrienoic acid 6 palmitate

8 Octadecanoic acid 2.19 Ethyl-9,12,15- 9.23 Alpha 15.1

octadecatrienoate linolenic 3
acid

9 Ethyl iso-allocholate 4.04 | Ethyl iso-allocholate 1.79 | Linolenic 5.73

acid, ethyl
ester

10 Cholestan-3-one, cyclic | 1.02 4,8,12,16- 0.69 Palmitin 3.19
1, 2-ethanediyl acetal
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(5B) Tetramethylheptadecan
-4-olide

11 7, 8- Epoxylanostan- | 2.31 Hexadecanoic  acid,1- | 1.62
11-ol, 3-acetoxy- (hydroxymethyl)-1,2-
ethanediylester

12 Diisooctyl phthalate 2.11 | Diisooctylphthalate 1.76
13 Stigmasterol 1.42 | 1-heptatriacotanol 2.67
14 Squalene 14.8 | Squalene 125
1 7
15 - Octadecanoic acid,ethyl | 1.30
ester
16 - Docosanoic acid-1,2,3- | 1.13

propanetriylester

17 - Oleic acid, eicosyl ester | 2.33

NOTE:- sign — denote no compound detected.

From the GC-MS data, the variation in the compositions is morning <
afternoon > evening for n-hexane sample extracts but significantly high in
the afternoon while the order is morning > afternoon < evening for ethanol
sample extracts but significantly high in the evening sample. Many
compounds present in both the n-hexane extracts of the morning and
afternoon samples; include 2(4H)-Benzofuranone,5,6,7, 7a tetrahydro-
4,4, 7a trimethyl-, (R)- ; 3,7,11,15-Tetramethyl-2-hexadecen-1-ol; 2-
Hexadecene,3,7,11,15-tetramethyl-[R-[R*,R*-(E)]]-; N-Hexadecanoic
acid; Hexadecanoic acid, ethyl ester; Phytol; Ethyl iso-allocholate;
Squalene and 9,12,15-Octadecatrienoic acid, (Z,Z,Z)- in varying
concentrations (Table 5).

In the ethanol extract, also present in the morning and afternoon samples
are; Phenol,2,4-bis(1,1-dimethylethyl; 3,7,11,15-Tetramethyl-2-
hexadecen-1-ol; Hexadecanoic acid, methyl ester; Hexadecanoic acid,
ethyl ester; 9,12,15-octadecatrienoic acid, ethyl ester; Stigmasterol; and
Campesterol, n-Hexadecanoic acid, and Phytol are also present in the
evening sample (Table 6).
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Table 6: GC-MS result of Ethanol extracts of morning, afternoon and
evening samples

S/No. | Morning % Afternoon % Evening %
1 1-(2- 247 Cholestan-3-ol,2- | 5.57 Nonadecyl 9.15
Hydroxyethyl)- methylene- cyclohexane
1,2 4-triazole
2 Phenol, 2,4- | 2.06 Phenol,2,4- 2.88 2(E)-hexenoicacid | 5.79
bis(1,1-dimethyl) bis(1,1- (4s)-amino 5-
dimethylethyl methyl
3 3,7,11,15- 8.46 3,7,11,15- 4.12 Ethylene 151
Tetramethyl-2- Tetramethyl-2- diammine
hexadecen-1-ol hexadecen-1-ol
4 n-Hexadecanoic 10.37 | n-Hexadecanoic 7.48 n-Hexadecanoic 13.05
acid acid acid
5 Hexadecanoic acid, | 2.35 Hexadecanoic 1.79 2,4-di-tert  butyle | 1.90
methyl ester acid, methyl ester phenol
6 Hexadecanoic acid, | 1.49 Hexadecanoic 3.19 2,6,6-trimethyl- 1.12
ethyl ester acid,ethyl  ester bicyclo(3,1,1)
(3.19 %) heptane
7 Phytol 27.15 | Phytol (36.68 %) | 36.68 | Phytol 24.72
8 9,12- 10.66 | Cholest-5-en-3- 3.12 4-hydroxy- 5.82
Octadecadienoyl ol,24-pyrolidene trimethyl pyroline
chloride, (Z,2)- (3.12 %)
9 9,12,15- 17.08 | 9,12,15- 20.15 | 9,12,15- 7.57
Octadecatrienoic octadecatrienoic octadecatrienoate
acid, (2,2,2)- acid,ethyl  ester
(20.15 %)
10 Stigmasterol 2.32 Stigmasterol 1.16 Methyl palmitate 211
11 Campesterol 3.94 Campesterol 13.87 | Linolenic acid 14.70
12 Hexadecanoic acid, | 3.15 - Methyl ricinoleate | 3.31

1-
(hydroxymethyl)-
1,2-ethanediyl
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ester

13 1-Heptatriacotanol | 2.73 - Cyclopropane (3- | 1.45
chloropropyl)
methylene

14 - - Fumaric 1.38

acid,hexadecyl
propagyl ester

15 - - Octadecanedioic 421
acid

16 - - 3-methoxy,-3,4- 1.30
dimethyl-1-
heptyne

17 - - 2-oxa-spiro(4.50 0.86
dec-8-ene-1,7,-
dione,4,6-
dihydroxy-3,10-
dimethyl

Key: - absent

The main constituents in the n-hexane extract of the leaves plucked in the
morning and afternoon include: 9,12,15-octadecatrienoic acid; 3,7,11,15-
Tetramethyl-2-hexadecen-1-ol; Squalene and n-Hexadecanoic acid while
Phytol, a-linolenic acid, Pinane, Palmitic acid and 5-nonadecen-1-ol are
the major constituents in the evening extract (Table 5). Furthermore, main
constituents present in the ethanol extract of the morning, afternoon and
evening samples include; n-Hexadecanoic acid, phytol, 3,7,11,15-
Tetramethyl-2-hexadecen-1-ol and 9,12-Octadecadienoyl chloride, (Z,2)-
in the morning sample, campesterol, 9,12,15-octadecatrienoic acid, and
ethyl ester in the afternoon sample and Linolenic acid, Nonadecyl
cyclohexane and 9,12,15-octadecatrienoate in the evening sample (Table
6).

Result of Biological Activities

These compounds possess many biological properties; however, the
influence of the time of collection of the leaves on the composition affects
the biological activity and pharmacological applications of the plant. The
variation in the constituents in the samples could be attributed to sunlight
effect, since all other conditions are the same. The biological activities of
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some of the compounds identified as published by a researcher are as
summarized in Table 2.

Table 7 shows the effects of ethanol and n-hexane extracts of P. alliacea
collected at three different times of the day on average weight of rats over
two weeks of administration (treatment) compared to acclimatization
weeks (pre-treatment) average weight respectively. In the first week of
acclimatization, the experimental rats in Groups B to G (186.1, 191.8,
189.5, 191.6, 178.2 and 182.3 g respectively) when compared with the
Positive control Group A (182.3 g) shows no significant difference (P >
0.05). In the second week, the rats in Groups B to G recorded significant
difference in weight across the groups. As the plant extracts
administration was introduced to the experimental rats in the third week,
all P. alliacea administered groups recorded further slight decrease in
weights across the groups, which continued into the fourth week.

Table 7 shows there were no significant decrease in the average weight of
rats administered with ethanol and n-hexane extracts of P. alliacea over
two weeks of administration. The slight weight reductions recorded across
the weeks of administration per group were not significant enough to
cause any harm in the experimental rats. This suggests that the n-hexane
and ethanol extracts of P. alliacea did not cause any form of damage,
swelling or inflation (Sulaiman et al., 2014a).
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Table 7: Effects of Ethanol and n-hexane Extracts of P. alliacea collected
at three different times of the day on Average Weight of Rats over Two
Weeks of Treatment vs Pre-treatment.

Groups | Week one | Week two Week Week four
three
A 182.3 + 1744 +[176.4 +|169.7 + 18.89°
19.43? 17.63% 16.57%
B 186.1 +[177.6 +[179.3 +[173.3+19.03®
19.48? 18.39% 17.17%
C 191.8 +[182.1 +[183.6 +|178.1+20.19%
19.48? 19.10% 17.90%
D 189.5 + 1785 +(180.2 +|173.2+19.41®
17.712 16.50% 15.97%
E 191.6 + [ 175.7 +(176.8 +|168.2+21.97°
20.53% 18.66" 18.21°
F 178.2 + 1716 + (1729 +168.0 +20.47®
04.96° 05.37% 09.95%
G 182.3 + 1744 + (1764 +|169.7 +18.89°
19.43? 17.63%® 16.57%

Values are expressed as mean of three replicates £ S.E.M and those with
different superscripts across the group are significantly different at (P <
0.05). (A): Control; (B): Morning Ethanol P. alliacea; (C): Morning n-
hexane P. alliacea; (D): Afternoon Ethanol P. alliacea; (E): Afternoon n-
hexane P. alliacea; (F): Evening Ethanol P. alliacea; (G): Evening n-
hexane P. alliacea)

Table 8 shows the effects of ethanol and n-hexane extracts of P. alliacea
collected at three different times of the day on weight of organs. For the
liver, Kidney and Heart weights, there was no significant difference (P >
0.05) between the three control groups (5.62), (0.58), (1.15) and all the
treated groups.
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of organs

Groups Liver Heart Kidney

A 5.62 +0.62° 0.58 + 0.06° 1.15 + 0.09°
B 5.56 + 0.72° 0.61 + 0.07° 1.19 + 0.06°
C 5.60 + 0.72° 0.62 + 0.08 1.17 + 0.06°
D 5.75 + 0.74° 0.65 + 0.08" 1.18 + 0.07°
E 5.67 +0.71° 0.68 + 0.08" 1.19 + 0.06°
F 5.50 + 0.80° 0.70 + 0.08" 1.20 + 0.07°
G 6.33 +0.33" 0.57 +0.01° 1.10 +0.01°

Values are expressed as mean of three replicates £ S.E.M and those with
different superscripts down the group are significantly different at (P <
0.05). (A): Control; (B): Morning Ethanol P. alliacea; (C): Morning n-
hexane P. alliacea; (D): Afternoon Ethanol P. alliacea; (E): Afternoon n-
hexane P. alliacea; (F): Evening Ethanol P. alliacea; (G): Evening n-
hexane P. alliacea)

Organ-body weight ratio is a useful marker of cellular swelling, atrophy or
hypertrophy (Amresh et al., 2008; Sulaiman et al., 2017). Therefore, the
absence of an increase in the computed organ-body weight ratios (Table 8)
and lack of significant decrease in organ weights recorded (Table 9)
suggests that the n-hexane and ethanol extracts of P. alliacea did not cause
any form of swelling, atrophy and hypertrophy on the organs of interest
within the experimental rats as previous studies (Sulaiman et al., 2015;
Oluyomi et al., 2016) have associated changes to body weight with
toxicity of the drugs, chemicals or extracts administered.
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Table 9 shows the effects of ethanol and n-hexane extracts of P. alliacea
collected at three different times of the day on Organ/Body-Weight ratio.
For the liver, heart and kidney, there was no significant difference (P >
0.05) between the three Control groups (3.45), (3.59), (0.71) respectively
and all the other treated groups (B to G down the group).

Table 9: Effects of Ethanol and n-hexane Extracts of P. alliacea collected

at three different times of the day on Organ Body-Weight ratio

Groups Liver Heart Kidney

A 3.50 +0.52° 0.36 + 0.05° 0.71 + 0.09%
B 3.43 +0.65% 0.38 + 0.06* 0.73 +0.27°
C 3.34 +0.52° 0.37 + 0.07° 0.70 + 0.09
D 3.36 + 0.56° 0.38 + 0.07° 0.69 + 0.10°
E 3.39 + 0.54° 0.41 + 0.08 0.71 +0.11°
F 3.44 + 0.59° 0.44 + 0.09% 0.75+0.12°%
G 3.97 +0.37° 0.35+0.03° 0.66 + 0.09°

Values are expressed as mean of three replicates £ S.E.M and those with
different superscripts down the group are significantly different at (P <
0.05). (A): Control; (B): Morning Ethanol P. alliacea; (C): Morning n-
hexane P. alliacea; (D): Afternoon Ethanol P. alliacea; (E): Afternoon n-
hexane P. alliacea; (F): Evening Ethanol P. alliacea; (G): Evening n-
hexane P. alliacea).

Aspartate Transaminases (AST, E.C. 2.6.1.1)

Figure 1 shows the AST Activity (U/l) in the serum of rats administered
with n-hexane and ethanol extracts of Petiveria alliacea. The AST
Activity was significantly higher (P < 0.05) in the serum of rats
administered with Afternoon n-hexane, Evening Ethanol extracts and
Evening n-hexane extracts of P. alliacea in Groups E, F and G with a
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concurrent decrease (P < 0.05) in AST activity in the hearts of rats in the
same groups.

The AST activity in the heart of rats administered with three of the
extracts in Groups B, C and D when compared with the control Group A
shows a significant increase (P < 0.05) as shown in figure 1.
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Figure 1: Effects of ethanol and n-hexane extract of Petiveria alliacea
leaf on AST activity in Wistar rats. Values are mean + SEM of 3 replicates
and those with different alphabets on the bars are significantly different at
(P < 0.05). (A): Control; (B): Morning Ethanol P. alliacea C): Morning n-
hexane P. alliacea; (D): Afternoon Ethanol P. alliacea; (E): Afternoon n-
hexane P. alliacea; (F): Evening Ethanol P. alliacea; (G): Evening n-
hexane P. alliacea.

However, the AST activity was significantly reduced (P < 0.05) in the
serum of rats administered, Morning Ethanol P. alliacea (Group B):
Morning n-hexane P. alliacea; (Group C) and Afternoon Ethanol P.
alliacea (Group D) when compared with the control (Group A).

Alanine Transaminases

Figure 2 shows the ALT Activity (U/I) in the serum of rats administered
with the six leaf extracts of Petiveria alliacea. No significant difference (P
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> 0.05) in ALT Activity was recorded in the serum of all rats administered
with various extracts of P. alliacea in Groups B to G when compared to
the control (Group A). Similarly, The ALT activity in the liver of rats
administered with the six extracts in Groups B to G when compared with
the control Group A shows no significant increase (P > 0.05).
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Figure 2: Effects of ethanol and n-hexane extract of Petiveria alliacea
leaf on ALT activity in Wistar rats. Values are mean =+ SEM of 3
replicates and those with different alphabets on the bars are significantly
different at (P < 0.05). (A): Control; (B): Morning Ethanol P. alliacea (C):
Morning n-hexane P. alliacea; (D): Afternoon Ethanol P. alliacea; (E):
Afternoon n-hexane P. alliacea; (F): Evening Ethanol P. alliacea; (G):
Evening n-hexane P. alliacea.

Alkaline Phosphatase (ALP, E.C. 3.1.3.1)

Figure 3 shows the ALP Activity (U/I) in the serum, liver and kidney of
rats administered with n-hexane and ethanol extracts of Petiveria alliacea.
The ALP activity in the serum of rats administered with the six extracts
were significantly lower (P < 0.05) in all the groups than the control.
However, the ALP activity was significantly reduced (P < 0.05) in the
serum of rats administered with the last three extracts in Groups E, F, and
G than the first three groups; B, C and D.
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The ALP Activity in the liver of rats administered with extracts in Groups
B, C, D, and E when compared with the control Group A shows no
significant difference (P > 0.05) (figure 3). However, the ALP Activity
was significantly reduced (P < 0.05) in the liver of rats administered with
the last two extracts in Groups F and G when compared with the control

group.
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Figure 3: Effects of ethanol and n-hexane extract of Petiveria alliacea
leaf on ALP activity in Wistar rats. Values are mean + SEM of 3 replicates
and those with different alphabets on the bars are significantly different at
(P < 0.05). (A): Control; (B): Morning Ethanol P. alliacea (C): Morning
n-hexane P. alliacea; (D): Afternoon Ethanol P. alliacea: (E): Afternoon
n-hexane P. alliacea; (F): Evening Ethanol P. alliacea; (G): Evening n-
hexane P. alliacea.

Also, the ALP activity in the kidney of rats administered with extracts in
Groups B-G (666, 687, 694, 694, 684, 681 and 690) when compared with
the control Group A(668) shows no significant difference (P > 0.05)
(figure 3).

Albumin

Figure 4 shows the albumin concentration (mg/dl) in the serum of rats
administered with n-hexane and ethanol extracts of Petiveria alliacea. The
albumin concentration (mg/dl) in the serum of rats administered with
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extracts in Groups B, C, D when compared with the control Group A
shows no significant difference (P > 0.05). However, the albumin
concentration was significantly higher (P < 0.05) in the serum of rats
administered with extracts in Groups E, F and G when compared with the
control (group A).

The albumin concentration (mg/dl) in the liver of rats administered with
extracts in Groups C and F when compared with the control Group A are
significantly higher (P < 0.05), while no

significant difference (P > 0.05) was recorded in the albumin
concentration of the liver of rats administered with extracts in Groups B,
D, E and G when compared with the control (group A).
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Figure 4: Effects of ethanol and n-hexane extract of Petiveria alliacea
leaf on albumin concentration in serum and liver of Wistar rats. Values are
mean + SEM of 3 replicates and those with different alphabets on the bars
are significantly different at (P < 0.05). (A): Control; (B): Morning
Ethanol P. alliacea (C): Morning N-hexane P. alliacea; (D): Afternoon
Ethanol P. alliacea; (E): Afternoon n-hexane P. alliacea F): Evening
Ethanol P. alliacea; (G): Evening n-hexane P. alliacea.

Urea

Figure 5 shows the urea concentration (mg/dl) in the serum and kidney of
rats administered with n-hexane and ethanol extracts of Petiveria alliacea.
The urea concentration (mg/dl) in the serum of rats administered with the
two extracts in Groups C to G (12.1, 12.6, 13.5 11.9 and 13.5) were
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significantly reduced (P < 0.05) but no significant decrease in group B
(24.9) when compared with the control Group A (28.5).

The urea concentration (mg/dl) in the kidney of rats administered with
extracts in Groups B to F (13.2, 12.7, 15.6, 14.9, 16.7) when compared to
control Group A (34.3) showed a significant decrease (P < 0.05) while no
significant decrease was recorded in the kidney of rats in Group G.
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Figure 5: Effects of ethanol and n-hexane extract of Petiveria alliacea
leaf on urea concentration in serum and kidney of Wistar rats. Values are
mean + SEM of 3 replicates and those with different alphabets on the bars
are significantly different at (P < 0.05). (A): Control; (B): Morning
Ethanol P. alliacea (C): Morning n-hexane P. alliacea; (D): Afternoon
Ethanol P. alliacea; (E): Afternoon n-hexane P. alliacea; (F): Evening
Ethanol P. alliacea: (G): Evening n-hexane P. alliacea

Total Protein Concentration

Figure 6 shows the protein concentration (mg/ml) in the liver of rats
administered with the extracts in all the Groups were significantly reduced
(P < 0.05) when compared with the control Group A. However the protein
concentration (mg/ml) (P < 0.05) in the liver of rats administered with
extracts in Groups D, E and G were significantly higher (P < 0.05) than
those recorded in Groups B, C and F, when compared with the control A.
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Figure 6: Effects of ethanol and n-hexane extract of Petiveria alliacea
leaf on total protein concentration in serum and liver of Wistar rats.
Values are mean + SEM of 3 replicates and those with different alphabets
on the bars are significantly different at (P < 0.05). (A): Control; (B):
Morning Ethanol P. alliacea (C): Morning n-hexane P. alliacea; (D):
Afternoon Ethanol P. alliacea; (E): Afternoon n-hexane P. alliacea; (F):
Evening Ethanol P. alliacea; (G): Evening n-hexane P. alliacea.

Creatinine Concentration

Figure 7 shows the creatinine concentration (mg/dl) in the kidney of rats
administered with n-hexane and ethanol extracts of Petiveria alliacea. The
creatinine concentration (g/dl) in the kidney of rats administered with
extracts in Groups B-G (8.3, 8.1, 7.9, 7.5, 6.9, 7.2) when compared with
the control Group A (8.9) was significantly reduced (P < 0.05).
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Figure 7: Effects of ethanol and n-hexane extract of Petiveria alliacea leaf
on creatinine concentration in kidney of Wistar rats. Values are mean +
SEM of 3 replicates and those with different alphabets on the bars are
significantly different at (P < 0.05). (A): Control; (B): Morning Ethanol P.
alliacea (C): Morning n-hexane P. alliacea; (D): Afternoon Ethanol P.
alliacea; (E): Afternoon n-hexane P. alliacea; (F): Evening Ethanol P.
alliacea; (G): Evening n-hexane P. alliacea.

Discussion

Aspartate Transaminase (AST) Activity (U/l) in the Serum and Heart
of Rats Administered Aqueous Extracts of Petiveria alliacea collected
at three different times of the day.

The aminotransferases (ALT and AST) are ‘markers’ of liver and heart
damage and can thus be used to assess liver and heart cytolysis
(Pramyothin et al., 2006; Oluyomi et al., 2016). The high AST activity
recorded in the serum of rats administered with Afternoon n-hexane,
Evening Ethanol extracts and Evening N-hexane extracts of P. alliacea in
Groups E, F and G with a concurrent decrease (P < 0.05) in AST activity
of their hearts may be as a result of the rats’ adaptive mechanism in order

to offset the stress imposed by the extracts’ administration (Sulaiman et
al., 2015).
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The reduced AST activity in the serum of rats administered Morning
Ethanol P. alliacea (Group B): Morning N-hexane P. alliacea; (Group C)
and Afternoon Ethanol P. alliacea (Group D) when compared with the
control (Group A, which shows that AST may not have leaked from the
heart into the serum, implying no damage to the cardiac membranes no
toxicity.

Alanine Aminotransferase Activity (ALT) (U/l) in the Serum and
Liver of Rats Administered Aqueous Extracts of Petiveria alliacea
collected at three different times of the day.

The measurement of ALT Activity in human serum has proven to be a
valuable indicator of liver function in clinical settings (Huang et al.,
2006). The aminotransferases (ALT and AST) are ‘markers’ of liver
damage and can thus be used to assess liver cytolysis with ALT being a
more sensitive biomarker of hepatotoxicity than AST (Pramyothin et al.,
2006). The insignificant increase recorded in ALT Activity in the serum of
all rats administered the various extracts of P. alliacea in Groups B to G
as well as the no significant reduction in hepatic ALT activity implies that
the integrity of the hepatic membranes were preserved (Oluyomi et al.,
2016; Sulaiman et al., 2017) as no leakage has occurred from the liver into
the serum.

Alkaline Phosphatase Activities of the Serum and Selected Tissues of
Rats Administered Aqueous Extracts of Petiveria alliacea collected at
three different times of the day.

ALP is present in all tissues throughout the body, but is particularly
concentrated in liver, bile duct, kidney, bone, intestinal mucosa and the
placenta (Tamas et al., 2002). ALP is a ‘marker’ enzyme for the plasma
membrane and endoplasmic reticulum (Wright and Plummer, 1972) and is
often used to assess the integrity of the plasma membrane and
endoplasmic reticulum (Akanji et al., 1993; Sulaiman et al., 2015;
Oluyomi et al., 2016)

The reduced ALP activity in the serum of rats administered with the six
extracts in all the groups is a positive indication of little or no toxicity as
an increase may have been as a result of membrane compromise which
would have allowed ALP’s leakage from other tissues into the serum. The
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last three extracts administered to Groups E, F, and G are therefore, even
safer for consumption than the first three extracts in Groups B, C and D.

A reduced trend was recorded in the liver with no significant difference
recorded in the ALP activity in the liver of rats administered with extracts
in Groups B, C, D, and E as well as more reduction in the ALP Activity
recorded in the liver of rats administered with the last two extracts in
Groups F and G. Also, the low ALP activity in the kidney of rats
administered with extracts in Groups B-G may not be unconnected with
leakage of ALP from the kidney into the serum,

resulting in the high ALP activity initially recorded in the serum, which
still queries the level of safety achievable with the consumption of the
extracts.

Albumin Concentration (g/dl) in the Serum and Liver of Rats
Administered Aqueous Extracts of Petiveria alliacea collected at three
different times of the day.

The level of albumin has been associated with the synthetic function of the
liver (Adeyemi et al. 2010, 2012). Albumin is the major plasma protein
with molecular weight of approximately 66.3kDa. It is synthesized
exclusively in the liver. The concentration of albumin is a useful ‘marker’
of secretory, synthetic and excretory functioning of the liver and kidney
(Yakubu and Musa, 2012; Sulaiman et al., 2014a). A falling
concentration in chronic liver disease suggests a clinically significant
deterioration in liver function ‘decompensation’.

There was no significant albumin concentration (g/dl) recorded in the
serum of rats administered with extracts in Groups B, C, D when
compared with the control Group A shows that these three extracts are
safe for consumption as they do not alter significantly, the serum albumin
concentration of the host.

However, the increased albumin concentration recorded in the serum of
the remaining rats administered with extracts in Groups E, F and G when
compared with the control (group A) may imply that the membranes of the
liver have been ruptured. Similarly, the albumin concentration in the liver
of rats administered with extracts in Groups C and F is high, which may
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be an indication that more plasma protein has been synthesized (Yakubu
and Musa, 2012; Sulaiman et al., 2017a).

Urea Concentration in the Serum and Kidney of Rats Administered
Aqueous Extracts of Petiveria alliacea collected at three different
times of the day.

Serum urea is one of many useful parameters for evaluating the status of
real function. An increase in the level of serum urea may imply renal
excretion (Adeyemi and Akanji, 2012). The significance of the enzyme
urease includes: to serve as a virulence factor in human and animal
infections of the urinary and gastrointestinal tracts, play role in recycling
of nitrogenous wastes in the rumens of domestic livestock (Mobley and
Hausinger, 1989; Sulaiman et al., 2017b). In this study, the reduced urea
concentration (mg/dl) recorded in the serum of rats administered with the
two extracts in Groups C-G after the administration of the first five
extracts may be attributed to decreased amino acid degradation by the
liver. A similar reduction in urea concentration (g/dl) in the kidney of rats
administered with extracts in Groups B-G was also recorded except for
Group G where no significant increase was recorded.

Protein Concentration in the Serum and Liver of Rats Administered
Aqueous Extracts of Petiveria alliacea collected at three different
times of the day.

The concentration of total protein is a useful ‘marker’ of secretory,
synthetic and excretory functioning of the liver (Sulaiman et al., 2017,
Yakubu and Musa, 2012). The total protein is composed of albumin and
globulin and reflects the balance of protein biosynthesis and catabolism.

The no significant difference recorded for protein concentration (mg/ml)
in the serum of rats administered with extracts in Groups B, D, F and G is
a positive safety indication, while the reduced protein concentration
(mg/ml) recorded in the serum of rats administered with two of the
extracts in Groups C and E may be as a result of decreased protein
synthesis, increased protein loss, increased catabolism or protein
malabsorption, consequent upon the extracts’ administration.

The protein concentration (mg/ml) in the liver of rats administered with
the extracts in all the Groups were significantly reduced (P < 0.05) when

167



Centrepoint Journal Volume 24. No. 2 (2018)

compared with the control Group A. However, the protein concentration
(mg/ml) (P < 0.05) in the liver of rats administered with extracts in Groups
D, E and G were significantly higher (P < 0.05) than those recorded in
Groups B, C and F, when compared with the control. Improved protein
synthesis with concomitant reduction in loss of protein may have
contributed to this.

Creatinine Concentration in the Kidney of Rats Administered
Aqueous Extracts of Petiveria alliacea collected at three different
times of the day.

Creatine is derived from creatine and creatine phosphate in muscle tissue
and may be defined as a nitrogenous waste product. Creatitine is not
reutilized but is excreted from the body in the urine via the kidney. During
the reaction involving creatine and phosphocreatine, catalyzed by creatine
kinase, spontaneous conversion to creatine might occur (Allen, 2012). A
rise in blood creatinine levels is observed only with marked damage to
functioning nephrons. The reduction in creatinine concentration (mg/dl)
in the kidney of rats administered with extracts in Groups B to G when
compared with the control Group A suggests an enhanced glomerular
clearance rather than an impaired muscle metabolism.

Conclusion

It can be concluded that Petiveria alliacea leaves contain biologically
active components that may be responsible for the folklore and
scientifically documented medicinal effect of the plant and also that the
time of collection of the leaves have significant effect on the chemical
composition and hence the biological activity of the plant from the results
generated in this research. Biochemical results obtained generally suggest
that, the aqueous extracts of Petiveria alliacea leaves collected at three
different times of the day showed alterations, both positive and negative,
toxicological effects. Conclusively, it can be inferred that leaf extract of P.
alliacea has the tendency to rupture the tissues’ membrane in their hosts if
taken in excess. Hence, care must be taken by the public from the
excessive or erratic consumption of leaf extracts of P. alliacea for
agricultural and medicinal purposes.
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Abstract

This study examines the unsteady non-Newtonian magnetohydrodynamic
radiative thin film flow in a porous medium past an oscillating vertical
belt. Based on the physical model of the problem, the governing
momentum and energy equations are non dimensionalized and solved
analytically using Optimal Homotopy Asymptotic Method (OHAM). The
velocity and temperature profiles are studied for different physical
parameters such as the magnetic field, radiation parameter, Grashof
number, Prandtl number, and Brinkman number for both lift and drainage
problems. The analytical results are presented graphically and discussed.

Keywords: OHAM, Thin film, Unsteady, Second grade fluid, Buoyancy,
Viscous dissipation.

Introduction

The study of non-Newtonian fluids of thin film flow has aroused the
interest of researchers and received considerable attention because of its
numerous applications in various branches of science, engineering and
technology: particularly in chemical and nuclear industries, material
processing, geophysics and bio-engineering. The importance of non-
Newtonian fluid flow especially in a porous medium has led to the
development of mathematical models in an extensive range. Its areas of
application include petrochemical, bio-medical and environmental
engineering such as polypropylene coalescence sintering, blood,
geological and debris flows.
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Literature Review

Several researchers have discussed the flows of second grade fluid in
different dimensions, Amir and Gul (2015), studied unsteady
magnetohydrodynamic flow of second grade fluid due to impulsive
motion of plate. Ali, et al. (2014) investigated the closed form solution for
unsteady second grade fluid near vertical oscillating belt. Samiulhag, et al.
(2014) studied unsteady free convection flow of a second grade fluid in a
porous medium with ramped wall temperature. Kamran, et al. (2012)
investigated the thin-film flow of Johnson-Segalman fluids for lifting and
drainage problems.

Due to the non-linearity of the equations governing the flow, several
approximate methods have been developed in Mathematics and
Engineering sciences to solve the equations. Some of the common
methods are Homotopy Analysis Method (HAM) by Liao, (2003) and
Optimal Homotopy Asymptotic Method (OHAM). These methods deal
with the nonlinear problems effectively. OHAM was built on convergence
criteria similar to HAM but it differs from it in that, it does not require an
initial guess as successfully applied by Marinca, et al. (2008) to problems
in mechanics and has also showed its effectiveness and accuracy. Gul et
al. (2014), used ADM and OHAM for solution of heat transfer analysis of
magnetohydrodynamic (MHD) thin film flow of an unsteady second grade
fluid past a vertical oscillating belt. An application of OHAM for solving
non-linear equations arising in heat transfer was investigated by Marinca,
et al. (2009) who applied OHAM to solve steady flow of a fourth-grade
fluid past a porous plate. Gul, et al. (2013) investigated MHD thin film
flow of a third grade fluid on a vertical belt with slip boundary conditions.
Mabood et al. (2013) used OHAM for flow and heat transfer of a
viscoelastic fluid in an axisymmetric channel with a porous wall.

The above studies neglected the combined effects of radiation, buoyancy
force and porous medium on dissipative fluids. In the light of this, the
interaction of radiation with heat transfer of a MHD thin film flow in a
porous medium past an oscillating vertical belt is presented in this study.
The governing momentum equation includes porosity and buoyancy force
while the effect of radiation is taken into account in the energy equation.
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Methodology

The problem of unsteady non-Newtonian magnetohydrodynamic radiative
thin film flow of a second grade fluid in a porous medium past an
oscillating vertical belt is considered. It is assumed that the flow is
unsteady and laminar after a small distance above the liquid surface layer
and the film thickness remains constant for both lift and drainage
problems. The flow is only in y-direction (vertical flow) in the presence of
magnetic field and heat dissipation and the problem is fully developed
laminar flow. By using the Rosseland approximation, the radiative heat
flux g, for the given problem is

4o OT'* .
qT - 3ke ax ( )

and the flow is governed by the following equations.

Continuity equation:

u v inn-
iy P =Momentum equation:
0 (2)
du _ dp N 0%u N 0 [0%u (T—Ty) Hu
Poe = "oy tHaw T g\aaz) TP T T g
— oBéu (3)

Energy equation:

aT_kaZT+ (au)z aq,
P = “oxz TM\ox) T ox

+ (57 () ®

In the formulation of the lift problem in this second grade fluid flow, a
wide flat belt is considered to move vertically at time ¢t = 0" and a layer
of liquid of constant thickness is been carried by the belt. The belt
oscillated and translated with constant speed wu, in the presence of
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magnetic field which is placed transverse to the belt. Heat is applied to
the fluid and atmospheric pressure is negligible. The y-axis is taken
parallel to the belt while x-axis is perpendicular to it for the coordinate
system. Velocity and temperature fields are defined as:

V=_0u(xt),0) , T=T(t) (5)

Moving and
Oscillating belt

Y Porous Medium

e Thin film

v

Magretic fiekd

v

Figure 1: Geometry of the lift problem.
Oscillating boundary conditions are:

u(0,t) = U1 + écoswt), u(d,t)

=0 (6)
T,t)=T,, T(6,t)

=Ts (7
where U,& and § are the flow mean velocity, amplitude and boundary

layer parameter respectively. Substituting equation (5) into equation (2),
continuity equation is satisfied.
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In order to present the governing equations in dimensionless forms, the
following non-dimensional variables are introduced.

_ (T-T,) _

=t g=1 =0, 5=% M=

T U’ 8’7 T (Ts-To)’ _p52’f’y ke
oB25? p62gPr(Ts—T, kek ki

b ,Gr 9B (Ts—T,) H:I:]_-l——,N:;,:;,;r:_p'BT:

u L, 3 40Toy k

u? -

” ,t:
k(Té'_To)

ut
L (8)

Inserting these non-dimensional variables in equations (3) and (4) and
dropping bars, the momentum and energy equations becomes:

ou d%u 0 (62 )
=53 Gu

ot ox2 " “3:\d
—G,0 9

a0 4 10%0 w2

Prge = [”ﬁ 5+ B (55)
+ B a(au)<62u> (10)

dx/) \0tdx

The non-dimensional boundary conditions of equations (6) and (7) are:

u(0,t) = (1 + écoswt), u(l,t)
=0 (11)

0(0,t) =0, 6(1,t)=1 (12)

In the formulation of the drainage problem, coordinate system of the
geometry and assumptions of the problem are the same as in the lift
problem. But in drainage problem, the belt is oscillating only. The fluid
drains down the oscillating belt due to gravity and the gravity is opposing
the lift. Therefore, the term with Grashof number is positive in this model
as follows:
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ou d0%u N d (0%u c

ot ox2 " %or\axz) Y

+G,6 (13)

69_[ N 4 626+B <6u>2
Prae = 1" T3nlaxz T o \Gx

B ou\ [ 0%u 14
" T“(a?)(mm) 9

Dimensionless boundary conditions for drainage problem when the belt is
only oscillating are:

u(0,t) = écoswt, u(l,t)
=0 (15)

0(0,) =0, 6(1,t)
=1 (16)

By means of OHAM which is the method of solution adopted, a family of
equations is given as (Marinca et al. 2008):

A -pLp(x,p,c)] +gx)
= h(x,p,c)[Lo(x,p, c;) + g(x)
+ N(¢p(x,p,¢))] (17)

where p is an embedding parameter, g(x) is a known function , L is a
linear operator, N is a non linear operator, ¢(x,p,c;) is an unknown
function which is expanded in series form with respect to the parameter p,
h(x,p, c;) is a non-zero auxiliary function chosen as

h(p,c;) = pcy + p2c,

+ (18)

where ¢y, ¢,, c3, ¢, are called convergence control parameters that will be
determined from the series solution of velocity and temperature profiles
using the method of least squares.
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Adopting least squares method, the option is to minimize the square
residual error (R)

where residual is defined as
R(x,c;) = Lp(x,c;) + g(x) + Nop(x,¢;),i =1,2,3, ... (19)

Minimizing the squared residual error, we have

b
J(c1,Cp e Cp) = fRz(x,cl,cz,...cm)dx (20)

a

where a and b are real numbers depending on the given problem.

The convergence parameters c;,c,,...c,, can be identified from the
conditions

aJ _ aJ _ aJ _
a_cl_acz_acm_o (21)

Finally, from these auxiliary constants, the series solution of velocity and
temperature profiles is well-deteremined.

OHAM Solution of Lifting Problem

Constructing a homotopy for equations (9) and (10), using the standard
form of OHAM in equation (17), the zero (p°), first (p!) and second (p?)
components problems are obtained respectively as:

0. 0%u,
P 0x2
=0, (22)
[1+ 4 1020,
3N] 0x2
=0, (23)
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1. 0%
Pt ox?
0%u, 0%u, ou, 0 (0%u,
= 922 TS5z O + ac1§<m> —cSu, —cgMu,
- Clargo (24)
920,
0x?
_HW%+CHW% a0, 5 @22
—H gxz TN gz TP +C3T(ax)
ou,\ [(0%u,
* cabra (W) <6x6t>' (23)
,  0%uy 62u1+c Ozul_c 6u1+c aZuO_C Au,
PP xz T ax2 T gxz T Vg T 2% T2 Tyt

0 (0%u,
+ CZCl a W - Cls u1 - ClM u1 - ClGrgl
0 (0%u,
+acza 1%l —cSu, —c;Mu,
— ¢,G,8, (26)
926,
0x?2
_y 020, ol 020, 00, B (6u1> 0%u,
IR P T R R T AT VAT
926, a6, u,\ (9%u, duq\>
tel G TPl Gt Gba (W) axae) T Csbr (a)
B (0u1> 0%u, 57
“3Pr®\ox ) \ oxor (27)

By solving equations (22) - (25) subject to the boundary conditions given
in equations (11) and (12), the solutions are:

ug[x, t]

=—(-1+x)(1
+ éCos[tw])), (28)
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=X, (29)

+ ECos tw]
2M S 2 1
—1 —&Cos[tw] + ¢1(— +§+§M€Cos[tw] +§SECos[tw]
1 _ G,
— —g‘a)Sm[tw] + 3
S
—M - - MéCosftw] - —SfCOS[tw] - fa)Sln[tw])

M S 1 1 _
+ x3¢; (§+ 3 + §M€Cos[tw] + ESECos[tw] —gwam[tw]

0,[x, t]

= 2G40 (6x + 8Nx — 3xB,.c3 + 3x?B,.c; — 6x¢Cos[tw]B,c3

+ 6x2&Cos[tw]B,c3 — 3x&2Cos[tw]?B,c3 + 3x%&%Cos[tw]?B,.c;

+ 3xaéwSin[tw]B,c; — 3x?afwSin[tw]B,c;

+ 3xa&?wCos[tw]Sin[tw]B,c3

— 3x%aé?wCos[tw]Sin[tw]B,c3) (31)

Equations (28)-(31) are substituted into egns. (26) and (27) and solved for
u, and 6,.

The series solutions of velocity and temperature for lift problem are
obtained as

ulx, t]
= uy[x, t] + uq[x, t]
+ u,[x, t] (32)

0[x, t]
= 0,[x, t] + 0,[x, t]
+ 6,[x, t] (33)
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The arbitrary constants c;, ¢, c3, and ¢, for both equations (32) and (33)
are found by using the procedures in equations (19) - (21).

The arbitrary constants in velocity solution (equation. (32)) are obtained
as

c; = —0.00028480877852541417, c, = —2.9977468464837203,
c; = 0.9864541962047597.

For temperature solution (equation. (33)), the arbitrary constants are
c; = —0.04264932656376229,c, = 0.15164362549144306,

c; = —0.8683837554484702,c, = —5.921227467947385.
OHAM Solution of Drainage Problem

Constructing a homotopy for equations (13) and (14), using the standard
form of OHAM in equation (17), the zero p°), first (p') and second (p?)
components problems, respectively, are obtained as:

.. 0%u,
p°:

axz
= (34)
[ 3N E)xz
= (35)
pl: 0%y

" Ox?

0%u, 0%u ou, d (0%u,

gxz T T g T dag Gz | TSt —aMu,
+¢,G,8, (36)
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926,
0x?2
926, 926, a6, u,\>
=H gz vl 5 —pres 5ot G r(c’)x)
+ ¢3B, (au") 0"u, 37
P ®\ox J\ oxor (37)
2_62u2:62u1+C62u1_C 6u1+cauo_c ou,
PGz = axz T gx2 T T T 22 T2 gt
0 [(0%u,
+ acla e - Suy —cgMuy + ¢1G,.64
0 [(0%u,
+ac2a o2 —CcSu, —c;Mu,
+¢,G,6, (38)
920,
6x2
_Ha 91+ H6291 691+ 5 (6u1> 0%u,
ax2 37 xz T Pros 5 T UG axae
N Ha 9, aeo+ 5 (auo) 9%u, B <6u1>2
Call Gyz T Pre 5 T s N\ oxar ) T 2P ok
N B (6u1> 0%uy 3
P\ ox )\ Bxar (39)

Solving equations (34)-(37) subject to the boundary conditions given in
equations (15) and (16), the solutions are:

Uy [X, t]
= —(—1 + x)¢Cos[tw] (40)
60 [x, t]
=X (41)
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uq[x, t]

= éCos[tw] + x2 (—MfCos[tw] - %SfCos[tw] + %EwSin[tw]) o)

EMg‘Cos[ta)] + 1SECos[tw] \
+ x| —&Cos[tw] + ¢, 1 3 G
—§EwSin[tw] —é

1 1 1
+ x3¢; <§ MéCos[tw] + ESECos[ta)] - EEwSin[ta)]

+ Gr) 42

3 (42)

0,[x, t]

B 1 ( 6x + 8Nx — 3x&2Cos[tw]?B,.c;3 + 3x%&2?Cos[tw]?B,c5 + ) (43)
"~ 2(3 + 4N) \Bxaé?wCos[tw]Sin[tw]B,c; — 3x2aé2wCos[tw]Sin[tw]B,cs

The series solutions of velocity and temperature for drainage problem are
expressed respectively as:

ulx, t] = uglx, t] + uq[x, t]
+ u,y[x, t] (44)

O[x, t] = 0,[x, t] + 0,[x, t]
+ 6,[x, t] (45)

The arbitrary constants c;, ¢, c3, and ¢, for both equations (44) and (45)
are found by using the procedures in equations (19) - (21).

The arbitrary constants in velocity solution (equation (44)) are obtained as
c; = —0.9684126046268788, c, = —0.9479219250666509,
c3 = —38.323428491839174.

For temperature solution (equation (44)), the calculated arbitrary constants
are

¢, = —0.09152659686668704, c, = 0.09581570123493369,
c3 = —3.777664639888141, ¢, = —5.352328033713726.
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Results and Findings

If the parameters that were introduced to the governing equations are
relaxed in these problems, a plot of 3-dimensional graphs with a = 0.02,
§=04, w=02 M=05, 6Gr=05, Br=4, pr=06, S=0, N>
oo obtained in Figures (2) - (4) are in agreement with the work of Gul et
al. (2014).

The numerical results for velocity and temperature profile are presented
with different values of radiation parameters, heat source parameter,
Grashof number, Prandtl number, Hartman number and Brinkman
number. The 3-dimensional graphs are produced with a fixed Porous
medium shape factor (S) = 0.3, radiation parameter (N) = 2, prandtl
number (p;) = 0.6, brinkman number (B,.) = 4, Grashof number G, =
0.5, Hartman number (M) = 0.5, frequency of oscillating belt (w) = 0.2,
amplitude of oscillation () = 0.4, and non-Newtonian effect (a) =
0.02.

The 3-dimensional lift and drainage velocity profiles of time level
variation were plotted in Figures (5) and (6). It was observed that lift and
drainage velocity profiles are oscillating with time. The wavelengths for
drainage and lift velocity profiles appear constant with time. It could be
due to the fact that the belt is oscillating. Figures (7) and (8) show that
there is a sharper variation in drainage temperature with time when
compared with lift temperature: it is due to the fact that a layer of fluid
with zero temperature was being carried by the moving belt in lift
problem.

Figures (9) and (10) present lift and drainage velocity profiles plotted
against frequency parameter (o) for different values of M and fixed values
of a=02 ¢=04,G.=05B,=4, p,=06,S5=06 K=2, x=
0.7, t = 5. An increase in magnetic parameter M, decreases the velocity
profile of the fluid in lift problem while the velocity profile in drainage
problem increases within the intervals [0.3, 1.0], [1.75,2.0] and decreases
within the intervals [0,0.3], [1.0,1.75] with an increase in M. Figures (11)
and (12) show the influence of Brinkman number B, with a fixed values of
a=0.02¢=06 w=04 M=05, G.=05p.=06 S=2, t=

10, K = 0.4 for both lift and drainage temperature profiles. The
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temperature distribution increases with an increase in B, for both lift and
drainage temperature problems.

Increasing Grashof number (G,) decreases the velocity in lift flow while a
rise in Grashof number increases the velocity in drainage problem as
shown in Figures (13) and (14). An increase in Radiation parameter N
decreases the temperature profiles in lift and drainage problems as shown
in Figures (15) and (16). Figures (17) and (18) present the temperature
profiles of lift and drainage problems. Increasing Prandtl number (p,)
accelerates the temperature distributions in lift and drainage problems.
Figures (19) and (20) present the effect of Porosity on lift and drainage
velocity profiles. Increasing the porous medium shape factor decreases the
velocity distributions in both lift and drainage problems.

10

Figure 2: Influence of different time level on drainage velocity profile.
Figure 3: Influence of different time level on lift velocity profile

Figure 4: Influence of different time level on lift temperature profile.
Figure 5: Time level variation on lift velocity profile.
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Figure 6: Time level variation on drainage velocity profile.
Figure 7: Time level variation on lift temperature.

Figure 8: Time level variation on drainage temperature profile.
Figure 9:The ffect of M and ® on lift velocity.
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Figure 10: The effect of M and ® on drainage velocity.

Figure 11: Influence of B, on lift temperature profile.
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Figure 12: Influence of B, on drainage temperature profile.

Figure 13: Effect of G, and o on lift velocity profile.

190




M. S. Dada et al.

T o N
G,=15 A
[ 620 N\ I ey N
; 1 1 L .' 1 L
0 0 0 5 0 0.0 0 0 08 )
Figure 14:Effect of G, and ® on drainage velocity.
Figurel5: Influence of N on lift temperature.
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Figurel6: Influence of N on drainage temperature.

Figure 17: Influence of p,. on lift temperature.
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Figure 18: Influence of p, on drainage temperature.

Figure 19: Effects of S on lift velocity.

Figure 20: Effects of S on drainage velocity.

Conclusion

In this paper, the unsteady non-Newtonian magnetohydrodynamic
radiative thin film flow in a porous medium past an oscillating vertical belt
has been investigated. An Optimal Homotopy Asymptotic Method was
employed in solving the resulting coupled partial differential equations.
The effects of different physical parameters have been observed. The
graphical results of the present work compared well with the work of Gul
et al. (2014). From the study, it is concluded that:
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the fluid temperature decreases with an increase in radiation parameter N
in both cases of lift and drainage problems;

the magnitude of the velocity profile decreases as the porous medium
shape factor (S) increases in lift velocity profile and drainage velocity
profile increases with an increase in S;

an increase in magnetic parameter M for lift flow, increases the velocity
profile.

Nomenclature

T Fluid temperature g, | Stefan bolzmann-constant

a, | Non-Newtonian effect Ke | Conductivity of the fluid

T, | Wall temperature 0 | Fluid temperature

U Flow mean velocity & | Amplitude

T Time ® | Frequency of oscillation

P Pressure a | Non-Newtonian effect

Q Radiative heat flux pr | Coefficient of thermal
expansion

S Porous medium factor Ts | Temperature at boundary
layer

K Thermal conductivity M | Hartman number

B, | Electro magnetic u | Axial velocity

induction

p, | Prandtl number W | Fluid viscosity

G Gravitational force o | Boundary layer

B, | Brinkman number p | Fluid density

G, | Grashof number 1, | Magnetic permeability

N Radiation parameter v | Kinematic viscosity
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Abstract

Unsteady heat and mass transfer of magneto-hydrodynamic (MHD) of
viscoelastic fluid flow past a vertical porous plate with thermal
conductivity and chemical reaction in the presence of heat generation and
variable suctions was studied in this work. The governing partial
differential equations were solved numerically by implicit finite difference
scheme of Crank-Nicolson. Computations were performed for a wide
range of the governing flow parameters such as thermal Grashof number
(Gr), solutal Grashof number (Gc), magnetic field parameter (M), Prandtl
number (Pr), Dufour number (Dw-Soret number(Sr), thermal conductivity
and Schmidt number (Sc). The effects of these flow parameters on the
velocity, temperature and concentration were shown graphically. It was
observed that the velocity increases with the increase in the flow
parameters such as Gr, Gc, Du, Da and 2 while it decreases with the
increase in M,Fs and Pr. Temperature decreases with an increase in 1 ,R
and Pr and concentration decreases with the increase in Sr. Finally, the
effects of various parameters on the skin friction coefficient, Nusselt
number and Sherwood number were shown on Tables of results.

Introduction

In the past decades, the study of MHD heat and mass transfer of
viscoelastic fluid past a vertical porous plate with thermal conductivity
and chemical reactions effects has attracted the interest of a considerable
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number of researchers because of its numerous applications in several
branches of science and engineering. These applications include the
industrial processes like drying, cooling of nuclear reactors and chemical
deposition on surfaces, magneto hydrodynamic (MHD) power generators,
solar physics, astrophysical studies and polymer technology. Heat and
mass transfer problem in a porous medium has important applications in
geothermal reservoir, geothermal extraction and heat exchangers. In the
category of non-Newtonian fluids, investigation on viscoelastic of
Kuvshinshiki flow is one of the very few studies have been investigated
on the heat and mass transfer characteristics in the presence of uniform
magnetic field. Also, this type of flow is common in the petroleum
engineering which is primarily concerned with the movement of oil, gas
and water through reservoir of oil or gas field or hydrologist in the study
of migration of underground water and in chemical engineering for the
purification and filtration processes. It is also useful in industries which
deal with determination of drug permeation through human skin.
Magneto-hydrodynamic principle is also engaged in recovering water for
drinking and in agriculture for irrigation purposes. Finite difference
method was applied to an unsteady mixed convection flow past a semi-
infinite vertical permeable moving plate with heat and mass transfer in the
presence of radiation and viscous dissipation in separate study by Latha, et
al. (2012). Also, Rushi, et al. (2012) considered the impact of MHD
viscoelastic non-Darcy fluid flow along vertical cone using perturbation
analysis. Sarada, et al. (2013) examined the effects of Soret and Dufour on
an unsteady MHD free convection flow past a vertical porous plate in the
presence of suction or injection with the aid of analytical method of
perturbation techniques. Mohan, et al. (2013) considered the effects of
chemical reaction and radiation on MHD free convection flow of
Kuvshinshiki fluid through a vertical porous plate with heat sources by
using perturbation method. Also, ldowu, et al. (2013) applied the
analytical method to solve the heat and mass transfer of magneto-
hydrodynamics (MHD) and dissipative fluid flow pass a moving vertical
porous plate with variable suction.

Attention has been focused in recent years by various scientists and
engineers in on the study of problem involving the phenomena of heat and
mass transfer with radiation effect. This interest is due to the fact that the
effect of radiation on convection is quite important in the context of many
practical applications such as in cooling and heating of channels, nuclear
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power plant, fire research, electrical power generation, gas turbines and
nuclear waste disposal. Uwanta and Halima (2014) have has discussed the
convective heat and mass transfer flow over a vertical plate with nth-order
chemical reaction in a porous medium. The results were obtained using
Crank-Nicolson method. Vidya et al. (2014) considered, unsteady MHD
free convection boundary layer flow of radiation absorbing Kuvshinshiki
fluid through porous medium. Unsteady MHD free convection flow of a
Kuvshinski fluid past a vertical porous plate in the presence of chemical
reaction and heat source/sink was studied by Harinath, et al. in (2015).
Uwanta and Halima (2015) solved the problem of finite difference
solutions of magneto-hydrodynamic free convective flow with constant
suction and variable thermal conductivity in a Darcy-Forchheimer porous
medium. Halima et al. (2016) presented the effect of magneto-
hydrodynamics free convection flow with thermal radiation and chemical
reaction effects in the presence of variable suction. Heat and mass transfer
on MHD free convection flow of viscoelastic Kuvshinshiki fluid through
porous medium past an infinite vertical porous plate was studied by Raju
and Siva-Prasad (2016). In their studies numerical solutions were
generated using an implicit finite-difference scheme.

It can be concluded from the previous studies that the effects of Soret
number, heat source and viscoelastic parameters were not considered.
Hence, inspired by several applications of the effects of these parameters
on MHD free convection flow, such as in the design of temperature
control devices in satellites industry and filtration processes in the
chemical industries.(recast) The current work investigated the unsteady
MHD free convection flow of viscoelastic fluid past a vertical porous plate
with thermal conductivity and chemical reaction.

Formulation of the Problem

Consider an unsteady viscoelastic of kuvshinshiki fluid of MHD heat and
mass transfer flow of an electrically conducting, viscous incompressible
and radiating fluid over a porous vertical infinite plate with chemical
reaction and thermal conductivity. In the Cartesian coordinate, the x_ -
axis is taking along the vertical infinite plate in the upward direction of the
flow and the y - axis is taken normal to the plate since the plate was
considered infinite in x_- direction. A magnetic field By of uniform
strength is applied transversely to the direction of the flow as shown in
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figurel. Initially the plate and the fluid are at the same temperature T in
a stationary condition with concentration level c at all points. For t>0,
the temperature and concentration level at the plate y=0 is raised to Tw
and Cw respectively and that of y - «» =0isloweredto T, and C_ . It
is assumed that the induced magnetic field is negligible in comparison
with the applied one which is corresponding to a very small magnetic
Reynold number. The effects of

Dufour, variable suction, thermal radiation and viscoelastic parameters
were taken into consideration. By applying Boussinesq's application, the
flow field is governed by the following equations:

Continuity equation
ou
—=0
oy
)

Momentum equation

» 0 ou’ * ou’ — o%u* * _ ok * __ R
(1+A a)at*-l‘v a_y*_ay*z-l_gﬁ(T oo)+gﬂ((: Coo)

(1 + A %) (0733 + kl) ut + b;‘:. )

Temperature equation
<1+A*6)6T*+ LoT”"
at- " ayr

k2 [1+ - T)aT*]+DmKT62€* 1 aq,
_pCpay* m 07 gy CsC,0y**  pCpoy*

Concentration equation

ac’ . aCc’ o’c” D_K. a1’ . .
+v — =D —+ —— -K,(C -C)) 4

at” ay " oy T, oy

The boundary conditions for the velocity, temperature and concentration
fields are

t<o,u =0T > 7T ,foras y =o0 (5)
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t<o,u =0T 5T, a y =0 (6)

From the continuity equation, it can be seen that v_ is either a constant or
a function of time. Hence, on integrating equation (1), the suction velocity
normal to the plate is assumed in the form: v = —v ", where vy is the mean
suction velocity which is non-zero positive constant. The negative sign
indicates that the suction velocity is directed towards the plate, v is the
kinematic viscosity, g is the gravitational force, g is the coefficient of

thermal expansion, p the density of the fluid, « is the electrical
conductivity of the fluid, g is the coefficient of concentration expansion,

Cp is the specific heat capacity at constant pressure, K" is the
permeability of the porous medium, k is the thermal conductivity of the
fluid, « is a constant depending on

the nature of the fluid, R is the dimensionless chemical reaction, n is the
order of chemical reaction, D is the coefficient of mass diffusivity, (some
teams defined are not in the equations and some terms in the equations are
not defined ie m, Dy, ...) g, is the radiative heat flux in the y - direction,

By is the electromagnetic induction.T_"is the free stream temperature,
c_is the free stream concentration, Tw and Cw are wall dimensional

o

temperature and concentration respectively, n” is a constant.

*

v =V, (L+ehe ™)

where A is a real positive constant, ¢ and ¢ A are small values less than
unity and VO is a scale of suction velocity normal to the plate and is
assumed as a function of time only surface. In order to write conservative
equations and the boundary conditions in dimensionless form, the

transformation model are introduced. The thermal conductivity depends
on temperature. It was used by Mollaetal. (2005), and defined as:

K(T)=k, g+mT -7 )
(7)

where KO is the thermal conductivity of the ambient fluid, m is a constant
depending on the nature of the fluid and m is defined by
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1 (aK (T ))
m =
K(T)L o1 )
(8)
The radiative heat flux gr under Rosseland approximation has the form of:
4o oT"
4, = ———=
3k, oy
9)

With greater interest in the application of the Roseland diffusion
approximation as reported in Halima et al. We simplify the radiative heat
flux by using with & s as the stefan-Boltzman constant and ke as the mean
absorption coefficient. Using the Roseland model, the uids in this paper
are optically thick. Assuming that the temperature difference within the
flow is sufficiently small, Equation (9) is linearized by the expansion of

T “using Taylor’s series about T_ as describe below

(xfxo)2 o (xfxo)n

21 T

m"(x,) (10)

(m here is different from the previous m, use another symbol. )

4

Now, setting m(x)=T"*, m(x,)=T, and (x-x,)=(T - T, ) in equation 10
above and neglecting the higher order terms to give:

4

T*=47’ 31 (12)

Put Equation (11) on equation (9) and substituting the result into the last
term in the RHS of equation (3) to obtain

-1 @ 160 T °0°T
i 2% (12)

*2 *2
pC , oy 3pCﬁke6y
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In order to simplify expressed the governing and boundary condition
equations in a dimensionless form, the following non-dimensional
quantities are introduced

Transformation of the Model

In order to solve the governing equations in dimensionless form, we
introduce

the following non-dimensional quantities into (2), (3) and (4):

u’ U,y Ut T -T, c -cC.
U=—,y=—"—t=—"—,9=—",C=—"—,

U v v T, - T. c, -C.

v C v gpv (T -T, ) gpv(C -C_ )
Pr:p p:—,Gr: . , Ge = . :

k a u, U,

oBlv 41 v y DmK _ (T -T/ k v
M =—— R=—"r s =—0,5r = 1) andke - P

pU kU | Dm Tv(C -cC. u.

v L y DmK . (C -C_
y=——c=m=(T =T ), K = — —, Du = T(* f),(13)

u. kU c.C (T -T))

where u and v are dimensionless velocities, t is the dimensionless time, T
is the dimensionless temperature function, ¢ is the dimensionless
temperature function. F is the conduction-radiation heat transfer
parameter, Pr is the Prandtl number, Gr is the thermal Grashof number, Gc
is the mass Grashof number, M is the Magnetic field, K is the permeability
parameter, « . is heat source parameter, Sc is Schmidt number, Kr is the

chemical reaction, n is the order reaction and is the thermal conductivity.

( a)au ou au ( aW st , 1
1+ 41— —_(1+5Ae )—:—— 1+2—|M+—Ju —=—+Gré+0GeC
Lat)at oy oy U o)l Da) Da (14)

2 2

(l+lij%—(1+ che m)mzl(“w)(”*ﬂ[wj _L(R AL 2 (15)

| at) ot dy Pr oy: Prl oy Pr dy
aC oc 1 8°T
— —(+eAe)—=——-K,C (16)
ot dy Sc oy’
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With the boundary conditions
u=0,0=1, C=1 for y=0 a7

u=0,6=0, C=0 as y > o (18)
(There is fundamental problem with eqns 16 and 17)

NUMERICAL SOLUTION

The system of transformed coupled non-linear partial differential
equations (14), (15) and (16) together with the initial and boundary
conditions (17and 18) have been solved numerically using a finite
difference technique of implicit type namely Crank-Nicolson finite
difference method. The equivalent finite difference approximations
corresponding to equations (14)-(16) are given as follows:

j+1 j+1 j+1 j+1 J J
( ) 1+&‘Aem\ \1_U\—1:U\A1_2U\ +UH1+UH1_2U‘+UH+GT(3 )+GC
ajooat 22y 2(ay)’ (19)
A 2
7( S YR )RR )
At){ Da) Da
(1 AP0 m0l) ol 0 el 20 e vol 20/ vel) o (0d mel) (20)
L aAt) At 2Ay 2(ay)’ 2
bupr(cl-2¢"+c/+c/ -2¢c)+c/))
N
2(ay)’
sesr (¢t -c)) cloc srlcM-2c/t ) e —2c) 4],
( _ SeSr (l+ che m) i+1 i-1 _ ( i+l i i+l - i+l i _ Kr 1(21)
\ At 24y 2(Ay) \
\ ) ) \
s sc(o) 7 —20)" +0 v 0l 200 +0))) |
| 2(ay)’ J
AU AUt oAUt AU AU AU AU A0+ AC
i-1 1 i+1 3 i-1 4 i 6 i+1 5 i 770 8 i
j+1 j+1 j+1 j j j j 2
- B19| 1 T B 6‘ - B19|+1 B gi 1 B 9 + BSHHI - B (0|+1 Hif1)
j+1 j+1 j+1 j
(C|+1 _ZC +C|+1 +C|+1_2Ci +Ci—1)

-npc'”+p,c'”-pDCc/?'=-D,c' +D,c'+D,c' +D,.C

i-1 1 i+1 3 i-1 4 i 5 i+1

With the following boundary conditions
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t*<0,u=0,6=0, C=0forally
t*>0, u =0, 6=1, C =1for y=0 (22)
u=0,6=0, C=0as y—o

t At
r=—.r,= T

Ay (ay)
g ="t PrDu,r, =rSKr A =r1,,A = 2(G + rZ‘),A3 = (rz‘ - rlB), A, = (ZG -2r, - ’4)1

Fs
r, = 2At,r4 = raGM I = raG a,re = raGr,r7 = raGc,r8 = 2r2)~,rg = ra(R - S),

A, =1, A =(rB+r,) A =1, A =r B =Hr, B, =2(PrG+r,H)B,=(Hr, ~r,BPr)B,=(2PrG -2rH)
B, =(Hr, + r,BPr),B, =2ma, B, =rr,,C =r,,C,=2(S +r,)C, =(r, -1,BSc).C, = (25 - r,),

. 0 .
Co=(r,+1,BSc),C,=r,,B=[l+she")G :(1”—% =+0))

at)

(23)
(Egn 20 is not an equivalent finite difference approximations of egn 15)

The index i corresponds to space y and j corresponds to time. Ay and at
are the mesh sizes along y-direction and time t-direction respectively. The
numerical computations are carried out for different values of physical
parameters involved in the problem. The finite difference equations (14)-
(16) at every internal nodal point on a particular n-level constitute a tri-
diagonal system of equations which are solved by using the Thomas
Algorithm.

In each time step, the concentration and temperature profiles have been
computed first from equations 15 and 16 and then the computed values are
used to obtain the velocity profile which meets the convergence criteria.
The skin-friction, rate of heat and mass transfer in terms of Nusselt
number and Sherwood number respectively are given by  the
dimensionless local value of skin friction (z), Nusselt number (Nu) and
the Sherwood number (Sh) can be characterized in order by

w= (%), (24)
vu = —x[Z] (25)
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— _y|oc
Sh, = —X ay]y=0 (26)

The average of skin friction (7); Nusselthumber (Nu); and Sherwood
number (Sh) can be written in dimensionless form as

@x = —Jy [Z—;‘]yzo dx (27)
Ny = —J, [Z_ﬂy:o dx (28)
(m), = -/, [Z—i]yzo dx (29)

Results and Discussion

In order to get a physical view of the present work, an efficient numerical
method called Crank-Nicolsen method has been used to solved the
transformed equations (14)-(16) subject to the boundary conditions (17).
Numerical results for velocity profiles (u), temperature profiles (T),
concentration profiles (C), skin friction (Cf ), rate of heat transfer in terms
of Nusselt number (Nu) and rate of mass transfer in term of sherwood
number (Sh) have been computed graphically and in tabular form by
assigning numerical values to different values of pertinent parameters. The
following values are used for the investigation:
Gr=1.0,Gc=1.0,M=1,K=0.1,Pr=0.71,5¢=0.60,R=1,Kr=0.5, - =0:01, 2 =
0:0002,Sr=0.5,Da=0.1.

Velocity Profiles

Figures 2 and 3 represents different values of thermal Grashof number on
the velocity, it is noted that, the velocity rises with increasing thermal
Grashof number. The effect of mass Grashof number on the velocity was
presented. It was observed that, the velocity increases with increase in
mass Grashof number. It is noted that greater cooling of surface (i.e Gr
and Gc) gives an increase in the velocity for air. This is because, increase
in the values of thermal Grashof number and mass Grasshof number has a
tendency of increasing the thermal and mass buoyancy effect. This gives
rise to an increase in the induced flow. It is seen that the dimensionless
velocity increases with increase in Darcy number. This is due to the fact
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that larger values of Daparameter correspond to higher permeability
porous medial, which implies that, less porous media less porous media
which implies that, less porous fiber resistance to the flow and therefore
acceleration in transport (figure 4). It is noticed in figure5 that an increase
in Fs parameter increases the resistance to the flow and so a decrease in
the velocity profile. The influence of viscoelastic parameter on the
velocity is given in figure 5. The viscoelastic parameter represents the
normal stress coefficient on the flow. It is noticeable in figure 6 that at a
given point on the flow domain, the velocity is increased with an increase
in the viscoelastic parameter. It can be seen in Fig. 7 that increase in the
magnetic parameter (M ) causes a fall in the velocity of the fluid. The
effect of transverse magnetic field on an electrically conducting fluid
slows down the motion of the fluid. This is because of the application of
transverse magnetic field which result to a resistive force (Lorentz force).
This force is similar to drag force which ends to resist the fluid flow and
however reducing the velocity of the fluid. Figure 8 exhibits the velocity
profiles for various values of Prandtl number. From this figure, it is
observed that velocity decreases with an increase in Prandtl number. This
is physically true because, the Prandtl number is a dimension less number
which is the ratio of momentum diffusivity (kinematic viscosity) to
thermal diffusivity. In many of the heat transfer problems, the Prandtl
number controls the relative thickness of the momentum and thermal
boundary layers. When Pr is small, it means that the heat diffuses very
quickly compared to the velocity (momentum). This means that for liquid
metals the thickness of the thermal boundary layer is much bigger than the
velocity boundary layer.

This figure 9 represents the velocity for different values of R, it is
observed that the velocity profile decreases with an increase of R. This is
because larger value of R correspond to an increased dominance of
conduction over radiation, thereby decreasing the buoyancy force and the
thickness of the momentum boundary layer. It was observed in figure (10)
that as velocity profile decreases, Sc increases. Also, as the velocity
decreases with an increase in suction parameter « (figure 11). This is
because suction parameter decelerates fluid particles through porous wall
thereby reducing the growth of the fluid boundary layers.
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Figure 3: Effect of Gc on velocity.
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Figure 5: Effect of Fs on velocity.
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Effect of M on velocity.
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Temperature Profiles

Figure 13 Shows the effect of Dufour number (Du) on temperature
profiles. It is observed that temperature increases as Dufour number
increases. The effect of the 1 on the temperature profile has been shown
in figurel4. It is observed that the temperature profile decreases as 2
increases. Figure 15 shows the effects of Pr on temperature profile. It is
noticed that temperature decreases with the increase in Pr. It is observed in
Figure 16 that temperature increases with increasing Q. Figure 17 presents
the variation of temperature component for various values of R. The result
shows that the effect of increasing values of R results in an decreasing the
temperature profile. Figure.18 displays the effect of variable suction
parameter on temperature profile.

We discovered that as temperature profile decreases the suction parameter
« increases. In figure 19. The effect of thermal conductivity parameter -
increases along the temperature profile.
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Figurel4: Effect of 2 on temperature
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Concentration Profiles

The concentration profiles are illustrated in figures 21, 22 and 23 for
different values of Schmidt number (Sc), (Sr) and Chemical reaction (Kr).
Figures 21 and 22 depict the influence of Schmidt number Sc and
chemical reaction on concentration. As the Schmidt number increases, the
concentration profile decreases. Also, it is noted that the concentration
boundary layer becomes thin as the Schmidt number increases. This
causes the concentration buoyancy effect to decrease yielding a reduction
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in the fluid concentration. Physically, increase of Sc means decrease in
molecular diffusivity. While the concentration decreases with increasing
chemical reaction Kr. In the same vein, the concentration boundary layer
becomes thin as the chemical reaction parameter increases. The influence
of (Sr) also observed in figure 23, when the soret parameter increase the
concentration profile also increased.
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Figure 23: Effect of Sr on Concentration

Table of VValues

Tables 1 and 2 shows the comparison between the present work and that
of Uwanta and Halima work. The effects of thermal conductivity
parameter on Skin Friction and Nusselt number was observed. It is
observed that an increase in 1 parameter increases the Skin friction
coefficient for (Pr=0.71and 7.0). Whereas, heat transfer rate increased
with an increase in 2 . The effects of various thermo-physical parameters
on skin friction, Nusselt number and Sherwood number were shown in
Tables 3-7. It is observed that the Skin friction increases with an increase
in Gr, Gc, Da and « why the (M, 2, Fs,R, Pr ) dropped. But it is noticed
that there is no significant change in the Nusselt number when the (1, R,
Pr,z ,a ) increased. Whereas Q and Du increase as Nusselt number
increasing. The Numerical values for Sc, Kr and Sr are displayed in Table
7. The values of Sc and Kr increasing the Sherwood number decreases.
There is a significant change in Sherwood number when the Sr parameter
increased. It is seen that the agreement between the present work and
Uwanta and Halima work are excellent because of the various numerical
values for 2 when the Pr=0.71 and 7.0 presented in tables 1 and 2.

Table-1:Numerical values for skin-friction coefficient Cf and Nusselt
number Nu for various values of thermal conductivity compared with
Uwanta and Halima (2015); Gr = Gc = 1:.0; Pr = 0:71; Sc = 0:60; _ = 0:5;
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n=0:1;M=1.0; ¢ =0:02,;R=0:1;Da=0:5; Fs=1:0;Du=0:1; _=0;Sr=
0;Q=0

Fluid Present Work Uwanta and Halima (2015)
Parameter: |z Nu Cf Nu

 =0.0 0.2774 1.5634 [0.2820 1.5656
r =0.005 0.2779 1.5264 |0.2826 1.5276
r =0.10 0.2785 1.4905 |0.2832 1.4908
r =0.20 0.2796 1.4218 |0.2843 1.4207
r =0.25 0.2801 1.3890 10.2848 1.3872
Fluid Velocity |Nusselt [Sherwood

Parameter |gradients jnumbers jnumbers

R=0 0.3022 -4.1213  |-2.8360

R=5 0.2960 -4.7998  |-2.7378

R=10 0.2906 -5.4102  -2.6488

M=200 0.2866 -4.4018  -2.7955

M=400 0.2756 -4.4018  -2.7955

M=600 0.2661 -4.4018  -2.7955

Gr=5 0.8168 -4.4018  -2.7955
Gr=10 1.4617 -4.4018  -2.7955
Gr=6 2.1052 -4.4018  -2.7955
Gc=5 0.9785 -4.4018  -2.7955

Gc=10 1.8228 -4.4018  -2.7955

Gc=15 2.6635 -4.4018  -2.7955

Da=0.05  |0.2239 -4.4018  -2.7955

Da=0.1 0.2594 -4.4018  -2.7955

Da=0.5 0.2996 -4.4018  -2.7955

Fs=100 0.2866 -4.4018  -2.7955

Fs=200 0.2756 -4.4018  -2.7955

Fs=300 0.2662 -4.4018  -2.7955

2 =0.0001 10.3329 -4.1929  -2.8293

2=0.0003 |0.2749 -4.5999  -2.7642

2 =0.0005 ]0.2399 -4.9655  -2.7073

Pr=0.71 0.2996 -4.4018  -2.7955

Pr=1 0.2817 -5.7652  -2.5914
Pr=7 -0.2035  -33.5102 -1.1894
0=5 0.3049 -3.8275  -2.8782
0=10 0.3123 -3.0267  -2.9923
0=15 0.3209 -2.1131  --3.1208

Sr=1.0 0.3120 -4.4219  -2.2007
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Sr=1.5 0.3244 -4.4422  -1.5999
Sr=2.0 0.3368 -4.4627  -0.9928
Sc=0.22  0.3533 -4.4469  -1.4647
Sc=0.60  10.2996 -4.4018  -2.7955
Sc=0.78  10.2836 -4.3791  -3.4830
Kr=5 0.2905 -4.3830  -3.4039
Kri0 0.2825 -4.3658  -4.9447
Kr=15 0.2755 -4.3503  -4.4233
Du=0.5 0.3050  |-4.1275 |-2.8365
Du=1.0 0.3117 -3.7679  -2.8902
Du=1.5 0.3186 -3.3883  -2.9469
r =0.5 0.3092 -3.5497  -2.9234
r =1.0 0.3094 -2.8764  -3.0246
r =15 0.3298 -2.3638  -3.1019
a = 0.2923 -2.2519  -1.1962
a = 0.2996 -4.4018  -2.7955
o =10 0.2583 -7.2204  -4.9955

Conclusion

Magneto-hydrodynamics free convection ow of viscoelastic fluid past a
vertical porous plate with thermal conductivity and chemical reaction has
been analyzed numerically. The resulting governing equations of the
problem are non-dimensionalized, simplified and solved by Crank
Nicolson type of implicit finite difference method. It reveals that the
velocity decreased due to decreases in either of the viscoelastic parameter,
magnetic parameter, or radiation parameter. An increase in the fluid
temperature and the thermal boundary layer thickness is a function of an
increase in thermal conductivity parameter, Dufour parameter, heat
generation parameter why the radiation parameter, viscoelastic parameter
and Prandtl number fall as Dufour increases. In addition, the concentration
decreased, as either of the Schmidt number or chemical reaction parameter
was increased. The viscoelastic parameter and Prandtl number decreases
the skin friction coefficient, whereas reverse trend is seen in the rate of
heat transfer increasing with increase in thermal conductivity, heat
generation parameter and Dufour parameter why Prandtl number,
viscoelastic parameter, radiation parameter and suction decreases. Also,
the increase in Schmidt number and chemical reaction parameter leads to
decrease in the Sherwood number. It is hoped that solutions presented in
this work for various thermo physical effects will serve as a tool for
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understanding more general problems in heat and mass transfer in the
satellite industry, chemical industry and in metallic materials processing.
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Abstract

Terminalia glaucescens is a plant widely known for its therapeutic value. It is frequently
used by un-orthodox medical practitioners in Nigeria for the treatment of infections.
However, majority of the studies on 7. glaucescens are in vitro. Thus this study was carried
out toinvestigate the toxicological effects of 7. glaucescensin vivo. Male albino Wister
mice were infected with pathogenic Escherichia coli and treated with ethanolic extracts of
roots of 7. glaucescens. Toxicological evaluation s of the plant was determined by
examining changes in haematological parameters of the mice, liver, kidney function
indices, enzyme activities and histopathological analyses.Results showed that
administration of varying concentration of the ethanolic extract of 7. glaucescensin vivo
did not produce significant effect on the liver and kidney of the mice when compared to
the reference drug (augmentin). Increased bacterial count of E. colifrom 2.6x10? in day 0
to 4.8x10° in day five was subsequently reversed to 3.8x10? using the ethanolic extract at
600 mg/kg body weight. Gross degeneration was noticed in the histoarchitectural structure
of the liver of infected mice. These changes were significantly reversed in mice treated
with reference drugand extracts of 7. glaucescens. Furthermore, the extracts of T.
glaucescens had similar effects to the liver and kidney function indices of the mice as did
the reference drug. This study revealed that the ethanolic extract of the root of T.
glaucescens did not pose adverse effect when administered in vivo in mice.

Keywords: Toxicology, Liver, Kidney, Terminalia gluacescens, Mice

Introduction

The rate at which bacteria are developing resistance to antibiotics has left scientists
in constant search for antibacterial agents with ability to inhibit the growth of these
organisms (Zhou et al., 2015).A constant source of these antibacterial agents is often
derived from nature (Hosseinzadeh et al., 2015).Medicinal plants especially those that are
consumed in their natural forms (as herbs), play a critical role in the management of
diseases in Nigeria, especially among the traditional medical practitioners (Nwachukwu et
al.,2010). The recognition of traditional medicine as an alternative form of health care has
led researches to further investigate into antimicrobial activity of medicinal plants
(Borokini and Lawal, 2014). Other countries in Africa, Asia, and Latin America use
traditional medicine to help meet some of their primary health care needs (Hosseinzadehet
al.,2015; Raphael, 2011). Although it requires more scientific approach in determining the

224



Toxicological studies of Terminalia glaucescens using an animal model

efficacy and safety for traditional medicine to gain global acceptance, there is a general
belief that modern/synthetic medicines have higher toxicity and side-effects (Vahdana et
al., 2015). Herbal medicine, usually regarded as complementary and alternative medicine
(CAM) has a unique and essential attribute which is the harmony or synergy exhibited by
plant constituents (McIntyre, 2012). Despite a plethora of literature existing on the in vitro
activities of medicinal plants, there is a dearth of literature accessing the toxicological
effects of 7" glaucescens.

T. glaucescens is a commonly used plant in Nigeria, explored for its numerous
health benefits. The planthas been shown to possess ability to lower cholesterol (Njomen
et al., 2008), bactericidal action against pathogenic bacteria(Silver and Serrano, 2015) and
active against multidrug resistant microorganisms (Gbadamosi and Ogunsuyi, 2014). T.
glaucescenshasbeen reportedto contain different phytochemicals which include:
anthraquinones, alkaloids, triterpenes, flavonoids, saponins, tannins and phenols. Some
studies have reported these phytochemicals more abundantin the leaves and stem than the
roots of the plant (Bulama et al., 2014; Adebayo and Ishola, 2009).

The high usage of T. glaucescens as a medicinal plant in Nigeria, coupled with
thelack of sufficient information on its toxicological effect necessitated this study. This
study was carried out to determine the effect of the plant in vivo utilizing an animal model.

Materials and Methods
Experimental animals

A total of 42 Male albino Wistar mice weighing an average of 28.17g were used
for this study. They were obtained from animal house of Biochemistry Department,
University of Ilorin. Ilorin. They were bred and maintained in the animal house of the
Department and housed in plastic cages. The mice were divided into 6 groups and allowed
to acclimatize for two weeks under standard laboratory conditions before the
commencement of the study. They were fed with rat pellets and tap water ad libitum. The
cages were cleaned daily.

Animal grouping

A total of 42 (forty-two) mice were randomly divided into 6 groups (A, B, C, D, E
and F) of 7 animals each. Group A was positive control (not infected and not administered).
Group B was negative control (infected but not administered). Group C was infected and
administered with reference drug (augmentin: Glaxo SmithKine Nigeria). Groups D — F
were infected and treated with different concentrations of the ethanolic extract of T.
glaucescens.

Inoculation

Clinical isolates of Escherichia coliwere isolated using standard microbiology
techniques and identified through biochemical reactions and Polymerase chain reactions.
Each mouse in 5 of the groups were inoculated with 0.5 ml of 1.5x10® bacterial cells of
Escherichiacoli obtained by McFarland standardization method except the 6 group which
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served as positive control. The mice were inoculated by artificially contaminatingtheir feed
(0.5 ml of 1.5x10® bacterial cells in 10g of feeds) and water (0.5 ml of 1.5x108 bacterial
cells in 20ml of water). Infection was allowed to manifest over a period of 5 days and
clinical symptoms of the infection were observed. The faeces of the mice were analyzed
on daily basis for E. coli count, by culturing in Eosin Methylene Blue agar, and identified
using the Microbat system of identification

The technique described by (Banso and Ayodele, 2001) was used to prepare the
plant extract. The root of the plant was washed under running tap water to remove the
debris. They were cut into smaller pieces and allowed to dry at room temperature for about
two weeks until a constant weight was obtained. The dried parts were separately pre-
crushed manually using mortar and pestle. The materials were further processed into
powder by using a mechanical grinder (Marlex, model IS 4250, India). The powdered
samples were soaked into ethanol in the ratio of 1:10 w/v for about 48 hours. The
suspension was filtered using Whatman No.l filter paper. The filtrate was later
concentrated to dry mass by using vacuum rotary evaporator (Bibby RE200) and the crude
extract obtained was weighed and recorded. The extract was stored in a sample bottle at
4°C prior to use.

Extract administration

The treatment of the infected mice was orally administered as follows: Group A
(positive control) which was not infected butonly given distilled water;Group B (negative
control),infected but administered with only distilled water. Group C was administered
with 300mg/kg body weight of reference drug (augmentin). Groups D, E and F were
treated with 150mg/kg, 300mg/kg and 600mg/kg body weight of ethanolic extract of the
root of Terminalia glaucescens respectively. The administration was done daily using
cannula for a period of 5 days and the recovery rate of the mice was noted. The faeces of
the mice were analyzed on daily basis during treatment for E. coli count. After treatment,
the mice were sacrificed for toxicological study.

Evaluation of toxicological effect of Terminalia glaucescens

Serum was collected and prepared as described by Yakubu et al. (2003). The
dissected mice liver and kidney were removed, blotted with cleaned tissue paper and
weighed. They were transferred into ice-cold 0.25M sucrose solution and homogenized at
1g/5cm® (1:5w/v), using mortar and pestle placed on ice blocks. The homogenate was
further centrifuged at 3000rpm for fifteen minutes to obtain supernatant which was kept in
specimen bottles and maintained frozen until required for enzyme activity assay (Yakubu
et al., 2003). Parts of the organs were transferred into specimen bottles containing 10%
formalin for histopathological examination. Liver function test and kidney function test
were carried out using standard procedures as described by Tietz et al. (1994).

Results
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The effect of the inoculation of E. coli into the male albino Wistar mice for 5 days
is described in Table 1. From the result, the bacterial count of E. colifrom the faeces showed
significant increase from 2.7 x 10% cfu/g in day 0 to 4.7 x 10° cfu/gin day 5 from group D
and from 2.6 x 10% cfu/g in day 0 to 4.8 x 10° cfu/g in day 5 from group F. While group A
(positive control) which was not inoculated with 0.5 ml of 1.5 x 10® of bacterial cells of E.
coli did not show any significant increase in the bacterial count of E. coli.

The result of the administration of different concentrations of ethanolic extract of
Terminaliaglaucescens on male albino Wistar mice for 5 days is presented in Table 2. From
the Table, the E. colicounts of the faeces showed a decrease from 3.1 x 10°CFU/g in day 1
to 3.8 x 10°CFU/g in day 5 from group F administered with 600mg/ml of the extract and
from 3.1 x 10’CFU/g in day 1 to 3.6 x 102CFU/g in day 5 from group C administered with
augmentin. While the E. colicounts of showed significant increase from 4.7 x 10% in day 1
to 6.1 x 10% in day 5 from group B which was infected but not administered with any form
of extract or reference drug. Group A (positive control) which was not infected or
administered with any form of extract or reference drug did not show any significant
change in the bacterial count of E. coli from day 1 to day 5.

From the result, the administration of varying concentrations of the extract (150,
300 and 600 mg/kg body weight) and 300 mg/kg body weight of reference drug did not
produce any significant effect on the liver and kidney organ-body weight ratio when
compared with the control animal (Group A) (Table 3). Only group B (infected but not
treated) produced significant effect on the liver and kidney organ-body weight ratio.

Table 4 shows that there was no significant difference in total protein when
compared with the control animal (Group A). Also there was no significant difference in
globulin except for the negative control which was not administered (Group B). But there
was significant difference in albumin except for group F which was administered with 600
mg/kg body weight of the extract. There were significant differences in ALT, AST and
ALP of the serum and liver when compared with the control animal except serum AST
which had no significant difference when compared with the control animal.

Results further showed that WBC and MCH showed significant difference
(increase) when compared with the control animal except group B (not administered with
extract or reference drug) which showed significant difference (decrease) when compared
with the control animal. But RBC, HB, PCV, MCV, PLT, LYM and MCHC did not show
any significant difference when compared with the control animal except group B (not
administered with extract or reference drug) which showed significant difference
(decrease) when compared with the control animal (Table 5 and 6).

The histoarchitectural structure of the liver of uninfected mice administered with
distilled water only showed normal hepatic tissues with portal tracts and venules (Figure
1). Contrarily, the photomicrograph of the liver of E. coli infected mice administered with
distilled water showed gross degeneration of hepatic tissues with infiltration (Figure 2)
while the E. coli infected mice administered with reference drug (Augmentin) showed
slightly distorted hepatic tissues (Figure 3). The histoarchitectural changes shown in mice
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administered with 150, 300 and 600 mg/kg body weight of the extract were normal hepatic
tissues, mild and moderate hepatic degeneration respectively (Figures 4, 5 and 6).
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Table 1: E. coli count of faecal samples in male albino Wistar mice after inoculation for

5 days

Group Day 0 Day 1 Day 2 Day 3 Day 4 Day S
(CFU/g) (CFU/g) (CFU/g) (CFU/g) (CFU/g) (CFU/g)

A 2.5x 10+ 2.6 x 2.4 % 2.7 % 2.6 x 2.5 %
0.03 10%+1.35 10%£3.26 10%+1.89 10%+£5.47 10%+4.73

B 2.4x10%+£0.57 8.5 x 1.2 x 1.8 x 29 x 4.6 x
10%7.12 10°+7.86 10°£7.45 10°+0.67 103+6.21

C 2.6 % 9.4 x 1.2 x 1.9 x 3.1x% 4.2 x
10%£1.98 10%+£2.67 10°+£4.00 103£2.11 10°+£3.46 10°+£7.39

D 2.7 x 9.3 x 1.3 x 1.9 x 3.2x 4.7 %
10%£0.09 10%+£0.67 10°£8.21 10°+4.22 10°£8.00 103+2.89

E 2.3 x 9.2 x 1.1 % 1.7 x 29 x 4.5 %
10%+£4.57 10%+4.21 10°£3.67 10°+2.00 103£2.31 10°£1.04°

F 2.6 x 8.8 x 1.2 % 1.7 x 33 x 4.8 x
10%+£5.27 10%+£4.78 10%£1.12 10°£7.54 103+£5.17 10°+0.46

Key: A (positive control) not inoculated with 0.5 ml of 1.5 x 10® of bacterial cells of E.
coli, B, C, D, E and F were inoculated with 0.5 ml of 1.5 x 108 of bacterial cells of E. coli

Table 2: E. coli count of faccal samples in male albino Wistar mice after administration
of various concentrations of ethanolic extracts of the roots of 7. glaucescens for a period
of 5 days

Group Day 1 Day 2 Day 3 Day 4 Day S
(CFU/g) (CFU/g) (CFU/g) (CFU/g) (CFU/g)

A 2.6 x 10%£5.76 | 2.7 x 10%2.78 | 2.5 x 10%£3.33 | 2.6 x 10%£5.77 | 2.7 x 10*+0.89
B 47 x10%42.14 | 4.9 x 10°+1.09 | 5.2 x 10°+£3.78 | 5.8 x 10°£1.46 | 6.1 x 10°+3.46
C 3.1 x 10%:0.90 | 2.4 x 10°:0.45 | 1.3 x 10°:8.42 | 8.6 x 10%:8.00 | 3.6 x 10*:1.47
D 3.8 x 10%£3.96 | 2.9 x 10%:1.47 | 1.8 x 10%:1.77 | 1.0 x 103511 | 5.1 x 10%0.57
E 3.4 x 10%£1.56 | 2.5 x 10°49.45 | 1.3 x 10°+0.47 | 9.8 x 10%£3.77 | 4.2 x 10*+4.90
F 3.1 x 10°+£0.57 | 2.2 x 10°£7.49 | 1.0 x 10*£2.66 | 7.4 x 10%+2.07 | 3.8 x 10*£1.04

Key: A (positive control) not infected or administered with extract or reference drug, B
(negative control) infected but not administered with extract or reference drug, C
administered with 300 mg/kg of the reference drug (augmentin), D administered with 150
mg/kg of the extract, E administered with 300 mg/kg of the extract, F administered with
600 mg/kg body weight of the extract
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Table 3: Organ weights of male albino Wister mice infected with E. coli
and administered with varying concentrations of ethanolic extracts of T.

glaucescens for a period of 5 days

Treatment groups (mg/kg body weight) Liver g/L Kidneyg/L
A (not infected or treated with extract), 2.76 £0.11* 0.55£0.02*
B (Infected but not treated with extract) 3.87+0.21° 0.32£0.03°
C (Infected & treated with 300mg/kg of antibiotic) 2.93 + 0.31* 0.44 +0.05°
D (Infected & treated with 150mg/kg of extract) | 2.85 + 0.07° 0.49 £ 0.03?
E (Infected & treated with 300mg/kg of extract) | 2.70 +0.17° 0.47 £ 0.08°
F (Infected & treated with 600mg/kg of extract) | 2.50 £0.27* 0.54 +0.02°

Values are mean of 7 replicates + SEM, values carrying different superscripts along the
column for each parameter are significantly (P <0.05) different.

Table 4: Effect of administration of varying concentrations of ethanolic extract of the root
of Terminalia glaucescens and reference drug on selected enzymes and liver function
indices on male albino Wistar mice for 5 days.

Parameters

Treatmen Total | Album| Globuli | Liver Serum | Liver | Serm | Liver | Serm

t groups Protei | (g/L) n(g/L) | ALT ALT AST AST ALP | ALP

n (g/L) (U/L) (U/L) | (UL) | (U/L) | (UL) | (U/LL)

A 57.50 31.25 | 2625+ | 710.75 | 550+ | 833.7 | 17.00 | 132.2 | 27.51
+1.32° + 0.632 + 0.652 5+ + 3+ +

0.75% 22.962 1443 | 0.41* | 4.77° 1.192

B 59.50 12.75 | 46.25+ | 1298.7 16.75 1932. 6.75 83.27 | 62.75
+0.65° + 0.44> 5+ +045° | 50+ + + +

0.48> 6.85° 21.34 | 1.11° 1.47° | 1.04°

b

C 60.50 33.00 | 27.50+ | 941.00 | 9.75+ | 1038. | 17.50 | 102.0 | 41.50
+2.65° + 0.652 + 0.25¢ 25+ + 0+ +

0.00¢ 19.78¢ 8.23¢ | 0.65% 1.08°¢ 1.32¢

D 62.50 33.00 | 29.50+ | 923.75 10.50 1051. | 17.25 | 109.2 | 41.50
+1.95% + 1.322 + +0.65° | 00x + 5+ +

0.41¢ 13.92¢ 17.56 | 0.75* | 2.17¢ 1.32¢

E 61.75 33.75 | 28.00+ | 853.57 | 9.75+ | 1048. | 16.75 | 1182 | 29.75
+1.95% + 1.222 + 0.63¢ 00 + + 5+ +

0.85¢ 17.12¢4 8.09¢ 1.11* | 2.46° 1.65%

F 61.13 31.04 | 2850+ | 808.75 | 9.25+ | 1068. | 16.75 | 120.0 | 24.75
+0.17% + 1.052 + 0.85¢ 10+ + 0+ +

0.87* 14.85¢ 17.08 | 0.952 1.08¢ | 2.63?2
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Values are mean of 7 replicates £ SEM, values carrying different superscript across the
rows for each parameter are significantly (P <0.05) different.

Key: A (positive control) not inoculated or administered with extract or reference drug, B
(negative control) infected but not administered with extract or reference drug, C, infected
and administeredwith 300 mg/kg of the reference drug (augmentin), D infected and
administered with 150 mg/kg of the extract, E infected and administered with 300 mg/kg
of the extract, F infected and administered with 600 mg/kg body weight of the extract

Table 5: Effect of administration of varying concentrations of ethanolic extract of the
root of Terminalia glaucescens and reference drug on selected serum electrolytes and
kidney function indices on male albino Wistar mice for 5 days

Parameters
Trea | Urea Creatinin | Na* K* Cr ALT AST ALP
tmen | (mmol/L | e (mmol/L) | (mmol/L) | (mmol/L) | (U/L) (U/L) (U/L)
t ) (umol/ml)
Grou
ps
328+ 5375+ 131.00 3.70 £ 91.27 + 615.00 737.75 | 889.25
A 0.112 0.852 0.41¢ 0.042 3412 + + + 14.04b
13.232 16.33?
2.67 72.75 £ 101.25+ 2.63 93.50 1677.50 | 1827.0 | 676.25
B 0.11° 1.03b 0.48* 0.09® 2.16° + 0+ + 8.38%
30.23b 14.77°
3.03 + 57.50 £ 122.50 + 3.15+ 90.11 £ 744.50 935.85 | 933.75
C 0.09¢ 1.04¢ 0.65° 0.06¢ 0.94? + + + 13.04°¢
18.97¢ 19.42¢
348+ 56.25 + 124.75 + 3.18+ 89.70 £ 770.00 932.75 | 923.75
D 0.054 0.24¢ 0.85° 0.05? 4.202 + + +5.02¢
31.33¢ 8.33¢
327+ 52.50 + 133.50 + 3.63+ 92.97 + 746.50 927.51 | 916.20+
E 0.09? 0.65° 1.64¢ 0.09? 1.05° + +4.59¢ | 7.88¢
17.03¢
F 330+ 53.00 £ 132.50 + 372+ 91.70 + 710.15 894.75 | 907.25
0.092 1.472 3.30¢ 0.102 2.06? + +8.23¢ | 4
14.09¢ 20.14%

Values are mean of 7 replicates £+ SEM, values carrying different superscript across the
rows for each parameter are significantly (P <0.05) different.

Key: A (positive control) not infected or administered with extract or reference drug,B
(negative control) infected but not administered with extract or reference drug, C infected
and administeredwith 300 mg/kg of the reference drug (augmentin), D infected and
administered with 150 mg/kg of the extract, E infected and administered with 300 mg/kg
of the extract, F infected and administered with 600 mg/kg body weight of the extract,
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ALP- Alkaline phosphatase activity, AST-Aspartate aminotransferase activity, ALT-
Alanine aminotransferase activity

Table 6: Effect of administration of varying concentrations of ethanolic extract of the root
of Terminalia glaucescens and reference drug on selected haematological parameters on
male albino Wistar mice for 5 days.

Parameters
Treatm | WBC RBC (x | HB % PCV | MCV MCH PLT % MCHC
ent (x 10'2/1) @L) | an (1) (pg) (x LYM | (g/d))
groups | 10°/) 10°/)
A 8.09 + 2.46 + 40.73 552+ 2.24 + 16.56 93.41 85.01 7.38+
0.332 0.122 + 0.212 0.10? 1.36* + + 1.15%
2.102 5.33¢ 2.77°
B 536+ 1.65+ 17.31 376 + 228 + 10.49 + 53.00 78.70 5.15+
1.23° 0.33° + 0.13° 0.052 0.14° + + 0.50°
0.35° 7.512 1.07%
C 10.05 249 + 37.19 | 573+ 230+ 1494+ | 77.12 83.00 6.49+
+ 0.172 + 0.192 0.082 1.33¢ + + 1.00#
1.15¢ 1.76¢ 3.15° 1.520
D 9.30+ 222+ 41.03 5.11+ 230+ 18.48 + 93.10 84.10 8.03+
0.78¢ 0.20? + 0.722 0.032 2.102 + + 1.44
3.452 2.54¢ 2.70°
9.94 + 235+ 43.00 | 6.06 £ 2.58 + 18.30+ | 96.04 86.20 7.10+
E 0.01°¢ 0.142 + 1.00? 0.272 1.742 + + 0.892
2.482 3.01°¢ 1.82°
9.74 + 238+ 45.22 5.44 + 229+ 19.00+ | 103.50 | 83.60 8.31+
F 0.55¢ 0.09? + 0.08? 0.02?2 2.412 + + 1.242
4.80* 8.15¢ 2.91°

Values are mean of 7 replicates £ SEM, values carrying different superscript across the
rows for each parameter are significantly (P <0.05) different.

Key: A (positive control) not infected or administered with extract or reference drug, B
(negative control) infected but not administered with extract or reference drug, C infected
and administered with 300 mg/kg of the reference drug (augmentin), D infected and
administered with 150 mg/kg of the extract, E infected and administered with 300 mg/kg
of the extract, F infected and administered with 600 mg/kg body weight of the extract,
haemoglobin (Hb), red blood cell (RBC), white blood cell (WBC), lymphocytes (LYM),
platelets (PLT), mean capuscular haemoglobin (MCH), mean capuscular haemoglobin
concentration (MCHC), packed cell volume (PCV) and mean capuscular volume (MCV)
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Plate 1: Cross section of the liver of mice not infected
but administered with distilled water showing normal
hepatic tissues with portal tracts and venules (x 400).

Plate 2: Cross section of the liver of E. coli infected
mice administered with distilled water showing
gross degeneration of hepatic tissues with
infiltration (x 400).

Plate 3: Cross section of the liver of E. coli infected
mice administered with 300 mg/kg body weight of
reference drug (augmentin) showing slightly distorted
hepatic tissues (x 400).

Plate 4: Cross section of the liver of E. coli infected
mice administered with 300 mg/kg body weight of
the extract showing mild hepatic degeneration (x
400).

Plate 5: Cross section of the kidney of E. coli infected
mice administered with distilled water showing
glomerular shrinkage with distorted renal cortex (x
400).

Plate 6: Cross section of the kidney of E. coli
infected mice administered with 600 mg/kg body
weight of the extract with mildly distorted renal
cortex (X 400).

Discussion

Despite the potentials of 7. glaucescens in the treatment of diseases, its
toxicological activities in vivo, have not been fully explored. There is no doubt that T.
glaucescens is of great health importance which are not limited to their therapeutic effects
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in diabetes, cardiac pathologies, malaria, liver pathologies, obesity and dysentery (Mustofa
et al., 2000; Sote and Wilson, 1995). However, the potentials of this plant to have negative
toxicological effects have not been explored. The result of inoculation of 0.5 ml of 1.5 X
108 of bacterial cells of E. coli on male albino Wistar mice for 5 days showed an increase
in the bacterial count of E. coli in all the groups except group A. This was specially
observed in group F where the bacterial count of E. coli increased from 2.6 x 10? in day 0
to 4.8 x 10° in day 5 and this resulted in very soft faeces and sluggishness of the mice. This
confirmed that increased bacterial count of E. coli has the ability to induce diseased
condition in mice with clinical symptoms of very soft feces.Increase in the count and
recovery of E. coli was expected as seen in this study when standardized E. coliinocula was
used as shown by Johnson et al. (2006). However, the reverse was the case in group A
(positive control) which did not show any significant increase in the bacterial count of E.
coli and no diseased condition was observed.

The in vivo determination of the efficacy of the administration of ethanolic extract
of the root of Terminalia glaucescens on male albino Wistar mice for 5 days revealed that
the extract produced significant healing effect on the infected mice through reduction in
the bacterial count of E. coli in all the groups except groups A & B. This was specially
observed in group F where the bacterial count of E. coli reduced from 3.1 x 10% in day 1 to
3.8 x 10 in day 5.

No significant difference was obtained between the effects of ethanolic extract of
T. glaucescens and reference drug (augmentin) in treating the mice infected with E. coli in
vivo. With most E. coli strains now showing resistance to augmentin and other beta-
lactams,works from Fenique et al. (2015) showed that ethanolic extract of 7. glaucescens
was very effective against E. coli which supported the findings from this study.
Furthermore, Gbadamosi and Ogunsuyi, (2014) showed that 7. glaucescens could be used
in the management of E. coli related infections.

Organ-body weight ratiois usually done to see if there is a considerable change in
the organ body weight of a test animal after continuous administration of an experimental
drug. Results from this study clearly showed that the administration of varying
concentrations of the extract (150, 300 and 600 mg/kg body weight and 300 mg/kg body
weight of the reference drug) did not produce any significant effect on the liver and kidney
organ-body weight ratio when compared with the control animal (group A). Only group B
(infected but not treated) produced significant effect on the liver and kidney organ-body
weight ratio. Various reports have shown that extracts of 7. glaucescens have little or no
effect on the organ body weight of mice especially when taken at lower concentrations.
This indicates that the extracts of 7. glaucescens have no adverse effect on the organ body
weight of the mice. Dominique et al. (2013) showed that after administering a high dosage
of 1,390 mg/kg body weight of the extracts of 7. glaucescens, no significant changes
occurred in the organ body weight of the experimental mice. However, they pegged the
lethal dose for the extracts at concentration higher than 2500 mg/kg body weight. However,
Njomen et al. (2009) showed that extracts of 7. glaucescens, had a considerable effect on
the weight of a diabetes-induced mice, although their study did not show if this reduction
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in weight (weight loss) of the mice had any effect on the organ body weight of the animal.
Furthermore, Dominique et al. (2013) noticed a therapeutic effect on the body weight of
mice without affecting the organ body weight.

Liver and kidney function test are generally used to access changes in the liver or
kidney as a result of the consumption of a particular substance. Results from this study
further revealed that there was no significant difference in total protein when compared
with the control animal (Group A). Also there was no significant difference in globulin
except for the negative control which was not administered (Group B). But there was
significant difference in albumin except for group F which was administered with 600
mg/kg body weight of the extract. Changes in albumin could be attributed to
hepatoprotection by the extracts of T. glaucescens (Dominique ef al., 2013). There were
significant changes in ALT and ALP of the mice which could be attributed to none liver
cells involving in leucopenia (Dominique ef al. (2013). From the result, urea, creatinine,
Na“, and K* showed significant difference when compared with the control animal except
for groups E and F administered with (300 mg/kg and 600 mg/kg body weight ratio)
respectively that did not show any significant difference when compared with control
animal due to higher concentration of the extract. Also kidney ALT, AST and ALP showed
significant difference when compared with the control animal. But the result of CI did not
show any significant difference when compared with the control animal. These changes in
the kidney function indices could be as a result of manifestations ofnephropathy and kidney
malfunction (Dasofunjo ef al., 2013). Furthermore, change in the activity of enzymes and
serum indices would indicate likely damage to the external boundary of the cells (Yakubu
et al., 2008).

The result of the effect of administration of varying concentrations of ethanolic
extract of the root 7. glaucescens and reference drug on selected haematological parameters
on male albino wistar mice showed that WBC and MCH had significant difference
(increase) when compared with the control animal except group B (not administered with
extract or antibiotic) which showed significant difference (decrease) when compared with
the control animal. But RBC, HB, PCV, MCV, PLT, LYM and MCHC did not show any
significant difference when compared with the control animal except group B (not
administered with extract or antibiotic) which showed significant difference (decrease)
when compared with the control animal. Similar results for haematological parameters
were obtained by Dominique et al. (2013).

Histology reports clearly showed that no changes occurred to the liver of the
uninfected mice, with the hepatic tissues, portal tracts all normal. However, gross
degeneration of hepatic tissues with infiltration was seen in the liver of the mice infected
with E. colibut was untreated. Gradual changes were seen in the histo-architecture of the
liver of the infected mice as various concentrations of the extracts of 7. glaucescenswere
administered. This restoration could be due to the antibacterial activities of the bioactive
components of extracts of 7. glaucescens used in the treatment of the E. coli infected mice.
This is supported by the work of Adeeyo et al. (2016) which showed that aqueous extract
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of T. glaucescens has no toxic effect on the histology of the cerebrum but enhances its
development as shown by the numerous pyramidal neurons.

Conclusion

This study clearly established that7.glaucescens was not toxic to the experimental
mice in vivo while showing healing effects, thus this plant can be recommended as an
impressive and promising natural herbal source to be used in pharmaceutical industry
especially in this era of drug resistance by many pathogenic organisms
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