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ABSTRACT

African walnut (Tetracarpidium conophorum) is
a tropical fruit with high nutritional composition
and various health benefits. This study
investigated the microbial load in raw and
cooked African walnuts sold for immediate
consumption within Yaba Metropolis Lagos. In
this research, a total of fifty six (56) African
walnut samples were analysed. The raw samples
were purchased from Oyingbo Market, Lagos
Nigeria while cooked samples were purchased
from five different hawkers within Yaba
Metropolis Lagos. Stock solutions of the walnut
samples were prepared and microbial isolations
were carried out, using pour plate method on
Nutrient Agar, Eosin Methylene Blue Agar,
Mannitol Salt Agar, Salmonella Shigella Agar
for bacteria and Potato Dextrose Agar for fungi.
Morphologically, the results showed that
bacterial isolates were shinny, soft, opaque and
mostly regular in shape. Within the seven days,
the microbial load ranged from 0.3x104cfu/ml to
1.1x105cfu/ml; 0.6x105cfu/ml to 1.1x105cfu/ml
and 0.6x105cfu/ml to 1.8x105cfu/ml, for raw,
cooked and hawked walnut respectively. The
biochemical identification revealed more of
Gram negative bacteria; Pseudomonads spp,
Salmonella spp, Citrobacter spp, Klebsiella spp,
Escherichia coli and Pseudomonads aeruginosa
than the Gram positive bacteria; Micrococcus
spp, Staphylococcus spp, Staphylococcus aureus
and Bacillus spp. The presence of enteric
bacteria was considered an indication of poor
hygiene during cooking and handling process.
No fungal growth was however observed within
the period of evaluation. It was concluded that
proper washing with clean water, refrigeration
or immediate consumption of African walnuts
after cooking will help prevent its spoilage and
eliminate cross infection in the consumers.

KEYWORDS: African-walnut, Enteric-
bacteria, Infection, Quality, Spoilage.

1.0 INTRODUCTION

African walnut (Tetracarpidium conophorum) is
a member of the Euphorbiaceae family. It is
found in the wet parts of Eastern and Western
Nigeria as well as Western Africa in general. It
is known in Eastern Nigeria as Ukpa (Igbo),
Western Nigeria as “Awusa or Asala” (Yoruba),
“Okhue or Okwe” (Edo) (Ayoola et al., 2011).
Tetracarpidium conophorum is a climbing shrub
of about 10-20ft long, it is normally planted
under an indigenous tree so that can provide
strong support for the heavy weight of the
climber when fully established on the crown of
the tree, and in some cases where they cannot be
harvested manually; they are left till full
maturation after which the pods fall off and are
picked, removed from the rotten pods, washed
and sold in the market (Dauda et al., 2020).

Conophor plants are generally cultivated for the
nuts which are commonly cooked and consumed
as snacks. The walnut shells could be black or
brown from the plant. The nut is whitish upon
cracking from the shell and there is usually a
thin layer in between two halves of the nut when
it is divided into two equal parts (Ayoola et al.,
2011).

Studies have indicated that African walnut is
rich in protein, fat and carbohydrate but low in
fibre and ash contents. Research has proved nuts
to be very good sources of Vitamins A, B1, B2,
B6, E, folate, sodium, potassium, manganese,
copper, chloride, iron and ascorbic acid. The
green hulls or the immature fruits are found as
good sources of vitamin C. The nut is a good
source of energy as it has about (16.9%)
carbohydrate and calories of about 600J. It is
also an excellent source of polyunsaturated fatty
acids such as alpha-linolenic acid (ALA). The
nuts of Tetracarpidium conophorum is an
excellent source of anti-inflammatory omega-3
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– essential fatty acids. In terms of
phytonutrients, walnuts contain antioxidants and
anti-inflammatory compounds including more
than a dozen phenolic acids, and a wide variety
of flavinoides. It also contains a very high
composition of vitamin E, most especially,
gamma-tocophenol (Kanu et al., 2015).
It was reported that hot aqueous extract from
Tetracarpidium conophorum nut could help to
protect rats against castor oil-induced diarrhea;
the inhibitory effect was attributed to the
presence of some secondary metabolites and
which also justified ethno medicinal use
(Nwachoko and Jack 2015).
The seeds of Tetracarpidium conophorum are
used in Nigeria to increase sperm counts in men
(Obayendo, 2013). Also Nwauzoma and Dappa
(2013) reported that Tetracarpidium
conophorum boiled seeds can also be eaten to
improve sperm count in men. It was proved that
the extract of Tetracarpidium conophorum seed
increases the viability and sperm output of male
albino rats and this suggests that the seed could
be included in the formulation of male fertility
drugs (Ikpeme et al., 2014).
However, Dada and Aguda, (2015) reported
that theTetracarpidium conophorum seed
powder has potential pro-fertility properties in
male Clarias gariepinus (African sharp tooth
catfish) that could be exploited in fish
production as a feed additive for the improved
reproductive performance of male African
catfish. Evaluation of the chloroform extract of
the Tetracarpidium conophorum fruit shows
that a 400 mg/kg dose significantly inhibited
inflammation when compared with diclofenac
but 200 mg/kg of the extract was pro-
inflammatory (Olaniyi et al., 2016).

The nuts of Tetracarpidium conophorum was
said to have the potential to reduce
hyperglycaemia; researchers also reported that
the nuts increased the haemoglobin level and
decreased urine output in the test group when
compared with controls and could prevent
diabetes associated with renal damage (Onwuli
et al., 2014 and Ogunyinka et al., 2015).
Another study carried out by Ogbonna et al.,
(2013) indicated a significant reduction in blood
glucose level and suggested that the leaf and the
root extracts of Tetracarpidium conophorum are
more potent in lowering blood glucose in
alloxan-induced diabetic rats when compared
with oral hypoglycemic agents. Similar studies
were carried out by Ogbonna et al., (2015) on
the effect of root and leaf extracts of

Tetracarpidium conophorum in alloxan-induced
diabetic rats and showed a significant increase
(p < 0.01) of Alanine aminotransferase (ALP),
Aspartate aminotransferase (AST) and Alkaline
phosphatate (ALT), which indicated that the leaf
and root extracts possess anti-diabetic and
hepatoprotective activity. Pan et al. (2013) and
Zibaeenezhad et al. (2017) also established the
consumption of walnut to lower risk of type II
diabetes among women though it was
insignificant to control body mass index.
Without doubt, the nuts of Tetracarpidium
conophorum have so many health benefits.
However, spoilage of these nuts is commonly
observed especially when bought from hawkers
on high ways or in the street. It is therefore the
aim of this research to identify the bacterial and
fungi that are present in raw and cooked African
walnut sold for immediate consumption in Yaba
Metropolis, Lagos Nigeria.

2.0 MATERIALS AND METHODS

2.1 SAMPLE COLLECTION

Raw samples (uncooked walnut) were sourced
from Oyingbo Market in Lagos while cooked
samples were purchased from five different
hawkers around Yaba Metropolis, Lagos and
transferred in a Ziploc bags to the laboratory for
onwards microbiological analysis. A total of 56
African walnuts were sampled and divided into
eight (8) groups; A to H. One (1) sample each
from each of the eight groups was taken each
day blended and analyzed per day for seven
consecutive days. Samples were maintained
under normal ambient temperature similar to
that of hawking environment.

2.2 BIOCHEMICAL IDENTIFICATION OF
BACTERIAL ISOLATED FROM RAW
AND HAWKED WALNUT SAMPLES

Isolated bacterial were subjected to the
following biochemical tests; catalase, oxidase,
urease, indole, citrate utilization, coagulase,
lactose, glucose, hydrogen sulphide, gas
production, motility, mannitol, and spore test
respectively.

2.3 ISOLATION OF BACTERIAL

From each group, a sample was picked, cracked
and weighed (g) using an electronic sensitive
balance separately then transferred into a pre-
sterilized mechanical blender where sterile
water was added in the ratio of 1:9 (walnut in
gram: sterile water) before blending; this forms
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the stock solution. From this solution, further 10
fold dilutions up to 10-3 were prepared. Pour
plate method was used in this process for the
isolation of bacterial. One (1) ml each of
inoculums from dilution factor 10-3 was
aspirated into the pre-labeled sterile petri dishes
and the molten agar media; Nutrient Agar (NA),
Eosin Methylene Blue (EMB), Mannitol Salt
Agar (MSA), Salmonella Shigella Agar (SSA)
were and respectively poured and incubated at
37oC for 24 - 48hrs for the isolation of bacterial

2.4 ISOLATION OF FUNGI
From each of the stock solutions made, pour
plate method was used for the isolation of fungi
on Potatoes Dextrose Agar (PDA) and incubated
at 28oC for 3-5 days.

3.0 RESULTS
Microbiological analysis of the raw sample
revealed scanty bacterial growth on the different
media used on the first two days; however, there
were observed increase in the microbial load
from the third day through the seventh day. The
highest number of microbial load 2.0 X 105

cfu/ml of colony was observed on the seventh
day on nutrient agar (NA) medium while the
lowest was 0.2 X 105cfu/ml on Eosin Methylene
Blue Agar (EMB) respectively. No fungal
growth was observed on Potato Dextrose Agar
(PDA) medium as revealed in figure 1.

In the case of the cooked unwrapped walnuts,
there was no bacterial growth on the different
media for the first two days; however, there
were scanty growth on the third day which
increased with days till day seven. The highest
number of bacterial load 1.9 X 105cfu/ml was
observed on the seventh day on nutrient agar
(NA) medium while the lowest was 0.4 X
104cfu/ml on day three on Mannitol Salt Agar.
No fungal growth was observed on PDA
medium as shown in figure 2.
Figure 3 showed the viable microbial load of the
cooked wrapped walnut samples. There were no
bacterial growth on the different media for the
first two days, however, there were scanty and
an increased bacterial load from day three
through day seven. The highest bacterial load,
2.9 X 105cfu/ml was observed on the seventh
day on nutrient agar (NA) media while the
lowest was 1.0 X 104cfu/ml on day three and six
on MSA media. However, no fungal growth was
observed on PDA medium all through the seven
days under investigation.
Biochemical identification of the isolated
bacteria revealed six Gram negative organisms;
Pseudomonas spp, Pseudomonas aeruginosa,
Salmonella spp, Citrobacter spp, Klebsiella spp,
and Echerichia coli; and four Gram positive
bacteria; Micrococcus spp, Staphylococcus spp,
Bacillus spp, and Staphylococcus aureus as
shown in table 1.

Table 1: Biochemical Characteristics of the Isolated Bacteria
S/N CODE GR L GL H2S GAS MOT I U CIT OX CAT COAG MA SF SO
1 NA1 GNB - + - - + + - + + + ND ND - Pseudomonas spp
2 NA2 GPC - + - - - + - - - + - - - Micrococcusspp
3 NA3 GPC - + - - - ND - + - + + + - Staphylococcus

spp
4 NA4 GPB - + - - + - - + - + ND - + Bacillus spp
5 NA5 GNB - + - - + - - + + + ND ND - Pseudomonas

aeruginosa
6 MSA1 GPC - + - - - ND - + - + + + - Staphylococcus

aureus
7 SSA1 GNB - + + - + - - + - + ND ND - Salmonella spp
8 EMB1 GNB + + - + + + - + - + ND ND - Citrobacterspp
9 EMB2 GNB + + - + - + - + - + ND ND - Klebsiellaspp
10 EMB3 GNB + + - + + + - - -s + ND ND - Escherichia coli

KEY:
NA = Nutrient Agar,
MSA = Mannitol Salt Agar,
SSA = Salmonella Shigella Agar,
EMB = Eosin Methylene Blue Agar,
GR = Gram Reaction,
GNB= Gram Negative Bacilli,
GPC= Gram Positive Cocci,
L = Lactose,
GL = Glucose,
H2S = Hydrogen Sulphide,

GAS = Gas Production,
MOT = Motility,
I = Indole,
U = Urease,
CIT= Citrate test,
OX = Oxidase,
CAT= Catalase,
COAG = Coagulase,
MA= Mannitol,
SF = Spore former,
SO = Suspected Organism.
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Fig. 4 Microbial loads on different media for
hawker (1) walnut.

Fig. 5 Microbial loads on different media for
hawker (2) walnut.

Fig. 6: Microbial loads on all the different media for
hawker (3) walnut.

Fig. 7 Microbial loads on all the different
media for hawker (4) walnut.

`

Fig.1: Microbial loads on all the different media for
raw walnut.

Fig. 2: Graph showing the microbial loads on
different media for cooked unwrapped walnut.

Fig. 3: Graph showing the microbial loads on different
media for cooked wrapped walnut.
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4.0 DISCUSSION

Fruits have the ability to be contaminated by
microorganisms responsible for several human
diseases when they are planted in field or
during harvesting, transportation, processing,
marketing and distribution or when stored in
home (Issa-Zacharia et al., 2010). African
Walnuts are generally known to have extremely
high fat, protein and very low water content
therefore they are susceptible to spoilage by
bacteria (Ajewole et al., 2013; Arinola and
Adeshina, 2014). Also, their storage can lead to
the growth of mold under conditions that favors
moisture. This study investigated the
microorganisms responsible for potential
spoilage of African walnut which were grouped
into raw, cooked (both wrapped and
unwrapped), and marketed (hawked).
In this study, eight different bacterial
morphological characteristics (which include
color, shape, edges, elevation, texture, surface
appearance, transparency and size) were
examined on five different growth media;
Nutrient Agar (NA), Eosin Methylene Blue
Agar (EMB), Salmonella Shigella Agar (SSA),
and Mannitol Salt Agar (MSA). The Potato
Dextrose Agar (PDA) had no fungal growth,
hence there were no morphological
characterization given in this work.
Biochemical identification of bacterial isolates
suggested that enteric bacterial were the major
microorganism found associated with the spoilt
walnut and may be responsible for spoilage in
African walnut. However, Ogwu et al., (2016)
reported fungal growth for both fresh and
cooked African walnut which may be due to
longer duration of storage of the walnuts as the
results obtained here, showed that within the
period of the seven days observed, there were
no fungal growth.
Some of the isolated bacteria in this study have
been reported to be part of the natural flora of
fruits or contaminants from the soil, washing or
rinsing water, and from the environment during
transportation or processing method (Ofor et
al., 2009). For instance, Pseudomonas spp and
Bacillus spp are known to be part of the natural
flora of fruits responsible for spoilage (Issa-
Zacharia et al., 2010). However, the
identification of Salmonella spp,
Staphylococcus auerus and Klebsiella indicates

that there might be improper washing of the
fruits leading to contamination of the fruits in
the different groups been experimented.
The bacterial load in this study was reported
using the NA because it showed the major
bacterial count. The bacterial count was found
to be very high in the hawked African walnut as
shown in figures 4, 5 and 6 as compared to the
raw and cooked samples shown in figures 1, 2
and 3. This may be due to storage condition or
exposure to environmental factors such as high
ambient temperature which might have favored
bacterial proliferation.
These factors in addition to increased moisture
content made possible by the nylon materials
used for wrapping walnuts, and has provided a
suitable condition for bacteria proliferation,
might be responsible for the high bacterial load
as reported for hawked samples, especially
hawker-5, whose walnut had the highest
bacterial load compare to other samples from
the beginning as it was observed to be very wet
throughout the experiment. Furthermore, it was
discovered that the microbial load increased
with time (days) which may be attributed to the
low shelf life of the walnut in this study and
was in line with the report of Ogwu et al.,
(2016).

5.0 CONCLUSION
Hawked African walnut is often highly
contaminated and can readily be spoilt by
bacteria as revealed by increased bacterial load
in this research especially when hawked beyond
two days.
There were presence of common bacterial
causing human diseases such as Pseudomonas
spp, Staphylococcus spp, Staphylococcus
aureus, Salmonella spp, Klebsiella spp.
Bacillus spp and Escherichia coli found in these
nuts. Hence, proper measures should be taken
in cleaning the African walnut prior to cooking,
consumption and packaged for marketing.

RECOMMENDATION
Proper washing of African walnut with clean
water after harvest before cooking be
encouraged to remove all soil microorganisms
from the shell of the nuts.
Hawking cooked walnuts beyond two days in
nylon wraps should be discouraged in our
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society by ensuring strict compliance to
standards from regulatory bodies such as
NAFDAC. Better storage method that will
enhance longer walnut shelf life after cooking
be put in place.
Despite the enormous health benefits of African
walnuts, it remains a seasonal agricultural
produce. Measures to ensure its all year round
availability should be developed and
encouraged.
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