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What is it about african kale?
African kale (Brassica olracea var. sabellica) vegetables
form the basis of many African diets as part of the
relish to the main starch dish. African Kale is noted in
various literatures as a good source of antioxidants,
fiber, minerals and vitamins particularly the bcarotene. Being a winter vegetable African kale is
abundant during the cold season and it suffers huge
post-harvest loses on local markets due to its
perishability and abundance. A number of preservation
techniques have been employed and drying has been the
most popular method within African societies for
preserving African kale.

Drying among many other techniques compromises
nutritional value, color, texture and the cooking
quality of vegetables. Hybridization of processing
techniques and packaging materials has been adopted
in this research to minimize quality loss in
preservation of African Kale. Blanching and vacuum
packaging, fermentation in glass jars and
transparent pvc packaging were some of the techniques
discovered to be novel and helpful in the preservation
of fresh cut African kale. This booklet is a review that
looks at kale holistically and possible preservation
techniques.

introduction
Poverty, hunger and malnutrition are the greatest
threats to millions of people in the Sub Saharan Africa
and an approximation of 20% or more of the
populations in this region experience food insecurity.
According to FAO (1996) food security refers to physical
and economic access to sufficient, safe and
nutritious food to meet an individual’s dietary needs
and food preferences for an active and healthy life.
Leafy vegetables like the African kale (Brassica oleracea
var. sabellica) are a crucial part of farming and
consumption systems throughout Africa. Leafy
vegetables are a vital source of Vitamin A, vitamin C,
Iron and a number of micro mineral elements.

introduction-continued
The importance of African kale vegetables is
underestimated and given less attention even in
research yet lack of attention means that the
potential value of these vegetables will remain underexploited. African kale is a highly perishable vegetable
but most consumers manage to prolong its shelf life
by partially cooking or boiling the vegetables then
drying. Local people in different communities or
societies have a deeper knowledge in these techniques
since they rely on indigenous knowledge. African kale
is mainly dried to ensure supply during the winter
period. The major challenge with green leafy vegetables
is loss of chlorophyll and decaying which is as a result
of continued respiration in plants leaves even after
harvesting.

introduction-continued
The fresh produce however cannot replace carbohydrates
or water lost through respiration after harvesting.
Respiration uses the stored starch or sugar and will
only cease when reserves of these are exhausted.
Senescence or ageing then follows and the produce dies
and decays. Continued loss of water in harvested
leaves is a serious problem causing shrinkage and loss
of weight, therefore preservation and processing
should be done whilst vegetables are still fresh. The
blanching process is therefore done in the
preservation of vegetables for color and nutrient
retention, especially the ascorbic acid.

Taxonomy of African Kale
Kale is of the kingdom Plantae, Subkingdom
viridiplantae, division tracheophyta, Subdivision
spermatophytina, order brassicales, family
brassicaceae, genus brassica, species Brassica oleracea
and variety Brassica oleracea var. sabellica

Origin and types of Kale vegetables
Scientists disagree about when humans first tasted
kale, but it is known that it originated within the
ancient Greeks who used to boil the leafy greens and
eat as cure for hangovers. By middle age kale spread
throughout Europe, Asia, America and Africa with a
number of varieties being produced to suit various
climatic conditions. There are a number of kale
vegetable varieties which were bred and these include
curly kale, dinosaur kale, redbor kale, Russian kale,
green kale, dwarf kale, marrow stem kale, trochuda
kale, scotch kale, tree kale, bore kale, and African kale.
The African kale comes in two varieties, one of which
has a shorter growth season, produces blossoms and is
propagated by seeds yet the other cultivar is a perennial
that is reproduced by side shoot cuttings.

Origin and types of Kale vegetables-continued
African kale is a non-heading cabbage-like plant with
loose blue green or purple leaves that are curled or
straight. Curly kale is the most prevalent kind,
according to Leonard (2019), with brilliant green
leaves that resemble ruffles and a spicy, peppery flavor.
Dinosaur kale has wrinkly, thin green leaves that
resemble dinosaur skin and a stiff stem. The ruffled
leaves of the redbor kale range in hue from deep
crimson to purple. Russian kale is more difficult to
come by, with flat fringed leaves ranging in color
from green to red to purple with a sweeter, peppery
flavor.

Nutritional composition of African kale vegetables
Kale vegetables have been dubbed "nutritional super
stars" because they are high in calcium, potassium,
indoles (cancer-fighting compounds), beta carotenes,
and other anti-oxidants. It is a good source of
Vitamin A and the beta carotene it contains which is
especially beneficial for eye health. Kale vegetables are
especially high in Vitamin C and have more protein
than other Brassica family veggies such as spinach. On
a fresh weight basis, the energy levels of kale range
from 58.46 to 66 kcal per 100g, which is higher than
other salad crops and vegetables of the brassica family,
as well as other temperate vegetables farmed in various
areas of the world. African kale, on the other hand, has
been discovered to contain less Cystine amino acid
than other green leaf vegetables grown in Africa,
according to research done in Limpopo, South Africa.

Nutritional composition of African kale vegetables
Apart from kale, the best providers of amino acids
include cruciferous vegetables like cabbage and
broccoli, as well as allium vegetables like onions,
leeks, and garlic (Doleman et al., 2017). Kale also has a
greater vitamin C content than all other salad
vegetables and Brassicaceae vegetables (Edelman and
Colt, 2016), ranging from 62.27 to 969 mg/100g
(Edelman and Colt, 2016 ; Catak and Yaman, 2019).

Antinutritional factors in kale
Kale greens contain oxalic acid, which impacts the
absorption of calcium and other minerals. With
reference to Agbaire (2012) soaking and heat
processing of high oxalate meal samples lowered the
oxalate concentration. Nitrate levels in kale
vegetables were reported to be 201.6 mg/100g in fresh
weight and 1536 mg/100g in dry weight. According to
the same study by Erdogan and Onar (2011) kale has a
phytate level of 0.12 mg/100 g and tannins of 0.15
mg/100 g. Phytates have anti nutritional properties in
the human body caused by strong chelation of
calcium, iron, and zinc to form insoluble complexes,
contributing to iron and zinc deficiency. On the
other hand, as an anti-oxidant and anti-cancer
agent, phytates have a beneficial nutritional role as it
helps to remove free radicals from cells in the body.

Antinutritional factors in kale-continued
Free radicals are highly reactive by products of cellular
metabolism which when left unchecked they can
contribute to the development of cancerous diseases.

Uses and products from African kale vegetables
Kale leaves are a type of green vegetable that is
normally prepared before being consumed.
Alternatively, according to Leonard (2019) kale leaves
can be eaten raw as a salad or used as a garnish. Due to
their brilliantly colored foliage, certain kale types are
planted as ornamental plants for instance the Redbor
kale. Other products made from kale vegetables include
bread, fermented kale juice, kale puree, kale pesto, kale
cakes, kale mash, kale cookies, kale humus and kale
crisps.

African kale vegetable consumption in Africa
The research done on vegetable consumption data in
Namibia by Abah et al., (2015) showed that greater
proportion of the participants consumed 5 years as
their favorite vegetable followed by cabbage. Kale
chomoullier was the least consumed with a consistent
mean quantity of 290g consumed per serving while the
frequency of consumption was twice per week.
Contrary to these findings Van Cotthem (2020) noted
that kale chomoullier is the most consumed vegetable
in Zambia and Zimbabwe, it is consumed as a relish for
maize meal (sadza in Shona, isitshwala in Ndebele and
nshima in Zambia).

African kale vegetable consumption in Africa
In the Republic of South Africa spinach (Spinacia
oleracea) and cabbage (Oleracea var capitata) have been
found to be popular within urban diets whilst most
rural diets were characterized with amaranth
(Amaranthus spp), spider plant (Cleome gynadra), wild
water melon (Citrullus lanatus) and black jack (Biden
spinosa) (Mi Ja, 2014). Therefore African kale in South
Africa is not consumed as much as it is in Zimbabwe
and Zambia (Nyembe, 2015).

preservation techniques
It is normal for households to design strategies to
adapt to difficult situations as a survival mechanism,
according to (Shava et al., 2019 ; Gupta, 2013 ; Nyembe,
2015), Most households, for example, use the
indigenous knowledge systems (IKS)-based preservation
practice of sun drying to preserve vegetables in order
to avoid seasonal shortages. To lessen the threat of
microbial growth to the consumer's health,
preservation guarantees that biological activities in
the vegetables and infections around them are
minimized. Vegetable drying has long been a popular
technique, especially in rural homes, where it accounts
for up to 80% of winter food consumption.

preservation techniques
Due to high expense of preservation, sun drying is the
most reasonable solution for both rural and urban
homes with limited resources. However, multiple studies
have found that sun drying causes significant
nutritional losses in dried vegetables and necessitates
a longer drying time to achieve the desired moisture
content reduction. Another issue with drying leaf
vegetables is that there is no way to control the amount
of heat used to the dried vegetables, thus they might be
over or under dried. Sun drying vegetables also exposes
them to pollutants like dust, sand and insects, and
direct ultra violet radiation causes them to discolor
and lose nutrients rapidly. Apart from sun drying, a
variety of different preservation techniques are adopted
to keep green vegetables fresh such as solar drying, oven
drying, refrigeration, canning, and bottling

TABLE 1: PRESERVATION TECHNIQUES USED IN
THE FOOD INDUSTRY

Dry preservation technology
There is a high emphasis on the importance of
preservation in extending a product's shelf life and
preventing post-harvest waste, which is frequently
related with the seasonal abundance of low-value
stock. Sun drying was also found to be causing the
highest loss in vitamin content among the numerous
preservation procedures frequently used. When a
product is dried and cooked, more nutrients are lost
than when it is frozen and cooked. This, however, is
dependent on the type of food item, the temperature,
the size of the food item, and the amount of time the
food item is exposed to the preservation ingredient.

TABLE 2: TYPICAL MAXIMUM NUTRIENT LOSSES
(%) FROM PROCESSING COMPARED TO RAW FOOD
(SPINACH).

TABLE 3: PROBLEMS ASSOCIATED WITH DRIED
VEGETABLES.

blanching
Blanching is a heat pretreatment that inactivates
enzymes prior to processing, preventing deteriorationcausing actions. There are a number of blanching
methods which include hot water blanching, steam
blanching, microwave blanching, individual quick
blanching, vacuum steam blanching, in-can
blanching, hot gas blanching and blanching with
steam and water system using either pipe blancher or
fluidized bed blancher. According to a study by Wen et
al. 2016, blanching various vegetables for 5 to 10
minutes reduced, increased, or maintained their antioxidant activity depending on the kind of vegetable.
Furthermore, (Suwan, 2015) discovered that blanching
vegetables before drying them increased nutrient
retention.

blanching-continued
Despite the fact that raw vegetables are thought to have
the most nutritional content, Musarirambi et al.,
(2017) found that blanching select vegetables increases
carotene and antioxidant activity when compared to
their raw counterparts. Blanching improves sensory
qualities by improving color, texture, and flavor
retention. Furthermore, compared to non-blanched
samples, blanched samples preserved using solar drying
techniques exhibited a larger percentage of weight
decrease. As a result, non-blanched samples not only
take longer to dry, but they may also have a moisture
content that fosters bacterial growth. This could
explain why dried vegetables can cause diarrhea in
certain people.

blanching-continued
Blanching vegetables before preservation is important
because it helps to inactivate enzymes that cause
browning, off flavor and textural changes, some of
these enzymes are lipoxygenase, polyphenoloxidase,
polygalacturonase among many others. As blanching
removes trapped air inside vegetable tissues, it results
in better texture and reduces oxidation of the product.
This inter cellular gas expelling also result in better
color retention.

fermentation
Lacto-fermentation is known as an ancient way of
preserving vegetables in a safe and easy way making use
of the lactic acid bacteria. When vegetables are preserved
by fermentation, they are placed in an oxygen free and
salty environment. This environment encourages the
growth of lactic acid bacteria which prevents bad
microorganisms from developing. These fermented
vegetables can be kept for months or even years at room
temperature, which makes the technique ideal even for
rural dwellers. According to Amit, (2017) fermented
vegetables develop a tangy taste which however is
subjective when it comes to taste preference. Unlike the
technique of canning where vitamins are destroyed by
heat, lacto fermentation is believed to preserve all the
vegetables’ nutrients.

fermentation-continued
The lactic acid bacteria can even create new vitamins
and make nutrients already present in the vegetables
more easily assimilable, however fermentation changes
the taste, texture and color of vegetables. The vegetables
become more acidic, softer and saltier than raw
vegetables. The longer the fermentation process is, the
tangier and less crunchy the vegetables will become.

Factors to consider when preserving vegetables
Processing has an impact on the food product's quality,
including nutrition, color, texture, and, to some
extent, flavor. As a result Saini et al., (2016) ascertained
that the efficiency of a preservation technique is
determined by how much quality is kept after processing
in terms of nutrition, color, texture, and flavor. There
are various aspects that go into determining the
quality of a product after it has been processed. The
temperature at which the product was dried is the most
important aspect. This is due to the fact that
temperature changes the physiochemical makeup of a
product, which affects the ultimate moisture content,
nutritional composition, color, and texture. Other
aspects include the type of processing technique used
and the length of time the processing method was
exposed to.

Factors to consider when preserving vegetables
Sugar and Suresh (2010), claim that food quality in
terms of flavor, color, texture, nutrient quality, and
microbial safety is a critical factor of consumer
acceptance. As a result, it's vital to maintain an
acceptable degree of quality in any processed food item.
Texture and color are crucial factors in evaluating the
quality and appeal of a finished product.

colour
Color relates to a food item's outward appearance, which
has an impact on its visual appeal. The wide array of
bright colors that give fruits and vegetables their
visual appeal come from three main types of pigment
which are the caretenoids which give orange and yellow
vegetables their color, flavonoids which give blue, red
and cream colors and chlorophyll which makes greens
green. Colour is the obvious attribute that allows a
customer to assess perceived quality (fresh, ripe, decay),
and it is linked to certain nutritional and flavor
benefits The darker the hue, the more bitter the item is
expected to be. The green color of vegetables is thought
to indicate richness in nutrients and antioxidants,
containing molecules that serve as a natural cleansing
agent, and the darker the color, the more bitter the
item is thought to be.

colour
Several factors can negatively affect the look of fresh
green leafy vegetables, according to Toivonen and
Brummel (2018) to the point where a buyer may reject the
quality. Washing, which enhances enzyme activity,
yellowing due to chlorophyll breakdown, browning due
to wound effects, microbial colonies on vegetable
surfaces, and drying are all examples of post-harvest
effects. Initially, it was assumed that the post-harvest
wash step was adequate to remove field-acquired
contamination. However as knowledge accumulated it
became evident that post-harvest washing under
commercial conditions has limited decontamination
efficacy and if anything, can potentially lead to crosscontamination events. Drying vegetables that already
have these characteristics will have an adverse effect on
the final product.

texture
Texture refers to a product's structural characteristics
that can be assessed using both subjective (human) and
objective (equipment) approaches. Crispness, hardness,
softness, and fracturability, among other factors, can
be used to assess food texture, according to (Toivonen
and Brummell) 2018, The texture of a processed vegetable
is determined by a number of factors. The drying
method, the length or duration of exposure to the
source of drying and the processing preparatory processes
used on the vegetable prior to drying are all factors to
consider. In a study conducted on spinach by BilbaoSainz (2020) it was discovered that using the Kramer cell
to measure the maximum load produced repeatable
results for the measurement of the breaking and
chewing traits of the leafy vegetable.

Shelf life and packaging of African kale
Kale is a highly perishable vegetable. In the United
States, 35 percent of fresh vegetable waste occurs in the
shop or after purchase, and 43 percent of overall food
waste occurs in the home, resulting in a staggering $161
billion loss each year. The Zimbabwean Finance and
Economic development Minister, Professor Mthuli Ncube
launched the Zimbabwe Mercantile Exchange (ZMX) on the
18th of August 2021 in Harare, which is an agricultural
commodity trading platform. One of the major
objectives of the ZMX is to reduce the post-harvest loses
being incurred by farmers which is said to amount to
25% of their produce. The major cause of post-harvest
losses in leafy vegetable production is the senescence of
leaves.

Shelf life and packaging of African kale-continued
The amount of ammonia in kale is a strong indication
of senescence and shelf life and the higher the ammonia
concentration, the more the leaf has aged or senesced .
Physiological changes like as yellowing and negative
impacts on flavor are noted as ammonia
concentrations rise within the leaf. Chlorophyll
degradation is a serious problem in kale storage, and it
happens quickly after harvest. Kale vegetables can be
bagged after harvesting and this is a typical postharvest
technique for preserving vegetable firmness. At higher
storage temperatures (48°C), bagging generates a more
humid micro environment, which can prevent
moisture loss and lead to a rise of ethylene and carbon
dioxide, which can expedite senescence and yellowing.

Shelf life and packaging of African kale-continued
It keeps green leaf color, lowers biological activity,
respiration, and senescence at temperatures as low as
5°C. Due to the inability to employ synthetic postharvest treatments, organic produce packaging
material and duration will vary. A study was conducted
to test several storage bags for organic kale, including
perforated polythene bags, perforated zip bags, and antifog bags. The perforated zip and anti-fog bags had the
most substantial weight loss, while the anti-fog bag had
the least chlorophyll and color loss. Any packaging
strategy had no discernible effect on ethylene
generation or respiration rates.

Shelf life and packaging of African kale-continued
The anti-fog perforated zip bags could keep organic kale
fresh for up to 8 days at a temperature of 10°C in this
trial. Other cultural practices, such as harvesting later
in the day during the spring season, may also help to
extend shelf life; a research on kale found that
harvesting later in the day during the spring season
delayed leaf senescence and chlorophyll degradation.In
conventionally produced kale, shelf life can be
increased by combining 1-MCP (1-methycyclopropene)
with low temperatures, however this option is not
available with organic kale. The synthetic chemical 1MCP works by inhibiting ethylene, a plant hormone that
causes ripening and senescence when it interacts to
ethylene receptors in plants.

Shelf life and packaging of African kale-continued
The same author also noted that organic kale has a far
lower shelf life than conventionally grown kale due to
the lack of synthetic post-harvest treatments.
After harvesting, kale vegetables should be held close to
zero degrees Celsius as possible because of their
perishability. At this temperature they can be held for 10
– 14 days and relative humidity should be at least 95%
to prevent wilting. Air circulation need to be adequate
to remove heat of respiration but however excess air
circulation will speed transpiration and wilting.
Satisfactory precooking is accomplished by vacuum
cooling or hydro cooling. Leafy vegetables like kale are
commonly shipped with package and top ice to maintain
freshness. Kale packed in polyethylene lined crates and
protected by crushing ice keeps in excellent condition
for three weeks at zero degrees celsius.

vacuum packaging
Vacuum packing, according to Patio et al. (2020) is an
old and widely used technology for a range of goods. It
is a process that involves removing air from the pack
and maintaining an oxygen-deficient environment
around the product by wrapping it with a flexible film
having low oxygen permeability. During vacuum
packaging, air is evacuated from the package using
either nozzle vacuuming or chamber vacuuming, and
the same environment is maintained until the package
is heat sealed. A pressure difference arises between the
package outside and interior while doing so, resulting
in package collapse. Its major goal is to prevent
oxidation events including lipid oxidation, vitamin
loss, oxidative browning, and pigment loss, among
other things.

advantages of vacuum packaging
Vacuum packaging is a form of modified atmosphere
packaging which removes the atmospheric oxygen from
the primary package the products are enclosed in. oxygen
is removed because it is the primary source of product
degradation and its removal often extensively help
extend product shelf life. However there is need to
balance between carbon dioxide and oxygen because a
wrong balance can cause fermentation and off flavors.

TABLE 4: ADVANTAGES AND DISADVANTAGES OF
VACUUM PACKAGING

common african
kale recipes

uganda

In Uganda, African kale was not a common vegetable
until recently when the vegetable became popular with
urban dwellers. African kale in Uganda is called sukuma
wiki which is a Swahili name borrowed from Kenya where
the vegetable is widely consumed. This Swahili name
means “push the week”. The literal meaning is that this
vegetable, used mainly as relish with posho (a cornmeal),
is the poor man’s friend to push through the week.

RECIPE 1
Wash and shred the vegetable leaves. Boil them, mix with
boiled rice, pound, add salt and butter, and then make
balls with the paste and shallow fat fry.
RECIPE 2
Wash and cut the vegetables, boil and add salt then
blend them and add yoghurt at serving.
RECIPE 3
Wash and cut the vegetable leaves, boil or fry them with
onion and tomato then keep off the fridge for 6 days to
ferment. But after every day, recook them for 5 mins.
Add plain yoghurt at serving.
RECIPE 4
Pick and wash the leaves with salty water. Cut or chop
into small pieces, add chopped onions and steam in a
covered saucepan. Add a little bit of olive oil or blue
band margarine.

In Tanzania and Kenya African kale is commonly
known as saro or sukuma being the short name for
sukuma wiki. Sukuma wiki is a very rustic African dish,
enjoyed in many parts of East African countries like
Kenya, Tanzania- just to name a few. It is a Swahili
phrase meaning, “to stretch the week” especially when
paired with Ugali (cornmeal fufu). it is a favorite
vegetable in the city of nairobi.

RECIPE 1
Wash and cut the vegetable leaves. Fry them in oil and
serve with any stew and starch dish.
RECIPE 2
Fry onion, tomato and green pepper. Wash and cut
sukuma leaves and a few spinach vegetable leaves and
add to the fried onion and tomato. Simmer for 5
minutes (spinach is added to enhance taste and texture
and it reduces the cooking time). Add a few coriander
leaves for flavouring. Serve with ugali (corn starch
meal).
RECIPE 3
Prepare beef stew or mince meat stew. Shred kale
vegetables and add to the beef stew and allow cooking
for 5 minutes. Serve with ugali and avocado

In Cameroon, Nigeria and Ghana, African kale is
commonly refered to as efo, which is a Yoruba name for
kale vegetables.

this has to be zimbabwe's national vegetable. it is
consumed everywhere from the villages to the cities. it
is also a favourite with people in the diaspora. many
people in the diaspora have been seen planting small
gardens of the vegetable, from the UK down to south
Africa. it can be consumed fresh or dry. the government
of Zimbabwe should give a public holiday for this
vegetable as it brings food security to the homes of
many. lol

RECIPE 1
Cut the vegetables boil together with onion and tomato
and add peanut butter then serve with corn starch meal.
RECIPE 2
Stir fry vegetables with onion and tomato, add
seasoning and serve with any starch dish.

RECIPE 3
Heat oil, fry garlic and shredded kale and spinach and
serve as a side dish.

Liberian Recipe
Wash and thinly shred the kale vegetables. Boil mutton
and beef, add garlic, pepper and peanut butter. Fry fish
fillets and chicken. Fry onions and kale vegetables. Add
beef and mutton stew and simmer for one hour then
add fish and chicken and simmer then serve with rice.

conclusion
With the ever rising post-harvest losses in African kale
on the local markets, novel techniques and application
of contemprary molecular biology techniques can be
adopted to combat post harvest loses. Ideal preservation
techniques aims at retaining or rather improving the
nutrient composition, color, texture and taste of the
vegetables. Hybridization of preservation techniques
and packaging materials can be the answer to reduced
post-harvest loses in African Kale vegetables and
improved shelf life in a fresh state.

conclusion-continued
Ways in which African kale and other leafy vegetables
are processed and dried may slightly vary from one
culture to another thus further investigations and
research may be done. Molecular biotechnology can also
be included in coming up with kale varieties which have
properties that reduces the rate of senescence and
prolongs shelf life as in spinach vegetables which do not
quickly senescence after harvesting.
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