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Abstract 

Background: Food insecurity is a global health challenge exacerbated by COVID-19. In Liberia, two-thirds of preg-
nant women are anemic, one-third of children are stunted, and 70% of households experienced food insecurity due 
to COVID-19. Edible insects are a nutritious, environmentally responsible, and cost-effective dietary supplement used 
throughout sub-Saharan Africa. Rearing palm weevil insects at maternity waiting homes (MWHs)—residential dwell-
ings near hospitals where pregnant women await childbirth and receive postpartum services—could serve as a nutri-
tious supplement for expectant mothers in Liberia and provide an income generating activity for MWHs.

Methods: Following a one-day training, sixteen participants established palm weevil rearing sites at four MWHs 
in Liberia. Pre- and post-knowledge scores were assessed immediately prior to and following training. Pre-and 
post-knowledge scores were analyzed using paired t-test. Participants tracked two palm weevil rearing cycles (four 
months), using harvest amounts, turnover, barriers to implementation, and income generated as metrics. The number 
of women attending MWHs was recorded throughout the study period (July-December 2020).

Results: Sixteen participants from four MWHs completed the training and two rearing cycles (four months) success-
fully. All participants showed statistically significant increases in knowledge scores following the one-day workshop 
with a pre-test score of 2.31 and post-test score of 7.75 out of 10 (p < 0.001). Over the 6-month study, 217 women 
stayed in four MWHs. Larval production from the various rearing centers ranged from 120 to 721 larvae, with all four 
sites producing enough palm weevil to sustain MWH residents who desired to consume the insects. One site success-
fully commercialized its harvest to sell approximately 50% for a total of 2,000 LD (13 USD) in income. Three of the four 
sites continued edible insect production beyond the four-month study period.

Conclusions: An edible insect project using palm weevil larva is one promising intervention as a nutrition supple-
ment for expectant mothers at pre-established MWHs in rural Liberia. Edible insect rearing also has potential as an 
income generating activity for MWHs. Future studies should focus on addressing common barriers of remote imple-
mentation and metric tracking during the COVID-19 pandemic and reinforcing infrastructure to protect larvae rearing 
supplies.
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Introduction
Food insecurity continues to be a global public health 
challenge. Current estimates show that nearly 700 million 
people are hungry, with most of these persons living in 
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low and middle-income countries (LMICs) [1]. Recog-
nizing this problem, the United Nations called for “Zero 
Hunger” by the year 2030 in their Sustainable Develop-
ment Goals [2]. Despite this aspiration, food insecurity 
has worsened due to climate change affecting food pro-
duction through increasing temperatures, changing pre-
cipitation patterns, and extreme events [3]. Since 2020, 
the COVID-19 pandemic has caused additional disrup-
tions to supply chain management, upset the economic 
stability of farmers, and threatened both crop harvests 
and distribution of nutritious food [4].

Particularly in LMICs, food insecurity is compounded 
by preexisting poverty, causing disproportionately wide-
spread undernourishment compared to other higher-
income countries [5]. Women and children are especially 
at risk; it is estimated that undernutrition is the under-
lying cause of over one-third of child deaths and 10% 
of the total worldwide burden of disease [6]. Providing 
adequate nutrition, including balanced protein and iron 
intake, to pregnant women has been shown to reduce the 
incidence of small-for-gestational age births, stillbirths, 
and low birthweight newborns [5, 7].

Food insecurity during pregnancy is a significant 
problem in West Africa, where every fifth household is 
considered food insecure, mainly affecting poor rural 
households. Liberia has suffered historically from colo-
nial exploitation, and more recently from a 14-year civil 
war which destroyed infrastructure and basic social ser-
vices, contributing to widespread poverty and food inse-
curity [8]. The 2014–16 Ebola epidemic, which resulted 
in nearly 5,000 deaths, further exacerbated food inse-
curity due to traveling and trade restrictions, raised 
crop prices, and stunted income from direct morbid-
ity and mortality caused by the virus [9, 10]. The cur-
rent COVID-19 pandemic and these restrictions caused 
by the virus have worsened Liberia’s food insecurity. 
Travel and trade restrictions have increased food prices 
of domestic supply, decreased earning potential for har-
vests, and increased access difficulties for NGOs and 
governmental programs to deliver nutritious food to 
at-risk families [11]. Nearly 30% of Liberian households 
expressed need for assistance related to livelihood sup-
port from high food insecurity due to COVID-19 [11]. 
In Bong County, 79% of households reported a lack of 
adequate food security even before the COVID-19 pan-
demic, with 51% reporting moderate to severe chronic 
food insecurity [12].

These barriers to food security have significant health 
effects. In Liberia, chronic malnutrition is estimated to 
affect 32% of the population and is the number one fac-
tor driving death and disability [13]. Pregnant Liberian 
women and their children are especially at risk, as nearly 
two-thirds of pregnant women are anemic and one-third 

of children under age five suffer from stunting [14]. 
Nationally, 8% of Liberian women of childbearing age are 
chronically undernourished, and forty percent of Libe-
rian girls begin childbearing before age 18, putting them 
at higher risk for malnutrition [15]. The consequences 
of maternal undernutrition in Liberia can be attributed 
to 12% of child deaths, stunting of growth, and a deter-
minant of obesity and non-communicable diseases later 
in life [16]. One study examining food insecurity among 
pregnant Liberian women demonstrated increased vul-
nerability with positive correlations between malnutri-
tion, HIV, and intimate partner violence [17].

Despite the need to address food insecurity, sustainable 
food programs have been difficult to implement in Libe-
ria amidst shifting national priorities and instability from 
infectious disease pandemics and post-conflict transition 
following civil war. While strategies such as crop modi-
fication and various income-generating activities (IGAs) 
have been proposed as potential solutions to food insecu-
rity, very little literature is specific to sub-Saharan Africa, 
and none explicitly addresses the impact of such inter-
ventions on the planet or considers long-term sustaina-
bility [18]. One noteworthy approach is the consumption 
of nutritious indigenous insects as a safe dietary supple-
ment, which can also serve as an IGA if insects are com-
mercially harvested [19–21]. Studies have found that 
insects provide four times the amount of iron and ten 
times the amount of protein as beef, while also directly 
addressing the climate crisis [22, 23] (Additional file  1: 
Appendix  1) Compared to animals, the cultivation of 
edible insects has minimal impact environmentally and 
are products of typical waste, as adult palm weevils are 
harvested from dead palm trees usually felled to pave way 
for new plantings [24]. Additionally, palm weevil farm-
ing promises economic sustainability by using alternative 
feed substrates including sugar cane, pawpaw, brewery 
waste, and coconut husk waste that is typically discarded.

An acceptability study conducted by our team with 
over 200 participants across Liberia demonstrated that 
insect consumption was viewed as an acceptable and 
common form of dietary supplementation for preg-
nant women [25]. Focus group members highlighted 
the year-round availability and high marketability of the 
palm weevil larvae, which makes them an ideal species to 
utilize as a complementary source of nutrition for preg-
nant women in Liberia [24]. As a good source of dietary 
supplementation and feasible method of IGA according 
to relevant stakeholders, palm weevil farming could be 
a promising method to address undernutrition among 
pregnant women in Liberia.

This study implemented edible insect projects at four 
maternity waiting homes (MWHs) in Liberia. MWHs are 
residential dwellings located near health facilities where 
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women in the late stages of pregnancy stay to await child-
birth and receive immediate postpartum services [25]. A 
USAID funded project initially began with a study of six 
MWHs in 2010 to examine MWHs as an intervention to 
reduce maternal and neonatal deaths by increasing access 
to facility-based delivery [25]. A follow up country-wide 
assessment of MWHs throughout Liberia in 2019 led 
to a scale-up to 114 MWHs. However, food insecurity 
was identified as a major barrier to women using these 
facilitates [26]. Therefore, MWHs served as an ideal 
site to pilot this project, as they are staffed by certified 
healthcare professionals who, along with community 
members, have identified nutritious food access among 
pregnant women as a problem that can be addressed by 
this intervention.

Methods
Collaborative design
This intervention was a unique public–private part-
nership between The University of Michigan, AnePare 
Farms, and the Bong County Health Team in Libe-
ria. AnePare Farms provided expert consultation and 
supervision of training of palm weevil farming based 
on methodologies proven successful in Ghana. AnePare 
Farms developed an innovative approach to rearing 
edible insects using simple tools, including a bucket 
and mesh screen, packaged as a rearing kit. The ‘insect 
farmer’ needs three minutes every two days to attend to 
the rearing kit until insect maturity in 21 to 28 days, at 
which time matured larvae were ready for harvesting. 
Rearing the palm weevil from an adult to the consum-
able larval stage takes only 21 to 28  days depending on 
the environmental conditions, the quality of the feed, 
and the presence or absence of parasitoids. A complete 
lifecycle for continuous rearing takes 60 days. The Bong 
County Health Team is a branch of the central Ministry 
of Health, whose members coordinated and conducted 
trainings at the rural MWHs, purchased start-up sup-
plies, and provided ongoing evaluation and data collec-
tion for the project duration.

Intervention training
In January of 2020, two members of the Bong County 
Health Team traveled to Ghana to participate in training 
at AnePare Farms. All participants provided informed 
consent before program enrollment. They were trained 
on how to start and maintain a palm weevil farm. These 
trainees served as lead trainers who returned to Liberia 
to conduct one half-day workshop and trained a total of 
16 participants at four MWH sites: Naama, Phebe, Fenu-
toli, and Janyea.

Participants were trained to start-up, maintain, and 
process edible insects as a sustainable food source for 

pregnant women at a MWH and were provided with 
starter materials for the construction of larvae stor-
age facilities. Participants were also trained to process 
the palm weevil larvae into food powder, cubes, pro-
tein bars, pies, cakes and as a weaning feed for infants. 
The estimated startup costs for supplies and logistics to 
begin farming was 600USD per site. Participants were 
asked to record daily logs on larvae production work-
sheets. The goals of this intervention were to: i) develop 
local knowledge for sustainably implementing an edible 
insects training program; ii) document successful larvae 
production from participants’ rearing kits after two com-
plete cycles; and iii) evaluate whether income generation 
through insect farming would generate a source of rev-
enue at rural MWHs.

Data collection and analysis
Participant understanding of palm weevil farming, edible 
insect nutrition facts, maintenance, and processing was 
assessed with pre- and post-training knowledge assess-
ment surveys immediately prior to and after the training. 
Following knowledge assessment surveys, participants 
were supplied with mixed methods project evalua-
tion tracking sheets to document edible insect harvests, 
turnover cycles, barriers faced during project implemen-
tation, and potential income generated through palm 
weevil production.

Data on MWH attendance over the study period (July-
December 2020) was captured by  The Bong County 
Health Team, which was collected from midwives and 
trained birth attendants staffing MWHs. Pre- and post-
training knowledge assessment surveys, evaluation 
tracking data, and MWH census data were manually 
entered and cleaned in Microsoft Excel. SPSS was used 
for descriptive statistics. Paired t-test was used to exam-
ine the differences in the pre-and post-knowledge assess-
ment tests. Qualitative data were grouped into repetitive 
themes, and varied quotes were selected to highlight rel-
evant aspects of project implementation.

Results
Population
Four MWHs were selected based on their willingness, 
staff availability, and close working relationship with The 
Bong County Health Team. Training was successfully 
conducted for 16 participants across the four MWHs: 
Naama, Fenutoli, Janyea and Phebe (Fig. 1). Participants 
were provided with palm larvae rearing kits, starter cul-
ture of adult palm weevil, larvae and cocoons, and a 
wooden structure for their insect colonies. Participants 
consisted of community health workers, public health 
consultants, pregnant women, opinion leaders and local 
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leaders. Larvae farms were established at participating 
MWHs according to training guidelines, constructed as 
a wooden structure with thatched and tarpaulin roof. 
Wooden stands served as the shelves to hold bins used 
for larvae inoculation (Fig. 2a-e).

Over the 6-month study period (July-December 2020), 
751 women gave birth across the four hospitals associ-
ated with MHWs, with a total of 217 women staying in 
MWHs (Table 1).

Training and implementation
Among 16 participants who underwent the training, all 
participated in pre- and post-training knowledge score 
evaluations, and implementation monitoring over the 
course of 2 cycles of larvae production during the pro-
ject implementation phase. There was a statistically sig-
nificant difference in eight out of nine knowledge areas 
including the nutritional information, start- up, mainte-
nance, and processing of palm weevil before and after the 
training (Tables 2 and 3).

Production metrics
All four sites successfully produced larvae of varying 
quantities from their rearing kits for two or more cycles 

(four months). The larval production from the various 
rearing centers was relatively low, ranging from 120 to 
721 larvae harvested within the two production cycles 
(Table  4). Naama produced the most larvae at harvest, 
almost four times the second most productive MWH 
(Phebe).

All four sites reported using exclusively palm yolk as 
the larvae feed substrate. When participants were asked 
about the most preferred way to eat the harvested palm 
weevil larvae, 50% indicated the larvae were best eaten 
when grilled while 25% preferred to eat fried and 25% 
favored boiled larvae. Other consumption methods 
included roasting and using larvae as a condiment. Each 
site reported similar by-products from larvae production, 
including manure for future farming (100%), condiments 
(50%), firewood (25%), and protein for soups (25%).

Larvae consumption among residents varied across 
each site. Naama recorded the most significant accept-
ability and consumption measures among the four loca-
tions, with all insects produced also being consumed 
over the study period. Despite having the largest adult 
larvae production number at 721, its consumption 
percentages resulted in no commercialization of prod-
uct for income generation beyond MWH residents. 

Fig. 1 Sites of the Four Participating MWHs in Bong County, Liberia. This figure demonstrates Bong County and the locations of the four 
participating Maternity Waiting Homes throughout the research study period. The left map displays Liberia and its 15 counties, with Bong County 
highlighted in blue. The right map demonstrates the location of each participating MWH, which is indicated with a black dot and its name
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At Phebe, residents consumed about 50% of larvae 
for a total of approximately 100 pieces consumed and 
the remaining 100 commercialized for profit. Janyea 

had less consumption, with less than 10% of produced 
larvae being eaten. Participants reported differences 
across each site in how the edible insects were pro-
moted to residents. At Phebe and Naama, there was 
strong participation from MWH staff and health care 
workers for promoting the project. They advertised the 
edible insect options as a nutritious supplement to resi-
dents upon their entry and throughout their stay at the 
MWHs, specifically by referencing the increased pro-
tein and calcium benefits of palm weevil consumption 
during pregnancy that was learned during their train-
ing. These staff incorporated rearing of the insects into 
their daily workflow. Janyea reported less interested 
staff and difficulty with supervision given distance to 
the rearing centers. Across the four sites, frequency 

Fig. 2 a-e Palm Weevil Project Training and Implementation. a Palm weevil training with The Bong County Health Team at one of the four 
participating MWHs; b Harvesting palm yolk for larvae feed; c Wooden rearing house used to store palm weevil inoculation bins; d Training 
community members in palm weevil rearing; e Palm weevil harvest at Fenutoli

Table 1 Average number of deliveries and number of women 
staying at MWH (July-December 2020)

Average Number of 
Deliveries/month (N)

Average number of women 
staying at MWH/month (N)

Total 125.2 26.17

Facility

 Phebe 49.33 5.83

 Naama 29.17 11.50

 Janyea 16.67 5.67

 Fenutoli 30.00 13.17
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of consumption ranged from only one time to a maxi-
mum of 10 pieces per day, depending on preferences of 
each resident. MWH residents who rejected consum-
ing edible insects even when they were available did 
so because some indigenous tribes do not consume 
insects. Other residents reported that the palm weevils 
were “like a worm,” and some simply did not find them 
appetizing.

Only one MWH produced enough larvae for sale as 
well as consumption (Phebe), where approximately 50% 
of the production was consumed by pregnant women 
staying at the MWH and 50% sold for a profit. Lar-
vae were sold as packs of five or six insects for 100LD 
(0.65USD). Phebe generated 2,000 Liberian dollars over 
2  months (approximately 13 USD) from its palm wee-
vil profits. Participants attributed this success to the 

investment of local traditional birth attendants (TBAs) 
who showed high levels of commitment to larvae produc-
tion and harvesting. Two sites produced mainly for con-
sumption by MWH patients (Naama and Fenutoli). At 
Fenutoli and Naama, all palm weevils raised were either 
consumed by pregnant women staying at the MWHs 
or diverted to continue with additional rearing cycles. 
The final site, Janyea, presented challenges as the larvae 
drowned after the second cycle due to structural instabil-
ity of the rearing houses. Participants attributed the low 
insect consumption at Janyea to this barrier in adult lar-
vae production.

Though 75% of sites were able to continue farm-
ing beyond two cycles, participants cited challenges to 
implementation and sustainability. The most common 
reasons included limited feed for the larvae (100%) and 
lack of staff motivation (25%). All four sites reported 
that the farms were “easy to maintain” when appropriate 
amounts of feed were available, including for harvesting 
process and waste disposal. Two participants trained oth-
ers in the palm weevil farming technique, for a total of 
three new trainees.

Table 2 Pre- and post- training knowledge test descriptive statistics

* p < 0.05 ** p < 0.01 ***p < 0.001

Pre-test (N = 16) n (%) Post-test (N = 16) n (%) p-value

Overall score, mean (SE) 2.31 (0.45) 7.75 (0.39)
There is more protein in palm weevils than in chicken 6 (37.50) 16 (100.00)  < .01**

There is more protein in palm weevils than in beef 8 (50.00) 16 (100.00)  < .01**

There is more protein in palm weevils than in fish 5 (31.25) 16 (100.00)  < .001***

Insect farming is more sustainable than livestock farming 5 (31.25) 15 (93.75)  < .01**

Palm weevil larvae matures in which stage? 0 (0) 7 (43.75)  < .01**

Palm weevils have males and females 5 (31.25) 16 (100.00)  < .001***

How many eggs does a palm weevil lay after mating? 0 (0) 5 (31.25) .02*

How long does it take for palm weevil eggs to hatch? 0 (0) 7 (43.75)  < .001 ***

You must feed palm weevil larvae every day 7(43.75) 13 (81.25) .05

Which metamorphic (developmental) stage is consumed? 0 (0) 13 (81.25)  < .001***

Table 3 Pre-and post-training knowledge test paired samples 
statistics

* p < 0.05 ** p < 0.01 ***p < 0.001

Mean N Std. Deviation Std. Error Mean Significance

Pre-test 2.31 16 1.81 0.45  < .001***

Post-test 7.75 16 1.57 0.39

Table 4 Larvae produced and consumed at the various rearing centers

Larvae harvested: larvae produced after the 21–28 day period

Site Larvae harvested Larvae diverted Larval mortality Percentage of harvested larvae 
consumed

Total 
pieces 
consumed

Naama 721 300 80 100% 721

Phebe 200 107 48 50% 100

Janyea 187 102 21 7% 13

Fenutoli 120 84 17 62% 75



Page 7 of 10Reynolds et al. BMC Public Health         (2022) 22:1313  

Discussion
Food insecurity and undernutrition in LMICs including 
Liberia continues to be a serious public health challenge, 
contributing to preventable maternal and neonatal mor-
bidity and mortality. Innovative and sustainable interven-
tions are needed to combat this under-resourced global 
need. An edible insect project, using palm weevil larva 
as complementary diet for expectant mothers at pre-
established MWHs in rural Liberia, is a promising inter-
vention to provide supplemental nutrition and broaden 
sources of protein. This pilot study shows the interven-
tion was successfully implemented across four MWH 
sites, requiring minimal training and resources. After 
one training session, participants showed considerable 
knowledge gains, and were able to successfully imple-
ment and sustain low-cost and low-resource palm wee-
vil farming. Participants reported that maintaining the 
larvae farms and tracking the production were easy to 
do, and that production was effective enough to provide 
palm weevil as food to all desiring expectant mothers at 
the MWHs.

In addition to serving as a nutritious food supplement 
for pregnant women awaiting delivery, this interven-
tion served as a modest income generating activity for 
one project site in a short amount of time. The site pro-
duced enough product to generate income from larva 
profits, earning 13 USD over the study period which 
was used to purchase additional foods and other needed 
resources to deliver quality care to pregnant women. 
Though Phebe grossed only 13 USD over the two-month 
study period, this figure showed positive economic profit 
at one site following a one-time initial startup cost. With 
approximately 50% of households in Bong County living 
in extreme poverty and making less than 1.25USD per 
day [27], positive income generating activities can be a 
helpful additional benefit of this program for MWHs in 
this region. Furthermore, by-products of the farming 
provided additional resources, including crop manure 
and firewood. This finding is significant, as it relates to 
other economic models for sustainable revenues for the 
community.

There were discrepancies across the four sites in terms 
of production and consumption. Naama produced and 
consumed the most edible insects, likely given the large 
interest from MWH residents at this site. This differed 
from Phebe, who despite harvesting less than one-third 
that of Naama with only half as many residents, was also 
able to commercialize its extra product. We hypothesize 
that this difference may be due to variance in interest 
from residents and priorities for how to allocate larvae, 
as sites were given autonomy to commercialize their 
product. Despite the successes of these sites, Janyea con-
versely only reported 13 palm weevils being consumed. 

We hypothesize that this discrepancy may be due both to 
decreased interest and limited availability, as Janyea had 
less output comparatively, and suffered a significant loss 
of product due to flooding in the rearing houses which 
caused many of the edible product to drown. Rainwater 
drowning (Janyea) and lack of feed for continuous palm 
weevil larval production were factors that might have led 
to a reduction in output. Cocooning and adult hatching 
was low on average across all rearing centers compared 
to potential expected yield of 800 insects per site. This is 
the first study in Liberia to assess palm weevil farming, so 
there is limited data on true expected yields. Discrepan-
cies may be due to parasitoids and predation, particularly 
at Fenutoli and Phebe. Parasitoids and predation are two 
factors in edible insect farming which present potential 
explanations for lower yield, as they disrupt the envi-
ronmental conditions necessary for proper growth and 
reproduction and eliminate the number of total larvae 
produced. Natural selection may have also played a role 
in discrepancies among rearing sites. Although the col-
ony started with artificial selection through the control 
and manipulation of feed (palm yoke and sugar) with-
out environmental manipulation, natural selection pro-
duced offspring with unique and heritable fitness within 
the population to increase the fitness of the individuals 
in the subsequent generations. In nature, complex com-
munity interactions drive natural selection, which could 
be underpinned by the various environmental conditions 
across rearing centers. This process selects organisms 
which are most suited to survive in a given environment, 
while killing off those who do not possess such traits, 
making those with “fit” traits more likely to reproduce 
and occupy a population. For example, if a bacteria or 
fungi harmful to palm weevils had infiltrated the rearing 
center, this would cause a significant decrease in produc-
tion outcome for the infected farm. Such a process or 
combination of factors could explain why Fenutoli and 
Phebe had differences in production amount, despite 
their close geographic proximity. Though this study was 
relatively short with two rearing cycles, future outcomes 
of long-term production should also consider discrep-
ancies due to natural selection to increase the fitness of 
palm weevils in the subsequent generations.

Despite successes, there were barriers to project 
implementation and sustainability. All participants 
reported acquiring feed for the larvae as an additional 
barrier. Though all sites reported sufficient access to 
source palm yolk to continue with rearing, feed was one 
of the only materials that had to be continually sup-
plied or bought by sites throughout the rearing period. 
Once the intervention is scaled to other MWHs, com-
municating during the training session of the need to 
replenish feeding supplies, establishing supply chains to 
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source palm yolk and cassava feeds, and assigning spe-
cific project participants to be responsible for acquiring 
feed with ample time to not upset rearing cycles will 
be important to successful implementation. Second, 
Phebe was the only site able to commercialize and sell 
its extra larvae for profit. Participants attributed this 
success to invested staff committed to project success, 
emphasizing the need for recruiting project managers 
and TBAs who believe in the importance of the inter-
vention and have the capacity to oversee the implemen-
tation. Less productive sites confirmed this finding, 
identifying lack of participants’ motivation as a barrier. 
This finding emphasizes the importance of recruiting 
enthusiastic leaders, as well as educating and empow-
ering community members for engagement and project 
success. TBAs are a unique population with a special 
combination of community knowledge and trust along-
side health care providers, who could serve as effec-
tive ambassadors to this program for MWH residents. 
As these interventions expand, it will be important 
to equip and empower TBAs and other MWH health 
care workers with the tools to successfully implement 
palm weevil rearing projects. Similarly, though par-
ticipants were not expected to recruit or train oth-
ers to assist with the project, two participants trained 
a total of three new trainees. This shows potential for 
a future train-the-trainer model as the intervention is 
scaled to a larger population. Infrastructure problems 
arose at the Janyea site, whose farm flooded following 
two cycles (four months). To avoid similar issues during 
Liberia’s rainy season, more sustainable rearing houses 
should be considered, such as metal roofs and concrete 
foundations.

A main challenge to program implementation was the 
difficulty with support and supervision from higher level 
trainers at the MWHs, as COVID-19 disrupted the ability 
to support early learners in a more hands-on approach. 
Phebe, one of the more successful sites, was located near 
the Bong County Health Team office, where lead train-
ers were more consistently available for consultation and 
support. Given this observation, providing close supervi-
sion and support to new trainees will be of crucial impor-
tance as the intervention is scaled up to other MWHs 
across Liberia. There are also opportunities for using 
more creative approaches to training, monitoring, and 
evaluating staff and program implementation, including 
tele-consults and use of mobile apps to track harvests, 
as in-person activities may continue to be limited. Addi-
tionally, the COVID-19 pandemic has exacerbated food 
insecurity for many Liberians, including MWH staff. 
Nearly 70% of participants from one study in Liberia 
reported new-onset food insecurity from the pandemic 
[28]. Guaranteeing that staff feel supported not only in 

rearing edible insects for MWH residents, but also their 
own food access, is paramount. These barriers affirmed 
that, education, awareness, and capacity-building paired 
with community support are essential to sustainability in 
an edible insect rearing project.

Though an effective solution for combating malnutri-
tion given their high protein, lipid, vitamin, mineral, and 
fiber content, edible insects are a relatively new public 
health solution for combating undernutrition [29]. While 
emerging research has demonstrated the health benefits 
of edible insects, including antimicrobial, nutritional, and 
therapeutic properties [29], few studies have evaluated 
implementation of an edible insects programs among 
populations vulnerable to malnutrition. Most research 
advocating for edible insect consumption are observa-
tional studies on traditional practices [30], including 
in Madagascar [31], the Democratic Republic of Congo 
[32], and Thailand [33], or acceptability studies in West-
ern countries without traditions of edible insects [34]. 
Acceptability studies in Liberia and Ghana have shown 
important stakeholders, including caregivers, patients, 
community leaders, and healthcare professionals, to have 
favorable opinions towards palm weevil larvae farming 
as a source of nutrition [19, 24, 35]. These studies con-
firmed our findings that palm weevil farming is low cost, 
sustainable with proper support, and acceptable to par-
ticipants as a source of nutrition. A further benefit of 
our study demonstrates that this accepted intervention 
can be implemented into an existing health system. One 
observational study in South Africa demonstrated edi-
ble insect trading as a popular source of income which 
helped to improve rural livelihoods [36], exhibiting even 
more robust market value than our study for edible 
insects. Generally, our study adds to the growing body of 
literature on edible insect consumption to combat mal-
nutrition. It is one of the only to implement and measure 
edible insects farming and consumption as a novel inter-
vention, and the first to do so among pregnant women. 
This research is also the first to measure income-gen-
erating potential of palm weevil farming as a secondary 
benefit for health centers. This study could inform future 
efforts for scale-up to country-wide MWHs and supple-
menting nutritious food options in an environmentally 
sustainable way.

Limitations
This study has several limitations. First, implement-
ing this program with the onset of the COVID-19 pan-
demic presented significant challenges, including travel 
restrictions which prevented The Bong County Health 
Team from close monitoring of progress at each MWH. 
For future interventions, such close supervision which 
was vital to the project outcomes may be more difficult 
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with increased sites. Scale-up should prioritize effec-
tive strategies for frequent check-ins in the context of 
COVID-19 while not overburdening supervisors. Second, 
the rearing houses were made of wood and were suscep-
tible to unforeseeable events such as the flooding. There-
fore, more durable farming supplies and material should 
be considered for future studies. Finally, data collection 
using paper tools was less convenient for researchers and 
participants and made follow-up more difficult among 
COVID-19 travel regulations. Such limitations could be 
mitigated with digitalized survey tools such as mobile 
apps.

Conclusion
Palm weevil rearing at MWHs in Liberia can be a feasi-
ble and sustainable intervention to supplement nutrition 
among pregnant women, with potential for modest IGA. 
An edible insect project designed for pregnant women 
addresses many of the Sustainable Development Goals, 
mainly 2) Zero Hunger, 3) Good Health and Wellbeing, 
and 12) Responsible Consumption and Production [2]. 
This project successfully trained local participants for 
start-up, maintenance, and processing of edible insects, 
documented successful larvae production for two com-
plete cycles, and evaluated income generation potential 
of insect farming at MWHs. Despite identified barriers 
across the four MWHs, each site successfully produced 
enough larvae for pregnant women, and one site success-
fully sold 50% of their product. The palm weevil farming 
demonstrates exciting potential for country-wide scale-
up. Future projects should consider monitoring clini-
cal outcomes related to pregnant women who consume 
edible insects compared with those who do not, and how 
to construct cost-effective but simultaneously durable 
insect rearing houses. Research at a country-wide level 
could provide data to further develop best practices and 
investigate the nutritional benefit of palm weevil con-
sumption for pregnant women and children beyond 
those utilizing the MWHs.

Abbreviations
LMIC: Low- and middle-income countries; IGA: Income generating activities; 
MWH: Maternity Waiting Home; USD: United States Dollar.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12889- 022- 13706-8.

Additional file 1: Appendix 1. Comparison of Sources of Protein and 
Iron.

Acknowledgements
The authors would like to thank the midwives, nurses, and community mem-
bers at the rural health facilities who participated in this study.

Authors’ contributions
JA, JP, AN, BZ, AK, and JL contributed to study design. JA led the palm weevil 
training workshops in Ghana and Liberia. AK, AN, BZ, and JP assisted with data 
collection. CR, MH, and HL completed data cleaning and analysis. CR, JP, and JL 
drafted the initial manuscript version. All authors read and approved the final 
manuscript.

Funding
Funding for this project was received from the Global REACH Partnership 
Development Grant and the Graham Sustainability Institute, Emerging 
Opportunities Program, University of Michigan, Ann Arbor, MI 48109 USA. 
Funding from these sources assisted with travel costs to conduct project 
trainings, material startup cost for constructing palm weevil farms, and salary 
compensations for partners involved in this project. These funding sources 
had no role in the design, execution, analyses, data interpretation, or decision 
to submit results.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study protocol was approved by the University of Michigan IRBMED. All 
methods were performed in accordance with the relevant guidelines and 
regulations. All participants provided informed consent before participating.

Consent for publication
Informed consent for publication was obtained for all images presented in the 
manuscript.

Competing interests
Not applicable.

Author details
1 University of Michigan Medical School, University of Michigan, Ann Arbor, MI, 
USA. 2 University of Michigan School of Nursing, Ann Arbor, MI, USA. 3 Depart-
ment of Horticulture and Crop Production, School of Agriculture and Tech-
nology, University of Energy and Natural Resources, Bono region, Ghana. 
4 AnePare Farms, Sunyani, Bono region, Ghana. 5 Spectrum Health, Grand 
Rapids, MI, USA. 6 Center for Global Health Equity, University of Michigan, Ann 
Arbor, MI, USA. 7 Bong County Health Team, Suakoko District, Bong County, 
Liberia. 

Received: 28 October 2021   Accepted: 21 June 2022

References
 1. FAO, IFAD, UNICEF, WFP and WHO. The State of Food Security and Nutri-

tion in the World 2020. Rome: Transforming food systems for affordable 
healthy diets; 2020. https:// doi. org/ 10. 4060/ ca969 2en.

 2. Sustainable Development Goals. Goal 2: Zero Hunger. United Nations. 
Accessed 5 Sep 2021. https:// www. un. org/ susta inabl edeve lopme nt/ 
hunger/

 3. The International Panel on Climate Change. Climate Change and Land. 
United Nations. 2019. p. 447–464. Accessed 3 Sep 2021. https:// www. 
ipcc. ch/ site/ assets/ uploa ds/ sites/4/ 2021/ 07/ 210714- IPCCJ 7230- SRCCL- 
Compl ete- BOOK- HRES. pdf

 4. United Nations Office for Coordination of Humanitarian Affairs. Global 
Humanitarian Response Plan COVID-19. Geneva; 28 Mar 2020. Accessed 
20 Sep 2021. https:// www. unocha. org/ sites/ unocha/ files/ Global- Human 
itari an- Respo nse- Plan- COVID- 19. pdf

https://doi.org/10.1186/s12889-022-13706-8
https://doi.org/10.1186/s12889-022-13706-8
https://doi.org/10.4060/ca9692en
https://www.un.org/sustainabledevelopment/hunger/
https://www.un.org/sustainabledevelopment/hunger/
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.ipcc.ch/site/assets/uploads/sites/4/2021/07/210714-IPCCJ7230-SRCCL-Complete-BOOK-HRES.pdf
https://www.unocha.org/sites/unocha/files/Global-Humanitarian-Response-Plan-COVID-19.pdf
https://www.unocha.org/sites/unocha/files/Global-Humanitarian-Response-Plan-COVID-19.pdf


Page 10 of 10Reynolds et al. BMC Public Health         (2022) 22:1313 

 5. Black RE, Allen LH, Bhutta ZA, Caulfield LE, de Onis M, Ezzati M, Mathers 
C, Rivera J, Maternal and Child Undernutrition Study Group. Maternal 
and child undernutrition: global and regional exposures and health 
consequences. Lancet. 2008;371(9608):243–60. https:// doi. org/ 10. 1016/ 
S0140- 6736(07) 61690-0.

 6. Müller O, Krawinkel M. Malnutrition and health in developing countries. 
CMAJ. 2005;173(3):279–86. https:// doi. org/ 10. 1503/ cmaj. 050342.

 7. United States Agency for International Development (USAID). Role of 
Nutrition in Preventing Child and Maternal Deaths: Technical Guidance 
Brief. August 2017. Accessed 10 Sep 2021. https:// www. usaid. gov/ sites/ 
defau lt/ files/ docum ents/ 1864/ role- of- nutri tion- preve nting- child- mater 
nal- deaths. pdf

 8. World Food Programme (WFP). WFP Liberia: Country Brief August 2021. 
United Nations. Accessed 27 Sep 2021. https:// www. wfp. org/ count ries/ 
liber ia

 9. World Food Programme (WFP). Impact of West Africa Ebola Outbreak 
on Food Security and Staple Food Prices. United Nations. 31 Jan 2017. 
Accessed 19 Sep 2021. https:// www. wfp. org/ publi catio ns/ impact- west- 
africa- ebola- outbr eak- food- secur ity- and- staple- food- prices

 10. Thomas AC, Nkunzimana T, Perez Hoyos A, Kayitakire F. Impact of the 
West African Ebola Virus Disease Outbreak on Food security. European 
Commission Institute for Environment and Sustainability. JRC Science 
and Policy Reports. December 2014. Accessed 19 Aug 2021. https:// relie 
fweb. int/ sites/ relie fweb. int/ files/ resou rces/ JRC94 257_ ebola_ impact_ on_ 
food_ secur ity_ jrc_ h04_ final_ report. pdf. pdf

 11. Food and Agriculture Organization of the United Nations. Liberia: Agricul-
ture livelihoods and food security in the context of COVID-19, Monitoring 
Report January 2021. Rome; 2021. Accessed 10 Sep 2021. https:// doi. org/ 
10. 4060/ cb361 8en

 12. Assessment of Chronic Food Insecurity in Liberia. USAID Famine Early 
Warning Systems Network. June 2017. Accessed 12 Mar 2022. https:// 
relie fweb. int/ sites/ relie fweb. int/ files/ resou rces/ Liber ia% 20Chr onic% 
20Food% 20Ins ecuri ty% 20Rep ort. pdf

 13. Institute for Health Metrics and Evaluation. GBD Compare. Seattle, WA: 
IHME, University of Washington, 2018. Accessed 11 Mar 2022. http:// 
vizhub. healt hdata. org/ gbd- compa re.

 14. United States Agency for International Development (USAID). Liberia: 
Nutrition Profile. June 2014. Accessed 10 Sep 2021. https:// www. usaid. 
gov/ sites/ defau lt/ files/ docum ents/ 1864/ USAID- Liber ia- Profi le. pdf

 15. Murphy E, Erickson K, and Tubman, M. USAID Office of Food for Peace 
Food Security Desk Review for Liberia. Washington, DC. 2016. Accessed 
10 Mar 2022. https:// www. usaid. gov/ sites/ defau lt/ files/ docum ents/ 1866/ 
FFP- Desk- Review- Liber ia- Feb20 16v2. pdf

 16. Black RE, Victora CG, Walker SP, Bhutta ZA, Christian P, deOnis M, Uauy R. 
Maternal and child undernutrition and overweight in low-income and 
middle-income countries. The Lancet. 2013;382(9890):427–51. https:// 
doi. org/ 10. 1016/ S0140- 6736(13) 60937-X.

 17. Willie TC, Kershaw TS, Callands TA. Examining relationships of intimate 
partner violence and food insecurity with HIV-related risk factors among 
young pregnant Liberian women. AIDS Care. 2018;30(9):1156–60. https:// 
doi. org/ 10. 1080/ 09540 121. 2018. 14669 83.

 18. Food and Agriculture Organization of the United Nations. Edible insects: 
future prospects for food and feed security. Rome; 2013. Accessed 2 Sep 
2021. http:// www. fao. org/3/ i3253e/ i3253e. pdf

 19. Anankware J, Osekre E, Obeng-Ofori D, Khamala C. Identification and 
classification of common edible insects in Ghana. Int J Entomol Proj Eval. 
2016;1:2455–4758.

 20. Dzerefos CM, Witkowski ET, Toms R. Comparative ethnoentomology of 
edible stinkbugs in southern Africa and sustainable management consid-
erations. J Enthobiol Ethnomedicine. 2013;9(20). https:// doi. org/ 10. 1186/ 
1746- 4269-9- 20.

 21. Bauserman M, Lokangaka A, Kodondi KK, et al. Caterpillar cereal as 
a potential complementary feeding product for infants and young 
children: nutritional content and acceptability. Matern Child Nutr. 
2015;11(Suppl 4):214–20.

 22. United States Department of Agriculture (USDA) Agricultural Project 
evaluation Service. Food Composition Database. Accessed 10 Sep 2021. 
https:// www. nal. usda. gov/ fnic/ usda- nutri ent- data- labor atory

 23. Elemo BO, Elemo GN, Makinde MA, Erukainure OL. Chemical evaluation 
of African palm weevil, Rhychophorus phoenicis, larvae as a food source. 
J Insect Sci. 2011;11(146):1–6.

 24. Coley K, Perosky JE, Nyanplu A, Kofa A, Anankware J, Moyer CA & Lori, 
JR. Examining the Acceptability and Feasibility of Insect Consumption 
Among Pregnant Women in Liberia: A Qualitative Project evaluation, 
Maternal & Child Nutrition. 2020;e12990. https:// doi. org/ 10. 1111/ mcn. 
129908.

 25. Lori JR, Munro ML, Rominski S, Williams G, Dahn BT, Boyd CJ, Moore JE, 
Gwenegale W. Maternity waiting homes and traditional midwives in 
rural Liberia. Int J Gynaecol Obstet. 2013;123(2):114–8. https:// doi. org/ 10. 
1016/j. ijgo. 2013. 05. 024.

 26. Lori JR, Perosky JE, Rominski S, Munro-Kramer ML, Cooper F, Kofa A, 
Nyanplu A, James KH, Cole GG, Coley K, Liu H, & Moyer CA. Maternity 
waiting homes in Liberia: results of a countrywide multi-sector scale-up. 
Plos One. 2020;15(6). https:// doi. org/ 10. 1371/ journ al. pone.0234785.

 27. Liberia Institute of Statistics and Geo-Information Services (LISGIS), Min-
istry of Health and ICF. Liberia Demographic and Health Survey 2019–20. 
Monrovia, Liberia and Rockville, Maryland, USA: Ministry of Health and 
ICF; 2021.

 28. Davis EJ, Amorim G, Dahn B, Moon TD. Perceived ability to comply with 
national COVID-19 mitigation strategies and their impact on household 
finances, food security, and mental well-being of medical and pharmacy 
students in Liberia. PLoS One. 2021;16(7):e0254446. https:// doi. org/ 10. 
1371/ journ al. pone. 02544 46.

 29. da JantzenSilva Lucas A, de MenegonOliveira L, da Rocha M, Prentice 
C. Edible insects: an alternative of nutritional, functional and bioactive 
compounds. Food Chem. 2020;311:126022. https:// doi. org/ 10. 1016/j. 
foodc hem. 2019. 126022 Epub 2019 Dec 13.

 30. Raheem D, Carrascosa C, Oluwole OB, et al. Traditional consumption of 
and rearing edible insects in Africa, Asia and Europe. Crit Rev Food Sci 
Nutr. 2019;59(14):2169–88. https:// doi. org/ 10. 1080/ 10408 398. 2018. 14401 
91.

 31. Conti MV, Kalmpourtzidou A, Lambiase S, De Giuseppe R, Cena H. Novel 
foods and sustainability as means to counteract malnutrition in Mada-
gascar. Molecules. 2021;26(8):2142. https:// doi. org/ 10. 3390/ molec ules2 
60821 42 Published 2021 Apr 8.

 32. Ishara J, Ayagirwe R, Karume K, et al. Inventory reveals wide biodiversity 
of edible insects in the Eastern Democratic Republic of Congo. Sci Rep. 
2022;12(1):1576. https:// doi. org/ 10. 1038/ s41598- 022- 05607-y Published 
2022 Jan 28.

 33. Hanboonsong Y, Jamjanya T, Durst PB. Six-Legged Livestock: Edible Insect 
Farming, Collecting and Marketing in Thailand. Rome: FAO; 2013.

 34. Mancini S, Sogari G, Espinosa Diaz S, Menozzi D, Paci G, Moruzzo R. 
Exploring the future of edible insects in Europe. Foods. 2022;11(3):455. 
https:// doi. org/ 10. 3390/ foods 11030 455 Published 2022 Feb 3.

 35. Laar A, Kotoh A, Parker M, Milani P, Tawiah C, Soor S, Anankware JP, Kalra 
N, Manu G, Tandoh A, Zobrist S, Engmann C, Pelto G. an exploration 
of edible palm weevil larvae (Akokono) as a source of nutrition and 
livelihood: perspectives from Ghanaian Stakeholders. Food Nutr Bull. 
2017;38(4):455–67. https:// doi. org/ 10. 1177/ 03795 72117 723396.

 36. Hlongwane ZT, Slotow R, Munyai TC. The role of edible insects in rural 
livelihoods, and identified challenges in Vhembe District, Limpopo, South 
Africa. Resources. 2021;10(12):123. https:// doi. org/ 10. 3390/ resou rces1 
01201 23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1016/S0140-6736(07)61690-0
https://doi.org/10.1016/S0140-6736(07)61690-0
https://doi.org/10.1503/cmaj.050342
https://www.usaid.gov/sites/default/files/documents/1864/role-of-nutrition-preventing-child-maternal-deaths.pdf
https://www.usaid.gov/sites/default/files/documents/1864/role-of-nutrition-preventing-child-maternal-deaths.pdf
https://www.usaid.gov/sites/default/files/documents/1864/role-of-nutrition-preventing-child-maternal-deaths.pdf
https://www.wfp.org/countries/liberia
https://www.wfp.org/countries/liberia
https://www.wfp.org/publications/impact-west-africa-ebola-outbreak-food-security-and-staple-food-prices
https://www.wfp.org/publications/impact-west-africa-ebola-outbreak-food-security-and-staple-food-prices
https://reliefweb.int/sites/reliefweb.int/files/resources/JRC94257_ebola_impact_on_food_security_jrc_h04_final_report.pdf.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/JRC94257_ebola_impact_on_food_security_jrc_h04_final_report.pdf.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/JRC94257_ebola_impact_on_food_security_jrc_h04_final_report.pdf.pdf
https://doi.org/10.4060/cb3618en
https://doi.org/10.4060/cb3618en
https://reliefweb.int/sites/reliefweb.int/files/resources/Liberia%20Chronic%20Food%20Insecurity%20Report.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/Liberia%20Chronic%20Food%20Insecurity%20Report.pdf
https://reliefweb.int/sites/reliefweb.int/files/resources/Liberia%20Chronic%20Food%20Insecurity%20Report.pdf
http://vizhub.healthdata.org/gbd-compare
http://vizhub.healthdata.org/gbd-compare
https://www.usaid.gov/sites/default/files/documents/1864/USAID-Liberia-Profile.pdf
https://www.usaid.gov/sites/default/files/documents/1864/USAID-Liberia-Profile.pdf
https://www.usaid.gov/sites/default/files/documents/1866/FFP-Desk-Review-Liberia-Feb2016v2.pdf
https://www.usaid.gov/sites/default/files/documents/1866/FFP-Desk-Review-Liberia-Feb2016v2.pdf
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1016/S0140-6736(13)60937-X
https://doi.org/10.1080/09540121.2018.1466983
https://doi.org/10.1080/09540121.2018.1466983
http://www.fao.org/3/i3253e/i3253e.pdf
https://doi.org/10.1186/1746-4269-9-20
https://doi.org/10.1186/1746-4269-9-20
https://www.nal.usda.gov/fnic/usda-nutrient-data-laboratory
https://doi.org/10.1111/mcn.129908
https://doi.org/10.1111/mcn.129908
https://doi.org/10.1016/j.ijgo.2013.05.024
https://doi.org/10.1016/j.ijgo.2013.05.024
https://doi.org/10.1371/journal
https://doi.org/10.1371/journal.pone.0254446
https://doi.org/10.1371/journal.pone.0254446
https://doi.org/10.1016/j.foodchem.2019.126022
https://doi.org/10.1016/j.foodchem.2019.126022
https://doi.org/10.1080/10408398.2018.1440191
https://doi.org/10.1080/10408398.2018.1440191
https://doi.org/10.3390/molecules26082142
https://doi.org/10.3390/molecules26082142
https://doi.org/10.1038/s41598-022-05607-y
https://doi.org/10.3390/foods11030455
https://doi.org/10.1177/0379572117723396
https://doi.org/10.3390/resources10120123
https://doi.org/10.3390/resources10120123

	Sustainable palm weevil farming as nutrition supplementation at maternity waiting homes in Liberia
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Collaborative design
	Intervention training
	Data collection and analysis

	Results
	Population
	Training and implementation
	Production metrics

	Discussion
	Limitations

	Conclusion
	Acknowledgements
	References


