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Abstract
Palm wine, locally called nkwu ellu or ekpo, holds significant cultural and economic importance as it 
is consumed on a daily basis in many parts of Nigeria. The presence of histamine in palm wine at a 
level that causes foodborne illnesses and allergic reactions is caused by both native and contaminating 
bacteria such as members of Enterobacteriaceae. This research determined the prevalence of histamine 
producing, multidrug-resistant Escherichia species from palm wine during fermentation. Microbiological 
analysis and histamine production were evaluated on randomly sampled palm wine. Bacterial isolation 
and phenotypic characterization were done according to standard microbiological procedures. DNA 
sequencing was employed to verify the specific strain of bacteria isolated. Antibiotic sensitivity testing 
was performed on the bacteria isolated. Of all the 320 palm wine samples tested, 37 (11.56%) were 
contaminated with histamine-producing Escherichia species. The strains of Escherichia species cultured 
include Escherichia coli (E. coli) UFV 251, Escherichia fergusonii APO3, E. coli Z1322PEC0229, E. coli PL-
AGW6, E. coli Saman5 and E. coli ZK-1. Antibiotic susceptibility profiles showed that all these strains 
were multidrug-resistant. In regard to the duration of fermentation, the average histamine content 
(mg/kg) of the test palm wine tapped from standing life oil palm tree (nkwu ellu) and felled palm tree 
(ekpo) ranged from 1.00121e-4 to 9.82127e-2 and 1.22120e-2 to 9.96332e-1, respectively. The ability of 
these multidrug-resistant Escherichia species to produce histamine poses serious public health menace. 
Therefore, extensive improvement in the hygienic practices during production and handling, and the 
control of fermentation conditions are necessary to prevent the product contamination and histamine 
production to ensure the safety of the drink.
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INTRODUCTION

	 Palm wine is a juice rich in alcohol 
produced from natural fermentation of the fluid 
tapped from varied types of palms including 
the raffia palm, African fan palm, wild date palms, 
Elaeis guineensis (oil palm) and coconut palms.1,2 

The juice is a traditional liquid refreshment made 
as a libation or taken for other purposes in many 
countries within the tropics.3 In West Africa, the 
alcoholic drink is normally consumed by about 
11,000,000 people drinking it on a daily basis.4 
This traditional drink is served in large volumes 
to people during wedding receptions, birthday 
parties, burial and life celebrations and other 
varied gatherings to enjoy and mark important 
ceremonies. In addition, producing and marketing 
palm wine by various rural dwellers provide 
employment opportunities for such people in the 
area.5 In Nigeria, there are two major categories of 
these wines according to their tapping protocols. 
The first category is obtained from the incision 
made at the base of inflorescent flower of the 
standing life palm tree and the second category is 
obtained from the incision created on the terminal 
bud of the felled palm tree or its trunk.6,7 The local 

names for the former and latter palm wines in 
the study area are ‘nkwu ellu’ (meaning that it 
was tapped from a standing life palm tree) and 
‘ekpo’ (meaning that it was tapped from cut down 
palm tree), respectively. Palm wines are mixtures 
containing varied constituents such as minerals, 
vitamins, ethanol, sugar, acetic acid, lactic acid, 
glycerol, amino acids and proteins.8,9 Despite all 
the benefits derivable from these wines, they have 
some qualities that impart negatively on human 
health. This is due to high nutrient contents of this 
product that favour the growth and multiplication 
of fermenting /contaminating bacteria. 10 

Consequently, palm wines serve as microbiomes of 
both the constitutive flora and the contaminating 
microorganisms deposited by flies, myriapods, 
wine collection equipment and containers as 
well as the tappers. Microorganisms such as the 
species of Lactobacillaceae, Leuconostocaceae, 
Acetobacter iaceae ,  Enterobacter iaceae, 
Micrococcus, Streptococcus, Brevibacterium, 
Micrococcus, Serratia, Aerobacter (Klebsiella) 
and Zymomonas form major part palm wine 
microbiota.11,12

	 There are six common species in the 
genus Escherichia which are E. coli, E. albertii, 
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E. fergusonii,  E. hermannii,  E. marmotae and  E. 
ruysiae.13 Many strains of  E. fergusonii were 
reported to be present in the clinical samples 
collected from human wound, blood, urine and 
stool of various patients.14 E. coli causes frequent 
passage of watery stool, septicemia in newborns, 
cystitis and urosepsis.15 E. coli has been investigated 
to cause 30% and 80% of hospital and non-hospital 
infections respectively.16 It has been shown that E. 
coli has a propensity for making histamine under 
adverse situations as a means to protect itself from 
environmental factors.17 Histamine is a biogenic 
amine that affects the functions of the numerous 
cells of the body organs and systems. Palm wine 
contains several amino acids including histidine 
and thus, histamine biosynthesis commences 
following palm wine production caused by the 
catalysis of  an enzyme-histidine  decarboxylase- 
expressed by invading and constitutive palm 
wine living microorganisms.18 The determinants 
of accumulation rate of histamine in palm wine 
include the availableness of histidine, the bacterial 
growth and behaviours that generate histidine 
decarboxylase  and nurtures that encourage the 
multiplication of such organisms.19 The consumers 
of these nkwu ellu or ekpo cannot perceive the 
histamine as this histidine derivative is colorless 
and odorless.20,21 Symptoms associated with 
histamine invariably manifest as pseudoallergic 
reactions in human with intolerance to histamine.22 
The condition precipitates gastrointestinal 
accumulation of histamine which subsequently 
leads to increase in its absorption into the 
bloodstream.23 Consequently, the build-up of this 
histidine derivative in the vascular system leads 
to varied infirmities/ailments such as persistent 
headaches, menstrual disorder and altered 
intestinal functions.24 Panja et al.,25 and Benly26 
have reported that when histamine is produced 
exogenously and absorbed in large quantities 
by the body cells, it triggers a wide array of 
clinical manifestations such as respiratory allergic 
diseases, symptoms of the skin and soft tissue 
allergies and reproductive system disorders in 
women. Moreover, some of the bacteria that 
are histamine producers are multidrug-resistant 
(MDR)27 and their presence in palm wine may be 
baleful. Globally, the rate at which these MDR 
bacteria cause infections has been on increase 

and the danger of treatment failures is ominous.28 
The World Health Organization (WHO), in 2019, 
reported that antimicrobial resistance (AMR) 
caused the demise of 0.7 million people and 
estimated that by 2050 the population affected 
will have increased to 20,000,000, costing more 
than $ 2.9 trillion.29 Therefore, MDR bacteria found 
anywhere should be regarded as a serious matter 
and the danger they pose to public health and our 
economic lives should not be taken with a pinch 
of salt.
	 Currently, many rural areas in Nigeria 
such as villages in Enugu-Ezike are faced with 
many health promotion challenges such as lack 
of maintenance of proper hygiene, unsafe keeping 
of food/drinks like palm wine, self diagnosis and 
inappropriate use of antibiotics. In such areas, 
it is a common practice to dilute palm wine 
with water which may not be portable and as a 
consequence, contaminate the drink. Further, 
the way this natural product is stored, handled 
and sold in the rural areas encourages microbial 
contaminations. In the area, it is a common 
occurrence to observe some consumers of this 
product manifest immediate or delayed ill-
health ranging from nausea/vomiting to severe 
gastroenteritis after consumption, and the exact 
cause remains unknown. Based on the foregoing, it 
is not out of place to ask if contaminating bacteria 
such as histamine producing Escherichia species 
can be found in palm wine tapped in Enugu-Ezike. 
The goal of this study was, therefore, to investigate 
the incidence of histamine producing, multidrug 
-resistant Escherichia species in palm wine tapped 
in Enugu-Ezike.

MATERIALS AND METHODS

Study area
	 Enugu-Ezike, which takes up the whole 
land mass of Igbo Eze North LGA of Enugu State, 
Nigeria, in coordinates 6.9449° N, 7.4577° E was 
chosen as the study area for this research work. 

Test sample
	 Palm wines (nkwu ellu and ekpo). Nkwu 
ellu is the kind of palm wine tapped from the base 
of the immature male inflorescence of a standing 
life oil palm tree while ekpo is the one tapped from 
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the trunk or apical meristem of the chopped down 
palm tree. 

Culture media and antibiotics discs
	 The culture media and antibiotics discs 
were bought from Oxoid Chemical (London). They 
include MacConkey agar, Mueller Hinton agar, 
Nutrient agar and broth, BHI broth, EMB agar, 
Brain heart infusion broth, Niven agar, gentamicin 
(30 µg), ciprofloxacin (10 µg), chloramphenicol 
(10 µg), ofloxacin (10 µg), pefloxacin (10 µg), 
ceftriaxone (30 µg), amoxicillin (30 µg), ampicillin 
(30 µg), clindamycin (10 µg), erythromycin (15 µg) 
meropenem (15 µg) and tetracycline (30 µg). 

Collection of test samples
	 Three hundred and twenty (320) samples 
of palm wine comprising 160 each of nkwu ellu and 
ekpo were purchased from the four major markets 
in Enugu-Ezike. Eighty (80) samples (each in 20 
ml sterile universal containers) were collected in 
turn on a monthly basis from Nkwo market (okpo 
and Aji), Eke Market (ozzi and Onitcha-Enugu), 
Afor market (Umuagama and Umuopu), and Orie 
market (Umuogboagu and Amachala). All these 
villages serve the entire people of Enugu-Ezike in 
palm wine trading. The samples were purchased 
fresh from the wine tappers or their relatives in 
all the rural communities within the study area 
as shown in Figures 1 and 2. A 10 ml of each 
sample used for the baseline histamine studies 

is kept in the ice bag to halt fermentation. Then, 
the rest of the test samples were conveyed to the 
Microbiology unit of Adonai Diagnostic Center and 
kept in a cool environment until microbial analysis 
and histamine studies.

Screening palm wine for histamine production 
by HPLC 
	 Extraction of histamine from fermented 
Palm wine
	 Sixty (60) palm wine samples, twenty each 
from a group based on the fermentation duration 
from the first day to the third day of fermentation, 
were randomly selected for screening for the 
presence of histamine. Histamine extraction 
and analysis were performed by modification 
of the previously described techniques.31 About 
15 mg of the triturated sample was transferred 
into a volumetric flask (10 ml capacity) and a 5% 
trichloroacetic acid was added to the volumetric 
flask mark for dilution, mixed for 1.5 min and 
sonicated for 6 min. From the solution, 300 ml was 
collected and diluted to 5 ml in a volumetric flask 
with methanol:water (50:50). One milliliter of the 
solution was collected and filtered with membrane 
filter of size 0.45 µL. 

Derivatization
	 A 100 ml of the agent for derivatization 
ortho-phthalaldehyde was collected from the 
reagent vial and injected into the samples. The 

Figure 1. Map of Nigeria showing the study area. Adapted from rural history30
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mixture was vortexed and the reaction was 
allowed to be completed in 5 minutes. A micro 
syringe was thoroughly washed and used to 
pipette 5.0 microliter of the derivatized samples 
into the HPLC column. 

Separation by HPLC
	 The Agilent 1200 Series, the HPLC system, 
was set up and allowed to stabilize in 30 min. A 
5 µL of the derivatized samples were introduced 
into the system at a rate of flow of 1.0 mL/min. The 
conditions for running HPLC were maintained as 
follows: Column (Chromsep SS C18 measuring 150 
mm × 4.6 mm × 5 µm), Mobile phase consisting 
of Mobile phase (A), Tetrahydrofuran:methan
ol:phosphate-buffer (100 mmol/L) (1:8:9) and 
Mobile phase (B), Methanol:phosphate-buffer 
(100 mmol/L) (80:20). The gradient program 
was (Min/A%B%): 8/75/25, 12/67/33, 25/50/50, 
30/0/100 and 35/67/33. The filtration of mobile 
phase was done through a membrane filter of 
pore size 0.4 µm and degassed. Histamine was 
quantified using a detector (AGILENT 1260) at a 
wavelength of 254 nm.

Isolation of Escherichia species 
	 Isolation of Escherichia species was 
performed by modification of the technique 
described previously.32 One milliliter (1 ml) of 
each of the test palm wines was introduced into a 
tube containing peptone water (9 mL of 0.1%) and 
incubated at 37 °C overnight for homogenization. 
Then, each of the new samples was mixed with 4 
ml per tube of Brain Heart Infusion Broth (BHIB) 
and incubated overnight at 37 °C. A loopful of the 
BHIB culture was subcultured in duplicate onto 
each of MacConkey agar and EMB incubated 
overnight at 37 °C. On inspection following the 
incubation, the flat smooth pink colonies cultured 
on MacConkey which produced yellowish-green 
metallic sheen with were selected for further 
characterization. The Escherichia species were 
identified based on colonial morphology, Gram 
character, sugar fermentation and confirmed by 
DNA sequencing. 

Isolation of histamine producers 
	 The pure isolates of genetically confirmed 
Escherichia species were subcultured onto 

Figure 2. Map of Enugu-Ezike, the study area, showing different villages where both nkwu ellu and ekpo are made. 
Adapted from rural history.30
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duplicate plates of Niven’s agar and incubated for 
48 -72 h at 37 °C under an aerobic condition. Purple 
colonies were indicative of histamine production.33 
The purple colonies were then streaked on EMB 
agar to obtain pure isolates. The isolates were 
subcultured onto nutrient agar slant, incubated 
overnight at 37 °C and then preserved in the 
refrigerator for future use.

Confirmation of strains of Escherichia species by 
DNA sequencing
Genomic DNA extraction 
	 The extraction of DNA was carried out 
using ZR Fungal/Bacterial DNA MiniPrep™50 
Preps. Model D6005 (Zymo Research, California, 
USA). A 2 mL of broth culture of the test bacterial 
was introduced to a ZR BashingTM Lysis Tube and 
a 750 µl Lysis Solution was added. It was secured 
in a bead fitted with 2 ml tube holder assembly 
and processed at maximum speed for 10 minutes. 
The lysis tube was spun for 60 seconds at 12,000 
x g. A 450 µL of supernatant was transferred to a 
Zymo-SpinTM IV Spin Filter in a collection tube 
and centrifuged at 7,000 x g for 60 seconds. Then, 
a 1,200 µL of binding Buffer was added to the 
filtrate in the collection tube. The buffer-filtrate 
mixture (800 µL) was transferred to a Zymo-
SpinTM IIC Column in a collection tube and spun 
at 10,000 x g for 60 seconds. The flow through was 
discarded from the collection tube and the mixture 
centrifuged again. A 200 µL DNA Pre-Wash Buffer 
was added to the Zymo-Spin TM IIC Column in a 
new collection tube and centrifuge at 10,000 x g 
for 60 seconds. Then, a 500 µL of Fungal/Bacterial 
DNA wash buffer was transferred to the column 
and centrifuge at 10,000 x g for 60 seconds. The 
Zymo-SpinTM IIC Column was added to a clean 1.5 
ml microcentrifuge tube and a 100 µl DNA elution 

buffer added directly to the column matrix. It was 
centrifuged at 10,000 x g for 30 seconds to elute 
the DNA. 
	 The ultra-pure resulting filtrate (DNA) 
collected was used as a template during the assay. 

16S rRNA gene amplification and Sequencing
	 The polymerase chain reaction mix was 
composed of 12.5 µL of Taq 2X Master Mix from 
New England Biolabs (M0270); 1 µL each of 10 
µM forward (27F: AGAGTTTGATCMTGGCTCAG) 
and reverse (1525R: AAGGAGGTGWTCCARCCGCA) 
primer; 2 µL of DNA template and then made it 
up with 8.5 µL nuclease-free water. The cycling 
conditions for the amplification of the 16S rRNA 
gene involve initial denaturation at 94 °C for 5 
minutes, followed by 36 cycles of denaturation 
at 94 °C for 30 seconds, annealing at 56 °C for 30 
seconds and elongation at 72 °C for 45 seconds. 
This is followed by final elongation step at 72 °C for 
7 minutes and hold temperature at 10 °C forever. 
The amplified fragments were sequenced using a 
Genetic Analyzer 3130xl sequencer from Applied 
Biosystems using manufacturers’ manual while the 
sequencing kit used was that of BigDye Terminator 
v3.1 cycle sequencing kit. Bio-Edit software and 
MEGA X were used for all genetic analysis

Test for antibiotic sensitivity
	 Genetical ly  confirmed strains of 
the Escherichia species were subcultured on 
nutrient agar for 12-16 h at 37 °C to obtain 
fresh cultures. After the incubation, the colonies 
were standardized by matching the turbidity 
of each isolate with that of 0.5 McFarland 
Opacity Standard. The standardized colonies 
were subjected to disc agar diffusion test using 
some selected antibiotic discs (Oxoid UK), 

Table 1. Histamine content of the test palm wine obtained by HPLC enhanced integrator analysis 

Group of test	 No. of samples	 Average quantity	 Average quantity
samples according	 per group 	 per group in mg/kg	 per group in
to the time of analysis		  of  nkwu ellu	 mg/kg of 
after tapping			   ekpo

Group 1: (Baseline; 1 h)	 10	 1.00121 e-4	 1.22120 e-2

Group 2: (24 h)	 10	 1.43320 e-4	 1.86151 e-1

Group 3: (48 h)	 10	 2.15312 e-3	 6.96221 e-1

Group 4: (72 h)	 10	 9.82127 e-2	 9.96332 e-1
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comprising gentamicin (30 µg), ciprofloxacin (10 
µg), chloramphenicol (10 µg), ofloxacin (10 µg), 
pefloxacin (10 µg), ceftriaxone (30 µg), amoxicillin 
(30 µg), ampicillin (30 µg), clindamycin (10 µg), 
erythromycin (15 µg) meropenem (15 µg) and 
tetracycline (30 µg). The plates were incubated 
overnight and zones of inhibition diameter 
were measured. The sensitivities of the isolates 
were determined using the guidelines of Clinical 
Laboratory Standard Institute (CLSI) version 2023.34 
Wild type E. coli ATCC 25922 was used as a quality 
control strain.

RESULTS 

Histamine content of the test palm wine. 
	 The test wines subjected to HPLC analysis 
revealed the presence of histamine in all the sixty 
samples tested. Table 1 shows the average quantity 
of histamine in the test palm wine as obtained by 
HPLC enhanced integrator analysis. The average 
histamine content per group (mg/kg) of nkwu ellu 
and ekpo ranged from 1.00121e-4 to 9.82127e-2 and 
1.22120e-2 to 9.96332e-1, respectively.

Characterization of histamine-producing 
Escherichia species in the test palm wines 
	 Out of three hundred and twenty 
samples of palm wine screened, 37(11.56%) 
were investigated to have been contaminated 
with histamine-producing Escherichia species. 
nkwu ellu and ekpo yielded 8 and 29 strains of 
Escherichia species, respectively. The strains of 
Escherichia species cultured include Escherichia 
coli UFV 251, Escherichia fergusonii APO3, E. 
coli Z1322PEC0229, E. coli PL-AGW6, E. coli 
Saman5 and E. coli ZK-1 with respective accession 

numbers as PQ220163, PQ220164, PQ220166, 
PQ220169, PQ220299 and PQ220301 (Table 2). 
DNA sequencing results confirmed that more of 
the strains of Escherichia species were isolated 
from ekpo palm wine when compared with nkwu 
ellu. 

Antibiotic sensitivity pattern of the histamine 
producing Escherichia species
	 The susceptibility test results of the 
isolates are shown in Table 3. All the test isolates 
(100%) showed resistance to ampicillin and 
erythromycin. More than 50% of the isolates 
exhibited resistance to amoxicillin, pefloxacin, 
chloramphenicol, tetracycline, ofloxacin, 
clindamycin, and ceftriaxone. Many of the isolates 
were resistant to the antibiotics evaluated except 
for 54.1 % and 67.6% of all the isolates that were 
sensitive to ciprofloxacin and gentamicin, and 
meropenem, respectively.
	 Table 4 shows the profile of antibiotic 
sensitivity-resistance and MARI of the isolates 
studied. All the test isolates were resistant to 
ciprofloxacin, amoxicillin, erythromycin. ampicillin, 
chloramphenicol and tetracycline, showing 
that they are multidrug-resistant organisms. 
Extensively drug resistant Escherichia fergusonii 
APO3 and Escherichia coli Z1322PEC0229 were 
part of the superbugs isolated. The values of MARI 
in this study range from 0.58 to 1.0.

DISCUSSION

	 Histamine poisoning (HIPo) and histamine 
intolerance (HITo) caused by the intake of 
fermented foods or drinks containing exogenous 
histamine are serious public health problems.35 

Table 2. Molecular characterization of the test isolates

Sample	 Type of	 Scientific	 Strain	 Max	 Total	 Query 	 E	 Accession
number	 Palm wine	 Name		  Score	 Score	 Cover	 value	 Number

1	 nkwu ellu 	 E. coli	 UFV 251	 1724	 1724	 99%	 0	 PQ220163
2	 ekpo	 E. fergusonii	 APO3	 1953	 1953	 99%	 0	 PQ220164
3	 ekpo	 E. coli	 Z1322PEC0229	 1829	 12718	 96%	 0	 PQ220166
4	 ekpo	 E. coli 	 PL-AGW6	 1435	 9948	 99%	 0	 PQ220169
5 	 ekpo	 E. coli	 Saman5	 1243	 1243	 99%	 0	 PQ220299
6	 ekpo	 E. coli	 ZK-1	 1735	 1735	 99%	 0	 PQ220301

E. fergusonii, Escherichia fergusonii, Max, maximum, E value, expectation value in blast
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HIPo manifests as emesis, abdominal pain, 
diarrhea, itchy rash, and dyspnea36 and it occurs as 
a result of diminished activity of diamine oxidase 
(DAO), causing the build-up of blood histamine 
after ingestion. The harmful effects related to the 
consumption of histamine in food and drinks are 
multiplexed because its receptors are found in 
every part of the human body. Though, our study 
focused on the determination of the incidence 
of histamine-producing Escherichia species that 
form part of the contaminants of palm wine, it 
is important to note that there are many works 
which reported the presence of Escherichia coli 
and other bacteria.37-39 
	 This study reported 11.46% as the 
prevalence of Escherichia species that are 
histamine producers. This capability of Escherichia 

species and some other enterobacteria to produce 
exogenous histamine has been supported by the 
results of other researchers.40-42 Considering the 
large microbiome that exists in this particular palm 
juice, the high isolation rate investigated in this 
work showcases these organisms as one of the 
most significant occurring species of fermenters, 
considering the potential presence of other 
fermenters in nkwu ellu and ekpo microbiota, 
which is in agreement with the previous studies.43 
The existence of histamine in all the palm wines 
analyzed is a strong indication of microbial 
decarboxylation of the histidine content of the 
drinks.18 Our study revealed the remarkable role 
the fermentation duration plays in histamine 
accumulation as its concentration increased with 
increase in time (Table 1), which is consistent 

Table 3. Antibiotics susceptibility pattern of Escherichia species. (N = 37)

No.	 Test antibiotics	 Susceptibility 	 Intermediately 	 Resistance
		  n (%)	 sensitivity 	 n (%)
			   n (%)

1	 Amoxicillin	  3 (8.1)	  0 (0)	  34 (91.9)
2	 Chloramphenicol	  6 (16.2)	  3 (8.1	  28 (75.7)
3	 Pefloxacin	  18 (48.6)	  0 (0) 	  19 (51.4)
4	 Tetracycline	  6 (16.2)	  0 (0)	 28 (75.7)
5	 Ciprofloxacin	  20 (54.1)	   2 (5.4)	  15 (40.5)
6	 Gentamycin	  20 (54.1)	  0 (0)	  17 (45.9)
7	 Ofloxacin	  18 (48.6)	  0 (0) 	  19 (51.4)
8	 Clindamycin	  1 (2.7)	 3 (8.1)	 33 (89.2)
9	 Ampicillin	 0 (0)	 0 (0)	 37 (100)
10	 Meropenem	 25 (67.6)	 1 (2.7)	 11 (29.7)
11	 Erythromycin	 0 (0)	 0 (0)	 37 (100)
12	 Ceftriaxone	  18 (48.6)	  0 (0) 	  19 (51.4)

Table 4. Evaluating multi-antibiotic resistance (MAR) index of the isolates

Test isolate	 Sensitive to	  Resistant to	 MAR 
			   Index

Escherichia coli UFV 251	 MP, CTO, GN,	 AMX, PEF, CLN, AMP OFX, ERY, CH, TET, CPX	  0.75
Escherichia fergusonii APO3	 MP, CTO 	 AMX, PEF, CLN, AMP OFX, ERY, CH, TET, GN, CPX	  0.83
Escherichia coli Z1322 	 OFX	 AMX, PEF, CLN, AMP, ERY, CH, TET, CPX, MP, CTO, 	  0.92
PEC0229		  GN
Escherichia coli PL-AGW6	 MPN, PEF GN, 	 AMX, CLN, AMP, ERY, CH, TET, CTO	  0.58
	 PEF, OFX
Escherichia coli Saman5	 MP, CTO, GN	 AMX, PEF, CLN, AMP OFX, ERY, CH, TET, CPX	  0.75
 Escherichia coli ZK-1		  AMX, PEF, CLN, AMP OFX, ERY, CH, TET, CPX, 	  1.0
		  MP, CTO, GN

CPX = Ciprofloxacin, LEV = Levofloxacin, OFX = Ofloxacin, PEF = Pefloxacin, GN = Gentamicin, CTO = Ceftriaxone, AMX = Amoxicillin, 
ERY = Erythromycin, AMP = Ampicillin, MP = Meropenem, CH = Chlorampenicol, TET = Tetracycline
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with the results of the work done elsewhere.27 
The presence of measurable concentration of 
histamine, though at very low levels, one hour 
after tapping showed that histamine production 
by both native and contaminating histamine 
producers commences immediately after palm 
wine tapping. Though the concentration of 
histidine in this drink may be relatively low, its 
decarboxylation is of great significance to the 
health of the consumers especially in individuals 
who exhibit histamine pseudo-allergy in which a 
low concentration of histamine in the body can 
trigger a whole lot of observable adverse reactions 
affecting dermatological system (erythema 
and urticarial rash), gastrointestinal system 
(diarrhea with or without emesis, indigestion 
and abdominal discomfort) and cardiovascular 
system (hypotension and altered pulse rate.44 It 
has been reported that histamine accumulation 
of more than 40 mg/meal or 0.75 mg/kg body 
weight is considered hazardous.45 Pertaining to 
the duration of fermentation, our study reports 
average histamine content (mg/kg) of palm 
wine tapped from standing life palm tree (nkwu 
ellu) and chopped down palm tree (ekpo) to be 
values ranging from 1.00121e-4 to 9.82127e-2 and 
1.22120e-2 to 9.96332e-1, respectively. Significantly, 
the average quantity of histamine in ekpo is greater 
than that of nkwu ellu. The HPLC analyses of varied 
palm wine groups conducted at 1, 24, 48 and 72 
h post tapping demonstrated that the respective 
average quantity of histamine in ekpo was about 
120, 1299, 323 and 10 times greater than that 
of nkwu ellu (Table 1). The variation in the mean 
concentration of histamine made per unit time by 
the fermenters may be determined by the rate of 
fermentation and metabolism by these organisms. 
A freshly made ekpo and nkwu ellu, as evident in 
this work, contain little histamine because of the 
short time the fermentation has occurred. The 
proportional increase in the histamine constituent 
of the test wines up to 24 h during storage may 
be accounted for by the increase in the rate of 
fermentation resulting from the proliferating 
bacteria. However, we discovered that at 48-72 
h, both the stored ekpo and nkwu ellu showed a 
declining level of histamine in inverse proportion 
with time. The cause of the reduction in the level 
of histamine is not clear, but may be connected 
with bacterial involution and cell lysis due to 

accumulation of waste products and exhaustion 
of histidine content of the wines. Compared with 
the amount of histamine produced in ekpo, the 
amount produced in nkwu ellu is significantly 
lesser (P <0.05). The reason for higher amount 
of histamine in ekpo than in nkwu ellu may be 
due to the differences in production methods, 
microbial contamination level, histidine content 
and rate of fermentation. The ekpo is tapped 
from chopped down oil palm tree which is lying 
horizontally on the ground. The method is highly 
prone to contamination because the tapping site 
is always exposed to insects (mainly flies, ants and 
cockroaches), myriapods, rodents and reptiles. 
These animals (especially flies), after perching on 
the human or animal excreta or other reservoirs 
of infectious agents, would perch on the tapping 
site thereby contaminating the source of the 
ekpo palm wine. The nkwu ellu which is tapped 
from a standing life tree does not suffer animal-
associated contamination like ekpo palm wine. 
Another source of contamination of both drinks 
is green leaves used by the wine traders to cover 
the mouth of the containers as stoppers and 
also, to cover the jars of drinks to protect them 
from direct sunlight which hastens the activity of 
fermenters. By doing so, the rate of fermentation 
is retarded and the taste of the wines is preserved. 
However, the leaves are not sterile and contain 
some microorganisms which contaminate the 
drinks as both come in direct contact with each 
other. These sunlight-proof leaves are used more 
often in ekpo than nkwu ellu. Therefore, the more 
contaminated ekpo always favours histamine 
production because of the high microbial load 
and this might have contributed to higher amount 
of histamine in ekpo than in nkwu ellu, hence, 
the activity of the invaders (Escherichia spp.) 
and the native producers. Moreover, stemming 
from the histamine content of the two categories 
of palm wines, our findings support the work 
which reported that the methods of palm wine 
production affect the microbial quality of the sap 
and hence the histamine concentration.46 The 
average concentrations of histamine produced in 
both palm wines at 48-72 h are high and can be 
hazardous when the palm wine is consumed in 
large quantities. The portentous danger associated 
with the intake of these wines especially the 
ekpo is that many of the tappers or makers of 
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palm wine secretly mix old wines (48-72 h post 
tapping) with a newly made one, all in a bid to 
make more money. In such a situation, the high 
level of histamine in the old wines may expose 
the consumers to minatory risks especially in 
individuals that suffer histamine intolerance. HIPo 
or HITo may be suspected if a set of unexpected 
manifestations occurs in various ways following 
the ingestion of fermented palm wine. Such 
conditions/manifestations call for serious public 
health concerns and possible etiologic agents 
should be investigated. This is because some of 
the invading organisms such as the bacteria under 
study have the capability of producing exogenous 
histamine and more importantly, their leading 
position in the cause of different infections.47,48

	 In the current investigation, we genetically 
confirmed the presence of E. coli UFV 251, E. coli 
PL-AGW6, E. coli Saman5, E. fergusonii APO3 
and E. coli Z1322PEC0229 and E. coli ZK-1 in the 
test palm wines. Our findings that the strains of 
Escherichia species are in the drinks might be 
connected with the contamination of the wines 
through the tapping site, equipment, collecting 
gallons and/or calabash. More so, the detection 
of E. coli in this study underscores the point 
that contamination of the wine can occur at any 
stage of its production, which agrees with the 
report of investigation carried out elsewhere.49,50 
Again, the presence of E. fergusonii APO3 might 
be related to the application of impure water 
to the wine to increase its volume or due to 
its contamination by the tappers. According to 
Maheux et al.,51 E. fergusonii was cultured from 
water consumed by humans and animals and this 
added a new insight to the possible habitat of the 
non E. coli species. Furthermore, we investigated 
that the test isolates exhibited non-susceptibility to 
ciprofloxacin, amoxicillin, erythromycin, ampicillin, 
chloramphenicol and tetracycline, showing that 
they are multidrug resistant organisms. Our 
findings are in agreement with other researchers 
who reported that strains of E. coli are becoming 
increasingly insensitive to several antibiotics.52,53

	  We reported high multi-antibiotic 
resistance indices possibly because of several 
exposures to various antibiotics during treatments 
(Table 4). Regular exposure of bacteria to drugs 
gives room for antibiotic selection pressure. 

It is therefore, not surprising to note that the 
test isolates were totally resistant to most of 
the antibiotics under study. Escherichia species, 
especially E. coli known to be a leading human 
pathogen, inhabits the gut and has been exposed 
to antibiotics. This may have accounted for its high 
resistance index. 

CONCLUSION

	 This study observed high prevalence of 
multidrug-resistant Escherichia species with the 
capability to produce histamine in palm wines sold 
in Enugu-Ezike, Nigeria. Their capacity to synthesize 
histamine in palm wine poses a serious health 
threat and their non-susceptibility to antibiotics 
constitutes a serious therapeutic challenge. In 
light of the foregoing, there is an ominous public 
health risk associated with the presence and 
involvement of antibiotic resistant Escherichia 
species in histamine production in stored palm 
wine, as the wines are rendered unsafe for human 
consumption. Antibiotic treatment of histamine 
toxicity or poisoning associated with these strains 
may be defeated because there are no treatment 
options available or the number of such options is 
reduced to minimum due to antibiotic resistance. 
Therefore, proper hygiene and adequate control 
of palm wine fermentation conditions must be 
improved to ensure their safety.
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