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Chapter

Macadamia Nuts as a Supplement
to Cereal-Based Diets in Malawi

Emmanuel Junior Zuza, Abdulmumin Opeyemi Muhammed,
Andrew Emmott, Rick L. Brandenburg and Yoseph N. Araya

Abstract

Macadamia is a high value tree crop with rising global demand. As a leading
producer, Malawi has seen rapid expansion of macadamia orchards, indicating the
crop’s growing economic and nutritional importance. Macadamia nuts serve as a
means of income generation and provision of high-quality nutrition among produc-
ers and consumers. As a consequence of these benefits, macadamia nut production
is rising within the country. Rising domestic and international demand suggests
macadamia production will help in economic growth in production areas. Integrating
macadamia nuts into local diets could also provide nutritional benefits, allowing
Malawi to simultaneously improve well-being and prosperity. To fully utilize this
potential, Malawi needs strategic expansion plans for the crop. A comprehensive
assessment of current and future suitable production areas is necessary. By matching
production capacity to area’s ecological conditions, yields can be optimized within
sustainable limits. With mindful, coordinated support for the nascent macadamia
industry, Malawi can leverage this crop for healthier, more resilient communities.
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1. Introduction

Addressing global food security is a significant challenge that we face today. The
world’s population continues to grow, driving changes in food consumption patterns.
Food security is simultaneously threatened by land degradation and the negative
impacts of climate change. Through the sustainable development goals (SDGs), the
international community has committed to ending hunger, food insecurity, and all
forms of malnutrition by 2030 [1]. However, the FAO [2] argues that the world is
falling behind in achieving these goals, especially in Africa, where roughly one in four
people face hunger.

Agriculture plays a crucial role in Africa, contributing to both food security and
economic growth. The sector employs approximately 65-70% of the continent’s labor
force and accounts for 30-40% of gross domestic product (GDP) [3]. Smallholder
production dominates and provides up to 80% of the food consumed across Africa
[4]. Furthermore, over 75% of Africa’s poorest people live in rural areas where small-
holder agriculture is the primary economic activity.
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Considering smallholder agriculture’s centrality to Africa’s economy and food
systems, improving productivity and sustainability of the sector is critical. Enhanced
and adaptive smallholder farming systems can simultaneously help in achieving SDGs
including poverty reduction, food and nutrition security, and climate action. For
example, increasing smallholder efficiency and climate resiliency can boost yields,
reducing hunger and raising farmer incomes. Scaling up climate-smart agricultural
(CSA) practices can also help to transform smallholder agriculture systems into a
more sustainable and profitable sector in response to climate change while diversify-
ing sources of household nutrition [5-7].

2. Background on Malawi

Malawi is a country in southern Africa, bordered by Mozambique to the south and
east, Tanzania to the north and northeast, and Zambia to the northwest (Figure 1a).
The country’s terrain is highly varied, featuring the lows of the Great Rift Valley,
which contains Lake Malawi and the Shire River valley, as well as plateaus, rift
escarpments, and mountains with elevations ranging from 1000 to 1500 meters above
the sealevel (m.a.s.l.) and peaks as high as 3000 m.a.s.1. The country has a total area
of 118,484 km?, with 80% (94,449 km?) dedicated to settlement and agricultural
production (Figure 1b). Water bodies cover the remaining area, particularly Lake
Malawi.

Malawi’s population has been rapidly growing and is estimated to be over 22.8
million (www.imf.org/en/Countries/MWI). Nearly 83% of the population lives in
rural areas [8]. Agriculture remains the core source of income for the majority of
Malawians, accounting for over 90% of the population and contributing to approxi-
mately 82.5% of the country’s foreign exchange earnings [9, 10]. The economy of
Malawi is valued at over $12.6 billion by GDP (Figure 2).
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(a) Geographic location and topography of Malawi. (b) Landcover/land use classification.
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Figure 2.
Malawi GDP performance (data sourced from the World Bank).

2.1 The role and structure of the agriculture sector in Malawi

Agriculture forms the backbone of the economy and society of Malawi.
Approximately 85% of households, across the country, are dependent on agricultural
activities for their livelihoods and survival, especially rural communities [11, 12]. In
addition to driving food security and rural incomes, the sector contributes over 30%
to Malawi’s total GDP. As such, a thriving and sustainable agricultural sector is critical
for realizing Malawi’s long-term economic development and reaching several SDGs,
especially those on food security and climate action.

Malawi’s agricultural sector comprises two distinct subsectors: commercial
estate and smallholder producers. The distinction is principally reflected in the
tenure systems under which land is cultivated [13, 14]. The commercial estate
subsector encompasses medium and large-scale commercial estates ranging from
100 to over 10,000 ha, with land tenure systems primarily based on leasehold
or freehold. Commercial estate producers are engaged in the multiplication of
certified seed and cash crop production for domestic and export markets and are
classified as having high input and high productivity [15-17]. Tobacco has been
Malawi’s main cash and export crop since the 1800s, falling under the commercial
estate subsector [18].

Smallholder farmers, estimated to be two million farm families, cultivate about 4.5
million hectares of land in the country [14, 19-21]. The subsector is characterized by
small-scale, subsistent farming, with the average smallholder farm size being less than
0.8 hectare (ha) [22, 23]. Smallholders collectively occupy 80% of the agricultural
land in the country. Furthermore, smallholder production contributes approximately
25% of the country’s GDP, 95% of the total agricultural labour force, and nearly 70%
of agricultural produce, especially common beans, groundnuts, maize, soybeans,
sunflower, and tobacco [24].

Despite the important contributions of the smallholder subsector to Malawi’s food
security and economy, production volumes from each farmer are small, and many are
food insecure annually [25, 26]. This is attributed to three key factors. First is the uti-
lization of traditional crop production practices, such as the use of handheld imple-
ments for farming and over-reliance on seasonal precipitation. Secondly, limited
access to inputs and finance for the farming venture leads to low use of fertilizers and
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chemicals such as pesticides and herbicides. Lastly is the lack of crop diversification
among the smallholders. These factors make Malawi’s smallholder farmers increas-
ingly vulnerable to natural and economic shocks, with climate change expected to
worsen the situation [12, 27]. Therefore, the subsector must prepare and adapt for
sustainable food security and economic development in the country.

2.1.1 Common crops grown in Malawi

Malawi’s agricultural production is mainly oriented toward maize for food and
tobacco for exports. Maize accounts for over 54% of the national caloric intake [28]
and is extensively cultivated across Malawi. The crop thrives in various agroecologi-
cal zones, from low-lying plains to highland areas [29-31]. Cassava is another vital
food staple, providing around 15% of calories [32], and is commonly grown along
Lakeshore plains and Upper Shire valley agroecological zones (AEZ) where its
drought tolerance is beneficial. AEZs are geographical areas (Figure 3) with similar
climatic conditions that can support rainfed agriculture [33].
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Figure 3.
Agroecological zones in Malawi.
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Rice is also primarily produced in wetland regions near Lake Malawi and along
the Shire River, taking advantage of abundant water access [34]. Sorghum and millet
constitute traditional cereal crops in Malawi, occupying around 5% of cropland, gen-
erally in low-lying regions where moisture retention in soils enables reliable harvests
[11, 35]. These food crops are essential sources of calories, nutrition, and resilience
for smallholder farmers across the country. Their capacity to tolerate various marginal
conditions makes them important components of diverse, sustainable cropping
systems.

Until recently, the main cash crop in Malawi has been tobacco, and currently,

95% of the production output of the crop is by smallholders [18]. Moreover, tobacco
has been one of the country’s main agricultural exports for several decades [36, 37].
However, with the declining global demand for tobacco products and increasing
international pressure to reduce tobacco usage, smallholders in the country require
alternative cash crops for their survival [36, 38].

Recognizing the need for crop diversification, the Malawian government and other
stakeholders are advocating for crops such as coffee, groundnuts, macadamia nuts,
soybeans, and sunflower as suitable supplements to the smallholder maize-based diets
and as alternative cash crops to tobacco and tea. Macadamia nuts have been highly
recommended as they are nutrient-dense, require minimal maintenance, and fetch
high market prices [39]. Moreover, the first harvest of the crop is in the lean period
(January to February) when annual staple crops are not matured, and, thus, macada-
mia is an essential resource for improving food security when other food is in short
supply and expensive.

2.2 Climate change and agriculture in Malawi

Climate change, caused by human activities, has become an undeniable reality.
Evidence shows that agricultural production is already being affected by climate
change. This is especially true in many parts of Africa, particularly among small-
holder farming households [40, 41]. Malawi is particularly vulnerable to climate
change due to high poverty levels, limited finances and technology, and a heavy
reliance on a predominantly rainfed agricultural sector [7, 42].

Climate change threatens Malawi’s economic growth, long-term prosperity, and
the livelihoods of an already vulnerable population [43]. Localized droughts and
floods reduce crop yields or result in total crop failure, worsening Malawi’s food
security [44, 45]. Furthermore, there has been a significant increase in extreme
weather events, such as heatwaves, droughts, flash floods, and tropical cyclones in
the country, from just one during the 1970s to over 40, dominated by floods between
2000 and 2022 [46, 47]. Climate change projections for Malawi suggest possible yield
losses of 50% of maize, 45% of tobacco, 12% of groundnuts, 22% of soybeans, and
9% of potatoes by the 2050s, with adverse implications on food security [12, 48].

Malawi’s temperatures have already risen by ~0.9°C from 1960 to 2021 (Figure 4).
Results of 34 climate models provide with higher certainty that temperatures in
Malawi will likely increase by 1.5, 2, and 2.3°C by 2030, 2050, and 2070, respectively,
above the temperatures of the pre-industrial periods [49]. Such warming will likely
have detrimental effects on the agricultural sector if there is low policy implementa-
tion effectiveness by the government. Some detrimental impacts may include crop
failure, increases in crop pests and diseases, and a reduction in suitable areas for
various crops [50]. For example, every degree day above 30°C resultsina 1 to 1.7%
reduction in maize yields [51].
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Figure 4.
Historical average annual tempevatures for Malawi (World Bank Group climate change knowledge portal).
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Figure 5.

Historical annual average precipitation for Malawi (data sourced from: World Bank group climate change
knowledge portal).

"The past decade has witnessed a significant increase in temperature compared to
my youth in the 1950s. Unfortunately, these climatic variations have had an adverse
impact on my crop yields. In the 201819 growing season, we faced the challenges
posed by cyclone Idai, and this year (2022), we have encounteved the impact of
cyclone Ana, both of which have resulted in flooding, leading to the loss of my crops
especially annuals and damage to property.” (EJZ_01).

Malawi’s rain-fed smallholder agriculture is highly vulnerable to shifts in pre-
cipitation and increased frequency of droughts and floods [52, 53]. Historical data
show declining rainfall since 1960 (Figure 5), especially in southern and northern
regions [43]. Decreases are evident for annual and seasonal precipitation (March to
December), while slight increases are evident for the highest precipitation months of
January and February [43, 54].
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Extreme weather events like tropical storms Ana, Idai, Kenneth, and Freddy have
caused massive flooding and crop destruction in recent years, leaving many homeless
and food insecure, as well as loss of life. The El Nifio dry period in early 2024 has also
led to failed maize crops and replanting. Despite these climatic shocks, farmers who
have diversified into several crops, particularly perennial crops, have reported being
somewhat resilient (HIMACUL manager, pers. comm).

"Macadamia smallholders were better off in terms of vesilience to cyclones Ana and
Idai. This is because the macadamia trees and crops under the tree were not severely
affected by the cyclones. Farmers were able to harvest some of their field crops, in
addition to macadamia. The staples were used for food, and macadamia was sold
for income. On the other hand, non-macadamia smallholders lost half or all of their
entive crop, which rendered them food insecure." (EJZ_03).

Climate projections indicate that Malawi will experience a decrease in the aver-
age number of precipitation days and an increase in the duration and intensity
of precipitation by the 2050s [44, 45]. Seasonal distribution of precipitation will
become stronger, with the rainy season receiving a higher proportion of rain and the
dry season receiving less. It is projected that the reduction in precipitation will be
more pronounced in the southern region of the country (—5.1%) than in the central
(—2.8%) and northern (—1.8%) regions.

2.3 Status of food security in Malawi

Food security is defined as the condition where “all people, at all times, have
physical and economic access to sufficient, safe, and nutritious food that meets their
dietary needs and food preferences for an active and healthy life [55].” This defini-
tion describes the “Four Pillars” of food security: availability, access, utilization, and
stability.

Food insecurity is a serious challenge in Malawi, as most agricultural production
falls short of its potential due to climate change, soil fertility, and management prac-
tices [56]. Maize is a critical aspect of food security among Malawians, with access to
and sufficient output of this staple being vital determinants [57]. This is reflected in a
common Malawian saying:

"Ngati sunadye nsima ndiye kuti siunadye tsiku limenelo," (if you have not eaten
maige porridge for a day, you are starving). This quote highlights the significant role
that maize plays in the daily lives and overall welfave of Malawians.

Many smallholders in Malawi struggle to meet their daily subsistence needs due
to climatic shocks, primarily unpredictable precipitation patterns, and heatwaves.

A less predictable rainy season for smallholders makes planning challenging. This is
because farmers rely on knowing when the wet season will begin to sow their crops,
apply fertilizers, and harvest during dry periods. Thus, less predictability makes crop
yields more variable and vulnerable to post-harvest losses with farmers becoming
food insecure.

Nearly 80% of rural individuals, particularly smallholder farmers, in Malawi are
net buyers of maize, but their ability to buy adequate food is hindered by high market
prices and limited household purchasing power [58]. Consequently, smallholders
are the most vulnerable to chronic and transitory food insecurity due to their limited
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capacity to cope with climatic and economic shocks. For instance, the 2017-2018
growing season saw a 22.1% decline in maize production. This was attributed to severe
droughts and flooding coupled with fall armyworm (Spodoptera frugiperda) damage
[59]. As a result, over a million rural Malawians required humanitarian assistance to
meet their food and nutritional needs.

To achieve food security among smallholders, agri-food systems in Malawi
must become more efficient, inclusive, resilient, and sustainable. This can be
made possible by implementing climate-smart agriculture (CSA) practices [60].
CSA practices support the FAO Strategic Framework 2022-2031, which considers
the interlinkages in agricultural productivity, environmental impact, and social
sustainability. Thus, CSA practices are a viable option for achieving food security
and resilience to climate change at the community level. Some of the CSA strategies
include agroecology, agroforestry, conservation agriculture, crop diversification,
and regenerative agriculture [60].

3. Nutritional challenges in Malawi

Malawi faces significant nutritional challenges that originate from a combination of
factors. These challenges include poverty, limited agricultural productivity, inadequate
access to healthcare, and environmental stressors [19, 46]. Malnutrition remains a
pervasive issue affecting all age groups, with children under five and pregnant women
being particularly vulnerable [21]. Malnutrition contributes to high rates of stunting,
wasting, and underweight [61]. Insufficient dietary diversity, poor infant and young
child feeding practices, and lack of access to clean water and sanitation exacerbate the
problem.

Central to addressing Malawi’s nutritional needs is the diversification of the
cereal-based diets prevalent in the nation. Cereals especially maize form the staple
food for the majority of the population, but they lack essential micronutrients crucial
for health and development [62]. While maize provides energy, it is deficient in
key nutrients like vitamin A, iron, and zinc [63]. The prolonged consumption of
cereal-dominated diets contributes to micronutrient deficiencies, leading to adverse
health outcomes such as anemia, impaired immune function, and impaired cognitive
development [64].

The predominance of cereal-based diets reflects dietary habits, socio-economic
factors, and agricultural practices. Limited access and utilization of a diverse range of
foods, particularly fruits, vegetables, fish, and animal-source foods, further com-
pounds the challenge of meeting nutritional requirements. Moreover, poor soil health
and fertility which are widespread in Malawi contribute to poor nutrient content of
crops [55], exacerbating the deficiency in essential micronutrients.

To address these challenges, integrating nutrient-rich alternatives like macadamia
nuts in the Malawian diet remains a viable solution. Macadamia nuts are rich in
essential nutrients such healthy fats, proteins, dietary fiber, vitamin E, magnesium,
phosphorus, and potassium [65, 66]. Consequently, incorporating macadamia nuts
into the diet diversifies nutrient intake and provides a sustainable source of essential
nutrients. Furthermore, promoting the production and consumption of macadamia
nuts aligns with efforts to address malnutrition, improving food security and climate
resilience in Malawi [67]. By leveraging the nutritional benefits of macadamia nuts,
Malawi can mitigate the nutritional challenges and enhance the overall health and
well-being of its population.
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3.1 Macadamia

Macadamia species are native to Australia and were named by Ferdinand von
Mueller in 1857 as a dedication to Dr. John Macadam, who was the Secretary of the
Philosophical Institute of Victoria at the time [68]. Though originating in Australia,
large-scale commercial cultivation of macadamia nuts first happened in Hawai’i in
the 1880s [69, 70]. Since then, macadamia cultivation has spread globally, with major
producers now including Australia, Brazil, China, Colombia, Costa Rica, Guatemala,
Hawai’i, Kenya, Malawi, and South Africa. There are also expanding industries in
Argentina, Fiji, Jamaica, Mexico, Mozambique, Myanmar, Nepal, New Zealand,
Swaziland, Tanzania, Venezuela, Vietnam, Zambia, and Zimbabwe (Figure 6).

3.2 Botanical classification

Macadamia belongs to the Proteaceae family, subfamily Grevilleoideae, and tribe
Macadamieae [71]. Eight macadamia species have been described, six of which are
native to Australia and two to the Indonesian island of Sulawesi [68, 71]. Macadamia
tetraphylla and Macadamia integrifolia, indigenous to Australia’s east coastal rainfor-
ests, produce edible kernels [72]. Hybridization between the two species occurs freely,
which is an essential source of variability for macadamia cultivar selection [73]. The
other macadamia species (ternifolia, jansenii, claudieana, grandis [ Australian], whela-
nii, and hildebrandii [Sulawesi]) are inedible due to high concentrations of cyanogenic
glucosides, which are toxic to humans and livestock [74].

3.3 Structure of macadamia trees

Commercial macadamia varieties grown under ideal management conditions
may attain a height of over 20 metres (m) with a spread of 15 m at 20 years [70].
Mature leaves are sclerophyllous, which allows them to resist collapse after turgidity
loss caused by moisture stress; thus, macadamia leaves do not display stress until it
is excessive and irreversible [75]. The proteiod root system of macadamia trees with

Production scale
I Major producer
[1Minor producer

Figure 6.
Global macadamia growing areas.
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clusters of feeder roots near the soil surface also helps the tree cope with extreme
weather and reduces soil erosion [75].

3.3.1 Macadamia flowers and fruit

Macadamia trees produce large amounts of flowers. However, only a small propor-
tion, approximately 30%, develop into mature nuts [76]. Macadamia flowers are borne
in clusters on pendant racemes (Figure 7). The macadamia fruit ranges in size from 1.2
to 2.5 cm and comprises an embryo (nut or kernel), testa (shell), and a pericarp (husk).

3.3.2 Nutritional content of macadamia nuts

Macadamia nuts have an exceptional nutritional profile, rich in healthy fats, plant-
based protein, and essential micronutrients [65, 77]. Nevertheless, the content of
various chemicals and nutrients in macadamia nuts can vary considerably depending
on the variety, seed maturity, growing locations, and growing conditions [66, 78, 79].
Thus, the results of proximate analysis of macadamia nuts carried out in different
places and at different times can produce different results. For example, of all the
nuts, macadamia nuts have the highest total fat content (>75%), owing to their high
amounts of monounsaturated fatty acid (MUFA) [74]. Nuts are also rich in carbohy-
drates, proteins, and dietary fibers (Table1).

3.4 Healthy benefits associated with macadamia nuts

Regular nut consumption (a handful every day) is associated with many health
benefits. Macadamia nuts contain an array of beneficial nutrients and bioactive
compounds that promote human health and help prevent chronic diseases when con-
sumed regularly. Despite their high fat content, studies have shown macadamia nuts
have positive health effects attributed to their rich composition monounsaturated
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Content per100 g AMS USDA SAMAC
Protein 9.2 79 94
Fat (total oil) * 74.0 e 75.8 e 75.0
* Monounsaturated * 60.0 * 593 * 84.0
* Polyunsaturated * 4.0 * 4.0 * 35
e Saturated * 10.0 ° 121 ° 125
Ash 13 13 1.6
Carbohydrate (total) *79 * 13.8 . -
* Sugar ° 46 41 ° 48
Dietary fibers 6.4 8.6 77
Table 1.

Nutrient content of macadamia nuts (%).

fatty acids (MUFA), proteins, fibers, vitamins, minerals, antioxidants, and other
phytochemicals.

Documented effects of macadamia nuts include improved markers of metabolic
health, such as weight management, insulin sensitivity, blood lipid levels, and heart
disease prevention. Eating macadamia can also regulate good gut health because they
are high in fiber, therefore aiding in digestion and boosting healthy gut flora. Hence,
their incorporation into diets is essential.

3.4.1 Macadamia nuts and heart disease

Consumption of macadamia nuts has been linked with some potential benefits for
heart health. Multiple nutrients found in macadamia nuts, including vitamin Bg, iron,
and manganese have been associated with improvements in lipid profiles by reducing
levels of “bad” cholesterol (low-density lipoprotein cholesterol/LDL), while maintain-
ing or even increasing levels of “good” cholesterol (high-density cholesterol/HDL).

High levels of HDL lipoprotein cholesterol are associated with a lower risk of heart
disease and other cardiovascular problems. For example, consuming macadamia nuts
for 5 weeks, compared to a similar diet without nuts, reduced arterial stiffness and wave
velocity — two indicators of cardiovascular health risk [80]. One way macadamia nut con-
sumption (as part of a healthy diet) helps persons with hypercholesterolemia is through
favorable modification of the plasma lipid profile. For example, 4 weeks of intervention
resulted in 3% reduction of total plasma cholesterol concentrations in humans [81].

Bioactive compounds present in macadamia nuts like tocotrienols and flavonoids
also contribute to cardioprotective effects. These compounds exhibit antioxidant
and anti-inflammatory properties, which help reduce oxidative stress and inflamma-
tion, two key factors responsible for the development of heart disease. Overall, the
evidence from recent studies suggests that incorporating macadamia nuts into the diet
may be a simple yet effective dietary strategy for reducing the risk of heart disease
and improving heart health outcomes.

3.4.2 Macadamia nuts and body weight

The nutritional profile of macadamia nuts, especially their high monounsatu-
rated fat content, has significant impacts on how they can affect body weight and
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composition. Several human trials have shown that including macadamia nuts in diets
does not result in weight gain compared to different control diets, even when the total
calories and fat intake are the same across groups for several weeks. This highlights
the potential benefits of macadamia nuts in promoting fat oxidation and influencing
metabolism, due to their unique fatty acid composition and bioactive compounds like
palmitoleic acid.

3.4.3 Macadamia nuts and platelet aggregation

Macadamia nuts contain high levels of oleic acid, magnesium, and phytosterols
which reduce platelet aggregation, a crucial factor in cardiovascular health. Platelet
aggregation is the formation of a blood clot (thrombus) within a blood vessel or the
heart. Thrombus formation is normal and an essential part of the body’s response to
injury. However, thrombus formation occurring inappropriately within blood vessels
can lead to blockages, disrupting blood flow, leading to serious health problems. In
arandomized controlled trial, Garg et al. [81] found that incorporating macadamia
nuts into diet results in a significant reduction in platelet aggregation among indi-
viduals with elevated cardiovascular risk factors.

3.4.4 Macadamia nuts and oxidative stvess

Oxidative damage occurs when there is an imbalance between free radicals and
antioxidants in the body. Free radicals interact with and damage various cellular
components, including proteins, lipids, and DNA. Studies have shown that regular
consumption of macadamia nuts significantly increases the amounts of antioxidants
in the body, thereby reducing the risk of oxidative damage. Antioxidants are mol-
ecules that neutralize free radicals by donating electrons, thereby preventing them
from causing damage to cells and tissues.

Oxidative damage results in the development of various chronic diseases, includ-
ing cardiovascular disease, cancer, neurodegenerative disorders (such as Alzheimer’s
and Parkinson’s diseases), and aging. As a result, regular consumption of macadamia
nuts helps in the prevention of these chronic diseases.

3.4.5 Macadamia nuts and inflammation

Inflammation is the body’s natural response to injury, infection, or irritation.
Acute inflammation is a short-term response that helps the body defend against
harmful stimuli and promote tissue repair. In contrast, chronic inflammation is a
persistent and prolonged inflammatory response that can occur when the immune
system is activated for an extended period. Subsequently, chronic inflammation can
result in pathogenesis of many diseases, including cardiovascular disease, diabetes,
rheumatoid arthritis, inflammatory bowel disease, and certain types of cancer. It can
also lead to tissue damage, dysfunction, and the progression of underlying health
conditions.

However, the monounsaturated fats and omega-3 fatty acids found in macadamia
nuts have been reported to contribute to anti-inflammatory properties in human cells.
These fatty acids help modulate inflammatory pathways and reduce the production
of pro-inflammatory cytokines, thus reducing inflammation in the body. A study
by Xiao et al. [82] found that macadamia nut consumption resulted in decreased
levels of inflammatory markers, such as C-reactive protein, in individuals with
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hypercholesterolemia, further supporting the anti-inflammatory effects of macada-
mia nuts. Moreover, an unusual omega-7 monounsaturated fatty acid (palmitoleic
acid), to which macadamia nuts have a natural abundance, has been reported to
generate numerous beneficial biological functions, especially its ability to increase
insulin sensitivity and to reduce the risk of diabetes [83].

3.4.6 Macadamia nuts and gut heath

Macadamia nuts are rich in dietary fibers, which play a crucial role in promoting
healthy digestion and maintaining optimal gut function. Dietary fiber provides nour-
ishment for beneficial bacteria in the gut microbiota. This leads to the production of
short-chain fatty acids (SCFAs), which are essential for gut health. Diets rich in fiber
promote the growth of beneficial bacteria such as Bifidobacterium and Lactobacillus
while inhibiting the growth of harmful bacteria. Creedon et al. found that consump-
tion of macadamia nuts increases the production of SCFAs in the gut, leading to
improved gut microbiota composition and function.

Fiber content in macadamia nuts also helps regulate bowel movements and
prevent constipation, promoting overall gut motility and health. Additionally, the
fiber in macadamia nuts contributes to a feeling of fullness and satiety, which may aid
in weight management and promote overall digestive well-being.

3.5 History of macadamia production in Malawi

The origins of Malawi’s macadamia production are not well documented.
Researchers believe the crop was first introduced in the country in the early 1950s
[84]. At the time, commercial estate producers, particularly, Naming'omba Tea Estate
Limited (NTEL) in Thyolo district and Kawalazi Estate (KE) in Nkhata Bay district
primarily used macadamia trees as boundary markers to prevent neighboring com-
munities from encroaching on estate lands.

The decline of the tung oil industry in the mid-1950 to 1970s led to the growth of
the macadamia nut subsector in Malawi [68, 85]. By the beginning of the 1980s, three
commercial estates in the country were operational, and the first macadamia factory
was established on NTEL [86]. Smallholder macadamia production started around
the same time as the commercial estate sector, but significant growth was observed in
the 1990s [68, 85, 87]. These smallholder farmers obtained their seedlings from either
commercial estate producers or the research stations. Nevertheless, production by
smallholders remained small and insignificant.

Realizing the potential of smallholder macadamia production to Malawi’s economy
and food security, the government of Malawi began the promotion of the crop in the
central (Ntchisi and Dowa) and northern (Mzimba, Nkhata bay and Rumphi) districts
of the country [88] from 2001 under the Macadamia Smallholder Development Project
(MSDP). Smallholder macadamia in Neno and Mwanza districts started in 1992.

3.6 Current trends in macadamia production in Malawi

Although initiated and established by the estate sector, the macadamia nut
industry in Malawi is currently thriving in both commercial and smallholder sectors.
Currently, Malawi is the world’s seventh largest macadamia nut producer [89]. The
country has the potential to become a top macadamia producer in the next decade
[89]. This is attributed to the availability of suitable land for production, particularly
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among smallholders. Zuza et al. [50] found that 57% (53,925 km?) of Malawi’s land
area is climatically suitable for macadamia production.

Currently, there are eight major commercial producers of macadamia nuts in
Malawi who also facilitate with processing and marketing of the crop (Gala Macs,
Conforzi Estate, NTEL, Eastern Produce, Plantation General International, KE,

Sable Farming, and Tropha Estates), alongside some medium-scale and smallholder
farmers spread across the country [39]. Moreover, the country’s macadamia industry
is expected to continue expanding, with farms previously used for tobacco production
being converted or diversified to macadamia production [58].

3.7 Macadamia cropping systems in Malawi

Macadamia production in Malawi is divided into three main types: large-scale
commercial estates, medium-scale, and smallholder producers [27, 67]. Commercial
estate and medium-scale producers typically establish extensive monoculture planta-
tions of macadamia orchards across hundreds of hectares. Their production is highly
intensive, often irrigated and mechanized aimed at global exports.

Medium scale and smallholder macadamia farmers use a mixture of cropping
systems, including monocultures and agroforestry. The agroforestry systems
consist of macadamia trees intercropped with either fruit trees (e.g., bananas,
citrus, and mangoes) or fertilizer trees, along with understory crops. Smallholder
farmers have different reasons for such diverse cropping systems, like improving
soil fertility, increasing yield, diversifying income sources, and resilience to cli-
matic shocks.

"One advantage of macadamia agroforestry is the year-round crop harvest. I am
preparing to harvest the cabbages, and I already had my first macadamia nut harvest
last December. I find the prices for macadamia to be highly competitive compared to
other cash crops like groundnuts and soybeans. Additionally, I have a reliable market
through HIMACUL." (EJZ_04).

3.8 Uses of macadamia in Malawi

Malawi’s macadamia producers benefit from the versatile uses of macadamia nuts,
contributing to their economic prosperity and food security. Commercial estate and
medium-scale farmers capitalize on the lucrative global demand for the nuts, primar-
ily using them for export markets. The nuts are aggregated, shelled, packaged, and
exported especially to South Africa and Europe, fetching premium prices due to their
high nutritional value and distinct flavor profile.

Macadamia nuts play a vital role in the livelihoods of smallholder farmers across
Malawi. These smallholders use macadamia nuts for income generation and to supple-
ment their maize-based diets [39, 84]. The crop is harvested during the lean period
(January to February) when annual staple crops are not matured, and thus, it is an
essential resource for improving food security, both as a source of food when other
food is in short supply and expensive and as a cash crop in the country.

Macadamia production is also a means for smallholder farmers to adapt and
build resilience to climate change. Despite facing challenges such as flooding and
droughts, farmers find dependency on macadamia nuts during difficult times. As
such smallholders rely on the crop for both sustenance and income, even when other
crops fail.
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"Despite the flooding that destroyed my maize field, I can still depend on my maca-
damia trees. I alveady harvested the first batch of macadamia nuts, keeping some for
consumption and selling the surplus for income while I wait for the second and third
harvests. This means I have an additional crop that provides both food and income
for my family. This comes in handy during the month of January where I have to pay

school fees for my children, buy fertilizers for the maize crop and buy extra maige to
last till April." (EJZ_05).

Moreover, farmers view macadamia cultivation as a long-term investment.
Farmers receive incentives for environmental stewardship, such as carbon seques-
tration by macadamia trees, motivating them to continue cultivation and pass on
knowledge to future generations.

"When I initially began growing macadamia with the Macadamia Smallholder
Development Project, it was merely an experimental venture. However, I now view
macadamia as my vetivement crop. In addition to being a source of food and income,

I receive incentive payments for the carbon sequestration my macadamia trees
accomplish." (EJZ_06).

Additionally, the dried husks and shells of macadamia nuts are a sustainable
source of fuelwood, offering longer lasting and more efficient fire than traditional
alternatives like firewood and charcoal. By using macadamia husks and shells,
farmers reduce pressure on natural forests for fuelwood, contributing to efforts in
reducing deforestation. Lastly, by intercropping macadamia trees with other crops,
smallholders optimize land use efficiency and diversify their agricultural portfolios,
ensuring sustainable and resilient farming practices.

3.8.1 Consumption of macadamia nuts in Malawi
Macadamia nuts are an essential source of food and nutrition among smallholders

and consumers in Malawi. The nuts are consumed both in raw and roasted form
(Figure 8). Elsewhere, they are also used as additives in the confectionary sector
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Figure 8.
General uses of macadamia nuts and shells in Malawi.
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for cakes, ice cream, and macadamia butter. Macadamia halves are mostly used to
produce cooking oil and cosmetics such as shampoo, soap, and sunscreens. The cake
is used as animal feed.

Smallholder farmers and consumers in Malawi have cited multiple benefits
associated with macadamia nut consumption. The predominant reason driving
consumption is the nutritional benefits of nuts. For example, findings from a study
conducted by Zuza [90] revealed that a significant majority, approximately 61% out
of 144 participants, consumed macadamia nuts primarily for their health and dietary
value. This emphasizes the nuts’ potential to nutritionally complement the country’s
cereal-heavy diets. Therefore, there exists a pressing need for broader promotion of
macadamia production to meet the growing demand for these nutritious nuts and to
enhance dietary diversity nationwide.

"I consume macadamia nuts because they have many medicinal benefits, including
lowering blood pressure." (EJZ_07).

Beyond nutrients, macadamia accessibility facilitates consumption, especially
for communities situated near production areas. This underscores that easy access
and affordability motivates the use of nuts to supplement other foods. Therefore, in
addition to nutritional merits, convenient availability makes locally harvested maca-
damias an important dietary component. As one farmer testified

"Meat and fish arve quite costly in this area. So, I get most proteins and other nutrients
from macadamias instead." (EJZ_08).

3.9 Preparation methods of macadamia nuts in Malawi

Macadamia nuts are an important food source in Malawi [27, 39]. As production
and availability of the nuts has increased locally, consumers have developed a variety
of preparation methods to incorporate the nuts into traditional dishes and meals.
These innovative techniques allow consumers to capitalize on the nuts’ nutritional
benefits while fitting them into local culinary culture.

Understanding macadamia usage is vital and can inform efforts to promote
nuts for food security and nutrition goals. Moreover, documenting the preparation
methods preserves valuable cultural knowledge on adapting the formerly exotic nuts
into indigenous cuisines. This information could help nutrition programming and
interventions to apply appropriate processing methods when utilizing macadamia
nuts to combat malnutrition. Below is a summary on how macadamia is incorporated
into Malawian diets.

3.9.1 Macadamia flour

Macadamia flour is a popular nutritious supplement made by households milling
nuts with their maize. The resulting fortified flour is used to cook enriched tradi-
tional staples like “nsima,” porridge, and relishes. Thus, the addition of macadamia
flour boosts the nutritional value of these regular dishes by increasing healthy fats,
vitamins (especially Bg), minerals (manganese, iron, and magnesium), carbohy-
drates, and dietary fibers [80, 83]. Macadamia also acts as a flavor enhancer [65]. The
accessibility of milling allows farmers and consumers to easily produce this beneficial
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supplement for both health and taste improvements. Consequently, incorporating
more macadamia nutrients through flour represents a valuable usage that can expand
with rising production, especially increasing nutrition security for rural communities
in the country.

"One common dish I love to prepare is boiling pumpkin leaves in combination with
a half cup of macadamia flour and a touch of salt, which is eaten with nsima or
potatoes and red beans.” (EJZ_08).

3.9.2 Macadamia oil

Macadamia nuts have the highest fat content of any nut, which is advantageous
for the production of macadamia oil [91]. Communities in close proximity with
the Highlands Macadamia Cooperative Union Limited have access to an oil press,
enabling them to extract oil from harvested macadamia nuts. This oil is used as a
healthy cooking base, further diversifying their culinary applications. Pressing oil
reduces purchases of other vegetable oils, saving households money for other needs.
The byproduct of oil production is defatted macadamia meal, which is then used to
bake traditional “chigumu,” bread, and as animal feed.

3.9.3 Macadamia nut snacks

Macadamia nuts are an important snack among Malawian consumers, espe-
cially children. While raw nuts are a popular choice, they can also undergo various
flavor enhancements. Dry roasting is a common method used to intensify their
flavor profile. Recently, individuals have the option to purchase macadamia nuts
already roasted and seasoned, including varieties such as salted, smoked, and
barbecue flavor. While, macadamia nuts are predominantly consumed roasted,
the roasting process is highly likely to induce chemical changes in the lipids, and
the consequential flavor modification is often rated well [92]. In fact, unsaturated
fatty acid and mineral content was significantly increased rather than when eaten
raw or boiling [93].

3.9.4 Macadamia butter

Macadamia nuts are providing Malawian smallholder farmers an opportunity to
diversify the prevalent peanut-based butter diets with macadamia nut butter. The
high oil content of macadamia nuts allows farmers to transform their harvest into
butter through a simple yet value-adding grinding process [94]. Compared to main-
stream groundnut butter, macadamia nut butter delivers superior health properties
due to a richer composition of heart-healthy MUFA and antioxidants [91, 94]. It also
provides a richer, creamier base, and mild, buttery taste profile that complements
multiple uses like spreading on bread and baking.

Through the use of traditional mortals and in some cases small-scale grinding
mills, enterprising smallholders are able to manufacture their own macadamia nut
butter, generating extra income while meeting urban consumer demand for spe-
cialty spreads. The emerging niche product simultaneously diversifies ground-nut-
dominated markets and farmers’ income streams. Production can expand through
cooperative partnerships and value chain support. Hence, the promising local
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manufacture and sales of macadamia nut butter illustrates the crop’s opportunities to
drive agricultural and food product diversity in Malawi.

4. Conclusion

Macadamia is a highly valuable crop in Malawi. The nuts contribute to local diets
by providing a rich source of healthy fats, vitamins, proteins, and micronutrients, as
well as diversifying farm incomes. As both domestic and international demand for
nuts rises, its production has the potential of driving economic growth in rural areas
across the country. However, to fully realize the potential of macadamia production,
Malawi must undertake strategic efforts to promote its expansion. Careful consid-
eration must be given to the current and projected suitable areas for production in
light of environmental and socio-economic factors. By promoting the production of
the nuts in areas where they are adapted, Malawi can maximize productivity while
ensuring sustainable agricultural practices. Therefore, integrating macadamia nuts
into Malawian diets as a cereal-based supplement has the potential to enhance the
well-being of the people, while fostering economic growth.

Acknowledgements

We extend our gratitude to the Highlands Macadamia Cooperative Union Limited
staff and smallholder members for their generous participation and hospitality
enabling this research. Funding support came from multiple sources, without which
this work would not have been possible. Specifically, we acknowledge a NERC-

UKRI Grant (no. NE/S017437/1) from Engaging Environments and the EarthWatch
Community Science Camp that financed training in qualitative and citizen science
methods. Additionally, the Open University’s School of Environment, Earth and
Ecosystem Sciences provided vital financial backing. While these organizations’
assistance made this paper achievable, any oversights or inaccuracies ultimately rest
solely with the authors themselves.

Conflict of interest

The authors declare no conflict of interest.

Additional information

Parts of this chapter were previously published in the doctoral thesis by the same
author (Emmanuel Junior Zuza), Exploring the socioeconomic and environmental
factors influencing smallholder macadamia production and productivity in Malawi
(2023), The Open University. Available from: https://oro.open.ac.uk/91816/.

18



Macadamia Nuts as a Supplement to Cereal-Based Diets in Malawi
DOI: http://dx.doi.org/10.5772/intechopen.1004760

Author details

Emmanuel Junior Zuza'™, Abdulmumin Opeyemi Muhammed', Andrew Emmott?,
Rick L. Brandenburg3 and Yoseph N. Aralya4

1 School of Agriculture, Food and Environment, Royal Agricultural University,
Cirencester, UK

2 The Neno Macadamia Trust, Bedford, UK

3 Department of Entomology and Pathology, North Carolina State University,
Raleigh, United States of America

4 School of Environment, Earth and Ecosystem Sciences, The Open University,
Milton Keynes, UK

*Address all correspondence to: emmanuel.zuza@rau.ac.uk

IntechOpen

© 2024 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0),
which permits unrestricted use, distribution, and reproduction in any medium, provided

the original work is properly cited.

19



Nut Consumption and Usefulness in the Modern World

References

[1] Roy RN, Food and Agriculture
Organization of the United Nations.
Plant Nutrition for Food Security:

a Guide for Integrated Nutrient
Management. Food and Agriculture
Organization of the United Nations;
2006. Available from: https://www.fao.
org/publications/card/ar/c/8ff6bf78-
8d65-5bcf-97d8-8e192582b045/

[2] FAO. The State of Food Security and

Nutrition in the World 2022. FAO; 2022.
Available from: https://www.fao.org/3/

cc0900en/cc0900en.pdf

[3] Odjo S, Traoré F, Zaki C. Africa
Agriculture Trade Monitor 2023.
International Food Policy
Research Institute (IFPRI); 2023.
DOI: 10.54067/9781737916475

[4] Arumugam P, Chemura A,
Aschenbrenner P, Schauberger B,
Gornott C. Climate change impacts and
adaptation strategies: An assessment on
sorghum for Burkina Faso. European
Journal of Agronomy. 2023;142:126655.
DOI: 10.1016/j.€ja.2022.126655

[5] Atta-Aidoo J, Antwi-Agyei P,
Dougill AJ, Ogbanje CE,

Akoto-Danso EK, Eze S. Adoption of
climate-smart agricultural practices

by smallholder farmers in rural

Ghana: An application of the theory

of planned behavior. PLOS Climate.
2022;1:e0000082. DOI: 10.1371/journal.
pclm.0000082

[6] Dougill AJ, Twyman C, Thomas DSG,
Sporton D. Soil degradation assessment
in mixed farming systems of Southern
Africa: Use of nutrient balance

studies for participatory degradation
monitoring. The Geographical Journal.
2002;168(3):195-210. Available from:
https://wwwjstor.org/stable/3451335

20

(7] Parker D], Blyth AM, Woolnough S],
Dougill AJ, Bain CL, de Coning E, et al.
The African SWIFT: Project growing
science capability to bring about a
revolution in weather prediction. Bulletin
of the American Meteorological Society.
2022;103:E349-E369. DOI: 10.1175/
BAMS-D-20-0047.1

[8] UNICEF. Economic and Social
Council. UNICEF; 2023. Available
from: https://www.unicef.org/
executiveboard/media/16186/file/2023-
9-Agenda-EN-2023-05-09.pdf

[9] Government of Malawi. Available
from: www.nsomalawi.mw

[10] Hermans TDG, Whitfield S,

Dougill AJ, Thierfelder C. Why we should
rethink ‘adoption’ in agricultural
innovation: Empirical insights from
Malawi. Land Degradation and
Development. 2021;32:1809-1820.

DOI: 10.1002/1dr.3833

[11] Zimba S, Dougill A, Chanza C,
Boesch C, Kepinski S. Gender differential
in choices of crop variety traits and
climate-smart cropping systems: Insights
from sorghum and millet farmers in
drought-prone areas of Malawi. Plants,
People, Planet. 2023. DOI: 10.1002/
ppp3.10467

[12] Jennings S, Challinor A, Smith P,
Macdiarmid JI, Pope E, Chapman S,

et al. Stakeholder-driven transformative
adaptation is needed for climate-smart
nutrition security in sub-Saharan Africa.
Nature Food. 2024;5:37-47. DOI: 10.1038/
s43016-023-00901-y

[13] Chikaya-Banda J, Chilonga D. Key
challenges to advancing land tenure
security through land governance in
Malawi: Impact of land reform processes



Macadamia Nuts as a Supplement to Cereal-Based Diets in Malawi

DOI: http://dx.doi.org/10.5772/intechopen.1004760

on implementation efforts. Land Use
Policy. 2021;110:104994. DOI: 10.1016/j.
landusepol.2020.104994

[14] Kabanga L, Mooya MM.
Compensation assessment practices

in expropriation of customary land:
Evidence from Malawi. Land Use
Policy. 2023;134:106931. DOI: 10.1016/j.
landusepol.2023.106931

[15] Nyondo CJ, Nankhuni FJ,

Me-Nsope N. Feed the Future Innovation
Lab for Food Security Policy New Alliance
Policy Acceleration Support: Malawi
Project (NAPAS: Malawi) Systematic
Analysis of Groundnut Production,
Processing and Marketing in Malawi.
2018. Available from: https://www.
academia.edu/79433185/Systematic_
Analysis_of_Groundnut_Production_
Processing_and_Marketing_in_Malawi

[16] Asfaw S, Orecchia C, Pallante G,
Palma A. Soil and Nutrients Loss in
Malawi: An Economic Assessment. FAO;
2018. Available from: www.fao.org/
publications

[17] Chisale HLW, Chirwa PW,
Babalola FD. Awareness, knowledge
and perception of forest dependent
communities on climate change

in Malawi: A case of Mchinji and
Phirilongwe forest reserves in
Malawi. Journal of Sustainable
Forestry. 2023;42:728-745.

DOI: 10.1080/10549811.2022.2123353

[18] Wineman A, Chilora L, Jayne TS.
Trends in tobacco production and

prices in Malawi. Nicotine and Tobacco
Research. 2022;24:227-232. DOI: 10.1093/
ntr/ntab197

[19] Makumba W, Janssen B, Oenema O,
Akinnifesi FK, Mweta D, Kwesiga F.
The long-term effects of a gliricidia-
maize intercropping system in Southern
Malawi, on gliricidia and maize yields,

21

and soil properties. Agriculture,
Ecosystems and Environment.
2006;116:85-92. DOLI: 10.1016/j.
agee.2006.03.012

[20] Thiry B, Gonani L, OfficerV,
Geresomo V, Chairperson M. Household
Food Security in Malawi: Results from a
Comprehensive Food Security Survey. 2018

[21] Bouwman TI, Andersson JA,
Giller KE. Adapting yet not adopting?
Conservation agriculture in Central
Malawi. Agriculture, Ecosystems and
Environment. 2021;307:107224.

DOI: 10.1016/j.agee.2020.107224

[22] Ngoma TN, Monjerezi M, Leslie JF,
Mvumi BM, Harvey JJW, Matumba L.
Comparative Utility of Hermetic and
Conventional Grain Storage Bags for
Smallholder Farmers: A Meta-Analysis.
Journal of the Science of Food and
Agriculture. John Wiley and Sons

Ltd; 2024. pp. 561-571. DOI: 10.1002/
jsfa.12934

[23] Tikita BY, Lee S-H. Factors
influencing the double-up adoption of
climate change adaptation strategies
among smallholder maize farmers in
Malawi. Sustainability. 2024;16:602.
DOI: 10.3390/5u16020602

[24] Government of Malawi. An
Inclusively Wealthy and Self-Reliant
Nation. Government of Malawi; 2023

[25] Chisale HLW, Chirwa PW,

Kamoto JFM, Babalola FD. Determinants
of adaptive capacities and coping
strategies to climate change related
extreme events by forest dependent
communities in Malawi. Wellbeing,
Space and Society. 2024;6:100183.

DOI: 10.1016/jwss.2024.100183

[26] Lambon-Quayefio M, Peterman A,
Handa S, Molotsky A, Otchere F,
Mvula P, et al. Unconditional



Nut Consumption and Usefulness in the Modern World

cash transfers and safe transitions

to adulthood in Malawi. World
Development. 2024;175:106483.
DOI: 10.1016/jworlddev.2023.106483

[27] Araya YN, Emmott A, Rawes W,
Zuza EJ. Promoting climate-smart
sustainable agroforestry to tackle social
and environmental challenges: The

case of macadamia agroforestry in
Malawi. Journal of Agriculture and Food
Research. 2023;14:100846.

DOI: 10.1016/jafr.2023.100846

[28] Ng'ambi JT, Atehnkeng J,
Monjerezi M, Ngongondo C, Vunain E,
Ching'anda C, et al. Micro-climatic
variations across Malawi have a greater
influence on contamination of maize
with aflatoxins than with fumonisins.
Mycotoxin Research. 2023;39:33-44.
DOI: 10.1007/s12550-022-00471-1

[29] Matita M, Mazalale J, Quaife M,
Johnston D, Cornelsen L, Kamwanja T,
et al. Food choice responses to changes
in the price of a staple crop: A discrete
choice experiment of maize in rural
Malawi. Food Security. 2023;16:1-16.
DOI: 10.1007/s12571-023-01401-4

[30] Waldman KB, Ortega DL,
Richardson RB, Clay DC, Snapp S.
Preferences for legume attributes in
maize-legume cropping systems in
Malawi. Food Security. 2016;8:1087-1099.
DOI: 10.1007/s12571-016-0616-4

[31] Mupangwa W, Thierfelder C,
Ngwira A. Fertilization strategies in
conservation agriculture systems with
maize-legume cover crop rotations

in Southern Africa. Experimental
Agriculture. 2017;53:288-307.

DOI: 10.1017/S0014479716000387

[32] Musopole H, Mtonga A,

Maruthi MN. Resistance levels of cassava
landraces to CMD. CBSD and Vector
Whiteies in Malawi. 2023. DOI: 10.21203/
rs.3.rs-2563018/v1

22

[33] Kabambe VH. Using innovation
platforms to scale out soil acidity-
ameliorating technologies in Dedza
district in Central Malawi. African
Journal of Biotechnology. 2012;11(3):
561-569. DOI: 10.5897/ajb10.2227

[34] Mlangeni AT, Raab A, Kumambala P,
Monjerezi M, Matumba L, Feldmann J.
Evaluation of metal(loids) concentrations
in soils of selected rice paddy fields in
Malawi. Agronomy. 2022;12(10):2349.
DOI: 10.3390/agronomy12102349

[35] Munkombwe G, Nthewa C,
Mutaliano JA. Strengthening seed
delivery system for enhanced
adoption of improved sorghum
varieties among smallholder farmers
in Malawi, Mozambique and

Zambia. In: IOP Conference Series:
Earth and Environmental Science.
Institute of Physics Publishing; 2020.
DOI: 10.1088/1755-1315/482/1/012008

[36] Appau A, Drope ], Goma F, Magati P,
Labonte R, Makoka D, et al. Explaining
why farmers grow tobacco: Evidence from
Malawi, Kenya, and Zambia. Nicotine
and Tobacco Research. 2020;22:2238-
2245. DOI: 10.1093/ntr/ntz173

[37] Prowse M. A history of tobacco
production and marketing in Malawi,
1890-2010. Journal of Eastern
African Studies. 2013;7:691-712.

DOI: 10.1080/17531055.2013.805077

[38] Lencucha R, Moyo T, Labonte R,
Drope ], Appau A, Makoka D. Shifting
from tobacco growing to alternatives in
Malawi? A qualitative analysis of policy
and perspectives. Health Policy and
Planning. 2020;35:810-818. DOI: 10.1093/
heapol/czaa057

[39] Evans N. A Nationwide Smallholder
Macadamia Agronomic Survey:

Nutrition, Varietal, Planting Material
Supply. Malawi: MIERA - GIZ; 2021



Macadamia Nuts as a Supplement to Cereal-Based Diets in Malawi

DOI: http://dx.doi.org/10.5772/intechopen.1004760

[40] Baffour-Ata F, Antwi-Agyei P,
Nkiaka E, Dougill AJ, Anning AK,
Kwakye SO. Climate information
services available to farming households
in northern region, Ghana. Weather,
Climate, and Society. 2022;14:467-480.
DOI: 10.1175/WCAS-D-21-0075.1

[41] Chemura A, Kutywayo D, Chidoko P,
Mahoya C. Bioclimatic modelling of
current and projected climatic suitability
of coftee (Coffea arabica) production

in Zimbabwe. Regional Environmental
Change. 2016;16:473-485. DOI: 10.1007/
s10113-015-0762-9

[42] Nyagumbo I, Mutenje M, Setimela P,
Chipindu L, Chisaka A, Simwaka P,

et al. Evaluating the merits of climate
smart technologies under smallholder
agriculture in Malawi. Soil Use and
Management. 2022;38:890-906.

DOI: 10.1111/sum.12715

[43] Likoya E, Birch CE, Chapman S,
Dougill AJ. Austral summer droughts and
their driving mechanisms in observations
and present-day climate simulations

over Malawi. International Journal

of Climatology. 2023;43:5154-5176.

DOI: 10.1002/joc.8137

[44] Kavwenje S, Zhao L, Chen L,
Chaima E. Projected temperature and
precipitation changes using the
LARS-WG statistical downscaling
model in the Shire River basin, Malawi.

International Journal of Climatology.
2022;42:400-415. DOI: 10.1002/joc.7250

[45] Libanda B, Nkolola NB. Skill of
CMIP5 models in simulating rainfall
over Malawi. Modeling Earth Systems
and Environment. 2019;5:1615-1626.
DOI: 10.1007/s40808-019-00611-0

[46] Thierfelder C, Chisui JL,

Gama M, Cheesman S, Jere ZD, Trent
Bunderson W, et al. Maize-based
conservation agriculture systems

23

in Malawi: Long-term trends in
productivity. Field Crops Research.
2013;142:47-57. DOI: 10.1016/j.
fcr.2012.11.010

[47] McCarthy N, Kilic T, Brubaker J,
Murray S, De La Fuente A. Droughts
and floods in Malawi: Impacts on crop
production and the performance of
sustainable land management practices
under weather extremes. Environment
and Development Economics.
2021;26:432-449. DOI: 10.1017/
$1355770X20000455

[48] Warnatzsch EA, Reay DS. Assessing
climate change projections and impacts
on Central Malawi’s maize yield: The
risk of maladaptation. Science of the
Total Environment. 2020;711:134845.
DOI: 10.1016/j.scitotenv.2019.134845

[49] Jones L, Dougill A, Jones RG,
Steynor A, Watkiss P, Kane C, et al.
Ensuring climate information guides
long-term development. In: Nature
Climate Change. Nature Publishing
Group; 2015. pp. 812-814. DOI: 10.1038/
nclimate2701

[50] Zuza E, Maseyk K, Bhagwat SA,

de Sousa K, Emmott A, Rawes W, et al.
Climate suitability predictions for the
cultivation of macadamia in Malawi
using climate change scenarios. PLoS
One. 2021;16(9):e0257007. DOI: 10.1371/
journal.pone.0257007

[51] Boillat S, Jew EKK, Steward PR,
Speranza CI, Whitfield S, Mkwambisi D,
et al. Can smallholder farmers buffer
rainfall variability through conservation
agriculture? On-farm practices and
maize yields in Kenya and Malawi.
Environmental Research Letters.
2019;14:115007. DOI: 10.1088/1748-9326/
ab45ad

[52] Duncan Maliro D. Comparison of
agricultural input subsidies and social



Nut Consumption and Usefulness in the Modern World

cash transfers as policies for reducing
vulnerability to hunger in Malawi
[Doctoral dissertation]. University of
East Anglia; 2011. Available from: https://
core.ac.uk/download/pdf/2778813.pdf

[53] Soils for Nutrition: State of the Art.
FAO; 2022. DOI: 10.4060/cc0900en

[54] Hermans TDG, Dougill A],
Whitfield S, Peacock CL, Eze S,
Thierfelder C. Combining local
knowledge and soil science for
integrated soil health assessments

in conservation agriculture systems.
Journal of Environmental Management.
2021;286:112192. DOI: 10.1016/j.
jenvman.2021.112192

[55] Zuza E]J, Maseyk K, Bhagwat SA,
Chemura A, Brandenburg R, Emmott A,
et al. Variability in soil quality among
smallholder macadamia farms in Malawi.
Research Square. 2023. DOI: 10.21203/
rs.3.rs-2418877/v1

[56] Diro S, Erko B, Fikirie K. Production
and adoption constraints of improved
coffee varieties in Jimma zone, Southwest
Ethiopia. Agriculture and Food Sciences
Research. 2019;6:41-49. DOI: 10.20448/
journal.512.2019.61.41.49

[57] Makombe T, Lewin P, Fisher M.

The Determinants of Food Insecurity

in Rural. Malawi: Implications for
Agricultural Policy; 2010. Available
from: https://www.ifpri.org/publication/
determinants-food-insecurity-rural-
malawi

[58] Government of Malawi. National
Agricultural Investment Plan (NAIP),
2011-2014. Government of Malawi;
2018. Available from: https://npc.mw/
wp-content/uploads/2020/07/National
Agricultural_Investment_Plan_2018.pdf

[59] The Malawi Vulnerability Assessment
Committee. Food Security Forecast

24

for the 2018/19 Consumption Year.
The Malawi Vulnerability Assessment
Committee; 2018. Available from:
https://reliefweb.int/report/malawi/
malawi-vulnerability-assessment-
committee-mvac-bulletin-no-1518-
volume-1-food-security

[60] Mccarthy N, Leslie Lipper GB.
Climate Smart Agriculture: Smallholder
Adoption and Implications for Climate
Change Adaptation and Mitigation.
Springer; 2011. DOI: 10.1038/
nclimate2437

[61] Lelijveld N, Cox S, Anujuo K,
Amoah AS, Opondo C, Cole TJ, et al.
Post-malnutrition growth and its
associations with child survival and non-
communicable disease risk: A secondary
analysis of the Malawi “ChroSAM”
cohort. Public Health Nutrition.
2023;26:1658-1670. DOI: 10.1017/
S1368980023000411

[62] Khulu C, Ramroop S, Habyarimana F.
Modelling factors associated with
malnutrition and anemia in children
under five years in Angola, Senegal,

and Malawi by using a joint model. The
Open Public Health Journal. 2022;16:1-8.
DOI: 10.2174/18749445-v15-e221220-
2022-82

[63] Gashu D, Nalivata PC, Amede T,
Ander EL, Bailey EH, Botoman L, et al.
The nutritional quality of cereals varies
geospatially in Ethiopia and Malawi.
Nature. 2021;594:71-76. DOI: 10.1038/
s41586-021-03559-3

[64] Wilford R, Golden K, Walker DG.
Cost-effectiveness of community-based
management of acute malnutrition in
Malawi. Health Policy and Planning.
2012;27:127-137. DOI: 10.1093/heapol/
czr017

[65] Bolling BW, Chen CYO, McKay DL,
Blumberg JB. Tree nut phytochemicals:



Macadamia Nuts as a Supplement to Cereal-Based Diets in Malawi

DOI: http://dx.doi.org/10.5772/intechopen.1004760

Composition, antioxidant capacity,
bioactivity, impact factors. A systematic
review of almonds, brazils, cashews,
hazelnuts, macadamias, pecans, pine
nuts, pistachios and walnuts. Nutrition
Research Reviews. 2011;24:244-275.
DOI: 10.1017/S095442241100014X

[66] Stephenson RA, Gallagher EC,
Doogan V], Mayer DG. Nitrogen and
environmental factors influencing
macadamia quality. Australian Journal
of Experimental Agriculture. 2000;40:
1145-1150. DOI: 10.1071/EA99077

[67] Araya YN, Emmott A, Rawes W,
Zuza EJ. Promoting climate-smart
sustainable agroforestry to tackle social
and environmental challenges: The case
of macadamia agroforestry in Malawi.
Research Square. 2023. DOI: 10.21203/
rs.3.rs-3033984

[68] Makoka Green IP. Studies on the
Control of Growth and Development

in Macadamia integrifolia (Maiden and
Betche) [Doctoral dissertation]. United
Kingdom: University of Bath; 1991.
Available from: https://purehost.bath.
ac.uk/ws/portalfiles/portal/188127444/
Ibrahim_Makoka_Green_Phiri_thesis.pdf

[69] Shigeura GT, Ooka H. Macadamia
nuts in Hawaii: History and production.
Research Extension Series. 1984:039.
Available from: https://www.ctahr.
hawaii.edu/oc/freepubs/pdf/RES-039.
pdf

[70] Hardner CM, Peace C, Lowe AJ, Neal ],
Pisanu P, Powell M, et al. Genetic resources
and domestication of macadamia.
Horticultural Reviews. 2009;35:1-125.
DOI: 10.1002/9780470593776.ch1l

[71] Nagao MA, Ho-a EB, Yoshimoto JM.
Relationship between vegetative flushing
and flowering of macadamia.
HortScience. 1994;27:669g-6669.

DOI: 10.21273/hortsci.27.6.669g

25

[72] Mai T, Alam M, Hardner C,

Henry R, Topp B. Genetic structure

of wild germplasm of macadamia:
Species assignment, diversity and
phylogeographic relationships. Plants.
2020;9:1-17. DOI: 10.3390/plants9060714

[73] Wasilwa L, Nyaga A, Kasina M,
Ochieng V, Muriuki SN, Ondabu N, et al.
Macadamia Nut Propagation in Kenya;
2019. Available from: https://www.kalro.
org/kalroknowledgebank/factsheets/
Macadamia_Nut_Propagation_
Factsheet_for_Printing_1st_

February 2021.pdf

[74] Castada HZ, Liu ], Barringer SA,
Huang X. Cyanogenesis in macadamia
and direct analysis of hydrogen cyanide
in macadamia flowers, leaves, husks,
and nuts using selected ion flow tube-
mass spectrometry. Food. 2020;9:174.
DOI: 10.3390/fo0ds9020174

[75] Muthoka NM, Kiuru PDN, Mbaka J,
Nyaga AN, Muriuki SJN, Waturu CN.
Macadamia nut production and research
in Kenya. The African Journal of Plant
Science and Biotechnology. 2008;2:
46-48. Available from: http://www.
academicjournals.org/jpbcs

[76] Pichakum A, Supaibulwatana K,
Chintakovid W, Chanseetis C. Role of
temperature and altitude on flowering
performances of macadamia nut. Acta
Horticulturae. 2014;1024:127-132.

DOI: 10.17660/ActaHortic.2014.1024.13

[771 Wood KE, Mantzioris E, Gibson RA,
Muhlhausler BS. Incorporating
macadamia oil and butter to reduce
dietary omega-6 polyunsaturated

fatty acid intake. Nutrition

and Dietetics. 2013;70:94-100.

DOI: 10.1111/.1747-0080.2012.01636.x

[78] Stephenson RA, Gallagher EC,
Gogel BJ. Macadamia nut size and
maturity influenced by lime and nitrogen



Nut Consumption and Usefulness in the Modern World

applications. Australian Journal of
Agricultural Research. 2002;53:677-680.
DOI: 10.1071/AR01146

[79] Stephenson RA, Gallagher EC,
Doogan VJ. Leaf nitrogen as a guide
for fertilising macadamia. Australian

Journal of Experimental Agriculture.
1997;37:599-604. DOI: 10.1071/EA96143

[80] Jones JL, Sabaté ], Heskey C, Oda K,
Miles F, Rajaram S. Macadamia nut
effects on cardiometabolic risk factors: A
randomised trial. Journal of Nutritional
Science. 2023;12:e55. DOI: 10.1017/
jns.2023.39

[81] Garg ML, Blake R], Wills RBH,
Clayton EH. Macadamia nut
consumption modulates favourably
risk factors for coronary artery disease
in hypercholesterolemic subjects.
Lipids. 2007;42:583-587. DOI: 10.1007/
s11745-007-3042-8

[82] Xiao Y, Xia], Ke Y, Cheng ], Yuan ],
Wu S, et al. Effects of nut consumption
on selected inflammatory markers: A
systematic review and meta-analysis of
randomized controlled trials. Nutrition.
2018;54:129-143. DOI: 10.1016/j.
nut.2018.02.017

[83] Hu W, Fitzgerald M, Topp B,

Alam M, O’Hare TJ. A review of
biological functions, health benefits,
and possible de novo biosynthetic
pathway of palmitoleic acid in
macadamia nuts. Journal of Functional
Foods. 2019;62:103520. DOI: 10.1016/j.
jf£.2019.103520

[84] Zuza EJ, Maseyk K, Bhagwat S,
Emmott A, Rawes W, Araya YN. Review
of macadamia production in Malawi:
Focusing on what, where, how much

is produced and major constraints.
Agriculture (Switzerland). 2021:11:1-19.
DOI: 10.3390/agriculture11020152

26

[85] Parshotam A. Occasional Paper 278
Cultivating Smallholder Inclusion in
Southern Africa's Macadamia. JSTOR;
2018. Available from: https://saiia.
org.za/wp-content/uploads/2018/05/
Occasional-Paper-278.pdf

[86] African Development Bank.
Appraisal Report: Macadamia
Smallholder Development Project.
African Development Bank; 1998.
Available from: https://www.afdb.org/
tileadmin/uploads/afdb/Documents/
Project-and-Operations/Malawi.%20
Macadamia%?20Smallholder%?20
Development%?20Project_EN.pdf

[87] Hancock WM. Macadamia Reference
Manual. Blantyre: Tree Nut Authority; 1991

[88] African Development Bank.
Republic of Malawi Macadamia
Smallholder Development Project:
Project Completion Report. African
Development Bank; 2009

[89] INC. Nuts & Dried Fruits Statistical
Yearbook 2022/2023. INC; 2023

[90] Zuza E. Exploring the socioeconomic
and environmental factors influencing
smallholder macadamia production

and productivity in Malawi [Doctoral
dissertation]. UK: The Open University;
2023

[91] Navarro SLB, Rodrigues CEC.
Macadamia Oil Extraction Methods and
Uses for the Defatted Meal Byproduct.
Trends in Food Science and Technology.
Elsevier Ltd; 2016. pp. 148-154.

DOI: 10.1016/j.tifs.2016.04.001

[92] Tu XH, Fu WB, XieY, Xu SL,

Wu ZY, Lv X, et al. A comprehensive
study of raw and roasted macadamia
nuts: Lipid profile, physicochemical,
nutritional, and sensory properties. Food
Science & Nutrition. 2021;9:1688-1697.
DOI: 10.1002/£sn3.2143



Macadamia Nuts as a Supplement to Cereal-Based Diets in Malawi
DOI: http://dx.doi.org/10.5772/intechopen.1004760

[93] Kim DS, lida F, Joo N. Comparison
of the nutritional composition of raw,
boiled, roasted macadamia (F. Muell.
Macadamieae) and its application as

an elder-friendly food. International
Journal of Gastronomy and Food Science.
2022;30. DOI: 10.1016/j.ijgfs.2022.100592

[94] Shuai X, Dai T, Ruan R, Liu Y,

Liu C, Zhang M, et al. Novel high energy
media mill produced macadamia

butter: Effect on the physicochemical
properties, rheology, nutrient retention
and application. LWT. 2023:178.

DOI: 10.1016/j.1wt.2023.114606

27



