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Abstract Although the monkey orange (Strychnos spp.) tree
fruit is widely distributed in Southern Africa and particularly
in Zimbabwe, it is underutilized and little attention has been
given to its potential commercialisation due to limited knowl-
edge and information. Most of the fruits and their products are
wasted because of limited harvest time, process control and
storage conditions, leading to variability in shelf life and sen-
sory quality, thereby impacting nutritional quality. Traditional
processing techniques make insufficient use of this food re-
source within rural communities. This study aimed at identi-
fying the existing bottlenecks by means of a survey among
102 smallholder farming respondents in the wet and dry re-
gions of Zimbabwe. Results revealed that S. cocculoides and
S. spinosa were used by 48% of respondents as a functional
ingredient in porridge, by 25% in fermented mahewu drink
and by 15% of respondents as a non-alcoholic juice. The fruits
of S. innocua and S. madagascariensis are preferably proc-
essed into dried products. Taste, flavour and colour were the
important quality characteristics for all processed products,
and constraints to be solved are seed-flesh separation, long
processing times, separation of juice and pulp during storage
as well as pulp viscosity. Respondents reported monkey or-
ange products to have health benefits for children and
immune-compromised people, who, on regular consumption,
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have reportedly increased weight and resistance to disease.
The positive perception about the processed products of
Strychnos spp. offer a good opportunity to improve nutrition
security by capitalizing on these not-yet-fully-exploited re-
sources, but technological solutions to improve sensory qual-
ity and shelf life must be developed.

Keywords Traditional processing - Monkey orange -
Strychnos cocculoides - Strychnos spinosa - Strychnos
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Introduction

Indigenous fruit trees in Africa supplement the diet of many
rural families by providing essential nutrients (Bille et al.
2013; Nhukarume et al. 2010) and serve as a livelihood
source, especially in times of famine (Legwaila et al. 2011;
Mithofer and Waibel 2003; Packham 1993). Hundreds of in-
digenous fruit species exist in Africa that are locally signifi-
cant, although they might be unknown in global markets
(Jamnadass et al. 2011). These locally important species are,
however, frequently underutilised, leading to erosion of their
usefulness and restricting development options for poor com-
munities (Ekué et al. 2010). Some studies have been conduct-
ed to assess knowledge by local communities in Zimbabwe on
processed products of indigenous edible fruits such as bever-
ages derived from sand apple (Parinari curatellifolia), marula
(Sclerocarya caffra) (Gadaga et al. 1999), baobab (Adansonia
digitata) (Mpofu et al. 2014), and ber (Ziziphus mauritiana)
(Nyanga et al. 2008).

Strychnos spp. (monkey orange) have been identified
among the top priority fruit species in Southern Africa through
ethnobotanical surveys (Mkonda et al. 2002; Saka et al. 2004),
particularly in dry areas of Zimbabwe such as Binga (Mpofu
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et al. 2014). This fruit tree proliferates in areas with a
prolonged dry season, remains dormant when water is un-
available and bears fruit in abundance (Mwamba 2006;
National Research Council 2008). The excess production of
the fruit leads to its underutilization and this can be seen in the
veld around Zimbabwe where fruit remains littered and
unpicked when in season. Five common Strychnos species
grow wildly across the agro—ecological regions of the country,
with wide distribution patterns. S. cocculoides is found in the
north, west, central and south, S. spinosa in the north, west,
central, east and south, S. innocua in the north, central, east,
and south, S. madagascariensis in the north, west, cen-
tral, east and south, and S. pungens in the north, west
and central parts of Zimbabwe (Mapaura and Timberlake
2004; Van Wyk and Van Wyk 1997). Though the
Strychnos spp. fruit is widely distributed in Zimbabwe,
it is underutilized and little attention has been given to
its potential commercialisation due to limited knowledge
and dissemination of information about propagation, ag-
ronomic practices and product processing techniques.

Strychnos spp. fruits ripen and are harvested from
September to December (Akinnifesi et al. 2007), a time when
intense agricultural labour coincides with low maize stocks
and the unavailability of freshly-gathered vegetables
(McGregor 1995). The season of prolonged food scarcity of-
ten increases reliance on consumption of indigenous fruits by
the entire family (Shackleton et al. 2000). In addition to the
consumption of fresh fruit, traditional fruit processing is most
common in drier climatic areas for the supplementation of
food requirements (Saka et al. 2004). An estimated 46% of
rural households have reported processing indigenous fruit
into juices and/or porridges (Kalaba et al. 2009), along with
several other food products that can be used as a complement
and substitute for the local cereal-based staple foods.

Strychnos spp. has been identified to contribute more than
100% of the recommended daily intake for vitamin C, Fe and
Zn; especially for children between four and eight years old
and for pregnant women (Ngadze et al. 2016). Gadaga et al.
(2009) noted that over 65% of Zimbabweans live in rural areas
and are food insecure, especially during prolonged dry pe-
riods, while malnutrition problems through vitamin and min-
eral deficiencies have public health significance in the
country. Because of their wide availability and nutritional
composition, monkey oranges have potential for contrib-
uting to the alleviation of vitamin and micronutrient de-
ficiencies of the vulnerable rural population, particularly
children and women, by complementing the monotonous
staple food diet. In Zimbabwe, extension services of gov-
ernment and Non-Government Organizations (NGO’s)
are a bridge for the transfer of information on the con-
tribution of indigenous fruit species to health and nutri-
tion to the end user, through training of women groups
and cooperatives in new processing possibilities.
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To date, indigenous knowledge on the collection and pro-
cessing of Strychnos spp. products in Zimbabwe has received
limited attention. Usually indigenous fruits are considered to
be a “poor man’s food” or famine food. Erosion of cultural
norms through urbanization and increased cultivation of exot-
ic fruits and their marketing have led to further reduction of
the use of indigenous fruits. The lack of awareness of the
potential health benefits and standardized processing of these
fruits keep them away from most diets and adversely affect the
utilization of the fruits and nutrition security.

Thus, our present study aimed to assess and document spe-
cific traditional processing techniques and their bottlenecks in
identified rural communities and regions in Zimbabwe with
the objective of determining which food technological im-
provements would support the role of indigenous monkey
orange fruits as a way to improve nutrition security.
Strychnos spp. has the potential to generate income for actors
in the value chain within local and regional markets, as in the
case of baobab fruit and other African indigenous fruits that
reportedly reduce poverty by 33% during the critical period of
the year (Chadare et al. 2008; Mithofer and Waibel 2003).
Aspects explored in our study include processed products,
processing steps, constraints and consumption patterns of the
fresh fruits and their products. The study also provides infor-
mation on local food uses of Strychnos species, which is im-
portant for further research on the implications of processing
and storage for nutritional health benefits and sensory quality.

Methodology
Study area and sample size

The study areas (Fig. 1) were chosen on the basis of the abun-
dance of Strychnos spp. fruits, in wet and dry regions of
Zimbabwe. For exhaustive data collection on the different
species, areas that cover the five agro ecological regions of
Zimbabwe (Vincent et al. 1961) were chosen carefully using
information gathered initially with assistance from NGO ex-
tension services on the basis of community utilization of
Strychnos spp. The objective of this research was primarily
based on indigenous knowledge, where a limited num-
ber of people served as primary data sources. Thus,
holders of information about indigenous fruit processing
and about village chiefs were identified and purposively
selected on account of their experience and past partic-
ipation in other surveys. Villages were visited prior to
the survey for familiarization with the community.
Consent from the village chief was obtained after clear
demonstration of research intentions and protocols.
Monkey oranges are underutilized, not commercialised
and commonly consumed and processed locally in rural
homesteads. Thus, often the actors that process the
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Fig. 1 Study areas surveyed for indigenous knowledge of Strychnos spp.
fruit collection and product processing in Zimbabwe (annual rainfall
region / > 1000 mm, II 7501000, III 650-800, IV 450-650 and region

fruits are concealed leading to the ‘snowballing method’
as the best method to uncover that population.
According to Katz (2006), “Snowball sampling is a spe-
cial nonprobability method for developing a research
sample where existing study subjects recruit future sub-
jects from among their acquaintances and where a sam-
pling frame is hard to establish”. Though snowballing is
not statistically representative, the sampling technique is
suitable when the human populations being surveyed are
difficult to pinpoint and locate because of their limited
numbers. Village chiefs, elders and leaders of women’s
groups suggested the initial participants for the survey,
then the identified respondents suggested other house-
holds, where selection was based on their knowledge
of processing Strychnos spp. Informed consent was ob-
tained from all individuals in each participating house-
hold in this study. With an estimated average size of
150 inhabitants per village, at least five % of the pop-
ulation of the village were interviewed as a representa-
tive sample (Mpofu et al. 2014). A total of 102 respon-
dents were interviewed, where 20-40 informants were
recruited in each community.

V < 450), namely Gweru (region III and IV), Marondera (region II),
Chimanimani (region I, II and IIT) and Bikita (region I, IV and V)

Data collection

Data were obtained during field visits using questionnaires
administered through face-to-face interviews, in detailed fo-
cus group discussions and by observations during the monkey
orange season from September through December 2014.
Observations during the harvesting and processing of monkey
oranges were made as follow-ups to the information obtained
from the respondents. The interviews were either with indi-
viduals or in group discussions in the local Shona and Ndebele
languages (with the assistance of local translators), which
were well understood by all respondents, so as to obtain in-
depth information. Detailed discussions were used to generate
data from groups of between 10 and 15 participants in selected
communities. A relevant leader of the community, who was
believed to have more experience and in-depth knowledge of
the fruit and area, was identified for each focus group. The
focus group dynamics facilitated the generation of forgotten
information. Ages of respondents ranged from 20 to above
70 years. In each locality, information was gathered by an-
swering questions based on the following parameters: (1) fruit
harvesting and gathering, (2) processing methods, (3)
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consumption patterns, (4) storage practices of fruit and fruit
products, and (5) processing and storage constraints. Specific
questions were developed for each actor and were subdivided
as follows:

— At the collector’s level: Fruit species, collection period,
distance covered for fruit collection, fruit quality charac-
teristics (colour, taste, maturity and size), method of col-
lection, fruit storage and ripening, collection constraints,
customers for fruits, selling price, end uses of fruit.

— At the processor level: Processed products, quality of
processed products (colour, taste, odour), frequency of
processing, end consumer (household use or trade), quan-
tity and price of products and customer preferences.

— At the consumer level: Procurement of product, quality
characteristics, storage of product, consumption time
and quantities, quality perception of consumed product
(colour, taste, odour), further processing including the
use of product as an ingredient.

Focus group discussions were centred on obtaining infor-
mation about harvesting methods, product processing and
quality constraints, processing steps and the uses of product
as an ingredient. Observations during the harvesting and pro-
cessing steps were conducted as a follow up to the information
obtained from the farming respondents.

Data analysis

The data were analysed using SPSS 22.0 for Windows
(Apache Software Foundation, USA) and Microsoft Excel
2013. Data were subjected to descriptive statistics from coded
questions asked in the individual interviews.

Results and discussion

Gathering and selection of monkey orange fruits and food
products

Figure 2 shows photographs of the pulp of fruits from three
Strychnos species found in Zimbabwe. Data collection for

Fig. 2 Pulp of a Strychnos
spinosa, b Strychnos cocculoides
and ¢ Strychnos innocua
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fruits of the same species may be imprecise (Termote et al.
2010). “Under-differentiation” of a species is encountered
when a single vernacular name can be used for species of
morphological similarity, or “over-differentiation” when sev-
eral names are used for one species (Rampedi and Olivier
2013). Thus, to gather reliable and reproducible informa-
tion, the species were grouped into two major groups:
group A (comprising S. cocculoides and S. spinosa) and
group B (S. innocua and S. madagascariensis). Within ei-
ther group, the species’ phenotypic and sensory character-
istics are similar and hence traditionally similar vernacular
names are used (Table 2).

In all the areas visited, Strychnos spp. are harvested from
September to December, i.e. the warm summer period mark-
ing the end of the dry season and the beginning of the rainy
season. Citation of fruit species in the localities we visited is
illustrated in Table 2. The most frequently cited species in
Lower Gwelo and Marondera were S. cocculoides and
S. spinosa, while Bikita and Chimanimani respondents cited
mainly S. innocua and S. madagascariensis. S. pungens is not
included in the description of the processing results because
respondents did not process fruits of this species due to its
limited availability. Each informant cited on average three
species known to them and identified two species found in
their locality.

Gathering and fruit selection are principally activities con-
ducted by women during their daily chores when they tend the
field or collect firewood, and by children going to and from
school or as they herd cattle. Females made up the majority of
the respondents (83%) (Table 1). Females are usually identi-
fied as the majority of respondents in studies such as ours
because they are regarded as the custodians of traditional
knowledge (Dovie et al. 2008) (Table 2).

In this study we found that Strychnos spp. trees were often
confined to another individual’s homestead or field and re-
spondents freely collect the fruits without seeking authority
since monkey orange trees and fruits continue to be regarded
as communally-owned in all areas visited. Because the fruits
are found within walking distance from homesteads and are
communally owned, they are accessible and free to harvest,
and available in times of seasonal imbalances, especially for
the rural poor. In Zimbabwe, indigenous fruit trees are
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Table 1 Demographic profile of respondents in the districts visited during a survey for indigenous knowledge of Strychnos spp. fruit collection and
product processing in Zimbabwe
Region District N Gender Age
Female Male 20 21-35 36-50 51-70 Above 70

Wet-semi wet region Chimanimani (Region I and II) 20 16 4 6 1 7 3 3

Marondera (Region II) 40 32 8 1 5 13 14 7
Dry region Lower Gwelo (Region IV and V) 22 18 4 0 2 4

Bikita (Region III, IV and V) 20 19 1 0 6 1

Total 102 85 17 7 14 37 29 15

generally located in forests, cropped fields, grazing parks and
around homesteads (Akinnifesi et al. 2002).

The fruits are harvested by picking fallen fruits, or by
climbing trees and plucking fruit from branches. Other har-
vesting practices such as shaking trees, or hitting them with
stones or tree branches are also used. These modes of harvest-
ing may cause damage to the hard shell of the fruit, which is a
protective barrier to insect infestation and microbial contami-
nation, thus potentially causing loss of sensory, nutritional and
physical properties of the fruit.

For all species, major attributes for fruit maturity and har-
vesting were colour (89% of respondents), liquefaction (72%)
and taste (49%). Fruit colour changes from green to bright
yellow or orange (colour intensity depending on species) at
the onset of ripening. Specifically, for S. cocculoides and
S. spinosa liquefaction is a common maturity indicator used
by respondents, identified by holding the fruit to the ear and
shaking to listen for the sound of sloshing pulp and loose
seeds. The best tasting fruits are known from past experience
and respondents know the location of the trees that bear the
most delicious fruits. These results concur with those of
Akinnifesi et al. (2007), where they concluded that tradition-
ally in Southern Africa the harvesting of indigenous fruits

depends largely on past knowledge and observations within
the community.

We noted that in all areas there is variation in taste between
species and within species, from bitter, astringent to sweet.
Taste and flesh consistency are also used to distinguish be-
tween species’ groups. S. cocculoides and S. spinosa were
described as sweet or sweet and sour, with a brown juicy flesh
when ripe. The sweet taste of fruit from S. cocculoides ex-
plains why it is the most preferred of the monkey orange
species (Mwamba 2006). Citric, malic and succinic acids
found in S. spinosa species may contribute to the sourness
perceived by consumers. S. madagascariensis and
S. innocua fruits were described as containing bright yellow
firm flesh, with a sweet to bitter taste, which has been attrib-
uted to the presence of tannins in S. innocua flesh (Bello et al.
2008). Fruit colour, liquefaction and taste superseded other
collection and selection criteria such as fruit size (21%) and
weight (17%).

Fruit storage practices and constraints

Of the four monkey orange species, S. cocculoides was the
only species that was picked unripe and stored for ripening;

Table 2 Inventory of Strychnos spp. identified and collected in Zimbabwe
Species Veracular name Common name Botanical name Citation in locality (%)
group (Shona)
Wet region Dry region
Chimanimani Marondera Lower Bikita
Gwelo
A Matamba Corky-bark monkey Strychnos cocculoides 55 95 96 50
Mazhumwi orange
Matamba Spine-leaved monkey Strychnos spinosa 30 93 64 65
Mun’ono orange
B Hwakwa Dull-leaf monkey orange  Strychnos innocua 100 28 36 100
Makwakwa
Mudo
Hwakwa Hairy-leaved monkey Strychnos 100 N/A N/A 100
Makwakwa orange madagascariensis
Mutamba-usiku Green monkey orange Strychnos pungens 5 48 N/A 100
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the other three species were only picked when ripe. In total,
from all the regions surveyed for S. cocculoides, 89% percent
of the respondents picked fallen ripe fruits, and 70% picked
mature fruits from the tree. Twenty seven percent of respon-
dents picked light green mature fruit for ripening during stor-
age. According to respondents, the degree of maturity was not
a constraint as through experience they know the ideal stage of
maturity that allows the fruit to ripen in storage. Because of
their hard shell and acidic nature with a pH of around 3.5
(Saka et al. 2007), Strychnos spp. can tolerate relatively high
temperatures and long storage times before deteriorating in
quality. Ripening could be either accelerated or reduced by
different storage methods. Methods used to accelerate ripen-
ing are the mimicking of dark, air tight conditions, such as by
burying fruits underground in sand, in sacks with dry hay, dry
chicken manure, mealie meal or fine wood ash. Thus, the
fruits are kept in the buried environments in order to control
the atmospheric conditions that allow the concentration of the
ethylene plant hormone that consequently hastens the ripening
period, signifying the climacteric nature of the fruit (Barry and
Giovannoni 2007; Sitrit et al. 2003). Respondents indicated
the storage treatment and estimated the storage time of the
fruit based on their experience. They indicated that picking
of mature unripe fruits for storage in burial places also reduces
competition from other fruit collectors, especially of a well-
known, sweet tasting variety, which is in line with findings of
Motlhanka et al. (2008) and Rampedi and Olivier (2013).
Unripe mature fruits can be stored in this manner for more

than two months (according to 18% of the respondents). To
delay ripening, mature fruits are kept cool by storing them in
ventilated grain sacks, under (or in) granaries and in closed
clay pots. Ripe fruits can be stored for one month (59% of the
respondents), two months (9% of respondents) and more than
two months (1% of respondents), before they rot. Thirty per-
cent of respondents said they immediately consumed or proc-
essed the fruit and did not store the fruit at any stage of col-
lection. The constraints identified by the respondents were a
shortage of fruits of the sweet tasting variety, and seasonality,
where respondents desired a longer storage time and extended
availability of fruits throughout the year.

Indigenous processing knowledge

According to our survey, fruits of Strychnos spp. are harvested
for a period of between three and four months and in excess of
what is consumable during the harvest season; and thus some
fruits are processed. Strychnos spp. products were broadly clas-
sified as products for either future use or immediate use, for the
purposes of this survey. For all processed products of Strychnos
spp. the first step was to wash fruits with clean water to remove
dirt and dust particles. The flesh is exposed by pounding and
cracking the shell on a hard surface or with a stone, after which
specific processing is done. An outline of the processing
methods used is shown in Fig. 3 and details of the processing
of each product are given in the following sections.

Dry (solar or alternate

Dried product |« solar and fire) Crack fruit
Water: flesh (1:1) X
Sk (30 min. 102 )
Monkey orange pulp Sieve
! S l } }
. . Mix cooled stiff Sieve Sieve and boil Extract juice,
Boil pulp (5 min.) maize meal porridge (optional) (optional) Boil (optional) v
------
fom oy l . .
l L yi l Mix flour and sugar
e Sugar and cook
. (20 min.) Mix pre-boiled dry
Add maize-meal Add malt flour Water 1:1
a B d s h
(Cook 10- 15 min. T ground sorghum
Lemon juice
l (optional) v
v
Simr?‘Aer Incubate Incubate * Add lemon or ’;Bakfe
(6 min.) (122410 || @4-72h) Cook to thick Citric acid (30 min.)
l l l texture l l
. . Mahewu = Sorghum porridge Cakes / Bread
Maize porridge et Beer Jam Juice Umecaba

Fig. 3 Overview of processing methods of Strychnos spp. fruit in Zimbabwe
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Food products for prolonged storage

Drying of S. innocua and S. madagascariensis In Bikita
district, high temperatures and low rainfall often result in poor
harvests of staple food crops and fresh vegetables. This has led
to reliance on the processing of indigenous fruit, particularly
drying of S. innocua and S. madagascariensis (typical to dry
regions in Zimbabwe such as Bikita), so as to reduce fruit
moisture content for prolonged preservation. All respondents
in Bikita district use alternate sun and fire drying due to a lack
of electricity for refrigeration and mechanized equipment. The
alternate use of the two drying methods was done primarily to
reduce drying time as the sugar content of S. innocua neces-
sitates prolonged drying. In contrast, there was no dry-
ing practised with the species in Chimanimani district, a
wetter area in Zimbabwe. It was observed that though
abundant in Chimanimani district during the fruiting
season, S. innocua and S. madagascariensis fruits were
heavily littered, indicating underutilization even for con-
sumption as fresh fruits. This was attributed to the fact
that the region’s high rainfall and fertile soils are appro-
priate for other agricultural cropping practices, and
hence other food sources are available and affordable.
Prior to drying, fruit flesh is pre-treated with either fine salt,
crystalline sugar or both, depending on consumer preference.
The flesh/seed is spread and pressed to stick to the surface of
hand-plaited reeds interlocked with strips of palm leaves. By
midmorning, the rack is exposed to the sun on a traditional
dish rack (called dara) or on bundles of firewood. The rack’s
position is changed throughout the day for maximum expo-
sure to the sun. At dawn of the following day, the rack is fire-
dried with wood as the fire source, or (when wood is unavail-
able) corn cobs or stalks (Fig. 4). Fire drying is done for at
least four hours, and thereafter the product is left uncovered on
the kitchen floor overnight. A layer of fresh fruit flesh is added
the next morning and the consecutive sun and fire drying steps
follow as the previous day. The alternate sun and fire drying
steps are continued for five to seven consecutive days, where
the length of processing depends on the desired thickness of
product, household size and consumer preference. The

product obtained can be stored for more than three months
according to 75% of respondents, while 25% of respondents
said they consumed the product soon after processing and did
not store for later consumption. Most consumers of the prod-
uct said they had a sensory preference for the smoky flavour of
the product. Wood smoke and fire-charred wood produce
chemical components such as lactones, alcohols, carbonyls,
esters, furans, and phenols, which exhibit several flavours,
including pungent, bitter, spicy, burnt sugary, or smoky fla-
vours (Maga 1987). Without the smoky flavour the product
was reported as not well accepted by consumers.

Sun drying of S. cocculoides and S. spinosa Solar drying of
S. cocculoides and S. spinosa was commonly done in Lower
Gwelo (68%) district. During hot summer days, monkey or-
ange flesh is either spread over a flat surface with maximum
heat absorbance or in traditionally-made solar driers covered
with transparent or black plastic. The solar dryers use convec-
tive air for heat that subsequently dries the product. Drying
takes between five days and two weeks, depending on prevail-
ing weather conditions and whether the desired moisture con-
tent is reached. The determination of the moisture content is
subjective, and physical tests, such as stickiness of the prod-
uct, are reported often to be used to evaluate if the product is
dry enough. When dried sufficiently, the product is stored at
room temperature in perforated sacks. The dried product is the
starting material to prepare sweet and snack products or for
inclusion as an ingredient in different preparations such as
juice, porridge or beverages.

Food products for immediate consumption

S. cocculoides and S. spinosa pulp is combined with other
ingredients to make porridge, alcoholic and non- alcoholic
beverages and, less frequently, jam and confectionary for im-
mediate consumption as in Table 3. Immediate consumption
in this context implies consumption from the time of process-
ing until no more than two to three days later.

Fig. 4 Drying process of

S. innocua and

S. madagascariensis in Bikita
district, Zimbabwe

Fresh fruit

|

S. innocua or S.
madagascariensis fruit pulp >
(seed plus flesh)

|

Sundrying (a so - called
process kurovera) 5-7 h

Dried
product

Overnight storage
(ambient temperature)

I

Fire drying (4-5 h)
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Table 3 Meal times of specific
monkey orange-based products in
study regions

Species Product Meal times® (N)
Breakfast Lunch Between meals Supper
S. innocua and S. madagascariensis Dried 3 5 17 0
S. cocculoides and S. spinosa Porridge 49 1 2 0
Dried 1 4 13 0
Juice 1 4 10 0
Mahewu 2 6 16 0
Beer 0 1 5 0

#Respondents answered to meal times for all the products consumed in the household, where each respondent
may have answered consumption times for more than one product

Porridge Two variations of cereal-based porridge meals made
with S. cocculoides or S. spinosa (group A) pulp were encoun-
tered in the survey. The first porridge variant was a maize-
based porridge (called mutandabota) prepared in 15% of the
households in Bikita, 30% of those in Chimanimani, 55% in
Marondera and 82% of households in Lower Gwelo. Maize
porridge is the most commonly processed product using group
A spp. The second porridge variant was a sorghum-based
porridge (called umcaba), as identified by a focus group in
Lower Gwelo area.

For the maize-based porridge, pulp is macerated in water
for 30 min. to 2 h, either standing or with whisking using a
wooden spoon to detach flesh material from the seeds. The
resulting juice or pulp is subjected to heat, and upon boiling,
white maize meal (Zea mays) to water 1:4 (w/v) is added with
stirring until a lump free, gelatinized and a uniform slurry is
obtained; the maize-based porridge. For the sorghum-based
variant, untreated monkey orange pulp or juice is mixed with
boiled, solar-dried ground sorghum, and then consumed im-
mediately. In both processing methods, the porridge
products are generally thin, flavoured with peanut butter
or sweetened with crystalline sugar. Texture of the
maize meal variant depends on the weight to volume
ratio of maize meal flour to monkey orange pulp. The
maize porridge is usually consumed immediately while
slightly hot or warm as a breakfast food or snack. It can
also be stored in closed clay pots and in cool conditions
for a maximum of two days for re-warming prior to
consumption.

Fermented beverage Thirty five percent of the households
interviewed in Marondera and 41% of respondents in Lower
Gwelo fermented S. cocculoides and S. spinosa pulp to make
mahewu, a sweet sour cereal-based fermented non-alcoholic
beverage containing fresh monkey orange pulp. Two varia-
tions were encountered in the preparation of a fermented bev-
erage. In processing method I, the pulp was mashed with cool
stiff maize meal porridge (sadza) (Fig. 3). Either maize, sor-
ghum or millet flour was added to the mashed product as the
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fermentation substrate. In processing method II (Fig. 3), sor-
ghum or millet flour was added to the fruit pulp without
mashed stiff maize porridge as an initial ingredient. For either
variant, the resultant mixture is incubated for 12-24 h to fa-
cilitate fermentation at ambient temperatures and both are re-
ferred to as mahewu. Saccharomyces yeasts, inherent to the
cereals, contribute to flavour development of mahewu
(Blandino et al. 2003).

Respondents in Marondera (10%) and Lower Gwelo
(14%) added yeast and prolonged the fermentation time
to produce an alcoholic brewed beer. When an alcoholic
beverage is to be prepared, yeast is added to the prod-
uct of process I, set near a cooking fire (to maintain
temperatures above 30 °C) and allowed to ferment nat-
urally over a period of three to four days.

Unfermented beverage The whole fruit pulp or sieved mon-
key orange juice may be used to prepare juice. Pulp is sieved
or strained with a mesh sieve substituted traditionally with a
woven high-density polyethylene (HDPE) fruit sack. Water is
added in a 1:1 ratio and lemon fruit juice or citric acid (de-
pending on availability) is added as a preservative for the
juice. The juice is boiled and crystalline sugar added, again
depending on consumer preference and intended storage time.
The product was consumed within three days. This type of
juice was prepared by 5% of the households in Chimanimani,
15% in Marondera and 41% in Lower Gwelo.

Product consumption

Monkey orange products and their consumption patterns
among respondents are shown in Table 3. Dried S. innocua
and S. cocculoides were mainly consumed as a sweet snack at
lunch time or between meals during time of chores by women
and children. Fermented beverage (mahewu) was consumed
fresh, though some respondents stored the product for a max-
imum of two days in a cool environment. Beer was consumed
fresh and up to two to three days after preparation as a leisure
drink during traditional ceremonies and social gatherings.
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General utilization

In the dry region, consumption of monkey orange fruits was
100% for group B spp. and 74% for group A spp. In the wet
region consumption was 82% for group A. The high values
obtained were because the fruit was consumed in its unpro-
cessed fresh state, hence the high general use for both groups
of species as a pulp. Fruits from the species groups were used
to process the same products, though S. innocua and
S. madagascariensis fruits were not used as a dried product
in the wet region. The proportion in which a particular product
was used only significantly varied (p < 0.05) between the two
regions for both groups of species for the dried product of
group A and for fresh pulp of group B (Fig. 5).

There was a marked difference in uses between the two
groups of Strychnos spp. Group A species had more uses
and were processed into more products than group B species
in both regions. Uses for group B species was higher in the dry
region than in the wet region. Respondents from the wet re-
gion only consumed the fresh fruit of S. innocua or
S. madagascariensis. These findings and observations suggest
that the poorest of the resource limited communities (in the
dry region) better utilize their indigenous fruit by processing
than rural communities that are better off. Communities, how-
ever, do not have proper preservation techniques to allow for
long term use and storage when fruits are out of season, lead-
ing to loss of product by rotting and underutilization.

We found in this study that, in addition of their food value,
monkey orange fruits and products are marketable. In general,
selling was done in the drier and poorer regions, indicating the
possibility of supplementing income in these marginal areas.
Dried S. innocua or S. madagascariensis was mainly sold
informally at rural growth points (small business centres in
rural communities where basic essential services and markets
are concentrated) and from home-to-home. A stack of dried
fruits about 100 g in weight was sold for US $1 with its price

doubling as the fruit drew out of season. Juice was sold at US
$1 for 750 ml at gatherings. None of the products was report-
edly sold in the formal markets at the time of the survey,
demonstrating underutilization of monkey orange despite its
potential for trade as has been indicated in other studies where
monkey oranges are traded between Southern African coun-
tries (Mkonda et al. 2002; Ruffo et al. 2002; Southampton
Centre for Underutilised Crops 2006). Women, being the cus-
todians of neglected and underutilized fruits, may be
empowered by a change in this situation.

Product processing constraints and quality criteria

Figure 6 presents an overview of processing operations, con-
straints and sensory quality characteristics of products from
Strychnos spp. in the study areas.

Solar drying of S. cocculoides and S. spinosa is highly
dependent on environmental temperatures and conditions.
Fruits are harvested in the rainy season, a period when drying
conditions are indefinite, usually resulting in extended drying
times and added demand for labour. The dried products are
also highly hygroscopic, and require storage in dry conditions.
To prevent the loss of quality by an ingress of moisture, the
processed product was stored in plastic sacks or tins with tight
closing lids and re-dried to extend its shelf life. The absence of
efficient drying and storage facilities for monkey oranges was
identified as a prominent difficulty, especially when the rainy
season begins. These processing and quality constraints were
highlighted as highly problematic in the focus group discus-
sion. Other quality constraints observed during drying were
dust, and animal and mould contamination, especially during
humid weather. When solar driers were used, poor hygienic
standards were also noted as a factor of equal importance
through the inclusion of seeds and vegetables from previous
drying processes. This may also account for the degradation of
product quality.

Fig. 5 Processing frequency of 100
Strychnos spp. among study 920
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Fig. 6 Process constraints and
quality criteria identified by
respondents in study regions
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Dried —*
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Mahewu —»

Juice —»

Pulp

Dried

S. innocua and S. madagascariensis

Important quality characteristics of dried S. innocua and
S. madagascariensis product are colour, a smoky flavour
and low moisture content, though they vary from one proces-
sor to another and from time to time. Respondents appreciated
a golden to brown colour; a darker colour than this was per-
ceived as charred and likely to have a characteristic burnt taste
and flavour. Though fruit is spread uniformly on the drying
rack, the desired colour is difficult to achieve due to variation
in fire and solar temperatures because heat and air flow are not
controlled or uniformly distributed on the drying rack during
the drying period. Therefore processors have to continuously
change the rack position during both fire and solar drying.
Typical wood smoke flavour is caused by factors such as
wood moisture content, air temperature, intermediate or stable
volatile compounds and chemical reactions with other food
components (Maga 1987). These are not controllable at a
household level. The type of wood used in fire-drying is based
on availability, therefore differences in sensory quality of the
product are encountered. The fruit may be pre-treated with
sugar or salt before drying. Respondents indicated that crys-
talline sugar facilitates rapid drying, prevents the compacting
of the dried product on the rack and eases separation on han-
dling and consumption, while salt maintains colour and
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texture of the fruit. Pre-treatment with sugars (i.e. osmotic
dehydration) has been used in the preservation of other fruit
to hasten drying, reduce browning, increase retention of vol-
atiles and reinforce a sweet taste (Osorio et al. 2007). In some
cases in the areas visited, pre-treatment was immediately
followed by sun drying with no incubation leading to the
assumption that some of the pre-treatment effects may not
reach the maximum due to limited exposure to the osmotic
agents, i.c. the sugar or salt.

Respondents mentioned increased flavour, sweetness, clar-
ity and low viscosity as good quality indicators of monkey
orange juice. Colloids such as polysaccharides are known to
be responsible for the viscosity of fruit juice and cloudiness in
other fruit juices such as lemon juice (Ucan et al. 2014).
S. cocculoides and S. spinosa juice is viscous and the viscosity
affects the appearance of the product and its overall accep-
tance. Processors add a significant amount of water until the
juice is sufficiently liquefied. The dilution and resultant con-
sistency depend on consumer preference, as found in the study
of Bille et al. (2013), where panellists also preferred diluted
juice. However, on the contrary, respondents did agree that
although viscosity is reduced by dilution, the major drawback
was a reduced Strychnos spp. flavour. During processing the
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separation of seed and flesh is low, giving low juice yield
during processing.

Porridge is mainly prepared for and consumed by the
whole family and usually introduced as a complementary food
to infants from as early as four to six months. Porridge that had
simmered longer lost the characteristic monkey orange fla-
vour. Thermal treatments can inactivate enzymes that catalyse
the production of volatiles as well as cause the loss of precur-
sors of the volatile compounds (Nijhuis et al. 1998). Cooking
time and ratios of addition of monkey orange juice or pulp
also may have a bearing on the resultant flavour.

The most important sensory quality determinants of mon-
key orange fruits were colour and taste (sweetness). Fruits are
picked before maturity for ripening during storage.
Respondents used external visual attributes such as colour,
size and surface structure to predict the taste of the fruit.
Selection of this nature is, however, a subjective method
(Reid 2002). There are currently no objective minimum indi-
ces for the determination of maturation at the household level
in rural areas, which results in variation in fruit selection. All
in all, fruit harvesting and processing conditions, and param-
eters, are not standardized and therefore variation in product
quality are prominent for all the products we identified.

Conclusion and recommendations

Collection, processing and consumption of the monkey or-
ange fruit are common activites in the dry and wet regions
we assessed in Zimbabwe. Health benefits, value addition,
market access, and education about propagation and cultiva-
tion of monkey orange fruit have an effect on proper utiliza-
tion of the fruit in both regions for food and nutrition security.

Respondents in farming communities believe the fruit prod-
ucts, particularly porridge, have health benefits. The chemical
compounds involved and mechanisms for nutritional and health
benefits are unknown, as these appear to be new findings that
require further scientific studies for substantiation. Exploration
of strategies through scientific research for value addition and
market access by small-scale fruit processing units through
community cooperatives are an important contribution to curb-
ing the challenge of food and nutrition security for households
and individuals in Zimbabwe. Increasing education on the cul-
tivation and propagation of monkey orange trees through infor-
mation and planting material available at different centres in
Southern Africa, such as Veld Products Research and
Development, Botswana, and World Agroforestry Centre,
Zimbabwe (Southampton Centre for Underutilised Crops
2000), are also important for sustainability of these indigenous
fruits. We recommend putting in place a research and develop-
ment program targeted at monkey orange and other
underutilised fruits under the custodianship of stakeholders
from government, research institutes and processors. The results

of improved technologies and know-how, which will benefit
women cooperatives and small-scale processors by expanding
what they sell and promote and therefore their incomes, can be
transferred by government extension services and NGO’s.

Constraints for Strychnos spp. processing (i.e. drying rate,
product splitting, flesh/seed separation, juice yield, phase sep-
aration), shelf life and sensory quality characteristics (colour,
flavour, and viscosity) were increased by mainly un-
standardized processing conditions and treatments. These con-
straints illustrate how generic some food technological prob-
lems and solutions can be, and yet how product-specific some
problems and solutions are in relation to the different fruits of
the same species; a concept that can be translated to various
types of indigenous fruits in Southern African countries.

In scientific literature, Strychnos spp. have been labelled
(amongst other indigenous fruits) as “lost fruit” (National
Research Council 2008) and as neglected and underutilized
species that are being lost at an extraordinary rate before they
can be completely characterized, researched and promoted
(Padulosi et al. 2013). Food and nutrition security is multi-
faceted due to its interrelated complex dimensions. To facilitate
the achievement of food and nutrition security, every contribu-
tion from all disciplines is worthwhile. Therefore, as a follow-
up to this survey, it is paramount from a food quality and
design perspective to conduct experimental research to assess
product quality characteristics and the contribution to nutrition
of traditionally-processed products from Strychnos spp.
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