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Abstract

Cashew (Anacardium occidentale) has received both local and international recognition due
to its expanding production capacity, trading, and nut utilization. The cashew apple, which
forms about 90% of the total fruit weight, is left on the farmers’ fields as agricultural waste
owing to limited knowledge of its health benefits, a lack of technical know-how and pro-
cessing equipment, and its high perishability and astringent taste. Numerous studies have
been conducted exploring the nutrients and contribution of the apple to human nutrition.
This paper reviewed recent articles on the nutritional composition and health benefits of
cashew apples for easy accessibility and readership. Cashew apple contains good amounts
of vitamin C, sugars (fructose and sucrose), fibers, flavonoids, carotenoids, total polyphe-
nols, volatile components, flavanols, amino acids, and minerals, such as potassium, magne-
sium, sodium, and iron, which are good for maintaining strong immunity, scavenging free
radicals, neuropathic functioning, cardiac functioning, and maintenance of body and skin
integrity. Cashew apple is associated with weight loss, and is good for diabetic patients
due to its high content of flavonoids (myricetin and quercetin). Consumption of cashew
apple and its value-added products confer good health, therapeutic effects in the manage-
ment of diabetics and cardiovascular diseases, and also ensure food and nutrition security.
It is hoped that this review will contribute significantly to the expanding body of knowl-

edge aimed at promoting cashew apple utilization globally.
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apples which currently are of low economic value and thus, a majority
goes to waste.
The cashew fruit consists of the cashew nut (the true fruit) and

Cashew (Anacardium occidentale) is a crop of afforestation and soil
conservation,? belonging to the family Anacardiaceae® and genus Ana-
cardium.* Cashew is a native of Brazil and finds maximum cultivation
in North and Northeast regions of Brazil.® It is now grown as a cash
crop in some West African countries, including Ghana.*> According to
International Nuts and Dried Fruits Council (INDFC) report,® world
cashew nut production currently stands at 3.8 million MT, and Ghana
produces about 170,000 MT of raw nuts and 1,530,000 MT of cashew

the cashew apple (pseudo fruit), as shown in Figure 1, and has excel-
lent nutritional and sensory properties.”® It is very juicy, sweet,
spongy, and nutritious compared with many other tropical fruits.* The
apple has found utilization in the development of value-added prod-
ucts like cashew apple juice, jam, drinks, wine, “feni,” candy, syrup,
canned fruits, prickles, animal feed, flour, and dietary fiber substitute

in food systems in some developed countries.””*! Studies,'?
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FIGURE 1 Parts of the cashew fruit.

however, have revealed that about 90%-95% of cashew apples go
waste due to limited knowledge about their health benefits, high per-
ishability, lack of appropriate harvesting techniques, high cost of pro-
cessing equipment, lack of government support, poor post-harvest
management, and non-adoption of processing technologies.

It is against this background that this work aimed to review recent
articles on the nutrient composition and health benefits associated
with the consumption of cashew apples and thus promote their utili-
zation and maximize their contribution to food security. The review
also unraveled areas that needed further research and offered oppor-

tunities for investors.

NUTRITIONAL COMPOSITION OF CASHEW
APPLE

With recent upsurges in non-communicable diseases and food insecu-
rities, interest in healthier and safer foods is increasing. The health
concerns of the populace, with reference to what they consume, have
sparked up studies into nutritious foods. Fruits are known to be rich
sources of minerals, phytochemicals, and fibers that can help mitigate
the prevalence of non-communicable diseases (NCDs), promote
healthy living as well as ensuring food security. Cashew apple contains
good amounts of vitamin C, sugars (fructose and sucrose), fibers, fla-
vonoids, carotenoids, total polyphenols, volatile components, flava-
nols, amino acids and minerals such as potassium, and has currently
been given much attention.>”®1 Table 1 presents the major biologi-
cal molecules or elemental components found in cashew apples.

The cashew apple is highly acidic with a pH value of
3.5-4.87131% 3nd contains about 85% moisture, which contributes

712 which occurs usually a day or

largely to its high perishability,
two after harvesting of the nuts. The cashew apple can therefore
serve as a good food source with potential utilization in refreshing
drinks, smoothies, and juices.

The fruit is rich in carbohydrates, mainly reducing sugars (glucose
and fructose),**"1¢ that are readily absorbed by the body. The reduc-
ing sugar content of cashew apples on a wet basis is 10.5%.”**1” This

makes it a good calorific option for use in fruit juices or meals for

JSFA Reports setl ™
Cashew
apple
Cashew nut
TABLE 1 Chemical composition of cashew apples.

Component (mg/100 mL) Yellow variety Red variety
Vitamin C 241.13 221.6
Total polyphenols 265.97 271.03
Anthocyanins 210.67 225.85
Potassium 36.10 43.61
Magnesium 4.13 1.22
Calcium 1.20 6.01
Sodium 2.18 2.34
Iron 0.37 0.35
Phosphorus 2.15 2.21
Sulfur 0.45 0.46

Manganese 0.20 0.03
Ash (%) 14

Crude fiber (%) 3.59
Total sugars (%) 10.57 2.37
Proteins (%) 1.13 1.09
Lipids (%) 2.25 2.99

Source: References 1,7,14,27,30.

children and the elderly as a source of energy, if the astringency is
minimized. Its utilization in energy booster drinks for sportsmen will
be a groundbreaking intervention in the food and beverage industry.
Cashew apple contains protein (0.5-1.09%) although in very
minute quantities as established by Singh et al.” On a dry matter basis,
the cashew apple was found to contain 61.21% of dietary fiber, of
which 13.25% are soluble and 47.96% are insoluble, with appreciable
potassium, phosphorus, sodium, magnesium, calcium, copper, zinc,
iron, and phenolic contents.*>*8-2 The cashew fiber is being used as

2223 in cereal-based extrudates®! and cook-

a fat replacer in burgers,
ies?* to increase fiber content and nutritional value. Thus, the use of
this natural source of fiber from the cashew apple may confer health
benefits to humans; however, studies have shown that the phytic acid
and insoluble fiber content of the cashew apple might limit the bioac-
cessibility of the nutrient contents.*®2> An in vitro digestion of

cashew apple juice and its fiber (pulp) showed that the juice is highly
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TABLE 2 Amino acid content of cashew apple pulp.

Amino acid (mg/100 g) Yellow variety Red variety
Leucine 279 3.11
Tyrosine 1.11 1.27
Glycine 1.83 2.09
Alanine 1.99 2.28
Lysine 1.84 2.22
Serine 1.79 1.52
Threonine 141 1.93
Valine 220 2.61
Isoleucine 1.65 1.97
Cysteine 0.40 0.60
Methionine 0.49 0.63
Proline 224 2.65
Aspartic acid 3.32 3.97
Lysine 1.84 2.22
Arginine 147 1.90
Histidine 0.76 1.04
Phenylalanine 1.87 1.94
Glutamic acid 3.64 4.24

Source: Reference 33.

bio-accessible than the fiber, even though the raw, undigested fiber
had a higher copper content (12.20 mg/L) than the juice (2.10 mg/L).
The bioaccessibility was attributed to the phytic acid (0.25%) present
in the fiber (peels and insoluble fiber).!® The ash content of the
cashew apple (1-1.5%) is an indication of its high mineral content.”*

Cashew apple is a very rich source of vitamin C compared to most
tropical fruits. The content of vitamin C (between 200-241 mg/100 g)
in the cashew apple is about 3-5 times higher than citrus.2® Studies
have revealed that the vitamin C content (241.13 mg/100 g) of the
yellow cashew apple is generally higher than that (221.60 mg/100 g)
of the red variety, while the latter has more amino acids and tannins
than the former.1¢2>27:28 The juice is a good source of vitamin C but
not so with provitamin A.2? Thus, the cashew apple can be utilized as
a source of Vitamin C in Africa, especially in Ghana, where the fruit is
underutilized and usually left to rot. Cashew apple also has substantial
quantities of B vitamins (thiamine, niacin, riboflavin, pantothenic acid,
pyridoxine, and folate).1?*° The apple juice is a rich source of minerals
and is high in potassium, magnesium, phosphorus; but low in sodium,
calcium, iron, copper with the least being zinc.2**?31 The high mineral
(potassium, magnesium, and phosphorus) content could be a good
food source for incorporation into the DASH diet in the management
of hypertension.

Studies have shown that cashew apples contain a significant
amount of amino acids such as alanine, aspartic acid, glutamic
acid, serine, threonine, phenylalanine, leucine, tyrosine, proline,
and gamma-aminobutyric acid (GABA) (Table 2), which have
many physiological functions in the human body.'43%22 Findings

16,31

from indicated that leucine was the most abundant amino

acid in the cashew apple juice. Nonetheless, Okpanachi et al.*®
found that glutamic acid and aspartic acid were the most abun-
dant amino acids in the cashew apple. These variations might
have resulted from the effects of processing and the type of
cashew cultivar.

With respect to bioactive compounds, the cashew apple is a sig-
nificant source of polyphenols and other organic acids like flavonoids,
carotenoids, anacardic acid, and tannins.”**3* Carotenoids are the
natural (red, orange, and yellow) pigments in plants, algae, and
microorganisms,3> which play key roles in physiological and develop-
mental functions in plants, animal health, and nutrition. Cashew apple

17.20.36-39 mainly com-

contains about 2.9-136 mg/100 g carotenoids,
posed of cryptoxanthin, zeaxanthin, lutein, p-carotene, and a-caro-
tene.*® Although various carotenoids are present in the fruit, the
major ones in the juice are the p-cryptoxanthin and p-carotene. The
amount of carotenoids in a cashew apple is dependent on the type;
the red variety has a higher concentration than the yellow ones.?’
Again, it has been reported that carotenoids and anthocyanins con-
tent reduces with storage and processing.** Irrespective of the fruit
color, the total carotenoid content of the juice is lower compared to
the fiber (cashew apple pulp).**?? The fiber is rich in carotenoids,
mainly because the pigments are embedded in the tissues, but poor in
vitamin C, which is water soluble.*® It has been reported that the
cashew apple has higher carotenoid content than the aqueous
extracts.r”%774° Thus, consuming the apple is good enough to have a
balance of all the nutrients.

Polyphenolic compounds, such as flavonoids (anthocyanins, myri-
cetin, quercetin, Kaempferol) tannins, and phenolic acids (caffeic acid,
coumaric acid, ferulic acid, and gallic acid) are prominent constituents
of cashew apple (Table 3). Tannins are polyphenols that have been
classified as anti-nutrient due to their negative effect on nutrients
absorption and bioavailability.*?> They are classified as hydrolysable
and condensed tannins (also known as proanthocyanidins). Apart from
its negative effects, tannins have been shown to exhibit antioxidant,
anti-tumor, anti-inflammatory, anthelmintic and antimicrobial proper-
ties.**** Tannins also contribute to the astringent taste of cashew
apples, one of the key reasons for its low utilization.*24>*¢ Tannins
range between 0.01 and 197 mg/100 mL in cashew apples, depending
on the processing, cultivar, and type (red, yellow, or other vari-
ants).®**” Hydrolysable tannins were found to be present in higher
concentrations in cashew apples and correlated with astringency com-
pared to condensed tannins.*® Methods such as blanching, addition of
gelatin, fermentation, removal of fruit skin, addition of tannase, hydro-
thermal processing, centrifugation and microfiltration, and natural
coagulants (such as okra pod) have been identified as effective ways
of reducing the tannin content to appreciable levels.*>47-53

Other organic acids like citric, malic, and acetic acid that mediate
a lot of physiological functions are also in abundance in the cashew
apple.*® The variations in the nutritional composition of the cashew
apple are influenced by variety, soil quality, environmental conditions
(climate), agronomic practices, maturity stage of the fruits, and proces-
sing conditions.***” The various phenolic or bioactive compounds in

cashew apples are summarized in Table 3.
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TABLE 3 Phenolic compounds in cashew apples.
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Concentration

Concentration Concentration

Compound (mg/L) Compound (mg/100 g) Compound (mg/g)
Caffeic acid 20.2-25.9 Epigallocatechin 0.02-0.11 Mpyricetin 3-O-galactoside 0.05
p-coumaric acid 25-7.9 Myricetin 3-O-rhamnoside 0.86-0.91 Myrecetin 3-O-glycoside 0.027
Ferulic acid 4.6-13.4 Quercetin 3-O-galactoside 0.83-0.99 Myricetin 3-O-xylopyranoside 0.0124
Gallic acid 1.9-154 Quercetin 3-O-glucoside 0.31-0.44 Myricetin 3-O- arabinopyrannoside ~ 0.0104
Naringenin 4.3-10.3 Quercetin pentoside-1 0.42-0.45 Myricetin 3-O-arabinofuranoside 0.0097
Quercetin 1.2-7.9 Quercetin pentoside-2 0.36-0.40 Myricetin 3-O- rhamnoside 0.04

Quercetin 3-O-arabinoside 0.37-0.38 Total myricetin glycosides 0.1511
Quercetin 3-O-rhamnoside 0.65-0.69 5-Methylcyanidin 3-O-hexoside 0.0197
Quercetin 3-O-xylopyranoside 1.16 Total glycosylated flavonoids 0.2847
Quercetin 3-O- arabinopyrannoside 1.08 Total quercetin glycosides 0.1139
Quercetin 3-O- arabinofuranoside 0.79

Oleic acid 21.87

Linoleic acid 5.55

Source: References 32,34,57,89.

HEALTH BENEFITS OF CASHEW APPLE

The nutritious nature and high polyphenolic content have various
implications for the use of the cashew apple in maintaining and pro-
moting health. The significant amount of essential minerals found in
cashew apples make them a good choice for maintaining strong immu-
nity, promoting proper fluid balance, nerve transmission and muscle
contraction, and also for the management of micronutrient deficien-
cies.¥?” The high mineral content can aid bones, cardiovascular health,
and assist in metabolism, and bioactive pathways.

Due to its high caloric content and amount of reducing sugars,
the cashew fruit is and can be used as an instant energy booster. A
cohort study®* discovered that cashew apple juice enhanced fat oxi-
dation and proposed that it might increase endurance during exercise.
The high vitamin C content of the fresh juice promotes its usage in
treating sore throat, maintaining good gum/oral health, serving as
cofactors for enzyme and bioactive compounds activity, and as an
antioxidant.”04”

The fruit has various traditional and medicinal uses,®* due to
its rich phytochemical profile. Thus, the cashew fruit has the
potential to be used as a nutraceutical and pharmaceutical ingredi-
ent. Traditionally, cashew juice is used for the treatment of sore
throats, colds, and coughs, and gastric disorders, including diar-
rhea, dysentery, and ulcer.®4>> Pharmacological studies have dem-
onstrated the ability of the anacardic acids in the fruit to protect
against ulcers by inhibiting the growth of Helicobacter pylori.*>:>¢
Hence, the cashew apple is gastro protective.>® The significant
amounts of polyphenolic compounds in the apple make it an excel-
lent source of natural antioxidants, such as anthocyanins, flavo-
noids, flavones, carotenoids, gallic acid, protocatechuic acid,
conjugate cinnamic acid, and free cinnamic acid.>*>” These com-
pounds are very prominent in scavenging reactive oxygen species
(ROS) and inhibiting free radical formation, thus preventing cardio-
vascular diseases and damage to cellular components.>® Pascal

|.13

et a also demonstrated the anti-radical scavenging activity of

the cashew apple. Cashew apple is classified as a functional food

ingredient due to its high carotenoid content, which is very potent
in maintaining good health and acting as antioxidant.*®

Phytochemicals like flavonoids, tannins, and other acids have
been found to contribute significantly to the anti-inflammatory,
anti-microbial, and wound-healing properties of human cells upon
consumption of cashew apples.®#%®>> The presence of bioactive
compounds and polyphenols inhibits microbial growth and activity, as
the cashew apple proved effective against the growth of Streptococ-
cus spp., Micrococcus luteus, Salmonella typhimurium, Entrococcus
faecalis, Streptococcus spp., and Bacillus cereus.>”>%°° A similar study
in Cote D'Ivoire®? also revealed the inhibitory potential of apple juice
against Staphylococcus aureus. The anti-tumor properties of cashew
apple have also been confirmed using mice models.®? Studies have
indicated that phenolic compounds like anacardic acid and gallic acid
have a cytotoxic effect and inhibit the proliferation of cancer
cells.3*3¢ However, the cashew apple extract from the residue had no
effect on human tumor and non-cancerous cell lines.®”

Studies have also reported the lowering effect of consump-
tion of meals rich in flavonoids (myricetin and quercetin) on the
risk of developing type 2 diabetes, obesity, and insulin insensitiv-
ity in mice fed with a high-fat and high-sucrose diet.®>%* Beejmo-
hun et al.®®> demonstrated the effectiveness of the cashew apple
in the management of obesity and diabetes through the use of
obese experimental mice. The study revealed that cashew apple
extracts, which are rich in derivatives of myricetin and quercetin,
inhibited the accumulation of fat and insulin resistance in obese
mice. The study also established the reductive effect of cashew
apples on body weight gain, fat storage, hyperglycemia, hyperin-
sulinemia, and insulin resistance in the obese mice. Rani et al.®®
studied the anti-obesogenic effect of cashew extracts on the lipid
profile of mice and discovered a considerable reduction in total
cholesterol, triglycerides, and low density lipoprotein (LDL) cho-
lesterol with an increase in high density lipoprotein (HDL). Asma-

wati et al.®”

reported similar findings that the cashew apple juice
had a positive effect on blood lipid profiles of rats. The reduction

in these biomarkers, which are precursors for cardiovascular
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diseases, demonstrates that cashew apples, can be a cardio-
protective agent.

A recent study,® which involved feeding mice on a high fat diet,
observed that the ingestion of cashew apple fiber was effective at
controlling hunger/appetite, preventing high blood glucose, insulin
resistance, and blood lipid profile, and reducing liver injury related to
diet. This effect was attributed to the high fiber and bioactive com-
pounds in the apple, which are well noted for promoting satiety and
improving the metabolism of lipids and glucose in mice.?® The cashew
apple juice and fiber again act as prebiotics, contributing to gastroin-
testinal (Gl) health.®®”° Fiber has good implications for Gl health, vis-

71,72 and

ceral fat/blood lipids, and the postprandial glucose response,
as a result, aids in the prevention and management of diet-related dis-
eases. Thus, the ability of cashew apples to serve as a functional food
ingredient in promoting good health and development has been dem-
onstrated, and all fears regarding their toxicity have been allayed.
Leucine, a branched chain amino-acid present in large quantities
in cashew apple have been found to enhance muscle synthesis (anab-
olism) and influence the activity of insulin, and hence, good for regu-
lating blood glucose level in sarcopenic patients and the elderly.”3~75
There is an abundance of GABA in cashew apples, which have been
revealed to promote mental health by inhibiting brain neurotransmit-
ters, and subsequently acting against depression and anxiety.”®””
Studies’® 82 have also established the antihypertensive and anti-

proliferative effects of GABA in humans and on cancerous cells.

PROCESSING AND VALUE-ADDITION OF
CASHEW APPLE

High losses from the cashew apples could be prevented by processing
them into shelf-stable intermediate products. Many processes and
techniques have been developed to transform cashew apples into
value-added products, such as unfermented cashew beverages like
pulpy and clarified juice; fermented beverages like wine and ethanol;
fruit powder used in the production of cookies, chocolates, bread
spreads, and sponge cakes; and other products from cashew apple
bagasse (cashew apple pomace powder in cookies, as fat replacers in
burgers, and for increased fiber in cookies).?1-24

Juice concentrate, syrup, squash and ready-to-serve (RTS) drinks
are some of the nutritious beverages that can be obtained from
cashew apple juice by adding sugar, citric acid and other preserva-
tives.® Fruit blends have also been made from the cashew apple
together with other fruits.®®

Wines, ethanol, and probiotic beverages can be developed from
the fermentation of the cashew apple juice with specific strains of
microorganisms.24¢ Cashew wine, which has an alcohol content
between 6% and 12%, also has a low cost of production. Other fer-
mented products, such as vinegar and prebiotic beverages, have also
been developed.?!

Dried cashew apple powder could be used in the development of
value-added products such as cookies, bread spread, wheat-based
confectionaries, chocolates, and sponge cakes.* Cashew apple

pomace powder can be used for the preparation of other products
because it is rich in flavonoids, carotenoids, anthocyanin, dietary fiber,
ascorbic acid, and reducing sugars.*’” The addition of cashew fiber
improved the crude fiber content of cookies irrespective of the
method used in their preparation, and both the physical and sensory
characteristics were acceptable.®®

Cashew can also be processed into products like jam and marma-
lades. Studies®®®” have demonstrated that cashew apple jam is a good
source of nutrients, phytochemicals, and energy. Nonetheless because

the jam involves the use of the juice, Figueroa-Valencia et al.8®

pro-
posed the use of the apple pulp in making marmalade, due to the high

phenolic content of the pomace.

FUTURE DIRECTIONS AND RESEARCH
AREAS

Cashew production keeps on increasing with numerous challenges like
pest and disease infestation, low yields, poor quality fruits, price insta-
bility, lack of market, limited utilization for the apples, among others.
It is imperative for plant breeders to possibly deepen their breeding
programs in providing cashew varieties with less perishability, a robust
system against pests and diseases, and increased yield and quality of
the fruit. Harvesting of cashew fruit is a major issue of concern, and in
order to promote utilization of the cashew apples, engineers must
intensify their efforts in developing equipment to facilitate the har-
vesting of the cashew fruit. Industry players must realize the need to
put cashew apples to good utilization considering the economic gains
and the health benefits they would offer in addressing food and nutri-
tion insecurity in Africa. In addition, the development of cheaper and
simpler processing, drying, and storage systems like solar or cold facili-
ties at the community level will help to preserve the cashew apples
for a longer period.

Food scientists and technologists may also play an important role
in developing value-added products, such as powders, dry strips or
fruit leathers, concentrates, and others out of the fruit when they are
in bumper seasons to create diverse utilization for the apples and
reduce losses.

Heads of States, agriculture ministries, departments, and agencies
owe the cashew-growing countries the responsibility to educate or
train community members on the possible uses of the apples and their
value-added products. Tree Crops Development Board in Ghana,
which is in-charge of all tree crops including cashew, can also priori-
tize their operations on the industrialization of cashew apple value-
added products, taking into account the contribution of cashew to
Ghana's Gross Domestic Products (GDP), and the potential of the
apple in providing extra income for farmers, and job creation for the
youth. This could be realized through a partnership with the Ministry
of Trade and Industry. Intensification of education on the nutritional
components and health benefits of cashew apples by nutritionists and
health promoters through organizations like the Ministries of Health
and Education, the World Health Organization, the World Food Pro-
gram, the Deutsche Gesellschaft fiir Internationale Zusammenarbeit
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(GIZ), and other non-governmental organizations could help maximize
cashew apple utilization.

The use of cashew apples in interventional studies in human
beings for the management of micronutrient deficiency may be
required. In addition, studies on the incorporation of cashew apples
into other food products like drinks, juice blends, bread, cake, biscuits,
and others would help to promote patronage and utilization of cashew
apples. Comparative studies on the complete profiling of the nutri-
tional and phytochemical composition of the various varieties of
cashew apple grown in Ghana could be a good research focus.
Research on appropriate preservative methods for the preservation of
the fresh cashew apple and its value-added products is needed to mit-
igate their rate of deterioration and extend their shelf life. Although
studies have shown the presence of some phenolic compounds in the
apples, information on the concentrations or levels of the compounds

are scanty.

CONCLUSION AND RECOMMENDATION

Cashew apple contains a high concentration of phytochemicals like
flavonoids, anthocyanins, flavones, carotenoids, vitamin C, fiber,
sugars, important minerals (calcium, magnesium, iron, potassium,
phosphorus, sodium, copper), and organic acids, such as anacardic, gal-
lic, protocatechuic, conjugate cinnamic, free cinnamic, and malic acids.
These nutrients and phytochemicals in cashew apples are good for
maintaining strong immunity and good eyesight, preventing cancer,
managing obesity, ulcers as well as cardiovascular diseases. Consump-
tion of cashew apples and their value-added products will thus offer
numerous health benefits, and boost the cashew industry.

It is recommended that the utilization of cashew apple can be
enhanced through its incorporation in food products and blending
with other fruit juices to reduce the level of its astringency for better
nutrition and food security. Governments, non-governmental organi-
zations, industry players, businessmen and women, researchers, and
engineers are encouraged to contribute their quotas toward promot-
ing the utilization of the cashew apples through the formulation of a
good regulatory framework, the establishment of industries for pro-
cessing, mass education on the health benefits of the apples, hands-
on training on value-addition, and the provision of stimulus packages

for small scale processors.
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