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Abstract: We investigate the relationship between the adoption of practices shown to reduce the risk
of aflatoxin consumption and several hypothesized protective factors—including exposure to social
and behavior change communication and beliefs about the danger and severity of consumption of
potentially contaminated foodstuffs. The study utilizes cross-sectional survey data collected from
rural heads of households in Malawi as baseline data for a U.S. Agency for International
Development-funded social and behavior change communication project, Health Communication for
Life. We hypothesized that four groups of factors would be associated with the use of practices
shown to reduce the risk of aflatoxin contamination and consumption—demographic factors,
geographic location, exposure to health communication about food safety and risks of aflatoxin
contamination, and beliefs. The exposure model and belief model found higher scores to be
associated with adopting positive food safety behaviors and in the hypothesized directions. This
indicates that exposing people to information about food safety increases their reported food safety
behaviors across production, storage, and purchasing activities. The effects of exposure to food
safety messages and beliefs about food safety persisted in our trimmed model, net of the effects of
education. This finding indicates that communication channels and exposure to social and behavior
change messaging are an effective means of influencing food safety behaviors especially in
environments where educational levels are low. Our findings may well extend to contexts beyond
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our study area into other rural, agriculturally dependent, and low-education environments in southern
Africa.
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1. Introduction

Food safety is an integral part of food security and a pressing global problem. The development
of sustainable agriculture must entail efforts to support nutrition-sensitive agricultural programs
where food safety is addressed alongside food security. Throughout Africa, and especially in Malawi,
maize is a staple crop that makes up the majority of peoples’ diet and is susceptible to contamination
with mycotoxins—*“secondary metabolites produced by microfungi that are capable of causing
disease and death in humans and other animals.” [1,2]. Exposure to aflatoxin, a type of mycotoxin,
has been linked to stunting and is a known hepatic carcinogen [1,3,4], while fumonisins, another
mycotoxin, are linked to esophageal cancer [3]. Malawi has the highest prevalence of esophageal
cancer in the world (24.2 per 100,000 people), alongside widespread stunting, liver cancer, and other
comorbidities associated with mycotoxin exposure [5]. Globally, experts are calling for greater
attention to mycotoxins, including social science research to understand the complexity of factors
contributing to risk and agricultural practices [6,7].

Published data indicate widespread mycotoxin contamination in staple foodstuffs in Malawi,
such as maize and groundnuts [8-13], including aflatoxins and fumonisins. Additional risks stem
from constraints on agricultural inputs available to small farmers and food insecurity at the
household level, which drives the consumption of unsafe grains [14]. Malawi’s economy is largely
dependent on agricultural development; maize and groundnuts comprise a significant portion of the
agricultural commodities produced [12]. Increased international regulation around mycotoxins has
concentrated potentially contaminated food in domestic markets and among subsistence farmers as
producers aim to export the highest quality grains, leaving poor quality and contaminated grains in
great quantities for domestic markets [15,16]. Meanwhile, Malawi’s food safety policies and
regulatory infrastructure are inadequate to test and regulate food stuffs sold in markets or processed
commercially [12,17]. These limitations are exacerbated by the severe impacts of climate change,
particularly seasonal droughts throughout southern Africa [14], the most recent of which lasted from
2016 to 2017. This is because drought conditions are conducive to the spread of mold spores and
plant stress.

There are multiple interrelated health, environmental, and economic benefits of enhancing food
safety, nutrition, and livelihoods: Improved dietary diversity can reduce exposure to foodborne
toxins [18], lead to greater crop diversification, improve child health, and sustain livelihoods in
households with limited market access [19]. Strategies to prevent mycotoxin consumption involve
social and behavior change interventions to reduce the consumption of contaminated food through

AIMS Agriculture and Food Volume 5, Issue 4, 578-598.



580

increased awareness of risk and prevention, as well as implementation of pre- and post-harvest
practices that are known to reduce the likelihood of fungal growth and resulting mycotoxin
contamination [17,20]. Low-tech solutions that can be sustainably implemented by individuals and
households are particularly relevant in countries such as Malawi, where there is limited government
capacity to regulate foodstuffs and a large proportion of the population produces their own foodstuffs
for household consumption [17].

In this paper we investigate the relationship between the adoption of practices shown to reduce
the risk of aflatoxin consumption among rural heads of households in Malawi and several
hypothesized protective factors—including exposure to social and behavior change communication
and beliefs about the danger and severity of consumption of potentially contaminated foodstuffs. The
study utilizes cross-sectional survey data collected as baseline data for a United States Agency for
International Development (USAID)-funded social and behavior change communication project,
Health Communication for Life (HC4L)."

2. Literature review
2.1. Previous research on household food safety behaviors

Globally, most knowledge, attitudes, and practices research has focused on food handling in
institutional and commercial settings [21-25] or on professional health and agriculture
stakeholders [22,26-28]. Many of these studies concentrate on groundnuts. There is little research
that examines household-level trends on aflatoxins and food safety behaviors [16,22,29-31]. Studies
of smallholder farmers in South Africa and Tanzania surveyed household knowledge, attitudes, and
practices related to food safety and found that knowledge was relatively low and associated with
socio-economic factors such as education, marital status, and income [32,33]. Household-level
research in Ethiopia conducted by Beyene and colleagues (2016), in contrast, found caretakers of
young children had high levels of knowledge about agricultural practices to reduce mold production
and contamination, but implementation of these practices during storage and processing at the
household level remained low [34]. Additionally, knowledge of the health consequences of
consuming moldy foods was low. Research in India found higher awareness of aflatoxin
contamination in groundnuts among traders and extension agents compared to farmers [35]. Among
farmers, larger farm size, participation in extension programs, growing for commercial markets, and
economic motivation had positive and significant associations with knowledge [35].

Matumba et al. (2015) conducted a survey of the general public in Malawi to examine
knowledge, attitudes, and practices related to molds as an indicator of mycotoxins in their food.
Although most of the 805 survey respondents knew molds can be dangerous to health (88%), only 50%
knew that the mold toxins do not break down with cooking. The respondents’ average knowledge
score was 3.55 out of a maximum of 9, indicating low overall knowledge of molds; scores were
higher among men than women. This study also identified social, financial, and economic barriers to
taking action to control molds and mycotoxins in foodstuffs [16]. A more recent mixed methods

! HCAL implements social and behavior change activities and works with local collaborators to disseminate and
implement mass media, interpersonal communication, community mobilization, and social media activities across eight
health and development areas, including food safety and aflatoxin management and control.
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knowledge, attitudes and practices study conducted by Anitha et al. (2019) in three districts in
Malawi also found relatively limited knowledge of aflatoxins and pre- and post-harvest strategies to
mitigate aflatoxins among farmers. While knowledge, grading, and storing practices improved and
crop contamination levels decreased following a crop management training intervention,
improvements in attitudes toward consumption of contaminated foodstuffs did not improve [31].

2.2. Social and behavior change theories

Behavioral theories such as the health belief model [36], information-motivation-behavioral
skills model [37], and the theory of planned behavior [38] generally share a common underpinning in
psychological research. These types of theories posit that behavior is influenced by a range of
individual factors, such as perceptions of risks, susceptibility, and benefits of enacting a behavior;
beliefs about social support or the consequences of a behavior; behavioral intentions; and
information or knowledge about a behavior, including the necessary skills and self-efficacy to enact
a behavior [39]. Common theoretical constructs across these theories include beliefs, knowledge,
exposure to information, and attitudes. In the current study, food safety behaviors then ought to be
influenced by knowledge, attitudes and beliefs about strategies for reducing mold consumption.

At the same time, we understand that the motivations and resources needed to enact behavior
changes is predicated on many other factors, such as income levels, structural conditions, and other
socio-demographic factors. In short, social and behavior change is also explained through
demographic transition theories [40], particularly those theories pertaining to health and
epidemiological transitions [41]. Demographic and socioeconomic factors are well established in the
literature as significant drivers of social and behavioral change, including health behaviors [42].
Socioeconomic explanations for health behaviors and health status have also found that income and
education drive healthy behaviors generally [43]. These theories are extended to food safety
behaviors in the present analysis.

Lastly, spatial theories of social and behavior change also may explain behavior change [42,44].
Previous research has shown that the centrality or relative proximity of a given area to key locations
of power or resources, such as a nation’s capital, are important factors to understand when analyzing
social and behavior change [42,44].

2.3. Hypotheses

Based on our review of the literature, we hypothesized that four groups of factors would be
associated with the use of practices shown to reduce the risk of aflatoxin contamination and
consumption—demographic factors, geographic location, exposure (having seen or heard health
communication messaging on food safety and the risks of aflatoxin contamination), and beliefs. We
hypothesized that demographic factors such as education and income would be positively associated
with safe food practices. We also tested the association between age and food practices, as age is a
core construct in demographic transition theory, although we did not have a sound theoretical
explanation for a directional hypothesis regarding the nature of the association between these two
variables. Additionally, theories of centrality in the adoption and diffusion of knowledge and
innovations suggest that geographic locations more proximate to centers of power will have better
outcomes [45]; thus we hypothesize that region may be significant in our findings. Based on theories
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of social and behavior change, we also examined the association between exposure and participants’
beliefs as independent predictors of safe practices. According to theories of behavior change, these
two constructs generally have a time-order sequence, where exposure precedes knowledge or
accurate beliefs. However, our data are cross-sectional, so we test these independent variables both
independently and as combined predictors in a global and trimmed (only including significant
predictors) models.

3. Materials and methods

The methods chosen for this study were informed by programmatic needs and our review of the
literature. Survey data on food safety behaviors were collected to inform baseline indicators for the
behavior change communications project. The analysis of these data inform programmatic strategies,
including messaging, target population and geographic focus for implementation. We collected
household survey data to analyze levels of food safety knowledge, attitudes and practices among the
program implementation area. Based on our review of the literature and hypotheses we derived from
this review, we analyzed the survey data using quantitative methods described below.

3.1. Ethical review

Ethical review and approval was provided by [redacted for blind review] Protection of Human
Subjects Committee (permit number 1048274), and by the Malawian National Committee on
Research in the Social Sciences and Humanities (permit number P05/17/179). Data collectors
obtained written informed consent from all participants.

3.2. Study setting and target population

HCA4L operates across 16 districts in Malawi that are also served by a USAID-funded health
system strengthening project called Organized Networks of Services for Everyone (ONSE)-Athanzi:
Balaka, Chikwawa, Chitipa, Dowa, Karonga, Kasungu, Lilongwe, Machinga, Mangochi, Mchinji,
Mulanje, Nkhatabay, Nkhotakota, Ntcheu, Salima, and Zomba. Athanzi is the Chichewa word for
health. Male and female decisionmakers (“heads of household”) were targeted for our survey based
on the assumption that they would be best able to speak to the agricultural and food safety practices
of the household.

3.3. Study design and sampling

Survey design was driven by a need to collect data from rural areas in the HCA4L
implementation districts to augment programmatic data. The cross-sectional household survey used
multi-stage sampling (Figure 1). The first stage was the purposive selection of all 16 ONSE-Athanzi
districts. The second stage involved random selection of enumeration areas predefined as rural by the
National Statistical Office using probability proportional to size. This sampling frame excluded
urban, peri-urban (townships), and uninhabited enumeration areas based on the National Statistical
Office’s definition for the 2008 Population and Housing Census. Enumeration areas with less than
100 households were also excluded for logistical reasons. A total of 6,927 enumeration areas were

AIMS Agriculture and Food Volume 5, Issue 4, 578-598.



583

included; the number of enumeration areas per district ranged from 163 to 1,139 with an average of
433. Across the 16 districts, the number of enumeration areas randomly selected per district ranged
from zero (Karonga) to five (Lilongwe Rural).

SAMPLE SIZE SAMPLING UNIT
16 DISTRICT 16
v
ENUMERATION
900 AREAS 30
A 4

30 X 30 (’ HOUSEHOLDS W 30

450X 2 | MALE HEAD OF FEMALE HEAD ;s
HOUSEHOLD OF HOUSEHOLD

Figure 1. Multi-stage sampling design summary.

The next stage involved selection of 900 households; up to 30 households were sampled per
enumeration area using systematic random sampling. Field supervisors, with assistance from the
interviewers, updated the household listing for each selected enumeration area to reduce potential
sampling bias. The supervisors in each site amended the enumeration area map from the 2008 census
by hand to show the location of each current household, drew a route that transected each household,
then sequentially numbered each household along the route. The supervisor, using a random number
generator, selected a starting house and proceeded through the transect using the designated n skip
interval (given by total number of households in an enumeration area divided by 30).

In the final stage of sampling, the interviewer selected either the male or female senior
household member; respondent sex for each selected household was pre-assigned on an alternating
basis, with the sex of the respondent for the first house assigned randomly in each enumeration area
using a coin flip. In the event that one or more of the originally sampled houses did not contain an
eligible respondent of the assigned sex, supervisors identified a new random starting point (by
repeating the procedure described above) that did not include houses previously selected. If there
was an eligible male/female respondent, but the respondent was not available for the interview,
interviewers returned at least three times before considering that participant a non-response case.
Refusals and non-response cases were not replaced, and data collection continued for the remaining
selected participants as planned. Each re-visit and the reason for non-response were recorded.
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3.4. Data collection

Data were collected from August 8, 2017 to September 7, 2017. The average length of the
interviews was 38 minutes. Approval was sought from community “gatekeepers,” including village
headmen, group village heads, and district council-level staff, before initiating household listing or
visiting selected households. The questionnaire, which included English, Chichewa, and Chitumbuka
versions, was programmed on the KoBo collect platform using Android tablets. Surveys were
administered in Chichewa or Chitumbuka. Field data collection teams had six data collectors in an
enumeration area at one time. All data were stored in an electronic database with a data dictionary in
English. We provide further details on the specific items included in the questionnaire in subsequent
sections where we outline variables included in the analysis.

3.5. Demographic and geographic independent variables

We asked respondents about their age, gender, highest level of education achieved (no
education; primary school; junior secondary school; senior secondary school; vocational or technical
school; tertiary school or higher), employment (full time job outside home; mostly work as day
laborer for wages; mostly work as day laborer for food or lodging; mostly work on my own property
or farm; mostly stay home as homemaker; mostly unemployed; other), and source of income
(farming; education; health; trade; other) to better understand demographic characteristics of the
population. We also recorded respondent’s residential district to measure how food safety behaviors
vary by geography. Among respondents who reported being involved in growing maize and/or
groundnuts in the previous growing season, we asked if they would describe their production as
primarily for household consumption or primarily for sale at market.

3.6. Exposure independent variable

We assessed exposure to television and radio in the past week, exposure to messages about safe
food handling and moldy crops from health workers and agricultural extension workers in the past
three months, and exposure to messages about food safety in the last three months aired under the
HC4L’s campaign branding Moyo ndi Mpamba (Chichewa for “life is precious”). We then calculated
overall additive exposure scores, with a total possible maximum score of 14 (0 to 1 or 0 to 3 points
per item), as shown in Table 1.

3.7. Food safety belief independent variable

We asked all respondents a series of questions to assess their beliefs about the severity and
consequences of consumption of contaminated foodstuffs, including whether they believed
consuming moldy food prepared with high heat or animal products that came from animals fed
moldy food was safe. We added responses from these questions to develop a final knowledge score
that ranged from 0 to 4 possible points (0 to 1 point per item, as shown in Table 2).

AIMS Agriculture and Food Volume 5, Issue 4, 578-598.
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Table 1. Survey items and scoring for exposure scale.

Survey item Scoring by response option
Frequency of radio exposure in last seven days. 3-Every day

2-Most days

1-A few days

0-Not at all
Frequency of TV exposure in last seven days. 3-Every day

2-Most days

1-A few days

0-Not at all
Level of exposure to Moyo ndi Mpamba messages about moldy 3-More than 10 messages or adverts
foodstuffs or crops in last three months. 2-6-10 messages or adverts

1-1-5 messages or adverts
0-Zero messages or adverts
Talked to health worker or agricultural extension worker about 1-Yes

moldy foodstuffs or crop in last three months. 0-No
Level of exposure to Moyo ndi Mpamba messages about safe 3-More than 10 messages or adverts
food handling in last three months. 2-6-10 messages or adverts

1-1-5 messages or adverts
0-Zero messages or adverts
Talked to health worker or agricultural extension worker about 1-Yes
safe food handling in last three months. 0-No

3.8. Food safety behavior dependent variable

We also created a food safety behavior score using a series of questions about the number of
food safety behaviors in which respondents engaged. To do so, we asked respondents whether they
were involved with growing maize or groundnuts in the past growing season, storing or processing
maize or groundnuts in the past year, and purchasing foodstuffs for their household in the last three
months.? We then asked them whether they practiced specific food safety behaviors related to those
activities. Although most respondents indicated that they were involved in all activities (up to 13
behaviors, Table 3), many reported being involved in only one or two. Because of this, not all
respondents answered the same number of food safety behavior questions. To account for this
difference, we calculated the food safety behavior score as the number of food safety behaviors a
respondent implemented in proportion to the total number of food safety behavior questions they
were asked. One point was given per behavior implemented.

% We also assessed behaviors related to food preparation and consumption, but ultimately did not use the items in this
scale because of the large proportion of respondents who reported consuming or preparing potentially contaminated
foods because they were the only foods available or because they were the only foods that the household could afford.
These responses indicate food security and issues associated with poverty, which are less likely to be dependent on food
safety beliefs or exposure.
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Table 2. Survey items and scoring for food safety belief scale.

Survey item Scoring by response option
Believes eating moldy foods is dangerous. 1-Yes
0-No
Believes eating moldy foodstuffs after it is prepared at high heat 1-Yes
(i.e., boiling, frying, roasting) is harmful. 0-No
0-Don’t know
Beliefs about relative danger of eating products (i.e., meat, milk, 0-It is not harmful
eggs) from animals that were fed moldy feeds. 0-It is not as dangerous as a person directly

eating moldy foods
1-1t is just as harmful as directly eating
moldy foods
1-1t is more harmful than directly eating
moldy foods
0-Don’t know
0-Other
Beliefs about problems that can be caused by eating moldy 1-Stomach upset, including diarrhea or
foodstuffs. vomiting
1-Stunting
1-Fever
1-Cancer
1-Affects body’s natural ability to resist
diseases
0-Other

3.9. Analysis weights

Due to the non-proportional allocation of the sample across districts and differential response
rates, sampling weights were used in all analyses. The specific weight for a particular household to
be selected was based on the following probabilities:

P,,;: first — stage sampling probability of the i*” cluster in stratum #
P,,;: second — stage sampling probability within the i* cluster (households)

Thus, the overall probability of a particular household to be selected in a specific enumeration
area was given by:

Pyi = Pipi X Py (1)

The overall weight for each household was given by the inverse of the probability of that
household being selected shown below:

1

Phi = (2)

P1piXPapi

Furthermore, it was important to compute weights based on non-response rates in respective
enumeration areas so that the data can be interpreted appropriately.
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Table 3. Survey items and scoring for food safety behavior scale.

Survey item

Scoring by response option

Maize and groundnut production
Practiced crop rotation during last growing season

Applied fertilizer or soil amendments during last growing season

Utilized irrigation during last growing season

Maize and groundnut storage

Elevated bags off the ground where grains or groundnuts are stored in the last

year, including placing on wooden pallets

Used insecticides to control pests where grains or groundnuts are stored in the
last year

Used rodent control techniques where grains or groundnuts are stored in the
last year

Stored bags in a way that prevented them from touching walls where grains or
groundnuts are stored in the last year

Maize and groundnut processing

Dried maize or groundnuts on mats or elevated platforms in the last year
Winnowed your maize before dehulling, shelling or milling in the last year
Sorted maize, groundnuts, and other foodstuffs before dehulling, shelling or
milling in the last year

Used the three fractions system (among those who sorted grains)

Food purchasing

Checks for molds when purchasing foodstuffs

Checks for insect or rodent contamination when purchasing foodstuffs

1-Yes
0-No
1-Yes
0-No
1-Yes
0-No

1-Yes, always
1-Yes, sometimes
0-No

1-Yes, always
1-Yes, sometimes
0-No

1-Yes, always
1-Yes, sometimes
0-No

1-Yes, always
1-Yes, sometimes
0-No

1-Yes, always
1-Yes, sometimes
0-No

1-Yes, always
1-Yes, sometimes
0-No

1-Yes, always
1-Yes, sometimes
0-No

1-Yes, always
1-Yes, sometimes
0-No

1-Yes
0-No
1-Yes
0-No

3.10  Statistical analysis

We analyzed the data in three steps using R statistical analysis software (version 3.6.1) [46].
The first step was a reliability analysis to validate the exposure and food safety belief scales; to test
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the internal consistency of the items in these two scales, we calculated Cronbach’s alpha [47,48,49].
In the second step, we conducted a descriptive analysis to describe the basic characteristics of the
study population. Finally, we tested our hypotheses regarding the effect of demography, geography,
exposure to social and behavior change programming, and food safety beliefs on the adoption of
food safety behaviors using multiple linear regression using a generalized linear model (GLM)
approach. All models used a constant variance function and identity link function to model the
response variable. To assess model variables for issues related to multicollinearity we used the
“corrplot” and “car” statistical packages in R [50,51] to calculate bivariate correlations and the
variance inflation factor for model variables. We did not find any evidence of multicollinearity given
that the correlation between any two variables did not exceed 0.80 and the variance inflation factor
scores all fell below 2.0.

4. Results and discussion
4.1. Descriptive analysis

We received 831 responses from the 900 selected households, a completion rate of 92%.
Respondent ages ranged in value from 18 to 64, with a mean and median age of 36 and 34,
respectively (Table 4). Respondents came from 15 districts with roughly 16% listing Lilongwe Rural
and 10% listing Mangochi as their place of residence. Chitipa and Mchinji had the fewest
respondents (3% each). The sex ratio of respondents was roughly equal, with 51% respondents
reporting as female. Most respondents had completed primary school (64%), and roughly 16% of
respondents had completed either junior or senior secondary school. An additional 2% of
respondents reported completing vocational or tertiary school. The remaining 17% of respondents
reported completing no education.

Table 4. Summary statistics for all variables included in models and additive scales (score variables)*.

Variable Baseline Response  Mean Median Mode Max Min SD Var.
Frequency

Sex (baseline: female) 427 NA NA NA 1 0 NA NA

Age NA 36.12 34 25&30** 64 18  12.38 153.25

Education NA 215  2.00 2.00 6.00 100 092 0.85

Employment status 408 NA NA NA 1 0 NA NA

(baseline: work on own

farm)

Primary income source 570 NA NA NA 1 0 NA NA

(baseline: farming)

Primary farming purpose 682 NA NA NA 1 0 NA NA

(baseline: household)

Exposure Score NA 3.75 3.00 0.00 1400 0.00 3.37 11.34

Belief Score NA 2.76  3.00 3.00 400 0.00 091 0.82

Behavior Score NA 0.69 0.69 1.0 1.0 0 0.23 051

Note: * Sample size of 831. Cronbach’s alpha score for total exposure is 0.70 and for total belief is 0.88. NA = not
applicable. ** Two modal categories because same number of respondents answered 25 and 30.
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Roughly 49% of respondents reported working on their own property or farm as their
employment status. An additional 36% of respondents said they were mostly unemployed. The
remaining respondents listed either homemaker (7%), day laborer for wages (5%), full-time job
outside the home (4%), day laborer for food (1%), or other (1%) as their employment status. For our
analysis, we made this variable dichotomous, where respondents were either employed on their own
farm (baseline category) versus all other responses. We did this because farm employment may
impact food safety knowledge and behaviors. Similarly, most respondents report farming as their
primary source of income (69%). Of the respondents who reported involvement with maize and/or
groundnut production, many respondents indicated that they grow maize and/or groundnuts primarily
for household consumption (n = 682 out of 718); a small proportion of respondents reported growing
maize and/or groundnuts primarily for selling at the market.

As indicated earlier, our exposure variable was an additive scale, and here we describe the
properties of each item included in this scale. Almost 3 in 5 respondents reported that they did not
listen to radio at all in the previous seven days (59%). Of those who did listen to radio, 45% of
respondents reported listening to the radio a few days (n = 153 of 337), 16% listening most days (n =
54 of 337), and the remaining 39% listening every day (n = 130 of 337). More than 4 in 5
respondents reported that they did not watch television at all in the previous seven days (84%). Of
those who did watch television, 62% of respondents reported watching television a few days (n = 81
of 131), 20% watched most days (n = 26 of 131), and the remaining 18% watching every day (n = 24
of 131). About one-quarter of respondents reported speaking with a health worker or agricultural
extension agent about moldy foodstuffs or crops (27%) or about safe food handling (28%). Although
no message about moldy foodstuff and safe food handling had been aired at the time, almost half of
respondents said they had heard or seen at least one Moyo ndi Mpamba message about moldy
foodstuff in the last three months (47%). It is possible respondents conflated Moyo ndi Mpamba adverts
about these topics with other brands, so responses for exposure were included even if they indicated
Moyo ndi Mpamba because this measure is meant to operationalize exposure to food safety messages, not
a branded campaign. Total exposure score ranged from 0 to 14, with a median of 3 (Table 4).

As with exposure, we created a food safety beliefs scale. More than 94% of respondents
believed eating moldy food is dangerous (94%). Similarly, more than 9 in 10 respondents identified
at least one problem caused by consuming moldy foods. In contrast, 36% of respondents believed
preparing foods with mold at high heat made the food less harmful. Most respondents did not believe
that eating animal products from animals fed with moldy food is harmful, with 74% of respondents
saying these products were either not harmful, not as dangerous as directly eating moldy food, or
they did not know and only 26% reporting such products as equally or more harmful than directly
eating moldy food. Total food safety belief scores ranged from 0 to 4 with a mean of 2.76 and a
median of 3 (Table 4).

We assessed behaviors related to four activities: Maize and groundnut production, maize and
groundnut storage, maize and groundnut processing, and purchasing foodstuffs. About 14% of
respondents did not report being involved in growing maize or groundnuts in the past growing
season, while closer to one-quarter of respondents said they had not been involved in storing or
processing maize or groundnuts in the last year. Nearly three-quarters of respondents said they were
responsible for purchasing foodstuffs for the household over the past three months. The average
proportion of positive food safety behaviors adopted was 69% across all districts. The modal score
was 100% (Table 4). Respondents from Chitipa and Ntcheu adopted the highest proportion of food
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safety behaviors on average—78% and 77%, respectively—while respondents from Nkhota Kota
adopted the lowest proportion (61%) (Figure 2).

Boundaries
[ Country
Districts

Proportion of Food
Safety Behaviors
Adopted

Average

[ <65%

I 66 - 70%

W 71 - 75%

W > 76%

#7771 Not in Study
Overall average: 69%

0 25 50 75

Kilometers

Source: GADM v3.4

Figure 2. Overall proportion of safe food handling behaviors adopted, by district.

We also note that food safety practices to prevent mold during maize and groundnut production,
harvesting, and processing were high overall. Of those who reported being involved in growing
maize or groundnuts (n = 718), 90% said they used fertilizers or soil nutrient amendments (n = 643),
49% said they used crop rotation (n = 354), and 31% say they used irrigation (n = 223). Among the
participants involved in storing maize or groundnuts after harvest in the last year (n = 637), 85%
elevated bags off the ground (n = 541), 70% used insecticides to control pests (n = 448), 67% stored
bags in a way that prevented them from touching walls (n = 428), and 42% used rodent control
techniques (n = 269) at least sometimes. Of those reporting being involved in processing maize or
groundnuts after harvest in the last year (n = 634), 92% winnowed their maize before dehulling,
shelling, or milling (n = 583), 76% sorted grains before dehulling, shelling, or milling (n = 482), 75%
dried their grains on elevated platforms (n = 476), and 60% used the three fractions system for
sorting food (n = 381) at least sometimes. Finally, among participants who reported they were
responsible for purchasing food for the household in the last three months (n = 607), 79% reported
checking food for mold (n = 478) and 84% reported checking for insect or rodent contamination
before purchasing (n = 509).
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4.2. Regression analysis

Table 5 shows the regression models included in the study. Models were run according to
theoretical sets of hypotheses, including the following variable groupings: demographic, geographic,
exposure, belief, a combined global model, and a trimmed model. The demographic model found
that greater education and an employment status other than working on own farm or property to be
significantly and positively associated with adopting food safety behaviors. The geographic model
found that residence in Ntcheu, Balaka, Chitipa, Kasungu, and Salima districts was significantly
associated with the adoption of food safety behaviors that reduce risk of aflatoxin exposure.
However, the adjusted R square for demographic and geographic models were below 1.2% and 2.1%,
respectively, indicating that very little of the variability in our dependent measure—food safety
behaviors—is explained by these theoretical groupings. Adding the exposure scale to the model
increases the amount of variation explained ten-fold, and the belief scale also increases the model’s
adjusted R square by roughly 2.5%.

The exposure model and belief model both found higher scores to be associated with adopting
positive food safety behaviors and in the hypothesized directions. This indicates that exposing people
to information about food safety increases their reported food safety behaviors across production,
storage, and purchasing activities. We also note that exposure had the largest magnitude of effect on
our outcome variable, as indicated by the standardized estimate that was nearly three times larger
than other estimates in the global and trimmed models.

In the full global model, exposure score and belief score remained significant, as did residence
in Ntcheu and not growing maize or groundnuts in the previous year. These factors also remained
significant in the final trimmed model that only included factors that were significant in the global
model. Interestingly, when controlling for exposure and beliefs, the demographic controls of
education and employment were no longer significant.

Table 5. Regression models predicting positive food safety behaviors.

Variable Demographic Geographic Exposure Belief Global Trimmed
Model
Sex (male) 0.013 -- -- -- —-0.016
(0.029) (-0.036)
Age —0.000 - - - —-0.001
(=0.020) (-0.029)
Education 0.025* -- -- -- 0.011
(0.098)* (0.042)
Employment (not on 0.035* -- -- -- 0.017
own farm) (0.076)* (0.038)
Primary income source  —0.026 -- -- -- -0.015
(non-farming) (=0.053) (-0.031)
Farming primarily for ~ 0.027 -- -- -- 0.023 0.018
market” (0.024) (0.021) (0.016)
Does not grow maize 0.038 0.097* 0.087*
or groundnuts (0.052) (0.131)* (0.118)*

Continued on next page
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Variable Demographic Geographic Exposure Belief Global Trimmed
Model
District -- -- -- -- -- --
Balaka - 0.118* - - 0.066 -
(0.096)* (0.053)
Chikwawa - 0.010 - - 0.008 -
(0.010) (0.009)
Chitipa - 0.170* - - 0.091 -
(0.120)* (0.064)
Dowa - 0.033 - - 0.006 -
(0.035) (0.006)
Kasungu -- 0.122* -- -- 0.080 --
(0.139)* (0.090)
Lilongwe Rural -- 0.063 -- -- 0.024 --
(0.103) (0.040)
Machinga -- 0.011 -- -- 0.005 --
(0.013) (0.005)
Mangochi -- 0.090 -- -- 0.032 --
(0.121) (0.043)
Mchinji - 0.084 - - 0.052 -
(0.063) (0.039)
Mulanje -- 0.082 -- -- 0.077 --
(0.092) (0.087)
Nkhatabay -- 0.088 -- -- 0.034 --
(0.060) (0.023
Ntcheu - 0.154* - - 0.108* 0.065*
(0.176)* (0.123)* (0.074)*
Salima - 0.109* -- -- 0.059 -
(0.125)* (0.067)
Zomba Rural - 0.057 -- -- 0.042 -
(0.077) (0.056)
Total Exposure -- -- 0.021* -- 0.020* 0.021*
(0.319)* (0.299)* (0.315)*
Total Belief - -- -- 0.041* 0.028* 0.031*
(0.164)* (0.028)* (0.125)*
Intercept 0.626* 0.611* 0.605* 0.574* 0.478* 0.505*
Model Fit
F-score 2.60 2.22 90.78 22.02 6.10 24.71
Adjusted R? 1.20% 2.10% 10.10% 2.60% 12.8% 12.9%

Based on a sample size of 831. Variance inflation factors were computed for each model, and none of the models exceeded the 2.0
threshold. Cronbach’s alpha score for total exposure is 0.70 and for total belief is 0.88. * Denotes statistically significant coefficients at
a p value of 0.05 or better using a two-tailed t-test. Also, all variables were plotted to assess for distribution and were found to
approximate a normal distribution. Thus, we used GLM for our analysis. # Baseline category, coded zero, was farming mainly for
household consumption. Note: standardized coefficients are reported in parentheses.
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5. Conclusions

Our study reveals a number of important findings regarding food safety behaviors in rural
Malawi. The descriptive analysis provides an overview of characteristics of rural households and
their food safety behaviors, as well as theorized determinants of food safety behaviors—including
demographic, geographic, exposure, and belief variables. Most households in our sample reported
growing maize and/or groundnuts primarily for household consumption, more than half of
respondents reported working on their own farm or property as their employment status, and nearly
70% said farming was their primary source of income. We think these patterns indicate that it is
critical for agricultural extension and other food safety education and communications efforts to
target domestic subsistence producers, as well as commercial farmers or commodity producers, in
order to effectively reduce risk of exposure to molds and aflatoxins. Thus, the implication is that
although most growers do not produce commodities for markets, they still need adequate access to
information on food safety practices and behaviors to prevent mold consumption. Although our
sample did not cover all of Malawi and was designed to target rural areas in the HC4L programmatic
implementation districts, we did have representation of rural areas in districts included in the
program. It should also be noted that measuring employment activities and sources of income
was difficult in our study because our survey design was limited to single-response answer
options, thus we were not able to capture multiple streams of income or jobs or variation in
seasonal employment; however, these limitations do not diminish the importance that agriculture
appears to play in rural livelihoods.

Descriptive analysis also showed that exposure scores were relatively low (mean of 3 out of a
maximum of 15), while belief scores were relatively high (mean of 3 out of a maximum of 4).
However, when looking at individual items among the belief scores, our findings around perception
of risks of eating contaminated foods prepared at high heat and risks of eating foodstuffs sourced
from animals fed contaminated feed were quite low and reflected patterns found by Matumba and
colleagues (2015) and Anitha and colleagues (2019). Thus, these are a specific food safety behaviors
that must be addressed to reduce mold consumption and communications programs would do well to
share further materials to reduce these behaviors. At the same time, we recognize that the
consumption of these foods may be driven by contextual factors including food shortages meaning
that other interventions to address structural barriers to safe food behaviors such as poverty and
agricultural development may also be needed. As was observed by Beyene and colleagues (2016),
household practices to prevent mold across maize and groundnut agricultural production, harvesting,
and processing were high overall. However, there was substantial variation in proportions of
respondents reporting desired behaviors across districts. This suggests that there may be other factors
driving consumption beyond knowledge, including economic vulnerability and food insecurity.

Along these lines, we did not include food preparation behaviors in our scales because of the
large number of people who said they had to prepare contaminated foods because it was all that was
available or all they could afford. This points to socio-structural barriers to food safety such as
poverty, food insecurity, and environmental crises rather than problems that can be addressed by
social and behavior change communication. All the same, these factors strongly influence food
safety behaviors and clearly exacerbate the consumption of contaminants, including mold. Efforts to
abate mold consumption must address both knowledge, attitudes, and practices, as well as these
socio-structural barriers that contribute to economic vulnerability and food insecurity.
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Regression analysis reveals important associations between demographic, geographic, and
social and behavior change drivers of food safety behaviors and shows that these associations are
important even when controlling for other potential confounders. We did find significant differences
among Ntcheu, Balaka, Chitipa, Kasungu, and Salima districts. While there is no programmatic
explanation for why these districts stand out in our analysis, we do acknowledge that regional
variation in agricultural production and extension practices may influence food safety behaviors at
the district level. Thus, it may be useful to further explore these potential differences across regions
and districts.

Although education and employment were both significant in our demographic model, these
effects were absent in our global and trimmed models where other theoretical predictors are
introduced. While the magnitude of effect is not as large as exposure, our belief scale had a positive
and significant effect on food safety behaviors. This is an important finding, in that shifting beliefs,
perceptions, and knowledge of risk is a key part of the social and behavior change process. Given
recent research which has shown the role that fear can play in relation to perceived risk and food
safety behaviors, this is particularly relevant finding [52]. This supports the theoretical proposition
that increasing the number of Malawians who believe that aflatoxin contamination is detrimental to
their health and the agricultural economy will improve the adoption of safe food behaviors.

Our standardized estimates show that exposure is by far the largest predictor of food safety
behaviors among our sample—with an estimate nearly three times that of the next largest predictor.
Given the need to target subsistence producers, and the effectiveness that exposure has on improving
food safety behaviors, we postulate that intensified agricultural extension may be particularly
effective in influencing food safety behaviors. In fact, on-farm demonstrations of good agricultural
practices have demonstrated positive impacts on the adoption of food safety behaviors and may
apply well in this context [52]. While gender was not significant in our models, we think this may be
because food safety behaviors were aggregated into an additive scale across production, storage, and
purchasing behaviors. As such, future research may wish to look at each of these stages in food
production and examine the stages separately to assess the potential varying impacts of gender.

Both the magnitude and significance of the effect for exposure are important findings of our
research, which support a social and behavior change communications model for improving food
safety behaviors. The fact that these effects persisted in our trimmed model, net of the effects of
education, indicates that communication channels and exposure to social and behavior change
messaging are an effective means of influencing food safety behaviors even in environments where
educational levels are low. This finding may well extend to contexts beyond our study area into other
rural, agriculturally dependent, and low-education environments in southern Africa.
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