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					ABSTRACT  

					ARTICLE INFO  

					Bacillus and Enterobacter species contaminate many types of food products. This study aimed  

					to determine the prevalence, histamine-producing ability and antibiotic resistance profiles of  

					Bacillus and Enterobacter species in African locust beans in Enugu State, Nigeria. One hundred  

					and fifty fermented locust bean samples were used in this study. Bacillus and Enterobacter  

					species were isolated and confirmed by molecular method and subsequently screened for  

					histamine production. Presence of histamine in the fermented samples was screened for, using  

					HPLC. The isolates were further subjected to antibiotic sensitivity tests using appropriate  

					methods. PCR techniques were used to dectect virulence factors in the isolates. Seventy (48.7%)  

					of the 150 samples screened harbours Bacillus species out of which 51, belonging to the strains:  

					B. anthracis KPRR6, B. subtilis RO-NN-1, B. subtilis 557 and B. subtilis J732 and Enterobacter  

					cloacae JL1112 were histamine producers. The susceptibility patterns show that more than 70%  

					of the Bacillus strains were resistant to at least 50% of the antibiotics used while sensitivity  

					levels were less than 20% in more than 90% of the strains. Gene encoding virulence factor: nheA  
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					gene in Bacillus and papC gene in Enterobacter were detected at 480bp and 200bp respectively.  

					reproduction in any medium, provided the original  

					author and source are credited.  

					The high prevalence of histamine producing, multidrug resistant Bacillus and Enterobacter  

					strains, with virulence factor gene, makes consumption of traditionally fermented locust bean  

					unsafe. Deliberate efforts to select appropriate fermenting strains and proper regulation of  

					fermentation conditions are therefore necessary to improve the safety of the product.  

					Keywords: Parkia biglobosa, Fermentation, Histamine producers, Multidrug resistance,  

					Virulence factors  

					Introduction  

					During this process, proteins in the seeds are broken down to its  

					Parkia biglobosa (African locust bean tree), which belongs  

					to Fabacea family and Mimosaceae sub-family, is a perennial  

					deciduous plant known to occur in varied environments, ranging from  

					the tropical rain forest to arid zones.1 Its pods contain both a sweet  

					pulp and valuable seeds. The plant is used for various purposes by  

					millions of West African homes.2 The P. biglobosa seeds contain  

					soluble sugars, proteins, lipids, carbohydrates, calcium, and have good  

					organoleptic properties.3 Seeds of leguminous plants such as locust  

					bean, oil bean, castor oil, mesquite bean and soy bean, in their natural  

					form, contain antinutritional and toxic contents which need to be  

					fermented for improved tastes and nutritional values.4 The locust bean  

					has also been reported to have medicinal activity in relief of  

					toothache.5 Fermentation of the seeds by certain bacterial species  

					brings about breakdown of its chemical components as well as  

					changes in the chemical environments.6, 7  

					component amino acids, which may be further acted upon to yield  

					different by-products.6, 8  

					Different bacterial species, especially the lactic acid bacteria have  

					been found to be responsible for fermentation of these leguminous  

					seeds. Researches show that locust bean, like other condiments, is  

					chiefly fermented by members of the genera, Bacillus, alongside other  

					species with lesser prevalence. The results of investigation of  

					organisms involved in this process show that Bacillus species  

					10  

					constitute the bulk of the isolates involved in the fermentation.9,  

					Various other reports also show that Bacillus species are the major  

					fermenters of African locust bean seeds.11,12,13,14 According to the  

					aforementioned reports, other microorganisms involved include  

					bacterial species such as Kurthia, Staphylococcus, Listeria and  

					Micrococcus, as well as fungal species such as Fusarium, Aspergillus  

					and Penicillium. Enterobacter species have been found to be  

					associated with cereal foods, playing roles in their fermentation or  

					causing disease to the crops. E. cloacae, particularly, has been  

					reported to cause disease of rice and other cereals, producing  

					symptoms resembling bacterial palea browning.15 The bacterial  

					species are common contaminants of foods, including traditionally  

					fermented products.16 Apart from its role in crop infection and  

					fermentation, it is also an opportunistic pathogen, affecting respiratory  

					and urinary tract, with antibiotic resistance property. 17, 18  
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					Histamine, the most biologically important of these amines results  

					from decarboxylation of histidine by the enzyme, histidine  

					decarboxylase (hdc), which removes the carboxyl terminal of the  

					amino acid.20, 21, 22 This process is greatly influenced by certain food  

					environments such as pH, salt concentration and fermentation or  

					storage temperature which are unregulated during crude processing of  

					the foods.8 When found in high concentration in foods, histamine can  

					cause pathologic changes in various body functions mediated by it.23  

					The toxic level of histamine in the body is found to be concentrations  

					above 40 mg/meal or 0.75 mg/kg body weight.23 Apart from the  

					toxicity of accumulated histamine, some of these microbial fermenters  

					have been found to be potential pathogens with high antibiotic  

					resistance indices.4 Consumption of the crudely processed locust beans  

					constitutes a health to the consumers, thus, necessitating the need for  

					well-regulated fermentation procedures. There are no evidence-based  

					records of scientifically and technologically sound processing methods  

					that eliminates the above sources of hazards. This study therefore  

					investigates histamine-producing potential and antibiotic resistance  

					profiles of Bacillus species and Enterobacter cloacae isolated from  

					fermented locust bean seeds, with a view to establishing the public  

					health hazards associated with its consumption in the area and  

					discovering the best strains of fermenters as well as the best  

					fermentation conditions that ensure public safety.  

					Sample Preparation  

					About 1 g of each of the samples were immersed in 2 mL of brain  

					heart infusion and thoroughly blended to create homogenous mixtures.  

					The mixtures were incubated for about 18 h at 37oC to revive the  

					organisms.  

					Isolation of Bacillus Species  

					A loop full of each of the incubated samples was then cultured on  

					duplicate plates of Mannitol Egg Yolk Polymyxin (MEYP) Agar and  

					incubated for 48 h at 30oC. Several colonies were transferred and  

					stored in a cryoprotectant (Nutrient broth/Glycerol, 80/20v/v) for  

					future use.24  

					Isolation of Enterobacter cloacae  

					Specimens were cultured on duplicate plates of MacConkey agar to  

					isolate members of enterobacteriaceae. Organisms with pink colonies  

					were further subjected to Sulfur indole motility (SIM) tests to isolate  

					Enterobacter species. Gram negative rods which are motile, indole  

					negative and sulfur negative were preserved in a cryoprotectant  

					(Nutrient broth/Glycerol, 80/20v/v) for future use.25  

					Screening for histamine production  

					Bacillus isolates were inoculated in duplicates onto Niven’s agar and  

					incubated aerobically for 72 h at 37 °C. Purple colonies were  

					indicative of histamine production.26 The purple colonies were then  

					streaked on Mueller-Hinton agar to obtain pure isolates. The isolates  

					were incubated in Mueller-Hinton agar slant at 37 °C for 72 h and then  

					preserved in the refrigerator for future use.  

					Materials and Methods  

					Test Samples  

					Fermented locust bean seeds obtained from the local markets across  

					the study area.  

					Culture media and other materials  

					Nutrient agar (IDH, China), Niven’s agar (Oxoid, UK), Conc.  

					Hydrochloric acid (Sigma Aldrich, Germany), Conc. Sodium  

					hydroxide (Molychem, India), 95% Ethanol (Sigma Aldrich,  

					Germany), Buffer solution,1:1(Labochem, India), pH meter (Hanna,  

					Italy), Glass rod (Pyrex, England), Micropipette (Alpha Surgicare,  

					China), Petri dishes (Alpha Surgicare, China), Bijou bottles (Lab  

					Tech, India), Cotton wool (Alpha Surgicare, China), Litmus paper  

					(Whatman, England) Gram-positive disc (Oxoid, UK), Distilled water  

					(Lion Water, UNN).  

					Molecular identification of histamine-producing bacillus Species and  

					Enterobacter cloacae  

					All presumptive Bacillus and Enterobacter species were subjected to  

					molecular identification. The DNA of the isolates was extracted with  

					the Quick-DNATM Fungal/Bacterial Miniprep Kit (Zymo Research,  

					Catalogue No. D6005). The 16S sub-unit was PCR-amplified with a  

					mix made up of 12.5µL of Taq 2X Master Mix from New England  

					Biolabs (M0270); 1µL each of 10µM forward and reverse primers  

					Galley Proof  

					(27F:  

					AGAGTTTGATCMTGGCTCAG  

					and  

					1525R:  

					AAGGAGGTGWTCCARCCGCA respectively); 2µL of DNA  

					template and then made up with 8.5µL Nuclease free water, with  

					cycling condition according manufacturers instruction as previously  

					described.4  

					Sample collection  

					One hundred and fifty (150) samples of fermented locust bean seeds  

					were randomly collected from selected local markets across Enugu  

					State between August and October, 2024. The samples were  

					transported to Microbiology laboratory and stored in the refrigerator  

					until future use.  

					DNA Sequencing  

					The amplified fragments were sequenced in the forward and reverse  

					direction (Nimagen, BrilliantDyeTM Terminator Cycle Sequencing  

					Kit V3.1, BRD3-100/1000) and purified (Zymo Research, ZR-96  

					DNA Sequencing Clean-up KitTM, Catalogue No. D4050. BigDye  

					terminator v3.1 cycle sequencing kit was used in the sequencing while  

					all genetic analysis were done with Bio- Edit software and MEGA X  

					as previously described.4  

					Quantifying histamine content of African locust bean by HPLC  

					Screening for presence of histamine from unfermented and fermented  

					African locust bean  

					Histamine was detected according to method described elsewhere.4  

					Forty (40) African locust bean samples, eight each from a group  

					according to the fermentation duration from the unfermented samples  

					through the first day and then to the alternate days to the seventh day  

					of fermentation, were used for evaluating the presence of histamine.  

					Histamine extraction and analysis were performed by modification of  

					the previously described techniques. About 10.00 mg of the triturated  

					sample was transferred into a 10 mLvolumetric flask and a 5%  

					trichloroacetic acid was added to the volumetric flask mark for  

					dilution, mixed for 1.7 min and sonicated for 7 min. From the solution,  

					300 ml was collected and diluted to 5 ml in a volumetric flask with  

					Figure 1: Map of Enugu State, the study area  
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					methanol:water (50:50). A 1 ml of the solution was collected and  

					filtered with membrane filter of size 0.45 μl.  

					primer; 2µL of DNA template and then made up with 8.5µL Nuclease  

					free water.  

					nheAF  

					nheAR  

					TACGCTAAGGAGGGGCA  

					GTTTTTATTGCTTCATCGGCT  

					Derivatization  

					A 100 ml of the agent for derivatization – orthorphthalaldehyde was  

					collected from the reagent vial and injected into the samples. The  

					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.  

					Cycling Conditions for the Gene amplification of nheAGene  

					The cycling condition consists of initial denaturation at 94˚C for  

					5mins, 36 cycles of denaturation at 94˚C for 30sec, annealing at 55˚C  

					for 30secs and elongation at 72˚C for 45sec. This is followed by a  

					final elongation step at 72˚C for 7 minutes and holding temperature of  

					10˚C.  

					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:methanol:phosphate-buffer (100  

					mmol/L) (1:8:9) and Mobile phase (B), Methanol:phosphate-buffer  

					(100 mmol/L) (80:20), with gradient of Min/A%B%, (8/75/25).  

					(12/67/33). (25/50/50). (30/0/100). (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.4  

					Cycling Conditions for the gene amplification of PapC gene encoding  

					virulence factor of Enterobacter cloaca  

					This involves denaturation at 94˚C for 5mins, 40 cycles of  

					denaturation at 94˚C for 30sec, annealing at 60˚C for 30secs and  

					elongation at 72˚C for 45sec. These were followed by a ﬁnal  

					elongation step at 72˚C for 7 minutes and holding temperature at 10˚C.  

					PapC F: GTGGCAGTATGAGTAATGACCGTTA  

					PapCR: ATATCCTTTCTGCAGCGATGCAATA  

					Results and Discussion  

					Antibiotic sensitivity testing  

					Prevalence of Bacillus and Enterobacter Species  

					A standardized inoculum was spread evenly onto duplicate plates of  

					Mueller-Hinton Agar (MHA) plates. The plates were incubated for 15-  

					minutes to allow for settling, and antibiotic placed aseptically on the  

					agar surface using sterile forceps. The plates were thenicubated at  

					37°C for 24 hours and the average diameter of the clear zone  

					surrounding each disc was measured in millimeters and recorded. The  

					isolates were then classified based on the size of inhibition zones as  

					resistant, intermediately susceptible or susceptible to each antibiotic,  

					according to the CLSI (Clinical Laboratory Standard Institute)  

					guidelines.27, 28, 29  

					Of all 150 locust bean samples screened, 73 (48.7%) habouredBacillus  

					species, while 51 of the 73 (34%) isolates were histamine producers  

					(Table 1). Molecular identification confirmed them to be B. anthracis  

					KPRR6, B. subtilis RO-NN-1, B. subtilis 557 and B. subtilis J732.  

					Their respective unique accession numbers are PQ220298, PQ220302,  

					PQ220303  

					and  

					PQ279537.  

					Similarly,  

					15  

					(10.0%)  

					habouredEnterobacter specie, out of which 5 (3.3%) were histamine  

					producers. Its unique accession number is PQ220297 (Table 1 and 2).  

					The prevalence rate of Bacillus (48.7%) in this study projects it as one  

					of the most occurring species of fermenters, considering the possible  

					Galley Proof  

					presence of other fermenters, which agrees with earlier studies.11,  

					12  

					Screening for Gene encoding virulence factor- nheAgene in Bacillus  

					spp and PapCGene  

					Gene amplification of the bacterial isolate  

					The PCR mix is made up of 12.5µL of Taq 2X Master Mix from New  

					England Biolabs (M0270); 1µL each of 10µM forward and reverse  

					Enterobacter, on the other hand, with prevalence rate of 10.0% is not  

					among the prominent fermenters of this food (Table 1). Its presence  

					however raises concern due to its pathogenic attribute.17, 18  

					Table 1: Prevalence of histamine-producing bacteria (N = 150)  

					S/N  

					Test bacteria  

					Number of isolates  

					Histamine-producing isolates  

					1

					Bacillus spp  

					73 (48.7%)  

					51 (34%)  

					2

					Enterobacter cloacae  

					15 (10.0 %)  

					5 ( 3.3% )  

					N = Sample size  

					Table 2: DNA sequencing results for histamine-producing bacteria  

					Sample Id  

					Scientific Name  

					Strain  

					Max  

					Score  

					1711  

					Total Score Query Cover E value  

					Per. Ident  

					Unique Accession  

					1

					2

					3

					4

					5

					Bacillus anthracis  

					Bacillus subtilis  

					Bacillus subtilis  

					Bacillus subtilis  

					KPRR6  

					RO-NN-1  

					557  

					1711  

					1406  

					1692  

					998  

					99%  

					98%  

					99%  

					99%  

					96%  

					0

					0

					0

					0

					0

					100.00%  

					99.74%  

					96.44%  

					99.82%  

					98.23%  

					PQ220298  

					PQ220302  

					PQ220303  

					PQ279537  

					PQ220297  

					1406  

					1692  

					998  

					J732  

					Enterobacter cloacae JL1112  

					2174  

					2174  

					N = number of histamine producing isolates, n = number of isolates showing different pattern of susceptibility, % = percentage showing different  

					pattern of susceptibility  

					Some of these fermenters secrete histidine decarboxylase enzyme,  

					HPLC analysis of fermented and unfermented locust bean seeds  

					The quantities of histamine detected in the samples were found to be  

					proportional to the fermentation durations. Average histamine levels  

					foe 1 day, 3 day, 5 day and 7 day fermentation durations were 1.33322  

					e-4, 3.45312 e-2, 7.21027 e-1 and 9.99927 e-1 respectively. Thus, the  

					average histamine level in all the groups of fermented seeds is 4.38905  

					e-1. No histamine was detected in the unfermented seeds (Table 3).  

					which converts histidine present in foods or drinks to histamine during  

					fermentation of these items. Though this is not the original intent of  

					the fermentation, the undesired product is of great public health  

					concern as it accounts for several pathologic conditions with  

					untraceable causes. The processing conditions of these foods further  

					encourage histamine production due to lack of technology in these  

					localities. Thus, according to the results of our previous research,4  
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					unregulated conditions of certain parameters such as temperature, pH  

					and salt concentration within the food medium boost the growth of the  

					organisms or favour the production of histamine within the food, as  

					can be seen in the above result (Table 3). According to previous  

					studies, histamine intolerance (HiIt) is a world-wide food-associated  

					disease with an incidence rate of 7-12% among all age groups.30, 31, 32,  

					bradycardia.35 In the present study, it can be observed that about 70%  

					of the Bacillus isolates and 33% of Enterobacter isolates are histamine  

					producers (Table 1), thus, placing the unsuspecting consumers at a  

					high risk of HiIt. Although, the original intent of these microbial  

					involvement is to probiotically improve the food qualities, isolation of  

					these histamine producers from the food suggests conditional  

					pathogenicity of thsese species. These histamine making capacity and  

					the exhibition of diverse physiologic abilities allow these organisms to  

					thrive well in every natural environment,36 thereby spreading the hdc  

					gene and antibiotic resistance.  

					33, 34  

					HiIt is a kind of pseudo-allergic hypersensitivity reaction that  

					causes varied ominous infirmities and disabilities affecting many  

					systems of human body.37 In individual with HiIt, a very low blood  

					level of this histidine derivative has the propensity of eliciting pseudo-  

					allergies such as gastroenteritis, skin rash, hypotension and  

					Table 3: Histamine constituent of the fermented and unfermented locust bean obtained by HPLC enhanced integrator analysis  

					Group of test samples based on the No of samples Average quantity per group in mg/kg Mean amount of all the test sample  

					duration of fermentation  

					per group  

					Group 1 (Unfermented locust bean)  

					8

					0.00000  

					0.0000  

					Group 2: (I day )  

					Group 3: (3 days)  

					Group 4: (5 days)  

					Group 5: (7 days)  

					8

					8

					8

					8

					1.33322 e-4  

					3.45312 e-2  

					7.21027 e-1  

					9.99927 e-1  

					4.38905 e-1  

					Antibiotic Sensitivities of the Histamine-producing Bacillus and  

					Enterobacter Isolates  

					Enterobacter species make the food somewhat unsafe for  

					consumption, more so, when the consumers of these items are  

					suffering from histamine intolerance and /or immunosuppression  

					Bacillus anthracis, the causative agent of anthrax, is the only obligate  

					pathogenic Bacillus in vertebrates. Many other Bacillus spp,  

					especially B cereus and B subtilis occasionally cause eye infections,  

					wound infections, septicemia, meningitis and otitis media and otitis  

					intima.36 However, with instances of horizontal gene transfer among  

					Bacillus species, 37, 38 spread of virulence factor gene from B. anthracis  

					to other species is possible which further increase the risk associated  

					the food.  

					The Bacillus and Enterobacter strains were exposed to different  

					antibiotics. The susceptibility patterns show that more than 70% of the  

					Bacillus strains resisted at least 50% of the antibiotics used. The  

					sensitivity levels generally are less than 20% in more than 90% of the  

					strains. The sensitivity pattern did not show preference to a particular  

					class of antibiotics (Table 4). The level of antibiotic resistance of the  

					isolates further aggravates the public health hazard occasioned by the  

					histamine producers (Table 4). The combined effects of the presence  

					of histamine and antibiotic resistance profiles of the Bacillus and the  

					Galley Proof  

					Table 4: Antibiotic susceptibility pattern of histamine-producing bacteria.  

					S/N  

					Antibiotics  

					Resistant  

					(n(%))  

					Bacillus spp  

					(N= 51)  

					Intermediate  

					(n(%))  

					Sensitive  

					(n(%))  

					Resistant  

					(n(%))  

					Enterobacter  

					cloaca (N=5)  

					Intermediate  

					(n(%))  

					Sensitive  

					(n(%))  

					1

					Amoxicillin  

					Chloramphenicol  

					Levofloxacin  

					Cloxacillin  

					9(17.6)  

					36(70.6)  

					43(84.3)  

					0(0)  

					0(0)  

					42(82.4)  

					8(15.7)  

					0(0)  

					5(100)  

					5(100)  

					2(40)  

					4(80)  

					2(40)  

					0(0)  

					0(0)  

					0(0)  

					2

					7(13.7)  

					8(15.7)  

					0(0)  

					0(0)  

					0(0)  

					3

					1(20)  

					1(20)  

					1(20)  

					1(0)  

					2(40)  

					0(0)  

					4

					51(100)  

					0(0)  

					5

					Ciprofloxacin  

					Gentamicin  

					Ofloxacin  

					51(100)  

					47(92.2)  

					45(88.2)  

					43(84.3)  

					26(51)  

					0(0)  

					2(40)  

					5(100)  

					2(40)  

					1(20)  

					0(0)  

					6

					0(0)  

					4(7.8)  

					2(3.9)  

					8(15.7)  

					0(0)  

					7

					4(87.8)  

					0(0)  

					2(40)  

					3(60)  

					5(100)  

					0(0)  

					1(20)  

					1(20)  

					0(0)  

					8

					Clindamycin  

					Erythromycin  

					Ceftriaxone  

					9

					25(49)  

					8(15.7)  

					10  

					34(66.7)  

					9(17.6)  

					2(40)  

					3(60)  

					N = number of histamine producing isolates, n = number of isolates showing different pattern of susceptibility, % = percentage showing different  

					pattern of susceptibility  

					Virulence Factor Gene  

					Strains of Bacillus subtilis harbour the nheA gene which encodes the  

					virulent factor in Bacillus species. This gene was detected at 480bp.  

					Also the strain of Enterobacter cloacae habours PapC gene was  

					detected at 200bp (Figure 2 and 3). Thus, this research work found  

					that the genes encoding virulence factors, nheAand papC genes, were  
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					present in the strains of Bacillus subtilis and Enterobacter cloacae  

					respectively isolated from this food (Table 2). nheA gene is a gene  

					encoding non-hemolytic enterotoxin and as a result, B. subtilis be  

					implicated in the outbreak of food poisoning.39  

					prevalence of histamine producing, multi antibiotic resistant Bacillus  

					species with the virulence factor gene makes consumption of  

					traditionally fermented locust bean unsafe. Deliberate efforts to select  

					appropriate fermenting strains and proper regulation of fermentation  

					conditions is therefore necessary to improve the safety of the product.  

					It is therefore pertinent to note that traditional fermentation of locust  

					bean is not entirely a safe process. Unfortunately, the local processors  

					lack both the knowledge and the technology for this regulation and the  

					general public had continued to suffer the hazard therein.  
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Gel image showing the amplification of the PapC gene at
200bp. Lane 1= Enterobacter cloacae, lane -ve =negative no
template control, lane M =50bp DNA ladder.
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Gel image showing the amplification of the nheA gene in Bacillus
Subtils at 480bp. Lane M is a 50bp DNA ladder, lane -ve is a negative no
template control.
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