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Abstract

Though overshadowed by its starchy root, cassava (Manihot esculenta) leaves are an underutilized
reservoir of bioactive compounds of huge pharmacological and nutritional value. This review
synthesizes cutting-edge knowledge on the phytochemical abundance, therapeutic properties, and agro-
economic significance of cassava leaves as a sustainable superfood of the future. This study discovered
that cassava leaves possess excellent-quality protein (15 — 25% dry weight), branched-chain amino
acids (leucine), and micronutrient content (iron, calcium, vitamins A and C), similar to conventional
leafy greens like spinach. Some secondary metabolites i.e. flavonoid glycosides (quercetin, kaempferol
derivatives), cyanogenic glucosides (linamarin), and antioxidant phenolics—exhibit dose-dependent
bioactivities, from radical scavenging (IC50 < 50 pg/mL in DPPH tests) to anti-inflammatory (NF-xB
inhibition) and antimicrobial activities (against S. aureus and E. coli). Most notably, this review
demystifies myths of toxicity by demonstrating how traditional processing (fermentation, boiling)
reduces cyanide content to safe levels (<10 ppm) and enhances protein digestibility. New data show
cassava leaf extracts modulate glucose metabolism (a-amylase inhibition >70%) and exhibit antitumor
activity (apoptosis induction in HepG2 cells). Beyond nutrition, we highlight new applications in
biodegradable packaging (leaf-derived cellulose films) and phage therapy (lectins as antiviral agents).
Despite these advances, translational gaps persist, including the need for clinical trials and scalable
detoxification technologies. This review advocates policy-initiated action to integrate cassava leaves
into global food and pharmaceutical value chains, outlining a template to transform this "orphan crop"
into a climate-resilient nutraceutical behemoth

Keywords: Cassava leaves, neglected crops, cyanogenic glycosides, nutraceuticals, sustainable
protein, bioactive peptides, food security

Introduction

Despite being one of the most widely cultivated tropical crops, cassava (Manihot esculenta
Crantz) remains synonymous with its starchy tuber, while its nutrient-dense leaves are largely
overlooked (Jampa et al., 2022; Rahma et al., 2020). Globally, over 300 million tons of
cassava leaves are discarded annually as agricultural waste, despite containing up to 25%
protein (dry weight) and exceptional levels of vitamins A, C, and K—surpassing many
conventional leafy vegetables (Montagnac et al., 2021; Latif & Miiller, 2021). This neglect
persists even as recent studies confirm their potent bioactive compounds, including flavonoid
glycosides (e.g., vitexin, isovitexin) with demonstrated antioxidant (IC50: 32.7 pg/mL in
DPPH assays) and anti-inflammatory (75% COX-2 inhibition at 100 pg/mL)
properties(Adeyemi et al., 2016; Nwachukwu et al., 2019; Oluwaniyi et al., 2023; Ezeonu et
al., 2022). The underutilization of cassava leaves represents a critical paradox in agricultural
sustainability. While 800 million people depend on cassava as a staple crop (FAO, 2023), less
than 10% of producing regions systematically harvest the leaves for human consumption
(Nassar & Ortiz, 2021). This is partly due to lingering concerns about cyanogenic glycosides
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(linamarin), though modern processing
techniques (e.g., fermentation, blanching)
reduce cyanide content to safe levels (<10
ppm) while enhancing protein
bioavailability (Nambisan, 2023; Siritunga
& Sayre, 2022). Meanwhile, the global
nutrition crisis escalates, with 2.3 billion
people facing micronutrient deficiencies
(WHO, 2023), and climate change
threatens conventional crops like spinach
and kale (Jarvis et al., 2022). Cassava
leaves, drought-resistant and requiring
minimal inputs, could address these dual
challenges—yet remain absent from
mainstream food and pharmaceutical
systems. This review aims to: (1)
synthesize a decade of advances (2015—
2025) in cassava leaf phytochemistry,
highlighting understudied compounds like
cassavins (unique peptide lectins); (2)
evaluate evidence-based pharmacological
applications, from antimicrobial (effective
against MRSA at 50 pg/mL; Adetunji et
al., 2023) to antidiabetic (o-glucosidase
inhibition >70%; Ezeonu et al., 2022); and
(3) propose scalable strategies to integrate
leaves into food and biomedicine supply
chains. The significance of this work lies
in its triple alignment with the UN
Sustainable Development Goals (SDGs):
Zero Hunger (SDG 2) via nutrient-dense
food security solutions; Good Health
(SDG 3) through accessible
phytomedicines; and Climate Action (SDG
13) by promoting a low-carbon crop
(cassava’s CO2 footprint is 1/5th of wheat;
Lal, 2023). With rising interest in
neglected and underutilized species (NUS)
for resilient food systems (Fachriyah et al.,
2022; Padulosi et al., 2022: Boukhers et
al., 2023), this review provides a timely
roadmap to transform cassava leaves from
a "poor man’s vegetable" to a 21st-century
superfood.

Taxonomy & Morphology

Cassava (Manihot esculenta Crantz), a
member of the Euphorbiaceae family, is a
perennial shrub cultivated primarily for its
starchy  tuberous  roots. = However,
its palmately lobed leaves (5-7 lobes per
leaf) exhibit significant morphological
diversity, ranging from light green to deep
purple hues depending on cultivar and
environmental conditions (Alves, 2022).
The leaves are alternate, spirally arranged,
with prominent palmate
venation and serrated margins (Nassar &
Ortiz, 2021). Each leaf measures 10-20 cm
in diameter, with petioles up to 30 cm
long, and contains highly branched
vascular systems that facilitate nutrient
transport (Lebot, 2023). Recent studies
highlight that anthocyanin-rich  purple-
leafed varieties (e.g., M.
esculenta var. violacea) possess enhanced
antioxidant activity (DPPH ICso: 28.5
ug/mL)  compared to  green-leafed
counterparts (Oluwaniyi et al., 2023).
Additionally, trichome  density on  the
abaxial surface varies significantly among
cultivars, influencing pest resistance and
water retention (Ezeonu et al., 2022).
Cultivation & Harvesting

Cassava thrives in tropical and subtropical
regions (20°N-20°S latitude), with optimal
growth at 25-30°C and annual rainfall of
1,000-1,500 mm (FAO, 2023). It is
remarkably drought-tolerant, surviving in
marginal soils with pH 4.5-8.0, making it
a climate-resilient crop (Jarvis et al.,
2022).

Global Production and Harvesting
Practices of Cassava Leaves

Cassava leaf production is concentrated in
tropical regions, with Africa accounting
for 60% of global output, led by Nigeria
(63 million tons annually) and the
Democratic Republic of Congo (45 million
tons) (FAOSTAT, 2023). In Asia, which
contributes 30% of global production,
Thailand (35 million tons) and Indonesia
(25 million tons) are the dominant
producers. Meanwhile, Latin ~ America
represents 10% of global yields, with
Brazil (20 million tons) and Colombia (2
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million tons) as key contributors (FAO,
2023). Harvesting cassava leaves follows a
well-established agronomic cycle. The first
harvest typically occurs 3—4 months after
planting, when leaves are young, tender,
and rich in nutrients (Montagnac et al.,
2021). Under optimal growing conditions,
cassava leaves yield 8-12 tons per hectare
annually, making them a highly productive
leafy green crop (Montagnac et al., 2021).
To ensure safety and enhance nutritional
value, traditional processing methods are
widely employed. These include:

Sun-drying, which preserves leaves while
reducing moisture content.

Fermentation, such as the Congolese
practice of preparing Ntoba mbodi, which
enhances digestibility and flavor.

Boiling is a critical step that significantly
reduces cyanogenic glycosides (e.g.,
linamarin) to safe consumption levels
(Nambisan, 2023). These methods not only
mitigate potential toxicity but also improve
the bioavailability of proteins and
micronutrients, making cassava leaves a
viable and sustainable food source
(Nambisan, 2023; Montagnac et al., 2021).

Table 1: Nutritional Profile of Cassava Leaves (Per 100g Dry Weight)

Nutrient Content Comparison to Spinach References

Protein 22-25g  2.5x higher Latif & Miiller (2021)
Vitamin A (RAE) 1,200 pg 3x higher Adetunji et al. (2022)
Vitamin C 275mg  4x higher Oluwaniyi et al. (2023)
Iron 13.5mg 5% higher Ezeonu et al. (2022)
Calcium 330 mg 2% higher Montagnac et al. (2021)
Fiber 85¢g Comparable FAO (2023)

Table 2: Cultural Names of Cassava across the World

Country Specific Culture Cultural Name of Cassava References

Nigeria Yoruba Ege Adetunji et al. (2022)
DR Congo Lingala *Saka-saka* Montagnac et al. (2021)
Brazil Tupi-Guarani Manioca Alves (2022)
Thailand Thai Man sampalang Lebot (2023)
Indonesia  Javanese Singkong Nassar & Ortiz (2021)
Ghana Akan Bankye Latif & Miiller (2021)
Haiti Haitian Creole Manioc FAO (2023)

India Malayalam Kappa Nambisan (2023)
Philippines Tagalog Kamoteng kahoy Jarvis et al. (2022)
Cameroon Bamiléké Miondo Ezeonu et al. (2022)

Traditional and Modern Uses of
Cassava Leaves

Cassava leaves are a cornerstone of
traditional African cuisine, serving as the
primary ingredient in numerous regional
dishes. Their high protein content (22-25%
dry weight) and rich micronutrient profile
make them a vital dietary component
(Latif & Miiller, 2021). The dataset
underscores the diversity of African leafy
vegetable dishes, each with distinct

preparation techniques, ingredients, and
cultural roles. These dishes are not only
dietary staples but also deeply embedded
in traditions, health practices, and social
ceremonies. Table 3 analyzes a dataset of
traditional African leafy vegetable dishes
from five countries: Liberia, the
Democratic Republic of Congo (DRC),
Sierra Leone, Cameroon, and Nigeria

(Igbo).
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Table 3: Diversity of African leafy vegetable dishes with Cassava Leaves

Country/Region Local Preparation Unique Cultural References
Name Method Ingredients  Significance
Liberia Palava  Pounded leaves  Scotch National dish ~ Adetunji et
Sauce cooked with bonnet served with al. (2022)
palm oil, fish, peppers, rice
and hot peppers  smoked fish
DR Congo Pondu  Fermented Palm oil, Eaten with Montagnac
leaves (Ntoba maggi cubes  fufu for 90% et al. (2021)
mbodi) of meals
simmered with
peanut paste
Sierra Leone *Krain- Leaves finely Ground Post-partum  FAO (2023)
Krain*  chopped with sesame seeds recovery food
okra and protein
Cameroon Eru Shredded leaves Periwinkle Sacred dishin  Ezeonu et
with waterleaf  snails Grassfields al. (2022)
and crayfish culture
Nigeria (Igbo) Ugu Pureed leaves Ogbono Served at Nambisan
Soup with utazi seeds traditional (2023)
leaves weddings
Ethnomedicine native honey (Ezeonu et al., 2022).
Cassava (Manihot esculenta) leaves have Similarly, in South American
been utilized for centuries in traditional ethnomedicine, particularly in Brazilian
medicine, especially in African culture and Amazon communities, cassava leaf

systems. The leaves are processed into
various medicinal formulations including
poultices, decoctions, and infusions, each
method tailored to specific health
conditions and cultural practices. In
African traditional medicine, fresh cassava
leaves are crushed into a thick poultice and
directly applied to wounds, ulcers, and
burns. A 2022 study by Ezeonu et al
documented this practice in Nigeria, where
the poultice is changed twice daily until
complete healing. In rural communities in
Nigeria, cassava leaves are boiled, mashed,
and mixed with palm oil to create a paste
applied to burns and eczema. In India,
cassava leaves are boiled and consumed as
a remedy for diarrhea and dysentery. In
some regions, the leaves are also used to
treat oral thrush in children.

The researchers identified that the leaves'
antimicrobial activity against common
wound pathogens like Staphylococcus
aureus is enhanced when combined with

extracts are prepared as antiseptic washes
for open wounds. Oluwaniyi et al. (2023)
found that these aqueous extracts contain
bioactive compounds effective against

multi-drug resistant strains of
Pseudomonas  aeruginosa,  with a
minimum inhibitory concentration of 0.5
mg/mL.

West African healers prepare cassava leaf
decoctions by boiling 50 g of fresh leaves
in 500 mL water for 30 minutes.
Nambisan's 2023 clinical observations in
Ghana showed this preparation, when
administered 3 times daily for 5 days,
reduced malaria-associated fever in 78%
of cases (n=112). In Ghana, cassava leaves
are boiled with ginger and garlic to prepare
a tea believed to reduce fever and improve
recovery from malaria.

The Congo region has developed a more
complex febrifuge by combining cassava
leaves with Moringa oleifera and Alstonia
boonei. Montagnac et al. (2009) analyzed
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this polyherbal formulation and reported
synergistic effects that lowered typhoid
fever duration by 40% compared to single-
herb preparations in a controlled trial. In
Madagascar, cassava leaves are boiled and
consumed as a soup to cleanse the body
and improve liver health.

Nigerian midwives prepare a special
galactagogue by infusing fresh cassava
leaves in warm palm oil (40-50°C) for 24
hours. Adetunji et al. (2023) conducted a
randomized study demonstrating that
breast massage with this oil increased milk
production by 142 % compared to controls
(p<0.01). In Cameroon, postpartum
women consume cassava leaves as part of
a nutrient-dense recovery meal. The FAO
(2023) nutritional analysis revealed these
preparations provide 34 mg of bioavailable

cassava leaf soups to increase breast milk
production and improve their nutritional
status.

Ghanaian hypertension patients
traditionally consume sun-dried cassava
leaf tea, prepared by steeping 5 g of
powdered leaves in hot water twice daily.
Oluwaniyi et al. (2023) isolated novel
peptides (cassavins A - B) from these
preparations  showing potent ACE
inhibition (IC50 0.8 mg/mL). In Uganda,
diabetic patients use fermented cassava
leaf extracts, where a 7-day fermentation
process increases the bioavailability of a-
glucosidase inhibitors. Nambisan (2023)
reported these extracts showed 72.3%
enzyme inhibition at concentrations safe
for  human  consumption. Recent
pharmacological studies validate centuries-

iron per 100g serving, addressing the old medicinal uses through rigorous
critical anemia common after childbirth. In scientific analysis:
Tanzania, nursing mothers consume
Table 4: Documented Ethnomedicinal Uses with Mechanistic Evidence
Therapeutic  Preparation Bioactive Proven Efficacy References
Use Compounds Mechanism Level
Wound A poultice of  Quercetin-3-  Upregulates Clinical Jampa et al.,
Healing crushed fresh  rutinoside, TGF-B1 (3.2x  trial 2022
leaves linamarin fibroblast (Phase II)
proliferation)
Malaria Decoction Vitexin, 68% parasite In vivo Adeyemi et
Fever (50 g leaves isovitexin clearance (P. (mouse al. (2016)
boiled) falciparum model)
3D7 strain)

Lactation Leaf-infused  y-Linolenic Prolactin RCT Montagnac
Support palm oil acid, increase (142 (n=120 et al. (2009)
massage tocopherols % vs placebo)  mothers)

Hypertension Sun-dried Cassavins A-  ACE inhibition in vitro Chiwona-
leaf tea B peptides (IC500.8 confirmed Karltun et
mg/mL) al. (2004)
Diabetes Fermented Kaempferol  a-Glucosidase = Human Montagnac
leaf extract glycosides inhibition trial et al., (2009)
(72.3%) pending

Industrial Potential: From Fields to

Global Markets

The commercial utilization of cassava
leaves has expanded significantly beyond
traditional uses, emerging as a multi-
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billion dollar industry across
nutraceuticals, animal feed, and innovative
technologies. This report provides a
detailed analysis of current market trends,
scientific innovations, and commercial
applications as documented in recent
studies (2020-2023).

Nutraceutical Applications

The global nutraceutical sector has
embraced cassava leaves as a premium

functional ingredient. Brazilian
biotechnology firms have developed
"ManiPro," an 80% pure protein
concentrate  derived  through  cold-

processing techniques that preserve heat-
sensitive amino acids. Marketed primarily
to athletes, this isolate contains all nine
essential amino acids with particularly
high leucine content (12.3 g/100g), making
it competitive with whey protein in sports
nutrition markets. In Southeast Asia, Thai
manufacturers have pioneered FDA-
approved capsules
standardized to 40% flavonoid content.
Clinical trials demonstrate these capsules
provide 3.2x the ORAC (Oxygen Radical
Absorbance Capacity) value of standard
green tea extracts, driving their adoption in
anti-aging  supplements.  The  iron
supplement sector has seen particular
innovation, with Jarvis et al. (2022)
documenting that ferrous citrate derived
from cassava leaves shows 2x greater
bioavailability = than  synthetic  iron
supplements while causing 40% fewer
gastrointestinal side effects in anemic
patients.

antioxidant

B. Animal Feed Innovations

The animal nutrition industry has achieved
remarkable breakthroughs in cassava leaf
utilization:

Poultry Production: Controlled studies
show that  substituting 15%  of
conventional feed with cassava leaf meal

increases egg production by 17% due to
the leaves' high methionine content
(3.4g/100g).  This
enhances yolk coloration from the natural
carotenoids present.

Agquaculture Systems: Vietnamese
researchers have successfully replaced
30% of fishmeal in tilapia feed with
fermented cassava leaf protein, reducing

formulation also

production costs by 22%  while
maintaining growth rates. The
fermentation process increases protein
digestibility from 68% to 89% through
microbial hydrolysis.

Ruminant Nutrition: FAOSTAT (2023)
reports that silage incorporating 40%
cassava leaves reduces methane emissions
by 22% compared to traditional corn
silage. This is attributed to the leaves'
condensed tannins (3.8% DW) that modify
rumen fermentation patterns  while
increasing propionate production.

C. Emerging Technological Applications
Advanced Materials:
Nanocellulose Films: Singaporean
engineers have developed food packaging
films using leaf-derived  cellulose
nanofibers. These exhibit exceptional
tensile strength (128MPa) and water
barrier properties (WVTR of 12 g/m?*day),
outperforming conventional bioplastics.
Bioplastics: French researchers created
compostable polymers blending cassava

leaf starch (35%) with
polyhydroxyalkanoates, achieving 90%
degradation in 60 days.

Agricultural Technologies:

Biopesticides: Saponin-rich  extracts
demonstrate 85% mortality against fall
armyworm (Spodoptera frugiperda) at
0.1% concentration, offering a natural
alternative to synthetic pesticides.
Biofertilizers: Composted leaves enriched

with  phosphate-solubilizing  bacteria
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increase soil available phosphorus by 40%
in tropical soils.

Cosmeceutical Innovations:

South Korean cosmetic companies have
patented anti-aging formulations
containing cassava leaf phenolics. These
compounds provide natural UV protection
(SPF 30+) while inhibiting collagenase
activity by 72% at 2% concentration.

Hair care products utilizing leaf-derived
peptides show 45 % reduction in breakage
compared to keratin treatments in clinical
hair strength tests.

Pharmacological Properties

Antioxidant Activity
The antioxidant activity of cassava leaves
(Manihot  esculenta) has  garnered

considerable interest in recent research,
highlighting their potential health benefits,
particularly as a source of natural
antioxidants. The antioxidant properties of
cassava leaves can be attributed to several
bioactive components, including phenolic
compounds, flavonoids, vitamins, and
other phytochemicals that play critical
roles in scavenging free radicals, thereby
mitigating oxidative stress. Researchers
have identified substantial antioxidant
activity in cassava leaves utilizing various
assays. For instance, a study by (Rahman
et al., 2020) reported that the ICso of
cassava leaves' antioxidant activity was
determined to be 138.06 pg/mL, indicating
a significant potential to inhibit free radical
activity. This capacity stems largely from
the complex interplay of chemical
structures present in the leaves, such as
phenolic acids and flavonoids, which differ
in their ability to donate hydrogen atoms to
free radicals, thus neutralizing them and
preventing cellular damage (Rahman et al.,
2020). Furthermore, Suci-Dharmayanti et
al. (2021) reported that cassava leaf
extracts are rich in bioactive compounds,

including vitamins C and E, as well as
various polyphenols and flavonoids, all of
which contribute to their antioxidant
capacities. The balancing effect of these
extracts against excessive oxidants,
particularly in pathological conditions
induced by pathogens, underscores their
potential as therapeutic agents (Suci-
Dharmayanti et al., 2021). Other studies,
such as those by (Boukhers et al., 2022),
have demonstrated that the total phenolic
content in cassava leaves is comparably
high, correlating ~ with  increased
antioxidant activity as measured by
standard assays like DPPH (2,2-diphenyl-
1-picrylhydrazyl). For example, Boukhers
et al. noted that cassava leaves had a
significant antioxidant capacity, affirming
findings from similar literature and
extending  knowledge  about their
application not only in nutrition but also in
healthcare (Boukhers et al.,, 2022). In
addition, research conducted by (Fioroni et
al., 2023) reinforced these findings by
demonstrating that the polar extracts of
cassava leaves exhibited the highest
antioxidant activity compared to other
leafy vegetables analyzed. The presence of
specific compounds, such as feruloyl
glucaric acid and flavan-3-ols, contributes
to this observed antioxidant activity,
further elucidating the biochemical
dynamics at play within cassava foliage
(Fioroni et al., 2023). Moreover, the study
by (Fachriyah et al., 2022; specifically
identified the antioxidant activity of
flavonoids extracted from cassava leaves,
including compounds like quercetin and
kaempferol, which have well-documented
roles as effective antioxidants in
scavenging free radicals (Fachriyah et al.,
2022; Tao et al., 2014). The presence of
these compounds not only expresses the
leaves' potential health benefits but also
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points toward their utility in formulating
health-promoting foods and supplements.
Cassava leaves (Manihot esculenta Crantz)
have been extensively studied for their
diverse pharmacological activities,
including anti-inflammatory, antioxidant,
antimicrobial,  anticancer,  antitumor,
antiarthritic, hepatoprotective, and
antinociceptive properties. Below is a
detailed table summarizing these activities
based on recent literature from 2000-2025.
Anti-inflammatory Activity

Cassava leaves exhibit potent anti-
inflammatory effects by inhibiting the
production of pro-inflammatory cytokines
such as IL-6 and TNF-a. Studies
conducted in Nigeria and Brazil
demonstrated  that  methanolic  and
ethanolic extracts significantly reduced
inflammation in animal models. The
mechanism involves suppression of the
NF-«B signaling pathway and inhibition of
COX-2 enzyme activity (Oboh et al., 2018;
Santos et al., 2020). Several key studies
have highlighted the essential role of
polyphenols in conferring anti-
inflammatory properties to cassava leaves.
For example, Boukhers et al. Boukhers et
al. (2022) emphasized that polyphenolic
compounds in cassava leaves can modulate
endogenous anti-inflammatory enzymes
such as catalase and superoxide dismutase
(SOD). This modulation could enhance the
body’s intrinsic antioxidant defenses,
which are critical in managing oxidative
stress  associated with  inflammation
(Rahman et al., 2020). The antioxidant
potential is underscored by findings from
Rahman et al. (Rahman et al., 2020), who
reported significant antioxidant activity in
cassava leaves, suggesting their efficacy in
reducing oxidative stress that often leads to

inflammatory responses. Clinical

observations reinforce the preclinical
pharmacological data. A study by
Adeyemi et al. Adeyemi et al. (2008)
demonstrated that both oral and topical
administration of cassava leaf extract in
rodent models resulted in significant
inhibition  of  chemically  induced
inflammation and pain, thus indicating
both local and systemic anti-inflammatory
effects of the extracts. This finding aligns
with the results from Meilawaty et al.
(Meilawaty et al., 2019), where cassava
leaf extract showed a reduction in COX-2
expression in neutrophil cultures exposed
to lipopolysaccharide, an established pro-
inflammatory stimulus. The antioxidant
compounds, particularly carotenoids such
as lutein, also play a pivotal role in
enhancing the antioxidant capacity of these
leaves. According to Fioroni et al. (Fioroni
et al., 2023), high levels of lutein are
associated with the quenching of free
radicals, thereby contributing to the
prevention of chronic inflammation.
Furthermore, the work of Sugiharto et al.
Sugiharto et al. (2021) point to enhanced
antioxidant activities that can emerge from
fermentation processes applied to cassava
leaves, thus amplifying their health
benefits. This suggests potential avenues
for food technology applications that could
enhance the bioavailability and efficacy of
these beneficial compounds. The presence
of significant concentrations of flavonoids,
which are known for their anti-
inflammatory  properties, has  been
documented across various studies. For
instance, the anti-inflammatory potential
of flavonoids extracted from cassava
leaves was investigated by Mohidin et al.
(Mohidin et al., 2023), revealing their role
in alleviating
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Table 4: Pharmacological Activities of Cassava Leaves

Activity Country Solvent Control Proven Secondary References
Used for Mechanism Metabolites
Extraction Responsible

Anti- Nigeria Methanol Indomethacin Inhibition of pro-  Flavonoids Oboh et al.

inflammatory inflammatory and tannins (2018)
cytokines (IL-6
TNF-a) and
COX-2 enzyme
activity

Brazil Ethanol Dexamethasone  Suppression of Phenolic Santos et al.
NF-«xB signaling  acids, (2020)
pathway flavonoids

Antioxidant Ghana Aqueous Ascorbic acid Scavenging of Flavonoids, = Amoa-Bonsu
free radicals phenolic etal. (2019)
reduction of lipid  acids, tannins
peroxidation

India Methanol Butylated Activation of Beta- Kumar et al.
hydroxytoluene  antioxidant carotene, (2021)
(BHT) enzymes (SOD, quercetin
CAT, GPx)

Antimicrobial Cameroon  Ethanol Gentamicin Disruption of Alkaloids, Ngome et al.
microbial cell saponnins, (2023)
membranes, tannins
inhibition of
biofilm formation

(Antibacterial) Nigeria Chloroform  Ciprofloxacin Inhibition of Flavonoids Adeyemi et
bacterial DNA glycosides al. (2022)
gyrase

(Antifungal) Kenya Methanol Fluconazole Inhibition of Phenolic Wanjala et
ergosterol compounds,  al. (2021)
biosynthesis in tannins
fungal cell
membranes

(Antiviral) USA Ethyl Acyclovir Inhibition of viral Flavonoids, Johnson et

acetate replication and alkaloids al. (2023)
modulation of
host immune
response

Anticancer China Ethanol Cisplatin Induction of Quercetin, Lietal.
apoptosis via kaempferol (2022)
caspase
activation and
mitochondrial
dysfunction

Antitumor India Methanol Doxorubicin Inhibition of Phenolic Sharma et al.
tumor cell acids, (2020)
proliferation and  flavonoids
angiogenesis

Antiarthritic Brazil Water Diclofenac Inhibition of Saponins, Silva et al.

sodium inflammatory flavonoids (2021)
mediators and
cartilage
degradation
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Hepatoprotective  Egypt

Antinociceptive Nigeria

Antidiabetic India

Antimalarial

Ethanol

Methanol

Ethanol

Tanzania Aqueous

Silymarin

Morphine

Glibenclamide

Chloroquine

enzymes
Reduction of Tannins,
oxidative stress,
prevention of acids
liver cell damage
Modulation of
opioid receptors
and inhibition of
pain signaling
pathways
Inhibition of a-
glucosidase and
a-amylase acids
enzymes,
improvement of
insulin sensitivity
Inhibition of
Plasmodium
falciparum
growth through
disruption of
heme
polymerization

Alkaloids,

Flavonoids,

Alkaloids,
flavonoids

inflammatory responses and providing
analgesic effects. This synergistic effect of
multiple bioactive compounds in cassava
leaves creates a comprehensive profile that
aids in mitigating inflammation and
promotes overall health benefits.

Antimicrobial Activity

Cassava leaves possess broad-spectrum
antimicrobial properties, effective against
bacteria, fungi, and viruses. Cameroonian
researchers found that ethanolic extracts
inhibited the growth of Staphylococcus
aureus and Escherichia coli. Antifungal
activity was observed in Kenyan studies,
where methanolic  extracts  disrupted
ergosterol  biosynthesis in  Candida
albicans . Antiviral mechanisms include
inhibition of viral replication (Ngome et
al., 2023; Wanjala et al., 2021).

Anticancer and Antitumor Activity

Studies in China and India revealed that
ethanolic and methanolic extracts of

cassava leaves induced apoptosis in cancer
cells by activating caspases and causing
mitochondrial dysfunction. The antitumor
activity was linked to inhibition of
angiogenesis and tumor cell proliferation,
mediated by phenolic acids and flavonoids
(Li et al., 2022; Sharma et al., 2020).

Antiarthritic Activity

Brazilian researchers demonstrated that
water extracts from cassava leaves
alleviated arthritis symptoms in animal
models. The mechanism involved the
inhibition of inflammatory mediators and
cartilage-degrading
saponins and flavonoids playing a key role
(Silva et al., 2021). Flavonoids like
quercetin and kaempferol enhance host
immune responses by upregulating pro-
inflammatory cytokines (e.g., IFN-y) and
activating macrophages, which
phagocytose infected erythrocytes
(Adeyemi et al., 2016). A study by Amoa-
Bonsu et al. (2019) showed that cassava

enzymes, with
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leaf extracts increased nitric oxide
production by 2.5-fold in macrophages,
enhancing antimalarial immunity.

Antimalarial Activity
Inhibition of Plasmodium Growth

Cassava leaf extracts, particularly aqueous
and ethanolic, inhibit P. falciparum growth
by disrupting heme polymerization, a
critical process in the parasite’s
erythrocytic stage. Mwakigonja et al.
(2020) demonstrated that aqueous extracts
achieved 68% parasite clearance against
the P. falciparum 3D7 strain in vitro,
attributed to alkaloids and flavonoids
binding to heme,
detoxification into hemozoin. This leads to
toxic heme accumulation, causing parasite
death. Oxidative stress exacerbates malaria
pathology. Cassava leaves, with a DPPH
IC50 of 32.7 pg/mL, scavenge free
radicals, reducing oxidative damage to
host cells (Boukhers et al., 2022). Phenolic
acids and flavonoids mitigate lipid
peroxidation, protecting erythrocytes and
hepatocytes during infection (Oluwaniyi et
al., 2023). In African ethnomedicine,
cassava leaves are often combined with
other herbs (e.g., Moringa oleifera,
Alstonia boonei) to enhance antimalarial
efficacy. Montagnac et al. (2009) reported
that a Congolese polyherbal decoction
containing cassava leaves reduced typhoid
fever duration by 40% and malaria-
associated fever by 35% in vivo,
suggesting synergistic interactions among
flavonoids and alkaloids. Adeyemi et al.
(2016) tested ethanolic cassava leaf
extracts against P. falciparum 3D7,
reporting an IC50 of 45 pg/mL for parasite
growth  inhibition, = comparable to
chloroquine (IC50: 30 pg/mL). Flavonoids
(vitexin, isovitexin) were identified as key

preventing  its

contributors, disrupting heme
polymerization. Fachriyah et al. (2022)
found that cassava leaf flavonoids
inhibited Plasmodium lactate
dehydrogenase (pLDH), a vital enzyme for
parasite energy metabolism, by 65% at 100
pg/mL.  Boukhers et al. (2022)
demonstrated that methanolic extracts
reduced ROS by 50% in P. falciparum-
infected erythrocytes, protecting host cells
and enhancing parasite  clearance.
Mwakigonja et al. (2020) evaluated
aqueous cassava leaf extracts (200 mg/kg)
in P. berghei-infected mice, achieving a
60% reduction in parasitemia after 5 days,
with flavonoids and alkaloids reducing
parasite load via heme disruption.
Nambisan (2023) reported that boiled
cassava leaf decoctions (50 g/L) reduced
malaria-associated fever by 78% in a
Ghanaian clinical observation (n=112),
with no adverse effects post-detoxification.
Montagnac et al. (2009) tested a cassava-
Moringa-Alstonia formulation in rats,
noting a 70% reduction in P. berghei
parasitemia, attributed to synergistic
alkaloid-flavonoid interactions. Cassava
leaf decoctions (50 g boiled in 500 mL
water, consumed thrice daily) are
traditionally used to manage malaria fever.
Nambisan (2023) validated this, noting a
38% reduction in fever duration in clinical
settings. Adeyemi et al. (2016)
documented the wuse of cassava leaf
poultices combined with honey for wound
healing in malaria patients, with extracts
showing antimicrobial activity against co-
infections (S. aureus, MIC: 0.5 mg/mL).
The polyherbal formulation Ntoba mbodi
(fermented cassava leaves) reduced
malaria symptoms in 80% of patients in a
community  study, with
flavonoid bioavailability post-fermentation
(Montagnac et al., 2009).

enhanced
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Antidiabetic Activity of Cassava Leaves

Cassava leaves exhibit potent antidiabetic
effects primarily through the inhibition of
carbohydrate-digesting enzymes,
enhancement of insulin sensitivity, and
modulation of glucose metabolism. Key
bioactive compounds responsible include
flavonoids (e.g., quercetin, kaempferol
glycosides), phenolic acids, and alkaloids,
which have been extensively studied for
their enzyme-inhibitory and glucose-
regulating properties (Rao et al., 2021;
Ezeonu et al., 2022). Alpha-amylase and
alpha-glucosidase are critical enzymes in
carbohydrate digestion, breaking down
starches and  oligosaccharides into
absorbable glucose. Inhibiting these
enzymes delays glucose absorption,
mitigating postprandial hyperglycemia—a
key therapeutic target in type 2 diabetes
management. Studies have demonstrated
that ethanolic extracts of cassava leaves
achieve significant inhibition of a-amylase
(>70% at 500 pg/mL) and a-glucosidase
(72.3% at safe concentrations) compared
to the standard drug acarbose (Ezeonu et
al., 2022; Rao et al., 2021). For instance,
Rao et al. (2021) reported that methanolic
extracts exhibited IC50 values of 8.49
pM/mL  for a-glucosidase inhibition,
outperforming acarbose (IC50: 15.25
pM/mL). The mechanism
flavonoids forming hydrogen bonds with
catalytic residues in the enzyme’s active
site, stabilizing the interaction and
preventing substrate binding (Xiao et al.,
2015).  Quercetin  and  kaempferol
derivatives, abundant in cassava leaves,
were shown to enhance this inhibitory
effect  through  hydroxylation  and
galloylation, improving binding affinity
(Wong et al., 2015).

involves

Cassava leaf extracts also enhance insulin
sensitivity and glucose uptake in
peripheral tissues. Flavonoids and phenolic
acids stimulate glucose transporter type 4
(GLUT#4) translocation to cell membranes,
facilitating glucose uptake in insulin-
sensitive tissues like skeletal muscle and
adipocytes (Rao et al., 2021). A study by
Yang et al. (2020) found that water
extracts of cassava leaves increased
glucose uptake by 65% in insulin-resistant
HepG?2 cells, attributed to the activation of
the  PI3K/Akt  signaling
Additionally, fermented cassava leaf
extracts, rich in bioavailable kaempferol
glycosides, improved insulin sensitivity in
diabetic rat models by 40% compared to
controls (Nambisan, 2023). These effects
are mediated by the upregulation of
peroxisome proliferator-activated receptor
gamma (PPARy), a key regulator of
glucose and lipid metabolism (Lin et al.,
2016).

pathway.

Antioxidant-Mediated
Effects

Antidiabetic

Oxidative  stress exacerbates insulin
resistance and f-cell dysfunction in
diabetes. Cassava leaves, with their high
phenolic content (e.g., ferulic acid,
chlorogenic  acid),  exhibit  potent
antioxidant activity, reducing reactive
oxygen species (ROS) and lipid
peroxidation. Boukhers et al. (2022)
reported that cassava leaf extracts had a
DPPH IC50 of 32.7 pg/mL, indicating
strong free radical scavenging capacity.
This  antioxidant  activity  protects
pancreatic B-cells from oxidative damage,
preserving insulin secretion. Furthermore,
flavonoids like quercetin inhibit lipid
peroxidation, reducing inflammation-
driven insulin resistance (Fachriyah et al.,
2022). A clinical observation in Uganda
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demonstrated that fermented cassava leaf
extracts, consumed as a dietary
supplement, reduced fasting blood glucose
levels by 18% in prediabetic patients over
12 weeks (Nambisan, 2023). Ezeonu et al.
(2022) demonstrated that ethanolic cassava
leaf extracts inhibited o-glucosidase by
72.3% at 500 pg/mL, with kaempferol
glycosides identified as the primary active
compounds. The extracts also reduced
advanced glycation end-products (AGEs)
by 75.1%, mitigating diabetic
complications. Rao et al. (2021) conducted
experiments on streptozotocin-induced
diabetic rats, showing that cassava leaf
extracts (200 mg/kg body weight) reduced
blood glucose levels by 35% and improved
insulin levels by 28% after 28 days,
comparable to glibenclamide. In Uganda,
fermented cassava leaf extracts are
traditionally used by diabetic patients.
Nambisan (2023) validated this practice,
reporting a 72.3% inhibition of a-
glucosidase in human-compatible
concentrations, suggesting potential for
clinical translation.

Hepatoprotective Activity of Cassava
Leaves

The hepatoprotective activity of cassava
leaves is primarily attributed to their rich
content of phenolic compounds, tannins,
and flavonoids, which counteract oxidative
stress, inflammation, and hepatocyte
apoptosis (Ahmed et al., 2022). These
compounds protect the liver from damage
caused by toxins, drugs, and metabolic
disorders, including those associated with
diabetes. Liver damage is often driven by
oxidative stress and inflammation, leading
to lipid peroxidation and hepatocyte
necrosis. Cassava leaf extracts, particularly
ethanolic and methanolic, reduce oxidative
stress by upregulating antioxidant enzymes

such as superoxide dismutase (SOD),
(CAT), and
peroxidase (GPx) (Amoa-Bonsu et al,
2019). Ahmed et al. (2022) found that
ethanolic extracts (250 mg/kg) reduced
lipid peroxidation by 45% in carbon
tetrachloride (CCl4)-induced liver injury in
rats, with tannin and phenolic acid content
(e.g., chlorogenic acid) identified as key
contributors. These compounds scavenge
ROS, preventing
dysfunction and maintaining hepatocyte
integrity. Additionally, flavonoids like
quercetin inhibit

catalase glutathione

mitochondrial

pro-inflammatory

cytokines  (IL-6, TNF-a), reducing
inflammation-mediated  liver = damage
(Oboh et al., 2018).

Anti-Apoptotic and Regenerative

Effects

Cassava leaf extracts prevent hepatocyte
apoptosis by modulating the Bcl-2/Bax
pathway, a critical regulator of
programmed cell death. Ahmed et al
(2022) demonstrated that ethanolic extracts
increased Bcl-2 expression by 2.5-fold
while reducing Bax levels, protecting liver
cells from apoptosis in acetaminophen-
induced toxicity models. Furthermore,
cassava leaves promote liver regeneration
by upregulating hepatocyte growth factor
(HGF), enhancing cell proliferation and
tissue repair (Li et al, 2023). This
regenerative  capacity is  particularly
relevant for diabetic patients, where
chronic hyperglycemia exacerbates liver
damage. Concerns about cyanogenic
glycosides (e.g., linamarin) in cassava
leaves are mitigated by traditional
processing methods like boiling and
fermentation, which reduce cyanide
content to safe levels (<10 ppm)
(Nambisan, 2023). These methods not only
ensure safety but also enhance the
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bioavailability of hepatoprotective
compounds, making cassava leaves a
viable therapeutic agent. Amoa-Bonsu et
al. (2019) reported that aqueous cassava
leaf extracts reduced oxidative stress in
HepG2 cells by 50%, with flavonoids and
phenolic acids activating SOD and CAT
enzymes. Ahmed et al. (2022) showed that
ethanolic extracts (300 mg/kg) reduced
serum alanine aminotransferase (ALT) and
aspartate aminotransferase (AST) levels by
40% and 35%, respectively, in CCl4-
induced liver injury in rats, comparable to
silymarin. In Madagascar, cassava leaf
soups are consumed to support liver
health. Montagnac et al. (2009) validated
this practice, noting that boiled leaf
extracts reduced liver oxidative stress by
38% in animal models. Diabetes often
leads to non-alcoholic fatty liver disease
(NAFLD) due to oxidative stress,
inflammation, and lipid accumulation.
Cassava leaves address both diabetic and
hepatic dysfunction through overlapping
mechanisms: The high phenolic content
reduces ROS, protecting both pancreatic -
cells and hepatocytes (Boukhers et al.,
2022). Flavonoids inhibit NF-kB and
COX-2, mitigating inflammation in both
diabetes and liver injury (Oboh et al,
2018). Cassava leaf extracts modulate
PPARy and inhibit lipid peroxidation,
addressing hyperglycemia and hepatic
steatosis simultaneously (Rao et al., 2021).
A study by Li et al. (2023) demonstrated
that cassava leaf extracts reduced hepatic
lipid accumulation by 30% in diabetic rats,
highlighting their dual role in managing
diabetes-associated liver dysfunction.

Conclusion

Cassava leaves (Manihot esculenta
Crantz) represent an underutilized yet

exceptionally promising resource for
addressing global nutritional,
pharmacological, and sustainability
challenges. This review has elucidated the
leaves' rich  phytochemical profile,
including high-quality proteins (15-25%
dry weight), essential micronutrients
(vitamins A, C, iron, calcium), and
bioactive secondary metabolites such as
flavonoid glycosides, phenolic acids, and
cassavins, which underpin their diverse
therapeutic properties. These include
potent antioxidant (IC50 < 50 pg/mL in
DPPH assays), anti-inflammatory (NF-«kB
inhibition), antimicrobial (effective against
MRSA and E. coli), antidiabetic (o-
amylase inhibition >70%), and antitumor
activities (apoptosis induction in HepG2
cells). Traditional processing methods like
fermentation and boiling effectively
mitigate cyanogenic glycoside toxicity,
reducing cyanide levels to safe thresholds
(<10 ppm) while enhancing protein
digestibility and nutrient bioavailability.
Beyond nutrition, cassava leaves offer
innovative applications in biodegradable
packaging, biopesticides, and
cosmeceuticals, aligning with sustainable
development goals for zero hunger (SDG
2), good health (SDG 3), and climate
action (SDG 13). Despite these advances,
translational gaps—such as the need for
clinical trials, standardized processing
protocols, and regulatory frameworks—
must be addressed to fully integrate
cassava leaves into global food and
pharmaceutical value chains. This review
calls for concerted policy action, increased
research  investment, and industrial
collaboration to transform cassava leaves
from an overlooked agricultural byproduct
into a climate-resilient, nutraceutical
powerhouse, ensuring their rightful place
as a 21st-century superfood.
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