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Abstract !
The tropical cashew tree, Anacardium occidentale L., has remarkable
potential. The tree produces the pseudo-fruit known as the cashew
apple and nuts. The apple is sweet, juicy, and loaded with dietary
fiber, phytonutrients, minerals, and vitamin C. Despite having high
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nutritional content, the cashew apple is neglected in low-technological 2022
nations like Tanzania, primarily because of negligence over the well- Accepted: 29 March
known nut, its perishability, and its astringent taste. Contrarily, cashew 2023
apples are processed into various goods in high-income nations where
food processing and technology improvements have been realized Keywords
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Cashew apple products include juice, syrup, wine, alcohol, dietary fiber
extracts, and animal feed. However, inadequate technologies and skills
for postharvest handling and value addition have led to a considerable loss
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of cashew apples, contributing to pronounced food and nutrition insecurity.

This review documents the production of cashew apples in Tanzania
and reveals the fruit's critical underutilization and potential nutrition and
economic opportunities. This documentation may call for interventions to
create awareness of the importance of cashew apples in social-economic,
food, nutrition and health, empower locals, and invite new processing
technologies to diversify and extend shelf-life. The ultimate goal is to
promote the utilization of this abandoned nutritious fruit. Such approaches
may reduce postharvest losses and impact food and nutrition security and
the social-economic empowerment of smallholder farmers.
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Introduction

Cashew (Anacardium occidentale L) is an evergreen
nut-bearing tree that originated from Cerrados
of Central Brazil."?*4® The Portuguese discovered
the tree in Brazil between the 16th and 17th centuries
before its introduction to India, Mozambique, and
East African countries, including Tanzania.*

As opposed to leaves, stems, barks, and roots, which
are only thought to be necessary for the survival
of the tree® and to provide shade and ground
cover, cashew nuts and cashew apples are the two
main products of interest from the cashew tree.
The largest nut producer for 2014-2018 in India,
with an annual average output of 745,000 tones,
followed by Céte d'lvoire, 675,000 tones, and Viet
Nam, 296,000 tones, while Tanzania was in the
fourth position with 220,000 tones.” In Tanzania,
Mtwara, Lindi, and Ruvuma are the main producing
regions contributing over 80% of the national cashew
nut production.?

The weight of the fruit comprises 10% nuts and 90%
apples, respectively.® Although the cashew apple
weighs 9-fold more than the nut, the cashew nut has
been considered the primary product from the tree
and the driver underlying cashew tree cultivation in
Tanzania and many other countries, with little or no
attention to cashew apples.

Cashew apples are soft, juicy, slightly fibrous,
astringent in taste, and covered with thin, waxy skin
that easily bruises. They are mostly heart-shaped,
3-6 or more times larger than the nut, and when fully
ripe, they are bright red, yellow, or a mixture of the two
colours. The fruit has about six times more vitamin
C per 100ml than orange juice, with an average
vitamin C content of 200-269 mg/100m]."0.1".12
also contains anti-oxidants, sugar, amino acids,
and phenolic compound.'®3'* At the same time,
there is an increase in cashew nut production and
utilization worldwide and huge postharvest loss
of its apple persists.’>'® For example, in Nigeria,
Kogi State has reported a loss of about 467 kg
of cashew apple per hectare.'” Similarly, Tanzania
has reported approximately cashew apple production
of 3,138,260.4 tones in season 2017/2018,¢ of which
the majority was left to rot in the farms. Globally, the
loss of cashew apples is about 95 %, approximated
from global production of cashew apples of about
30 million tones per annum? Despite their nutritional

value and massive production, cashew apples are
considered as waste, hence a non-targeted fruit
during cashew nut production in less technological
countries, including Tanzania.

After the nuts are harvested, more than 80% of
the apples are left to rot in the farms, and only a
small proportion is consumed during the season as
snacks to quench thirst and hunger during farming
activities.'® 2° Moreover, cashew apples are neither
harvested for family consumption nor marketed
locally or internationally as they are too perishable
to transport in places with no cold chain.

Cashew apple utilization is mainly hampered by its
high perishability leading to speedy deterioration and
inadequate skills and technologies for processing
and preservation to extend shelf life.™ Additionally,
astringent taste and negligence due to insufficient
knowledge of their importance in food and nutrition
security?'?? have contributed to this critical lack
of attention. Therefore, abandoning cashew apples
in the farms leads to a massive loss of nutrient-
dense food that could otherwise improve food/feed
and nutrition security, and ultimately well-being
and social-economic transformation; if consumed
fresh, processed alone, or incorporated into other
food products.

Consequently, including cashew apples in value-
added products such as juice, jam, and wine will help
decrease postharvest loss and could help Tanzania's
economy and small-scale farmers' quality of life.

Additionally, processing cashew apples can generate
employment possibilities in rural areas, notably
for women and young people. This may benefit
the nation's efforts to reduce poverty and foster
sustainable economic growth To fully unleash the
potential of cashew apples in Tanzania, addressing
will be essential. This can be accomplished by
investing in infrastructure, assisting small-scale
farmers, and creating efficient distribution and
marketing networks.

Therefore, it is imperative to gather comprehensive
information on cashew apple production and
reveal its critical underutilization and opportunities
for smallholder farmers' food and nutrition security,
trade, and social-economic transformation. This
information can be used by agricultural extension
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agents, food value-addition stakeholders, and
governments to promote cashew apple utilization
with value addition for shelf-life extension.
It is an attempt to promote the utilization of this
abandoned nutritious fruit, emphasizing the reduction
of postharvest losses with an ultimate impact on
food and nutrition security as well as socio-economic
transformation.

Cashew Nut Production

The cashew tree is widely cultivated in the southern
coastal regions of Tanzania, which includes
Mtwara, Lindi, Ruvuma, and Pwani, and its nuts
are the primary harvest and driver of cashew tree
cultivation. As a result, the nuts are of high economic
importance to the country, while the apples are
of less significance but enjoyed as a by-the-way
field snack during the harvesting of the nuts, or a
small population of native brewers uses only a tiny
proportion as raw material for a local brew. Moreover,
the trees are enjoyed for their sun shed throughout
the year.?

Tanzania, after Mozambique, was the second-largest
producer of cashew nuts in the world, with a peak
production of 145,000 metric tones in 1973-1974 .24
The nation produced almost 20% of the world market
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in those years. Since then, the production of cashew
nuts has decreased, reaching a low of 16,500 metric
tones in 1986 and 1987. Midway through the 1990s,
output began to increase again, whereby in 2000,
Tanzania recorded cashew nut production as high
as 121,200 metric tones.?®

Again, in the mid-2000s, Tanzania experienced
a slight decline in cashew nut production which
was recovered in 2011, and the country exported
about 158,134 metric tones.? The highest cashew
nut production was recorded in 2017/18 when over
313,826.4 tones were produced® Figure 1. Then
the production declined in 2018/19 and 2019/20
by recording 225,305 and 232,681.8 metric tones,
respectively.?”

Despite various efforts for agro-industries
development in Tanzania, the cashew sector
has been a missed opportunity for many years.
The cashew nut industry has been promising,
although it has not yet attained the expected
level of development.?8 This is because the
Tanzanian cashew sector, like in the rest of Africa,
is characterized by low productivity, market stability,
and value addition. The sector is recorded to lose
at least US$550 million in value addition alone.?®

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2013 2016 2017 2013 2019

Years

Fig. 1: Tanzania raw cashew nut production from 2004 to 2019%

Economic Importance of Cashew Nut

Tanzania's top four export crops are cashew
nuts, cotton, coffee, and tobacco. Mtwara region
produces 71% of the nation's output of raw cashew
nuts, followed by the Lindi region (18%), Coastal

region (8%), and other producing regions, including
Ruvuma and Tanga, sharing the remaining 3%.
About US$ 75 million was made by the sector in
2005, US$ 70 million in 2008-09, and US$ 140
million in 2010-2011.2°
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The government initiative to implement the
Warehouse Receipt System (WRS) in the primary
producing region of Mtwara, and afterwards in the
Lindi, Coast, and Ruvuma regions, was deemed
to have given the 2007-2008 season's revenues
a boost.290

The term "Warehouse Receipts System" refers to a
form of commerce where commodities are stored in
alicensed warehouse or warehouses, and the owner
of the commodity receives warehouse receipts
outlining ownership, value, type, volume, and quality
(grades) of the deposited commodities.?" Tanzania
Warehouse Receipts Act No. 10 of 2005 governs
the issuance of warehouse receipts® which was
amended in 2015.

The WRS facilitates a simple mechanism by which
traders, producers, and lenders can secure a floor
price by looking at a fixed future price. The system
benefits the producers in developing countries as
they mostly lack means of mitigating price risk,
affecting their income and being unable to repay
loans.®® WRS provides smallholder farmers with
consistent pricing and links them to resources,
including extension assistance, mechanization,
seeds, fertilizer, loans, and guarantees of profitable
markets for their produce.®*3** Moreover, WRS
facilitated additional liquidity (bank financing)
to the farmers in the sector through primary society
and cooperative unions as they have access
to independent banks.3®

Nevertheless, in 2018 when the production tripled
compared to the year 2007/8, which led to the
formation of WRS, the government intervened
by increasing the unit price of cashew nuts
from TZS 2,000 to a minimum of TZS 3,500 per
kilogram of nuts.??> Enforcement of this selling
price was successful as products were stored
at the government warehouses for joint marketing.
Moreover, since 80-85% of the output was
exported in its raw form and only 15% was locally
processed for domestic and international markets,
this intervention had no significant impact on quality
value addition.3®

The current marketing challenges include price
volatility for both raw cashew and kernels, low
levels of processing to meet critical volumes and
standards required in international markets, a small
domestic market for kernels, low levels of product
diversification, low levels of farmer knowledge of the
WRS, a lack of a brand label for Tanzanian cashew,
and high transaction costs that reduce producers'
profits.?® Consequently, despite the initiatives,
cashew marketing problems persist. Therefore,
to offer alternative policy and marketing guidance
that will improve sustainable cashew nut marketing
in Tanzania, more work must be done to understand
the issues better.?®

Cashew Apple (CA)

Aside from the cashew nut, which is the main product
of the cashew tree, two more cashew by-products
that are processed and consumed worldwide are
cashew nut shell liquid (CNSL) and cashew apples®
Despite the fact that cashew nuts are the cashew
tree's primary commercial product, cashew apple
yields are eight to ten times greater than the weight
of raw nuts.3¥* The pseudo and non-climacteric
fruit CA grows from the pedicel and is linked
to the nut. The ripe apple has delicate skin that
can bruise easily, and it is extremely juicy, spongy,
slightly fibrous, and aromatic.?" In addition, the
thin skin makes it more sensitive to physical harm,
which speeds up deterioration. Therefore, careful
handling is necessary, particularly while transporting
raw fruits.

The fruit's morphotypes are commonly yellow or red,
Figure 2. Nevertheless, Benin reported a yellow-
orange morphotype.®* The colour differences are
mainly due to the loss of chlorophyll, which goes
parallel with the gradual increase in carotenoid
pigments and anthocyanins during the maturation
of cashew apples.*® Five cashew varieties with the
names Anacardium Ceylon 4, Anacardium Ceylon
10, Brazilian dwarf, Anacardium Zanzibar 2, and
Anacardium Zanzibar 17 have been reported from
Tanzania®
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Fig. 2: Yellow (a) and Red (b) cashew apple varieties are attached to the tree on one end and to
the nuts on the other?z 4

Cashew apple has received less attention in some
countries, including Tanzania, where it is neglected
and considered a by-product of cashew nut
production. They are not preciously consumed or
sold fresh and have not been processed as value-
added products. The underutilization of cashew
apples, which are either left to rot in the field after the
nuts are harvested, or only a small portion of the total
yield is used as fresh fruit in the field during the nuts'
collection, or they are fermented to unregulated non-
commercial local brew called "Uraka" in Swahili.6

Lack of information about its significance in
ensuring food and nutrition security, inadequate
postharvest handling, and a lack of value-adding
technologies® to diversify its consumption patterns
and extend shelf life for simple transit all contribute
to its underutilization. In addition, the fruit is highly
perishable and seasonal, limiting its utilization in
places where the cold chain and shelf-life extension
technologies have not been realized. During
postharvest, cashew apples are subjected to stress
such as physical damage, high temperatures,
and lengthy storage that can speed up their
perishability.* In order to prevent postharvest losses,
careful handling is necessary, especially when
transporting fresh fruits. For instance, CA has been
carried approximately 3000 km in Brazil with lower
postharvest losses than in other nations.*

Growth and Maturity of CA

The growth and maturity of cashew apples involve
several stages, during which the nutritional content
of the fruit undergoes significant changes.
The cashew apple is an edible fruit that grows on
the cashew tree, and it starts as a small, greenish-

yellow fruit that gradually grows larger and more
yellow or red as it matures. As the fruit develops,
it accumulates sugars and other nutrients, resulting
in taste, texture, and nutritional content changes.

In the early stages of growth, the cashew apple is
high in vitamin C, beta-carotene, and other anti-
oxidants. The sugar content increases as the fruit
mature, becoming sweeter and less acidic. It also
becomes a good source of dietary fiber, potassium,
and other minerals at this stage.

When the cashew apple reaches full maturity,
it develops a soft, pulpy texture and a rich, sweet
flavor. At this point, it is at its nutritional peak,
with high levels of dietary fiber, anti-oxidants, and
minerals such as potassium, magnesium, and iron.

However, after reaching full maturity, the cashew
apple starts to deteriorate rapidly and loses its
nutritional value. Therefore, harvesting the fruit at
the right time ensures maximum nutritional content.

Therefore, the growth and maturity of cashew apples
involve significant changes in taste, texture, and
nutritional content, with the fruit, becoming sweeter
and more nutritious as it matures. However, to
get the most out of this fruit's nutritional benefits,
it is essential to harvest it at the right time.

Cashew Apple Edible Products

There are several edible products which can be
made from cashew apples, including,Cashew apple
juice. The juice can be made by blending the cashew
apple pulp with water and sugar to taste.? Cashew
apple jam, Cashew apple jam is a sweet spread



ALUKO et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 719-734 (2023) 724

that can be made by cooking the cashew apple
pulp with sugar and pectin.’® Cashew apple chutney,
Cashew apple chutney is a savory condiment that
can be made by cooking the cashew apple pulp with
spices, vinegar, and sugar.’® Cashew apple wine.
Cashew apple wine is a fermented beverage made
by fermenting the cashew apple juice with yeast.*

Cashew apple vinegar: Cashew apple vinegar is
a type of vinegar that is made by fermenting the
cashew apple juice with acetic acid bacteria.®
Dried cashew apple, The cashew apple can also be
dried and used as a snack or added to recipes as a
sweetener or flavoring agent.®® Cashew apple tea,
Cashew apple tea can be made by steeping dried
cashew apple pieces in hot water.

Cashew Apple Non- Edible Products

Cosmetics: Cashew apple extracts are also used in
cosmetics and skincare products. The antioxidants
in the fruit can help to protect the skin from
damage caused by free radicals and environmental
stressors.® Biofuel, Cashew apple pulp can be
used to produce biofuels such as ethanol. This is
an emerging application of the cashew apple that
has the potential to reduce dependence on fossil
fuels and promote sustainable energy production.'”
Biogas is processed through the anaerobic digestion

of organic material by anaerobic bacteria. It can be
made either from biodegradable CA waste materials
or by using its fresh juices.” Animal feed: Cashew
apple pulp and seeds can be used as animal feed,
especially for pigs and poultry. The pulp is high
in fiber and nutrients, and it can help improve the
digestive health of animals.8

Importance of Cashew Apple in Food, Nutrition,
and Health

In areas where it has been extensively used,
the cashew apple is a significant fruit that contributes
to food and nutrition security and is well-known for
its therapeutic and nutraceutical qualities. It has
five times as much vitamin C? 3213 as citrus juice
and ten times as much as pineapple juice, making
it a vital source of vitamin C.%®

CA was reported as the primary source of vitamin
C.23614 The CA's vitamin C content is about three
to six times more vitamin C content in orange.>"
The fruits also contain 3 carotene, minerals such
as calcium, and potassium, Table 1 Furthermore,
the raw fruit is rich in acidity, rated as high acidic
fruits range 0.18-0.79 titratable acidity, besides pH
and total soluble solid ranges 3.4-4.7 and 6.5-20.36
Brix respectively.5®

Table 1: Nutritional value of raw and processed CA

Nutrients RCA raw YCA raw CA fruit Dried CA wine®28 CA jam3®
juiceZ.G juice2,6 Flour58,88,90 CA2,86,87

Moisture % 85.92 86.38 6.52-11.42 4-13.8 - 30.38

Energy(Kcals) - 3191 - 2721

Protein (%) 0.88 0.52-1.130 7.63-14.86 5.45 0.02 1.18-3.80

Fat (%) 0.30 0.27 3.70-5.18 3 - 0.10

Fiber(%) - - 5.91 6.65 - 1.02

Carbohydrate (%) - - 52.2-74.75 60.59 - 66.64

Total ash (%) - - 1.42 - - 0.68

Cellulose (%) 3.56 3.34 - - - -

Pectin (%) 0.86 0.98 - - - -

Ca(mg/l) 85-144.52 99.7-133.1 192 80.14 - -

Fe(/mg/l) 0.42-5.52 0.61-4 0.7 - - 0.39

Mg(mg/l) 34.87-37.67 34.64-36.86 32.15 - - -

P(mg/l) 2.02-8.94 3.81-7.04 18.41 136.59 - -

K(mg/l) 70.9-72.37 70.33-71.47 102.14 - - -

Na (mg/l) 29.44-35.26 31.5-34.34 - - - -

Zn (mg/l) 1.9-3.59 1.94-2.36 5.1 - - 505.14
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Cu (mg/l)
B carotene (mg/l)
Total sugar(mg/l)

0.04-0.66
9.72-12.74
91151-219414

0.11-0.53
5.51-9.14

Vitamin C(mg/l) 253.09-348.54
Vit. B1 (mg/l) - -
Vit. B2 (mg/l) - -
Vit. B3 (mg/l) - -
Total phenol(mg/l) 1591.84-2024.41
3653.03 -

Tannin(mg/l)

257.24-330

1067-2887

151.73-1361.50 502.30-1757.47 -

725
- - - 4.26
103519215818 - - - 361760
118.53 - 253-349 -
1066.55
13000 -
2665.9 22 -

Note: CAFP; CA fruit powder, RCA; Red CA, YCA, Yellow CA

Additionally, it contains anti-oxidants, fructose and
glucose, salts, organic acids, amino acids, anacardic
acids, and mineral salts.'*3 Moreover, it reportedly
has medical benefits, for example, its high tannin
content makes it a viable treatment for chronic
dysentery and sore throats. In addition, preventing
cardiovascular disease and several types of cancer
depends on phenolic compounds.'?> Moreover, CA
flesh has anti-oxidant, anti-mutagenic, anti-bacterial,
anti-fungal, and anti-tumour capabilities .51244

Anti-Nutritional Factors in CA

Anti-nutritional factors are compounds present
in most plants' food in varying amounts, and they
pose health-related issues to humans or animals
when consumed in high quantities. They inhibit
optimal food nutrient utilization and reduce nutritional
value.” Moreover, CAwas also reported to contain a
countable amount of ant-nutritional substances such
as glycoside (20.65 to 26.61 mg HCN/100g), oxalate
(28.7 to 32.7mg/100g), and tannin.”>"® These factors
affect human health; for instance, too much oxalic
acid in the body prevents soluble calcium ions as
the oxalate binds the calcium ions to form insoluble
calcium oxalate complexes, which contributes to
kidney stones formation.™

Tannin (polyphenol) can form tannin-protein
complexes under certain pH conditions.
The complexes are reportedly responsible for low
protein digestibility,”"”® inhibiting iron absorption,”
and forming complexes with vitamin B ,”®* HCN
can cause central nervous system dysfunction,
respiratory failure, and cardiac arrest.”

At low concentrations, tannin has been shown
to reduce nutrient availability and cause growth
inhibition. In addition, tannin reduces d glucose
and insulin responses to starchy foods, plasma
cholesterol, and triglycerides.”” Tannins have
been associated with a reduction of cancer risks.””
Despite this, the balance between plant bioactive
and anti-nutrient beneficial and hazardous effects
relies on their concentration, chemical structure,
time of exposure, and interaction with other
dietary components. Thus, they can be considered
anti-nutritional factors with adverse effects
or non-nutritive compounds with positive health.”

Anti-nutritional factors must be inactivated or
removed if the values of food substances are to
be fully maintained.” This can be done through
preparation during cooking using methods like
soaking, boiling for oxalate, peeling the skin
of fruits and nuts for tannin’® and roasting and boiling
for HCN.” This will help to reduce these factors to
a permissible level, which are 5mg/kg, 20mg/g, and
50mg/kg for oxalate, tannin, and HCN, respectively.”

Processing Methods for Cashew Apple Products
and Market Availability

Different processing methods have been employed
to produce different valued added products from
cashew apple. These generate additional income for
farmers outside of the sale of raw cashew nuts is one
of the most important benefits of cashew agriculture.
For every kilogram of raw nuts, 8 to 9 kilograms
of cashew apples are added,'? producing a sweet
yet astringent juice. In order to reduce astringency
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processing methods to produce food, soft and
alcoholic beverages, animal feeds, and bio-energy
products Table 2.

test ,value addition is paramount important as
a range of products from the cashew apple have
been reported by#4647 obtained from various

Table 2: Processing technique of CA products

S Cashew apple Products Unity Operation involved Reference
1 Juice Pressing 48
Pressing, clarification using 43,46
Polyvinylpyrrolidone(PVP)
Blending, clarifying using gelatine, 2
pasteurization
Pressing, clarification using sago, 43
gelatine, starch
2 Wine Pressing, filtration, clarification using 46
gelatine, fermentation
Pressing, filtration, fermentation 49,50
3 Vinegar Fermentation 18
4 Jam Pulping and concentration through boiling 18, 46
5 Confectionaries Baking 18
(Cashew apple
biscuit)
6 Chutney Boiling 18,51,52
7 Pickle Slicing, marination, boiling 18,53
8 Bioethanol Pressing, sterilization, clarification 17,54
using gelatine, filtration, and fermentation
Blending, fermentation 55,56
Drying, cooking, filtration, fermentation 57
Cashew apple Powder Slicing, drying, grinding, sieving 56,57
10 Dried cashew apple Crips Slicing, osmotic dehydration, Drying 41

Researchers*® have reported the high market
potential for cashew apple products such as juice,
wine, jam, marmalades, and pickles if proper
processing technologies are used to remove
astringent, the bottleneck to its utilization. On an
industrial scale, some nations, like Brazil and India,
have made significant advancements in processing
and marketing cashew apple goods such as juice,
jam, and other derivatives.495960

Additionally, it has been claimed that a limited
number of primarily female-owned small businesses
create cashew apple juice for the local market
in Guinea-Bissau and the Casamance region
of Senegal, butin extremely tiny amounts. Aside from
women's widespread use of artisanal winemaking
in Guinea-Bissau, the preparation of cashew
apples is still primarily a social activity. Recently,

the processing of cashew apples into various value-
added products in this country has declined due to
the unavailability of inputs like packaging materials
such as glass bottles, astringent removal agents,
and financing.®°

Cashew gum is utilized to make chocolate pebbles
in Ghana; nevertheless, more research has
been recommended to determine the viability
and sustainability of this practice.®® Conversely,
a fermented beverage from cashew apples is
processed in Goa, India. The juice is extracted
and fermented for a few days, then double distilled
to a local beverage called feni or fenny. Similarly,
cashew farmers from Mozambique make strong
liquor, namely agua ardente (burning water) from
cashew apples.®'2
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Tanzania has limited information on cashew apples'
consumption, storage, and processing.%® Only two
centers, namely Naliendele Research Station and
Ndanda mission, located at the key producing
region of Mtwara, are known to process a few
cashew apples tojuice, syrup, jam, pickle, and wine.
Otherwise, a substantial proportion of cashew apples
are left to rot in the field, fed to animals, or only
a tiny proportion of apples are enjoyed as snacks
during harvesting of the nuts to quench hunger and
thirst, or locally fermented and distilled by individual
farmers to local brews known as uraka and nipa in
Swahili.>® Additionally, cashew apples are dried and
stored for later reconstitution with water, fermented,
and distilled to a strong liquor, traditionally referred
to as gongo.®?

These local brews are unregulated, hence are
produced in concealed as they are considered illegal
and are subjected to substantial penalties, including
jail sentences due to preparation, transportation,
possession, or drinking. As a result, production and
consumption are contained in very small vicinity and
sold cheaply to only locally identified customers to
minimize the chances of being caught by authorities.

Lack of processing expertise, supporting
technologies, and supportive regulations make it
challenging to produce safe, high-quality products for

727

the domestic and international markets, contributing
to the underutilization of CA.® The Tanzania
Agricultural Research Institute-Naliendele (TARI-
Naliendele), which hosts the cashew research
program, has studied the product, technological, and
market development of value-added cashew apple
goods. The program, however, never advanced
to the point of product development, and no private
businesses have yet been established to undertake
production.5®

This review calls for investment opportunities
and policy reform to embrace and empower local
technologies, potentially resulting in improved,
regulatable, commercialized products for well-being
and social-economic growth. For example, besides
the vast potential of various foods, beverage,
and alcoholic products from cashew apples,
there are potentials for processing bio-ethanol,
which may complement local energy demands.
Similarly, residual fruit filtrates can be fed to animals
and poultry or used in commercial animal feed
production.5®

Economic Potentials for Cashew Apple

Economic potentials involve availability of raw
materials which improve product sustainability,
Figure 3, as the cashew apples contribute about 90%
of the weight in comparison with the nut with 10 %.°

Fig. 3: lllustration of economic potential

Countries such as Brazil and India have recognized
the potential of cashew apples. One of the world's
biggest producers of cashew apple processing
is Brazil. Itis well known in jam, alcoholic drinks, and
cashew apple juice.®* The export of cashew-apple
goods generates around 5 million dollars in revenue.
Roughly, the country has 12 large juice extraction
and processing companies as well as dozens of local
bottler businesses.

This thriving industry employs an estimate of 2.5
thousand people and is projected to grow.% In Goa,
India, the cashew apple is fermented and distilled
to produce feni, a liquor.54

Furthermore, Kerala Agricultural University has
advocated the value addition of cashew apples for
use in various traditional products such as pulp,
candy, and pickle through small, self-sustained
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groups. For the internal market, the net profit
obtained from this processing is around US$114.12
per individual per month. A kilogram of cashew
nuts costs around US$ 2.01 in Maharashtra, India.
A similar quantity of nuts can generate 10 kg of the
cashew apple, resulting in an additional income
of US$ 0.67 for the same amount, assuming
a cashew apple price of US$ 0.06 per kg. If processed
properly, the cashew apple can create additional
revenue for the farmers through a variety of value-
added products.'® Revenue generated from the
sale of these products could be comparable to that
generated from the sale of nuts,% and hence farmers
can rely on both the nuts and apples as sources
of revenue for economic transformation.

In Tanzania, cashew apple production was 2,326,818
tones in 2019/2020 based on the nut production
of 232,681.8 tones.?” These volumes are expected
to increase significantly by the year 2024%¢ due
to the government initiatives in introduction and
campaigns for cashew trees cultivation in other 13
regions, namely, Singida, Dodoma, Iringa, Njombe,
Songwe, Katavi, Tabora, Shinyanga, Kilimanjaro,
Kigoma, Rukwa, Simiyu, and Mwanza® from the
year 2019. Following success stories from the former
growing regions of Mtwara, Lindi, and Ruvuma, the
adoption of cashew cultivation in these later regions
have been flourishing.®”

The country also offers a dedicated cashew
research center, the Tanzania Agricultural Research
Institute (TARI)-Naliendele and Cashewnut Board
of Tanzania (CBT), which provides continuous
research for development support to farmers to
ensure continuous production of cashew nuts, which
in turn implies the production of cashew apples.®
This means an assurance of raw materials for
cashew apple processing and marketing, especially
in places where there are no existing cashew apple
products in the country and even a few in the regional
market are imported. The country strongly supports
agricultural production as they are considered key
to social and economic transformation, central
to closing the fresh produce seasonality barrier,
and reducing the food and nutrition security gap for
improved health. In the past ten years, the country
has strategically positioned agro-industrialization
as central to the economic development envisioned
in the National Development Vision 2025% which
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has been implemented in two phases of Five-Years
Development Plans Il and 111870

These plans require actual investment and the
establishment of agro-processing industries, among
which cashew apple is a virgin and promising sector.
Like the government initiative on cashew nuts,
a similar but context-specific intervention on cashew
apples would double farmers' benefits from not only
the cashew nuts harvest but also the cashew apple
harvest.

Challenges Facing CA Processing and Utilization
The CA seasonal production is one of the most
significant handicaps for the processing industry,?!
along with its astringent and acrid taste of the
fruit attributed to high tannin content” has been
hampering its consumer acceptability.

The limitation of CA utilization in product development
is pest infestation due to nut borer, fruit flies, and
thrips. Secondly, microbial infection is due to the
delicate nature of CA skin. As the third factor, the
fruit's physiology nature, which involves a drastic
reduction in ethylene release rate and volatile
compounds at the postharvest stage, is unique
to CA. A sudden increase in abscisic acid at the
pedicel and all over the fruit at the later stage of the
development tends to reduce the retention capacity
and firmness. Additionally, the tannin content
in the CA fruits affects organoleptic characteristics,
including palatability.

Besides, the limited utility of CA caused by high
susceptibility to physical injury leads to microbial
spoilage by yeast and fungi during harvest,
transportation, and storage. More than 60 %
of CA collected at the ripe stage exhibits moderate
to massive damage. Thus, the CA storability
is very poor, and complete spoilage can occur within
hours after harvest. The fragmented and scattered
nature of cashew plantations also sometimes
creates problems in collecting and utilizing CA. After
considerable delay, the collection of cashew nuts
from fallen fruits also limits the availability of quality
CA for processing purposes.?'

However, the processing of CA into various
value-added products has declined due to the
unavailability of inputs like packaging materials
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such as glass bottles, astringent removal agents,
and financing.® UNIDO reported the unavailability of
processing technologies and commercial production
equipment as challenges responsible for continued
underutilization.?" Inadequate information on long-
term economic benefits and market potentials
for the fruit and its products also contribute to its
underutilization?2#2

Conclusion

Though highly important for food, nutrition and
health, and economic transformation, cashew apples
have been highly underutilized in countries where
agricultural production processing has not been
realized. Apart from processing, the consumption
of fresh cashew apples in these countries remains
a hunger- and thirst- quencher in the field during
harvesting nuts, the gold product from the
cashew tree. This critical underutilization is mainly
attributed to a lack of, knowledge and awareness
of its importance, cold chains allow transportation
and processing technologies to diversify forms
of consumption and extend shelf life. This review
provides key information on cashew apple production
and limitations to its utilization in Tanzania. It also
summarizes utilization patterns and processing
technologies in countries where cashew apples
have been considered a potential product parallel to
cashew nuts. It is expected that this documentation
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will contribute to creating awareness of the
importance of cashew apples in social-economic,
food, nutrition and health, thereby stimulating local
consumption in places where they are produced,
and that cold chain transportation is not required,
call for interventions to empower local and invite
new postharvest handling technologies including
cold chain and processing to allow transportation,
diversification and shelf-life extension.

Acknowledgment

The authors acknowledge the Fruit and Vegetables
for all Seasons (FruVaSe) project through the
Federal Ministry of Food and Agriculture (BMEL) for
sponsoring the research at NM-AIST for collaboration
and contribution while conducting this study.

Funding

This study was performed under Fruit and Vegetables
for all Seasons (FruVaSe) project, supported by
funds of the Federal Ministry of Food and Agriculture
(BMEL) based on a decision of the Parliament of
the Federal Republic of Germany via the Federal
Office for Agriculture and Food (BLE). Grant/Award
Number: 2816PROCO04.

Conflict of Interest
The authors declare that there is no conflict
of interest regarding the publication of this paper.

References

1. Adeigbe 0.0., Olasupo F.O., Adewale B.D.,
Muyiwa A.A. A review on cashew research
and production in Nigeria in the last four
decades. Scient. Res. and Essays.2015;
10(5): 196-209. https://doi.org/10.5897/
SRE2014.5953

2. Daramola B.Assessment of some aspects
of phytonutrients of cashew apple juice
of domestic origin in Nigeria. African J
Food Sci.2013;7(6): 107-112. https://doi.
org/10.5897/AJFS2013.0984.

3. Deenanath E. D., Rumbold K., Daramola
M., Falcon R., lyuke S.Evaluation of
Physicochemical Properties of South
African Cashew Apple Juice as a Biofuel
Feedstock. Scientifica. 2015; 1-9. https://doi.
org/10.1155/2015/764196.

4. Dendena B, Corsi S. Cashew, from seed

to market: a review. Agronomy Sustai
Develop.20143;4(4):. 753—772. https://doi.
org/10.1007/s13593-014-0240-7.

5. Marc A., Ange K. D., Achille T. F., Georges
A. N. Phenolic profile of cashew apple
juice (Anacardium occidentale L.) from
Yamoussoukro and Korhogo (Cote d’lvoire).
Innov Romanian Food Biotech.2012;11:32—43.
https://doi.org/10.1177/1525740108324096.

6. Msoka R., Kassim N., Makule E., Masawe
P. Physio-chemical regions of Tanzania
properties of five cashew apple (Anacardium
occidentale L.) varieties grown indifferent.
Inter J Biosci. 2017; 11(5): 386—395. https://
doi.org/10.12692/ijb/11.5.386-395

7. United Nations Conference on Trade and
Development .Commodities at a glance
special issue on cashew nut. United Nations.



10.

1.

12.

13.

14.

15.

16.

17.

ALUKO et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 719-734 (2023) 730

Geneva and New York .2021

Cashewnut Board of Tanzania. (2018).
Cashewnut Board of Tanzania. P. O. Box 533,
procurement records 2018/19 season. https://
cashew.go.tz/cbt_home/cashewnut_map
.php (accessed 10 April 2021).
Annih-Bonsu F. Cashew processing and
quality indices. M.Phil. Thesis, University of
Ghana.2000; Ghana.

Adou M., Tetchi F.A., Gbané M., Kouassi
K.N.,Amani, N. Physico-chemical
characterization of cashew apple juice
(Anacardium occidentale, L.) from
Yamoussoukro (Cbte d'lvoire). Inn Romanian
Food Biotech.2012;11. http://www.bioaliment.
ugal.ro/ejournal.htm

Akinwale T.O Cashew apple juice: its
use in fortifying the nutritional quality of
some tropical fruits. European Food Res
and Tech.2000;211(3):205-207. https://
doi:10.1007/s002170050024
Sivagurunathan P., Sivasankari S.,
Muthukkaruppan S.M. Characterization of
cashew apple (Anacardium occidentale L.)
fruits collected from Ariyalur District. J Biosci
Res. 2014; 1(2): 101-107.

MarcA., Achille T., Désiré A.Y., Georges A.N.
Stabilization and sensory evaluation of cashew
apple juice (Anacardium occidentale L.) from
the northeast region in Cote d' Ivoire. J Food
Sci &Nutrit R. 2019; 2(2):108—127. https://doi.
org/10.26502/jfsnr.2642-11000013.
Prasertsri P., Leelayuwat N. Cashew
apple juice: contents and effects on health.
nutritional and food Science. Inter J. 2017;
4(1): 14-16. https://doi.org/10.19080/
NFSIJ.2017.04.555629

Adegunwa M.O., Kayode B.I., Kayode R.M.
Characterization of wheat flour enriched with
cashew apple (Anacardium occidentale L.)
fiber for cake production. Food Measure.
2020; 14: 1998-2009. https://doi.org/10.1007/
$11694-020-00446-9.

World Cashew Convention and Exhibition
.Proceedings of 1-3 February, 2018, MACAU.
Oluyole K.A., Orisasona T. M., Agbebaku
E. E., Williams O. A., Abdul-Karim |. F.
Evaluation of the post-harvest loss of cashew
apple among cashew farmers in Nigeria. Inter
J Applied Res & Tech. 2016; 5(2): 71 — 77.
http://www.esxpublishers.com

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ketaki B., Vaishali A., Amit A. Anacardium
occidentale by-product: a review on
sustainable application and added-value. J
Food Nutrit & Metabol. 2020; 3(1): 1-6. https://
doi:10.31487/j.

The Citizen. How Tanzania farmers lose
billions from cashew apples left to rot. The
Citizen News of March 22nd, 2020, Mtwara.
Accessed on August 11th, 2021 from https://
www.thecitizen.co.tz/tanzania/news/how-
tanzania-farmers-lose-billions-from-cashew-
apples-left-to-rot-2706094.

Prommajak T., Leksawasdi N., Rattanapanone
N. Biotechnological valorization of cashew
apple: a review. Chiang Mai University J
Natural Sci.2014; 13(2): 159-182. https://doi.
org/10.12982/CMUJNS.2014.0029.

ACA .Cashew handbook - Global perspective.
Foretell Business Solutions Private Limited
on behalf of www.cashewinfo.com.2014.
Dimoso N., Aluko A., Makule E., Kassim
N. Challenges and opportunities toward
sustainable consumption and value
addition of cashew apple in Tanzania.
Outlook Agric. 2020; 1-9. https://doi.
org/10.1177/0030727020941164

Kilama B. The diverging south: comparing
the cashew sectors of Tanzania and Vietnam.
2013;University of Leiden .http:/hdl.handle.
net/1887/20600

FAOSTAT. Statistical databases for
agriculture.2011;http://www.fao.org/docrep/
018/i3107e/i3107e.PD.

Cashewnut Board of Tanzania. (2000).
Cashewnut Board of Tanzania. P. O. Box
533, procurement records 2000/2001 season.
https://cashew.go.tz/cbt_home/cashewnut_
map .php (accessed 20 July 2020).
Cashewnut Board of Tanzania. (2012).
Cashewnut Board of Tanzania P. O. Box 533,
procurement records 2012/13 season. https://
cashew.go.tz/cbt_home/cashewnut_map
.php (accessed 3 April 2021).

Cashewnut Board of Tanzania. (2020).
Cashewnut Board of Tanzania. P. O. Box 533,
procurement records 2019/20 season. https://
cashew.go.tz/cbt_home/cashewnut_map
.php (accessed 11 May 2021).

Agricultural Non-State Actors Forum (ANSAF),
(2014) Advocating for effective regulation of
the cashew nut industry in Tanzania.



29.

30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

ALUKO et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 719-734 (2023) 731

Cashewnut Board of Tanzania. (2010).
Cashewnut Board of Tanzania P. O. Box 533,
procurement records 2010/11 season. https://
cashew.go.tz/cbt_home/cashewnut_map
.php (accessed 10 April 2021).

FAO . Analysis of price incentives for cashew
nuts in the United Republic of Tanzania
2005-2013, by N. Nkonya, and A. Cameron.
Technical Notes Series, MAFAP. Rome.
(2015)

Tanzania Mercantile Exchange and Capital
Markets and Securities Authority (2016)
Warehouse Receipt System a key Pillar for
Tanzania Mercantile Exchange.

The warehouse receipts act, 2005. Tanzania.
Millao S.K. The economics of warehouse
receipt system: a case of smallholder cotton
producers in Maswa district, Shinyanga-
region. 2011 ;( Master dissertation, Sokoine
University of Agriculture).

Onumah G.E. Improving access to rural
finance through regulated warehouse receipt
systems in Africa. In United States Agency for
International Development—World council of
credit unions conference on paving the way
forward for rural finance: an international
conference on best practices.2003;
Washington, DC, June (pp. 2-4).

Thangata P. Smallholder cashew business
model in Tanzania: lessons from the
Tandahimba Newala Cooperative Union
(TANECU) Ltd. 2016

Akyoo A., Mpenda Z. Policy imperatives for
control of market exchange failure in the
cashew nut industry. JAGR/ .2013; 1-35.
Azam-Ali SH., Judge E.C. Small-scale
cashew nut processing. Coventry (UK): ITDG
Schumacher Centre for Technology and
Development Bourton on Dunsmore. 2001
Talasila U., Shaik K.B. Quality, spoilage and
preservation of cashew apple juice: a review.
J Food Sci & Tech.2013; 52(1):54—62. https://
doi.org/10.1007/s13197-013-0931-0.

Adjou E. S., Gbaguidi B. A., Dégnon R.
G., Dahouenon-Ahoussi E., Soumanou M.
M., Sohounhloue D. C. Potential of cashew
apples as valuable raw materials in food
industry and biotechnology in Africa: a review.
Elixir Biosci. 2017; 108: 47644-47647. www.
elixirpublishers.com

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Filgueiras H. A. C., Alves R. E., Mosca
J. L., Menezes, J. B. Cashew apple for
fresh consumption: research on harvest
and postharvest technology in Brazil. Acta
Horticulturae.1999; (485):155—-160. https://
doi.org/10.17660/ActaHortic.1999.485.20.
Dedehou E., Dossou J., Anihouvi V.,
Soumanou M.M. A review of cashew
(Anacardium occidentale L.) apple: effects
of processing techniques, properties and
quality of juice. African J Biotech. 2016;
15(47):2637-2648. https://doi.org/10.5897/
AJB2015.14974.

Queiroz C., Lopes, M.L.M., Fialho E.Valente-
Mesquita, V.L. Changes in bioactive
compounds and anti-oxidant capacity of
fresh-cut cashew apple. Food Res Inter.2011;
44(5): 1459-1462. https://doi.org/10.1016/].
foodres.2011.03.021

Talasila U., Vechalapu R.R., Shaik K.B.
Clarification, preservation, and shelf life
evaluation of cashew apple juice. Food Sci
& Biotech. 2012; 21(3): 709-714. hitps://doi.
org/10.1007/s10068-012-0092-3.

Lowor S., Agyente-Badu C.K. Minerals and
proximate composition of cashew apple
(Anacardium occidentale L.) juice from
Northen Savannah forest and Coastal
Savannah regions in Ghana. American J
Food Tech. 2009; 4(4):154—-161. https://doi.
org/10.3923/ajft.2009.154.161.
Abdulsalam M., Peter K.V. Cashew- a
monograph. Studium Press (India) Pvt. Ltd.
New Delhi. 2010; 265.

Suganya P., Dharshini R. Value-added
products from cashew apple - an alternate
nutritional source. Inter J Curr Res. 2011;
3(7): 177-180.

Tran N.N., Nguyen P.M., Dong T.A.
Investigation of processing conditions for
dietary fiber production from cashew apple
(Anacardium occidentale L.) residue. J Food
Techn. 2014; 22: 29-35.

Paiva F. Cashew by product processing
in Brazil, conference Africa Cashew
Alliance.2011; Cotonou-Benin.
Akinnibosum F, Oyetayo A.Turning
agricultural wastes to wealth in Nigeria: a
review of cashew (Anacardium occidentale
L.) peduncle (apple) potentials. Nigerian Res



50.

51.

52.

53.

54.

55.

56.

57.

58.

ALUKO et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 719-734 (2023) 732

J Eng and Environ Sci. 2018; 3(1): 57-64.
http://rjees.com/abstract/turning-agr...
Apine O.A., Jadhav J.P. Fermentation of
cashew apple (Anacardium occidentale)
juice into wine by different Saccharomyces
cerevisiae strains: a comparative study.
Indian J Res.2015; 4(3): 6-10.

Gawankar M. S., Salvi B. R., Pawar C. D.,
Khanvilkar M. H., Salvi S. P., Dalvi N. V.,
Malshe K. V.Technology Development For
Cashew Apple Processing In Konkan Region
— A Review. Advanc Agric & Tech J. 2018;
[1(1): 40-47.

Runjala S., Kella L.Cashew apple (Anacardium
occidentale L) therapeutic benefits processing
and product development: an overview.
The Pharma Innov. 2017; 6: 260-264.
Preethi P., Rajkumar A.D., Shamsudheen
M., Nayak M.G. Prospects of cashew apple
- a compilation report, Technical Bulletin
No. 2/2019. ICAR Directorate of Cashew
Research, Puttur, Karnataka, India.2019;
pp. 28.

Neelakandan T., Usharani G. Optimization
and production of bioethanol from cashew
apple juice using immobilized yeast cells
by Saccharomyces cerevisiae. American-
Eurasian J Sci R.2009; 4(2): 85-88. http://
www.idosi.org/aejsr/4(2)09/7 .pdf

Pereira A. L., Aimeida F. D., Lima M. A., da
Costa J. M., Rodrigues S. Spray-drying of
probiotic cashew apple juice. Food & Bio
Tech. 2014; 7(9):2492-2499. https://doi.
org/10.1007/s11947-013-1236-z.
Prabhudessai V., Ganguly A., Mutnuri S.
Biochemical Methane Potential of Agro
Wastes. J of Energy.2013; 1-7. https:/doi.
org/10.1155/2013/350731.

Shenoy D., Pai A, Vikas R. K., Neeraja H.
S., Deeksha J. S., Nayak C., Rao C. VA
study on bioethanol production from cashew
apple pulp and coffee pulp waste. Biomass
& Bio. 2011; 35(10): 4107—4111. https://doi.
org/10.1016/j.biombioe.2011.05.016.
Costa J.M., Felipe E.M., Maia G. A_,
Hernandez F., Brasil I. M. Production
and characterization of the cashew apple
(Anacardium occidentale L.) and guava
(Psidium guajava L.) fruit powders. J Food

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Process & Preser.2009; 33:299-312. https://
doi.org/10.1111/j.1745-4549.2008.00342.x
UNIDO. Tanzania's cashew value chain:
a diagnostic. United National Industrial
Development Organization (UNIDO). 2011;
Vienna, Austria.
USDA/TECHNOSERVE.USDA / FAS Food
for Progress LIFFT-Cashew SeGaBi value
chain study.2018; 1-164.

Ministry of Agriculture Directorate of Economics
(2010) Strengthening Mozambican Capacity
for Agricultural Productivity Growth, Policy
Analysis, and Poverty Reduction.

Sobhana A. Cashew apple utilization-
generating wealth from waste. Adv in nutrit
&Food Sci.2019; 4(4): 1-5.

Azoubel P. M., El-Aouar A. A., Tonon R. V.,
Kurozawa L. E., Antonio G. C., Murr F. E.
X., Park K. J. Effect of osmotic dehydration
on the drying kinetics and quality of cashew
apple. Inter J food sci & tech. 2009; 44(5),
980-986. https://doi.org/10.1111/j.1365-
2621.2008.01783.x

Clay J. Agriculture and the environment.
World Wildlife Fund-US.2004;Washington,
DC.

Gambia Investiment and Export Promotion
Agency (2011) Cashew Investment Proposal
Kitabu G. TARI embarks on plan to expand
cashew farming to all potential growing.
The Guardian News of February 18, 2020,
Mbarali. Accessed on August 09", 2021 from
https://www.ippmedia.com/en/features/tari-
embarks-plan-expand-cashew-farming-all-
potential-growing

Chimbyangu M. Assessment on cashew
nut production in high-income generation to
smallholder cashew nut farmers in Tanzania:
the case of Mtwara region. 2020; (Msc.
dissertation, Mzumbe University).

MOF. Tanzania Development Vision
2025. Ministry of Finance and Planning,
2010. Ministry of Finance and Planning,
United Republic of Tanzania. Accessed at;
https://www.mof.go.tz/mofdocs/overarch/
Vision2025.pdf

MOF. National Five-Year Development Plan
112016/7-2020/21, "Nurturing Industrialization
for Economic Transformation and Human



70.

71.

72.

73.

74.

75.

76.

77.

78.

ALUKO et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 719-734 (2023) 733

Development". Ministry of Finance and
Planning, United Republic of Tanzania.
Accessed at; https://mof.go.tz/mofdocs/
msemaiji/Five%202016_17_2020_21.pdf
MOF. National Five-Year Development
Plan Il 2016/7-2021/22, "Realising
Competitiveness and Industrialization for
Human Development". Ministry of Finance
and Planning, United Republic of Tanzania.
Accessed at; https://mof.go.tz/docs/news/
FYDP%20I11%20English.pdf

Thakur N. S., Kumar, P. Anti-nutritional
factors, their adverse effects and need for
adequate processing to reduce them in food.
Agric.International.2017; 4(1): 56-60. https://
doi.org/10.5958/2454-8634.2017.00013.4.
Preethi P., Rajkumar A.D., Shamsudheen
M., Nayak M.G. Prospects of Cashew Apple
- A Compilation Report, Technical Bulletin
No. 2/2019. ICARDirectorate of Cashew
Research, Puttur, Karnataka, India, pp. 28.
Okpanachi U., Ayoade, J. A., Tuleun C. D.
Composition and anti-nutritional factors
(phyto-nutrients) present in both red and
yellow varieties of sun-dried cashew pulp.
American J Food Sci. & Health; 2016;2(4):
45-48.

Hameed F., Kumar A., Hamid N.Effect of
thermal treatment and storage on the quality
of apple juice. Journal of Pharmacognosy and
Phytochemistry.2019; 8(1):1976-1979.
Petroski W., Minich D. M. Is There Such a
Thing as "Anti-Nutrients"? A Narrative Review
of Perceived Problematic Plant Compounds.
Nutrients.2020; 12(10): 2929. https://doi.
org/10.3390/nu12102929.

Singh S. S., Abdullah S., Pradhan R. C.,
Mishra S. Physical, chemical, textural, and
thermal properties of cashew apple fruit.
J Food Process Eng. 2019; 42(5): 13094
https://doi.org/10.1111/jfpe. 13094

Gemede, H. F., & Ratta, N. Anti-nutritional
factors in plant foods: potential health benefits
and adverse effects. Inter J of Nutrit & Food
Scienc. 2014; 3(4): 284-289. https:// doi:
10.11648/.ijnfs.20140304.18.

Ndidi U.S., Ndidi C. U., Aimola I. A., Bassa
O. Y., Mankilik M., Adamu Z. Effects of
processing (boiling and roasting) on the

79.

80.

81.

82.

83.

84.

85.

86.

87.

nutritional and anti-nutritional properties of
bambara groundnuts (Vigna subterranea
[L.] Verdc.) from southern Kaduna, Nigeria.
J Food Process. 2014; 1-9. https://doi.
org/10.1155/2014/472129.

Jayalekshmy V.G., John P.S.‘Sago’ - a natural
product for cashew apple juice clarification.
J Tropical Agric. 2014;42: 67-68.
USDA/TECHNOSERVE (2018). USDA/FAS
Food for Progress LIFFT-Cashew SeGaBi
value chain study: 1-164.

UNIDO, 2011. Tanzania's Cashew Value
Chain: Adiagnostic. United National Industrial
Development Organization (UNIDO).Vienna,
Austria.

Das I., Arora A. Postharvest processing
technology for cashew apple — a review.
J. Food Eng.2016; 194: 87-98. https://doi.
org/10.1016/j.jfoodeng.2016.09.011.

Heuzé V., Tran G., Hassoun P., Bastianelli D.,
Lebas F. Cashew (Anacardium occidentale
L.) nuts and byproducts. Feedipedia, a
programme by INRA, CIRAD, AFZ and FAQO.
http://www.feedipedia.org/node/56 Last
updated on October 26, 2016, 16:09.

Reina LJ, Duran-Aranguren DD, Forero-
Rojas LF, Tarapuez-Viveros LF, Duran-
Sequeda D, Carazzone C, Sierra R. Chemical
composition and bioactive compounds of
cashew (Anacardium occidentale) apple
juice and bagasse from Colombian varieties.
Heliyon. 2022; 1;8(5):e09528.

Mohanty S, Ray P, Swain MR, Ray RC.
Fermentation of cashew (Anacardium
occidentale L.)“apple” into wine. J Food
Process and Preserv.2006; 30(3): 314-322.
Boateng M, Amoah KO, Atuahene PY,
Frimpong YO, Okai D B, Osei G. Effects
of dried cashew (Anacardium occidentale
L.) apple meal (DCAM) on the growth
performance and internal organs of albino
rats. Ghana J Agricultural Sc.2021;56(2):
14-21.

Abdoulaye T, Fabrice ZA, Naka T, Fatou
S, Réné SY, Adama C. Phytochemical and
nutritive properties of by-products flours from
cashew (Anacardium occidentale) and mango
(Mangifera indica) for ruminants feeding in
Poro region (Northern Cote d'lvoire). EAS J



88.

89.

ALUKO et al., Curr. Res. Nutr Food Sci Jour., Vol. 11(1) 719-734 (2023) 734

Nutr Food Sci.2020;2(2):44-48.

Guehi MS, Toure A, Zoro AF, Boni AP,
N’guessan KR, Toure N, Kabran AF, Kablan
AL, Coulibaly A. Physicochemical and
nutritional characterization of flours from
cashew apple, Kent mango peelings and
kernel almonds collected in Korhogo city
(Northern lvory Coast. GSC Biological
and Pharmaceutical Sciences. 2023;22
(1):048-55.

Nurerk P, Junden S. Product Development
Based Sensory Evaluation and

90.

Physicochemical Characterization of
Cashew Apple Bagasse Jam and Technology
Transfer to Community. Trends in Sciences.
2021;18(22):454

Prakoso R, Mubarok AZ. Optimization of
process temperature and time of vacuum
drying for production of cashew apple
(Anacardium occidentale L.) powder using
response surface methodology. InIOP
Conference Series: Earth and Environmental
Science .2021; 733(1).



