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ABSTRACT 
	
AIMS: The study aimed to assess the prevalence and quantification of aflatoxin levels in groundnut flour sold in local markets in the central and southern regions of Malawi. Specifically, to determine aflatoxin (B1, B2, G1, and G2) levels in groundnut flour (nsinjiro). Liver cancer caused by aflatoxins is to blame for 6,344 deaths in Malawi, yet nsinjiro is the cheapest means of confectionery for many Malawians.
STUDY DESIGN: The research was conducted intentionally in two specific regions, among the most productive groundnut regions in Malawi, where groundnuts are also consumed in substantial quantities. 
PLACE AND DURATION OF STUDY: This study was conducted in local markets in the Central and Southern Regions of Malawi between January and February 2023.
METHODOLOGY: Aflatoxin levels were assessed in 38 groundnut flour samples. The local market list was obtained from the Ministry of Local Government Office. Samples were randomly purchased from vendors/sellers in the local markets. Aflatoxin (b1, b2, g1, and g2) levels in groundnut flour were analyzed using the high-performance liquid chromatography method to quantify the true preponderance of each aflatoxin. The data were analyzed using the statistical program for social scientists (SPSS), and results were reported as means and standard deviation (mean ± SD). 
RESULTS: The findings revealed that 37 of the 38 samples examined were contaminated with aflatoxin, with total aflatoxin levels ranging from 0 to 77.08 ± 16.50 ppb, which is higher than the permitted 3-ppb limit in Malawi. Twenty-eight samples overall exceeded the thresholds for the Malawi Bureau of Standards. 
CONCLUSION: The study has generated baseline information for Government Sectors and Agencies to enact policies aimed at improving food Safety Regulations, and these results indicate that the Groundnut Flour Studied Was Susceptible to Aflatoxin Contamination; Hence, Aflatoxin Monitoring In Groundnut Flour before Marketing is required.
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1. INTRODUCTION 
The world's most significant food crop is groundnut (Arachis hypogaea L.). In 2019, it was projected that the world would produce 47.09 million metric tons [1].
The world’s total groundnut production was 39.75 million metric tons, and Sub-Saharan African countries contributed 27.6% [2]. 
Malawi is one of the top groundnut-producing countries in East and Southern Africa, and it is mostly cultivated by local farmers [3]. 
It is produced for consumption, trade, and animal feed [3, 4].
However, a survey done in Malawi found that farmers, in particular, have very little access to information about aflatoxin [4].
Vendors process some groundnuts into flour (nsinjiro) for sale [5].
They sell it in various local markets [6].
Groundnut flour can be consumed in various forms in Malawi [7].
Malawians consume groundnut flour mostly daily [8].
Regular consumption of groundnut flour leads to aflatoxin exposure [9]. 
Aflatoxins are poisonous metabolic substances produced by Aspergillus parasiticus and Aspergillus flavus [10].   
Aflatoxins cause cancer and stunted growth, and are lethal [11]. 
Temperature, relative humidity, and moisture content are some of the favorable conditions for the production of aflatoxins [12].
In Malawi, aflatoxin contamination mostly affects groundnut output and consumption. 
There are more than 18 different varieties of aflatoxins that have been discovered so far, but only aflatoxins B1, B2, G1, and G2 are deadly and common [13]. 
Numerous studies indicate that the various types of aflatoxins exhibit a toxicity hierarchy (from chronic to acute), and aflatoxin poisoning goes in the following order: B1 > G1 > B2 > G2 [14]. 
Because of the reports of major health issues, food and feed that contain aflatoxins are dangerous to consume [15]. 
Due to the risks involved with consuming food and feed that contain aflatoxin, aflatoxins have emerged as a significant global problem for food safety, compelling experts to continue their investigations [16].
The deleterious effects of aflatoxins have attracted global attention [16]. Studies reveal that liver cancers brought on by aflatoxin are to blame for 6,344 deaths in Malawi [6].  
Aflatoxin exposure in children promotes stunting and puts them at risk for additional illnesses, including malaria [17].
Unsafe levels of aflatoxin-contaminated groundnut products purchased from local markets beyond the global regulatory limit have been identified and reported by researchers [18].
ISO 16050 states that the allowable level of aflatoxin B1 and total aflatoxins in nsinjiro in Malawi shall not be greater than 5 ppb and 10 ppb, respectively [19].
It is for this reason that, for food intended for human consumption, regulatory maximum restrictions are already in place in the majority of nations [20]. 
Around the world, various tropical and subtropical countries, including Malawi, widely cultivate and consume groundnuts and their derived products.
The world's top groundnut producers include China, India, the United States, Nigeria, and Sudan [21, 22]. 
The world's groundnut production has increased as a result of its nutritional and economic relevance [23]. 
Groundnut production accounts for more than half of the nation's entire output and is produced in the Central region [6].
Groundnuts add nutritious value to the predominantly maize-based diet of Malawi [24]. Vendors or middlemen usually buy unshelled groundnuts from farmers in remote areas, bring them to local markets, where they shell them either manually or using an electronic groundnut shelling machine, and then mill some of them into nsinjiro for sale [25].
Agricultural households in Malawi consume groundnuts and groundnut-derived products such as nsinjiro at least three times per week [9]. 
Local markets, particularly the informal, poorly regulated groundnuts flour markets, have emerged as significant targets for groundnuts that don't adhere to the standards for food safety set by export markets [8].
The majority of peanuts purchased locally are sold in markets with lax regulations and are not regularly checked or tested for aflatoxin contamination [26].
Several research investigations that examined groundnuts, including groundnut product samples collected from different local markets, found that aflatoxin contamination is still a significant issue in Malawi [8, 27]. 
The groundnut production and consumption in Malawi varied from 2014 to 2020. 
[image: ]The graph (Figure 1) depicts groundnut local production and consumption in Malawi. 
Figure 1. Groundnut production versus consumption in Malawi
Source: FAO Statistics database [2]
There were significant fluctuations in both groundnut production and consumption. Groundnut output was smaller at the beginning of the analysis period than local consumption.
This indicates that there were not enough groundnut reserves to meet Malawi's rising consumption in the 2013–2014 growing season.
Due to the extreme drought circumstances prevalent in that particular time frame, less groundnut was grown during the 2015–16 growing season, which may be the reason for the production decline. 
This also shows that during 2017 through 2020, the local production of groundnuts was slightly higher than their consumption. Nevertheless, the duration of the study finally ended with higher groundnut production that was just a little bit above local consumption for the 2019–20 growing season.
For human nutrition, nsinjiro is a good source of nutrients, and its typical amount is 48 % fat, 26 % protein, 17 % carbohydrates, 2 % fiber, and 2 % ash content [7]. 
Groundnut flour is used as a condiment or groundnut oil in traditional recipes by households [7]. 
Groundnut flour is normally combined with conventional foodstuffs and consumed almost 3 times per week [28]. 
Groundnut flour is consumed together with leafy vegetables, even sometimes it is also added to porridge made from other cereals [8].
According to Onawo and Adamu [29], groundnut oil lowers cholesterol and considerably reduces the risk of heart disease. 
Aflatoxin B1 is the most frequently found in cereal and legume foodstuffs [30]. 
Aflatoxin levels in groundnut flour sold in Malawian markets are not yet known due to a lack of published information or insufficient data in the literature [31]. 
Hence, their nature and extent of distribution need to be documented as the basis for intervention programs in Malawi. 
Previous comparable research formed the basis for the conceptualization, design, and execution of this investigation. 
This study, therefore, aims to assess the prevalence and quantification of aflatoxin levels in groundnut flour offered in local retail market outlets around central and southern regions of Malawi.
2. Materials and methods 
2.1 Study design
The research was conducted on purpose in 2 specific regions among Malawi's most productive groundnut regions, where groundnuts are consumed in substantial quantities.
They comprised Central and Southern, which harbour the majority of local markets, such as Nkhamenya, Chatoloma, Chamama, Kasungu, Nkanda, Mchinji, Kamwendo, Mponela, Nambuma, Dowa, Lumbadzi, Mvera, Mitundu, Lilongwe, Dedza, Salima, Manjawira, Balaka, Ulongwe, Liwonde, Mwanza, Zalewa, Chingale, Zomba, Govara, Lunzu, Mbulumbuzi, Njuri, Chiradzulu, Ndirande, Blantyre, Limbe, Nkando, Goliati, Bvumbwe, Thyolo, Mulanje, and Muloza. 
A purposive sampling technique was used to select the local markets where groundnut flour marketing takes place. 
The vendors/sellers in each local market were selected following simple random sampling techniques. 
Data was collected three times during the study.
[bookmark: _Hlk202975883]2.2 Study Area 
A partial map of Malawi showing some local markets where groundnut flour samples were purchased (Figure 2).
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Figure 2. A partial map of Malawi displaying the study markets                  
Source: Author’s construct (2023)
Malawi is found in the southern part of Africa. 
It is a landlocked country that borders Tanzania, Zambia, and Mozambique.
Both land and water, mostly Lake Malawi, make up its 118,480 sq. km of total land area. 
It is situated between longitudes 32° and 36° E and latitudes 9° and 18° S. 
Politically, Malawi is divided into three regions: the North, the Centre, and the South. 
The weather of Malawi is typically tropical, with warm temperatures between November and April, and 90 % of the year's precipitation comes from equatorial rains. 
From September to April, maximum temperatures in the lower Shire Valley and along the lake average around 27 to 29 °C (80.6 to 80.6 °F) [32]. 
With typical annual temperatures ranging between 22 and 18 degrees Celsius and rainfall varying between 900 to 1,500 mm every year, Malawi's central region is located at an elevation of between 1,300 and 1,700 meters above sea level [33]. 
A rain shadow zone covers most of Malawi's southern area; it experiences minimum and maximum temperatures of 14 and 32 °C receives about 800 mm of rainfall on average every year. 
The primary food crop is maize, which is occasionally interplanted with groundnuts [34].  
The groundnut growing season lasts from mid-April until the end of May, with crops being seeded in November or December.
This study was conducted in local markets in the Central and Southern Regions of Malawi.
Based on literary sources, the Central Region of Malawi produces more than half of the nation's groundnuts [7].  
[bookmark: _Hlk202975277]2.3 Sampling Procedure 
2.3.1 Sampling Approach 
The purposive sampling technique was used for the selection of the local markets in three regions. 
However, the selection of vendors in the markets was done using a simple random sampling technique after the observational survey. 
Due to their predominance in the production of groundnuts and groundnut flour marketing, 2 of the 3 regions were purposefully selected. 
From each region, formal local markets from the list of markets obtained from the Ministry of Local Government office were picked based on where groundnut flour marketing takes place.
In the last stage, at least 5 and ut most 10 groundnut flour vendors/sellers were selected in each local market. 
Then, vendors/sellers from whom the groundnut flour was purchased were picked. 
A total of thirty-eight (n = 38) of 71 local markets were selected for the study.
2.3.2 Data collection procedure 
Immediately after being granted the Ethical Clearance Approval for the study by the Institutional Review Board of the University of Cape Coast (ID (UCCIRB/CANS/2022/53)), primary data collection from various retail local market outlets in Malawi started (during the daytime) between January and February 2023. 
A total of thirty-eight (n = 38) dry and processed groundnut flour samples were randomly purchased from vendors/sellers. 
The Ministry of Local Government Office provided a list of the local markets in each region, which was then used to compile a representative sample. 
In the Central region, samples were purchased from sixteen (16) of thirty-two (32), while in the Southern region, twenty-two (22) samples were purchased from thirty-nine (39) local markets, respectively. 
One kilogram (1 kg) of groundnut flour was purchased for each sample, gathered from various locations in the vendor's container, and well mixed. 
The sample was purchased based on the samples that each vendor/seller had on hand. 
Samples were collected, tagged with the market's code name, divided into two halves, and then packed in polyethylene plastic Zip-Lock sachets (made in China). 
The first portion was kept as a backup while the second portion was used directly for determining the levels of aflatoxin. 
To rule out any risk of leakage, the package's zip was carefully examined and kept in an insulated cooler box to prevent moisture changes caused by the environment. 
Later, samples were transferred to the University of Cape Coast’s Africa Centre of Excellence for Food Fraud and Food Safety (AFriFoodinTegrity Centre) laboratories in Ghana. 
While awaiting analysis, samples were stored in a deep freezer.  
2.4.3 Determination of Aflatoxin Levels in Groundnut Flour Samples
[bookmark: _Hlk202975488]2.3.3 Sample Extraction 
Using the European Council for Standardization (CEN) methodology EN14123 [35] for aflatoxin extraction, AFB1, AFB2, AFG1, and AFG2 were removed from samples accordingly. 
Precisely 25 g of groundnut flour samples were extracted in an 80:20 ratio of methanol and distilled water with 5 g of analytical-grade sodium chloride (NaCl) and 200 mL of methanol in a distilled water mixture. 
Samples with more than 50 % fat were mixed with hexane (100 mL) and homogenized for 3 minutes at 3000 and 3500 revolutions per minute, respectively. 
Two organic layers resulted from the mixture: a top layer made of hexane and a bottom layer made of methanol. 
Whatman number 4 filter paper (Whatman International Ltd., Maidstone, Kent, UK) was used to remove the lowest layer of methanol from the liquid. 
60 mL of phosphate buffer saline (PBS) and 10 mL of methanol were added, and the extracts were filtered.  
Aflatoxin-specific immunoaffinity columns for AFB1, AFB2, AFG1, and AFG2 were pre-conditioned for solid-phase extraction. 
Using columns attached to vacuum manifolds, 10 mL of Phosphate Buffer Saline (PBS) was eluted through them at a flow rate of 3 mL/minute to activate the antibodies in the columns. 
The pre-conditioned immunoaffinity column that was designed to be specific for aflatoxins was loaded with the full filtrate-PBS mixture in 70 mL and gravity-drained.  
After the columns had been cleaned three times with 15 mL of distilled water, methanol (HPLC grade) was allowed to elute from the columns at a flow rate of 5 mL/minute. 
To remove all wash solvent molecules from the column, the air was pumped through it using a vacuum pump. 
After eluting aflatoxins with 0.5 mL of methanol (HPLC grade) and 0.75 mL of methanol after a minute, aflatoxins were extracted in two steps into a 5 mL vial and then allowed to elute naturally by gravity. 
The air was blown through the column to gather all of the eluates. 
Five milliliters of distilled water were used to create the eluate and eluate vortexes, and two milliliters were then injected into HPLC vials for measurement.
High-performance liquid chromatography configuration;
HPLC system: Agilent 1260 Infinity Quaternary Pump LC (Germany) with Fluorescence Detection Column: TC-C18 (2), 170, 5 μm, 4.6 × 250 mm; thus, the pore size of 170, the particle size of 5.0 μm, inner diameter of 4.6 mm, length of 250 mm and carbon load of 12 %, column temperature: 35 °C, injection volume: 10 μl, flow rate: 1 ml/minute, fluorescence detector at excitation wavelength: 360 nm, emission wavelength: 440 nm, mobile phase composition: water/acetonitrile/MeOH (65:15:20 v/v/v), post-column derivatization: Kobra cells. 
Column Parameters for HPLC
Spherisorb ODS1-Excel (4.6 mm x 25 cm), 5 μm particle size, 250 thus pore size.
Supplier of Column R-Biopharm, Block 10 campus, West Scotland Science Park, Acre Road, Glasgow, Scotland G20 OXA.
2.3.4 Sample Analysis  
HPLC was employed to estimate the levels of aflatoxins present in groundnut flour samples (Agilent 1260 Infinity Quaternary Pump LC, Open-Lab software, X-bridge column, 250 mm x 4.6 mm, i.d., 5 μm), USA, using a fluorescence detector and post-column derivatization using Kobra cells, which produce bromine electrochemically. 
LOD values for AFB1, AFB2, AFG1, and AFG2 were 0.20 ppb, 0.17 ppb, 0.26 ppb, and 0.36 ppb, respectively, at the Council for Scientific and Industrial Research (CSIR)-Food Research Institute, Ghana. 
2.3.4.1 Limit of detection/quantification (LOD/LOQ) 
The limit of detection and quantification of the HPLC was calculated by building a calibration curve around the smallest standard used for spiking, 5 ppb (the lowest concentration range of the calibration curve). 
Since Blank did not produce any signal, the LOD and LOQ were determined as follows:

LOQ=3 × LOD
2.3.4.2 Measurement of precision
To verify the measurement accuracy of the assay, a pure aflatoxin standard (provided by Trilogy Lab, USA) solution was spiked. 
Pure aflatoxin standards at concentrations of 2.5 ppb, 5 ppb, 10 ppb, 15 ppb, and 20 ppb were used to perform a five-point calibration. 
Pure standards' peak volumes were computed as:

Typical HPLC chromatograms of aflatoxin standards at concentrations of 2.5, 5, 10, 15, and 20 ppb used to perform a five-point calibration are presented in Figure 3.
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Figure 3. HPLC Chromatograms of standards at different concentrations.
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To confirm the measurement accuracy of the procedure, repeatability and intermediate precision evaluations of an Internal Reference Material (IRM) were performed. 
For the repeatability analysis, the same analyst simultaneously performed 10 parallel IRM extractions using the same HPLC, and the relative standard deviation of the data was computed. 
For intermediate precision, 10 IRM extractions were performed on various days by analysts, and the relative standard deviation of the results was calculated. 
The following calculations for the relative standard deviations were made:

2.3.4.4 Required performance standards for precision and accurac
Repeatability: Among repeatable outcomes, the relative standard deviation must be under 15 %. 
Reproducibility: Results acquired under settings of intermediate precision should have a relative standard deviation smaller than 20 %. 
Recovery: The percentage recovery for the measuring technique should fall between 80 and 120 %.
Linearity: For AFB1, AFB2, AFG1, and AFG2, the linearity from the regression curves should not be less than 0.90 (Fig 4).
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Figure 4.: Regression curves of aflatoxins (B1, B2, G1 and G2) respectively
2.3.4.5 Results of experimental data 
Good linearity or coefficients of correlations (R² > 0.90) within the tested range was obtained for groundnut flour samples, as shown in Figure 5.
Repeatability for aflatoxin: Standard deviation calculated was AFB1 = 4.71 %, AFB2 = 6.88 %, AFG1 = 6.47 %, AFG2 = 8.07%, and AFtotal = 5.98 %.
Reproducibility: Standard deviation calculated was AFB1 = 13.23 %, AFB2 = 13.41 %, AFG1 = 13.71 %, AFG2 = 12.16%, and AFtotal = 13.33 %.
Recovery: The measuring procedure's recovery percentage was, at low concentration, AFB1 = 102.8 %, AFB2 = 113.6 %, AFG1 = 98.8%, AFG2 = 100.8%, and AFtotal = 108.2%, and at high concentration, AFB1 = 98.3 %, AFB2 = 95 %, AFG1 = 102.15 %, AFG2 = 98.8%, and AFtotal = 102.3 %.
 Linearity: A regression curve's linearity revealed; AFB1 = 0.96169, AFB2 = 0.94864, AFG1 = 0.95693, and G2 = 0.93345.
Chemicals;
Methanol, hexane, and acetonitrile of HPLC grade were bought from VWR Chemicals in France; deionized water was purchased from Millipore Co. in Bedford, Massachusetts, in the United States of America. 
Using PBS tablets from Sigma-Aldrich, distilled water was used to create a phosphate-buffered solution (PBS). 
Sourced from Sigma-Aldrich was sodium chloride (reagent grade, 99.0 %). Trilogy Lab, located in the United States, supplied a mixed standard solution of AFB1, AFB2, AFG1, and AFG2 dissolved in methanol.
2.3.4.6 Safety precautions and limitations 
Since aflatoxins are cancer-causing substances, only well-ventilated fume hoods were used to handle solutions, extracts, and samples, and disposable latex gloves were worn at all times.
Laboratory equipment, pipette tips, and reagent components were cleaned of any remaining aflatoxin residues using a 10 % solution of regular household bleach before being discarded.
Aflatoxin spills were unintentionally cleaned up with 5 % NaOCl bleach.
2.5 Data Analysis
The statistical analysis was performed using the IBM Statistical Program for Social Scientists (SPSS), version 20 (IBM Inc.). 
Descriptive statistics were used to summarize the data. 
The aflatoxin concentrations were calculated using regression analysis from the curves derived from the standards of the aflatoxins with Excel for Microsoft Windows (version 10). 
Mean and standard deviation (Mean ± SD) of triplicates and ranges, including percentages, were used to report descriptive statistical analysis. 
The discrepancies between the sample mean values were compared using analysis of variance (ANOVA).
3. Results and discussion
[bookmark: _Toc151015945][bookmark: _Toc151024260][bookmark: _Toc151537531][bookmark: _Toc151537658][bookmark: _Toc150953963]Typical HPLC chromatograms of the aflatoxin (B1, B2, G1, and G2) separation of the components from groundnut flour samples were presented in Figure 5
[image: ]Figure 5. Typical HPLC Chromatograms of aflatoxins separation 
Levels of aflatoxin contamination in groundnut flour are presented in Tables 1 and 2, respectively. 









Table 1: Levels of Aflatoxin in Groundnut Flour (Central Region)
	[bookmark: _Toc139900807][bookmark: _Toc139953366][bookmark: _Toc140146765][bookmark: _Toc140147133][bookmark: _Toc140148567][bookmark: _Toc141105727][bookmark: _Toc141109122][bookmark: _Toc141362563]Aflatoxin concentrations (ppb)

	Market
	AFB1
	AFB2
	AFG1
	AFG2
	AFtotal

	CA
	8.45±0.51
	3.91±0.09
	0.60±0.53
	n.d
	12.96±1.13

	CMA
	1.94±0.15
	0.97±0.06
	1.00±1.73
	n.d
	3.90±1.94

	DA
	0.33±0.58
	n.d
	n.d
	n.d
	0.33±0.58

	DZ
	n.d
	n.d
	10.88±1.21
	3.23±0.42
	14.11±1.62

	KO
	5.90±0.27
	3.67±0.58
	3.47±0.99
	1.33±0.58
	14.37±2.41

	KU
	2.20±0.46
	3.67±2.08
	1.32±0.89
	0.33±0.58
	7.52±4.02

	LD
	0.33±0.58
	n.d
	n.d
	n.d
	0.33±0.58

	LL
	10.49±1.18
	n.d
	n.d
	n.d
	10.49±1.18

	MA
	6.67±2.52
	1.00±0.00
	n.d
	n.d
	7.67±2.52

	MC
	0.33±0.58
	n.d
	n.d
	n.d
	0.33±0.58

	MD
	0.67±1.16
	0.33±0.58
	n.d
	n.d
	1.00±1.73

	MP
	1.33±1.53
	0.33±0.58
	n.d
	n.d
	1.67±2.11

	MV
	7.32±2.09
	3.67±0.58
	2.00±0.00
	1.00±0.00
	13.98±2.67

	NA
	1.00±1.00
	n.d
	n.d
	n.d
	1.00±1.00

	NKA
	9.39±0.56
	4.40±0.44
	1.33±1.15
	0.33±0.58
	15.45±2.73

	SA
	1.72±0.15
	6.99±0.06
	2.13±0.01
	0.33±0.58
	11.18±0.82


Notes: The means ± standard deviations of triplicate determination values were presented. 
N. d. = not detected 
Key: CA = Chamama, CMA = Chatoloma, DA = Dowa, DZ = Dedza, KO = Kamwendo, KU = Kasungu, LD = Lumbadzi, LL = Lilongwe, MA = Mkanda, MC = Mchinji, MD = Mitundu, MP = Mponela, MV = Mvera, NA = Nambuma, NKA = Nkhamenya, and SA = Salima local market. 


















 
Table 2: Levels of Aflatoxin in Groundnut Flour (Southern Region)
	Aflatoxin concentrations (ppb)

	Market
	AFB1
	AFB2
	AFG1
	AFG2
	AFtotal

	BA
	5.90±0.10
	0.27±0.12
	2.67±0.58
	0.33±0.58
	9.17±1.37

	BE
	0.33±0.58
	n.d
	n.d
	n.d
	0.33±0.58

	BT
	4.00±0.01
	2.00±1.00
	0.67±0.58
	n.d
	6.67±1.58

	CE
	0.67±0.58
	0.10±0.17
	n.d
	n.d
	0.77±0.75

	CU
	2.92±0.27
	1.85±0.17
	n.d
	n.d
	4.77±0.44

	GA
	7.01±0.11
	2.68±0.41
	1.33±0.58
	0.33±0.58
	11.36±1.67

	GI
	3.06±0.04
	1.00±0.00
	0.33±0.58
	n.d
	4.39±0.61

	LB
	11.82±0.75
	3.52±0.17
	13.00±0.67
	n.d
	28.34±1.58

	LE
	9.60±0.21
	6.00±0.05
	8.97±0.06
	2.78±0.36
	27.35±0.68

	LU
	5.90±0.32
	n.d
	5.17±0.36
	n.d
	11.07±0.68

	MJ
	11.54±1.56
	8.00±1.00
	6.00±0.00
	2.33±0.58
	27.87±3.14

	ML
	66.00±14.73
	3.49±0.45
	5.59±1.32
	2.00±0.00
	77.08±16.50

	MN
	6.67±1.16
	3.67±0.58
	0.67±0.58
	n.d
	11.00±2.31

	MR
	5.59±1.08
	4.33±0.58
	4.63±1.27
	1.00±0.00
	15.56±2.93

	MZ
	n.d
	n.d
	n.d
	n.d
	n.d

	NJ
	7.78±0.29
	4.30±0.52
	3.57±0.41
	2.33±0.58
	17.99±1.79

	NO
	9.51±2.08
	5.33±1.53
	3.46±0.07
	2.33±0.58
	20.63±4.25

	NX
	5.27±1.06
	n.d
	5.20±0.33
	n.d
	10.47±1.39

	TO
	2.54±0.34
	n.d
	n.d
	n.d
	2.54±0.34

	UL
	9.83±0.15
	3.84±0.29
	1.33±0.58
	0.33±0.58
	15.33±1.59

	ZA
	19.44±0.49
	4.02±0.09
	1.00±0.00
	0.33±0.58
	24.79±1.16

	ZW
	3.33±0.48
	1.13±0.13
	3.48±0.42
	1.18±0.13
	9.11±1.16


Notes: The means ± standard deviations of triplicate determination values were presented. 
N.d. = not detected 
Key: BA = Balaka, BE = Bvumbwe, BT = Blantyre, CE = Chingale, CU = Chiradzulu, GA = Govala, GI = Goliati, LB = Limbe, LE = Liwonde, LU = Lunzu, MJ = Mulanje, ML = Muloza, MN = Mwanza, MR = Manjawira, MZ = Mbulumbuzi, NJ = Njuri, NO = Nkando, NX = Ndirande, TO = Thyolo, UL = Ulongwe, ZA = Zomba, and ZW = Zalewa local market.  
Typical HPLC chromatograms of the aflatoxins (B1, B2, G1, and G2) separation of the components of samples (Figure 5). 
Sample code MZ illustrates the HPLC chromatogram of an aflatoxin-free groundnut flour sample, while ZW shows a contaminated sample with AFB1 (3.33 ± 0.48 ppb), AFB2 (1.13 ± 0.13 ppb), AFG1 (3.48 ± 0.42 ppb), and AFG2 (1.18 ± 0.13 ppb), respectively. 
Sample MZ depicts an HPLC chromatogram of the aflatoxin-free groundnut flour, while sample LL depicts an HPLC chromatogram of the aflatoxin contamination with AFB1 (10.49 ± 1.18 ppb), DZ AFG2 (3.23 ± 0.42 ppb), and AFG1 (10.88 ± 1.21 ppb), and ZW contaminated with all 4 types of AFs studied: AFB1 (3.33 ± 0.48), AFB2 (1.13 ± 0.13), AFG1 (3.48 ± 0.42), and AFG2 (1.18 ± 0.13), respectively.
The results of various levels of aflatoxin contamination in groundnut flour have been illustrated in Tables 1 and 2, respectively. 
In almost every local market, there are AFB1, AFB2, AFG1, and AFG2.  
In this investigation, 97.37% of the samples were contaminated with aflatoxin of a particular type. However, not every sample that tested positive for aflatoxins included AFB1, as was commonly expected [36]. 
Aflatoxin B1 was found in 94.74% of the samples alongside AFB2, AFG1, and AFG2, respectively.  
Groundnut samples from the homesteads of Nkhotakota, Mchinji, and Kasungu in the central region of Malawi were found to contain 98.03% of aflatoxin B1 [27].
Aflatoxin B1 was the most prevalent pollutant, followed by AFB2, AFG2, and AFG1 in that order [37].  
The very dangerous aflatoxin B1 is the prevalent aflatoxin in groundnuts and cereals [36]. 
The contamination level of AFB1, ranging from 0 to 66.00 ± 14.73 ppb, with a total aflatoxin of 77.08 ± 16.50 ppb, was found in the samples, and this was interestingly 65.79 than the regulatory limits used in Malawi (3 ppb) and the EU (4 ppb), respectively. 
These findings concur with those presented in the literature, which reported that contamination by AFB1 ranged from 273 to 18,423 ppb in 50% of the groundnut samples obtained from the nearby peanut butter processing industry [38]. 
The contamination level of AFB2 in groundnut flour samples ranged from 0 ppb to as high as 8.00 ± 1.00 ppb, with AFtotal of 27.87 ± 3.14 ppb, and this was higher than the 4-ppb limit set by the EU. 
The contamination levels of AFG1 (mean = 10.88 ± 1.21 ppb) were higher than the levels of AFB1 and AFB2   for samples purchased from Dedza (DZ) and Limbe (LB) local markets, respectively. 
Only 25 samples (65.79%) detected the contaminant AFG1 with a mean concentration ranging from 0 ppb to 13.00 ± 0.67 ppb, with AFtotal of 28.34 ± 1.58 ppb. 
The contaminant AFG2 was only present in 17 samples (44.74%) of G/nut flour, with a mean concentration ranging from 0 ppb to 3.23 ± 0.42 ppb, and total aflatoxin was 14.11 ± 1.62 ppb. 
Groundnut flour samples used in southwestern Ugandan recipes contained aflatoxins up to 100% [39].   
Nevertheless, all 38 samples in this investigation had total aflatoxin levels ranging from 0 ppb to 77.08 ppb. 
In the present study, 97.37% of samples yielded a total aflatoxin of about 15.45 ± 2.73 ppb from the Central Region and 77.08 ± 16.50 ppb obtained from Southern Region local markets, respectively.  
All these results were significantly (p < 0.05) greater than mandated toxin quantity limitations set by the MBS (3 ppb) and EU (4 ppb) for total aflatoxin. The Codex Alimentarius Commission's limitations were acknowledged by the World Trade Organization's Sanitary and Phytosanitary (SPS) Agreements as the benchmarks that will be used to resolve international trade disputes [50]. The WHO/FAO joint Codex Alimentarius Commission, the global food safety regulatory organization, sets stricter regulations, while developed nations with superior scientific and technical capabilities typically accept lower restrictions [50].
Overall, 28 of 38 samples were above the regulatory limit for Malawi (3 ppb) and the EU (4 ppb), respectively.
It can be inferred that there is still a problem with aflatoxin contamination in Malawi despite the various warnings and education programs provided to farmers as well as traders by stakeholders. 
These findings were particularly in agreement with the observations recorded by other researchers in the literature, who reported above 30 ppb of aflatoxin content in all the raw groundnut samples analyzed and demonstrated that the aflatoxin level was above the permitted universal limit of 4 ppb issued by the EU [16]. 
Furthermore, groundnuts and groundnut-derived products purchased from Malawian farms and neighborhood retail markets have been shown to contain high contamination levels of aflatoxin [8]. 
Aflatoxin prevalence and concentrations in Malawian commercial groundnut products showed that groundnut flour from vendors had total aflatoxin contamination levels ranging from 83 to 820 ppb, and these levels were found in approximately 93, 88, 78, and 72% of the samples investigated [26]. 
According to the locations of the samples, the types and amounts of aflatoxin often followed this pattern: AFB1, AFB2, AFG1, and AFG2 are listed in that order [40].
According to several types of studies conducted over the past ten years, groundnut aflatoxin poisoning is a major problem in several countries in Southern Africa, including Malawi [41]. 
Aflatoxin was more prevalent in groundnut products, such as nsinjiro, than in unprocessed dried seeds, due to the possibility of exposure to many environmental variables, such as high temperatures, humidity, oxygen, and mold. Processed groundnut, which is typically created from subpar groundnut, may become more contaminated with aflatoxin [18]. 
Wide variations in total aflatoxin, ranging from the limit of detection (LOD) to 15.45 ± 2.73 ppb and LOD to 77.08 ± 16.50 ppb, were observed among the samples purchased from various local markets across the 2 regions under study. 
Interestingly, samples from the same region showed high and low levels of aflatoxin concentration. 
For instance, samples from the Mbulumbuzi (MZ) local market in the Southern Region did not contain any aflatoxin, whereas samples from Muloza (ML) in the same region (Table 2) had the greatest aflatoxin contamination (mean = 77.08 ppb).
Additionally, while Dowa (DA), Lumbadzi (LD), and Mchinji (MC) local markets (Table 1) registered low aflatoxin (mean = 0.33 ppb) contamination in the Central Region, Nkhamenya (NKA) local market belonging to the same region recorded 15.45 ppb mean total aflatoxin, respectively. 
However, total aflatoxin levels in different marketplaces were generally greater in Southern Region local markets than in Central Region.
According to Njoroge et al. [8], normally, vendors/sellers use visual assessment of groundnut kernels to check their quality and milling into flour, which is impractical. 
The tendency of vendors sprinkling water to soften the groundnut pods before shelling enhances the moisture content in the kernel, which eventually produces conditions that are favorable for the growth of mold and the generation of aflatoxin [42]. 
Groundnuts obtained from the local markets were highly contaminated with aflatoxin (73%), exceeding the European Union's acceptable limit [43]. 
The aflatoxin levels in the G/nut flour used in this study (up to 77.08 ppb) are significantly lower than the levels (1,600-12,000 ppb) that resulted in deaths in the two fatal outbreaks of aflatoxin poisoning in Kenya [44]. 
Cumulative intakes of small amounts of aflatoxin may exacerbate other clinical conditions [45]. In comparison to AFB and AFG, AFB1 contributes significantly to the general population's risk of developing aflatoxin-induced cancer, according to a United Nations report by the WHO and FAO [46].
The findings of this research (77.08 ppb) were somewhat lower, comparable to the aflatoxin levels (91.2 ppb) found in Nigeria [45]. 
This may be owing to certain advantageous intrinsic characteristics, such as nutrient composition and moisture content, as well as external factors, such as temperature, relative humidity, and mechanical damage brought on by insect and rodent attacks [47, 48]. 
The milling procedure used by vendors/sellers in the local markets to make the groundnut flour is thought to have a dilution effect, causing low amounts of aflatoxin to be found in a significant majority of the samples [49]. 
Compared to type B aflatoxin, type G aflatoxin is a far less common pollutant. 
As noted in Tables 1 and 2, thirteen (13) samples contain very low levels of total aflatoxin, ranging from 0 to 4.77 ppb. 
Nonetheless, a substantial level of contamination, surpassing 20 ppb of total aflatoxin, was also found in 6 samples, which is a hint that the groundnut flour may contain levels of aflatoxin that pose a health risk. 
More research would be required on the variables that may increase aflatoxin contamination at various phases of the production of groundnut flour to reduce this risk. 
Although these 6 samples, surpassing 20 ppb, included in the study (15.79%) came from the Southern Region, it is important to note that this does not represent the prevalence of aflatoxin in Malawi because the Southern Region of Malawi is where the aflatoxin issue is most severe [5]. According to Jallow et al. (50), aflatoxin is a significant issue for food safety, particularly in Malawi, where regulations are either nonexistent or insufficiently enforced.
Even though this study used a small sample size, the results nonetheless demonstrate that the groundnut flour offered in local markets in Malawi's Central and Southern Regions was contaminated with levels of aflatoxin that were higher than tolerable, exposing people to the risk of harm. 
4. Conclusion
The present findings confirm the general status of aflatoxin in groundnut flour (nsinjiro) sold from various local marketplaces in Malawi. 
There is still a problem with aflatoxin contamination in the studied regions of Malawi. 
About 97.37% of the samples studied were positive for aflatoxin. 
Aflatoxin contamination of groundnut flour from various local markets of Malawi is thus a concern for food security, public health, and economic gains. 
The presence of aflatoxin in groundnut flour at the local market level indicates that current groundnut flour handling procedures are ineffective. 
To better convey the benefits of purchasing and consuming low-risk products, promotion of awareness is required throughout the value chain for groundnuts, particularly for consumers.
As a result, the processed nsinjiro contains aflatoxin safety risks, which must be eliminated (or reduced) by using quality management techniques like HACCP and raw groundnut seed supply quality assurance. 
This would greatly prevent contamination that may be brought on by consuming groundnut-derived products, such as nsinjiro, that have been incorrectly manufactured, while also increasing public awareness of the product's nutritional advantages. 
Furthermore, these results indicate that the groundnut flour studied was susceptible to aflatoxin contamination; hence, aflatoxin monitoring in groundnut flour before marketing is required.
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