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Abstract

Biocontrol agents such as predators, parasitoids and pathogens potentially regulate crop
pests populations. The agents feed directly on the pests, oviposit in the pest body or cause disease
in the pest. While biocontrol has become a commercial enterprise in temperate horticulture, there
is much less information on the biocontrol agents present in smallholder agricultural systems
in the tropics and little knowledge about the importance of plant diversity in supporting their
biocontrol activities. A standardized botanical survey walk combined with observations of plant-
insect interactions was conducted on field margin vegetation of 24 smallholder fields of common
beans (Phaseolus vulgaris L.) in three elevation zones of a tropical ecosystem. Sweep nets were
also used to capture the biocontrol agents and stored in 70% ethanol for detailed taxonomy where
identification in the field was not possible. A wide range of biocontrol agents interacting with the
field margin plants, particularly flowering forbs were revealed. The most preferred field margin
plants were Ageratum conyzoides, Commelina benghalensis, Pennisetum purpureum, Panicum
maximum and Tripsacum sp. The most common biocontrol agents found to interact with the field
margin plants were spiders (Araneae), long-legged flies (Dolichopodidae), predatory and parasitic
wasps (Ichneumonids and braconids), hoverflies (Syrphidae) and assassin bugs (Reduviidae).
Preferences of the biocontrol agents to certain plant species were similar across all three zones,
indicating the importance of such plants in terms of food resources, shelter or nesting sites.
The preference of the biocontrol agents to some plant species indicates the need to identify the
specific benefits of these species to the biocontrol agents to determine whether non-crop habitat
manipulation might enhance natural pest regulation.
Keywords: Natural enemies, habitat manipulation, crop pest regulators, margin plants, tropical

ecosystem.

Introduction of the semi-natural habitats within the cropping

Semi-natural habitats around tropical
smallholder agricultural lands consist of
diverse plants, useful in the provision of food
resources, habitats, nesting sites and refuge
sites to biocontrol agents. These agents may
be predators, parasitoids or pathogens that are
responsible for natural pest regulation. Some

landscapes that have been reported from various
studies to be useful in enhancing biocontrol
agents include field margins/hedgerows,
woodland or shrubland and grassland (Holland
et al., 2017). Field margin vegetation is one
of the common features around smallholder
tropical farming systems responsible for
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enhancing populations of biocontrol agents.
They can effectively promote more diverse
biocontrol agent assemblages when there is
also reduced pesticide use, tillage and enhanced
crop cover compared with a conventionally
managed crop (Vickery et al., 2009). Field
margin habitats provide food, nesting sites,
overwintering sites, shelter and hosts to various
predators and parasitoids which facilitates
their enhanced biological control services in
agro-ecosystems (Bianchi et al., 2006; Gurr
et al., 2003; Landis et al, 2000, Ramsden et
al,, 2014). Many European nations and other
developed countries have established these
semi-natural habitats within the agricultural
lands through agri-environment schemes to
enhance biodiversity for various ecosystem
services (Carvell et al., 2007; Field et al., 2007,
Walker et al., 2007; Scheper et al., 2013). Non-
crop habitats around croplands are more florally
diverse, less disturbed and relatively permanent
compared with the cropland. Generally, the
presence of diverse plants within arable lands
significantly influences the abundance and
diversity of biocontrol agents regardless of the
area of the non-crop habitat (Knapp & Rezag,
2015; Pluess et al., 2010; Jung ef al., 2008).
Biocontrol agents are enhanced by timely
accessibility of prey as a food resource, floral
resources as additional food, as well as shelter
habitats and overwintering sites in case of
disturbances (Ramsden et al., 2014). Usually,
biocontrol agents move from the field margin
plants to the field crop during the growing
season when there are abundant food resources
and later back to the margin plants when the
resources are scarce or due to agronomic
disturbances (Girard et al., 2011). Therefore,
agricultural lands may be an unwelcoming
environment for the biocontrol agents due
to ecological simplification of the land with
limited semi-natural habitats. Monoculture
cropping systems together with the intensive
application of agrochemicals in conventional
farming are considered detrimental practices to
many beneficial insects including the biocontrol
agents in the field. The presence of semi-natural
habitats within the agricultural lands provide
suitable sites for the biocontrol agents and
other beneficial insects to hide during farming

disturbances like pesticide application, tillage,
crop harvesting and other unfriendly farming
practices. This highlights the importance of
field margin plants in enhancing the population
of the biocontrol agents where they act as refuge
sites for the biocontrol agents to recolonize the
cropland after disturbance.

Understanding the field margin plant species
and various benefits provided by these features
around arable fields is particularly important for
their proper management. Some field margin
plants are also reported to be the source of insect
pests in the field through the provision of similar
resources such as food and shelter. Drosophila
suzukii and Stictococcus vayssierei are among
the most reported pest species with several non-
crop host plants along the field margin (Arné
et al., 2016; Kenis et al., 2016; Diepenbrock et
al., 2016; Tindo et al., 2009). The information
that a particular field margin plant may be more
preferred by the insect pests is very useful for
proper identification and management of the
margin plants.

The smallholder agricultural lands of
tropical ecosystems are largely heterogeneous
and naturally surrounded by diverse field
margin plants. However, these features around
smallholder fields are highly used for feeding
animals, as field boundary and sometimes for
firewood (Elisante er al, 2019) with limited
research information on the role of these margin
plants to the population of biocontrol agents.
The intention of integrating agronomic and
biodiversity objectives may widely be achieved
through field margin establishment and
management. Identification and maintenance
of field margin plants within the smallholder
tropical agricultural land is a potential measure
towards enhancing the population of predators
and parasitoids together with other beneficial
insects. This study surveyed the field margin
plant species available within the smallholder
bean farming systems of tropical climate in
Moshi rural district to evaluate the relationship
between the margin plants and biocontrol
agents. Specifically, the study focused on;
i) identification of field margin plants in
smallholder bean fields across elevation zones
and ii) to assess the interaction between the
biocontrol agents present in smallholder bean
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fields and the margin plants. The study sought to
test the following hypothesis; i) The biocontrol
agents in smallholder bean fields interact with
the margin plants ii) Some field margin plants
are more preferred by the biocontrol agents
across elevation zones.

Materials and Methods
Study Sites

The study sites were located across three
agricultural zones in Moshi rural district,
Kilimanjaro region. The three zones were
classified based on the elevation to understand
the effect of elevation on field margin vegetation
and their influence upon biocontrol agents for
wider application in the tropical areas where
zonation do exists (Bussmann, 2006; Seo et al.,
2008). The three elevation zones also differed
in terms of climate, land use management and
farming practices (Ensslin et al., 2015; Soini,
2005), which may consequently influence the
vegetation diversity and biocontrol agents
present. The low zone was between 800 to 1000
m asl, the mid-zone was between 1001 to 1500
m asl and the high zone was between 1501 to
1800 m asl. The annual rainfall ranged between
600 to 2000 mm (increasing with elevation). In
the high zone, the study sites comprised Mbahe
village (3.23 °S, 37.50 °E) which is located in
the Marangu Mangharibi ward. The mid-zone
covered Mieresini village (3.33 °S, 37.53 °E)
whereas the low zone covered Kilimo Makuyuni
village (3.40 °S, 37.55 °E). All the sites were
smallholder fields of common beans (Phaseolus
vulgaris). The assessment was done under their
normal farming practices but without pesticide
application.

Sampling design

The study involved 24 smallholder bean
fields in all three elevation zones. In each zone,
8 bean fields were purposively sampled based on
the size and length of the field margin vegetation.
The length of the field margin vegetation chosen
was at least 50 m.

Data collection

Assessment of the specific interaction
between the field margin plants and the
biocontrol agents was done through a

standardized survey walk where the bean field
and the margin meet, along 50 m long. Constant
observation of any biocontrol agent found on
plants within 1m of the researcher was done for
three hours, from 9.00 am to 12.00 noon, when
the insects were more active (Montgomery et
al., 2021). Both the biocontrol agents and the
plant species found interacting were recorded.
The observed biocontrol agents were counted
together as either visiting or feeding the plant
or resting on it and it was not necessary for
the biocontrol agent to be on the flower part.
The insect identity and the plant with which it
interacted were recorded in each case to identify
the most preferred field margin plants by the
biocontrol agents in each zone.

The biocontrol agents were captured
using a sweep net and stored in 70% ethanol
where identification in the field was uncertain.
The margin plants found to interact with the
biocontrol agents were collected for herbarium
specimen where identification was impossible
in the field. The collected biocontrol agents
were identified based on morphological features
at the life sciences laboratory, Nelson Mandela
African Institution of Science and Technology
(NM-AIST), Arusha, with further support from
Tropical Pesticides Research Institute (TPRI),
Arusha. The collected herbarium specimens
were sent to TPRI and Royal Botanic Garden,
Kew in the UK for identification.

Data analysis

Network graphs were constructed from
the collected data using the R program (R Core
Team, 2018), version 3.5.1. Bipartite package
(Dormann, et al., 2008) was used to draw the
networks via RStudio. To minimize complexity
in the network graphs, only interactions that
occurred more than 10 times between the
biocontrol agents and the margin plants were
included in the networks.

Results

A total of 39 plant species (Table 1) were
found interacting with different biocontrol
groups for over 10 times (Figures 1, 2 and 3).

Proceedings of the 2" SUA Scientific Conference held at SUA from 25" to 26" 2021, 1-10



4

MKkenda et al.

Table 1: Surveyed field margin plant species in three elevation zones of Moshi rural district

Label Plant species Location

1 Centella asiatica High and mid zones

2 Oxalis corniculate High and mid zones

3 Commelina benghalensis High, mid and low zones
4 Drymaria cordata High zone

5 Conyzae bonariensis High zone

6 Asystasia mysorensis High and mid zones

7 Ageratum conyzoides High, mid and high zones
8 Richardia scabra High, mid and low zones
9 Sporobus pyramidalis High zone

10 Galingsoga parviflora High, mid and low zones
11 Bidens fondosa High zone

12 Bidens pilosa High and mid zones

13 Cyperus rotundas High and low zones

14 Persea americana High zone

15 Tripsacum sp High zone

16 Desmodium uncinatum Mid zone

17 Digitaria velutina Mid and low zones

18 Neonotonia wightii Mid and low zones

19 Pennisetum purpureum Mid and low zones

20 Senna spectabilis Mid zone

21 Achyranthes aspera Mid zone

22 Sida rhombifolia Mid and low zones

23 Cynodon dactylon Mid zone

24 Panicum maximum Mid and low zones

25 Desmodium intortum Mid and low zones

26 Hyparrhenia rufa Mid zone

27 Amaranthus hybridus Mid zone

28 Lantana camara Mid zone

29 Emilia discifolia Mid zone

30 Morus australis Low zone

31 Thevetia peruviana Low zone

32 Euphorbia heterophylla Low zone

33 Tridax procumbens Low zone

34 Leucas martinicensis Low zone

35 Euphorbia hirta Low zone

36 Indigofera trita Low zone

37 Acacia tortilis Low zone

38 Gynandropsis gynandra Low zone

39 Launaea cornuta Low zone
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Identified field margin plants supporting
biocontrol agents in the high elevation zone
(1501 to 1800 m asl)

The biocontrol agents that were found
to interact with the field margin plants more
frequently in the high zone were spiders, long-
legged flies, predatory wasps, parasitic wasps,
hoverfly and tachinid fly (Fig. 1). Spiders were
found to interact mostly with creeping plant
species such as C. benghalensis, D. cordata
and C. asiatica and few non-creeping plants
like A. conyzoides and C. bonariensis. Long-
legged flies highly interacted with Guatemala
grass (Tripsacum sp.) while predatory and
parasitic wasps were mostly interacting with A.
conyzoides compared with other plant species.
Similarly, hoverfly interacted more with A.
conyzoides and to some extent with D. cordata.
Lady beetle is one of the biocontrol agents that
was observed to have very low interaction with
the margin plants. Generally, the most preferred
field margin plants to the biocontrol agents in
the high zone were Tripsacum sp, A. conyzoides
and C. benghalensis.

Spi Lb Hify

Par_w Prw Ry Tfy Abug Ly

4 6 T
Figure 1: Bipartite network graph between
biocontrol agents and field margin
plants in the high elevation zone in
Northern Tanzania

8 9 111012 13 14 15

Each bar in the upper row represents
biocontrol agents (Spi = spider, L b = lady
beetle, H fly = hoverfly, Par w = parasitoid
wasps, Pr_w = predatory wasps, R_fly = robber
fly. T fly = tachinid fly, A bug = assassin bug,
L fly = long-legged fly) and each numbered
bar in the bottom row represents field margin
plant species (Table 1). The width of the bars is
proportional to the number of interactions.

Identified field margin plants supporting
biocontrol agents in the mid-elevation zone
(1001 to 1500 m asl)

In the mid zone, hoverflies, spiders and
predatory and parasitoid wasps and assassin
bugs were the most dominant biocontrol agents
and were found to interact with several plant
species. A. mysorensis was the most dominant
species in the mid-zone but not attractive to
biocontrol agents. Instead, similar preferences
of the biocontrol agents toward certain plant
species were observed in mid-zone as was
found in the high zone. Spiders were most often
interacting with N. wightii and C. benghalensis,
which are mostly climbing and creeping plant
species, respectively, compared with other
plants. Predatory wasps were highly interacting
with A. conyzoides as in high zone, followed
by B. pilosa and P. maximum. Hoverfly and
parasitic wasps had diverse interactions with
several plant species including B. pilosa and
P maximum, while assassin bugs were more
specific to S. rhombifolia. Long-legged flies
were less abundant in mid-zone as compared
with the high zone, thus their interaction with
field margin plants in the mid-zone was not so
strong (Fig. 2).

F_fiy

%1 6 17 1% 3 w2 7 e R | 12 2 8 ZGJ‘ZPHWZ

Figure 2: Bipartite network graph between
biocontrol agents and field margin
plants in the mid-elevation zone in
Northern Tanzania

Each bar in the upper row represents natural
enemies (R _fly = robber fly, spi = spider, Par w
= parasitoid wasps, A_bug = assassin bug, Pr w
= predatory wasps, T fly = tachinid fly, L fly
= long-legged fly, H fly = hoverfly) and each
numbered bar in the bottom row represents

Proceedings of the 2" SUA Scientific Conference held at SUA from 25" to 26" 2021, 1-10
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field margin plant species (Table 1). The width
of the bars is proportional to the number of
interactions.

Identified field margin plants supporting the
biocontrol agents in the low elevation zone
(800 to 1000 m asl)

Pennisetum purpureum, P. maximum, R.
scabra, B. pilosa and E. heterophylla were the
common margin plants in the low zone (Fig. 3).
The interactions between the biocontrol agents
and the margin plants were so diverse compared
with mid and high elevation zones due to the
existence of less abundant but diverse weed
species. A. conyzoides and C. benghalensis
which were the most abundant weeds in high
and mid-elevation zones were less abundant
in low elevation zone. Hoverfly and predatory
wasps were the most abundant biocontrol agents
with a high preference for E. heterophylla and B.
pilosa. Only a few long-legged flies were present
in the low elevation zone with a high preference
to P maximum which is also a grass species as
Guatemala grass which was the most preferred
in the high zone. Other biocontrol agents were
less abundant with no strong interaction with
particular plant species.

W M 7 2 18 3 B & 19 31 7 32 33101335 12 36373&

Figure 3: Bipartite network graph between
biocontrol agents and field margin
plants in the low elevation zone in
Northern Tanzania

Each bar in the upper row represents
biocontrol agents (L_fly = long-legged fly, L
wing = lacewing, Car_b = carabid beetle, A
bug = assassin bug, spi = spider, Rov_b = rove
beetle, R_fly = robber fly, Par w = parasitic
wasps, H fly = hoverfly, Pr w = predatory

wasps, L_b = lady beetle) and each numbered
bar in the bottom row represents field margin
plant species (Table 1). The width of the bars is
proportional to the number of interactions.

Discussion

The biocontrol agents showed similar
preferences to certain field margin plants across
the three elevation zones. Predatory wasps,
parasitic wasps and hoverflies were highly
interacting with A. conyzoides in all three
zones, justifying the importance of this plant
to biocontrol agents regardless of elevation.
Most creeping and climbing plants were found
to support several ground-dwelling biocontrol
agents due to their potential in providing
microhabitats  with increased vegetation
complexity. D. cordata and C. asiatica both of
which are creeping plant species are reported
to harbour several biocontrol agents especially
spiders (Mukti ef al., 2014; Sadof et al., 2014;
Withaningsih et al., 2018) as also observed in the
high zone. Likewise, in the -mid-elevation zone
spiders were more interacting with N. wightii and
C. benghalensis which are mostly climbing and
creeping plant species, respectively, compared
with other plants. These weed plant species are
among the most reported plants of agricultural
importance within the smallholder farming
communities of Africa (Hillocks, 1998).

A. conyzoides is one of the known plant
species with several floral visitors searching
for pollen and nectar (Amaral ef al., 2013; Lin
et al., 1993; Ngongolo et al., 2014), signifying
its importance as a food resource to beneficial
insects around agricultural land. A. conyzoides,
and B. pilosa promote the survival and activities
of predators (Amaral et al, 2013). Assassin
bugs were highly attracted by S. rhombifolia,
and according to Cruz et al. (2013), it is among
the spontaneous plants in agroecosystems that
harbour predatory mites and other several
species important in natural pest control. It
can therefore be considered as a potential
field margin plant for enhancing the beneficial
insects within the smallholder farming systems.
Tripsacum sp is a commonly known fodder
plant in tropical countries including Tanzania
due to its high nutritive values (Singh, 1999).
The study reports an additional benefit of this
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plant to harbour biocontrol agents particularly
long-legged flies in smallholder agricultural
ecosystems.

Most of the field margin plants that show
a strong interaction with the biocontrol agents
have been reported by other studies to potentially
enhance their population through the provision
of alternative food resources, nesting sites and
refuge sites. For example, R. scabra and other
several margin plants are reported as useful in
maximizing multiple ecological services (Olson
& Waickers, 2007). Panicum spp. and other
grass species are highly used in the construction
of beetle banks (Hopwood et al., 2016) and as
fodder for animals (Fernandes et al., 2014).
The study revealed additional benefits of these
grass species in harbouring biocontrol agents
around agricultural lands. Lady beetles were
very abundant in the field but very few along
the margin plants, and this is supported by
Olson and Wéckers (2007) who also found the
abundance of ladybeetle to increase from the
margin towards the field centre. They are known
to prefer floral resources only when their host
insect pests, particularly the aphids are scarce
(Hatt et al., 2017; Lundgren, 2009).

The relative importance of field margin
vegetation and other non-crop features
in enhancing biocontrol activities around
agricultural lands may vary dramatically due to
several factors. The efficiency of the biocontrol
agents in pest regulation is influenced by their
dispersal ability between the margin plants
and cropland (Fischer et al., 2013), intraguild
predation (Martin et al, 2013) as well as the
qualities of resources from the margin plants
(Arno et al., 2016; Kenis et al., 2016; Robinson
et al., 2002; Tindo et al, 2009). Inconsistent
responses of the biocontrol agents and insect
pests to the surrounding landscape composition
is also reported by Karp ef al. (2018). This
signifies the need for more studies to understand
when habitat manipulation and management
represent the win-win situation.

Conclusion

Network analysis informs that many of the
biocontrol agents interacts with diverse weed
plants, including several species with pesticidal
or medicinal properties (e.g. 4. conyzoides,
Bidens sp., Tithonia diversifolia, and Ocimum

gratissimum). Other plants like C. benghalensis,
C. asiatica, T Iluxum, P. purpureium, N.
wightii, R. scabra and E. heterophyla were also
preferred by several predators and parasitoids.
Many of these plants have a longer flowering
season than the crop itself so play a role in
supporting biocontrol communities, as well
as conferring further ecosystem services.
However, the promotion of these species should
proceed with care and sensitivity as many are
introduced exotics from other tropical biomes.
Farmers should be encouraged to observe and
identify the best field margin vegetation for
enhancing the beneficial insects with proper
field margin management practices to ensure
a high population of beneficial insects within
the cropland. Addressing all these will enable
movement towards a more environmentally
sustainable crop production system.
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Abstract

Fruit and vegetable value chain actors in developing countries experience postharvest losses
of 20 — 50% depending on the crop and management practices. One of the reasons for such loss
is mentioned to be lack of affordable technologies to enhance produce storability during handling
after harvest. Temperature management serves as the number one practice for extending shelf life
of fresh produce. CoolBot is a device coupled to room air conditioner capable of dropping the
room temperature to as low as 2°C. Storage rooms installed with the technology seem suitable
for handling fresh fruits and vegetables over an extended period. Despite the awareness creation
upon the value chain actors, they are yet skeptical of these technologies’ performance and cost-
effectiveness during utilization. Therefore, this study was designed to evaluate the performance
and cost-effectiveness of two CoolBot Cold-rooms (CB-CR) independently, one set at temperature
of 13+1°C and the other at 16+1°C, respectively. Tomato fruits of the variety Assila harvested at
three maturity stages were used during the evaluation. A 2x3 factorial experiment arranged in a
Completely Randomized Design (CRD) with two factors; storage condition (CB-CR at 13+1°C and
CB-CR at 16+1°C) and Maturity stage (mature-green, breaker and light red) were used. Following
42 days of storage at pre-defined storage conditions, results indicated no significant interaction of
maturity stage and storage condition among variables. However, external fruit colour change in
terms of Lightness (L*), Chroma (C*), and Hue (H*), marketable fruits (%), soluble solid content
(% Brix), titratable acidity (MeqL-1), weight loss (%) and firmness-compression (kg/mm?2) varied
with maturity stages. External fruit colour change from yellow yellow-green colour (L*C*h* =
57,31.7, 110) to yellow yellow-red (L*h*C*= 39.7, 42.3, 43.0) was delayed more on mature green
(MG) compared to other stages at both CB-CR (13+1°C and 16+1°C). Percentage marketable fruits
was much higher on mature green fruits (84.83%), followed by Breakers (60.91%) and light red
(48.58%). Based on electricity consumption, storage of tomato at CB-CR 16+1°C (160.2 KWh) was
more beneficial than at CB-CR 13°C (272.7 KWh) due to less power consumption. It is therefore
imperative to conclude that, more benefit can be realized when CB-CR storage is combined with
the proper harvest maturity stage. Similarly, mapping of crop price change over season is required
for proper storage timing using the technology throughout the year.
Keywords: CoolBot cold room, Post-harvest storage technologies, Tomato maturity stages, Storage

temperature.

Introduction due to poor postharvest handling practices that

ruits and vegetables are perishable but

the percentage of their post-harvest
losses are much higher in developing ranging
from 20 to 50% than in developed countries
from five (5) to 35% (Hailu and Derbew,
2015). Most developing countries including
Tanzania, experience high post-harvest losses

are partly attributed to unavailability and high
cost of the necessary infrastructures (MOA,
2019). Tomato is among fruit vegetable crops
that suffer the highest postharvest losses during
the peak production season. Such losses are
associated with poor handling, inherent high
temperature and low relative humidity to which
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the crop is exposed after harvest. Temperature
management is considered as the major factor
in maintaining quality and extending shelf life
of fresh horticultural produce (Kader, 2002).
Low temperatures reduce the rate of respiration
and ethylene production, hence delay produce
deterioration (Mutari and Debbie, 2011).
Mechanical refrigeration has been used to
provide optimal storage conditions for fresh
produce. However, it is not economical and
practically feasible among small-scale farmers in
developing countries due to its high investment
and running costs (Kader, 2004; Kitinoja and
AlHassan, 2010; Kitinoja et al., 2011; Singh et
al., 2017).

Cold storage facilities have been advocated
to reduce postharvest losses and maintain the
quality of fresh fruits and vegetables for small-
scale farmers in Tanzania. Cold rooms have
been established in export farms and airports in
Tanzania to meet the quality and safety standards
of the export commodities, including fresh fruits
and vegetables. It is however established that;
under optimally low storage temperature fruits
and vegetables can be kept for an extended
period with little change in quality. In addition
to the reduced rate of respiration and ethylene
production, optimal low storage temperature
also reduces growth of latent infections on
the produce (Din et al, 2011). Availability
and access to low-cost storage postharvest
technologies have been improving among
value-chain actors in developing countries but
little is known about their cost-effectiveness and
performance on key crops to enhance utilization.
To improve postharvest handling and marketing
of fresh fruits and vegetables, numerous market
collection centres have been established at
different places in the country. A few of the
existing produce collection centres have cold
rooms installed with mechanical cooling units
to enhance storability and hence the marketing
of fresh fruits and vegetables. Unfortunately,
most of such cold rooms are not utilized due to
high running costs.

Recently, a mini packing house with two
cold storage rooms (CoolBot Cold-rooms)
of 2.94 m x 2.35 m x 2.59 m each has been
established at Sokoine University of Agriculture
(SUA) to serve as a model for produce handling

for small/ medium scale farmers. Each of the
two cold rooms has the capacity of storing 144
stackable plastic crates of (H x L x W = 28.5
cm X 62 cm x 37 cm) with a carrying capacity
of 300 tomato fruits/crate (=28.5 kg/crate).
CoolBot is an innovative device which when
fitted to a digital air conditioner of specified
brands can turn a well-insulated room into a
walk-in produce cooler (Saran et al., 2013;
Majubwa et al, 2019). CoolBot has three
temperature sensors: the air conditioner’s fins,
the air conditioner’s temperature sensor (heater)
and the storage room. When coupled to an air
conditioner, the device can trick and override
the air conditioner in a well-insulated room
and drop the air temperature to as low as 2°C
depending on the pre-set temperature (Saran et
al., 2013; Rivard ef al. 2016; Majubwa et al.,
2019). In Tanzania, the cost of such walk-in
cooler with well-insulated walls fabricated from
an old marine shipping container was estimated
at 4,150 USD and may as well vary with the
country (Majubwa et al., 2019).

CoolBot cold room has been found
effective for storage of several horticultural
produces. In India for instance, CoolBot cooler
at 12 — 15°C has been efficient in maintaining
firmness, freshness, and marketability of tomato
and okra over 21 days of storage (Huidrom et
al., 2016). In Ghana, CoolBot cold room has
been found to be cost-effective compared to
traditional storage shade during several months
of onions storage (Saran et al., 2012). CoolBot
cold rooms are effective in retaining optimal
temperatures but limited in maintaining an ideal
range of relative humidity (RH) for storage of
some fresh horticultural produce (Tolesa and
Workneh, 2018). Adoption of this technology
to Tanzania requires extensive research to
validate its efficacy under local conditions. It
has been established that overall effectiveness
of any postharvest technology can vary with the
crop, harvest maturity, season, storage duration,
and region of application (Saran et al., 2012).
Nevertheless, there are limited studies on the
performance of the model mini cold rooms,
particularly on its ability to prolong shelf life
and maintain the quality of key fresh fruits and
vegetables and generate benefits for small-scale
farmers and marketers selling the commodities




CoolBot Coldroom Technology Enhance Postharvest Quality and Shelf-life of Tomato

13

in the local markets. This study establishes the
comparative performance of the two CoolBot
Cold-rooms (CB-CR at 13+1°C and 16+1°C)
in terms of produce quality retention and
cost-effectiveness for storage of tomato fruits
harvested at mature green, breaker, and light-red
maturity stages.

Materials and Methods
Plant materials and storage facility

Tomato fruits of the variety “Assila” were
harvested on 21* Nov. 2019 from a leased farm
at Mlali village, Mvomero district. The fruits
were selectively harvested at three maturity
stages (physiological maturity/mature green,
breaker, and light red) (Table 1). Sorted fruits
were packed into plastic crates, and transported
to the mini packinghouse at Horticulture unit,
Sokoine University of Agriculture (SUA),

Morogoro for storage experiments. The cold
rooms in the mini pack-house have two separate
cold storage rooms with well-insulated walls.
Each of the rooms is also fitted with a CoolBot
coupled air conditioner (Fig. 1).

Experimental design

A 2x3 factorial experiment arranged in a
Completely Randomized Design (CRD) with
two factors, storage conditions (CB-CR at
13+1°C and CB-CR at 16+1°C) and maturity
stage (mature-green, breaker and light-red) were
used. A total of 900 (approx. 85.5 kg) uniform
and undamaged fruits per maturity stage were
stored in each of the storage conditions in three
replications. Three hundred (300) fruits (28.5 kg)
were used per replicate, out of which 30 fruits
were numbered and used for tracking colour
change at three days interval until the 42nd day

Table 1: Horticultural maturity indices for harvesting tomato fruits

S/N Ripeness/harvesting stage

External color/appearance

L. Mature green

Fruit surface is completely green; the shade of green

may vary from light to dark.

2. Breaker/turning

Breaker - There is a definite break in color from

green to tannish-yellow, pink, or red on not more
than 10% of the surface.

Turning - 10 to 30% of the surface is not green; in
the aggregate, shows a definite change from green to
tannish-yellow, pink, red, or a combination thereof

3. Light red

60 to 90% of the surface is not green; in the aggregate,

shows pinkish-red or red.

Source: Sargent and Moretti (2016)

Sl

RN,

Figure 1: Wall insulation in a cold room (a) and a CoolBot mounted on an air conditioner in

a cold room (b) at the Horticulture unit in SUA, Morogoro, Tanzania.

Source: Majubwa et al. (2019)
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of storage. The percentage of marketable fruits
and physiological weight loss per replicate was
established at the 42nd day of storage when at
least one treatment combination had 50% of the
fruits unmarketable. At the 42" day of storage, a
total of 36 fruits were sampled per replicate for
destructive measurements including firmness
(puncture/compression force), soluble solid
content (SSC), and titratable acidity (TA).

Data collection

Fruit weight loss

Fruit weight loss was measured according
to Huidrom er al. (2016) using a digital
kitchen scale (Ozeri, ZK 14-S) and percentage
physiological weight loss (PWL) established as

per equation 1.
Initial weight(g)—Final weight(g)

PWL(%) = %100 (1
8) Initial weight(g) (1
Fruit colour change
Fruit colour change was measured

according to (Diaz-Mula et al., 2012) using a
Minolta Chroma meter (Chroma meter CR-400,
Konica Minolta Inc., Japan) in the CIE colour
space; Hue (h*), Chroma (C*), and Lightness
(L*). Two measurements were taken per fruit
one on each side along the fruit equator.

Fruit firmness

Fruit firmness in terms of compression and
puncture force was measured using a hand-held
pressure tester (FT 011, USA) mounted on a
manual test stand (QA Supplies LLC, USA).
The force (kg/mm?2) required to compress the
fruit to 10mm using a round-tip probe of 11
mm diameter was recorded. Similarly, the force
required to puncture the puncture the fruit using
aflat tip probe of 3.2 mm diameter was recorded.
2.3.4 Fruit soluble solid content and titratable
acidity

Fruit SSC and TA were measured according
to Huidrometal. (2016). For SSC, Iml ofblended
and well-filtered tomato fruit juice sample was
added on a handheld digital refractometer
(Antago PAL-1, Japan) and readings in
percentage brix were recorded. The percent of
dominant acid (citric acid) in tomato fruit was
determined according to Rajwana et al. (2010)
by pipetting Sml of tomato juice into 50mls of

distilled water and titrate against 0.1N NaOH
to 8.2 pH using an automatic potentiometric
titrator (HI 901, Hanna Instrument, USA). The
percentage of dominant acid was then calculated

based on equation 2.
0.1N NaOH used x0.064

Volume of sample used

Titratable acidity(%) = x100 (2)

Where; N = normality

Percentage marketable fruits
Visual fruit quality assessment was done
weekly, discarding fruits found withunacceptable
market quality. The non-marketable fruits were
sorted based on defects on fruit skin i.e., visible
mould growth, decay, shriveling, smoothness,
and loss of fruits’ shininess rendering them
unsuitable for the local market. Finally, the
percentage of marketable fruits was calculated
based on equation 3.
Marketable fruits(%) = Number of marketable fruits y

, 3)
Total number of sampled fruits

Rate of electricity consumption per storage
condition

The average amount of electricity (KWh/
day) used in each CB-CR unit (13+1°C and
16£1°C) was recorded daily using a single-
phase electric meter (DDS28II, Eurotrix, PRC)
throughout the storage period to establish the
rate of power consumption for the storage
technology.

Data Analysis

The data was subjected to the analysis of
variance (ANOVA) using Genstat statistical
software (Version 16, VSN International, UK).
Prior ANOVA, the collected and processed
data were subjected to normality test using
Shapiro-Wilk Test, no further transformation
was executed as the data was found to be
normally distributed. Mean separation was
based on Tukey HSD at p = 0.05. Since it was a
2x3 factorial experiment with storage condition
(A) and fruit harvesting stage (B) at two (i2)
and three (j3) levels, respectively, the ANOVA
model for this experiment was:

Yy =p+1,+8,+(15), + €,

“4)
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where:

u represents the overall mean effect

7i is the effect of the ith level of factor A (i=1,
ith)

8j is the effect of the jth level of factor B (j =1,
2, jth)

(18)ij represents the interaction effect between A
and B

€, represents the random error terms (which are
assumed to be normally distributed with a mean
of zero and variance of 62) and the subscript k
denotes the m replicates (k = 1, 2, m)

Results
Fruit external colour change

In tomato, colour change from green to
red colour indicated by the decrease in Hue
angle (H*) and Lightness (L*) and increase in
Chroma (C*) values serves as the major index
of harvest maturity, ripening and/or senescence
during storage. This study tracked the colour
change of mature green, breaker, and light-red
tomato fruits during the 42 days of storage in
CB-CR at 13+1°C and 16+1°C conditions. The
results (Fig. 2) indicated a significant (p<0.001)
delay in decrease of H*, L* and increase of C*
values among fruit maturity stages over storage
time at both storage conditions post harvesting
time of tomato fruits stored in CB-CR at 13+1°C
and 16£1°C. Colour change was delayed on

mature green compared to other stages in both
CB-CR (at 13£1°C and 16£1°C) from yellow
yellow-green (L*C*h*=57,31.7, 110) to yellow
yellow-red (L*h*C*=39.7, 42.3, 43.0).

Percentage weight loss

Regardless of the storage conditions,
percentage physiological weight loss of the
stored tomato fruits differed significantly
(p<0.001) among maturity stages during the
42 days of storage in CoolBot Cold-rooms
(Fig. 3). At both storage conditions, tomato

O Mature green D Breaker/turning @ Light-red

e s
o in

=
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Weight loss (%)
= T S S
in B2 i B i

2
o

13£1°C 1641°C

Cold storage conditions

Figure 3: Effect of maturity stage and storage
conditions on physiological weight
loss of tomato fruits following 42
days of storage in CoolBot Cold-
rooms at 13+£1°C and 16+1°C
conditions

MATURE GREEN

=== BREAKER -~ LIGHT RED

MATURE GREEK

=== BREAKER -~ LIGHT RED

MATURE GREEN === BREAKER -~ LIGHT RED

¢ e
a4 = 0
© p
= s
2 gz ®
E =
g” gm <
20 Y -3
10
" s
o o
103 6 5 1215 10 M 4 2730 M M W 42 105 8 9 1313 10 31 M 37 30 35 M M 42 103 6 9 12013 48 M M I KB MW
Storage Days 3 1341°C Sorage Days #A3HIC Storage Days at 1341°C
0 £ 120
b d, f
il “ wed 1
..
21 1
= » 0,
E w4 = " 1
g gy - P
i E z M
= n T T .
0 4 1 0 S <4
0 1 a0 -
3
0 i .

105 & 9 12013 15 3 M7 NN M N &
Storage Days 3t 1641°%C

135 8

#1215 18 21 4027 30 3 M M O&
Sterage Days 3 1641°C

103 5 9 12151821 247 BB ¥ B &
StragE Dys R 1621°C

Figure 2: Trend of change in colour lightness (L*) (a & b), colour intensity (C*) (¢ & d)
and, actual colour (h*) (e & f) respectively on mature green, breaker, and light-red
tomato during the 42 days storage in CB-CR at 13+£1°C and 16x1°C, respectively.
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fruits at light-red maturity stage experienced
the lowest physiological weight loss (2.6%)
than those at mature green and breaker stages
(3%). However, the percentage weight loss did
not differ significantly among the two storage
conditions (p=0.90), as well as the interaction
(p=0.188) between the storage conditions and
fruit maturity stages.

Fruit firmness

The force required to compress and puncture
the stored fruits differed significantly (p<0.001)
among maturity stages during the 42 days of
storage in CoolBot Cold-rooms regardless of
the storage conditions (Fig. 4a,b). The lowest
compression and puncture force was recorded
on breaker (1.94 kg/cm? 1.51 Kg/cm?) and
light-red (1.95 kg/cm?, 1.33 kg/cm?) than those
stored on mature green (2.2 kg/cm?, 1.7 kg/cm?).
However, the force required to compress and
puncture the fruits did not differ significantly

among the two storage conditions (p=0.128,
p=0.934), as well as the interaction (p=0.539,
p=0.553) between the storage conditions and
maturity stages.

Soluble solid content (SSC) and Titratable
acidity (TA)

Soluble Solid Content and TA varied
significantly (p<0.001) with fruit maturity
stages despite the storage condition whereby,
mature green fruits had higher SSC (3.91%) and
TA (4.68 MeqL-1) than breaker (3.57%, 3.34
MeqL-1) and light-red (3.58%, 3.12 MeqL-
1) fruits (Fig. 5a,b). However, both storage
condition and the interaction between the
storage conditions and maturity stages showed
no significant effect on SSC (p=0.463, p=0.373)
and TA (p=0.364, p=0.224).

Percentage marketable fruits
Following 42 days storage of tomato fruits
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Compression (Kgfem?)
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Figure 4: Effect of maturity stage and storage condition on fruit firmness (kg/cm?); (a)
compression and (b) puncture force following 42 days of storage in CoolBot Cold-
rooms at 13+1°C and 16+1°C conditions
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Figure 5: Effect of maturity stage and storage conditions on (a) soluble solid content and (b)
titratable acidity of tomato fruits following 42 days of storage in CoolBot Cold-
rooms at 13+1°C and 16+1°C conditions
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in CB-CR 13+1°C and 16+1°C, overall results
(Fig. 6) indicated significantly (p<0.001) higher
percentage of marketable fruits on mature
green fruits stored in CB-CR at 13+£1°C (87%)
and CB-CR at 16+1°C (83%) than on other
maturity stages across storage conditions. The
lowest percentage of marketable fruits was
found on light-red fruits stored in CB-CR at
13+1°C (47.1%) and CB-CR at 16+1°C (50.1%).
Comparative effectiveness of the storage
conditions with respect to fruits harvesting
stages indicated that, storage of mature green
and breaker fruits in CB-CR at 13£1°C can give
4% and 2% more marketable fruits, respectively
than in CB-CR at 16+1°C, while storage of light-
red in CB-CR at 16+1°C can give 3% more than
those stored in CB-CR at 13+1°C.

OMature green O Breaker/turning @ Light-red
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80 4
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Marketable fruits (35}

T

13£1°C 1621°C

Cold storage conditions

Figure 6: Effect of maturity stage and storage
conditions on fruit marketability
following 42 days of storage in
CoolBot Cold-rooms at 13+1°C and
16+1°C conditions

Rate of electricity consumption per storage
condition

Theresults (Fig. 7) revealed that, the average
amount of electricity consumed during the six
weeks (42 days) of storage differed significantly
(p<0.001) among the two CoolBot Cold-room
storage conditions. Generally, the comparative
effectiveness of the storage conditions indicated
that, with an average consumption of 5.986
KWh/day (251.4 KWh/42 days), storage in CB-
CR at 13+1°C consumed more electricity than
storage in CB-CR at 16+1°C which used 4.879
KWh/day (204.9 KWh/42 days). Storage in CB-
CR at 13£1°C consumed 46.5 KWh more than
CB-CR at 16+1°C for the 42 days of storage.
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Figure 7: Rate of electricity consumption
associated with storage of tomato
fruits in CoolBot Cold-rooms at
13+£1°C and 16+1°C conditions for
42 days

Discussion

Storage of mature green tomato fruits in CB-
CR at13+1°C and 16£1°C conditions was much
effective in delaying fruit colour change during
the 42 days of storage. The observed delay in
colour change as indicated by higher H* and
lower C* values on mature green compared to
breaker and light-red stored in CB-CR at 13+1°C
and 16+1°C was consistent with previous studies
(Getinet et al., 2008; Pinheiro et al., 2013). Like
our findings, Roberts et al. (2002) also reported
faster colour change on tomato fruits stored at
20°C than at 12°C. High rate of colour change
indicates how fast tomato fruit ripens and or
senescence (Baldwin et al., 2011) and it is a
function of maturity stage, variety, and storage
environment including temperature (Getinet et
al., 2008; Tigist et al., 2013; Arah et al., 2015).
High storage temperatures increase respiration
rate and accelerates ethylene production that
hastened ripening (Mutari and Debbie, 2011).
However, early maturity stages; mature green
and breaker tend to have lower ethylene
production and respiration rates at early days of
storage than pink and red-ripe fruits (Tilahun et
al., 2019).

Physiological weight loss is the major cause
of produce shriveling and loss in freshness, on
the other hand fruit firmness is also a physical
indicator of fruit loss in freshness. Firm,
turgid, uniform, and shiny color appearance as
well as absence of signs of mechanical injury,
shriveling, or decay indicate high-quality
tomato fruits (Sargent and Moretti, 2016). The
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lower physiological weight loss and firmness of
tomato fruits stored in CB-CR at 13+1°C and
16£1°C observed in this study during the 42
days of storage could be attributed to low storage
temperature. Physiologically fresh produce
tends to have higher water content than shriveled
ones and hence are more turgid and prone to
transpiration. Low storage temperature reduces
vapour pressure difference between fruits
and surroundings (Getinet et al, 2008). Such
differences in vapour pressure tend to minimize
the rate of moisture removal from tomato
fruits to surroundings and reduces/slower the
deterioration (Seyoum and Woldetsadik, 2004).
In the present study, firmness measured in terms
of resistance to compression and puncture force
was higher on mature green fruits when stored
in CB-CR at 13+1°C and 16+1°C than on other
maturity stages under same storage conditions
during the 42 days of storage. The relatively
lower storage temperature observed in CB-CR
at 13+1°C and 16+1°C storage conditions may
have a significant contribution in decelerating
cell break down due to respiration. Fruit
softening has been attributed to either loss of
cell turgidity caused by water loss and or cell
wall breakdown due to respiratory processes
(Mutari and Debbie, 2011). Similarly, the lower
physiological weight loss experienced in CB-
CR at 13+1°C and 16+1°C storage conditions
likely accounts for enhanced firmness of the
stored tomato fruits.

In the present study, the interaction between
fruit maturity stage and storage condition did not
have significant effect on amount of SSC and
TA. Both SSC and TA served as indicators of
change in internal fruit quality during maturity
and storage. The higher SSC and TA on mature
green fruits stored in CB-CR at 13+1°C and
16£1°C than on light-red and breaker fruits,
respectively indicated an interactive effect of
storage condition (temperature) and maturity
stage. These results were consistent with Baldwin
et al. (2011) who reported higher TA on mature
green tomatoes of variety Florida 47 stored at
13°C. Similarly, Tilahun et al. (2019) reported
relatively high TA on breaker compared to pink
and red tomato of cultivar TY Megaton on 12
days of storage. Previous study by Teka (2013)
reported a decline in TA through advancement

of maturity stage with the highest on mature
green fruits. Similar to our findings, Tilahun et
al. (2019) also reported no significant difference
in SSC between breaker, pink and red maturity
stages of tomato cultivar TY Megaton stored
at 12°C. Optimal storage temperatures depend
on the maturity stage of the tomatoes, whereby
the ideal conditions for ripening are 19 to 21°C
with 90 to 95% RH (Sargent and Moretti, 2016).
Storage of tomatoes at temperatures >27°C
reduces intensity of red color, while storage at
<13°C slows ripening and result to development
of chilling injury, especially in tomatoes stored
at the mature-green stage. Red tomatoes can be
stored at 7°C for several days, though tomatoes
stored at 10°C turn out to have low in flavor
and aroma than those held at 13°C (Sargent and
Moretti, 2016).

Overall performance of the tested storage
technologies indicated higher percentage of
marketable fruits when fruits harvested at mature
green stage and stored in CB-CR at 13%1°C
or 16+1°C than other maturity stages under
same storage conditions. The observed high
percentage of marketable mature green tomato
fruits in CB-CR at 13+1°C and 16+1°C could
be associated with low physiological weight
loss accounted by low storage temperatures.
Similarly, Huidrom ez al. (2016) reported
significant retention of higher marketable
Chilli, torai, brinjal, okra and tomato fruits
following 21 days of storage in cold room at
12-15°C compared to those stored at ambient. In
respect to maturity stage, Getinet et al. (2008)
found higher percentage of marketable fruits
among mature green tomato stored under cold
storage than turning and light-red fruits at same
or ambient storage conditions. Higher storage
temperature increase rate of transpiration,
respiration and ethylene production and hence
hasten senescence (Mutari and Debbie, 2011).
Harvesting at an improper maturity stage
hastens postharvest losses in fresh produces
including tomato (Sargent and Moretti, 2016).

Pertaining electricity consumption rate,
storage of tomato in CB-CR at 16+1°C was
more beneficial than in CB-CR at 13+1°C due
to less power consumption. However, more
benefit can be realized when CB-CR storage is
combined with proper harvest maturity stage.

Research and Technological Innovations Towards Transformation of Lower Middle Income Countries
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It is well established that, energy consumption
rate of refrigeration unit tends to increase with
condition, type, and quantity of the stored
produce (Adre and Hellickson, 1989). The
speculated benefit of the CB-CR technology
may also vary up or down stream among
seasons in a year with increase or decrease in
rate of produce price change. Therefore, it
should be noted that any change on these factors
could alter the benefit gained out of the CB-
CR technology. Storage of fresh tomato fruits
may be financially feasible if the cost of storage
(including electricity consumption) is less than
the increased value of the stored produces when
sold during the off-season (PI LLC, 2017). The
approach of using a room AC and CoolBot
device effectively minimizes on-farm electricity
use compared to a conventional refrigeration
system, therefore saving not only the installation
and repair costs but also helps to save electricity.

Conclusion and recommendations

The study evaluated  comparative
performance on tomato quality retention
and electricity consumption effectiveness of
CoolBot Cold-rooms (CB-CR) at 13+1°C and
16£1°C conditions. Tomato fruits of variety
“Assila” as a model crop at mature green,
breaker and light-red maturity stage were stored
for 42 days in each storage condition. Based on
the results, it could be concluded that; despite the
higher performance of CB-CR 13+1°C than CB-
CR at 16£1°C, the two storage conditions were
effective in reducing fruit physiological weight
loss, delaying fruit colour change, maintaining
fruit firmness, TA, SSC, and higher percentage
of marketable fruits particularly when fruits
were harvested at mature green stage. Storage of
tomato in CB-CR at 16+1°C was more beneficial
than in CB-CR at 13+1°C in terms of less power
consumption. Nevertheless, more benefit can be
realized when CB-CR storage is combined with
proper harvest maturity stage. Further studies
are suggested to evaluate performance and
cost effectiveness of the technology for high
value horticultural crops particularly fruits and
vegetables with export potential such as snap
beans, broccoli, and cauliflowers. Studies are
also required to map the demand, supply, and
price changes across seasons for high value

horticultural crops to enhance utilization of the
technology.
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Abstract

Postharvest losses in the fruits and vegetables sector remain a major problem in the world,
and especially in Sub Saharan Africa. Up to 50% of fruits and vegetables produced in developing
countries is lost in the supply chain between harvest and consumption. Though WHO recommends
consumption of at least 400 grams of fruits and vegetables daily, the actual consumption is much
less. Two billon people are still suffering from micronutrient deficiencies and almost 800 million
from caloric deficiencies on a global scale (Achadi et al., 2016). Lindi in Tanzania, is among the
most affected in the country. To combat this problem, one of the interventions that can be used
to address the problem is to preserve vegetables. In this study, three types of Traditional Leafy
Vegetables (TLVs) - Amaranths (AML), Sweet potato (SPL) and Cassava leaves (CAL), grown in
Ruangwa and Nachingwea Districts in Lindi Region were carefully collected from Home Gardens
(HG) and Low Land (LL). They were solar dried and made into powders that had been optimized
for Iron content. The vegetable powders were then mixed with water and spices to make four (4)
soup formulations. The safety of these products had not been determined. This study was therefore
conducted to evaluate the microbiological quality (Total plate count and E. coli) of the vegetable
powders. Significant differences (p<0.05) in microbial load among raw vegetables were observed.
Sample CAL had the highest load (3.67 x 10°) whereas sample SPL had the lowest (3.15 x 10°). The
microbial load between the two sites also differed significantly (p<0.05). However, there were no
significant differences (p=0.05) in microbial quality of the vegetable powders, all of which were
below the TBS standards. No E. coli was detected in any of the samples studied. The absence of E.
coli in the samples indicates appropriate handling of the vegetables. With the year 2021 being the
International year of fruits and vegetables, it is crucial to raise awareness of their role in human
nutrition, food security and health. Consuming sufficient fruits and vegetables is important as a
source of micronutrients and support the immune systems. They also lower risk of depression and
anxiety, obesity and non-communicable diseases; promote gut health (UN news, 2020). Thus, solar
dried TLVs and the developed products are recommended for use due to their safety and quality.

These TLVs are a potential source of micronutrients if properly processed and utilized.

Key words: Micronutrients, Vegetables soup powder, Safety, E. coli, Solar drying

Introduction
Vegetables are low in calories, high
in fiber content and are also the best
sources of antioxidants and other phytonutrients
(Niththiya et al., 2014). Adequate vegetables
consumption can be protective to some chronic
diseases such as diabetes, cancer, obesity,
metabolic syndrome, cardiovascular diseases,

as well as improve risk factors related with
these diseases (Ulger ef al., 2018). Vegetables
are abundant during the wet season but without
post-harvest preservation, the excess after
consumption goes to waste which limits their
marketability (Chege and Kimiywe, 2016).
The high moisture content of Traditional Leafy
Vegetables (TLVs) renders them perishable
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while their seasonal availability limits their
utilization all year round (Njoroge ef al., 2015).
Due to the high perishability nature of the TLVs,
most are dried without adding any preservatives
s0 as to enhance availability throughout the year
(Managa et al, 2020). However, solar drying is
recommended for preservation of green leafy
vegetables (Chege et al., 2014). The removal
of moisture arrests the growth and reproduction
of microorganisms that would cause decay
and minimizes many of the moisture mediated
deterioration reactions (Ahmed et al., 2013).
Any microbial contamination in leafy
vegetables is commonly associated with the
environment through which the product has
passed (Taura and Habibu, 2009). Consumption
of these types of vegetables, if not prepared
hygienically could be the source for ingestion
of considerable numbers of human pathogenic
bacteria resulting in diseases (Kimaro, 2017).
Hence microbiological control is important in
food industry as to prevent food borne diseases
and provide safe and quality product. This study
was carried out to assess the microbiological
quality of raw and processed traditional leafy
vegetables for health and safety of consumers.

Materials and Methods
Study area

The study was carried out at Mibure
and Mitumbati, villages from Ruangwa and
Nachingwea districts respectively in Lindi
region. Lindi region is situated in Southern
Tanzania between latitudes 70 55’ and 100 50'
South of the equator and longitudes 360 51°
to 400 East. It is a coastal town located at the
far end of Lindi Bay, on the Indian Ocean in
Southeastern Tanzania. The dominant climate is
hot and humid.

Materials

Materials used included Traditional Leafy
Vegetables (TLVs) namely Amaranth leaves
(Amaranthus hybridus L.) (AHL), sweet potato
leaves (Ilpomoea batatas) (IBL) and cassava
leaves (Manihot esculenta) (MEL) from
two villages Mtumbati and Mibure in Lindi
Region, Tanzania and vegetable soup powder
formulations.

Equipment used included cool box and

sampling bags, weighing balance Mettler
Toledo (Model XP205 from United States),
Incubator Memmert (Fisher scientific model,
German), Media dispenser, Herathrm oven
(Model OMH180-S made in German), Colony-
counting mashine (Model D-37079 made in
German Centrifuge (Model 300R-Hettich,
made in German), Vortex bohemia (Model
K-550-GE, made in U.S.A) and pH meter
(Model Orion 4 star plus, Thermo scientific,
from U.S.A),petri dishes made of glass and total
delivery graduated pippete in 0.1 ml division.
All chemicals used were of analytical quality,
and were from Sigma-Aldrich Chema Gmbh,
Germany, unless otherwise stated.

Study design

Cross sectional design was used in this
study. Samples for microbiological parameters
(Total plate count and E. coli) were drawn from
three TLVs across the sites (home garden and
low land

Sampling plan and data collection

Purposive sampling procedure was used
to collect samples from selected points.
Sampling was carried out in the morning
during a rainy season from February to March
2019. Amaranths (Amaranthus hybridus L.)
Sweet potatoes ([pomea batatas) and Cassava
(Manihot esculenta) samples were collected in
duplicate from two sites, home garden (HG) and
low land (LL) from Lindi. Thus, a total of 12
samples were collected i.e. 3 types of TLVs *2
points (HG and LL) *1 Region, all in duplicates,
making a total of 12 sample from both sites. In
addition, 4 vegetable soup formulations were
also analysed in duplicates (8 samples). The
total sample size was 20. These samples were
analyzed in triplicate to make a total of 60 for
each parameter.

Samples were collected from the sites
and transported in closed polyethylene bags,
which were stored in a cool box containing
ice maintained at 4°C to SUGECO (Sokoine
University Graduate Entrepreneurs Cooperative,
SUA, Morogoro) for sample preparation and
solar drying. Both solar dried vegetables and
powdered soup formulations were transported
to the Tanzania Bureau of Standards (TBS)
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laboratory for microbial analysis.

Sample preparation

About 2.5 kg of each of the fresh TLVs
samples was thoroughly washed with potable
water to remove adhering physical ring dust
and impurities, and the leafy edible parts of the
vegetables were separated from the main plant.
They were then sliced, blanched with water
(containing 10 % of NaCl) at temperature of
80°C for 2 minutes. Addition of salts of various
metals (zinc, iron, copper) helps to stabilize
chlorophyll content in chlorophyll-containing
vegetables hence preserve colour loss. (Belinska
et al, 2018). The blanched vegetables were
then drained and spread on trays for 10-15
minutes. Solar drying was done at SUGECO -
as per procedure by Mongi (2013) with some
modifications. Blanched samples were loaded
into the solar dryer. The temperature in the solar
dryer ranged between 45-55°C and drying was
completed in 3 days. About 1.5 kgs of each dried
TLVs were packed separately in labeled freezer
bags and stored at room temperature in a dark dry
place. After solar drying, the dried vegetables
were ground by a machine (Gaoxin 1250 gx-25,
China). Each TLVs was ground separately and
passed through a fine 315-micron sieve to obtain
fine powders. TLVs powders were then packed
in labeled food freezer bags and stored at room
temperature (25°C) in a dark dry place prior to
product formulations and analysis.

Product formulation

Three types of TLVs samples were used
to formulate iron rich powders. Various
proportions of vegetables were used based
on iron optimization to meet the RDA of iron
for children aged between 1-5 years (Matemu,
2018). Table 1 shows the amount of solar dried
TLV samples and Table 3 shows spices used to
make formulation after pretesting in the

AML- amaranth leaves CAL-cassava leaves
SPL-Sweet potatoes leaves

Tanzania Bureau of Standards (TBS)
laboratory. The powder formulations were made
by mixing 90g of solar dried TLVs with 10g of
spices (F1, F2, F3 and F4). These formulations
were analysed for microbiological quality.

Table 2: Spices added for soup formulations

Spices (Amount per g)
Garlic 0.5
Ginger 0.5
Coriander 0.5
Cumin 0.5
Corn Flour 4.0
Salt 2.0
Sugar 2.0
Total 100

Microbiological analyses
Media preparation and storage

All the media used in this study were
prepared  according to  manufacturer’s
instructions.

Preparation of analytical sample by serial
dilution

About 25g of each vegetable powder was
weighed into 225mls BPW to obtain initial
suspension (10") dilution, 1ml from (10
dilution) was taken by use of sterile pipette into
9ml of 0.1% buffer peptone water to prepare
(10 dilution), the above procedure was repeated
for further serial dilution up to 10 dilutions.

Detection and Enumeration of Escherichia
coli

This was done according to ISO 16649-
2:2001(E). Results were expressed in CFU/g.

Table 1: Soup formulations from 3 traditional leafy vegetables (90% of formulation)

Materials (F1) (F2) (F3) (F4)
(Amount per g)

Amaranthus hybridus L (AML) 60.0 70.0 80.0 40.0
Manihot esculenta (CAL) 7.50 5.00 2.50 10.0
Ipomea batatas (SPL) 22.5 15.0 7.50 40.0
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Detection and Enumeration of Total plate
count

This was done according to ISO 4833-
1:2013(E). Results were expressed in CFU/g

Expression of results

The countable bacterial colonies from
two consecutive plates of each sample were
converted into colony forming units per g using
a formula

N=) C/(Vx(nl+0.1n2)xd) (1)

Where;

N = number of bacterial colonies counted,

C = sum of colonies identified on two
consecutive dilution steps, where at least
one contained 10 colonies,

V = volume of inoculum on each dish/plate, in
ml and

d = dilution rate corresponding to the first
dilution selected (the initial suspension is a
dilution)

Statistical analysis

Descriptive statistics were used to describe,
summarize and present data for both TLVs and
vegetable soup powder formulation. Mixed
level factorial was used to determine microbial
quality of dried TLV and TLVP by using the
following model:

Yijk, =p+T oy +Ta, +Ey

2

Where,

i=12

j=12

k=123

Where by:

Y, = Dependant variable, u=General mean, and

Table 3: Mean Total Plate Count (CFU/g)

¢ = Random error
T, = is the ith site effect
a, = is the kth type of vegetable effect

Data was analyzed using R statistical
package software. Analysis of Variance
(ANOVA) was carried out to determine the
significant differences in microbial count
between solar dried vegetables and vegetable
powder formulations among the 36 samples of
TLVs with respect to sites type of vegetables.
Means were separated using Tukey’s Honest at
p<0.05.

Results
Microbiological parameters

Microbial Load of selected Traditional
Leafy Vegetables cultivated in different farm
sites and their vegetable soup formulations.

Total Plate Count and E. coli count of selected
Traditional Leafy Vegetables

The mean Total Plate Count (TPC) of
selected vegetables is shown in Table 3 and Fig
1 while the mean E. coli count is presented in
Table 4. The Total plate count reported from
the studied vegetables were in the range of 102
CFU/g while E. coli was absent in all samples
analysed. Cassava leaves had the highest
bacterial load followed by amaranth and sweet
potatoes. The mean TPC for all vegetables
varied significantly (p<0.05) with cassava
leaves having the highest level and sweet potato
leaves had lowest. There was no E. coli growth
in any of the vegetables (Table 4)

Bacterial load of selected Traditional Leafy
Vegetables cultivated in different Farm Sites
The Mean Total Plate Count (TPC) and E.

for selected dried TLVs grown in Lindi

region
Vegetables Mean Total Plate Count (CFU/g) (TZS1657:2014-EAS:2013)
Microbiological limit (CFU/g)
AML 3.54 x 10249.9° 103
CAL 3.67 x 102+10.5° 103
SPL 3.15 x 102+12.3¢ 103

Values are expressed as mean +5D (n=12); Mean values with different superscripts letters down the column
are significantly different from each other at different at p<0.05 (Tukeys Honest). AML-Amaranth leaves;
CAL-Cassava leaves; SPL- Sweet potatoes leaves. CFU-Colon forming unit, TZS-Tanzania standard —EAS-
East Africa Standard
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Figure 1: The mean TPC for solar dried vegetables

Table 4: Mean E. coli count (CFU/g) for selected dried TLVs grown in Lindi Region

Vegetables Mean E. coli count (CFU/g) (TZS1657:2014-EAS:2013)
Microbiological limit (CFU/g)

AML ND Absent

CAL ND Absent

SPL ND Absent

Values are expressed as mean £5D (n=12); AML-Amaranth leaves, CAL-Cassava leaves; SPL- Sweet potatoes
leaves, CFU-Colony Forming Unit, NIL-Absent, ND-Not detected, TZS-Tanzania standard —EAS- East Africa

Standard

coli for vegetables found in Home garden (HG) from the Table 6, there was no E. coli among the
and Low Land (LL) are expressed in Table 5 vegetables found in the two sites.

and Fig. 2. Results show that the Mean TPC

for all vegetables varied significantly (p<0.05) Microbial Mean for Vegetable Soup Powder
with LL vegetables having higher TPC whereas Formulation

Sweet potatoes leaves had the lowest TPC. Also, The Mean Total Plate Count (TPC) and
Table 5: Mean Total Plate Count (CFU/ g) for samples from the two sites
Site Mean Total Plate Count (TPC) (CFU/g) (TZS1657:2014-EAS:2013)
Microbiological Limit (CFU/g)
HG 3.40 x 102+ 25.6° 103
LL 3.51 x 102+£23.42 103

Values are expressed as mean +SD (n=15); Mean values with different superscripts letters down the column
are significantly different from each other at different at p<0.05 (Tukey's Honest). HG- Home garden, LL-
Low land. TZS-Tanzania standard —EAS- East Africa Standard

Table 6: Mean Microbial Load for E. coli across the Sites

Site Mean E. coli (CFU/g) (TZS1657:2014-EAS:2013)
Microbiological limit (CFU/g)

HG ND Absent

LL ND Absent

Values are expressed as mean (n=138); 1G- Home garden, LL- Low land. CFU-Colony rorming Unit, NIL-
Absent ND-Not detected TZS-Tanzania standard —EAS- East Africa Standard
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Table 7: Total Plate Count (CFU/g) for Vegetable Soup Powder Formulation

Vegetables Mean Total Plate Count (CFU/g) (TZS1657:2014-EAS:2013)
Microbiological limit (CFU/g)

F1 3.42 x 102+34.19* 103
F2 3.45x 102+17.81* 103
F3 3.52 x 102+12.08* 103
F4 3.64x 102 £16.51° 103

Values are expressed as mean +SD (n=6),; Mean values with different superscripts letters down the column are
significantly different at different at p<0.05 (Tukey s Honest), F1-(60:7.5:22.5: 4, C, S) F2-(70:5:15: AML,
CAL, SPL) F3-(80:2.5:7.5, AML, CAL, SPL) F4-(40:10:40: AML, CAL, SPL), CFU-Colony Forming Unit,
TZS-Tanzania standard —EAS- East Africa Standard
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Mean E. coli for vegetables soup powder
formulation are presented in Table 7 (and Figure
3) and Table 8 respectively. Though sample F4
had the highest microbial load and sample F1
the lowest, there were no significant differences
(p<0.05) in mean TPC between any of the
formulations. Also, from the Table 8, E.coli
was not detected in any of the vegetable soup
formulations.

conditions, and handling of the finished product.
Thus it can be used to determine the shelf-life or
forthcoming sensory change in a food product
(Mendonca, et al., 2020).

Total Plate Count and E. coli count of selected
TLVs

This study revealed higher TPC for dried
Cassava leaves, followed by amaranth and

Table 8: Microbial Mean for E. coli (CFU/g) in Vegetable Soup Powder Formulation

Vegetables Mean E. coli (CFU/g) (TZS1657:2014-EAS:2013)
Microbiological limit (CFU/g)

F1 ND Absent

F2 ND Absent

F3 ND Absent

F4 ND Absent

Values are expressed as mean +SD (n=6); ND-Not detected Mean values with different superscripts letters
down the column are significantly different from each other at different at p<0.05 (Tukey’s Honest), FI-
(60:7.5:22.5: AML, CAL, SPL) F2-(70:5:15: AML, CAL, S,) F3-(80:2.5:7.5, AML, CAL, SPL) F4-(40:10:40:
AML, CAL, SPL), CFU-Colony Forming TZS-Tanzania standard —EAS- East Africa Standard

Discussion

Food safety is among the most important
parameters involved in the quality of food.
The presence of pathogenic and deteriorating
microorganisms has been extensively related
to foodborne diseases or the reduced shelf life
of processed vegetables (Schuh et al., 2019).
Escherichia coli is an innocuous member
of the human and warm-blooded animal gut
microbiota; however, pathogenic strains may
cause intestinal and extra intestinal infections.
These primary hosts may acquire E. coli from
water and food (Luna-Guevara et al, 2019).
The test for E. coli assesses the cleanliness of
an environment or food, and can also be used
to gather information regarding the potential
for contamination (Bai et al., 2007) hence used
as an indicator for safety. While Total Plate
Count (TPC) gives a quantitative estimate of
the concentration of microorganisms such as
bacteria, yeast or mould spores in a sample, the
TPC can be used to evaluate sanitary quality,
sensory acceptability, and conformance with
good manufacturing practices (GMPs). Results
of the TPC can provide a food processor with
information on the quality or handling history
of raw materials, food processing and storage

finally sweet potatoes as indicated in Table 3.
The trend may be associated with the moisture
content (from the same study, but results not
shown) for each vegetable where it was higher
for cassava leaves (9.17+0.58) followed by
amaranth (8.47+0.55) and finally sweet potatoes
leaves (8.12+0.51). It is generally known that
the higher the moisture content the higher the
microbial load and vice versa. Removal of
moisture prevents the growth and reproduction
of micro-organisms which would otherwise
cause food spoilage. This is the basis for food
preservation and hence increased shelf life for
foods with low moisture content. A decreased
water activity inhibits the growth of most
bacteria, yeasts, and molds, which are unable to
grow below 0.87, 0.88, and 0.80, respectively
(Beuchat et al., 2013).

Some studies have indicated that aerobic
mesophilic microorganisms found in food are
important microbiological indicators for food
quality, and most foods are regarded as harmful
when they have large populations of these
microorganisms, even if the organisms are not
known to be pathogens (Weldezgina and Muleta
2016) and (Sudershan et al, 2009). Factors
which might be accountable for the counts may
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include drying vegetables on exposed surfaces
and packing them in containers not adequately
cleaned (Kudjawu et al., 2011). However,
present results furthermore indicated that
microbial load was not as high (103 -105) and
that the vegetables may possibly be preserved
over a considerable period of time (Ukegbu and
Okereke, 2013). However, it is important to note
that if pathogenic microorganisms are present,
these may cause food poisoning which may
result into severe illnesses, depending on the
dose and the type of microorganism.

The presence of E. coli in foods is usually
due improper/poor handling during processing
and preservation Several studies have indicated
that high coliforms count in dried vegetables is
an indication of poor handling in the whole value
chain from farm to fork. Some important sources
of contamination among leafy vegetables
occured during pre-harvest which included
soil, irrigation water, inadequately composted
manure, human handling, reconstituted
fungicides and insecticides. Postharvest sources
included harvesting equipment, transport
container, contaminated water used for washing,
transport  vehicles, processing equipment,
unclean implements, poor hygiene of hands
and cross contamination during preparation or
storage (Njoroge et al., 2015; Luna-Guevara et
al., 2019). The present study results are different
from the findings reported by Victor, 2017 who
indicated heavy fecal coliform contamination
in vegetables ranging from 4.0 x 103 to 9.3 x
108 MPN/g) in Ghana and assign microbial
contamination in vegetables to sources such
as soil, manure, water and poor post-harvest
handling and storage. Also Oranusi and Braide,
2012 explained that, total aerobic count (TAC)
and fecal coliform (FC) are real indicator
organisms (that is, for hygiene and sanitary
conditions) and for this reason their presence
in high numbers in dried fruits and vegetables
implies poor hygiene and sanitary conditions
during processing. However, from the present
study as shown in Table 4, it was found that
none of the dried TLVs vegetables had E.
coli. This could be attributed to the blanching
temperatures of 80°C for 2 minutes and
enclosure of the samples in a solar-drier. Solar
dryers are free from microbial contamination

and are better preservers and give good quality
products than sun dried products (Udomkun et
al., 2020)

Bacterial load of selected Traditional Leafy
Vegetables cultivated at the two different
Farm Sites

Regarding the mean microbial load of
vegetables across planting sites, there was
significant difference in CFU observed for
Low Land (LL) compared to High Land (HL)
as presented in Table 5. The observations from
this study were supported by Kimaro, 2017
indicated that lower sections of the farm site
registered significantly higher bacterial loads
compared to the middle and upper section. At
the farm, vegetable contamination can be due
to contact with cattle, sheep, birds, insects and
feces (Kayombo, 2018) or associated with the
presence of feces from cattle and other animals,
especially during heavy rainfall (Luna-Guevara,
(2019). High risks of fecal contamination may
have originated from people reported to be
entering and/or urinating/defecating in the
farms. Fertilizers, irrigation water, wild animal
intrusion, insects, pesticides/fungicides, crop
debris, and flooding area also potential sources
of microbial contamination at production level
(Kapeleka, 2020). However, practice found
in the study area showed that people were not
using contaminated water to irrigate vegetables
and they also used toilets for urinating and
defecating rather to using reserved water ponds
thus no E.coli found. Present results further
show that both TPC and E. coli counts were
found to be lower than the maximum limit level.

Mean microbial load of vegetable soup
powder formulation

The mean bacterial load was highest for
F4 followed by F3, then F2, and lastly FI1.
The present results in Table 7 indicated that
there was no significant differences (p<0.05)
between the formulations. In addition, all TPC
and E. coli were not above the recommended
limit in accordance with TBS standard and
the East African Standard (TZS1657:2014;
EAS:2013). These results are in agreement with
those of Farzana, (2017,) who found that the
microbial quality of the vegetable soup powder
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formulation were 3 x 102 total plate count while
no E. coli of which were within the acceptable
limit according to Food Standards Australia
New Zealand 2001. This was supported by
Niththiya et al, 2014 and Singh and Kaur,
2020, who reported that the product would be
considered microbiologically safe if the total
microbial count of dehydrated soups is less than
1x104 cfu/g. Other authors however, stated that
samples with counts higher than 1.1x103 CFU/g
are unfit for consumption (Schuh et al, 2019).
The standard limit for aerobic mesophilic
bacterial count for food should be less than 105
CFU/ml (Kimaro, 2017). Chege and Kiminywe
(2016), found the level of microbes solar dried
amaranth were within the within the levels
recommended by the International Commission
of Microbial Specification for Foods (ICMSF)
which is 105 and absent (NIL) for TPC and
E. coli respectively. According TBS standard
(TZS1657:2014-EAS:2013) specification stated
that microorganism maximum limit for Total
plate count, cfu/g, was 1x103 for method of
test ISO 4833 while Escherichia coli, (cfu/g),
was Absent for method of test ISO 4832. Tables
7 and 8, show that microbes were below the
maximum allowable levels for both TPC and E.
coli. The absence of E. coli and meeting the limit
for TPC in the tested formulation samples may
signify good hygienic and handling practices.
Generally, this is an indication of minimum
adherence to Good Health Practices (GHP) and
Good Manufacturing Practices (GMP).

Conclusion

The findings of the present study indicate
that the mean TPC and E. coli (CFU/g) among
the raw vegetables indicated higher levels in
cassava than amaranth leaves, whereas sweet
potatoes leaves had the lowest count. Vegetables
grown under low land sites had significantly
higher (p< 0.05) mean TPC than those grown at
home garden sites. No E. coli was found in any
samples analysed in this study. For vegetable
soup powder samples, the mean TPC count was
of the order F4>F3>F2>F1 while no E. coli
was found. Though the mean TPC count was
high in all samples, they were all lower than the
recommended levels and hence all samples were
of acceptable standards. The absence of E. coli

indicates proper handling of vegetables across
the value chain. Thus the formulated vegetable
soup powders may be recommended as being
safe for consumption.

Recommendations

From this study it is recommended that:

i.  Vegetables found in home gardens (HG) are
recommended for consumer usage because
of lesser colony units indicating greater
microbiological quality compared to Low
Land (LL) vegetables.

ii. Education must be imparted to communities
on the proper handling, including storage
and transportation of the vegetables and
practicing hygiene since they significantly
reduce microbial load in food products.
Other studies may be conducted to
determine shelf life of the formulated
vegetable soups.
Farmers, vegetable processors and
consumers who suffer from bulk loses and
microbial destruction of raw vegetables
can use this idea of processing vegetables
soup powder as it assured microbiological
safety of the vegetables and also create new
products as well as market segments.

iil.
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Abstract

Several studies have shown an association between Trans Fatty acids (TFAs) consumption
and increased risk of cardiovascular diseases (CVD). FAO and WHO recommend that the TFAs
in human dietary fat should be reduced to less than 1%. This study was conducted to assess the
awareness regarding TFAs among consumers and food/oil processors in Morogoro region, using
a cross-sectional study design. Study sample included 340 households, whereby 176 were from
Morogoro urban and 164 from Morogoro rural districts, as well as 32 food/oil processors (22 =
small scale; 10 = large scale). Structured questionnaires were used to collect data. Descriptive
statistics were conducted to determine the awareness on TFAs and the health effects associated with
the consumption of foods containing TFAs. About 98% of all consumers had neither knowledge nor
awareness about TFAs and associated health effects. Nevertheless, awareness level was observed to
improve with residence location and level of education. The level of awareness of TFAs in MjiMkuu
ward (urban) was significantly different from Kiroka ward in rural area (OR:=18.111; P= 0.020).
No significant differences were observed in the level of awareness between consumers in Kiroka
(rural) and in Mazimbu ward (urban) (OR:= 5.397; p=0.126). Large scale food and oil processors
were more aware about TFAs than small scale food and oil processors. General awareness on
TFAs and the associated adverse health effects among consumers were very low compared to
that of processors which were also influenced by residential location and level of education. The
current study shows that consumers in the study area were at high risk of exposure to TFAs and
developing conditions such as cardiovascular diseases (CVDs) which may result in stroke, leading
to significant disability, emotional problems and death in the worst case.

Keywords: TFAs, Cardiovascular Diseases, Awareness, Consumers, Food/Oil Processors

Introduction
Tans fatty acids (TFAs) are types of
unsaturated fatty acids and can be
classified as either naturally occurring or
industrially produced (Kamel, et al, 2018).
Naturally occurring TFAs or ruminant Trans
fatty acids (rTFAs) are found in small amounts
(3-6%) in food products such as meat and milk
products from animals (Mouratidou et al.,
2014). Industrially produced Trans fatty acids
(iTFAs) are formed by the process of partial
hydrogenation in the industrial production of

partially hydrogenated oils (PHOs) (Tsuzuki
et al., 2010; Afaneh et al, 2017, Pfeuffer
and Jahreis, 2018). During the process, oil
is hardened, which improves its commercial
appeal by enhancing its sensory and texture
profiles, also increasing its shelf life; factors
that often attract most food manufacturers to
prefer PHOs (Dhaka et al., 2011; Mouratidou
et al., 2014; Blocks, 2019). PHOs are the main
source of TFAs (up to 60%) and are used as
bakery shortening, frying oil and in house—hold
cooking (Taher et al., 2018). Although PHOs
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are edible their consumption is associated with
increased risk of coronary heart diseases (CHD)
(Sartika, 2011; Derbyshire, 2012; Musvosvi
and Mhlanga, 2016). The adverse health
effects of TFAs in humans are mediated by
increased plasma concentrations of low-density
lipoprotein cholesterol (LDL-C) and reductions
in high-density lipoprotein cholesterol (HDL-C)
(Wu et al., 2017), which leads to promotion of
inflammation, endothelial dysfunction, insulin
resistance and displacement of essential fatty
acids from membranes (Mitrou & Lawrence,
2014). CHDs contribute to the global burden
of disease especially in low and middle income
countries (Derbyshire, 2012; Banseria et al.,
2016; Taher et al., 2018; Li et al, 2019). It is
estimated that 2% increase in energy intake
from TFAs is associated with a 23% increase
in the risk of heart disease (Banseria et al.,
2016). The World Health Organization (WHO)
recommends reducing TFAs intake to less than
1% of total daily dietary energy intake (Li et al.,
2019). PHOs are the major source of fats/oils in
Tanzania by about 60% and its importation has
reached about 500,000 Metric tonnes (3ADI+,
2019). The annual consumption of such volumes
of dietary source of fat could pose health threat
especially CHDs to consumers (Kagiono ef al.,
2018). However, there is still limited information
and awareness regarding the levels of TFAs and
their underlying health hazards to the Tanzanian
population (Codex Alimentarius Commission,
2017). Tanzania has recorded increased
incidences of diet related non-communicable
disease (DR-NCD) especially cardiovascular
health problems and deaths from 27% in 2010
(Mayige et al., 2011) to 33% in 2016 (Mayige,
2016; URT, 2016; WHO, 2018). The aim of this
study was to assess the level of awareness about
Trans fatty acids (TFAs) among consumers,
edible oil producers and food processors. This
study was envisaged to contribute to examining
the knowledge of Trans fatty acids with regards
to the emerging rise in DR-NCDs and guide
policy formulation by the Government and
interventions by nutrition stakeholders.

Materials and Methods
Study area
This study was conducted in Morogoro

urban and rural districts (Morogoro region;
6°, 49°S, 37°, 40’E). Morogoro region was
selected for the study because previous studies
have reported that, it was among the three sites
(including Dar es Salaam and Hai - Kilimanjaro)
which demonstrated a considerably high risk of
dying from non-communicable diseases (NCDs)
during adulthood (15-59 years) in Tanzania
(Mayige and Kagaruki., 2013).

Sample size determination

The sample size was calculated using the
Fisher’s equation shown below:-

z* x p(l - p)
n 2 (1)
Where by n = sample size, p = population
proportion 33% (National prevalence of NCDs),
e = Margin of error, set 5% for this study and Z
= standard variance at a given confidence level,
for this study 95%, confidence level = 1.96
(Kothari and Garg, 2014).

Study population
The study population included adult
consumers residing in urban and rural

households and edible oil producers and food
processors.

Sampling procedure

Simple random and purposive sampling
approach was used in the study. Morogoro region
was randomly selected out of 3 sites (including
Dar es Salaam and Hai-Kilimanjaro) reported
with high risk of dying from non-communicable
diseases during adulthood in Tanzania (Mayige
and Kagaruki, 2013). Also,simple random
sampling was employed in selecting the two
districts (Morogoro urban and rural) out of
eight. Furthermore, purposive sampling was
employed in selecting two wards (MjiMkuu and
Mazimbu) out of 29 wards from Morogoro urban
district, and one ward (Kiroka) out of 31wards
from Morogoro rural district (Mazimbu and
Kiroka wards were the most populated wards in
their respective districts, while MjiMkuu ward
was selected because it was situated at the town
centre). Finally simple random sampling was
employed to get streets/villages whereby; four
streets (Karume A, Uhuru, Darajani and Boma
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A) out of 14 streets were selected from the two
wards in Morogoro urban and two (Kiroka
and Kiziwa) out of four villages were selected
from one ward in Morogoro rural district. The
random selection (districts and streets/villages)
was done by using a computer program for
random number generation. Furthermore a total
of 340 houscholds were randomly allocated
according to population proportion by using lists
of all names of household’s heads from village/
street leaders, whereby one adult individual
per household was eligible to participate in the
study (Fig. 1).

currently working in edible oil and food
processing factories (small and large scale) to
make a total of 32 participants (Fig. 2). Most
of the branded industrial products (e.g. edible
partially hydrogenated cooking oils/fats) were
manufactured in Dar es Salaam region, and
hence large scale processors (edible PHOs and
other products such as biscuits and breads),
were assessed. Some key questions included
their general knowledge regarding TFAs, rich
sources, associated health problems, how they
are formed, and regulatory issues with regards
to TFAs.

Total sample size: households
340

I

[ Morogoro Urban (176) ]

MjiMkuu
Ward (20)

Mazimbu

Ward (156)

[ Morogoro Rural (164) ]

Kiroka Ward
(164)

Uhuru
(10)

Mazimbu Darajani

Karume ‘A’
(114)

(10)

Jw ]

Boma ‘A’
(42)

Kiroka Kiziwa
(121) (43)

Figure 1: Distribution of consumers

Data collection

Data on Trans fatty acids awareness
assessment were collected from 340 respondents
representing the group of consumers, 14
participants involved in edible oil and 18 in
food production. Structured questionnaires
were administered to 176 consumers in
Morogoro urban and 164 in Morogoro rural
districts. Also there was an addition of some key
people (Quality control/production personnel)

Small Scale =22 (Moro)

32

Data analysis

Descriptive data were calculated as
percentage and frequencies for the variables
such as knowledge and awareness. The software
for data analysis was SPSS version 20.0 (IBM -
SPSS Inc., Chicago, USA) whereby the Fishers
exact test was used to determine significance for
the relationship between variables. Moreover
binary logistic regression was used to test for
associations between awareness as dependent

Edible Oil processors = 10 (out of 12) ]
>
Food processors (12 out of 15) ]

l\[ Edible Oil processors = (4 out of 4) ]

Large Scale=10 (DSM)

>

Food processors = 6 (out of 8) ]

Figure 2: Distribution of Edible oil and Food processors
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and residence location, education level as
independent variables.

For the consumers’ awareness component,
each item was given a score of “0” ,”1” or “2”
for the incorrect, not sure and correct responses
respectively. Hence, the total score for the 5
questions in this section was 10 (0-10) for each
participant. For the processors’ awareness; each
item was given a score of “2” for a correct
answer, “1” for “Not sure” and “0” for incorrect
or negative response. Hence, the total score for
this section of 7 questions was 14 (0—14) for each
participant. Participants’ overall knowledge was
categorized using modified Bloom’s cut-off
point (Seid and Hussen, 2018).

Results
Demographic information

A total of 340 respondents were enrolled
in the study, 176 from Morogoro urban and
164 from Morogoro rural district. About 94%
of all respondents were female; 35% of the
respondents’ age ranged between 31 and 45
years old. Close to 61% of all respondents had
attained primary education level; 62% from
rural and 59% from urban areas. Generally,
farming was the main source of income for 58%
of all respondents. In Morogoro rural, 88% of
the respondents depended on Agriculture and
in Morogoro urban 47% of the respondents
depended on small business as their main source
of income (Table 1).

Table 1: Demographic information of respondents

Characteristic =~ Category Morogoro Morogoro Total
Urban Rural
N=176 N=164 N=340
n % n % n %
Sex of respondents
Male 10 5.7 9 5.5 19 5.6
Female 166 943 155 94.5 321 94.4
Total 176 100 164 100 340 100
Age of respondents
21-30 54 30.7 48 29.3 102 30.0
31-45 56 31.8 64 39 120 353
46 - 59 34 19.3 28 17.1 62 18.2
60 and Above 32 18.2 24 14.6 56 16.5
Total 176 100 164 100 340 100
Education level
Informal 19 10.8 40 24.4 59 17.4
Primary 104 59.1 102 62.2 206 60.6
Secondary 43 24.4 20 12.2 63 18.5
Tertiary 10 5.7 2 1.2 12 3.6
Total 176 100 164 100 340 100
Main source of income
Formal employment 23 13.0 5 3.0 28 8.3
Casual Labour 18 10.2 0 0 18 53
Farming 54 30.1 145 88.4 198 58.2
Small business 82 46.6 14 8.5 96 28.2
Total 176 100 164 100 340 100
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Knowledge on 7rans fatty acids (TFAs)
among Consumers

Results in Table 2 show that of all (340)
surveyed consumers, 97.6% had no information
or awareness of Trans fatty acids before and
98.8% had no knowledge on how Trans fatty
acids are formed.

knowledge on foods with Trans fatty acids and
associated health effects among consumers was
very low. Only 5% of consumers in MjiMkuu
ward, 3% in Mazimbu ward and 0.0% in Kiroka
ward had knowledge on foods rich in Trans fatty
acids and associated health hazards (Table 2).

Table 2: Consumer’s knowledge on Trans fatty acids

Wards
Variables Response Total N=340 Mazimbu Mji mkuu Kiroka
N=156 N=20 N=164
n % n % n % n %
Heard of trans fatty acids?
Yes 8 24 5 32 2 10 1 0.6
No 332 97.6 151 96.8 18 90 163 994
Knowledge on how trans fatty acids are formed?
Yes 4 1.2 3 1.9 1 5 0 0
No 336 98.8 153 98.1 19 95 164 100
Ways on how trans fatty acids are formed
Industrial 4 1.2 3 1.9 1 5 0 0
process during
preparation of
Vegetable oils
Formed naturally 1 0.3 0 0 0 0 1 0.6
No idea 335 98.5 153 98.1 19 95 163 994
Knowledge on Foods rich in frans fatty acids and associated health effect?
Yes 5 1.5 4 2.6 1 5 0 0
No 335 98.5 152 974 19 95 164 100
Who told you about foods rich in #rans fatty acids and associated health effects?
Through studies/ 4 80 3 1.9 1 5 0 0
readings
Health officer 1 20 1 0.6 0 0 0 0

In addition, 98.5% of all consumers
had no knowledge about the foods rich in
Trans fatty acids and their associated health
effects. Furthermore, for few consumers who
had knowledge about Trans fatty acids and
associated health risks, 80% indicated that their
source of information was through individual
studies/readings, 20% obtained information
from Health Officers. About 99% of consumers
in Kiroka ward had never heard of Trans fatty
acids followed by consumers in Mazimbu ward
(96.7%) and lastly MjiMkuu ward (90%). The

General Consumer’s awareness on 7Trans
fatty acids

There was no significant difference in
awareness on TFAs between consumers in
Kiroka and Mazimbu wards (OR: 5.397;
p=0.126). There was a significant difference
on the level of awareness on TFAs between
consumers in Kiroka ward and MjiMkuu ward
(OR:=18.111; P=0.020). The odd of being
aware was higher for consumers in MjiMkuu
and Mazimbu wards than in Kiroka ward (Fig.
3).
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Percent (%)

Mazimbu

Wards

Awareness B Aware n=28

Mji mkou

Bl vot Aware n=332

Figure 3: General Consumer’s awareness on Trans fatty acids

Knowledge and awareness on Trans fatty
acids among edible oil and food processors
About 41% of the edible oil and food
processors were aware about Trans fatty acids
(TFAs). All (100%) respondents from large
scale edible oil and food processors, had prior
knowledge about TFAs, followed by the group
of small scale food processors who scored
17%, and lastly was the group of small scale
oil processors (10%). Only 13% of all surveyed
groups had knowledge on how TFAs are formed.
About 50% of the group of large scale edible oil
processors had higher knowledge on how TFAs
are formed compared to other groups (Table 3).
Only 16% of all respondents surveyed, had
knowledge on foods rich in TFAs and associated
health hazards. More (25%) of the large scale
edible oil processors had knowledge about
foods rich in TFAs compared to small (17%)
and large scale food processors (17%) and small
scale edible oil processors (10%). The main
source of information was through studies/

-

Percent (%)
a5 88858838488

Small Scale Large Scale

Edible oil processing

Awareness = Average n =18

readings for 60% of the respondents, and 40%
obtained information from health facilities.
large scale food processors had the highest
(83.3%) knowledge of the association between
concentration of TFAs and the level of low
density lipoprotein (LDL) - cholesterol in blood
followed by the large scale edible oil processors
(75%), small scale food processors (17%) and
small scale edible oil processors (0.0%) (Table
3).

General Awareness on TFAs among edible oil
and food processors

Generally for the group of edible oil, results
show that; the awareness of all (100%) edible
oil large scale processors on TFAs was above
average, followed by 10% of the small scale
edible oil processor’s group (Fig. 4). The Fishers
test results showed a significant difference (P=
0.005) among the small and large scale edible
oil processors in terms of general awareness on
TFAs.

Small Scale Large Scale

Food processing

= Above Average n=14

Figure 4: General Awareness on TFAs among edible oil and food processors
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Table 3: Consumer’s knowledge on Trans fatty acids

Edible oil/Food Processors

Variables Response Total N=32 Small scale Small scale Large scale Large scale
edible oil food N=12 edible oil food N=6
N=10 N=4
n % n % n % n % n %

Have you heard of trans fatty acids?

Yes 13 406 1 10,0 2 16.7 4 100 100

No 19 594 9 90.0 10 833 00 O 0.0
Knowledge on how frans fatty acids are formed?

Yes 4 125 1 10.0 1 8.3 50.0 0.0

No 28 875 9 90.0 11 91.7 2 50.0 100
Ways on how trans fatty acids are formed

Industrial 5 156 1 10.0 1 8.3 3 75.0 0 0.0

process

Not sure 27 844 9 90.0 11 91.7 1 250 6 100
Knowledge on Foods rich in #rans fatty acids and associated health effect?

Yes 5 156 1 10.0 2 16.7 1 250 1 16.7

No 27 844 9 90.0 10 833 3 75.0 5 83.3
Who told you about foods rich in #rans fatty acids and associated health effects

Health 2 40 1 10.0 1 8.3 0 00 O 0.0

officer

Through 3 60 0 0.0 1 8.3 1 250 1 16.7

studies

Any relationship between concentration of TFAs and the level of LDL - cholesterol in

blood?
Yes 10 313 0 0.0 2 16.7 3 75.0 5 83.3
Not sure 22 68.8 10 100 10 833 1 250 1 16.7
Margarine usually contains low proportions of TFAs?
Yes 2 6.3 0 0.0 2 16.7 0 00 O 0.0
No 5 156 0 0.0 1 83 2 50.0 2 333
Not sure 25 78.1 10 100 9 75 2 50.0 4 66.7
For the food processors group, results Awareness among edible oil and food

show that; all large scale processors were more
aware on TFAs compared to 25% of small scale
food processors whose awareness on TFAs was
generally average. Fishers test for association
results showed that; there was a significant
difference (P=0.009) in awareness among the
small and large scale food processors in terms
of general awareness on TFAs (Fig. 4).

processors on policies/regulations regarding
Trans fatty acids (TFAs)

Edible oil and food processors had varied
responses (Not sure = 72%, No = 22% and Yes
= 6%) regarding presence of regulation (s) in
Tanzania or WHO that prompt food processors
to limit the amount of TFAs in processed foods.
Nevertheless, all (100%) of small scale edible
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oil processors of small scale food processors
(92%) were “Not sure “about the existence of
policy/regulation governing TFAs. Large scale
edible oil (75%) and food processors (67%)
were not aware of the existence of policy/
regulations governing TFAs.

The surveyed processors were not sure
(59%) and had no information (41%) of the
existence of policy/regulation that requires
food processors to indicate the amount of TFAs
content in processed foods (Fig. 6). All large
scale edible oil processors and 83% of large scale
food processors were ‘Not sure’ of the existence
of policy/regulations on revealing content of
TFAs in foods and oils. Similarly, 58%of the
small scale food and edible oil processors (50%)
had “No idea” about the policy/regulation.

General awareness of edible oil and food
processors on policies/regulations regarding
Trans fatty acids (TFAs)

Generally 63% of all processors had an
average awareness on policies and regulations
regarding TFAs. About 83% of all large food
processors and 58% of all small scale food
processors had an average score on awareness.
There was no significant difference (P=0.600)
between large and small scale food processors
in terms of awareness about policies/regulations
on TFAs (Fig. 5). Similarly, 75% of large scale
and 50% of small scale edible oil processors had
an average score on awareness. No significant

100 4
20 1
80
= 70
g ol
B
b1 50 |
=
- 40

difference (P=0.580) was observed between
small and large scale edible oil processors
in terms of awareness regarding policies/
regulations on TFAs (Fig. 5).

Discussion

The current study has revealed that most
of the surveyed consumers had low level
of knowledge and awareness on Trans fatty
acids (TFAs) and their associated adverse
health effects. There were differences between
rural districts and urban districts. Most of the
respondents from Morogoro rural district had
attained Primary School Education whereas
those in urban district had attained Secondary
school certificate (and even Tertiary education
levels).

In the present study, education level was
probably one of the factors that contributed
to increased level of consumer’s awareness in
urban compared to their counterparts in rural
districts. Similarly, households in urban were
more exposed to many sources of information
regarding healthy eating such as Television,
Radios, newspapers, posters and health centres
compared to rural areas. Despite all these
sources of information, still they consumed
more on unhealthy foodstuffs such as processed
and PHOs, less on vegetables and fruits.
Meanwhile those rural households despite
their low education, they consumed more on
minimally processed foods like vegetables,

Small Scale
Edible oil processing

Awareness

Large Scale

B Below Average n=12

Small Scale Large Scale

Food processing

® Average n=20

Figure 5: General awareness on policies and regulations regarding TFAs among processors
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beans but more on PHOs because it was cheap
and readily available. A similar study done by
Banseria et al. (2016) in central India found
that an awareness regarding the presence of
TFAs in packaged food items and their harmful
effects among participants increased from 62%
before being trained and exposed to sources of
information regarding healthy eating to 96%
after intervention.

Furthermore the observed low level of
knowledge and awareness in the current study
could be attributed by low nutrition education
regarding overconsumption of edible oils, TFAs
and their associated health effects in general,
also the absence of government policy to limit
TFAs in processed foods could be the major
factor for lack of awareness and limited control
of the amounts and presence in foods. This in
turn exacerbates the high level of exposure to
TFAs for both urban as well as rural households.
A similar study done by Musvosvi and Mhlanga
(2016) observed that the level of awareness of
consumers on TFAs in Kitwe —Zambia increased
with the level of education. Also Pletzke et al.
(2010) observed that nutrition education was
associated with more TFAs knowledge and
awareness scores among consumers.

According to the results of the current study,
the group of edible oils show that; large scale
edible oil processors were more aware on TFAs
compared to small scale edible oil processors
whose level of awareness on TFAs were just
an average. The observed differences in their
awareness might be contributed by the fact that;
all small scale processors were dealing with
Sunflower oil (seed oil) processing of which
literature have reported that they are healthy, on
the other hand large scale oil processors were
dealing with partially hydrogenated vegetable
oil (PHOs) either in processing or repackaging,
that’s why their awareness level were higher,
moreover; most previous studies had reported
that PHOs from industrial sources contain
higher proportional of TFAs due to the process
of partial hydrogenation during their preparation
(Mozaffarian et al., 2013; Pfeuffer, and Jahreis,
2018; Thornton, 2018).

Furthermore in the current study, results
for food processors group showed that; large
scale food processors were more aware on TFAs

compared to small scale food processors who
their awareness level was average; this might be
contributed by the fact that most of the personnel
involved in large scale food processing attained
tertiary education, while majority of the
small scale food processors attained primary
and only few secondary level of education.,
This is supported by other studies (Lin et al,
2010; Musvosvi and Mhlanga, 2016) where
awareness on TFAs was observed to improve
with education. Also being in the large scale
processing industry could be another factor that
favoured large scale processors on being aware
on TFAs than those small scale processors. This
instance puts most consumers in Morogoro at
risk of diet related non communicable disease
especially cardiovascular disease (CVDs)
in particular, since most of them consume
processed foodstuffs manufactured/prepared
either by small or large scale processors.

The findings in current study reported that
awareness among all groups of edible oil and
food processors towards the country’s policies
and regulations regarding TFAs were generally
average. Moreover, some minor variations
were observed, whereby the score for large
scale processors were slightly higher compared
to small scale processors, besides both group
having an average awareness.

The observed moderate awareness of both
large and small scale processors regarding
policies and regulations on TFAs could be
contributed by the fact that in Tanzania, the
policies and regulations on TFAs were not yet set
in place. This situation predisposes consumers
at more risk of non-communicable diseases
especially CVDs. The obtained findings are also
supported by Li er al. (2019) from the study
on evidence from global surveillance of TFAs
which showed that Tanzania was one among
countries in Africa which had not yet set the
regulations and policies on TFAs. The current
study is also in parallel with another study
done by Juma et al. (2016) which found that;
in sub-Saharan Africa, there is limited research
on the application and success of multi-sectoral
approach in the formulation and implementation
of policies aimed at prevention of non-
communicable diseases. Furthermore, findings
ofthe current study is in good agreement with the

Proceedings of the 2 SUA Scientific Conference held at SUA from 25" to 26" 2021, 34-45



43 Nzunda et al.

World Health Organization (WHO, 2019) which
argued that, understanding TFAs sources, the
supply chain, stakeholders, regulatory agencies
and legal processes will help inform which
policy intervention will be most effective and
practical to reduce consumption of industrially
produced TFAs.

Conclusion

Better nutrition knowledge, especially
knowledge about diet-disease relationships,
can help promote healthful dietary choices and
enhance health literacy among consumers.

Awareness and understanding of different
fats to food consumers, edible oil and food
processors may also help decrease the risks of
diet related non communicable diseases (NCDs)
as attributed by Trans fatty acids.

It is recommended that; there is a need
to increase awareness regarding the danger of
Trans fatty acids among Morogoro households
which will reduce or cut down their usage in
their diet plans.

A further research to be conducted
by considering other factors that might be
contributing to the low level of awareness
towards Trans fatty acids among households/
consumers and also considering other consumer
locations in Tanzania.

It is better for the government through the
Ministry of Health Community Development,
Gender, Elders and Children in collaboration
with other relevant authorities to provide
guidance on policy options and steps to design,
enact and implement legislative and regulatory
actions suitable to the Tanzanian context in
order to reduce industrially produced Trans fatty
acids in the food supply. However, the results
of the current study may be gender biased due
to the fact that, most of the participants for the
study were women.
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Abstract

Youth unemployment is on the rise globally Tanzania inclusive. Nonetheless, for Tanzania, the
agricultural sector has a potential for employment creation at the various nodes of the agricultural
value chain. Therefore, the study generally examines the contribution of the Sokoine University
Graduates Entrepreneurs Cooperative (SUGECQO) in enabling its graduate’s self-employ while
creating employment for others. Specifically, the study examines the contribution of the above-
mentioned programme to youth'’s employment,; identifies challenges facing the programme, and
examines the policy gaps. The study is based on the cross-sectional research design whereby
data were collected using a structured questionnaire from 88 respondents. In addition, data were
collected from five key informants. Quantitative data were analyzed using SPPS and qualitative
data through content analysis. Generally, study findings show that SUGECO has the potential to
support young entrepreneurs’ development and job creation in Tanzania. Findings also show that
SUGECO offers a variety of trainings which equip its graduates with business management and
employment skills. In addition, marital status and being trained in agribusiness were significantly
(P<0.05) associated with the graduates’ employment creation. However, the findings show that
SUGECO and its graduates face a number of challenges including lack of funding, lack of
commitment among the graduates, and unsupportive government policies. Therefore, SUGECO
needs to adhere to its pre-defined criteria when selecting candidates for incubation programme
so as to only recruit the committed ones. In addition, the Government and non-governmental
organizations should collaborate and put some efforts to promote the SUGECO agribusiness
incubation programme as it has the potential for employment creation and poverty reduction
among the youth.

Keywords: Incubation programme, SUGECO, Youth, employment creation

Introduction to be 57, 637, 628 million people with the youth
Background Information aged 18 to 35 years making 28 % (NBS et al.,
lobally, employment issues differ 2018). In addition, the population is projected

between developing and developed
countries. However, the latter’s benefit system
for the unemployed allows their employment
services to maintain records of the youth before
they become long-term unemployed (Eichhorst
and Ulf, 2017). Youth unemployment remains
a major concern in many countries hence, poor
socio-economic status and welfare of the people
(IEG, 2013).
Tanzania’s populationin 2020 was estimated

to be 77,537,166 people by the year 2030
with the youth being 28% of this projection,
therefore, the need for more employment
opportunities. One major challenge currently
faced by Tanzania is youth unemployment
(Agwanda & Aman, 2014). Furthermore, the
increase of new universities and free education
policy has resulted in a large number of young
individuals without formal jobs. It is estimated
that every year more than 700,000 youth enter

Proceedings of the 2 SUA Scientific Conference held at SUA from 25" to 26" 2021, 46-57



47 Donge and Urassa

the job market (Mabala, 2019). In addition,
despite youth from universities and vocational
training institutions having knowledge and
skills, many remain jobless. Furthermore,
youth from universities/vocational training
institutions approximately stay 5.5 years jobless
while searching for a job after their graduation/
completion of studies (Haji, 2015). This
joblessness is contrary to expectations of most
families who have high hopes of their children
finding jobs after graduation hence, lack of
positive contribution to their families’ welfare
due to lack of stable employment (Msigwa and
Kishepa, 2013).

Incubation programmes have been identified
as good sources of employment creation, wealth
generation at local and national level and
reduction of poverty in general (Aldrich and
Zimmer, 2011). Through youth's involvement
in incubation programmes, they can gain skills
and knowledge on how to start and manage a
business and create self-employment hence,
reduction of youth unemployment worldwide.
According to Aranha (2003), the primary
mission of successful incubation programme
is to create employment opportunities. Any
successful programmes also enclose community
problems by combining the entrepreneurial
activities with the solutions to solve the problem
such as quality of education, safety and security,
and access to money. Business incubation
and entrepreneurship are very closely linked.
The benefit obtained by entrepreneurs in the
incubation center including access to advisory
services, capacity building such as business
training, mentoring, specialized technical
training, linkages and networking, access to
technology, markets and finance (Rajeev ef al.,
2017). Therefore, more young enterprises need
to be supported through incubation centres to
increase the chance of self-employment hence,
greater economic success in an increasingly
competitive global economy.

Globally, incubation programmes have been
seen to have positive impact. For example, a
study by the State of Missouri in United States of
America examined nine incubation programmes
with 175 incubated businesses and confirmed
that there is a positive impact on employment
creation and economic development. According

to the study a total of 502 jobs were created
which on average means that 60.5 jobs were
formed per programme (Wagner, 2006).
Furthermore, a study by Lalkaka et al. (2003) on
the impact of business incubators revealed that
in China, business incubators had good financial
return with the investment per year.

The need for employment creation and
nurturing of young entrepreneurs has lead
to establishment of a number of incubation
programmes in Tanzania among which is
SUGECO (The Sokoine University Graduates
Entrepreneurs Cooperative). Therefore, the
study on which the paper evaluated how the
SUGECO incubation programme has been
successful in enabling those who go through
it to self-employ themselves and/or create
employment for others

Business Incubator Operational Models
According to literature (Global forum,
2013) there are several models for business
incubation and they differ depending on the
business environment, objectives and their
owners and funders. However, according to
Aranha (2003) there are four (4) incubation
models which include; bricks and mortar;
virtual portal; the hub and Eggubator. Generally,
the ‘Bricks and mortar (historical model)’
model focuses on providing services such as
office support, physical facilities and onsite
services to the entrepreneurs. Under this model
entrepreneurs are provided physical gathering
place with no fund where they can work. On
the other hand the ‘Virtual portal or without
walls’, is a new model in start-up phase of
business incubators with no solid track record.
Therefore, under this model entrepreneurs are
provided with a range of electronic service
and given access to a limited amount of fund.
Hub or venture incubator, this model combines
the brick and mortar and the virtual portal
models. The business incubators offer their
clients’ specialized good range of services and
network to the outsider also, entrepreneurs are
provide with a limited amount of fund. Lastly,
the ‘Eggubator’ model incorporates the above
models. The Eggubator offers an array of
services including high quality information and
fund while at the same time acting as the mother
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company, the source of network and support
(Aranha, 2003).

Methodology
Description of the Study Area

The study involved the Sokoine University
Entrepreneurs Cooperative (SUGECO), which
is located at Sokoine University of Agriculture,
Morogoro  Municipality. SUGECO  was
established in July 2011 in Morogoro and it is
a membership-based organization whose goal
is to promote entrepreneurship in Tanzania
so as to contribute to the creation of a vibrant
private sector economy. SUGECO’s basic
role is to support innovation and knowledge-
intensive entrepreneurship among Tanzanian
youth. The Institution’s core objective is to
conceptualize, unfold and implement the
student entrepreneurship value chain. Generally,
SUGECO offers selected participants an
exciting opportunity to be mentored through
the Youth Entrepreneur Incubation Program
located at SUGECOs Incubation Centre at
Sokoine University of Agriculture, Morogoro.
Besides, young entrepreneurs are provided with
time and space to test and market their products
(SUGECO, 2017). In reference to sub-section
1.2 above SUGECO falls under the ‘Eggubator’
model as the organization prepares, enables, and
supports knowledge-intensive and innovative
entrepreneurs as they build successful
businesses along agricultural and agribusiness
value chains. SUGECO was selected because it
deals with fresh graduates and it offers training
in entrepreneurship, business ecosystem and
network development and business start-up
support through business incubation services
and access to finance organization particularly
for agriculturally based enterprises/value chains
(SUGECO, 2017).

Research design

The study employed a cross-sectional
research design, which allows data to be
collected at one point in time (Creswell, 2014).
In addition, it is also relatively inexpensive
since it takes little time to conduct and there
is no loss to follow-up (Hemed, 2015).
Further to the above, the study used a mixed-
methods approach whereby both qualitative

and quantitative data were collected using key
informants interviews and open-ended questions
in the structured questionnaire respectively. The
mixed methods approach was essential so as to
allow triangulation.

Sampling procedures and sample size

The study employed probability and non-
probability sampling to select respondents. In
addition, the sampling was multi-stage. First,
SUGECO was purposively selected because it is
among the programs dealing with fresh graduate
entrepreneurs. The second stage involved a
simple random sampling of 88 respondents
from whom data were collected. According to
the literature (Kish, 1965; cited by Louangrath,
2017), the minimum sample size for social
science research can be 30 as this is reasonable
when it comes to generalization of a study’s
findings.

Data analysis

Content analysis was used to analyze
qualitative data whereby field data (collected
through interview and observation) were
summarized based on the themes and objectives
of the study. The primary data collected through
the questionnaire were coded and analysed using
IBM SPSS software (version 20). SPSS was used
to determine descriptive statistics (frequencies
and percentage distribution of the responses). In
addition, inferential statistics were determined
using a binary logistic regression model to
show the probability of SUGECO incubation
programme graduates creating employment.
The binary logistic regression model was
specified as follows:

The logistic regression model is based on
the logistic probability function given as:
Pi=f(Z)) =1/1+e* 1
Where Pi is the probability of success, the
probability that a SUGECO graduate may
create employment, and Zi represents exposure
to factors that may influence the creation of
employment, Zi=o+pXi and its probability is
expressed as,

Zi= In (Pi/1-Pi) 2)
Thus;

Zi = In (Pi/1-Pi) = fo+ B1X1+ B2X2+
B3X3+...+fnXn+ei 3)
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Zi = Employment creation = f0 + flAge +
B2Sex + B3MaritalStatus + f4HouseholdSize +
BSProgramofstudy + B6Doingbusinessbefore +
B7Number of employees + B8Sourceofcapital
+ P9Initial investment + P10Agribusness +
B11Duration of study + ei 4)
Where ¢, is the error term, P_is the probability of
creating employment, and 1-P_ is the probability
of not creating employment, B0 is the constant
of the equation. The description of the variables
entered into the model as described in Table 1
below.

to be able to meet their needs and those of
other household members (younger youth were
those aged 20 - 27 years and older youth were
those aged 28 - 35 years). The findings also
show that the majority (60.2%) of respondents
were single. Furthermore, the findings show
most of the respondent’s houschold’s size
was 6 members and above. With regard to the
respondents’ education level most (80.7%) of
had a bachelor's degree.

Study findings (Table 2) also show that
SUGECO has been recruiting incubatees
without discrimination by sex, therefore, a

Table 1: Description of variables used in the logistic regression model

Variable

Description

Measurement

Sex
Marital status

Educational level
Household size
Parents occupation

Programme studied

Training in Agribusiness
Source of capital

Doing business before
joining SUGECO

Sex of the youth
Marital status of youth

Youth educational level

Youth’s household size

Youth’s parent’s/guardian’s
occupation

Youth’s programme of study
college/university

Youth’s access to agribusiness
training by SUGECO

Source of youth’s capital

Youth’s experience in business
before joining SUGECO

1=Male, 0 = Female
0 = Single/divorced/
otherwise, 1 = Married

1 = Undergraduate/Post
graduate 0 = Certificate/
diploma

1=1-5,0=above 5

1 = Business/entrepreneur, 0 =
Otherwise

1 = Agriculture economics
and Agribusiness, 0 =
Otherwise

1 =Yes, 0 =No

1=Parent/guardian/relative 0 =
Otherwise

1=Yes, 0=No

Findings and Discussion
Socio-economic factors responsible for one's
participation in the SUGECO Incubation
programme

Study findings (Table 2) show that
over a half (51.1%) of the respondents were
females, According to Broeck and Kilic (2019)
employment in agribusiness is relatively
dominated by females. In addition, distribution
by age shows that older youth were the majority
(59.1%) suggesting that individuals with this
age are expected to be very active in business
activities or other income generations activities

more or less equal representation of both sexes.
According to Sasakawa Peace Foundation’s et
al. (2019) creating equal access in programmes
and organizations to all genders fosters an
inclusive environment that responds to their
needs while unlocking their skills, experience,
and potentials. Besides, it helps to increase
the accessibility of programmes to all genders
which can increase the effectiveness and value
of the programme(s). Moreover, it also increases
the gender diversity of the entrepreneurs and
better support to them, thus, increasing their
chances of achieving venture growth (impact
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and revenue) and sustainability.

Furthermore, the findings (Table 2) show
that SUGECO mostly deals with the youth
aged 18 to 35 years. The findings conform to
what has been reported by Wachira et al. (2017)
that most of business incubation programmes
are dominated by the youth especially, when it
comes to university-based business incubation.
According to Bathula ef al. (2011) provision of
training opportunities and business outlet for
faculty research was cited as the major reason
for having business incubators for universities.

Another observed socio-economic factor
was the incubatees ‘education level whereby
the majority of those joining SUGECO had
a bachelor’s degree suggesting that most had
a high level of education. Therefore, their
thinking capacity and ability to make good
business decisions is also expected to be high.
Generally, education is important for decision-
making in relation to business start-ups as well
as independence and self-confidence. Moreover,
educated individuals have good knowledge
of alternative job opportunities, and education
expands the individual's perceptions (Belas
et al, 2017; Hamida et al., 2017; Fayolle and
Gailly, 2015). According to Davey et al. (2016)
education, primarily delivered by universities, is
a vital component in the creation and continuing
development of entrepreneurial attitudes.

Contribution of the SUGECO incubation
programme to graduates self-employment
and employment of others

The binary logistic regression results
(Table 3) show that out of the eight independent
variables entered into the model only two
variables that is marital status (P<0.05)
and training in agribusiness (P<0.05) were
significantly associated with the surveyed
youth’s employment creation (self-employment
and employment of others). Marital status
was significantly (p<0.05) associated with
one’s ability to create self-employment and
employment of others. In addition its coefficient
was positive suggesting that individuals who
were single were eight times more likely to
self-employ and create employment for others
compared to those married. Generally, the
chances of single youth’s to engage in any
business and work any at time he/she wants
is high since he/she is not limited with family
responsibilities compared to those married.
According to Baque ef al. (2017) marriage can
have a negative effect on one of the spouse’s
labour market outcomes. If the wife is expected
to take on a larger share of household and child
related responsibilities her disposable time
devoted to market work would be diminished.
The study’s finding is contrary to what some
have reported in the literature (Dvoulety, 2018;

Table 2: Respondents’ Socio-economic characteristics (n=88)

Variable Category Frequency Percent
Sex Male 43 48.9
Female 45 51.1
Age Young youth 36 40.9
Older youth 52 59.1
Marital status Single 53 60.2
Married 3 39.8
Household size 1-5 34 38.6
6> 54 61.4
Education level Certificate 8.0
Diploma 4 4.5
Bachelor 71 80.7
Masters 6 6.8
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Ayele, 2014) that married people are more likely
to be self-employed, as a result of availability of
income from the person they are married to. On
the other hand, this literature contends that if the
new business is not successful, there is always
the opportunity to use the spouse income, which
gives an extra security.

The logistic regression result (Table
3) also shows that training in agribusiness
was significantly (p<0.05) and positively
associated with self-employment or creation of
employment for others. Training in agribusiness
had an Exp (B) of 6.197implying that the youth
with agribusiness education were six times
more likely to self-employ themselves and
employothers compared to their counterparts.
This is because the agricultural sector provides
many opportunities for self-employment. But,
without knowledge it is not easy to run and
manage agricultural related business so as to
generate employment for oneself and for others.
According to Koira, (2014) and Proctor and
Lucchesi (2012), agribusiness presents great
employment opportunities in Sub-Saharan
Africa.

Furthermore, though some of the variables
(source of capital, sex and parent occupation)
were not significant, their Exp (B) were positive
suggesting an increased likelihood to create
self-employment and for others. According to
the findings, some of the youth got their source
of capital from their parents/guardians/relatives.
Therefore, for such youth their chances to engage
in business and create employment increased
two-fold compared to their counterparts due to
their ease inaccessing capital for their business.
According to Baque et al. (2017), the main
factors affecting the decision to become an
entrepreneur among other things depends upon
an individual entitlement to an inheritance or
gift. Moreover, potential entrepreneurs say that
raising capital is the principal obstacle they face.

The logistic regression results (Table 3) also
show that sex was not significantly associated
with employment creation. However, it had a
positive Exp (B) of 1.158, suggesting that the
chance of male youth to create self-employment
and create employment for others was relatively
higher than that of female youth. When
considering self-employment, most literature

Table 3: Factors associated with SUGECO graduates in employment creation (self
employment or employment of others)

Variable B S.E. Wald df  Sig.  Exp(B) 95% C.I. for
EXP(B)
Lower Upper
Household size =733 721 1.032 1 310 481 A17 1.976
Programme of study -197 717 075 1 784 822 202 3.348
Parent occupation .086 275 098 1 754 1.090  .636 1.869
Education level -.143  1.112 016 1 .898  .867 .098 7.672
Business experience -1.133 736 2372 1 124 322 .076 1.362
before SUGECO
Source of capital .874 906 929 1 335 2396 405 14.156
Marital status 2.045 921 4931 1 .026%  7.730  1.271  47.005
Sex 147 762 037 1 847 1.158 260 5.157
Training in agribusiness 1.824 927 3870 1 .049*  6.197 1.007  38.141
Constant 451 1.319 117 1 733 1.569

NB: *Significant level at P < 0.05.Dependent variable = employment creation, Overall Wald statistic =34.030
(p = 0.000); Omnibus Tests of Model Coefficients chi-square =17.097 (p = 0.007); Hosmer and Lemeshow

Test chi-square = 7.498 (p = 0.484); -2log likelihood =

0.627, model was correctly predicted by 87.5%.

56.603a; Cox & Snell R2 = (0.442; Nagelkerke R2 =
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gives attention to the study of menmay be due
to the same being more likely to self-employ
relative to women. The study’s finding is in
line with the findings by Nikolova and Bargar
(2010) and Ayele (2014). Furthermore, Watson
and McNaughton, (2007) reported that women
still dedicate a significant part of their time to
household management and parenting, and
are therefore less available for entrepreneurial
ventures.

The binary logistic results (Table 3)
also show that the surveyed youth’s parents/
guardians’ occupation was positively but
not significantly associated with the youth’s
employment creation. Thus, suggesting that
having a parent/guardian who is a business
person/entrepreneur increases the odds of the
youth to self-employ and employ others. A
simple explanation to the observation is parents/
guardians act as role model for their children
hence, making it easy for the children to emulate
what their parents/guardians do. According to
the literature (Ayele, 2014; Simoes et al., 2016),
an individual’s probability of becoming self-
employed increases if his/her parents/guardians
were self-employed. Moreover, having at least
one parent with self-employment experience is
positively associated with a higher chance to
becoming self-employed, because the children
tend to follow similar career pathways as their
parents.

Challenges faced by the youth graduates
from the SUGECO Incubation Programme

The findings (Table 4) show that SUGECO
incubation programme graduates face several
challenges in relation to their self-employment
and creation of employment for others. The
challenge reported by most (46.6%) was that of
startup capital. The finding is supported by the
qualitative data collected by the study as shown
in the quote below:

“SUGECO does not provide start-up
capital to the incubatees because there is
no enough money to do this and at the same
time be in a position to run the programme”
(Key Informant, SUGECO Office, Morogoro,
November 2019).

Generally, lack of startup capital makes it
difficult or impossible for some of the graduates

to create employment. According to literature
(Pompa, 2013), credit constraints and a lack
of capital, in general, have been identified as
restraints for enterprise growth, particularly
for developing countries enterprises. SMEs in
developing countries face significant constraints
when it comes to access to finance due to the high
cost of capital, high collateral requirements, and
lack of experience with financial intermediaries.

According to SUPER (2018) lack of access
to specific forms of financing is significantly
more constraining for small firms and that,
access to finance is a key component to create
an economic environment in which graduates
can grow and flourish. Therefore, to address
the above-mentioned challenge SUGECO can
borrow a leaf from the Zanzibar technology
and Business Incubator (ZTBI) created a
revolving fund to provide seed capital to its
youth incubatees to start their own business as
a way to solve the problem of start-up capital.
The initial capital of TZS 100 Million was
jointly created by ZTBI and Milele Zanzibar
Foundation. Therefore, ZTBI support has led to
a reduction of startup business failures due to
lack of (Rajeev et al., 2017).

The other major challenge faced by the
SUGECO incubation programme graduates is
lack of commitment among them: some are not
sure of whom they want to be as they still have
in mind the idea of being employed instead of
self-employment. The study findings conform
to Rolfe et al. (2010) who reported that some of
the entrepreneurs just start SMEs for survival as
they wait for formal sector jobs. Further to the
above one of male respondents said:

“Some of the incubatees do not take serious
the trainings offered by SUGECO because
they believe that they are here just to buy time
before they get employed by the government or
other organizations. Generally, such mentality
reduces the ability of working hard and thinking
big so as to create your own employment. In
addition, it also contributes into laziness”
(A Male SUGECO incubation programme
graduate, December, 2019).

Furthermore, lack of confidence and
patience was a major challenge as shown in Table
4. Generally, entrepreneurship requires not only
entrepreneurial skills but, also being enthusiastic
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towards a given opportunity. There are a lot
of business opportunities in the society which
graduates fail to grab due to lack of confidence.
Successful grabbing of business opportunities
requires a clear understanding of the business,
such as the nature of clients, business market
analysis and national policy. In addition, most
of the graduates like to undertake small and
casy businesses that yield quick profits in a short
period of time. Therefore, most are impatient
which hinders their gradual growth. According
to Asoni (2011), self-confidence is one of the
important determinants of entrepreneurship,
it increases the probability of owning and
managing a firm and it also has a positive effect
on business survival. Just like raising a child,
managing growth of a firm/enterprise brings on
many challenges as one navigates each stage
of his/her businesses development. Creating
systems, building a structure, hiring staff,
raising money, managing cash flows, growing
revenues, also take patience and hard work.
Although it may not be as fun and rewarding as
the startup for many entrepreneurs, it is the key
to building a successful venture (Jeffiey, 2013).

Findings from this study (Table 4) further
show that graduates face difficulties when it

to transform their ideas into viable business
ventures. Therefore, incubators such as
SUGECO need to offer entrepreneurs and
small businesses proper backup and guidance
to be able to concretely market their business
concepts, operate effectively and keep up with
the pace of change whilst remaining competitive.

Insufficient working equipment and
infrastructure was also reported to be challenge
by the SUGECO incubatees programme (Table
4). One of the female graduates said:

“We still have the problem of working
equipment such as solar dryers, machines and
fridges. In addition, infrastructure such as
offices, meeting rooms, water and electricity
are also challenges sometimes. The equipment
at SUGECO is not enough compared to the
number of people needing the same leading to
incubatees 'working in shifts. For example, users
of solar the dryers work in shifts because space
is not enough so some have to wait for those
using them to finish. This is a big challenge as
it may lead to the delay of delivery of products
especially if ones customers want them urgently/
timely” (A female SUGECO incubation
programme graduate, November 2019).

According to Khalil and Olafsen (2009),

Table 4: Challenges facing youth after they graduate from the SUGECO Incubation

Programme (n= 88)

Challenges Frequency Percent
Start-up capital 41 46.6
Market problem 7 8
Lack of commitment 23 26.1
Poor supervision and coaching 6.8
Time 7.9
Land problem 59
Unpredictable climate change 10.2
Lack of confidence and patient 18 20.5
Insufficient working equipment and infrastructure 23 26.1
Hard to put idea into implementation 13 14.8

NB: The total number of responses exceeds the sample size due to multiple responses

comes to putting what they have in mind as a
business idea into implementation. Hence, fear
to start a new venture. According to Rajeev et
al. (2017) a business incubator offers an ideal
environment for start-ups and entreprencurs

business incubation programmes should be
proactive in assisting the client and offer
assistance in areas that the entrepreneurs may not
be prepared to deal with on their own. Therefore,
they should offer shared infrastructure (to
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reducing start-up costs) such as office space,
meeting rooms, telecommunication, and
reliable electricity and in some environment
security services. An incubator should create
opportunities and a conducive environment
for the incubatees by locating them under one
physical establishment with facilities such as
cafeterias and meeting rooms which allows them
to communicate, share information, resources
and experience and communicate to each other
about difficulties and success of their ventures
(Marimuthu et al., 2015).

Another challenge mentioned by SUGECO
graduates was poor supervision and coaching.
This was mainly due to SUGECO not having
branches all over Tanzania therefore, monitoring
and coaching of its graduates becomes a
challenge. In addition, is very expensive in
terms of transport and time thus, contributing
into poor supervision as shown in the quote
below:

“After incubatees graduate from SUGECO
we allow them to go where they can be
comfortable to start what they plan to do
according to the training received. However, we
have found out that there is a problem when
it comes to coaching and mentoring because
they are scattered, and for those who are very
far for example in Kigoma it at times becomes
difficult to reach them due to transport costs”
(Key Informant, SUGECO Office, Morogoro,
November 2019).

Generally, coaching of the entreprencur
allows him/her to develop, from a process of
learning, various entrepreneurial behaviours. It
also allows the entrepreneur to develop their own
capacities and skills to manage the company, to
improve its efficiency to carry out certain tasks,
or still increase their self-confidence (Saadaam
and Affess, 2015). Furthermore, according to
InfoDev (2010) incubator’s effectiveness can
be improved by allowing it to evolve with the
needs of the incubatees. Therefore, an Incubator
should constantly monitor the performance of
its incubatees, to do so; managers should gather
information from their incubatees (financial,
sales, employment, etc). Moreover, doing the
above will enable the supervisors/coaches/
mentors to affectively advice the entrepreneurs
on how to increase their sales while cutting

down operation costs thus, better profits.

Conclusions and recommendations
Conclusions

The main objective of this manuscript
was to examine the contribution of SUGECO
incubation programme graduates towards
employment creation and challenges which
they face after their graduation. Based on the
findings and discussion, it is hereby concluded
that the SUGECO incubation programme
enables those going through it i.c.its graduates
to self-employ themselves while also creating
employment for others. It is also concluded
that agribusiness education/training is very
important as it increases the probability of the
youth receiving such training to self-employ
and create employment for others through
agriculture. Lastly, it is concluded that despite
the training and support received by incubatees
from SUGECO many face the challenge of
start-up capital after graduation.

Recommendations
Based on the study findings and conclusions

the following are recommended;

i. The Tanzanian government and
development partners should collaborate to
promote business incubation programmes
especially those which deal with
agribusiness value chain so as to generate
more employment, especially to the youth.

ii. SUGECO and other similar incubators
should establish clear graduation or entry
and exit policy and strictly follow those
policies/criteria’s so as to only recruit
suitable incubatees who will be actively
involved in the programme. Doing so will
increase the possibility of graduates being
successful in their endeavor to establish
their own firms/enterprises.

SUGECO also needs to find a way on how

it could become a more holistic incubation

programme that meets most of the
incubatees’ expectations such as possibility
for start-up capital. The above could be
achieved through collaboration with the
government (in particular the National
Economic Empowerment Council (NEEC)
Under the Prime Minister’s Office). Doing

iil.
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this could solve some of the issues around
access to affordable credit/loans. Other
options could be entering into partnership
with other strong organization or investors
interested in the youth’s socio-economic
development.

iv. Incubatees should take into consideration
the core activities and the reputation of
the incubation centre/programmes before
signing the joining instruction form. This is
critical for the incubatees (entrepreneur) as
it determines their success thereafter.
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Abstract

A study was conducted to compare the effect of three shipping packages, traditional bamboo
baskets (BAMB), bulk on truck (BULK) and stackable plastic crates (SPC) and the effect of
fruit position in the package (bottom, middle, and top) on postharvest loss of mandarin (Citrus
reticulate Blanco.) fruits along the value chain. A 3x3 factorial experimental design in a completely
randomized design (CRD) was used to set up the trial. Harvested mandarin fruits were sorted
and the uniform undamaged fruits packed in SPCs, BAMB, and BULK packages. Fruits were
transported for 161km from Kikundi village in the Morogoro district through Chalinze to Sokoine
University of Agriculture (SUA). On arrival at SUA, fruits were held under simulated wholesale (3
days) and retail conditions until when at least 50% of the fruits were rated unmarketable. During
the study, fruits were evaluated for external and internal fruit quality including; proportion of
decays, weight loss, pulp temperature, soluble solids content (SSC), titratable acidity (TA), SSC/
TA, and Ascorbic acid. Results show a significant interaction between (i) shipping-packages and
fruit position with respect to fruit pulp temperature and cumulative decay and (ii) storage time in
terms of juice volume, SSC, TA, SSC/TA, and ascorbic acid. For fruit in SPC, decays was higher
on fruits at top than at the middle and bottom of the package. SPC reduced fruit decay by 7.9%
or 5.1% than those packed in BAMB or BULK, respectively. Mandarin fruits in SPC and BAMB
particularly at the middle and bottom of SPC and BULK experienced lower pulp temperature than
those at the top of packages. Fruit internal quality, soluble solids content (SSC), titratable acidity
(TA), and ascorbic acid (ASC) changed only with storage duration. The study recommends use of
SPC for reducing fruit decays, and for slowing fruit pulp temperature rise during shipping. Further
study is recommended to establish the cost benefit of SPC over BAMB and BULK packaging as a
means to enhance its adoption.

Keywords: Shipping packages, Citrus fruits, Mandarin fruit packaging, Fruit position in the
package, Postharvest storage technologies

Introduction

andarin (Citrus reticulate Blanco)

fruits ranks the third in production
volumes after sweet oranges (Citrus cinensis
Mil.) and lemons (Citrus limon) and limes
(Citrus aurantiifolia) fruits produced in East
Africa and in the country (FAOSTAT, 2019).
In Tanzania the major citrus fruits (including

mandarin) growing areas are Tanga, Coastal and
Morogoro regions, with 35,640 ha, 11,123 haand
4,582 ha of the total national production area,
respectively (NBS, 2013). Most of the citrus
fruits from the regions are consumed locally
in major cities and towns (Izamuhaye, 2008;
Lynch, 1999) located 50 to 700 km away within
the country and some exported to neighboring
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countries including Kenya (Izamuhaye, 2008).
Fruit transportation is mainly conducted through
bulk on truck, in a mixed load of sweet oranges
and mandarins in the same truck (Lynch et al,,
1999; Msogoya and Kimaro, 2012; Tsa 2012).

Considerable postharvestloss in fruit quality
and salable quantity has been reported along
the mango (43.8%) and sweet oranges (48.3%)
value chains (Tsa. 2012; Msogoya and Kimaro.
2012). Of the 48.3% losses in oranges, 17.9%
occur at retail, 15.4% in wholesale trading, 12.0
% at the middlemen trading and 3.0% at farmer
level. The main causes of postharvest losses in
sweet oranges along the value chain in the order
of magnitude were reported to be; microbial
decay, mechanical damages, shriveling, and
fruit flies (Tsa. 2012).

Duetoits thin and brittle peel characteristics,
mandarin fruits are much delicate than
other citrus fruits (Brown, 2006), hence the
postharvest losses experienced along the value
chain are likely to be higher than those reported
in sweet oranges. In India however, postharvest
loss of mandarin fruits along the value chain
from harvest to distribution was reported to
be 46% (Bhattarai et al, 2003). Citrus fruits
including mandarins have oil glands on the peel
flavedo that when damaged during handling
tend to release phytotoxic peel oil compounds
causing brown/dark burning appearance on the
fruit rind (Zhang et al., 2011; Montero et al.,
2012). Damaged areas on the fruit peel also
serves as entry points for decay microorganisms
causing fruit deterioration during subsequent
handling stages.

Unfortunately, despite the delicate nature
of mandarin fruits among other citrus fruits,
in Tanzania little is known about the effect of
shipping packages on the quantity and quality
loss of the fruit along the value chain. The main
objective of this study is therefore to compare
the effectiveness of traditional shipping
packages; bamboo baskets (BAMB) and bulk
on truck (BULK) with an improved package
“stackable plastic crates” (SPC) on maintaining
fruit quality and reducing postharvest loss of
mandarin fruits along value chain (farm to
retail marketing/ handling). This simulated
study specifically evaluated change in external
and internal fruit quality including; proportion

of decays, weight loss, juice volume, pulp
temperature, soluble solids content (SSC),
titratable acidity (TA), SSC/TA, and Ascorbic
acid for the different packages and fruit position
(top, middle, and bottom) in the package during
handling from harvest to storage/ marketing.

Materials and Methods
Mandarin Fruit Source

In the 2014/ 2015 seasons, mandarin fruits
of local unknown cultivar were harvested from
an orchard at Kikundi village, Kibungo ward
in Morogoro district. Fruits were harvested
from randomly selected trees using the Drop-
Catch method. One picker climbed into the
tree, picked fruits and dropped them down for
another person to catch. Harvested fruits from
random trees were combined, sorted, and the
uniform, undamaged fruits packaged in SPCs,
BAMB or BULK for shipping simulation trial
in the same way wholesale traders, and farmers
do pack their fruits during shipping. Three
packaging for shipping methods; SPCs of 250 to
300 fruits capacity, BAMB of 500 to 800 fruits
carrying capacity, and heaping of unpacked
fruits on the floor of a 3.5 tones open top truck
(BULK) were used during a simulation trial. In
the trial, SPCs were used as a new introduced
packaging practice.

Experimental Design

The simulated shipping experiment was set
as a 3x3 factorial experiment in a completely
randomized block design (CRBD) with
shipping package at three levels; SPC, BAMB,
and BULK and fruit position in the packages at
three levels; top, middle, and bottom. Each of
the treatment combinations was replicated three
times. The number of packages per packaging
method was considered as replications. Under
each packaging method, three layers of fruit
positions were marked as; top, middle, and
bottom. Package location on the truck served as
blocks, whereas a set of each packaging method
was placed at the front, middle, and rear part of
the truck to avoid variations due to load position
on the truck (Fig 1). For simulation of wholesale
and retail handling conditions (before sale) on
arrival at SUA, fruits in the SPC, BAMB, and
BULK shipping packages were retained for
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Figure 1: Arrangement field packaging methods, (A) Bamboo baskets “BAMB” (B) Bulk
on truck “BULK” and (C) Stackable plastic crates “SPC” on the truck during the
simulated shipping trial of mandarin fruit.

three days at outdoor with full sun exposure
during the day and covering during the night.
After the three days of wholesale simulation,
fruits were unloaded from each package and
placed on benches for display until at least 50%
of the fruits per treatment combination rated
unmarketable.

Fruit packaging
BAMB

The bamboo baskets of 500 to 800 fruits
carrying capacity each were first lined with fresh
grasses on the inner side and the three layers of
fruits (bottom, middle, and top) each separated
with a layer of grasses loaded into each package.
Each layer had over 100 marked fruits of which
ten fruits at each layer were numbered for
tracing during data collection. Additional layer
of fresh grasses was placed at the top and tied
up with sisal ropes. The BAM packages were
then loaded on the truck one onto the other with
package tops covered with grasses facing to
each other.

BULK

BULK packaging involved placing a layer
of fruits on fresh grass cushioning materials
of about 10 cm thick spread on the truck
floor, followed by another layer of cushioning
materials before adding the second and third
layers of fruits. Bulk packed fruits were
separated in three categories; front, middle
and rear part of the truck with each group
containing 900 fruits. Each group was divided
further into three equal sub groups, considered
as replications. In each replication, at least 100
fruits were maintained on the top, middle and
lower layer of fruits, respectively separated by
grass cushioning materials.

SPC

Plastic crates of 40 cm (width) by 58.5
cm (length), by 23.0 cm (depth) and carrying
capacity of 250 to 300 fruits were used. A 2.5
cm layer of foam was placed at the bottom of the
crate before packing the first layer of fruits and
above the second and third layers of fruits. In
each crate fruits were filled to allow stacking of
one crate onto the other without compressing the
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fruits. No linings were added on the sides of the
package during loading of the fruits to permit
natural ventilation. Loaded SPC were packed
onto the truck in three layers high. To avoid
fruit leaping from SPC, an empty fourth crate
was tied on top and secured using sisal ropes
(Fig. 1). At least 100 fruits were maintained on
the top, middle and lower layer of fruits in each
SPC.

Simulation
Conditions

Most citrus fruits produced in Tanzania
are consumed locally in big towns (Izamuhaye,
2008) including city centers within the region
or nearby areas located at least 150 km from
the production areas. Access to the production
areas involves use of rough/ungraded and
tarmac roads. Based on that, after packaging and
loading, fruits were transported from Kikundi
village at Matombo division in Morogoro
district to Sokoine University of Agriculture
(SUA) through Chalinze in the Pwani region.
The produce was shipped for 1 hour on 18
km of ungraded, none-tarmac road and the
remaining 143 km for 2 hours and 37 minutes
on the tarmac road to cover a total distance of
161 km in 3 hours and 37 minutes. The tarmac
road had 2-4 humps at about every 20 km
distance. Similar to what most traders do during
transportation of citrus fruits, the shipping
simulation was conducted on a clear day starting
at 18:30 hours to 22:07 hours, and the truck
body/bed was partially covered to allow some
air circulation. The ambient temperature range
during transportation was be 29.5°C.

On arrival (Day 0) at SUA Horticulture
Postharvest Laboratory, fruits were unloaded
while maintaining treatment grouping and
replications. Fruits under BULK were unloaded
following the same heaping arrangement on a
spread polypropene sheet and held outside at
simulate wholesale traders handling conditions.
Fruits in BAMB and SPC were retained in
the packages and also placed on the sheet. All
treatments were left open during the day and
covered with polypropene sheet during the night
simulating commercial wholesale conditions
for three days (average period that wholesale
traders hold their fruits during selling). On day

of Shipping and Storage

3 of wholesale simulation all packages were
opened and fruit losses quantified. Undamaged
fruits from all packages were then transferred
inside to the horticulture postharvest laboratory
to simulate retail traders handling. Similar
treatment grouping were maintained but all on
laboratory bench displays. Under the simulated
retail handling conditions fruits were retained
until when at least 50% rated unmarketable
due to either decay and or shriveling. The mean
temperature and relative humidity (RH) at retail
simulated conditions (laboratory room) were at
24.7 °C, 79.9% RH.

Analysis of Losses

During the study, both internal and external/
physical fruit quality postharvest losses were
evaluated across treatment combinations.

Physical/External Fruit Quality
Percent Fruit Decay

Assessment of fruit visual quality was done
on Day 3 of wholesale simulation and every
three days during retail storage simulation to
identify and record fruits found with signs of
decay. Then percentage cumulative fruit decay

was calculated following equation 1.
Decayed fiuits(%) = Number of décayed frutts‘
Total number of sampled fruits

(1

Physiological Weight Loss

Fruit physiological weight was determined
according to Huidrom et al. (2016) using a
digital kitchen scale (Ozeri, ZK 14-S) and
percentage physiological weight loss (PWL)
established based on equation 2. Ten fruits from
each packaging method and position replication
were numbered and used for tracking of weight
change during successive handling from day 0
of storage.

PWL(%) = Initial weight(g)— Final weight(g) %100

Initial weight(g) (2)
Internal Fruit Qualities

Six (6) fruits randomly picked from each
packaging method position (top, mid, bottom)
per replication were sampled. Evaluations were
conducted on Day 0 of wholesale simulation,
Day 3 of storage (initial day of retail simulation),
and every three days of storage during handling
at retail simulated condition until 50% of the
fruits in at least one of the treatment is rated




Comparison of Three Shipping Packages in Reducing Postharvest Losses of Mandarin

62

unmarketable. Five internal fruit qualities; pulp
temperature, juice volume (v/w%), soluble
solids content (oBrix), titratable acidity (%
citric acid), and ascorbic acid content (mg/100g)
were evaluated.

Fruit Pulp Temperature

Fruit pulp temperature was measured using
a long probe digital thermometer (TA804-
PROBE, Lexington, KY USA) inserted to the
middle of the fruit core through the pistil end.
The probe was twisted to an angle towards
the segments and maintained for one minute.
Temperature readings (°C) were record
separately for each of the sampled fruits.

Juice Volume

Fruits weight was measured using a digital
kitchen scale (Ozeri, ZK 14-S), then each fruits
was cut and the juice squeezed using a hand
held juice squeezer. The juice from each fruit
was filtered using a tea strainer into a plastic
measuring cylinder and juice volume recorded.
Percent juice volume was then calculated based

on equation 3.
Juice volume(ml)
Whole fruit weight(g)

Percentage Juice Volume(v/w %) = x100 (3)
Soluble Solid Content (SSC) and Titratable
acidity (TA)

Fruit juice of six fruits per treatment was
composited to make three samples (of two fruits
each) and used for evaluation of SSC and TA.
Fruit SSC was determined according to Huidrom
et al. (2016) where 1m I of mandarin fruit juice
samples were pipetted onto a handheld digital
refractometer (Antago PAL-1, Japan) and
readings in degree Brix recorded. Fruit TA was
determined according to Rajwana ef al. (2010)
by pipetting 5 ml of the juice into 50 ml of
distilled water and titrated against 0.1N NaOH
to 8.2 pH using an automatic potentiometric
titrator (HI 901, Hanna Instrument, USA).
Percentage of the dominant acid (citric acid)

was then calculated based on equation 4.

Titratable acidity(%) = Y NaoH used x0.064
Volume of sample used

4)
Where; N = normality

Fruit Total Ascorbic Acid Content
Ascorbic acid (Vitamin C) content was

determined according to Seki (1990) based
on the oxidation reduction reaction principle.
Two milliliters of the composite juice used for
SSC were diluted to 50 ml with 10 % TCA
solution and filtered using a Whatman filter
papers No. 1. Ten milliliters of the filtrate was
slowly titrated against a standard solution of
2,6 - Dichlorophenolindophenol and sodium
salt until a pink colour marking the titration
end-point attained. A blank solution of 10 %
TCA solution was titrated against the standard
solution (2,6-Dichlorophenolindophenol). The
volumes of indophenol solution used to oxidize
the ascorbic acid in the fruit juice sample extract
and blank solution were recorded. The vitamin
C content was then calculated using equation 5.

(A—B*C*V*100 (5)

Fruit Vitamin C content /100, =
ruit Vitamin C content(mg gm) DS

Whereby:
A= volume (ml) of the Indophenol solution
used for the sample

B = volume (ml) of the Indophenol solution
used for the blank

C = mass (mg) of ascorbic acid equivalent to
1.0 mL indophenols solution

S = mass (g) of sample taken for analysis

V = total volume (ml) of extract

D = volume (ml) of sample filtrate taken for
analysis

Statistical Analysis
Fruit pulp temperature, physiological

weight loss, cumulative fruit decays, SSC, TTA,
SSC/TTA, and content of fruit ascorbic acid
were evaluated. Analysis of variance of data
(ANOVA) was conducted using PROC GLM
(SAS institute Inc., Version 9.3, Cary, NC,
USA) based on a randomized complete block
design. Post comparison Tukey’s test at p<0.05
was conducted to separate the means for all
evaluated parameters.

Results

Following the shipping simulation and
storage experiment, fruits in most of the
treatments evaluated took a maximum 12 days
for > 50% to be rated unmarketable. The results
presented here, reflects the evaluation conducted
during the period.
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Shipping Packages and Fruit Position in the
Package

Fruit decay following shipping simulation
varied significantly (p<0.01) with both package
type and fruit position in a package (Appendix
1, Table 1). Fruit packed in SPC particularly at
the middle of package had the lowest decays
(18.1%) compared to those packed at the same
position in BAMB (37.7%) and BULK (32.5%)
(Table 1). SPC reduced the percent of fruit
decay by 7.9% and 5.1% more than the BAMB
and BULK packaging methods, respectively.
Similarly, SPC demonstrated lower decay
(22.5%) on fruits located at the bottom of the
package than fruits at same position in BULK
(29.8%). SPC reduced decay of fruits located at

Storage Time

Fruit physiological weight loss (p<0.0001)
and decay (p<0.001) varied significantly with
storage time (Appendix 1, Table 2). Weight loss
due to water loss was higher on Day 6 (3.9%)
and Day 9 (3.9%) of storage than on Day 3
(0.9%) and Day 12 (2.4%). On the contrary,
fruit decay was higher on Day 3 (13.5%) and
Day 6 (13.7%) than on Day 9 (8%) and Day 12
(4.5%) of storage.

The fruit pulp temperature following
the shipping simulation experiment varied
significantly (p<0.001) with both package
type and fruit position in a package (Table 3).

Table 1: Interaction effect of packaging method and fruit position in the package on
cumulative fruit decay during storage at ambient condition after shipping simulation

(12 days storage)

Cumulative Fruit Decay (%)

Fruit Position in the Stackable Plastic Bamboo Basket Bulk on Truck
Package Crate (SPC) (BAMB) (BULK)
Top 32.98 aA 31.31 aA 26.47 aA
Middle 18.13 bB 37.69 aA 32.54 aA
Bottom 22.45 bB 28.18 aBA 29.76 aA

Percentage cumulative fruit decay means within a column followed by the same low letter or by the same
capital letter within a row do not differ significantly according to Tukeys test (p<0.05).

Table 2: Effect of fruit storage time on cumulative fruit decay and weight loss during storage
at ambient condition following shipping with SPC, BAMB, and BULK field packages

Fruit Storage Cumulative Change in Cumulative Change in

Time Fruit Decay (%) cumulative fruit Weight Loss weight loss (%)
decay (%) (%)

Day 3 13.47 13.47a 0.923 0.92b

Day 6 27.15 13.68 a 4.77 3.85a

Day 9 35.10 7.95b 8.70 393 a

Day 12 39.61 451b 11.12 242b

Percentage cumulative fruit decay and cumulative weight loss means within a column followed by the same
letter do not differ significantly according to Tukey HS test (p<0.05)

the bottom of the package by 5.7% and 7.3%
more over BAMB and BULK packaging,
respectively. However, within the SPC package,
fruits located at the middle (18.1%) and bottom
(22.5%) experienced less decay than those at the
top of the package (33%).

Generally, fruits in BAMB retained the lowest
fruit pulp temperature (23.7 °C) compared to
SPC (25.1 °C) and BULK (29.7 °C) packages
for the fruits located at the top of the packages.
On the other hand SPC (23.5 °C) and BAMB
(23.5 °C) packages were able to retain lower
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fruit pulp temperature than BULK (25.4 °C)
packaging for the fruits located at the middle
of the package. Interestingly, pulp temperature
on fruits under BULK package decreased with
depth from top to the bottom of the package,
being highest at top (29.7 °C) and least at the
bottom (23.7 °C). Whereas for SPC, pulp
temperature was equally lower on fruits at the
middle (23.5 °C) and bottom (23.9 °C ) than at
top (25.1 °C) of the package.

Percent of fruit juice volume (v/w%) during
storage following shipping varied significantly
(P<0.05) with both packaging method and
storage duration (Appendix 1, Fig.2). Both

SPC and BAM had similar trend of change in
juice volume, being high on day 3 and Day
12 of storage, while BULK maintained an
increasing trend that peaked on day 9 (39.5%) of
storage. On Day 3 of storage (end of wholesale
simulation), BAMB package demonstrated
higher juice volume than BULK whereas on
Day 9 BULK (39.6%) had higher juice volume
than SPC (34.7%). However, on day 12 (Day 9
at retail storage) fruits from BAMB packaging
had higher juice volume than both BULK and
SPC.

Both fruit SSC, TA, SSC/TA ratio, and ASC
varied significantly (p<0.0001) with storage

Table 3: Interaction effect of packaging method and fruit position in the package on fruit
pulp temperature at wholesale storage conditions (day 3) after shipping simulation

Pulp temperature (°C)
Fruit Position in the Stackable plastic Bamboo basket Bulk on truck
Package z crate (SPC) (BAMB) (BULK)
Top 25.1 aB 23.7 aC 29.7 aA
Middle 23.5bB 23.5aB 25.4 bA
Bottom 23.9bA 23.2 aA 23.7cA

Fruit pulp temperature means within a column followed by the same low letter or by the same capital letter
within a row do not differ significantly according to Tukey's test (p<0.05)

44 -

42 |

40 4

38 4

Juice volume (viw %)

32 4

---SPC ——BULK ——BAMB

Storage duration (Days)

6 9 12

Figure 2: Effect of packaging methods; SPC, BAMB, and BULK on percentage juice volume
following 12 days storage at ambient conditions
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duration (Appendix 2, Fig. 3). However, SSC
was significantly higher on Day 12 (10.3 oBrix)
than on the proceeding days of storage (Fig. 3a).
Similarly the SSC/TA ratio started to increase
significantly from Day 6 through Day 12 (Days
3 through 9 of retail storage) (Fig. 3c). On the
contrary TA was high on Day 0 than on Day 6
(day 3 of retail handling) and the least on Day
9 through Day 12 (day 9 of retail handling)
(Fig. 3b). Ascorbic acid (ASC) was significantly
higher during the three days of wholesale
simulation than on Day 9 and Day 12 after
harvest (Day 6 and 9 of retail storage).

Discussion

Fruit decay has been the major concern for
wholesale and retail traders. The low decays in
SPC compared to BAMB and BULK packaging
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making fruits susceptible to attack by decay
pathogens. Mechanical damages and high pulp
temperature could be the reasons for the higher
fruit decay observed on fruits located at the top
of SPC than middle and bottom of the package.
Damages provide entry points, while high
temperature favour growth and multiplication
of decay pathogen on produce (Barkai-Golan,
2001; Martinez-Romero et al., 2004; Ladaniya,
2008; Kader and Yahia, 2011). Plastic crates are
easily cleanable and have smooth inner surface,
which reduce the chance for mechanical
damage on fruit surface (Abejon et al., 2020).
Both BAM and BULK used grass cushioning
materials which are likely to serve as source
of decay pathogens. Bamboo baskets (BAMB)
also have rough inner surfaces potential for
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Figure 3: Effect of fruit storage time on SSC (a), TA (b), SSC/TA (¢), and ASC (d) following
shipping simulation with SPC, BAMB, and BULK packaging

observed in this study could be related to low
contamination from cushioning materials. Both
BAMB and BULK packaging used grasses as
cushion materials which increases chances for
produce contamination. On the other hand, fruit
located at the top of the package can experience
covert mechanical damage caused by fruit—fruit
contact, and fruit to package impact or abrasion

causing surface abrasion and puncture on fruits
(Ladaniya, 2008).

On the other hand, the higher cumulative
decay observed on fruits located at the middle of
BULK and BAMB packages than at the middle
of the SPC package may have been attributed
to the prevailing high temperature (28.5 °C)
and RH (89%) and poor ventilation in the
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packages compared to 27 °C and 85% in SPC.
The dried banana leaves and raw grasses were
used as cushioning but was likely to reduce air
circulation in the packages. Soil borne decay
pathogen like Geotrichum candidum (Sour rot)
is known to live and grow on fermented grasses
(Ladaniya, 2008). The middle and bottom part of
BULK package was likely to provide favourable
conditions for growth of decay pathogen than
SPC. SPC package have vents on the side,
which give better produce ventilation, also
contain fewer fruits and more shallow depth that
reduced compression damage and eliminated
contact with any grass or soil materials.

In this study, wholesale handling conditions
were found to exposed fruits to higher
temperatures leading to variations in fruit pulp
temperature among packages and between fruit
position within the package. Produce handling
conditions at wholesale exposes fruits at top
packages, particularly under BULK packaging
to direct sun exposure. That was the also the
reason for the observed higher pulp temperature
on fruits at the top than middle and bottom of
the SPC package. Similar findings have been
reported by Thompson et al. (2011) indicating
high temperature on cherry fruits at top of the
boxes than middle and bottom positions. This
study also associate the dry banana leaves
cushioning materials used as lining in the
BAMB package with the relatively low pulp
temperature and high RH recorded throughout
the BAMB package positions.

Fruit cumulative decay increased with
storage duration, however the observed higher
decay on Day 3 (end of wholesale) suggest
existence of covert fruit fly infestation,
mechanical damage and or latent infection
which may have been occurred in the field
(harvesting) and during shipping. Whereas the
higher increase in decay from Day 3 to Day 6
(day 3 of retail handling) than on day 9 and day
12 was likely attributed to latent infections and
recontamination from sorted decayed fruits.
The higher temperature and relatively low RH
experienced at wholesale (23 to 29.7 °C, RH of
74 to 84.5%) and retail (24.6 °C, RH of 79.9%)
simulated conditions was likely associated with
the promotion of growth and development of
decay pathogens such as Penicillium digitatum

and Geotrichum candidum Link. (Geotrichum
citri-aurantii) which grow well and rapid at
an ambient temperatures of 25 to 30 °C and 28
to 30 °C, respectively (Smilanick et al., 2006;
Ladaniya, 2008). Such higher temperatures were
also likely to encourage growth of Diplodia
natalensis (Diplodia stem end rot) (Ismail et al.,
2004). Presence of any wound on fruit surface
due to mechanical damage would also enhance
attack by fungal pathogens (Ismail et al., 2004;
Ladaniya, 2008). The higher temperatures
observed at wholesale handling in the packages
during this study were likely associated with
stimulating latent infections during simulated
wholesale and handling conditions.

Physiological weight loss due to water
loss increased with storage time, however the
observed higher change in weight loss on day
6 and day 9 (day 3 and day 6 of retail storage)
than on day 3 of wholesale storage was partly
attributed to high storage temperature (24.6 °C)
and low relative humidity (79.9%) recorded
at retail simulated conditions. These results
suggest that, maintaining fruit in their shipping
container during wholesale handling reduced
water loss more than when exposed on display
during retail marketing conditions. Ladaniya
(2008) has reported similar findings.

The higher juice volume (v/w%) observed
on BULK than SPC packaging on day 9 and on
BAMB than on both BULK and SPC in day 12
was partly related to water loss from the fruit
peel that may have been varied slightly among
fruits in the different packages. Water loss from
the peel at constant juice volume, increased the
percent of juice volume of individual fruits.
The slightly less weight loss observed in this
study on fruits previously packaged in SPC than
BULK on day 9 and BAMB on day 12 could
be the reason for the observed trends in juice
content among packages over storage time.

Regardless of the packaging methods under
practice, fruit SSC, TA, ratio of SSC/TA, and
total ascorbic acid content varied considerably
with storage time. The increase in SSC on day
12 (day 9 retail storage) was likely associated
with the higher water loss (11.2%) under retail
handling conditions. Burdon et al. (2007) also
reported a slight non-significant increase in
SSC following exposure of ‘Satsuma’ mandarin
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to 30 °C and 65% RH for 3 days. Similarly, a
significant increase in SCC during storage has
been reported in ‘Hamlin’ orange, ‘Robinson’
tangerines and ‘Palestine’ lime following four
weeks of storage at 15 °C, 95% RH (Echeverria
and Ismail, 1987).

The decrease in TA starting on day 6 (day 3
retail storage) observed in this study associated
with metabolism of organic acids particularly
citric acid (Hairai and Ueno, 1977; Marcilla
et al, 2006) accelerated by high temperature
and low RH exposure during retail handling
simulation (24.6 °C, 79.9% RH). Similarly,
Burdon et al. (2007) reported a significant
decrease in TA following exposure of Satsuma
mandarin to high temperature and low RH (30
°C, 65% RH) for 3 to 5 days. On the other hand,
a similar decrease in TTA in mandarin fruits
during storage time has been reported in other
studies (Echeverria and Ismail, 1987; Shellie et
al.,, 1993; Pérez et al., 2005). The increase in
soluble solids content and decrease in titratable
acidity increased the SSC/TTA ratio. Similar
findings have been reported in earlier studies
(Echeverria and Ismail, 1987; Pérez et al., 2005;
Burdon et al., 2007; Tietel et al., 2010).

On the other hand, the observed decrease
in ascorbic acid in this study starting on Day
9 (day 6 retail storage) was likely associated
with retail storage conditions, particularly
high temperature (24.6 °C). Ascorbic acid has
been reported to be thermally instable, being
very susceptible to degradation at high storage
temperatures (Pérez et al., 2005; Burdurlu et
al. 2006). No changes in SSC, TTA, SSC/TTA
or ascorbic acid content were attributed to the
packaging methods used in this study. However,
storage temperature and citrus senescence
during storage have been reported to alter both
flavor (SSC and TTA) and nutritional quality
particularly ascorbic acid content (Miller, 1946;
Biolatto et al., 2005). Storage of citrus fruits
at 5 to 8 °C, has been reported to minimize the
loss in nutritional quality mainly ascorbic acid
content (Grierson and Miller, 2006).

Conclusions

The study assessed the performance of
three field-packaging methods; BAM, SPC
and BULK and the position of fruit in the

packages (top, middle, and bottom) on physical
fruit quality (decay, weight loss) and internal/
nutritional quality (juice volume, SSC, TA, SSC/
TA, and Ascorbic acid). During the study, SPC
reduced fruit decay, and fruit pulp temperature
particularly for the fruits at the middle and
bottom of the package. In addition, it was
observed that, retention of mandarin fruits in
the shipping package (SPC and BAMB) help to
reduce weight loss, maintain high juice volume,
and minimize fruit heating. Among packages,
BAMB was effective in minimizing fruit pulp
temperature for fruits located at all positions in
the package, however the insulation materials
used; dry banana leaves and raw grasses are
likely to reduce ventilation, retain high RH, and
also serves as source of latent infection for later
fruit decays. Packaging methods had no effect
on internal fruit qualities. Internal fruit quality
varied only with storage duration, with most
of the fruit becoming unmarketable on the 9™
day of retail handling. Fruit SSC, and SSC/TA
increased and TA and Ascorbic acid decreased
with storage duration. The increase in SSC and
decrease of TA, and Ascorbic acid observed
in this study associated with the increase in
water loss during storage period. This study
also associate the decline in ascorbic acid and
titratble acidity and the increase in SSC and
SSC/TTA ratio with the high storage temperature
experienced at wholesale and retail levels.
Therefore, the study recommends use of
SPC over BAMB and BULK methods as the
best option to reduce fruit decays, fruit pulp
temperature rise and hence reduce produce loss.
The study also recommends retention of fruits in
shipping container with few on display to reduce
water loss during retail handling. However, it is
still important to ensure proper shading of the
fruits during wholesale and retail conditions
as it may enhance respiration and growth of
decay microorganisms. Use of banana leaves as
insulation materials in BAMB is advocated to
reduce fruit heating during handling, however
study are required to ascertain its freeness from
latent infections. In addition proper management
of the crop in the field is required to ensure
effective control of pest and disease along the
fruit handling chain particularly to reduce latent
infections that could grow during storage.
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Further studies are recommended to establish
the cost benefit of using plastic crates (SPC)
over BAMB and BULK packaging as a means
for advocating its adoption. Further studies are
also required to evaluate the quality and use of
existing insulating materials including banana
leaves in reducing fruit pulp temperatures.
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Appendices

Analysis of variance for the effect of field packaging methods, fruit passion in the package

and storage time on fruit quality following 12 days storage at ambient condition

Treatments

Cumulative Fruit
Decay (%)

Cumulative Weight
Loss (%)

Juice Volume
(viw %)

Fruit Pulp
Temperature (°C)

Storage Duration (SD)
Packaging Method (PM)

Fruit Position in Package

(FP)

SD X PM
SD X FP

skkok kkoksk

Hk ns

ns -

ns ns
ns -

kk

PM X FP -

SD X PM X FP

ns -

- ns

Rt sk

EE T ns

*

- ns

ns

- ns

ns, ¥ FE KEE op ¥R pefers to non-significant, significant at p< 0.05, p< 0.01; p< 0.001, or p<0.0001, respectively.

Appendix 2:

Analysis of variance of field packaging methods, fruit passion in the package and storage

time on selected fruit quality following nine days storage at ambient condition

Treatment

SSC (*Brix)

TA (% citric
acid)

SSC/TA
(ratio)

Ascorbic Acid (mg
100g™)

Storage Time (ST)
Packaging Method (SM)
Fruit Position in Package (FP)

Hokok sk

ns

Interactions

ST X SM
ST X FP
SM X FP
ST X SM X FP

ns

ns

ns

ns

EEEE

ns

ns

ns

ns

ns

ns

R seokoton

ns ns

ns ns
ns ns
ns ns
ns ns

ns ns

ns, or **** non-significant, or significant at p<0.0001, respectively
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Abstract

In the current study, Nile perch products were analysed for seasonal variations in the levels
of indicator polychlorinated biphenyls (PCBs). Samples of fish products were collected from Lake
Victoria during the dry and rainy seasons and extracted using a common method referred to as
QuEChERS (quick, easy, cheap, effective, rugged and safe) methodology. The residues of PCBs in
fish samples were detected and quantified by using a Gas Chromatography equipped with Electron
Capture Detectors and a Gas Chromatography equipped with Mass Spectrometer (GC-ECD/GC-
MS). The concentrations of indicator PCBs in fish samples were generally greater during the
rainy seasons than the dry seasons suggesting that seasonality has significant impacts on PCBs
contamination in fish. However, the total PCBs in fish in the current study for both seasons were
lower than the Maximum Recommended Limits of 75ug/kg that is set by the European Commission
for fish and other fishery products. This indicates that the Nile perch products from Lake Victoria

are safe for human consumption based on the studied toxicants.

Keywords: Indicator PCBs, Seasonality, fresh muscles, processed fish products, POPs.

Introduction
Polychlorinated biphenyls are a group
of manmade chemicals and one of
the original persistent organic pollutants that
are covered by the Stockholm Convention.
Studies have indicated that PCBs are very stable
mixtures that are resistant to extreme temperature
variations and pressures (Polder et al., 2014;
Witczak, 2012). In the past, PCBs were widely
used in electrical equipment such as capacitors
and transformers as flame retardants. When they
enter the environment, such toxicants resist
degradation by biological or chemical means
and they are considered to be lipophilic in
nature (Cork et al., 2007; Bjermo et al., 2013),
a property that enables them accumulate in fatty
tissues of different living organisms. They are
also generally toxic and have been observed to
travel longer distances (LRAT) before their final
deposition in ecological media (Liu ez al., 2007).
They further have the ability to accumulate in
the aquatic biota and increase in concentration
with time when they enter organisms above their

trophic niches (Wenaty et al., 2019a). PCBs are
also referred to as endocrine disrupting agents
(EDs) (Bell, 2014) because of having the ability
of disrupting and altering the regular working
of the endocrine system (Frouin et al., 2013;
Wenaty ef al., 2019a, b). These compounds have
also been reported to be potentially carcinogenic
to human beings due to the fact that they are
associated with occurrence of different kinds
of cancers such as breast, liver and testicular
cancers. They are similarly reported to have
negative reproductive effects such as low
birth weights, small head -circumferences,
miscarriages, poor sperm quality as well as low
sperm counts (Wenaty et al., 2019a, c).

Seasons of the year have been implicated
to have a significant impact on the levels of
persistent organic pollutants including the
indicator PCBs in the aquatic environment
(Polderetal., 2014). During the rainy season they
are transported from one place to the other thus
contaminating environmental matrices in areas
where they have never been used or produced.
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Moreover, in the recent years fisheries in Lake
Victoria has been associated with abusive
history of using different chemicals for fishing
that could be important sources of PCBs in fish
(Henry and Kishimba, 2006). Several studies to
establish the levels of PCBs in various species
of fish and other environmental compartments
and the associated human health risks have
been undertaken around the globe (Polder ef al.,
2014; Ssebugere et al., 2014; Oluoch — Otiego
et al., 2016; Wenaty et al., 2019b). However,
studies to establish seasonal variations of these
toxic persistent organic pollutants in fish and
fish products are very limited.

The current study was thus planned to
evaluate the influence of seasons of the year
on the concentrations of indictor PCBs in fresh
muscles and processed Nile perch products that
are widely consumed in the area in question.
The main focus was on indicator PCBs since
different studies have previously reported that
they have more significant health impacts than
other classes of PCBs (Polder ef al., 2014).

Materials and Methods
Description of the study area

This study involved fourregions constituting
the Tanzanian side of Lake Victoria namely
Mwanza, Kagera, Mara and Geita. The regions
were purposively selected for this study based
on the fact that they are intensively involved in
Nile perch fishing and processing for domestic,
regional and international markets.

Collection and extraction of fish samples
This current study involved five products of
Nile perch including; fresh fish, salted-sundried,
trims, processed by smoking and fried products
which were collected from randomly selected
landing sites and fish processors and sellers at
different fish markets in the study area during the
dry and rainy seasons between 2016 and 2019.
Three hundred samples consisting of 60 samples
of individual fish products were prepared for
analysis. The extraction and clean-up of fish
samples for analytes detection and quantification
was done by a QuEChERS procedure with
some modifications at the National Fish Quality
Control Laboratory (NFQCL) in Mwanza. Based
on this method, thirty grams of each sample was

measured in triplicates and blended to obtain a
sample homogenate. Thereafter, thirty grams
of the homogenized samples were transferred
into 200 mL centrifuge tubes. Furthermore, 2.5
g of sodium bicarbonate (NaHCO,), 60 mL of
ethyl acetate and 15 g of anhydrous Na,SO,
were added and homogenized together for 20
min. Then the supernatants were transferred into
15 mL centrifuge tubes containing 0.125 g of
Primary Secondary Amine (PSA) and 0.75 g of
anhydrous MgSO, (Anastassiades et al., 2003;
Wenaty et al., 2019a, b, c¢). The mixture was
then centrifuged at 2500 rpm for 10 min and left
for further 5 min to enable separation process.
The supernatants were thereafter transferred
into vials for Gas Chromatographic analysis.

Recoveries and Analytical Quality Control

The recovery tests were performed for
six indicator PCBs of interest to determine
the efficacy of the extraction and clean-up
processes. Blank samples were spiked with
known concentrations of the indicator PCBs
followed by extraction and analysis. Blanks
and standards were run every after five samples
for the purpose of maintaining the quality of
analytical results. The percentage recoveries
were determined using equation 1

YoRecovery = Spiked — Unspiked concentration 100 (1)

Expected concentration

Chemical Analysis

The chemical analysis was carried out in
Mwanza at the National Fish Quality Control
Laboratory. The samples of fish were analysed
for 7 indicator polychlorinated biphenyls
namely: PCB-28, PCB-52, PCB-101, PCB-118,
PCB-138, PCB-153 and PCB-180. The selection
of the congeners was based on their persistence
in the environment and ultimate accumulation
on the food chains.

AnalysisofsamplesbyaGas Chromatographic
method

The indicator PCBs in the fish samples were
quantified chromatographically as described by
Wenaty et al. (2019a, b, c). The analysis was
carried out using a gas chromatography (GC-
2010, Shimadzu) equipped with 63Ni Electron
Capture Detector (ECD) and a non-polar (HP-
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SMS) capillary column of 30 m length, 0.25 mm
internal diameter and 0.25 pm film thickness.
Nitrogen was used as both a carrier and make-
up gas and the flow rate was set at 23.7 mL min—
1. The temperature programme was as follows:
initial temperature of 120°C held for 2 min,
then increased at a rate of 10°C min—1 to 270°C
held for 1 min, and at a rate of 2°C min—1 to the
final temperature of 290 °C held for 3 min. The
injector and detector temperatures were 220°C
and 290°C, respectively.

The Gas Chromatograph was operated in
a splitless mode with an injection volume of 1
pL. The standard mixture was injected in the
beginning and after every five samples. The
samples were injected in duplicate. The findings
were confirmed using gas chromatography- mass
spectrometry (Shimadzu GC-MS QP 2010 Ultra
equipped with a mass selective detector-MSD,
fused silica capillary column Rtx-5MS of 30 m
length, 0.25 mm internal diameter and 0.25 pum
film thickness and an autosampler) as described
by Mahugija et al. (2018) and Wenaty et al.
(2019a). The GC-MS was performed in a split
less injection mode and the mass spectrometer
was operated in an electron impact (EI)
ionization and full scan mode. The calibration/
working standard solutions were prepared
by dissolving portions of the stock solutions
in the same solvents as used for the samples.
Calibration curves were prepared by running
series of mixtures of standard solutions and
plotting the peak areas against concentrations.
Identification of the compounds involved
checking the matching of the retention times
and the mass spectra of the PCBs in samples to
those of external reference standards that were
prepared and run at the same conditions as for

the samples. Quantification was carried out by
linear integration of the standards and sample
data based on peak areas.

Data Analysis

The measured PCBs data were subjected
to descriptive statistics to deduce the minimum,
maximum, mean concentrations and standard
deviations of the congeners. The data was
further subjected to SPSS, Version 16.0 for
analysis. The concentrations of the congeners
were presented as mean + SD. The one — way
ANOVA was used to compare concentrations
between products. In data processing, the
concentrations of PCBs in samples established
to be below the limit of detection (<LOD) were
treated as zero. The separation of means was
done using Duncan's Multiple Range Test. The
significant difference was declared at p<0.05 for
all analyses.

Results and Discussion
Percentage recoveries of indicator PCBs for
the extraction and clean-up procedures

The percentage recoveries of indicator
PCBs are provided in Table 1. The mean
percentage recoveries based on triplicate
determinations of the analytes ranged from
71.3 to 92.5%. The percentage recoveries were
carried out to determine the sensitivity, accuracy
and suitability of analytical method. Different
studies show that percentage recoveries from
70 to 120% are satisfactory and indicate good
performance of the analytical method (Afful
et al, 2013a, b; Wenaty et al, 2019a, b;
Chamgenzi and Mugula, 2020). Thus the results
herein suggest a good performance of a GC-
MS/MS and that the extraction and clean-up

Table 1: Percentage recoveries of indicator PCBs to determine the sensitivity, accuracy and

suitability of analytical method

PCBs Amount spiked (ng/ Amount calculated  Recoveries (%)
kg) (ng/kg)
PCB- 28 0.75 0.694+0.13 92.53+0.19
PCB- 52 0.50 0.410+0.24 82.00+0.45
PCB- 118 2.00 1.672+0.35 83.60+0.13
PCB- 138 2.60 2.034+0.47 78.23+£0.27
PCB- 153 2.80 2.103+0.43 75.11+0.19
PCB- 180 3.90 2.780+0.93 71.28+0.23
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processes were performed perfectly and that no
corrections of the recoveries were needed.

Mean concentrations of the PCBs in fish
products during the dry and rainy seasons

The results of the concentrations of indicator
PCBs in pg/kg and their total concentrations that
were measured in fresh muscles and processed
products of Nile perch from the studied area
are provided in Table 2. The results show that
six indicator PCBs namely; PCB-28, PCB-52,
PCB-118, PCB-138, PCB-153 and PCB-180
were discovered in different Nile perch products
at quantifiable magnitudes in both the dry and
rainy seasons during the study period whereas
PCB- 101 was found to be below its limit of
detection (<LOD) in any of the five Nile perch
products that were considered in this study.

The results indicate further that the
indicator PCBs were not detected (<LOD) in
fresh Nile perch muscles during the dry seasons
but three congeners namely; PCB-138, PCB-
153 and PCB-180 were detected during the
rainy seasons. The mean concentration of the
three congeners that were detected in fresh Nile
perch muscles were quantified to be 0.89, 1.93
and 2.34 ng/kg for PCB- 180, PCB- 138 and
PCB- 153 respectively. For the salted- sundried
Nile perch the levels ranged between 3.14 and
6.08 pg/kg during the dry season, while during
the rainy season the average concentration of
indicator PCBs ranged from 4.54 to 8.21 pg/kg.
The results revealed further that, for trimmed
fish products, the mean concentration of the
detected indicator PCBs ranged from 1.88 to
7.83 pg/kg during the dry spell while during
the rainy season the mean concentration was in
the range between 2.79 and 10.48 pg/kg. On the
other hand, the mean concentrations of indicator
PCBs in smoked products ranged from 3.62 to
6.46 pg/kg and from 4.52 to 9.56 ng/kg during
the dry and rainy seasons respectively.

Moreover, for deep fried Nile perch,
the average amount of the congeners ranged
between 1.25 and 3.40 pg/kg during the dry
season and between 1.69 and 5.30 pg/kg during
the rainy season. There were significantly high
concentrations of the congeners in Nile perch
during the rainy season compared to the dry
season. This suggests that the rainy season has

Table 2: The mean concentrations in pg/kg of the congener PCBs and the sum of the PCBs in Nile perch products from the study area during

dry and rainy seasons

MRL (EC, 2011)

Salted- sundried Trims Smoked Deep fried

Fresh fish

Samples

Dry Rainy

Rainy

Rainy Dry

Dry

Rainy

Dry Rainy

Season
PCBs

1.75£0.35 2.27+0.51

1.25+0.21
<LOD

6.90+1.43

5.20+1.58

6.08£1.95 8.21£0.97 4.92+1.38 5.64+0.93
3.14+£3.00 4.54+1.46 3.72+0.87 4.52+1.20

<LOD

<LOD
<LOD
<LOD
<LOD

<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD
0.00

PCB-28

1.69+0.40
<LOD

3.62+0.77 4.52+0.90

PCB-52

<LOD <LOD <LOD <LOD

<LOD

PCB-101

6.70+£1.32 3.40+0.57 4.37+0.73

5.50+0.98

1.88+0.76  2.79+0.87

4.2443.04 5.80+2.73

PCB-118

5.81+1.86 7.31+1.52 3.00+1.84 5.30+2.21

1.93+0.32 5.434+3.58 7.25+1.80 7.13£3.48 9.61+2.17

2.34+0.70 5.74+5.18 8.34+2.90 7.83+4.65

PCB-138

9.56+£3.12 3.30+0.14 3.69+0.83
6.39+£2.30 3.35£0.07 5.25%1.72

41.37

10.4842.77 6.46+4.05

PCB-153

4.08+2.55
30.67

0.89+0.13 3.93+£3.37 5.63£1.74 6.07£5.15 8.89+3.49

5.16

PCB-180
YPCBs

27.53 75

16.05

39.77 31.55 41.93

28.46
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a significant impact on contaminant loading in
the aquatic environment in the sense that some
persistent organic compounds are carried out
by rain from far distances thereby increasing in
concentration in the aquatic biota.

The study revealed further a domination
of three congener PCBs in all the Nile perch
products that were considered in this study in
both the dry and rainy seasons. In this study,
the fish products were dominated by three
PCBs; PCB-138, PCB-153 and PCB-180. This
domination tendency has also been highlighted
in other previous studies (Wenaty et al., 2019a,
c). The reason for this domination tendency
could be due to the fact that the metabolism of
PCB-138, PCB-153 and PCB-180 by certain
organisms is hard compared to the rest of the
congeners that have low degree of chlorination
as reported by Ssebugere et al. (2014). This
enables their easy detection in different
environmental compartments (Wenaty et al.,
2019b).

The total indicator PCBs loading in Nile
perch products during both the dry and rainy
seasons are shown in Figure 1. For fresh Nile
perch muscles the sum of the PCBs were
below the detection limits (<LOD) during the
dry season and 5.16 pg/kg during the rainy
season. The loading of the congeners during the
dry season for the salted- sundried Nile perch
products were reported to be 28.46 pg/kg but
39.77 pg/kg during the rainy season. For the
trimmed fish products, the sum of the indicator
PCBs was 31.55 pg/kg during the dry season
and 41.93 ng/kg during the rainy season. The
study revealed further that the sum of the PCBs
during the dry season for the smoked products
of Nile perch were 30.67 png/kg while during
the rainy season the sum of the indicator PCBs
was 41.37 ng/kg and for deep fried products,
the sum of the PCBs were 16.05 pg/kg during
the dry season and 27.53 pg/kg during the rainy
season.

The percentage contribution of the three
dominant congeners to the total loads of the
congeners were 0 and 100% for fresh Nile perch
muscles, 53.1 and 53.3% for salted-sundried
fish products, 66.7 and 69.1% for trimmed fish
products, 53.3 and 56.2% for products that were
smoked and 60.1 and 51.7% for products that

were deep fried during the dry and rainy seasons
respectively. High percentage contribution of
the three congeners of indicator PCBs were also
reported by Wenaty et al. (2019a) and Ssebugere
et al. (2014) in previous studies.

In this study, the deep fried Nile perch
had low levels of PCBs compared to other fish
products processed under different processing
operations. This is probably because of high
cooking temperatures of the oil that enables it to
act as an extracting solvent. This phenomenon
has also been reported in the previous findings
(Witczak, 2009a, b; Wenaty et al., 2019b). On
the other hand, the trims of Nile perch had
significantly higher PCBs loading compared to
the rest of the products because of high amounts
of fatty that makes them lipophilic in nature
compared to other products (Wenaty et al.,
2019a).

The study revealed further predominantly
high levels of PCBs in smoked fish products.
This is due to a reduction in co-distillation
process of the congeners with water vapour as
suggested in the previous studies (Witczak and
Ciereszko, 2006) and the removal of water from
the products because the compounds are soluble
in fat and lipids, therefore the removal of water
concentrates other insoluble components as
reported in some other previous studies (Wenaty
etal, 2019a, b, c).

Furthermore, the fresh Nile perch muscles
had no residual PCBs during the dry seasons
but very small amounts (XPCBs of 5.16) of the
dominant congeners were detected during the
rainy seasons. This suggests that the aquatic
environment in Lake Victoria is not alarmingly
contaminated by PCBs and that seasons have a
significant influence on the levels of PCBs in the
aquatic biota. However, the mean concentration
of XPCBs in both dry and rainy seasons as
indicated in this study were about two folds
lower than the maximum recommended limit of
75 ng/kg set by the European Commission for
fish and other fishery products (EC, 2011). This
is an indication of the safety of the Nile perch
products from Lake Victoria. The study revealed
further that, processed Nile perch products had
higher levels of indicator PCBs than fresh fish
muscles. This suggests further that apart from
seasons having significant impacts on the levels
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Figure 1: Variations of the total indicators PCBs in Nile perch products during with seasons

of PCBs, contaminations takes place in the Nile
perch value chain.

Table 3 indicates the Analysis of Variance
of the studied components that shows a
significant difference in the levels of the studied
indicator PCBs. This study revealed existence of
significant differences in the levels of indicator
PCBs between seasons with the rainy season
reporting higher levels compared to the dry
season. This suggests that the rain may serve
as a media of transport of these toxic persistent
organic pollutants from one place to the other.

Conclusion and recommendations

The current study assessed the seasonal
variability of indicatory congeners of PCBs in
different products of Nile perch from the study
area that are intended for domestic, regional
and international markets. The levels of the
detected indicator PCBs varied with seasons
with the rainy seasons having significantly
higher levels than the dry seasons. This suggests
that seasonality has a significant impact on the
levels of PCBs in Nile perch products from
Lake Victoria.

Table 3: Analysis of Variance of PCBs in processed fish products

Sources of variation

PCBs DF F P
PCB-28 4 3.59 0.042%*
PCB-52 4 3.32 0.039%*
PCB-118 4 9.63 0.001%*
PCB-138 4 2.92 0.018%*
PCB-153 4 0.68 0.023%*
PCB-180 4 0.59 0.637

** Indicates that the means are significantly different at a level of 0.05
DF: Stands for the degree of freedom, F: Stands for F-value and P: Stands for P—value
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However, in both seasons the loadings of
the congeners were below MRL suggesting
safety of fish products from Lake Victoria. Yet,
follow up studies to assess the influence of
different fish processing technologies such as
smoking on the levels of different congeners of
PCBs need to be undertaken.
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Abstract

Fish remains to be an important source of proteins in developing countries including
Tanzania. Fish processing methods like smoking aim at improving the shelf-life of smoked fish
as well as taste and aroma. During smoking, smoke by-products from different materials used
as source of heat are deposited on the fish. The deposited by-products include the carcinogenic
polyclic aromatic hydrocarbons (PAHs) and heavy metals. Benzo(A)pyrene has been used as a
marker for the occurrence of carcinogenic PAHs. The purpose of this study was to assess the
different materials that are used in fish smoking practices, determine the levels of benzo(A)pyrene,
mercury, cadmium and lead in smoked Lates niloticus (Nile Perch) and Oreochromis niloticus
(Nile Tilapia) from different fish smoking areas in Mara and Mwanza regions. A total of 32 fish
smokers were interviewed to assess the material used and how they use them to smoke their fish.
This was followed by collection of 32 smoked fish samples for laboratory analysis of heavy metals
(mercury, Cadmium and Lead) and concentration of benzo(A)pyrene. The findings of this study
indicated that people engaged in smoking fish in the study areas are mostly using firewood and
charcoal as their source of heat. There were no cases of the use of plastic materials. The laboratory
results indicated that mercury and cadmium were not detected in all fish species while lead was
detected at a mean concentration level of 0.28 ug/kg which is below the recommended level of 0.3
ug/kg as set by the EU. This indicated that smoked fish from Mara and Mwanza did not contain
heavy metals to a harmful level. The Mean benzo(a)pyrene concentration detected was 4.79 ug/
kg. This amount is higher compared to a level of 2 ug/kg set by the EU in 2014. There is therefore,
a need for people who smoke fish to use other improved methods which will lower the levels of
benzo(a)pyrene and the Government to have a continuous monitoring plan for these contaminants.
Keywords: Smoked fish, Lates niloticus, Oreochromis niloticus, heavy metals, and Lake Victoria.

Introduction
Fish is an important source of nutrients
as it contains high amount of protein
and several essential micronutrients (Bene
et al., 2015). It is the main source of animal
protein for over 20% of the world’s population
(FAO, 2020). The total world fish production
(inland and marine waters) has increased from
101 million tonnes in 1995 to over 179 million
tonnes in 2018 with a total first sale value
estimated at USD 401 billion (FAO, 2020).
Africa contributing about 11 million tonnes
whereas Tanzania contributed 0.31 million
tonnes (FAO, 2020). The total production in

Tanzania includes fish from ocean, lakes, rivers
and aquaculture. Aquaculture in Tanzania is
dominated by freshwater fish farming in which
small-scale farmers are practicing extensive and
semi-intensive fish farming in small fish ponds
of an average size of 150 to 500 m? (Shoko et
al., 2011). The main species farmed is the Nile
Tilapia (Oreochromis niloticus) which is the
dominant specie (99%) due to its superior growth
compared to other species of the farmed fresh
water fish (Rothuis et al, 2014). Other farmed
species include rainbow trout (Oncorhynchus
mykiss), catfish (Clarias gariepinus) and
milkfish (Chanos chanos) (Shoko et al., 2011).
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Moreover, fish are very perishable and they
deteriorate rapidly under normal temperatures.
The deterioration is influenced by several factors
such as the habitat of the fish and nutritional
composition. Bacteria grow on the outer
and inner parts of the fish such as skin, gills
and gastro-intestinal tract. Fish contain high
protein (12-24%) and large amounts of non-
protein-nitrogen (NPN) such as nucleotides,
Trimethylamine Oxide (TMAO) and free amino
acids. These serves as substrate for bacterial
growth and upon decomposition, causes off
odours and flavours. Also, fish have a lipid
content of 0.1-22% which include the long-
chain, polyunsaturated fatty acids which are
highly susceptible to hydrolysis and oxidation
(Esteves et al., 2016). In addition, the high-
water activity (aw) of fish makes them more
susceptible to spoilage. In order to maintain the
quality of fish and assure the safety, preservation
and processing measures are important (Adeyeye
and Oyewole, 2016). Fish preservation aims at
maintaining the quality and extending the shelf-
life. Major fish preservation methods include
drying, salting, freezing, chilling, fermentation
and smoking (Assogba et al., 2019).

Smoking is the most common method
of drying fish. The smoked fish are the most
available form of fish in developing countries
due to limited access to electricity to preserve
fish (Tongo et al, 2017). Smoking methods
involve exposing fish directly to smoke from
wood for several hours or days (2—3 days)
which results into dehydration and deposition
of combustion by-products on smoked fish
(Forsberg et al., 2012). The smoke gives the fish
special taste, aroma and improves preservation
due to its dehydrating and bactericidal
properties. However, the deposited by products
include some potentially harmful combustion
by-products such as Polycyclic Aromatic
Hydrocarbons (PAHs) and heavy metals (Tongo
etal., 2017). Polycyclic Aromatic Hydrocarbons
(PAHs) refer to compounds which are chemically
comprised of two or more benzene rings which
are bonded in a linear, cluster or angular
arrangements (Abdel-shafy & Mansour, 2015).
They are ubiquitous and toxic to the environment
and food processing contaminants produced by
incomplete combustion or pyrolysis of organic

materials (Purcaro et al., 2013). The PAHs
are known to be mutagens and carcinogenic
in mammals. Several studies confirmed that
diet such as smoked fish is the major way of
human exposure to PAHs (Forsberg ef al., 2012;
Roseiro et al., 2011). The PAHs can enter the
food through smoking and cooking processes.
Food becomes contaminated by PAHs due to
incomplete combustion of the materials used
during smoking (Visciano et al, 2009). In
Tanzania, smoked fish is one of the commonly
consumed foods and it serves as a good source
of proteins, but there is limited information
on PAHs and heavy metals on smoked fish
especially from Lake Victoria region. In
Tanzania there are no established standards for
PAHs in smoked fish and no routine monitoring
procedures are in place for safeguarding public
health. The consumers of smoked fish have
limited knowledge about the presence of PAHs
in the smoked fish. Thus, the objective of this
study was to find out the materials used to
generate heat for smoking and determine the
levels of benzo(a)pyrene and heavy metals in
smoked Nile Perch (Lates niloticus) and Nile
Tilapia (Oreochronis niloticus) from different
fishing communities around Lake Victoria.

Materials and methods
Study Area

The study was conducted in Mwanza and
Mara regions (Figure 1 A and B respectively).
Mwanza is located on Southern part of Lake
Victoria about 1200 - 1400 metres above the sea
level; and lies between latitudes 1°30' and 3°00'
South of the Equator and between longitudes
31°45' and 34°10" East of Greenwich. The
region is bordered by Lake Victoria in the
North, Kagera and Geita regions in the West,
Mara region on the East, while Shinyanga
and Simiyu regions are located on the South
and South-eastern side of the region (Mwanza
Region Investment Guide, 2017). According to
2012 population census (NBS, 2013), Mwanza
region has a population of 2,772,509 people and
about 3.3% of economically active population
are engaged in fishing. Mara region is located
in the northern part of Tanzania Mainland and
it lies between latitudes 10° and 20° South and
longitudes 31°10' and 35°15' East. The region
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is bordered by Kenya to the north, Simiyu
region to the south, Arusha region to the east
and Kagera region to the west (MRCO, 2005).
The region has a population of 1,743,830 (NBS,
2013) and a small part of this population is
engaged in fishing activities, including people
who are living in the shores of the Lake Victoria
(Mara Region report, 2007; NBS, 2013).

Sampling Techniques

The people engaged directly in fish
smoking in Ilemela and Musoma were selected
purposely. The fish smoking areas covered in
Ilemela were Kirumba, Mwaloni, Kitangiri,
Kiyungi, Igombe, Ibanda juu and Magomeni;
and the areas covered in Musoma were Rukuba
island and Bwai in Kiriba ward. Estimation of

Figure 1. A. Mwanza region and B. Mara region (www.wikipedia.org).

Study Design

A cross-sectional research design was
conducted where sociological and laboratory
data were collected at one time. The design is
flexible which minimizes bias and maximizes
reliability and analysis (Kothari, 2004).
Purposive sampling was used to select fish
smoking dealers in Ilemela and Musoma
Municipalities. People who are engaged in fish
smoking activities were randomly selected and
administered with structured questionnaire.
Samples were collected for laboratory analysis
and purchased at the same time from the
randomly selected fish smokers.
Study Population and Inclusion and
Exclusion Criteria

The study population comprised of selected
people who were engaged in fish smoking
activities, males and females in Ilemela and
Musoma Municipalities. The selected people
were those engaged in fish smoking activities
and who were available at the time of data
collection, willing to participate and ready to
give the required information were included in
the study.

the sample size was done by using the equation
proposed by Kothari (2009).

Z’P(1-P)
D
Whereas:

N= estimated sample size
Z=Confidence Interval

D=Precision level (acceptable error)
P=Estimated Prevalence

N (1)

Samples of smoked fish were collected
directly from the smoking premises and
from the people who were interviewed after
completing their questionnaire. The smoked fish
samples were comprised of two species, Lates
niloticus and Oreochromis niloticus. A total of
32 samples of smoked fish were collected from
Mara and Mwanza (8 samples for each species
from each region). The samples were then
stored in properly-sealed plastic bags, labelled
and then transported to Tanzania Food and
Drugs Authority (TFDA) Lake Zone Laboratory
in cooler box. Samples were then stored in a
deep freezer at a temperature of -20 °C prior to
analysis.
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Questionnaire Pre-Testing and Data Analysis
Administration Questionnaire and laboratory data were

The questionnaire was pre-tested before
commencing data collection at Nyatukara
and Mtakuja wards in Sengerema District,
Mwanza involving 5 fish smokers with the aim
of checking the clarity and applicability of the
questions. Questions which were unclear and
difficult to answer were revised and others
omitted. The revised questions were translated
into Swahili for easy understanding by the
majority of the people.

Laboratory Analysis (lead, cadmium and
mercury)

Laboratory analysis of fish samples were
carried out to determine the levels of three heavy
metals namely lead, mercury and cadmium and
the levels of benzo(a)pyrene contamination.
On arrival of the samples to the laboratory,
they were analysed for lead, cadmium and
mercury contamination. The analysis was done
using TFDA in-house method, 2018 (MP-AES
manufacturer provided method) which involved
preparation of stock solution, preparation of
working standard and sample preparation prior
to analysis.
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recorded using Microsoft Excel and later
imported into SPSS version 20 for analysis.
Descriptive statistics-frequencies, percentages,
means and counts from the responses were
used to determine distribution and magnitude
of variables. Duncan’s test and confidence
intervals were used to compare variables where
the differences were deemed significant when
P<0.05. Correlation analysis was done to test
the association between different variables.

Results and Discussion
Fish smoking practices and materials used in
fish smoking
Demographic characteristics of the respondents
The demographic characteristics of the
people who are engaged in fish smoking are
presented in Figure 1. Female respondents
form the majority (81%) of people engaged
in fish smoking activities across all regions
while the number of males is represented by
19%. The results show that the majority (47%)
of the respondents are between the age of 25-
34 years who constitute the largest proportion.
Respondents with more than 35 years represent
34% while respondents with age below 24

Figure 2: Socio-demographic characteristics of the respondents (N = 32)
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years were 19%. The results show that 50% of
the respondents had primary education, 41%
secondary education, 6% no formal education
and 3% college education. Almost half of the
respondents (47%) had been in the fish smoking
business for more than 10 years while 28% had
been in business for less than 5 years. Twenty
five percent (25%) of respondents had been
engaged in the fish smoking business for a
period of between 5 to 10 years.

This study showed that women are more
engaged in smoking of fish than men across all
regions (Fig. 1). Women have been reported
to work in the fish industry in many parts
of the world with different roles, depending
on communities and type of fishing activity
(Nwabueze, 2010). In most of these fishing
communities, fishing has been viewed as men’s
role because it is tedious, sometimes being done
at night. This reason causes women to focus
more on the post-harvesting practices such as
smoking, deep frying, drying and salting than
on the night fishing activities (Nwabueze, 2010;
Anihouvi et al., 2012; FAO, 2015).

The findings of this study indicate that fish
smoking is an important activity to women of
Mara and Mwanza regions, and this is agreed
with studies conducted by Onyango et al. (2017)
who reported 85.2% of women engaged in fish
processing compared to men who were 14.8%.
Likewise, Medard et al. (2001) reported that
over 76.5% of women participating in the fishery
sector in Lake Victoria are involved in off-shore
activities including fish smoking. Similarly,
study conducted by Njenga & Mendum (2018)
in Ghana showed that women comprised 100%
of the fish smokers. The roles and contributions
of women in the fisheries sector have been
undervalued for a long time and they have been
excluded in decision making (FAO, 2015).

Materials used and fish smoking practices
The materials used in fish smoking and
safety knowledge of smoked fish are presented
in Table 1. All fish for smoking are obtained
from middlemen (100%) who buy the fish from
fishermen and sell to people who smoke fish. It
has been reported that middlemen are abundant
in fish trade especially in developing countries
(Surtida, 2000; Thuy et al., 2019). In this case,

it is important for the middlemen to have safety
knowledge of handling of fresh fish so that they
remain safe until further processed.

Before smoking, 59% of respondents store
fresh fish on a wire mesh on the smoking kilns,
22% keep it on the ground, 13% are kept in cold
storage and 6% are kept in plastic basins. Poor
handling of the fresh fish prior to smoking may
result in chances of contaminations in smoked
fish (Igwegbe et al., 2015). For example, storage
of fresh fish on the ground (sand) exposes
them to all forms of contaminations including
heavy metals. The quality of the fresh fish is an
important factor which determines the quality
of the smoked fish product (Debbarma et al.,
2018). The current study found out that most of
the fresh fish are stored in a wire mesh contained
on the smoking kilns before smoking that reduce
chances of contamination. This finding agrees
that reported by Kabahenda et al. (2009) that
shows before smoking fish products are usually
placed in a rack in a kiln and allowed to drip
to remove excess water for several hours. The
results for fish size, smoking during and safety
of materials used for smoking are shown in
Table 1.

The current study shows that consumers
are influenced by texture and appearance of the
fish. For example, dry and moderately black or
brownish smoked fish are the more preferred
qualities. According to Abraha et al. (2018)
texture and general appearance of smoked
fish contributes to product acceptability by the
consumers. In view of this, fish smokers may
use other materials other than firewood which
will result to dry, black or brownish fish such
as plastic remains. The study found out that
plastic materials and wastes were not used in
fish smoking as the source of heat and smoke
contrary to the study conducted by Kabahenda
et al. (2009) that other materials such as cow
dung was used as a source of fuel to smoke fish
in Businga Island of Lake Victoria. Despite
the fact that plastic materials were not used to
smoke fish, majority of fish smokers admitted
that sometimes these materials are used. The
majority of the smokers can differentiate the
firewood-smoked-fish from those smoked with
plastic materials by physical appearances of the
smoked fish.
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Category Region (frequency) Total Percent
Mara Mwanza
Fish species smoked Lates niloticus 5 5 10 31.3
both species 11 11 22 68.8
Fish storage Cold storage 2 4 12.5
On the ground 3 7 21.9
In a container 2 2 6.3
On wire mesh 10 9 19 59.4
Fish smoking time day time 12 10 22 68.8
at night 0 1 1 3.1
Both 4 5 28.1
Obtaining firewood Not easy 4 12.5
Easy 16 12 28 87.5
Smoking fish using materials No 12 15 27 84.4
Yes 4 1 5 15.6
Why use other materials other =~ When having small amount 2 0 2 46.9
than firewood of fish
Lack of firewood 1 2 3 25
Use of firewood is tedious 1 0 1 3.1
Why not use other materials Firewood is easy to get 4 11 15 46.9
Firewood results into fish of 2 8 25
good quality
Firewood is easy to use 1 0 1 3.1
Other materials used Charcoal 1 5 100
Source of other materials Market 1 5 100
Time taken to smoke fish Less than 3 hours 11 10 21 65.6
4 hours 1 4 5 15.6
5 hours or more 4 2 6 18.8
Preferred fish size for smoking ~ Small size 6 8 14 43.8
Medium size 3 1 4 12.5
Large size 6 1 7 21.9
Both sizes 1 6 7 21.9
What makes smoked fish to be ~ Taste 2 1 3 9.4
perceived of good quality?
Keeping quality 14 15 29 90.6
What are customers looking for moderately black fish 11 11 22 68.7
in smoked fish
less black smoked fish 1 1 2 6.3
brownish fish 4 4 8 25
Awareness of any chemicals Not aware 16 16 32 100
from the smoking materials
Awareness of the safety of Not aware 16 16 32 100
materials used to smoke fish
Difference in appearance Yes 15 16 31 96.9

between fish smoked by
firewood and by plastic
materials
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Category Region (frequency) Total Percent
Mara Mwanza
No 0 1 3.1
How they differ Fish smoked by other 2 1 3 9.7
materials are reddish and
not dry
Fish smoked by wood are 1 2 3 9.7
darker
Fish smoked by wood are 12 13 25 80.6

drier

Heavy metal levels in smoked L. niloticus and
O. niloticus

The results for heavy metal contamination
in smoked Lates niloticus and Oreochromis
niloticus are presented in Table 2. Lead (Pb)
concentrations ranged from 0 mg/kg to 1.21
mg/kg which was detected in smoked Lates

Table 2: Levels of Pb, Cd and Hg in smoked L.

niloticus from Mwanza. Cadmium (Cd) and
Mercury (Hg) were not detected in all samples.

The minimum, maximum and mean
concentrations levels of Pb, Cd and Hg from the
two fish species are indicated in Table 3. The
levels of Pb observed in all samples were not
significantly different (P>0.05).

niloticus and O. niloticus

Sample Fish Specie Lead SD Cadmium SD Mercury SD
Code (mg/kg) (mg/kg) (mg/kg)

MS O1 O. niloticus 0.79 0.18 n.d 0.15 n.d 0.01
MS 02 O. niloticus n.d 0.16 n.d 0.09 n.d 0.02
MS O3 O. niloticus 0.31 0.19 n.d 0.08 n.d 0.02
MS 04 O. niloticus 0.32 0.18 n.d 0.03 n.d 0.02
MS OS5 O. niloticus n.d 0.05 n.d 0.07 n.d 0.02
MS 06 O. niloticus 0.02 0.06 n.d 0.18 n.d 0.04
MS 07 O. niloticus n.d 0.06 n.d 0.11 n.d 0.01
MS 08 O. niloticus n.d 0.25 n.d 0.05 n.d 0.02
MS L1 L. niloticus n.d 0.64 n.d 0.07 n.d 0.02
MS L2 L. niloticus n.d 0.57 n.d 0.08 n.d 0.02
MS L3 L. niloticus 0.89 0.39 n.d 0.02 n.d 0.02
MS L4 L. niloticus 0.32 1.78 n.d 0.05 n.d 0.04
MS LS5 L. niloticus 0.69 0.01 n.d 0.04 n.d 0.05
MS L6 L. niloticus 0.96 0.26 n.d 0.18 n.d 0.04
MS L7 L. niloticus 0.22 0.03 n.d 0.04 n.d 0.03
MS LS8 L. niloticus n.d 0.69 n.d 0.09 n.d 0.04
M O1 O. niloticus n.d 0.55 n.d 0.06 n.d 0.03
M O2 O. niloticus n.d 0.33 n.d 0.05 n.d 0.04
M O3 O. niloticus 0.22 0.13 n.d 0.03 n.d 0.01
M 04 O. niloticus n.d 0.14 n.d 0.01 n.d 0.01
M O5 O. niloticus n.d 0.01 n.d 0.03 n.d 0.01
M 06 O. niloticus 0.06 0.01 n.d 0.04 n.d 0.04
M 07 O. niloticus n.d 0.46 n.d 0.11 n.d 0.03
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Table 2: Levels of Pb, Cd and Hg in smoked L. niloticus and O. niloticus
Sample Fish Specie Lead SD Cadmium SD Mercury SD
Code (mg/kg) (mg/kg) (mg/kg)
M 08 O. niloticus 0.79 0.28 n.d 0.02 n.d 0.02
ML1 L. niloticus 1.21 0.02 n.d 0.05 n.d 0.05
ML2 L. niloticus 0.62 0.14 n.d 0.1 n.d 0.05
M L3 L. niloticus n.d 0.89 n.d 0.08 n.d 0.03
M L4 L. niloticus n.d 0.06 n.d 0.05 n.d 0.13
MLS5 L. niloticus 0.94 0.03 n.d 0.04 n.d 0.01
M L6 L. niloticus 0.26 0.26 n.d 0.07 n.d 0.03
ML7 L. niloticus n.d 0.18 n.d 0.06 n.d 0.02
M LS8 L. niloticus 0.72 0.17 n.d 0.08 n.d 0.04

MS=samples from Mara, M=samples from Mwanza, n.d=not detected, L=Lates, O=Oreochromis,
SD=Standard Deviation. Values are means of three replicates

Table 3: Levels of Pb, Cd and Hg in smoked L.

niloticus and O. niloticus (N = 32)

Heavy metal Minimum Maximum  Mean Std. t-value P-value
level (ppm) level (ppm) (mg/kg) Deviation

Mercury 0 0 0 0

Lead 0 1.21 0.28 0.38 -0.269 0.790

Cadmium 0 0 0 0

The laboratory results were categorized based
on the recommended level of Pb as a cutoff
point to determine the percentage of those
which are above or below the recommended
level. The result in Table 4 shows that 65.6% of
the samples were below the recommended limit
0f 0.3 mg/kg and 34.4% of the samples analyzed
were above the recommended level.

+ 0.43 and 0.15 £ 0.28 ppm, respectively. The
mean Pb concentration recorded across regions
on average were not statistically significantly
different (Table 5).

The current study shows that smoked Lates
niloticus and Oreochromis niloticus contained
Pb in varying amounts. Lead was detected in
some fish samples in a higher concentration but

Table 4: Category of Pb level based on recommended level (0.3 mg/kg)

Frequency Percent
Below the recommended level 21 65.6
Above the recommended level 11 344

The results show that there is a significant
difference in Pb concentrations across species at
P <0.05. The mean Pb levels recorded for Lates
niloticus and Oreochromis niloticus were 4.40

were not detected in other smoked fish samples.
The highest concentration of Pb was found in
smoked Lates niloticus with a concentration of
1.21 mg/kg from Mwanza.

Table 5: Mean differences in Pb concentration across species and regions (P < 0.05)

Variable Mean (mg/kg) +SD  F-ratio (P-Value)

Specie L. niloticus 4.40+0.43 3918 (0.05)
O. niloticus 0.15+0.28

Region Mara 0.26 +0.36 0.080 (0.78)
Mwanza 0.30 £ 0.41
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Lead, a non-essential metal has been
shown to be toxic and there is no known level
of exposure that is considered safe (Tchounwou
et al., 2012; WHO, 2017). Higher levels of
lead in the human body have been linked to
the damage of the nervous system, brain and
kidney; gastrointestinal diseases and adverse
effects in vitamin D metabolism (Ogwuegbu
and Muhanga 2005; Tchounwou et al., 2012).
The mean Pb concentration detected was 0.28
mg/kg which is slightly lower than 0.3 mg/
kg which is the maximum permissible level
recommended by WHO (2017). The levels of
Pb observed in the smoked fish samples could
have come from the firewood is used as a source
of heat and smoke, the smoking process or a
result of bio-accumulation. It has reported that
use of charcoal and materials containing paints
in the smoking process produces smoke that
contain Pb (Adekunle and Akinyemi, 2004).
The Pb contained in the smoke may attach to the
fish meat and contaminate it. Also, smoking of
fish can result in increase of the concentration
of toxic heavy metals (Wangboje and Miller,
2018). The heavy metals can also originate
from the concentration of the metals contained
in the fresh fish when moisture is removed by
the smoking process (Igwegbe et al., 2015;
Adekunle and Akinyemi, 2004; Megasari et
al, 2019). Pollution of water reservoirs by
municipal effluents and industrial activities
are other sources of lead contamination in fish.
Significant amount of lead may accumulate in
fish depending on the degree of water pollution
in their habitat, exposure to the pollution and
eating habit of the fish (Winiarska-Mieczan et
al., 2018). This could attribute to the presence of
lead in smoked Lates niloticus and Oreochromis
niloticus.

There was a significant difference in
lead levels between smoked Lates niloticus
and smoked Oreochromis niloticus (Table
6). Higher valued was detected on Lates
niloticus (4.40 £ 0.43 mg/kg) compared with
Oreochromis niloticus (0.15 + 0.28 mg/kg). The
difference may be due to the size of the two
species and the eating habit of the fish. Lates
niloticus is a predator and may accumulate the
metal contained in the fish preyed upon. Also,
the large size of Lates niloticus compared to

Oreochromis niloticus results to the use of more
smoking materials thus allowing deposition of
this metal in a great proportion. The findings
of Pb concentration levels in smoked Lates
niloticus and Oreochromis niloticus agreed with
Igwegbe et al. (2015) who reported the increase
of Pb levels in smoked fish after the smoking
process, recording the highest concentration
of Pb to be 0.00363 mg/kg. Also, Essuman
(2005) found higher levels (2.8 mg/kg) of Pb
in smoked fish. Likewise, the elevated levels of
Pb in smoked fish in Nigeria were reported to
increase after local smoking process to levels
varying from 0.14 + 0.02 mg/kg to 0.95 £+ 0.01
mg/kg (Adekunle & Akinyemi, 2004).

Mercury is one of the heavy metals that
can be toxic in food if present in high amounts.
Higher levels of mercury in the human body
affects the brain and cause impairment of
other organs leading to the malfunctioning of
nerves, kidneys and muscles (Jaishankar et al.,
2014). The recommended concentration level
for Hg in smoked fish products is 0.5 mg/kg
(WHO, 2017) above which is harmful to health
of the consumers. This study observed the
concentrations of Hg in smoked Lates niloticus
and Oreochromis niloticus samples to be very
low and below the detection limits. The low
levels observed might be influenced by low or no
accumulation of mercury by the fresh fish which
were smoked, absence of mercury in the smoking
materials used or degradation of methylmercury
by the smoking process. Firewood and charcoal
are the major source of heat and smoke in Mara
and Mwanza. The absence of mercury in the
smoked fish samples indicates that the firewood
and charcoal used to smoke fish does not contain
mercury. Moreover, it has been shown that
mercury may contaminate fish through polluted
water from contaminated run-offs, human
activities like mining, agriculture and industrial
activities (Igwegbe et al, 2015). A study
conducted by Mrosso & Werimo (2015) reported
a huge and fast-growing human population in
both rural and Urban areas surrounding Lake
Victoria. These populations especially the
urban produces industrial and domestic wastes
which are discharged into the lake and become
pollutants to the lake, affecting the water quality
and organisms living in the Lake. Mercury
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may accumulate in fish tissue especially if their
source water contains their residues (Sserunjogi,
2009). It has been reported that smoking of
fish may degrade methylmercury, a toxic form
of mercury (Donkor ef al., 2006). This could
attribute to the absence of Hg in smoked Lates
niloticus and Oreochromis niloticus. This study
agreed with finding of Essuman (2005) in which
mercury could not be detected in all smoked
fish samples analysed. However, low levels of
mercury were observed in a study conducted
by Adeyeye et al. (2016) in fish smoked using
different smoking methods of drum-smoking
and convective smoking and the levels observed
were below the permissible level set by the
World Health Organization of 0.2 ppm (Adeyeye
etal., 2016).

The concentrations of Cadmium in smoked
Lates niloticus and Oreochromis niloticus
samples observed were very low and below the
detection limits. The levels were lower than the
set limit for Cd in smoked fish of 0.5 mg/kg.
This may be due to low accumulation in fish
muscles, size of fish and the smoking materials
used. Cadmium is a metal which has no benefits
to the human body and it is toxic even at very
low concentrations (Kumar & Singh, 2010). The
metal may accumulate in fish tissues if fish are
exposed to polluted water (Winiarska-Mieczan
et al., 2018). The accumulation is greatest in

Moreover, the accumulation of cadmium in
fish tissues has been shown to increase with age
and size of fish, with small fish accumulating
small concentrations and vice versa (Ciardullo et
al., 2008; Farkas et al., 2003). This study found
out that the fish smokers in Mara and Mwanza
prefer small-sized fish which might influence
the absence of Cd among the fish samples.
Cadmium may also be present in smoked fish
if the smoking materials used contain this toxic
metal, such as plastics, paints and batteries
(WHO, 2017). This study found that plastic
materials and wastes were not used to smoke
fish in the two regions attributing to the absence
of Cd in the two fish species. These findings
agree with Fakunle and Effiong (2012) who did
not detect cadmium in all smoked fish species
in the study. However, increase of the level of
Hg and Cd after the smoking process has been
reported by Igwegbe et al. (2015) contrary to the
findings of this study.

Benzo (A) pyrene (BaP) levels in smoked fish
Lates niloticus and Oreochromis niloticus

The results for benzo (a) pyrene levels
are presented in Table 6. From the results, BaP
ranged from 0.87 pg/kg to 13.7 pg/kg. The mean
BaP level was 4.79 pg/kg which is above the
acceptable level of 2 pug/kg in smoked fish (EU,
2011).

Table 6: Level of BaP in smoked Lates niloticus and Oreochromis niloticus

Parameter Recommended Minimum Maximum Mean Std. P-Value
limit (pgkg™)  (ngkg") (ngkg’)  (ngkg') Deviation
BaP 2 0.87 13.7 4.79 348 0.00

the liver and kidney which are important organs
for metabolism and detoxification of cadmium
in fish. It has been shown that the muscles of
fish accumulate negligible concentrations of
cadmium (Chowdhury et al., 2004). Prior to
smoking, the fish is gutted during which the
internal organs such as intestines, liver and
kidneys are removed, then cut into pieces
depending on the size of the fish (Vidacek &
Janci, 2016). These internal organs are the
ones which accumulates Cd in great amount
compared to the muscles, which may explain
the absence of Cd in the fish samples.

One sample t-test was performed on levels of
BaP and results indicated that the values are
greater than the recommended limits at P<0.05
(P-Value=0.00). The result shows that there is a
significant difference in concentrations of BaP
between the species (P<0.05) as indicated in
Table 7.

Benzo (a) pyrene has been used as a marker
for the occurrence, concentration and effects of
carcinogenic polycyclic aromatic hydrocarbons
(EU, 2005). The presence of higher levels
than the recommended levels in foods such as
smoked fish poses a health risk to the consumers.
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Table 7: Mean differences in BaP concentration across species and regions (P<0.05)
Variable Mean + SD F ratio (P-Value)
Specie L. niloticus 6.72+3.71 16.59 (0.00)
O. niloticus 2.61+3.49
Region Mara 4.63 +3.96 16.59 (0.79)
Mwanza 496 +£3.07

The maximum permissible levels of 0.002 mg/
kg (2.0 pg/kg) wet weight for benzo (a) pyrene
is recommended by the European Union (EU,
2011). Studies have shown that fish and marine
invertebrates may naturally contain small
amounts of different PAHs which are absorbed
from the environment (Sirkoski & Stolyhwo,
2005). Some PAHs including benzo (a) pyrene
are quickly metabolized in fresh fish but do not
accumulate in the muscle meat of fish. Levels of
benzo (a) pyrene in smoked fish products may
greatly come from the materials which are used
to smoke the fish. The current study observed
levels of benzo (a) pyrene ranging from 0.87 pg/
kg to 13.70 ug/kg with the mean concentration
of 4.79 pg/kg. This amount is slightly higher
than the recommended level of 2.0 pg/kg.
Significant variation (P<0.05) was observed
among fish species in the concentrations of the
benzo (a) pyrene. The Lates niloticus recorded
high levels of benzo (a) pyrene of up to 13 ng/kg
compared to Oreochromis niloticus which was
4.99 ng/kg. This could be attributed to the size
of'the fish and the time taken in smoking. During
smoking fish are exposed to partially burning
firewood which is used to generate the smoke.
Since firewood is mostly used in fish smoking,
the large size of the Lates niloticus take a lot
of time and firewood to smoke. Some people
during fish smoking carry out re-smoking in
order to make sure that the fish are completely
dry to increase their keeping quality or according
to the needs of their customers (Akpambang et
al., 2009). This results in deposition of high
amounts of benzo (a) pyrene in the fish skin
and into the muscle meat of fish. Other reasons
for the higher concentration in Lates niloticus
compared to other species has been explained
as differences in bioaccumulation, metabolism
kinetics, age and feeding habits of the fish

(Pointet & Milliet, 2000).

According to the EU (2011), the maximum
permissible concentration levels of Benzo
(a) pyrene in smoked fish products is 2 ug/kg
wet weight in muscle meat of fish and smoked
fish products. The levels of benzo (a) pyrene
observed in this study were similar to other
studies. A study on levels of PAHs in smoked and
sun-dried Synodontis victoriae, Haplochromis
spp and Lates niloticus fish samples from Lake
Victoria areas in Mwanza, Tanzania indicated
higher concentrations of benzo (a) pyrene in
all the smoked fish samples ranging from 0.39
to 1.55 mg/kg. The concentrations of benzo
(a) pyrene in Lates niloticus ranged from 0.51
to 1.27 mg/kg with a mean of 0.78 mg/kg
(Andrew et al., 2018). Likewise, Akpambang
and others (2009) reported traditionally smoked
and/or grilled fish from Nigerian market highly
contaminated with benzo (a) pyrene with levels
up to 38 pg/kg, which exceeds by far the limit
of 2 pg/kg recommended by the European
Commission in 2005. The benzo(a)pyrene
concentration levels observed in this study is
comparable with other studies (Table 8). This
may be due to the type of smoking practices
used in Mara and Mwanza in which most of
the people use traditional smoking kilns, which
use little wood, while others use charcoal. It has
been indicated that the use of charcoal does not
result in higher levels of benzo (a) pyrene when
compared to the use of firewood (Akpambang
et al., 2009).

Smoking fish using small quantity of
firewood and for a short time may result into low
levels of the benzo(a)pyrene. Use of charcoal as
it has been observed in the study gives lower
levels of benzo(a)pyrene because charcoal is
an already pyrolized material which produces
clean smoke (Akpambang et al., 2009).
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Table 8: BaP results from previous work in different countries

Country Specie of smoked Fish BaP Concentrations Study by
Tanzania L.niloticus, O.niloticus 0.87 to 13.4 pg/kg This Study
Tanzania S. victoria, Haplochromis 0.39 to 1.55 mg/kg J.A.M. Mahugija, E.
spp and L. niloticus WwW Njale (2018)
Kenya L. niloticus 7.46 to 18.79ug/kg Muyela, B (2012)
unpublished
Southern Nigeria  Clarias gariepinus, max 0.28 mg/kg ww  Tongo et al. (2017)
Tilapia zilli, Ethmalosa
fimbriata, and Scomber
scombrus
Poland Sprats max 36.5 mg/kg Zachara et al. (2017)
Nigeria Tilapia spp., Arius 244+0.1t064.6+0.2 Okenyietal (2016)

heudeloti

mg/kg

L=Lates, O=Oreochromis

Conclusion

The results of this study have relived that
the smoking practices being carried out in Mara
and Mwanza regions which are predominated
by young women, uses two kinds of materials
as a source of heat and smoke. These materials
are firewood which is used in a great extent
and charcoal to a lesser extent. The use of
other materials like plastics and wastes was
not observed. All the fish smokers in Mara and
Mwanza were not aware of the harmful effects
which may come from the smoke produced
by the smoking materials. It was observed
that the levels of lead, mercury and cadmium
studied were all below the WHO permissible
limits. Lead was detected in some fish samples
in relatively low amount to high amounts but
was not detected in others. On the average
concentration, it indicates that lead in smoked
fish samples is within the safe level.

It recommended that to carry out evaluation
of smoked fish in Mara and Mwanza regions
periodically in order to ascertain the use of
plastic materials in fish smoking as consumers
of smoked fish products may be predisposed to
possible health hazards which are associated
with the consumption of fish smoked using the
plastic materials.

In general, Lates niloticus fish species
recorded higher values of lead compared
to Oreochromis niloticus, which might be
influenced by its large size and feeding habit,
being at the top of a food chain. Mercury and

cadmium were not detected in any of the smoked
fish samples suggesting that the firewood and
charcoal used in the smoking process did not
contain the toxic metals. This implies that the
smoked fish products in Mara and Mwanza
regions are safe for human consumption due
to low levels of lead, mercury and cadmium
observed. However, there should be frequent
monitoring plans by the central and local
government to make sure that the materials used
to smoke fish around Mara and Mwanza do
not contaminate the fish by harmful chemicals
and heavy metals. This study also found out
that the mean concentration of benzo(a)pyrene
was slightly higher than the recommended
level as set by the EU commission. The Lates
niloticus recorded higher levels compared to
Oreochromis niloticus which may be related to
the size of the Lates niloticus which takes longer
time to smoke and uses more smoking materials,
allowing greater deposition of benzo(a)pyrene
to the fish muscle. The levels of benzo(a)pyrene
in smoked fish around Mara and Mwanza needs
to be monitored frequently since the chemical
has carcinogenic, teratogenic and mutagenic
effects to the human body.

This involvement of women especially the
youths in fish smoking in Mara and Mwanza is
a valuable input to the fisheries sector. This calls
for the government to formally address the needs
and challenges of fish smokers by preparing a
policy on fish post-harvest management. This
will allow them to access loans and increase
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their capital so that they can use improved
practices of fish smoking.

References

Abdel-shafy, H.I. and Mansour, M.S.M.
(2015). A review on polycyclic aromatic
hydrocarbons:  Source, environmental
impact, effect on human health and
remediation. Egyptian Journal of Petroleum
30: 1-17.

Abowei, J.EN. and Tawari, C.C. (2011). The
classification, facilities and practices of
culture fisheries in Nigeria. Research
Journal of Applied Sciences, Engineering
and Technology 3(10): 1096-1107.

Abraha, B., Admassu, H., Mahmud, A., Tsighe,
N., Wen Shui, X. and Fang, Y. (2018).
Effect of processing methods on nutritional
and physico-chemical composition of fish:
a review. Food Processing and Technology.
6(4): 376-382.

Adane, L. and Muleta, D. (2011). Survey on
the usage of plastic bags, their disposal and
adverse impacts on environment: A case
study in Jimma City, Southwestern Ethiopia.
Journal of Toxicology and Environmental
Health Sciences, 3(8): 234-248.

Adekunle, .M. and Akinyemi, M.F. (2004).
Lead levels of certain consumer products
in Nigeria: A case study of smoked fish
foods from Abeokuta. Food and Chemical
Toxicology 42(9): 1463—1468.

Adeyemi, O., Ajayi, J.O., Olajuyin, A.M.,
Oloyede, O.B., Oladiji, A.T., Oluba, O.M.,
Adeyemi, O., Ololade, I.A. and Adebayo,
E.A (2009). Toxicological evaluation of
the effect of water contaminated with lead,
phenol and benzene on liver, Kidney and
colon of Albeno rats. Food and Chemical
Toxicology 47(4): 885-887

Adeyeye, S.A.O., Oyewole, O., Adewale, O.
and Omemu, A.M. (2015). A survey on
traditional fish smoking in Lagos State,
Nigeria. African Journal of Food Sciences
9(2): 59-64.

Adeyeye, S.A.O. and Oyewole, O.B. (2016).
An Overview of Traditional Fish Smoking
in Africa. Journal of Culinary Science and
Technology. 14(3): 198 —215.

Adeyeye, S.A.O., Oyewole, O.B., Obadina, O.,

Adeniran, O.E., Oyedele, H.A., Olugbile,
A. and Omemu, A.M. (2016). Effect of
smoking methods on microbial safety,
polycyclic aromatic hydrocarbon, and heavy
metal concentrations of traditional smoked
fish from Lagos State, Nigeria. Journal of
Culinary Science and Technology 14(2):
91-106.

Akintola, S.L. and Fakoya, K.A. (2017). Small
scale fisheries in the context of traditional
post harvest practice and the quest for
food and nutritional security in Nigeria.
Agriculture and Food Security 6(34): 1-17.

Akpambang, V.O.E., Purcaro, G., Lajide,
L., Amoo, I.A., Conte, L.S. and Moret,
S. (2009). Determination of polycyclic
aromatic hydrocarbons  in commonly
consumed Nigerian smoked/grilled fish and
meat. Food Additives and Contaminants
26(7): 1096-1103.

Al-khion, D.D., Al-ali, B.S., Al-nagar, G.,
Al-saad, H.T. and Al-anber, L.J. (2016).
Polycyclic aromatic hydrocarbons in some
fishes from the Iraqi marine waters. Journal
of Natural Sciences Research 6(10): 2224
—3186.

Aloo, P. A. and Njiru, J. (2017). Impacts of Nile
Perch, Lates niloticus, introduction on the
ecology, economy and conservation of Lake
Victoria, East Africa. Lakes and Reservoirs:
Research and Management 22: 1-14.

Andrew, J., Mahugija, M. and Njale, E. (2018).
Levels of polycyclic aromatic hydrocarbons
in smoked and sun-dried fish samples from
areas in Lake Victoria in Mwanza, Tanzania.
Journal of Food Composition and Analysis
73: 39-46.

Anihouvi V. B., Kindossi J. M. and Hounhouigan
J.D. (2012). Processing and quality
characteristics of some major fermented
fish products from Africa: A Critical
Review. International Research Journal of
Biological Sciences 1(7): 72 — 84.

Arason, S., Nguyen, M. Van, Thorarinsdottir, K.
A. and Thorkelsson, G. (2014). Preservation
of Fish by Curing. Seafood Processing:
Technology, Quality and Safety. (First
Edition), John Wiley and Sons Publishers,
USA. 160pp.

Asnake, W. (2018). Nile Perch (Lates niloticus):

Proceedings of the 2 SUA Scientific Conference held at SUA from 25" to 26" 2021, 78-96



91 MkKkonyi et al.

The promising white meat of the world.
Journal of Nutrition and Food Sciences
8(2): 10-12.

Assogba, M.F., Anihouvi,
O.H.I, Kpoclou, Y.E, Mahillon, J
Scippo, M, Hounhouigan, D. Joseph,
and Anihouvi, V.B. (2019) Processing
methods, preservation practices and
quality attributes of smoked and smoked-
dried fishes consumed in Benin, Cogent
Food & Agriculture, 5:1, 1641255, DOLI:
10.1080/23311932.2019.1641255.

Awuor, L., Kirwa, E., Jackim, F. and Nyambura,
B. (2015). Proximate composition of
Rastrineobola argentea (Dagaa) of Lake
Victoria-Kenya.  African  Journal — of
Biochemistry Research 8§(1): 1-6.

Béné, C., Barange, M., Subasinghe, R.,
Pinstrup-, P., Merino, G. and Williams, M.
(2015). Feeding 9 billion by 2050 — putting
fish back on the menu. [https://doi.org/
10.1007/s12571-015-0427-z] site visited
on 15/6/208.

Boadi, K. O. and Kuitunen, M. (2004).
Municipal solid waste management in
the accra metropolitan area, Ghana. The
Environmentalist 23: 211-218.

Chowdhury, M.J., McDonald, D.G., and Wood,
C.M. 2004. Gastrointestinal uptake and fate
of cadmium in rainbow trout acclimated
to sublethal dietary cadmium. Aquatic
Toxicology 69: 149-163.

Ciardullo, S., Aureli, S., Coni, E., Guandalini,
E and Jlosi.,, F. (2008). Bioaccumulation
potential of dietary arsenic, cadmium, lead,
mercury and selenium in organs and tissues
of Rainbow trout (Oncorhyncus mykiss)
as a function of fish growth. Journal of
Agricultural and Food Chemistry 56: 2442-
2451.

Cieslik, I., Cieslik, E., Cieslik, 1., Topolska, K.,
Szczurowska, K., Migdal, W. and Gambus,
F. (2017). Changes in the content of heavy
metals (Pb, Cd, Hg, As, Ni, Cr) in freshwater
fish after processing - the consumer’s
exposure. Journal of Elementology 23(1):
247 - 259.

Debbarma, J., Viji P., G. Kamei, G., Sreedhar U.,
Madhusudana R. B. and Raghu R.P. (2018).
Fishing gear engineering for increasing

D.GH, Afé,

for inland fishing efficiency and improved
smoking process for quality smoked fish
product-Training Manual. [www.cift.res.in]
site visited on 08/08/2019.

Donkor, A.K., Bonzongo, J.C., Nartey, V. K. and
Adotey, D.K. (2006). Mercury in different
environmental compartments of the Pra
River Basin, Ghana. Science of The Total
Environment 368(1): 164—176.

EFSA (2012). Cadmium dietary exposure in
the European population. European Food
Safety Agency Journal 10(1): 1-37.

Eggert, H., Greaker, M. and Kidane, A. (2015).
Trade and resources: Welfare effects of the
Lake Victoria fisheries boom. Fisheries
Research 167: 156-163.

Essuman, K. M. (2005). Evaluation of Heavy
Metal Content in Fresh and Processed Fish
From Yeji. Fisheries Report No. 712. Food
and Agriculture Organisation, Rome, Italy.
113pp.

Esteves, E., Diller, A. and Geng, 1.Y. (2016).

Handbook of seafood quality and safety

maintenance and applications. Nova

Science Publishers, New York. 360 pp.

(2006). Commission Regulation No
1881/2006 of 19 December 2006 Setting
maximum levels for certain contaminants in
foodstuffs. Official Journal of the Europen
Union 364: 1-24.

(2010). Commission Regulation No
1881/2006 of 19 December 2006 setting
maximum levels for certain contaminants in
foodstuffs. Official Journal of the Europen
Union 1881: 1-26.

(2011). Commission Regulation No
835/2011 of 19 August 2011 amending
Regulation (EC) No 1881/2006 as regards
maximum levels for polycyclic aromatic
hydrocarbons in foodstuffs. Official Journal
of the Europen Union 835: 4-8.

Fakunle, J.O. and Effiong, B.N. (2012).
Proximate and mineral content of
traditional smoked fish species from Lake
Kainji, Nigeria. Bulletin of Environment,
Pharmacology and Life Sciences 1(4):
43-45.

FAO (2005).
Information
niloticus.

EU

EU

EU

Cultured Aquatic  Species
Programme. Oreochromis
Cultured  aquatic  species




Determination of Benzo(A)Pyrene and Heavy Metals Contamination

92

information programme. [http://www.fao.
org/fishery/c ultureds pecies/Oreochromis
niloticus/en] site visited on 15/6/2018.

FAO (2014). Nile perch — globefish. [http://
www.fao.org/in-action/globefish/market-
reports/resource-detail/en /c/337258] site
visited on 19/6/2018.

FAO (2015). A Review of Women’s Access to
Fish in Small-Scale Fisheries. Fisheries
and Aquaculture Circular No. 1098. Food
and Agriculture Organization of the United
Nations, Rome. 36pp.

FAO (2018). Nile tilapia - Oreochromis niloticus.
[http://www.fao.org/fishery/affris/ species-
profiles/nile-tilapia/nile-tilapia-home/en]
site visited on 8/9/2018.

FAO. 2020. The State of World Fisheries and
Aquaculture 2020. Sustainability in action.
Rome. https://doi.org/10.4060/ca9229%en

Farkas, A., Salanki, J., and Specziar, A.
(2003). Age-and size-specific patterns of
heavy metals in the organs of fresh water
fish Abramis brama L. populating a low-
contaminated site. Water Reserach 37:
959-964.

Forsberg, N.D., Stone, D., Harding, A., Harper,
B., Harris, S., Matzke, M. M. and Anderson,
K.A. (2012). Effect of native american fish
smoking methods on dictary exposure to
polycyclic aromatic hydrocarbons and
possible risks to human health. Journal of
Agricultural and Food Chemistry 60: 6899
—6906.

Froese, R. and Pauly, D. (2018). Oreochromis
niloticus, Nile tilapia: fisheries, aquaculture.
[https://www.fishbase.de/summary/
Oreochromis-niloticus.html] site visited
25/5/2018.

Gitonga, N. (2013). Support to East African
Industrial Fishing and Fish Processors
Association to Strengthen the Taskforce
Approach in Reducing Illegal Fishing and
Trade on Lake Victoria. Final technical
report. Project ref. No. 3. Africa, Caribbean
and Pacific Fish II, Kampala, Uganda 48pp.

Gokoglu, N. and Yerlikaya, P. (2015). Seafood
Chilling, Refrigeration and Freezing:
Science and Technology. Freezing and
Frozen Storage of Fish. John Wiley and
Sons Publishers, USA. pp. 186-207.

Groeneveld, S., Van Duijn, A.P. and Rothuis,
A. (2014). Aquaculture in East Africa your
partner in emerging markets. [www.larive.
com] site visited on 9/8/2018.

Hall, G.M. (2011). Preservation of Fish By
Curing Drying, Salting And Smoking.
Fish Processing: Sustainability And New
Opportunities. Blackwell Publishing Ltd,
Oxford, UK. pp. 52-76.

Hossain, M.A., Yeasmin, F., Rahman, S.M.
M. and Rana, S. (2011). Naphthalene,
a polycyclic aromatic hydrocarbon, in
the fish samples from the Bangsai river
of Bangladesh by gas chromatograph —
mass spectrometry. Arabian Journal of
Chemistry 7(6): 976-980.

Igwegbe, A.O., Negbenebor, C.A., Chibuzo, E.
C., Badau, M.H. and Agbara, G.I. (2015).
Effects of season and fish smoking on heavy
metal contents of selected fish species from
three locations in Borno State of Nigeria.
Asian Journal of Science and Technology
6(2): 1010 —1019.

Ikechukwu, A., Tanko, S.M., Emmanuel, D.
B. and Suleiman, S.O. (2012). Effect of
extraction methods on the polycyclic
aromatic hydrocarbons content smoked
catfish species in Niger State of Nigeria.
Jordan Journal of Biological Sciences 5(1):
71-80.

Ince, M., Ince, O.K. and Yaman, M. (2016).
Optimization of an analytical method
for determination of pyrene in smoked
meat products. Food Analytical Methods.
[https://doi.org/10.1007/s12161-016-0693-
1] site visited on 01/03/2019.

Isaacs, M. (2016). The humble sardine
(small pelagics): Fish as food or fodder.
Agriculture and Food Security, 5(1): 1-14.

Jaishankar, M., Tseten, T., Anbalagan, N.,
Mathew, B.B. and Beeregowda, K.
N. (2014). Toxicity, mechanism and
health effects of some heavy metals.
Interdisciplinary Toxicology, 7(2): 60—72.

Jamhuri Media (2014). Ukaushaji Sangara
kwa Moshi ni hatari. [http://www.jamhuri
media.co.tz/ukaushaji-sangara-kwa-moshi-
ni-hatari/] site visited on 18/05/2018.

Kabahenda, M.K., Omony, P. and Hiisken.
(2009). Post-harvest handling of low-value

Proceedings of the 2 SUA Scientific Conference held at SUA from 25" to 26" 2021, 78-96



93 MkKkonyi et al.

fish products and threats to nutritional
quality: a review of practices in the Lake
Victoria region. [www.worldfishcenter.
orgwww.worldfishcenter.org] site visited
on 7/8/2019.

Kashindye, B.B. (2016). Assessment of Dagaa
(Rastrineobola argentea) stocks and effects
of environment in Lake Victoria, East
Africa. United Nations University fisheries
training programme. [http://www.unuftp.is/
static/fellows/document/bene dic tol5a prf.
pdf] site visited on 19/6/2018.

Khalid, S.M.N. (2017). An innovative way of
fish drying and smoking. [http://www.fao.
org/3/a-18301e.pdf] site visited on 7/8/2019.

Kim, K.H., Jahan, S.A., Kabir, E. and Brown,
RJ.C. (2013). A review of airborne
polycyclic aromatic hydrocarbons (PAHs)
and their human health effects. Environment
International, 60: 71-80.

Klapper, R., Meyer, C., Kuhn, T. and Karl, H.
(2017). Food safety aspects of fresh Nile
perch (Lates niloticus) fillets from Lake
Victoria imported to the European market:
Helminth parasites and microbiological
status. Food Control, 78: 311-316.

Kothari, C.R. (2004). Research Methodology:
Methods and Techniques, (Second Edition),
New Age International Publishers, New
Delhi. 414pp.

Kothari, C.R. (2009). Research Methodology:
Methods and Techniques (Second Revised
Edition), New Age International Publishers,
New Delhi. 401pp.

Kumar, P and Singh, A. (2010). Cadmium
toxicity in fish: An overview. GERF
Bulletin of Biosciences, 1(1): 41-47

Legros, D. and Luomba, J. (2011). Dagaa
value chain analysis and proposal for trade
development. [http://www.fao.org/3/a-
az389e.pdf] site visited on 19/6/2018.

Levchik, S., Hirschler, M. and Weil, E. (2011).
Practical Guide to Smoke and Combustion

Products from Burning Polymers -
Generation, Assessment and Control.
Published by iSmithers, Shawbury, UK.
230pp.

Lokuruka, M.N.I. (2016). Food quality
perspectives in african fish products:
Practices, challenges and prospects,

International Journal of Fisheries and
Aquaculture Sciences, 6(1): 15-32.

Luch, A. (2005). Polycyclic Aromatic
Hydrocarbon-Induced Carcinogenesis -
An Introduction. The Carcinogenic Effects
of Polycyclic Aromatic Hydrocarbons.
Published by Imperial College Press,USA.
18pp.

LVFO (2014). Nile perch Fisheries Management
Plan. Lake Victoria Fisheries Organisation.
[www.smartfish-coi.org] site visited on
25/5/2018.

LVFO (2015). Nile perch fishery management
plan for Lake Victoria 2015-2019. Lake
Victoria Fisheries Organization. [http://
www.lvfo.org/sites/default/files/field/
gallery-image/Nile Perch Fisheries
Management Plan-I1.pdf] site visited on
19/6/2018.

Majani, C. (2015). Saratani inavyoenezwa
kwa samaki waliokaushwa kwa moshi wa
plastiki. Mwananchi, Issue No 5520 ISSN
0856-7573.

Marshall, B. E. (2018). Guilty as charged: Nile
perch was the cause of the haplochromine
decline in Lake Victoria. Canadian Journal
of Fisheries and Aquatic Sciences, 75(9):
1542 — 1559.

Mbunda, A.E. (2013). The quality change in
smoked and dried fresh water sardine
(Rastrineobola  argentea) and marine
pelagic fish (Capelin) as influenced by
processing  methods. ~ UNU-Fisheries
Training Programme (final project). [http://
www.unuftp.is/static/fellows/document/
arnold12prf.pdf] site visited on 15/6/2019.

Medard, M., Sobo, F., Ngatunga,T. and Chirwa,
S. (2002). Women and gender participation
in the fisheries sector in Lake Victoria. In:
Global Symposium onWomen in Fisheries.
(Edited by Williams, M. J., Chao, N.H.,
Choo, P.S., K. Matics, K., Nandeesha, M.C.,
Shariff, M., Siason,l., and Wong, J.M.C),
Worldfish Center, Kaohsiung. pp.155-168.

Megasari, M., Wahyono, P., Latifa, R., Waluyo,
L., Fauzi, A. and Setyawan, D. (2019).
Lead (Pb) Level of Fresh and Smoked
Mackerel Tuna (Euthynnus affinis) in
Tuban, Indonesia. IOP Conference Series:
Earth and Environmental Science, 276: 12




Determination of Benzo(A)Pyrene and Heavy Metals Contamination

94

—-32.

Mhongole, O.J. and Mhina, M.P. (2012). Value
addition-hot smoked lake victoria sardine
(Rastrineobola  argentea) for human
consumption. International Institute of
Fisheries Economics and Trade 2012
Tanzania Proceedings. pp. 1 — 12.

Miculis, J., Valdovska, A., Sterna, V. and
Zutis, J. (2011). Polycyclic aromatic
hydrocarbons in smoked fish and meat.
Agronomy Research, 9(2): 439-442.

Mkumbo, O. C. and Marshall, B. E. (2015). The
Nile perch fishery of Lake Victoria: Current
Status and Management Challenges.
Fisheries Management and Ecology, 22:
56-63.

MRCO (2005). Publication of the Planning
Commission Dar es Salaam and Regional
Commissioner’s Office Mara. Mara Region
Socio-Economic Profile, Mara, Tanzania.
63pp.

Mrosso, H.D.J. and Werimo, K. (2005). Study On
Fish Poisoning in Lake Victoria. Fisheries
Report No. 712. Food and Agriculture
Organization, Rome, Italy. 118pp.

Mushi, V. (2006). National aquaculture sector
overview. national aquaculture sector
overview fact sheets. [www.fao.org/fishery/
countrysector/naso_tanzania/en] site visited
on 15/6/2019.

Muyela, B. (2012). Determination of Benzo (a)
Pyrene Levels and Establishment of Limit
of Detection in Smoked and Oil Fried Lates
niloticus. Egerton University, Kenya. 39pp.

NBS (2013). Population and Housing Census:
Population Distribution by Administrative
Areas 2012. National Bureau of Statistics,
Dar es Salaam.11pp.

Njenga, M. and Mendum, R. (2018). Recovering
Bioenergy in Sub-Saharan Africa: gender
dimensions, lessons and challenges.
Resource recovery and reuse series: special
issue. [https://doi.org/10.5337/2018.226]
site visited on 29/6/2019.

Liu, N.M., Lu, X, Khan, A., Ling, Z., Wang,
P, Tang, Y. and Li, X. (2019). Reducing
methylmercury accumulation in fish using
Escherichia coli with surface-displayed
methylmercury-binding peptides. Journal
of Hazardous Materials 367(5): 35—42.

Nwabueze, A.A. (2010). The role of women
in sustainable aquacultural development
in Delta State. Journal of Sustainable
Development in Africa, 12(5): 284 — 287.

Ogwuegbu, M. and Muhanga, W. (2005).
Investigation of Lead Concentration in the
Blood of People in the Copper belt Province
of Zambia. Journal of Environment, 1: 66-
75.

Okenyi, A.D., Ubani, C.S., Oje, O.A. and
Onwurah, IN.E. (2016). Levels of
polycyclic aromatic hydrocarbon in fresh
water fish dried with different drying
regimes. Journal of Food Measurement and
Characterization, 10(2): 405—410.

Onyango, D.M., Sifuna, A.W., Otuya, P,
Owigar, R., Kowenje, C., Lung, H.B.O.
and Oduor, A.O. (2017). Evaluation of
Fish Processing and Preservation Systems
along the Shores of Lake Victoria towards
Enhancement of Sun Drying Technology,
International Journal of Food Science and
Nutrition Engineering, 7(5): 111-118.

Park, J.H. and Penning, T. M. (2009). Process-
Induced Food Toxicants: Occurrence,
Formation, Mitigation, and Health Risks.
Polyaromatic hydrocarbons. Published by
John Wiley and Sons, Inc, USA. 282pp.

Pointet, K. and Milliet A. (2000). PAHs analysis
of fish whole gall bladders and livers from
the Natural Reserve of Camargue by GC/
MS. Chemosphere, 40: 293-299

Purcaro, G., Moret, S. and Conte, L. S.
(2013). Overview on polycyclic aromatic
hydrocarbons: Occurrence, legislation and
innovative determination in foods. Talanta
105: 292-305.

Riedmiller, S., Island, C. and Park, M. (1994).
Lake Victoria fisheries: The Kenyan
reality and environmental implications.
Environmental — Biology of  Fishes,
39:329 —338.

Rietjens, L.M.C.M. (2019). Hazards and risks
of process related contaminants in feed and
foods of animal origin formed as a result
of heating. In: Chemical Hazards in Foods
of Animal Origin. (Edited by Smulders,
FJM., Rietjens ILM.C.M. and Rose,
M). Wageningen Academic Publishers,
Wageningen. pp. 263-280.

Proceedings of the 2 SUA Scientific Conference held at SUA from 25" to 26" 2021, 78-96



95 MkKkonyi et al.

Roseiro, L.C., Gomes, A. and Santos, C. (2011).
Influence of processing in the prevalence
of polycyclic aromatic hydrocarbons in a
Portuguese traditional meat product. Food
and Chemical Toxicology, 49(6): 1340-
1345.

Rothuis, A., M. Turenhout, A. van Duijn,
A. Roem, E. Rurangwa, E. Katunzi, A.
Shoko and J.B. Kabagambe J.B. (2014).
Aquaculture in East Africa; A regional
approach. University and Research Centre,
Wageningen. 54pp.

Shoko, A., Lamtane, H.A., Wetengere, K.,
Kajitanus, O.0., Msuya, F., Mmochi, A.
and Mgaya, Y. (2011). The status and
development of aquaculture in Tanzania,
East Africa. International Conference on
Ecosystem Conservation and Sustainable
Development. May 2014. pp. 85-97.

Sikorski, Z. and Stolyhwo, A. (2005). Polycyclic
aromatic hydrocarbons in smoked fish - A
critical review. Food Chemistry. 91(2):
303-311.

Sserunjogi, M. L., Muyonga, J. H. and Ogwok, P.
(2009). Pesticide residues and heavy metals
in Lake Victoria Nile Perch, Lates niloticus
belly flap oil. Bulletin of Environmental
Contaminants Toxicology, 82: 529-533.

Surtida, A.P. (2000). Middlemen: the most
maligned players in the fish distribution
channel. SEAFDEC Asian Aquaculture,
22(5), 21-22, 26

Tchounwou, P.B., Yedjou, C.G., Patlolla, A.K.,
Sutton, D.J. (2012). Heavy metals toxicity
and the environment. Experientia Suppl,
101, 133-164

TFDA. (2018). Determination of heavy metals
by MP-AES. TFDA/DLS/LZ/FA/M/002

Thuy, P., Flaaten, O., and Skonhoft, A. (2019).
Middlemen: good for resources and
fishermen? Environment and Development
Economics, 1-20

Tongo, I., Ogbeide, O. and Ezemonye, L. (2017).
Human health risk assessment of polycyclic
aromatic hydrocarbons in smoked fish
species from markets in Southern Nigeria.
Toxicology, 4: 55-61.

Tschakert, P. (2010). Mercury in fish: A critical
examination of gold mining and human
contamination in Ghana. International

Journal and Pollution, 2010: 215-228.
Ugochukwu, V. N. (2017). Fish preservation
and processing. Journal of Food, 1:1 —32.

Ujowundu, C.O., Thekweazu, K.L., Alisi,
C.S. and Ujowundu, FN. (2014).
Procarcinogens: ~ Polycyclic  aromatic

hydrocarbons and heavy metal content
in some locally processed foods in South
Eastern Nigeria, British Journal of Applied
Science and Technology, 4(1): 249-260.

URT (2003). Fisheries Act, 2003. An Act to
regulate fishing and the fishing industry,
and aquaculture development. Government
Printer, Dar es Salaam. 42pp.

URT (2017). Mwanza Region Investment
Guide. Mwanza Regional Commissioner's
Office, Tanzania. 79pp.

Vidacek, S. and Janci, T. (2016). Safety of Fish
Products. Regulating Safety of Traditional
and Ethnic Foods, 79-97.

Visciano, P., Perugini, M., Manera, M. and
Amorena, M. (2009). Selected polycyclic
aromatic hydrocarbons in smoked tuna,
swordfish and Atlantic salmon fillets.
International Journal of Food Science and
Technology, 44: 2028-2032.

Vives, 1., Grimalt, J. O., Fernandez, P. and
Rosseland, B. (2004). Polycyclic aromatic
hydrocarbons in fish from remote and high
mountain lakes in Europe and Greenland.
Science of the Total Environment, 324(3):
67-717.

Wangboje O.M and Miller A.M. (2018). Heavy
metal profile in a smoked Cynoglossus fish
species from selected markets in Owo Town,
South Western, Nigeria. [International
Journal of Fisheries and Aquatic Studies
6(4): 355-362.

WHO (2017). Lead poisoning and health. [http://
www.who.int/mediacentre/factsheets/
fs379/en] site visited on 20/4/2018.

WHO (2017). Mercury and health. [http://www.
who.int/mediacentre/factsheets/fs361/en]
site visited on 20/4/2018.

Winiarska-Mieczan, A., Florek, M., Kwiecien,
M., Kwiatkowska, K. and Krusinski,
R. (2018). Cadmium and lead content
in chosen commercial fishery products
consumed in poland and risk estimations on
fish consumption. Biological Trace Element




Determination of Benzo(A)Pyrene and Heavy Metals Contamination 96

Research 182(2): 373-380. Kenya: in light of intense fishing pressure,
Wretling, S., Eriksson, A., Eskhult, G.A. African Journal of Aquatic Science 2018:

andLarsson, B. (2010). Polycyclic aromatic 1-4.

hydrocarbons in Swedish smoked meat Zachara, A., Gatkowska, D. and Juszczak, L.

and fish. Journal of Food Composition and (2017). Contamination of smoked meat

Analysis 23(3): 264-272. and fishproducts from Polish market with
Yongo, E., Outa, N.O. and Matsushita, Y. (2018). polycyclic aromatic hydrocarbons. Food

Studies on the biology of Nile tilapia Control, 80: 45-51.
(Oreochromis niloticus) in Lake Victoria,

Proceedings of the 2 SUA Scientific Conference held at SUA from 25" to 26" 2021, 78-96



Low Mycotoxins Content at Harvest, High in Stored Maize:
Harvesting and Storages Practices Implications in Two Agro
Ecosystems of Tanzania

Madege, R.R.

Department of Crop Science and Production, Sokoine University of Agriculture,
P. O. Box 3005, Morogoro, Tanzania

*Corresponding author e-mail: richmadege@sua.ac.tz

Abstract

A survey was conducted to establish association of pre-storage and storage practices on
occurrence of multiple mycotoxins in northern highland and eastern lowland maize based agro-
ecosystems in Tanzania. Four hundred (400) households from 80 villages, 40 from each of the
two agro-ecosystems were randomly selected for semi structured interviews to establish maize
harvesting and storage practices. From each household, approximately 1kg of maize was collected
at maize maturity before they were harvested and another 1kg maize collected from at least 6 months
storage. The five household samples from each village were reconstituted to make one composite
sample representing a village. Standard procedure was used for mycotoxins extraction. Compound
quantification was done using Ultra-high performance liquid chromatography/time-of-flight mass
spectrometry (UHPLC/TOFMS). More than 70% of farmers in the Eastern lowland used grain
hardness as an indicator of grain maturity. Delayed harvesting of 4 to 12 weeks after maturity was
observed across the two agro-ecosystems. More than 60% farmers shelled maize mechanically by
beating on floor, in bags and elevated platforms. Most important storage insect pests were confused
four beetle (Tribolium confusum Jacquelin du Val) (100%), followed by 80% larger grain borer
(Prostephanus truncutus L). Fourteen fungal species were detected and only 12 were present in
both agroecosystems. Penicillium brevicompactum and F. culmorum were not detected in samples
from northern highland while F. tricinctum and F. equiseti were not detected in the eastern lowland
zone. With exception of F. graminearum, all other species were more abundant in eastern lowland
than northern highland. In eastern lowlands, aflatoxin contamination in samples stored for six
months was ten times higher than in samples collected at harvest. Significant (p<0.05) positive and
negative correlations between mycotoxins and storage practices were obtained. The study suggests
that pre-storage and storage practices applied by subsistence farmers in the two agro-ecosystems
need to be fine-tuned to reduce mycotoxins risk the two maize based agro-ecosystems.

Keywords: Pre-storage, storage, subsistence farming, mycotoxins, agro ecological zones

Introduction
Maize (Zea mays L.) is a major
cereal used as a staple food and
feed worldwide (Temu et al, 2010). Under
subsistence farming, maize has the simplest
value chain comprising mainly the input supply
and farmers who are consumers. Yet time from
farm to folk is possibly the longest because after
harvest, maize is usually stored for a year round
until the next harvest cycle. Such storage of
maize creates a man-made ecosystem in which
the quality and nutritive value may change partly

due to storage pests like insects and moulds
(Magan, 2007). Apart from its inherent pre and
postharvest vulnerability to mould infection,
harvest and storage practices can exacerbate
their effects (Miller, 2008). As a result fungal
infection is of concern because it causes yield
loss and contaminates maize with mycotoxins
(Miller, 2008).

Mycotoxins are secondary metabolites
produced by certain species of fungi. Depending
on their adaptability to ecological conditions, the
mycotoxin producing fungi are grouped as field
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fungi (Fusarium and Alternaria species) (Gallo
et al., 2016) and storage fungi (Aspergillus
and Penicillium species) (Lasram et al., 2016).
Field fungi can colonize the ripening grains on
standing crop in the field prior to harvesting
while storage fungi are more dominant in stored
products although in a very low percentage they
may be found in grains before harvesting. Field
fungi are usually arrested after harvest because
they require high relative humidity for growth,
normally above 95% (aw>0.95) (Mannaa and
Kim, 2017). Storage fungi are adapted to grow
under low moisture condition (relative humidity
range 70 and 90% (aw<0.95) (Lasram et al.,
2016). This classification is not strict as the field
fungi can grow in stores and storage fungi grow in
the field provided the environmental conditions
permit. Presence of storage fungi before harvest
constitutes an inoculum transferred in stores.
Therefore, to minimize the effects of
mycotoxin contamination, prevention is the
best option because complete removal of
toxigenic fungi in food systems is difficult,
nearly impossible. In this context, availability of
strategies to reduce pre-harvest contamination of
mycotoxins through good agricultural practices
(GAP) and Good Storage Practices (GSP) as
recommended by Codex Alimentarius and is
probably the best option to reduce mycotoxins in
food systems in Africa. These recommendations
however, need to be tailored to the local
conditions and practices. Unfortunately, in
Tanzania, reports to customize the GSPs based
on Codex recommendations for producing maize
are lacking. Lack of GSPs is possibly the cause
of the high levels of fumonisin contamination
in Tanzanian maize. Therefore, the need to
customize effective post-harvest strategies to
reduce mycotoxins in Tanzania is already a
necessity which is not adequately addressed.

Materials and Methods
Description of study area

The study was conducted in Northern
Highland (NH) and Eastern Lowland (EL)
agro ecological zones of Tanzania. The eastern
lowland ( 6°S and 8°S, and 36°30°E and 38°E)
is characterized of flat plateaus (0-900 m a.s.l)
in the eastern part. The northern highland (4°S
and 25°S and 84°E and 45°E) sits on (1000 and

1500 ma.s. l.).

Sampling and inventory of pre-storage and
storage practices

A two stage sampling was conducted in
Kilosa (eastern lowland) and hanang’ (Northern
highland districts, Morogoro and Manyara
regions respectively. The sampling involved 40
villages of each district and from each village,
five households were randomly selected to make
a total of 400 households. From each household,
approximately lkg of maize was collected at
maize maturity before harvested and another
lkg maize collected from at least 6 months
storage (Orsi et al, 2000). Immediately the
samples were sent to the laboratory, followed
by air drying to maintain field status and frozen
for 24 hours to kill insects before they were
kept at 4°C until analysis. A questionnaire was
used to establish used harvesting and storage
practices of maize and common insect pests.
Questionnaires were supplemented by direct
observations at each household where types of
storage structures, method of construction, and
symptomatic occurrence of moist environment,
mould growth, insect infestation, and rodents
were recorded. Identification of storage insect
pests was done by the researchers based on
available literature during the survey and on
respondents’ description and ability to recognize
the indicated pests from amongst other species
in pictorial aids (Lever, 1976).

Mycological assays and multi-mycotoxins
quantification

For the purpose of isolating fungi from
maize grains, surface sterilization, inoculation of
maize grains into potato dextrose agar medium
and purification of culture was done according to
Landschoot et al. (2011). Morphological criteria
(Leslie et al., 2006) was used to distinguish the
different fungal genera contaminating the grain.
The obtained fungal isolates were categorized
as Fusarium, Penicillium, Aspergillus or others
based on macroscopic (colour, reverse colour
and mycelium) and microscopic (conidiophores
shape) characteristics. Polymerase Chain
Reaction (PCR) techniques according to
Nicolaisen et al. (2009), Luo et al. (2009)
and Cruz and Buttner (2008) were used to
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identify species belonging to genus Fusarium,
Aspergillus  and  Penicillium  respectively.
Quantification of mycotoxin was done according
to Degraeve et al. (2016).

Sample preparation and subsequent
mycotoxins extraction followed a  Quick,
Easy, Cheap, Effective, Rugged and Safe
(QuUEChERS)  approach  developed by
Anastassiades ef al., (2003) and later modified
for cereals (Rasmussen ef al., 2010; Rubert et
al., 2013). Mycotoxin standards, as solid pure
extracts, of aflatoxin B1 (AFB1), aflatoxin B2
(AFB2), aflatoxin Gl (AFG1), aflatoxin G2
(AFQG2), ochratoxin A (OTA), deoxynivalenol
(DON), fumonisin B1 (FB1), fumonisin B2
(FB2), T-2 toxin (T-2), HT-2 toxin (HT-2) and
zearalenone (ZEN) were supplied by Sigma-
Aldrich (St. Louis, MO, USA). To establish a
standard curve, mycotoxin free grounded maize
samples were spiked with the toxins at eight
concentration levels: 5 ppb, 10 ppb, 25 ppb, 50
ppb, 75 ppb, 100 ppb, 150ppb and 200 ppb and

Data analysis

The questionnaire was coded posting the
data in the SPSS 16 followed by calculating
descriptive statistics; means and standard
deviations. Non parametric tests were used
to determined mean differences of the storage
practices applied in the two agro ecosystem.
Differences in occurrence of multi mycotoxins
in the two agro ecosystems for the samples
collected at harvest and those collected from 6
months storage were calculated.

Results
Determination of physiological maturity

It was established that farmers in both
agro-ecosystems used drying leaves, stalk
and bending cobs as plant indicator of maize
physiological maturity. No differences (p=0.13)
between the two ecosystems were observed
except the use of grain hardness which more
than 70% of farmers in the Eastern lowland used
as an indicator of grain maturity (Fig. 1).
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Figure 1: Indicators of maize maturity as used by smallholder farmers in Northern highland

and Eastern lowland

later analyzed for multi-mycotoxins (Ortiz ef al.,
2013). Quantification of multi-mycotoxins in
maize samples was done according to Degraeve
etal (2016).

Timing of harvest after physiological
maturity and the source of labor

The Figure 2A indicates that between
35% and 50% of the farmers harvest maize 3
to 4 weeks after physiological maturity. Less
than 10% harvested maize 12 weeks after
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physiological maturity. During harvesting,
females were the main source of labor in eastern
lowland, while 60% farming households in
northern highland outsourced harvesting labor
(Fig. 2B).
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A —Northern highland
% ——Eastern lowland
E
7
g @
£
3‘ &
<y
34
2
1
] T T 3 £ ™ 5
Harvesting time (weeks) after physiological maturity

maize. While 40% farmers in Northern highland
sorted and used damaged maize as animal feeds,
50%, 10% and 5% farmers in eastern lowland
use the damaged maize as food, preparing local
brew and sale respectively.

zq B

Eastem lowland
[ Northem highland

p=001

emal
Source of housshold abour

Figure 2; Timing of harvest after physiological maturity in northern highland and eastern

lowland

Sorting purpose before storage

Figure 3 presents results on sorting purposes.
In these practices, significant differences
(P<0.05) between the two ecosystems were
detected on the number of households involved.
The results in Figure 4A, show that farmers in
the two ecosystems sorted maize before storage.
They differed in the utilization of damaged

Key

GMS = Good maize storage

GMF = Good maize food

GMAF = Good maize animal feed
840 BMAF = Bad maize animal feed
BMB =Bad maize brewing

NS = No sorting

100

60

Adoption (%)

Figure 3: Maize sorting purposes

Drying and Shelling surfaces

Farmers in both ecosystems shelled maize
mechanically by beating on elevated tunnels
(Fig. 4A) and on floor (Fig. 4b). Handling
of maize during beating varied significantly
(P<0.05) between agro ecological zones. The
majority (80%) in Northern highland shelled
maize by beating on a raised platform and

[ Northern highland
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using motorized tractor operated engines. While
60% of the farmers in Eastern Lowland shelled
maize by beating in poly bags, 65% of farmers
in Northern highland shelled maize by beating
on bare ground (Fig. 4B).

109 A

8qg

Adoption (%)

Drying place

Common pests

In the two agro ecosystems the number of
people who reported insect and bird pests as an
important problem did not differ statistically
(p>0.05). However half of the farmers in the

[Northern highland
] Eastern lowland

before/after

=
shelling

I | Northern highland
Eastem lowland

Sheling methods
Figure 4; Sorting, drying and shelling practices in Northern highland and Eastern Lowland
Storage Facilities

The differences between agro ecosystems
on the practices involved in storage of maize
were significant (P<0.05). In northern highlands
close to 98%, 50%, 20% and 45% store maize
in cribs, on floor, bags on floor and bags on
raised platform respectively (Fig. 5). On the
other hand, 5%, 40%, and 20% farmers in the
castern lowland store maize in Cribs (Fig. 5),
and in bags placed on floor (Fig. 5) and raised
platforms.

eastern lowland ranked moulds as an important
problem followed by rodents. The problem of
insect and birds pests was equally (p>0.05)
experienced by farmers in both agro ecosystems

(Fig. 6).

Occurrence of insect pests

Direct observation of this study revealed
that eastern lowland had the greatest diversity of
storage insect pests. These included; Confused
flour beetle (7ribolium confusum Jacquelin
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Figure 5; Maize storage in bags placed of floor and cribs

du Val) which occurred most frequently
(100%), followed by 80% Larger grain borer
(Prostephanus truncutus L), 78% Red flour
beetle (7ribolium castaneum Herbst), 42% Laser
grain weevil (Sitophilus zeamais L), 25% Areca
nut weevil (Araecerus fasciculatus syn) and
14% Saw toothed grain beetle (Oryzaephilus
surinamensis L.) (Fig. 7). The northern highland
had the least diversity of identified storage
insect pests, including 54% larger grain borer
(P. truncutus L) followed by 22% Laser grain
weevil (S. zeamais L).
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Eastan lowland

104
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Occurrence of fungal species

Of the 14 fungal species identified in this
study, the occurrence of 9 fungal species varied
significantly (p<0.05) between the two agro
ecosystems. All the 14 species detected in this
study only 12 were detected in each of the agro
ecosystems. Penicillium brevicompactum and
FE. culmorum were not detected in samples from
northern highland while F tricinctum and F.
equiseti were not detected in the eastern lowland
zone. With exception of F graminearum, all
other species were more abundant in eastern
lowland than northern highland (Fig. 8).

Key

LGB = Larger grain borer

LGW = Laser grain weevil

RFB = Red flour beetle

CFB = Confused flour beetle
SYGB = Saw toothed grain beetle
ANW = Areca nut weevil

-

Insect pests

LHa

Figure 6: Common pests in northern highland and eastern lowland agro ecosystems
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Figure 8: Occurrence of fungal species in the eastern lowland and northern highland agro

ecosystems of Tanzania

Occurrence of multi-mycotoxins at harvest
and storage

Six types of mycotoxins were detected in
samples collected at harvest in both northern
highland and eastern lowland (Table 1). Three
more mycotoxins (HT-2, T-2, and OTA) were
detected in maize of eastern lowland after 6
months of storage. At harvest, occurrence of
FB1 in northern highland was 5 times higher
than its occurrence in samples collected from

6 months of storage in the same location (Fig.
9). Similarly, DON was higher in both agro
ecosystems than its occurrences in samples from
6 months storage. At harvest the occurrence
of FB1 in Eastern lowland was lower by 45%
than its occurrence in samples collected from
6 months of storage. Occurrence of FB2 in
northern highland from samples collected at
harvest was the same (42%) as its occurrence in
samples from 6 months storage. However FB1
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Figure 9: Differences of occurrence of multi mycotoxins between samples at harvest and
six months storage in Northern lowland and Eastern lowland; AFB1 = aflatoxin
B1, AFB2 = aflatoxin B2, AFG1 = aflatoxin G1, AFG2 = aflatoxin G2, OTA =
ochratoxin A, DON = deoxynivalenol, FB1 = fumonisin B1, FB2 = fumonisin B2,
T-2 = T-2 toxin, HT-2 = HT-2 toxin and ZEN = zearalenone

was not detected at harvest in eastern lowland
although the detection was 20% after 6 months in
the region. The storage samples had respectively
10%, 20% and 22% more AfB1, AfB2 and AfG2
than detection in samples collected at harvest in
eastern lowland.

Control of storage pests

More than one third of the farmers in both
ecosystems did not apply any measure to control
storage pests. Significant differences (p<0.001)
between agro ecosystems were noted on
practices applied to control storage pests. Close
to 90% farmers in Eastern lowland applied
ash to control storage pests while less than
10% farmers in Northern highland used this
option. Fumigation (50% Northern Highland,
38% eastern lowland), removing remnants
of previous crop in the store (22% Northern
highland and 48% Eastern lowland), application
of local herbs (35% in each location) and
synthetic pesticides (40% Northern highland
and 38% Eastern lowland) were the common
practices (Fig. 10).

Linking storage practices to mycotoxin
contamination

Linkage analysis established that there was
a significantly positive correlations R=0.82,
p=0.034 and R 0.47, p=0.043 among the
number of households storing maize in synthetic
polyethylene plastic bags and contamination
of FB1 and FB2 respectively. Number of
households which used the same storage method
had significant negative correlation with DON R
=-0.57,p=0.036. The correlation coefficients in
Table 2 indicate that the number of households
storing maize in cribs or (in Kiswahili Vihenge),
had a significant negative correlation with FB2
(p=0.003), DON (p=0.002), AfB1 (p=0. 001),
and AfG1 (p=0.003). The results point out that
number of households which removed remains
of previous crops in the store before introducing
anew crop had a significant negative correlation
with FB1 (p=0.012), FB2 (p=0.006), AfB2
(p=0.001) and AfG1 (p=035). Furthermore the
number of households which were fumigating
prior to storage had a significant negative
correlation with FB2 (p=0.003), AfB1 (p=0.002),
AfB2 (p=0.003), and AfG1 (P=0.004). The
study has also established significant negatively
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Figure 10; Storage practices, storage pests, insect pests and pest control in Northern highland

and Eastern lowland

correlation between the number of households
which sorted out maize before storage and FB1
(P=0.044), DON (p=0.005), OTA (p=0.049),
AfB1 (p=003) and AfG2 (p=0.003). Significant
negative correlations between number of farmers
who controlled insect pests by applying ash or
herbs like pepper and OTA (p=0.047), AfBI
(p=0. 045), AfB2 (p=0.038), AfG1 (p=0.0306,
and AfG2 (p=0.035) were noted. Contamination
of AfB2, AfGl and AfG2 were significantly
negatively correlated (p<0.01) with number of
households which used synthetic pesticides to
control storage insect pests. The link between
number of farmers who used different storage
structures, hygienic practices, approaches to
control storage insect and contamination of
ZEN, T2 and HT2 was insignificant or none
existent (Table 2).

Discussion

The current study established that majority
of farmers delayed harvesting up to 12 weeks
increasing the risk to pre harvest mycotoxin
contamination of maize. The study linked the
delay with farmers’ practice of determining
maize physiological maturity and time of
harvesting using unreliable indicators such
as leaf and stem senescence. According to
Thomas (2013), for a healthy plant, drying
leaves, stalk and drooping (bending) cobs is a

sign of senescence as well as maturity but these
indicators are not always reliable because they
can occur as a result of abiotic and biotic stress
factors (Degraeve et al. 2016; Madege et al.
2018). The grain hardness which was a maturity
indicator used by the majority farmers in eastern
lowland indicated that grains had dried enough
for harvesting. However the rate at which the
kernel dries is highly influenced by the variety
used, agronomic practices as well as the
prevailing weather condition (Parthasaranthi
and Jeyakumar 2013). Therefore, reliance on this
indicator can lead to early or delayed harvesting.
Harvesting too early may result in immature
seeds that have poor vigor and vulnerable to
insect and fungal attacks that increase chances
of mycotoxins contamination (Gu et al. 2017,
Martinez-Feria et al. 2019).

In both agro ecosystems, after removing
the crop from the field, they undergo sorting
and drying before shelling. Farmers sorted
out damaged or mouldy maize for various
purposes including food, animal feed and
brewing. Consumption of damaged or mouldy
maize has been reported in Tanzania (Kimanya
et al, 2008) and Kenya (Lewis et al, 2005)
where it was associated with aflatoxicosis.
Utilization of damaged or mouldy maize as
animal feed is reported in Kenya (Bhat et
al., 1997) and is associated with food borne
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outbreak of mycotoxicosis. Saydenham et al.
(1990) reported that consumption of mouldy
maize either as direct food or via local brews
is indicative of the magnitude of the problem
of food insecurity in the rural places in many
African countries. Previous studies have
confirmed that sorting based on colour, visually
by hand and based on weight by machine were
more effective in reducing aflatoxins in peanuts
than fluorescent sorting (Pelletier and Reizner,
1992). These results are further supported by
findings regarding the wuse of near infrared
transmittance kernel sorting technology which
established negative correlation with fusarium
kernel damage as well as fumonisins and
deoxynivalenol (Kautzman et al., 2015).

To allow maize dry after harvest, farmers
in Northern highland heaped maize on a bare
ground while farmers in eastern lowland dried
maize on elevated tunnels. Drying maize
before storage to reduce moisture content
down to level not favorable for mould growth
is common among smallholder farmers in
East Africa (Lewis et al, 2005; Kaaya et al.,
2006; Mwihia et al., 2008). Previous reports
show that, timely harvesting, sorting harvested
maize-ears in the field, drying maize with and
without husk on elevated bamboo tree platforms
reduced postharvest fungal infection and risks
of contamination of fumonisins (Ngoko et al.,
2003). These findings are also in agreement
with the report that small holder maize in many
tropical countries are subject to long pre harvest
drying as well as long postharvest drying before
they can be safely stored (Bodholt, 1985; Kaaya
et al., 2005). The majority of farmers shelled
maize mechanically through beating maize in
polybags, elevated tunnels and on covered and
uncovered ground surfaces. Previous literature
has established that mechanical shelling is
known to cause kernel damage although the
degree with which the grains are damaged would
vary depending on the beating impact caused
(Fandohan et al., 2006). Hand shelling, although
time consuming, can cause less damage than
shelling using automobile power engines and
beating (Chulze 2010). Vulnerability to damage
in any shelling method may vary between maize
varieties and degree of dryness (Nkakini et al.,
2007). Reports show that higher rate of grain

damage due to mechanical shelling increases
chances of mould growth particularly Fusarium
and Aspergillus species (Diedhiou et al., 2011;
Fandohan et al., 2006)

After shelling, the farmers adopted
different storages methods such as polybags and
traditional structures like vihenge, vilindo and
cribs. These traditional storage techniques are
common in many parts of Sub Saharan Africa
especially on small holder farms (Udoh et al.,
2000; Armah and Asante, 2006; Nduku et al,
2013;). Many traditional storage structures are
perforated hence depending on environmental
conditions, the storage practices could have
been creating specific microbial ecosystems
because they may avail different environmental
conditions for growth as well as production
of mycotoxins. Studies in Nigeria reported
high aflatoxins in maize stores in polyethylene
synthetic bags (Udoh et al., 2000). This is
probably because grains kept in synthetic
polythylene bags provide suitable temperature
for insects and mould growth as well as ad
libitum food supply which allows insects to be
reproduced haphazardly (Pantenius, 1988). To
reduce risks of insect damage associated with
storage of maize in bags, efficacy of multiple
layer hermetic bags have been tested (Villers
2014; Maina et al. 2016; Mallikarjunan et al.
2016;). Research has established that storage
of maize in ventilated facilities like bamboo
granary have lower fumonisins content (Hell e#
al., 2000; Fandohan et al., 2005). This could be
an explanation for the negative correlation of
mycotoxins with numbers of cribs observed in
the current study. Prior to storage few farmers
fumigated as part of hygiene and it was ascribed
to low mycotoxins contamination. These results
are in agreement with scientific findings that
use Ammonia fumigants inhibited growth
of A. flavus in maize stores with subsequent
significant reduction in AfB1 (Duncan et al,
1994).

Before harvesting and after harvesting, the
crop sufferes from various pest attacks including
rodents, insects and moulds. The farmers
knowledge on rodents as major field pests is
in agreement with observation on rice farming
systems in the same location that rice farmers
had substantial knowledge on the presence and
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losses caused by rodents in their crop yield and
general public health (Mulungu et al.,, 2014).
Similarly maize yield loss due to rodents, insect
pests and mould has been reported previously
(Mdangi et al. 2013; Liu ef al. 2016; Danso et al.
2017). Attacks ofthese pests in stored maize have
been associated with increased contamination
of mycotoxins of maize (Degraeve et al. 2016;
Madege et al. 2018; Madege et al. 2019). High
infection of insects in stores of eastern lowland
can be explained by the suitable growth factors
created particularly relative humidity (60-80%)
and temperature (25-30°C) which is typical
characteristic of eastern lowland (Bakker-
Arkema et al., 1999). Increases of mycotoxins
is related to insect attack because insects
create wounds on maize kernels which become
infection sites for fungi (Wu, 2006). Therefore,
Storage practices that create optimal conditions
for growth of mycotoxins producing fungi,
predispose maize grains to biosynthesis of these
toxins by F. cerealis, F. poae, A. ochraceus, P
verrucosum, and P. nordicum (Agriopoulou et
al., 2020).

The current study also established that
the maize samples collected at harvest in the
northern highland samples had the highest levels
of Fumonisins and Deoxynivalenol which are
commonly produced by F. Verticillioides and
F. graminearum. During the same period the
samples from the eastern lowland which were
collected after six months storage had more than
ten times higher contamination of aflatoxins than
in maize samples collected at harvest. Aflatoxins
are secondary metabolites of some Aspergillus
species particularly of the section flavi; A. flavus
and A. parasiticus. The observed differences in
mycotoxins contamination between the two agro
ecosystems can be associated with the ecological
differences between the two zones that support
different fungal growth and mycotoxins
production potential. According to available
literature, host susceptibility to fungal disease is
directly influenced by ecological characteristics
especially temperature and osmotic stress.
These climatic variables determine infectivity,
colonization, reproduction, survival, competitive
ability, mycotoxicity and pathogenicity of both
field and storage fungi (Drakulic and Ray 2017,
Mannaa and Kim 2017). Temperature range of

15 to 30 and water activity ranging from 0.9 to
0.995 is optimum condition for production of
Fumonisins in many cereals (Milani, 2013). The
increase in aflatoxin levels from harvest, suggest
that if conditions are permissive, aflatoxins can
keep on increasing with storage duration in
which case the public exposure is also acerbated.
The increasing trend of aflatoxins along the
maize value chain after harvest is reported in
many countries in Africa (Kang'ethe, 2011;
Asiki et al., 2014; Nyangi, 2014; Akowuah et
al., 2015)

Strategies to reduce insect pest pressure
using plant extracts, ash and pesticides were
common on both northern highland and eastern
lowland agro ecosystems. However, use of ash
and herbs like Tephrosia vogelii L (or utupa in
its Swahili acronym) leaves and fruits of Neem
plant (Azadracta indica L) have been reported
in some parts of Tanzania (Mihale et al., 2009).
However the efficacy of these herbs and many
others are yet to be validated as reliable control
strategies (Reddy and Muralidharan 2009).
Application of ash in conjunction with cow
dung and tobacco powder are also tested local
alternatives of pest control (Mihale ez al., 2009).

Conclusions and recommendations

It can therefore be conclusive that pre-
storage and storage practices applied by
subsistence farmers in the two ecosystems are
linked to increasing mycotoxins contamination
along maize value chain. The practices that are
linked to to reduced risk of mycotoxins should
be improved to reduce mycotoxin contamination
in maize.
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Abstract

Tanzania's sisal industry employs about 100 000 individuals with its current total production
estimated at 40 000 tons per year. This follows efforts by thelanzania’s Sisal Board (TSB)
to promote smallholder farmers participation in the sisal industry. However, there is a lack of
enough information on socio-economic determinants associated with smallholder farmers’ sisal
productivity and profitabilty. Therefore, the study was conducted to address the above. Specifically,
the study aimed at identifying determinants of the smallholder farmerssisal productivity and
profitability in the study area. A cross-sectional research design was used in the research whereby
data were collected from 150 randomly selected smallholder sisal producing households based on
registers availed by estate managers in Ngombezi and Mwelya Wards. Primary data were collected
through questionnaire with close and open ended questions. In addition, focus group discussions
and key informant interviews were used to gather complementary data. Quantitative data from the
questionnaires were analyzed using the IBM-SPSS software whereby descriptive (ie. ferequencies
and percentages) and inferential statistics(through the use of simple linear regression) were
determined. Qualitative data were analyzed using thematic content analysis whereby collected
information were summarized based on themes and objectives of the study.Generally, study
findings show that factors significantly associated with the smallholder sisal farmers’ productivity
were amount of land allocated to sisal production and amount of sisal harvested (P<0.001) and
amountof land owned by household (P<0.05). On the other hand, factors associated with the sisal
famers profitability included sex of the household head (P<0.1), farm size (P<0.05) and amount
of sisal harvested (P<0.001). Therefore, the study recommends that agricultural and investment
banks should consider financing smallholder sisal farmers so as to enable them raise their incomes
and capital needed for sisal production in order to increase sisalproductivity and profitability.

Keywords: Sisal, socio-economic determinants, smallholder sisal farmers, productivity, profitability

Introduction
Sisal (Agave sisalana) is a succulent
perennial crop. It is a species of Agave
originated from southern Mexico. It is a drought
resistant plant that can grow well in the arid
and semi-arid regions and rainfall amount
suitable for its growth range from 1000 to 1250
mm. Sisal plant grows well in hot climate of
temperatures between 10°C to 30°C. It can
also tolerate temperatures of 40-50°C (Saxena
et al., 2011; Srinivasakumar et al., 2013). Sisal
was introduced in Tanzania by the German East
Africa Company in 1893. The company was

then largely focused with the development of
the country thus, introduced sisal to the coastal
areas as an alternative crop because the areas
had hotter and drier conditions (FAO, 2013).
In addition, the first sisal estates were located
near the sea on tidal estuaries to support easy
shipment of the sisal fibres and other products.
Generally, Tanzania used to be the world’s
leading sisal producer in the 1960s. Exportation
of sisal contributed to more than a quarter of
Tanzania’s foreign income in the early 1960s
however, by 1967 the production declined
drastically. Currently, the production is a quarter
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of the 1960s production level (FAO, 2016).
According to Kimaro ef al. (1994) the decline of
Tanzania’s sisal industry was mainly caused by
shrinking of the world market and the sisal price,
nationalization of sisal estates, poor marketing
arrangement and lastly, shortage of labour.

Currently, Brazil tops the list of countries
producing sisal, followed by Tanzania then
Kenya (Mwaniki, 2018). Over 281 000 tons
of sisal was produced in the world, with Brazil
producing 150 584 tons, followed by Tanzania
which produced 34 875 tons in 2013. Other sisal
producing countries include Madagascar, China,
Guinea, Central Africa Republic, Ethiopia,
Malawi, Mozambique, Angola, South Africa
and Morocco (FAO, 2016). On the other hand,
small-scale sisal production plays a crucial role
in an overall contribution to the sisal industry
globally. In Tanzania, the sisal industry employs
over 100 000 people, with a total production of
about 40 000 tons (TIC, 2016).

According to FAO (2013), small-scale
sisal farmers in Tanzania are defined as farmers
holding usually less or sometimes above 6
hectares of sisal land but, not more than 200
hectares. They are also referred to as emerging
farmers and they are often characterized by lack
of market experience, lack of access to resources
and technology and limited use of agro-
chemicals (Oxfam, 2013). In addition, small-
scale sisal farmers in Tanzania’s sisal value
chain involve those in estates and smallholders
growing sisal as a cash crop in non-estate areas
(BOT, 2016).

Tanzania has for a long time been making
efforts to improve production, productivity
and commercialization of the crop sub-
sectors (sisal included) under the Agricultural
Sector Development Programme Phase Two
(ASDP II). For example, financing agriculture
and promoting good agricultural practices,
improving extension services provided to
smallholder farmers, training for updating
skills and knowledge of farmers, improving
agricultural mechanization and promoting
contract farming (URT, 2016). Despite the
above efforts (Kimaro et al, 1994; Salum,
2012; BOT, 2016) sisal productivity among
small-scale farmers is still low (FAO, 2013);
according to TSB (2017) as cited by Senkoro

and Mkorongwe (2018) production of sisal fibre
per unit area in Tanzania is generally low i.e. 0.8
- 1.1 tones per ha for farmers and 2 - 2.5 tones
per ha for estates.

Several studies have assessed the situation
of sisal crop, for example Kimaro et al. (1994)
examined sisal production and research in
Tanzania; Salum (2012) who studied sisal
production and henequen industry from the
producers® perspective, and BOT (2016) an
assessment of sisal contract farming schemes
in Tanzania. Nonetheless, previous studies
have not documented on the socio-economic
determinants associated with small-scale sisal
farmers’ productivity hence, little is known on
the same. Therefore, the study on which the
paper is based aimed at determining socio-
economic determinants of smallholder farmers*
sisal productivity in Korogwe district, Tanzania.

Korogwe district constitutes the center of
Tanzania’s sisal industry. Sisal production in
Korogwe district is mainly based on estates that
are controlled and owned by the Tanzania Sisal
Board (TSB). Currently, the board is in charge of
five estates namely, Hale, Ngombezi, Mwelya,
Magunga and Magoma. Nonetheless, the board
still applies the Sisal Smallholders and Out-
growers scheme (SISO) that gives small-scale
farmers access to farms within these estates and
also the market for their produce to both farmers
working within the estates and out growers.

Generally, small-scale sisal farmers’
productivity is determined by a number of
socio-economic factors. According to Krugman
(1994), productivity is the measure of efficiency
in converting inputs into useful outputs. Sisal
productivity is highly reliant on what the farm
is used for and is highly determined by physical
capital used for sisal production, human capital,
training, experience and lastly, natural resources
including land. But, for the case of this study,
sisal productivity refers to sisal output in terms
of the land input (i.e. tons/ha).

Theoretical Framework

The study is guided by the theory of
production. The theory argues that the business
firm decides how much of each commodity that
it sells particularly its outputs and products it will
produce, and how much of each kind of labour,
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raw materials and fixed capital goods that it will
use (Kurz and Salvadori, 1995). The theory of
production was relevant to this study because
it emphasizes on creation of goods or services
that are suitable for use or exchange in a market
economy using suitable economic resources or
factors of production. Thus, high productivity
can be achieved through the availability of
suitable factors of production. The link between
the theory and the study is based on the key
point that the availability and use of suitable
economic resources can facilitate high sisal
productivity among small-scale sisal farmers.
The study assumed that sufficient availability
and use of suitable factors of production mainly
land; labour and capital by small-scale sisal
farmers could lead to higher sisal yields thus,
enabling households to generate more profits
from sisal production. However, this is only
possible with the support and readiness of

policies, rules, regulations and social, political
and economic spheres.

Conceptual Framework

The study’s conceptual framework (Fig.
1) shows the interaction of the independent
and dependent variables. The independent
variables include the households’ background
variables (i.e. household head’s age, sex,
marital status, main occupation and education)
and intermediate variables (i.e. policies and
marketing conditions) which influence the
dependent variable (small-scale farmers’ sisal
productivity). Generally, productivity is as an
outcome of access to a number of crucial services
required for production such as access to credit,
extension services, land, inputs and transport
facilities. On the other hand, the agricultural,
marketing and investment policies can greatly
influence smallholders’ sisal productivity.

Accessibility to crucial services

Extension agents
Resources (e.g. Land)
Imputs (e.g. Fertilizers)
Transport facilities

Sisal productivity

Increased income
Increased profit

» Credit
>
>
>
>
A
4 )
Household Heads 4
e Age o
e Sex
e Marital status
e Education
e  Main occupations
. J

A
Y

Sisal market

e Type of buyers
e Distance

e Sisal price

A

Policies

Agriculture, Market and Investment

Figure 1: Conceptual Framework (CF) for the socio-economic determinants of small-scale

sisal farmers’ productivity
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Methodology

The study was conducted in Korogwe
district, Tanga region, specifically in Ngombezi
and Mwelya wards. Korogwe district was
selected due to having many small-scale sisal
producers relative to other areas. In addition,
the district constitutes the center of Tanzania’s
sisal industry. According to TSB (2018) the
district had 1207 small-scale sisal farmers in
2018 compared to Muheza district which had
49 small-scale farmers. The district lies between
latitudes 4°15° and 5°15° South of the Equator
and between longitudes 38°0° and 38°45” East
of the Greenwich Meridian. Korogwe district
borders Lushoto to the North, Muheza district
to the East, Handeni district to the South and
Lushoto as well as Kilimanjaro region to the
West. The district’s total area is 3 756 square
kilometers (URT, 2013).

The variations in topography and
climate in Korogwe District provide different
cropping possibilities which can be divided
into three major agro-ecological zones namely
mountainous, low wetlands and semi-arid zone.
An irrigational zone can also be identified along
the major rivers (Agroberichtenbuitenland,
2018). Sisal is mainly cultivated in the semi-arid
zone. Agriculture is the mainstay of the district‘s
residents, employing 90% of the households.
The crops grown are millet, cassava, beans,
paddy, sisal, cotton, sunflower, and cashew
nuts while domestic animals kept include goats,
sheep, cattle, pigs and chickens.

The study adopted a cross-sectional
research design whereby data were collected
once (Setia, 2016).The approach allows one to
collect data and determination of association
between variables. In addition, it is cost effective
and less time consuming while ensuring the
appropriate quality of data (Kesmodel, 2018).
Furthermore, the study adopted the mixed
methods approach whereby both quantitative
and qualitative data were collected to enable
triangulation of findings. Primary data were
collected using a structured questionnaire with
open and close-ended questions from the 150
selected houscholds. The questionnaire was
used to collect data on households' demographic
and socio-economic data. In addition, the
questionnaire gathereed information on the

households sisal production and marketing. On
the other hand, qualitative data was collected
through FGDs and key informant interviews: a
total of 6 FGDs were conducted three in each
ward and these involved a total of 67 participants;
participants for the FGDs ranged between
7 — 9 and the sessions lasted for one to two
hours. The FGD participants weresmallholder
sisal farmers from the two wards covered
by the study and were purposively selected
based on the number of years they have been
engaged in sisal production. Two key informant
interviews were conducted with the managers
of Mwelya and Ngombezi Sisal Estates. The
key informants were purposively selected
based on their experience in sisal production.
Information collected from the FGDs and key
informant interviews was mainly on general
sisal production, existing oportunities and
challenges faced by small-scale sisal producers.

The study’s sample size was determined
using the formula by Yamane’s (1967) formula,
which is S=N+[1+N(e)*], where; S=sample
size, N=population size and e=error term.
Given N=1207, e=0.05 then S=1207/ [1+ 1207%
0.052] =300.435. Therefore, the sample size for
the study ought to have been 300 respondents.
But the determination of sample size (S) in
this study took into consideration all other
important factors including time available for
the accomplishment of the study, length of
questionnaires, types of questions, analysis
to be employed, availability of field helpers,
manageability of data and funding available to
accomplish the task (Chandler, 2017). Due to
these factors, a sample size of 150 respondents
was proportionally and randomly selected from
the two wards.

Quantitative data collected through the
questionnaire were coded and entered into
the IBM SPSS software (version 20) for data
cleaning and analysis. Linear regression was
used to determine determinants for smallholder
farmers’ sisal productivity and profitability. The
model is effective in determining impacts of
independent variables on a ratio level measured
dependent variable which for this study are sisal
productivity and profitability. Qualitative data
were analyzed using content analysis whereby
emerging themes from the FGDs and key
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informant interviews were summarized based
on themes and objectives of the study. Some
of the emerged themes include smallholder
sisal farmers' perception on the level of sisal
production and the market situation of sisal
within the district. Differences or association
between variables were considered statistically
significant if the p-value was < 0.001, < 0.05
and <0.1. The statistical model and the variables
that were used are presented below.

The linear regression model for determining
productivity of sisal smallholders was specified
as follows:

Y=b+bX +bX,+..bX, +& (1)

Y= The expected or predicted sisal
productivity (tons/ha)
b, = the value of Y when all of the independent

variables (X, through X ) are equal to
Zero.

b -b = estimated regression coefficients

X,-X = predictor variables entered in the linear
regression model.

X, = Years of experience in sisal production,

X, = Education of the household head (Primary
and above 1, 0 otherwise)

X,= size of land cultivated with sisal in

3

hectares, X, = Amount of labour used
(total number of people used in production
by a household), X, = Crops produced as
first choices (Sisal 1, 0 otherwise),

X,= Household main source of income
(Agriculture 1, 0 otherwise),

X, = Sex of the household head (Female 1, 0
Male),

X, = Type of inputs used (Advanced inputs 1, 0
otherwise),

X, = Number of support given

Likewise, the linear regression model for
determining profitability of sisal smallholders
was specified as follows:

Y=b,+bX +bX,+..b X, +¢ (2

The expected or predicted profitability
the value of Y when all of the independent
variables (X, through X ) are equal to
zero.

b -b = estimated regression coefficients
X,-X_= predictor variables entered in the linear
regression model.

Y =
b, =

X, = Household head’s age measured in years,
X, = Household head’s sex (Female 1, 0 male),
X, = Amount sisal harvested (tons),

X, = Years of experience in sisal production,

Table 1: Expected impact of each predictor variable on sisal productivity.

Predictor variable

The expected impact

Years of producing sisal

Household’s head education

Land allocated to sisal

Amount of labour used

Producing sisal as a first choice crop
Household’s main source of income
Household head’s sex

Type of equipment used

Support provided

Number of years a farmer has been engaging in sisal
production would positively influence sisal productivity.

The level of household’s head education would have a
positive impact on the level of sisal productivity.
Number of hectares allocated to sisal production would
positively affect sisal productivity.

Amount of labour used by a household in production
would affect sisal productivity positively.

Producing sisal as a first crop would positively affect
sisal productivity.

Household’s main source of income would positively
affect sisal productivity.

Male household heads were expected to report a higher
sisal productivity.

Use of advanced equipment was expected to positively
affect sisal productivity.

Type and frequencty of support provided to smallholder
sisal producers was expected to affect sisal productivity.
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X, = Household head’s marital status (Married
1, 0 otherwise),

X,= size of land cultivated with sisal in
hectares,

X,= Household head’s main occupation
(Agriculture 1, 0 otherwise),

X,= Type of sisal products sold (Processed
fibres 1, 0 otherwise),

X,= Household head’s education level
(Primary and above 1, 0 otherwise)

Table 2 below presents the assumed

relationship of the independent variables and
profitability of smallholder farmers’ sisal
production.

husbands who could not be available during the
interviews. Moreover, the study used random
sampling which ensures an equal chance for
all the individuals in the study population to
be included in the sample. Therefore, the study
randomly picked the sample from the ward
estate registers. In addition, women mostly
cultivate crops which involve light manual
work while sisal requires great labour intensity
as it involves a lot of activities which are very
intense. The study finding conform to findings
by Kavita (2018) who argue that women mostly
cultivate crops which involve light manual work
unlike men who can cultivate all crops even

Table 2: Expected impact of eachpredictor variable on sisal profitability

Predictor variable

The expected impact

Household head’s sex

Household head’s occupation
Household head’s marital status
Years of producing sisal

Amount of labour used

Land allocated to sisal
Household’s main source of income
Sisal products sold

Tons of sisal harvested

The sex of the household head specifically male sex
would positively affect sisal profitability.

Occupation of the household head would positively affect
sisal profitability.

Households whose heads were married were expected to
report a higher sisal profitability.

Farmers® years of engagement in sisal production was
expected to be positively associated with sisal profitability.
Amount of labour used by a household in production was

expected to positively or negatively be associated with
sisal profitability positively.

Number of hectares allocated to sisal production was
expected to be positively associated with sisal profitability.

Sisal production as a households main source of income
was expected to be positively affect sisal profitability.

It was expected value addition of harvested sisal would be
positively associated with sisal profitability.

Tons of sisal harvested was expected to be positively
associated with sisal profitability.

Findings and Discussion

those involving intensive tasks requiring the use
of machines such as sisal.

Respondents socio-demographic character-
istics

The households’ major socio-economic
characteristics are as shown in Table 3. More
than a half (60%) of the household heads were
males. The lower number of female headed
households (FHHs) was probably caused by the
fact that fewer women are generally involved
in sisal cultivation. Moreover, even some of the
female respondents were only representing their

The age of the household heads ranged
from 26 to 85 years. Nevertheless, the majority
(55.3%) were in the age range of 36-60 years
(Middle aged household heads) followed by
those above 60 years of age (42.7%). The
findings (Table 3) generally suggest that middle
aged and older household heads were actively
involved in cultivation of sisal. However, the
findings also suggest that youth household heads
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Table 3: Demographic and socio-economic characteristics of household heads (n=150)

Characteristic Frequency Percent
Age 20-35 3 2.0
36-60 83 55.3
61 and above 64 42.7
Sex Female 60 40.0
Male 90 60.0
Education level Primary 98 65.3
Secondary 35 23.3
University 17 11.3
Occupation Agriculture 144 96.0
Employed 5 33
Business i
Marital status Single 6 4.0
Married 134 89.3
Divorced 10 6.7

were less involved in cultivation. This is because
many youth lack patience when it comes to sisal
production; unlike other crops, sisal requires
much time for its cultivation and its production
costs are high. One of the interviewed farmers
reported that:

“Many youths prefer to engage in
production activities that pay them shortly
and with less production costs too. But, sisal
cultivation takes time as it requires a number
of vears for it to be ready for harvesting while
incurring various costs of production during all
these years of waiting. So, this hinders many
youth to get involved in sisal production”

A high proportion (65.3%) of household
heads had primary school education level (Table
3). This suggests that the level of literacy in the
study area was high and this could easily help
farmers to adapt various farming programmes
intended to raise their level of productivity and
also understand instructions on inputs such as
chemical fertilizers and pesticides (Lugamara,
2017).

Findings from the study (Table 3) further
show that, almost all the surveyed household
heads depend on agricultural production as their
main occupation. The above is supported by
Korogwe district socio-economic profile which
shows that, agriculture employs over 90% of
district residents (URT, 2016).

Level of Sisal Production in Korogwe District

Sisal as a crop was very important to
many sisal cultivating households in Korogwe
district and this was clearly identified during the
household survey and focus group discussions
whereby 99.3% of household heads ranked it as
the most important crop to the household (Table
4). Both the FGDs and the interviewed farmers
pointed out it was a great source of households’
income. Most of the household heads who
ranked sisal as the number one crop based
their arguments on its importance both as their
main source of income earnings, its minimum
maintenance requirements, ability to withstand
many agro-ecological conditions and lastly, its
ability to produce continuous fibres for many
years. The above is emphasized by the quote
below:

‘...sisal has fewer complications when
compared to some other crops because it
sustains many climatic conditions unlike other
crops and its production and maintenance
activities become less as years pass by and
this gives farmers ample time to focus on other
household's income earning activities ”(Mwelya
Estate Manager, Mwelya ward, Korogwe, 21*
February, 2020).

The greater importance of sisal crop to the
farmers was based on the quantitative estimates
of sisal output and the area cultivated with sisal.
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Table 4 shows that an average of 0.64 tons/ha
(i.e. sisal yield) was reported for households
in Mwelya ward which was relatively higher
than the average reported for Ngombezi ward.
The findings further show that average farm
size allocated to sisal by all households was 8.6
ha. However, households in Ngombezi ward
allocated relatively more land to sisal i.e. 9.97
ha. The observation that yields are highest in
Mwelya, where average farm size is slightly
smaller than Ngombezi suggests that larger
farms are not as productive as smaller farms.
However, other factors might be involved on
the sisal yield differences noted. The study’s
observation conforms to Wickramaarachchi and
Jeevika (2018) who found that smaller farms
were more productive as their operators apply
more inputs, particularly labour hence, resulting
into higher output.

involved harvesting, transportation and lastly,
processing and decortications costs. Unlike the
former, the latter were at first paid by the buyer
and then farmers would be obliged to wait until
fibres have been processed and purchased by a
buyer, then and only then the second phase’s
costs would be cut directly from the farmers’
money during payments by cooperatives. One
smallholder farmer said:

‘Unlike other cash crops where buyers
support farmers from farm  preparation
to harvesting, in sisal a farmer incurs all
necessary costs all by himself. However, during
harvesting season a buyer provides harvesting
and transport services whose costs are later
borne by a farmer but, in this way a buyer earns
control over the sisal fibre quality”

Table 4: Respondents households sisal cultivation characteristics (n = 150)

Frequency Percent Overall (n=150)

Characteristic
Sisal’s rank among crops Fist
cultivated by household

Second
Households’ sisal Ngombezi
production-2018/2019
(nN =175) Mwelya
(nM =75) -
Sisal farm as a single unit Yes

No
Average households’ sisal 5.54
production (tons)
Average households’ sisal yield 0.61
(tons/ha)
Average farm size under sisal 9.77

production (ha)

149 99.3 -
1 0.7 -

5(6.7) 23(30.7)  28(18.7)
70 (93.3)  52(69.3)  122(81.3)
4.55 5.04

0.64 0.625

7.42 8.6

NB: nN and nM refers to number of households from Ngombezi and Mwelya respectively

Costs of Sisal Production

The costs incurred by small-scale sisal
farmers during sisal production were divided
into two phases. The first phase involved the
costs that farmers incurred during the early
stages of production and which were paid
directly by the farmers themselves. These costs
included farm preparation, seed preparation,
planting and weeding costs. The second phase

Market Situation of Sisal in Korogwe District

Table 5 shows that all farmers (100%) sold
their sisal produce to a tenderer who happens to
win a particular sisal selling season’s tender. The
tendering process is overseen by cooperatives
unions under guidance of the Tanzania Sisal
Board (TSB). The observation that all farmers
relied upon one buyer per selling season suggests
that there is a limited market for sisal produce
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and that prices offered could be low due to lack
of competition. The observation conforms to
BOT (2016) who reported that presence of few
buying companies impairs competition, leading
to low prices. Table 5 also shows that type of
sisal product sold mostly by small-scale farmers
of sisal was processed sisal fibres (97.3%). This
also suggests that there is a limit in range of type
of products sold by small-scale sisal farmers
hence, lower profitability to small-scale farmers.
The quote below emphasizes the above:

“There is a good number of sisal products
that farmers could offer to the market and some
of them are handy made including ropes, in this
way farmers could increase their profitability
rate. However, since many farmers are obsessed
with selling of sisal fibres only therefore, sisal
production remains less profitable to them’
(Mwelya Estate Manager, Mwelya ward,
Korogwe, 21% February, 2020).

adopt more technology unlike in larger farms.
Also, farmers with smaller farms usually employ
family members, only hiring the more expensive
low-hourly workers when family labour
potential is exhausted unlike farmers with larger
farms who have to employ expensive non-family
labour ” (Ngombezi Estate Manager, Ngombezi
ward, Korogwe, 20" February, 2020).

Table 6 further shows there was a slightly
significant (P<0.1) association between sisal
productivity and it being produced as a first
choice crop. This means that the expectation
that sisal is a great source of household income
than other crops gives it an advantage of being
highly prioritized by households. Therefore,
much attention and higher priority including the
use of more inputs and better technologies will
be directed towards it thus, eventually leading
to higher output. The results above conform
to those of Mwaniki (2018) that, cultivating

Table S: Sisal marketing by surveyed households (n=150)

Sisal marketing Frequency Percent

Buyer Winning tenderer 150 100
Others 0 0

Type of product sold  Raw leaves 4 2.7
Processed sisal fibres 146 97.3

Factors Determining Sisal Productivity of
Small-scale Sisal Farmers

Linear regression analysis results (Table
6) show that there was a significant (P<0.001)
association between sisal productivity and
amount of land (ha) allocated to sisal. This
implies that amount of land allocated to sisal
production plays a bigger part in influencing
and determining its productivity. According
to literarature (e.g. Savastano and Scandizzo,
2017) there is usually an inverse relationship
(IR) between farm size and productivity
whereby there appears to be a smooth tendency
of land productivity to decline with farm size.
The quote below emphasizes the above:

“...Amount of land determines productivity
however, in traditional agriculture, smaller
farms have been associated with greater
productivity because it is often perceived that
less land allows farmers to use more inputs such
as fertilizer, use the land more intensely and

sisal as a source of income is a major factor
encouraging uptake of the crop’s cultivation in
the rural households.

Furtherto the above, Table 6 shows existence
of a significant association between sisal
productivity (P<0.05) and households’ source of
income. This means that a household’s source
of income can influence a household’s sisal
productivity whereby households with sufficient
income sources are more likely to obtain higher
productivity because they can afford to adopt
better technologies and purchasing the same
on time. The finding conforms to that of Ruiz
(2014) who reported that improved access to
finance can increase farmers’ investment choices
and provide them with more effective tools
hence, improved productivity. The study is also
in line with the theory of production by Kurz
and Salvadori (1995) which states that suitable
economic resources or factors of production,
capital included, determine profitability.
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Table 6: Factors determining sisal productivity of small-scale sisal farmers

Independent Variable Unstandardized Standardized T Sig. Collinearity
Coefficients Coefficients Statistics
B Std. Error  Beta Tolerance VIF
(Constant) 0.880 0.105 8.386 0.000%**
Year of producing sisal -0.003 0.004 -0.063 -0.803 0.423 0.932 1.073
Household head education ~ 0.048 0.058 0.068 0.840 0.403 0.869 1.150
Land allocated to sisal (ha) -0.012 0.003 -0.384 -3.721 0.000***  0.533 1.875
Amount of labour used -0.046 0.103 -0.045 -0.444 0.658 0.548 1.823
Sisal produced as first -0.076 0.040 -0.152 -1.883 0.062* 0.871 1.148
choice
Household’s main source -0.057 0.029 -0.154 1.985 0.049%* 0.949 1.053
of income
Household head’s sex -0.003 0.037 -0.007 0.088 0.930 0.898 1.113
Type of equipment used 0.008 0.024 0.031 0.354 0.724 0.755 1.325
Number of support given 0.008 0.022 0.029 0.376 0.708 0.934 1.070
NB: **% *% % qre significance levels at 1%, 5%, and 10% respectively.

Factors Influencing Small-scale Sisal
Farmers Profitability

Linear regression results (Table 7) show a
significant association between a household’s
head’s sex and profitability. This implies that
male headed households cultivating sisal
are more profitable unlike female headed
households. The observation suggests that
the intensive nature of sisal cultivation forces
women to use more of hired labour to help

them perform the intensive cultivation tasks that

cannot be performed by them. Thus, incurring
more production costs unlike men who can
perform all the intensive activities by themselves
hence, saving the money they could have been
paid to hired labourers. The study’s observation
conforms to what has been reported in literature
with regards to a household’s sex and its
productivity in general. For example, Kapoor
(2019) argues that male-headed households
have greater assets endowments which also
lead to better livelihood outcomes. In addition,

Table 7: Linear regression results on Factors determining profitability of small-scale sisal

farmers
Independent Variable Unstandardized Standardized T Sig. Collinearity
Coefficients Coefficients Statistics
B Std. Beta Tolerance VIF
Error
(Constant) 14.649  0.781 18.753  0.000%**
Sex of the household head -0.204  0.107 -0.118 -1.911  0.058* 0.791 1.264
Occupation 0.157 0.202 0.045 0.779 0.437 0.909 1.100
Household head’s marital status  0.186 0.149 0.072 1.250 0.213 0.915 1.093
Year of producing sisal -0.011  0.011 -0.059 -1.045  0.298 0.953 1.049
Amount of labour used 0.021 0.015 0.112 1.418 0.159 0.489 2.043
Land allocated to sisal (ha) -0.030  0.012 -0.246 -2.427  0.016%*  0.295 3.388
Household’s main source of 0.194 0.124 0.090 1.570 0.119 0.915 1.093
income
Sisal products sold -0.347  0.311 -0.066 -1.115  0.267 0.853 1.173
Tone of sisal harvested 2.591 0.281 0.916 9.220 0.000***  0.307 3.256

NB: *¥%* %% * gre significance levels at 1%, 5%, and 10% respectively.
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Gebre et al. (2021) based on a study conducted
in Ethiopia have reported that male-headed
household’s maize productivity to be 44.3 %
higher than that of the female counterparts due
to the latter’s lack of resources.

Table 7 further shows a significant (P<0.05)
negative association between amount of land
allocated to sisal production and its profitability.
This means that the more land a household
allocates to sisal production the less profit it
gets. Therefore, suggesting that small farms
are more profitable compared to bigger farms.
The observation is in line with that of Yu et al.
(2015) who found that subsidizing farmers to
rent land without helping them to become better-
equipped could result in resource misallocation
towards larger farms using less-efficient labour
technologies.

Findings in Table 7 further show there was a
significant association (P<0.05) between amount
of sisal harvested and profitability. This implies
that the more sisal produced by the small-scale
sisal farmers the higher the profit and vice versa.
Also, based on economies of scale, small-scale
farmers with more produce are more profitable as
their production costs become lowered through
spread of costs over a large number of their
harvests. This observation conforms to what has
been reported by Kenton (2020) that individuals
and companies can achieve economies of scale
by increasing production and lowering costs
because this enables costs to be spread over a
large number of goods.

Conclusions and Recommendations

The paper has assessed the socio-economic
determinants for smallholder farmers’ sisal
productivity and profitability of the same.
Based on the findings it can be concluded that
a household’s choice to produce sisal as its
first/major crop is associated with the crop’s
higher productivity. It is also concluded that a
household’s main source of income determines
its sisal productivity. On the other hand, the study
assessed the factors that determine household’s
sisal profitability. It is hereby concluded that a
household head’s sex determines small-scale
sisal profitability with households headed
by men profiting more than those headed by
women. Moreover, the intensive nature of sisal

cultivation forces women to use more hired
labour unlike men who can perform most if not
all the tasks by themselves. Itis further concluded
that farm size is highly associated with sisal
profitability. Lastly, it is concluded that amount
of sisal harvested (tones) determines sisal
profitability of the sisal cultivating households
with those producing more getting higher profits
due to exploittation of economies of scale.
Based on the study findings and conclusions
it is recommended that smallholder sisal farmers
should prioritize more on cultivating sisal than
other crops as this will help them directthe use
of inputs and better technologies more on sisal
hence, enabling them to raise their productivity
and eventually lead to higher profit. Tanzania’s
Agricultural Bank and other formal financial
institutions should work with farmer groups (i.c.
Savings and Credit Cooperative Societies and
Agricultural Marketing Cooperatives) to avail
affordable loans to the smallholder sisal farmers.
This will help farmers to raise their incomes
and capital needed to cover all sisal production
costs.Smallholder sisal farmers need to improve
their sisal productivity level in order to raise the
profitability. This can be done through the use of
modern farm inputs and better technologies and
the government through provision of extension
services to smallholder farmers by the Tanzania
Sisal Board and local government autorities as
the need appropriate knowledge and skils to
raise their sisal productivity and profitability.
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Abstract

Zoonotic haemoparasites are among of the public health problems that affect human population
and are capable of being transmitted from wildlife reservoirs. Study on trypanosomes infection in
rodents from Ruaha ward in Kilosa district, Tanzania was carried out on March 2020. The total of
99 individuals of rodents were captured from different localities in Ruaha, using Sherman live traps.
Blood samples were collected from supraorbital vein of captured individuals, both thick and thin
smears were made, dried and stained with Giemsa at the ratio of 1:10. After washing and drying
they were observed under microscope at 100 magnifications with oil immersion for trypanosomes
infection. Out of 99 rodents captured there were, Rattus rattus 22 (22.22%), Mastomys natalensis
72 (72.73%), and Aethomys chrysophilus 5 (5.05%). Among the captured rodents, 62 (62.63%)
were males and 37 (37.37%) were females. Rattus rattus appeared to be predominant species in
resident areas, while Mastomys natalensis followed by Aethomys chrysophilus bieng dominant in
fallow and cultivated land areas. The infectious agent (Protozoa) belonging to genus Trypanosoma
was found infecting the rodent population. Rattus rattus (n=3/99, 3.03%) were shown to have high
prevalence compared to Mastomys natalensis (n=1/99, 1.01%), meanwhile Aethomys chrysophilus
(n=0/99, 0.00%) were found not infected with any trypanosomes. The overall prevalence of
trypanosomes were (n=4/99, 4.04%,), however, captured female rodents were not infected. It is
concluded that zoonotic agent (Trypanosoma spp.) are prevalent to rodents in Ruaha ward, hence
it is recommended that more survey of trypanosomes infections in rodents are crucial for disease
surveillance as the way toward ending Trypanosomiasis by 2030.

Keywords: Prevalence, Rodents, Zoonoses, Public health, Trypanosoma spp.

Introduction
Rodents are the most frequent and
important mammals on the -earth,
because they tend to adapt themselves with
different locations and environmental changes
(Seifollahi et al., 2016). However, rodents are
hazardous, as they can amplify pathogen from
environment and from reservoirs of (zoonotic)
disease (Gratz 1994; Meerburg et al., 2009), and
they spread the diseases through two different
ways as described by Meerburg et al. (2009).
These two ways include, direct route that rodent
can transmit pathogen to human (example,
by biting or breath on germs that are present

in rodent excrements), and indirect route, in
the sense that rodents can serve as amplifying
host of pathogens and can bring into direct
contact with humans by means of ectoparasitic
arthropod vectors (mites, ticks, flies).

The infections with zoonotic haemoparasites
are widespread in wild rodents (Korbawiak et
al., 2005; Katakweba et al., 2012), they include
Borrelia, Trypanosomes, Bacilli, Plasmodia and
Coccobacilli (Silayo 1992; Gratz 1997; Juha et
al., 2003; Powelczyk et al., 2004; Katakweba et
al., 2012). There are five groups of protozoan
haemoparasites recognized, one group of
euglenozoan flagellates including trypanosomes
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and four groups of apicomplexan parasites
(O’Donoghue, 2017), where they tend to
infect all terrestrial vertebrate groups including
rodents.

Trypanosomes parasites are of medical and
veterinary importance which mainly transmitted
by tsetse fly (Glossina genus) to a wide range of
vertebrate hosts (Morrison, 2011), where rodents
are considered as reservoirs of these pathogens
(Meerburg et al., 2009; Seifollahi et al., 2016).
In addition, according to Han et al. (2015), out
of 2277 extant rodent species studied only 217
species were found to be reservoirs harboring
66 zoonoses caused by viruses, bacteria, fungi,
helminthes and protozoa, also they found
79 species of rodents were hyper reservoirs
carrying between 2 and 11 zoonoses.

Trypanosomiasis have unbearable impact
on human and animal health worldwide
particularly in developing countries (Swallow
et al.,, 2000). Most outbreaks of rodent borne
diseases in humans are commonly related
to socio-economic deficiencies such as poor
housing, poverty and overcrowding (Katakweba
et al, 2012), that are more prevalent in
developing counties like Tanzania. Given the
damage of rodents to humans and economic loss
and due to health importance, parasitological
studies on rodents seem necessary (Seifollahi et
al., 2016).

Rodents are well adapted to leave with or
in close proximity to humans hence man are
quite vulnerable to the potential spread of any
pathogens carried by rodents (Dada, 2016). The
close association between rodents and humans
especially in rural areas facilitated the spread of
zoonotic agents (Hamed et al., 2003; Gholipoury
et al., 2016). In many settlements there is a
relatively little awareness that rodents can
transmit diseases, consequently little emphasis
is directed towards the management of rodents
and associated disease vectors (Katakweba
et al., 2013). Some rodent species such as
Mastomys natalensis play more important role
in distribution of zoonotic diseases like bubonic
plague (Bastos et al., 2005)

Human activities that change the ecosystem
of rodents’ living place have an important role
in the epidemiology of zoonotic disease. These
activities among others are agricultural fields

and agroforest which provide food and shelter;
yet, these are the most critical factors that
influence rodent’s distribution (Hieronimo et
al, 2014).

Generally, there is under-reporting of
rodent-borne zoonoses and insufficient attention
is paid to the diagnosis of these important
diseases in sub-Saharan Africa (Katakweba et
al., 2012). As far as there is frequent rodent-
human interactions, could increase the potential
for contracting some zoonotic diseases like
Trypanosomiasis in which (at critical stage)
its treatment requires drugs that can cross
the blood-brain barrier to reach the parasites.
Therefore, this study was conducted to collect
some informative data about trypanosomes
infections in rodents from rural areas, where
rodents are in close association with human
settlements.

Materials and methods
Study Site

The study was conducted at Ruaha in Kilosa
district Morogoro, Tanzania. Kilosa which is
located at latitude 5°55" to 7°53'S and longitude
36°30" to 37°30'E, and its elevation is variable,
Ruabha is situated at elevation 400 M above the
sea level. The area is consisted with Ukaguru
and Rubeho Mountains which is part of Eastern
Arc Mountains (EAMs) that is recognized as
global biodiversity hotspot and the mountains
lies along western side of the district. The area
experience bi-modal rainfall with short rains
range from November to January, and long rains
range from March to May with its peak in April.
Annual mean rainfall of the area ranges from
1000 mm to 1400 mm in Southern part of the
district, and temperature of the district varies
with altitude. The mean annual temperature is
25°C with coldest month (19°) and hottest month
(30°C) being July and March, respectively.

Study Design and Rodent Trapping

A cross sectional study design were used
whereby different areas were selected and
designed for trapping rodents within the ward.
The traps were placed in 30 human residence
(inside houses), fallow and cultivated areas.
Rodents were captured by using Sherman LFA
live traps (7.5%9.0*23.0 cm: HB Sherman
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traps, Inc, Tallahossee, FL) and locally made
live-traps (wire cage), whereby peanut butter
which mixed with maize flour was serves as
bait Three Sherman traps and two local traps
were placed inside houses for three consecutive
nights, at strategic points (corridors and kitchen)
in order to increase capture rate. In both fallow
and cultivated areas, traps were placed in line
transect whereby each line trap had 10 traps
that were situated 7 m apart within the line
and 5 m apart between line traps. Traps were
inspected every morning to collect and identify
the captured rodents using (Kingdon, 1997), as
described by (Mulungu et al., 2008; Herbreteau
et al., 2011). Captured rodents were identified
for sex (male or female) whereby perforated
and unperforated vagina indicate female active
and not active females, respectively while with
scrotal or abdominal as male active and not
active, respectively.
Blood Sample Collection and Smears
Preparation

Captured rodents were anaesthetized by
Ethyl ether soaked in cotton wool and 1-2 mls
of blood were drawn from supraorbital vein
using a glass capillary. Thin and thick blood
smears were prepared from each blood sample
on microscopic glass slides. The smears were
left to dry in air for 5 minutes, and then fixed
with methanol for 3 minutes. Each capillary
was used for one animal only in order to reduce
the chance of transmitting haemoparasites from
one animal to another and to ensure accurate
results (Ameen et al., 2012). The blood smears
were immersed in 10% Giemsa stain solution
(1:10 dilution) for 30 minutes (Katakweba et
al, 2012). Then smears were then flushed with
water (tap water) to remove excess stain for 10
second, and allows to dry completely before
fixation into pure methanol for 1 minutes then

dried again (Olubunmi, 2013; Dada, 2016).
The blood smears were examined under the
light microscope (Olympus CX21) at 100x
magnification with oil immersion and the
haemoparasites were identified using the
information and structures on parasitized red
blood cells (WHO, 1991).

Haemoparasites identification

The blood smears were examined under
the light microscope (Olympus CX21) at
100x magnification with oil immersion and
the haemoparasites were identified using the
information and structures on parasitized red
blood cells (WHO, 1991).

Data Analysis

Data obtained was recorded and entered
in Microsoft Excel, whereby Trypanosomes
infections was compared between rodent
species and sex. The estimation of prevalence
was done through the formula; Prevalence
(N)=NIN2*¥100%,  Where = N=Percentage
prevalence, N1=Number of rodents infected,
N2=Total number of rodents examined for the
parasite.

Results
Captured rodents

All 99 rodents were captured from different
localities around Ruaha ward, including; Rattus
rattus 22 (22.22%), Mastomys natalensis 72
(72.73%), and Aethomys chrysophilus 5 (5.05%).
Among the captured rodents, 62 (62.63%) were
males and 37 (37.37%) were females as indicated
in Table 2. Out of three species of rodents
captured, Rattus rattus was dominant species in
resident areas, while Mastomys natalensis and
Aethomys chrysophilus were dominant in fallow
and cultivated land (Table 1).

Table 1: Species composition and relative abundance of rodents captured

Rodent species Total captured Sex Relative abundance (%)
Male Female

Rattus rattus 22 18 4 2222

Mastomys natalensis 72 40 32 72.73

Aethomys chysophilus 5 4 1 5.05

Total (3-species) 99 62 37 100
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Table 2: Localities where rodents were captured/trapped for detection of trypanosomes

infection
Species Inside house Fallow land Cultivated land
R. rattus 22 - -
M. natalensis 2 21 49
A. chrysophilus - - 5
Total 24 21 54
Haemoparasites detection Discussion

There was a very low prevalence of
trypanosomes in the study area. Out of 99 blood
samples screened, only 4 (4.04%) samples were
positive for trypanosomes infection, whereas 95
(95.96%) samples were not infected (Table 3).
Regarding the sex, all of infected rodents were
male (100%) compared to that of female (0%).
The detected Trypanosoma spp. in rodents is
mainly zoonotic in nature.

Plate 1: Trypanosoma spp. viewed in thick
blood smear

The present study was carried out to
determine the trypanosomes infection in rodents
and their zoonotic potential from Ruaha in
Kilosa district, Tanzania. The rodent species
captured in this study are often found in close
association with people in dense settlements.
Rattus rattus  (22.22%) shows moderate
abundant and were captured inside houses. This
finding is in line with Belmain et al. (2002), that
R. rattus is rarely to be trapped in the bush or
in farmers’ fields, and the species appears to
be predominantly confined to areas of human
settlement due to their nesting behaviour. Also,
similar finding has been reported by Katakweba
et al. (2013). The availability of food in human
settlements provide an ideal environment for
rodents’ infestation particularly Rattus rattus.

Mastomys natalesis and A. chrysophilus
were captured from cultivated area and fallow
land. However, few Mastomys natalensis were
found in houses, this concurrent with katakweba
et al. (2012). Meanwhile within cultivated
areas were high amount of food and guaranteed
availability of water, hence, push growth rate of
these two species. This also have been described
by Boutin, (1990) and elsewhere. Mastomys
natalensis (72.73%) shown to be more abundant
compare to other species captured, this
attributed to their nesting behaviour. Belmain
et al. (2002), reported similar finding that M.

Table 3: Prevalence of trypanosome infection in captured rodents

No. captured

No. infested Prevalence (%)

Species

Rattus rattus 22
Mastomys natalensis 72
Aethomys chrysophilus 5
Total 929

3 3.03
1 1.01
0 0

4 4.04
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natalensis show more prevalent in the area
where houses are isolated from each other
(500-1500 m), this means areas with fallow
and cultivated land. Also, Hubbard. (1972) and,
Timbuka and Kabigumila. (2006), reported that
Mastomys has generally been regarded as the
most adaptable and the most widespread rodent
in East Africa.

The importance of adequate housing
and sanitation for the maintenance of health
has long been a topic of scientific and public
health policy discussion. In this study houses
with disrepair indicators and poor sanitary
conditions accounted for higher rodent captured
when compared with those without evidence of
disrepair. Therefore, the current study agreed
with Dada (2016), that crowded, unsanitary
and dilapidated housing conditions exacerbate
rodent infestation.

This study has demonstrated the presence
of trypanosomes in the blood smears of rodents,
with R. rattus accounting for the majority of
positive cases. This phenomenon has been
reported elsewhere (Katakweba et al, 2012;
Katakweba et al., 2013). The Trypanosome spp.
observed in the blood smears of rodents was
expected, since this genera of haemoparasites
are commonly found associated with rodents
as described by Dada, (2016). In addition, the
current study shows higher infestation on male
rodents than females. This concurrent with
Linardi and Botelho, (2002). Furthermore,
this study concurrent with Katakweba et al.,
(2013), that presence of the trypanosomes in
the blood of a large number of R. rattus raises a
public health question whether this commensal
rat could be a potential reservoir and vector
of human or animal pathogenic trypanosomes
such as T. rhodesiense, T. gambiae or others.
The observed trypanosomes were not further
characterized to determine their species or
pathogenic significance in infected animals.

The current study shows that the overall
prevalence of trypanosomes to be relatively low
(4.04%), with 3.03% and 1.01% prevalence in
R. rattus and M. natalensis respectively. Low
prevalence may be attributed to geographical
difference and distribution of vector in the study
area. Also, Abdullah et al. (2019), reported that
occurrence of haemoparasite is determined by

abundance of the vector responsible for the
transmission. Further, environmental factors
(rainfall, temperature, relative humidity) have
effects on the occurrence of vectors responsible
for transmission on the area.

Rodent infestations in dense urban
settlements are expected and unfortunately
human health risk is not known. In the current
study commensal rodents (M. natalensis and
R. rattus) were found infected. Unfortunately,
it is reported that world urban population is set
to raise by 2.1 billion by 2030 (Taylor et al.,
2008), and by 89 million Tanzania in particular
by 2035 (MNRT, 2020), such population
explosions will inevitably favour commensal
rodents. With ongoing urbanization in Ruaha
ward the situation creates high risk of not
only trypanosomes transmission but also other
rodent-borne zoonotic disease transmission.

Therefore, this study is not totally
conclusive due to small samples collected
from the area of study because of time limit,
meanwhile this study was conducted during
wet season so, there is open room for further
investigation on characterizing trypanosomes
spp. in rodents across seasons.

Conclusion

This study shows Trypanosomes infection
in commensal rodents (R. rattus and M.
natalensis), whereby R. rattus was highly
infected and in term of sex, males were mostly
infected. Despite of the small sample size
included, nevertheless the study suggests
that R. rattus act as main rodent reservoir of
trypanosomes parasites in the area. Also, it is
revealed that houses with disrepair indicators
and poor sanitary conditions accounted for
higher rodent captured when compared with
those without evidence of disrepair. So far,
human-rodent interaction facilitates not only
trypanosomes transmission but also other
rodent-borne parasites which may become more
serious in human health. Therefore, this finding
is a critical step in estimating and assessing the
status of rodent infestation in the study area. In
view of this, community wide rodents control
strategies with strong emphasis on community
participation must be employed to prevent rapid
spread of rodent population. As reported by
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Belmain et al., (2008) that involving the local
communities in management of rodents has been
shown to be effective in reducing commensal
rodent infestations.

Recommendations

As the way toward ending trypanosomiasis
(to zero transmission) by 2030, more surveys of
trypanosomes in rodents are crucial for disease
surveillance and control. Also, better planning
of urban (and developing rural) housing scheme
is much encouraged to reduce human-rodent
interaction.
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Abstract

Understanding the relevance of institutions for local chicken (LC) genetic resource conservation
forms the basis for the management of Animal Genetic Resource (AnGR). A qualitative study was
conducted to assess the relevance of formal and informal institutions on LC genetic resource
conservation in rural and peri-urban areas in Tanzania using Igunga district as a case study due
to its substantial number of crossbred LC with exotic breeds. Primary data were collected through
in-depth interviews with fourteen key informants, ten focus group discussions (FGDs) with farmers
as well as documentary review of the existing formal institutions. Atlas.ti (version 7.5.7) computer
software was used in the content analysis of data solicited from the key informants and FGDs.
Findings show that, formal institutions have low relevance because they are inclined to LC and/
or AnGR production rather than its conservation. On the other hand, existing informal institutions
such as norms, beliefs, traditional healing and sacrifice have a moderate relevance because they
may serve as incentives for the conservation of LC genetic resources. The study therefore suggests
that, the government should formulate or improve the existing formal institutions for effective

management of AnGR.

Keywords: AnGR management, local chicken conservation, regulatory frameworks, Igunga

Introduction
In many developing countries Tanzania
included, local chicken (LC) play an
important role to rural livelihoods and they
contribute significantly to social cultural, food
security and income of smallholder farmers
(Padhi, 2016; Singh et al, 2018). More
importantly, the scavenging behaviour, disease
resistance and ability to thrive under harsh
environment are considered as potential genetic
attributes of LC (Okeno et al., 2013; Ngeno et
al., 2015; Gebremariam et al., 2017). However,
the growing chicken demand coupled with
limited knowledge on chicken husbandry has
led farmers to perceive LC as non-productive
and relatively inferior to the high yielding breeds
(Biscarini et al., 2015; Zidane et al., 2018).
Consequently, this has accelerated the problem
of indiscriminate crossbreeding. According to
Scherf (2000), out of the 7,000 livestock breeds

including chicken registered in the FAO global
database, more than a third are susceptible to
extinction.

This study uses the term LC genetic
resource conservation interchangeably with
AnGR conservation to refer to all human
activities including strategies, plans, policies and
actions undertaken to ensure that the diversity
of LC are maintained to contribute to food
production (FAO, 2007b). Globally, two AnGR
conservation methods are broadly grouped as;
in-situ, in which animals are maintained within
the environment where they have conventionally
been raised and ex-situ, in which animals are
maintained away from their environment where
they were raised (Oldenbroek, 1999; Rege and
Gibson, 2003).

The Interlaken Declaration (FAO, 2007a),
where a Global Plan of Action (GPA) for AnGR
was internationally agreed upon spells out the
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needs for improved productivity and drawing of
long term and sustainable breeding programmes;
which are currently mostly non-existent for the
local livestock breeds. The GPA identifies four
strategic priority areas: 1) characterization,
inventory, monitoring of trends and associated
risks ii) sustainable use and development iii)
conservation and iv) policies, institutions and
capacity building. The latter emphasizes the
strengthening of all institutions involved in
AnGR management (Zonabend et al, 2013).
In developing countries where sub-Saharan
Africa falls, AnGR are a very crucial constituent
of biodiversity (FAO, 2003); as such effort
to improve food security in these countries
lies in wise use of AnGR (Philipsson, 2011).
Nonetheless, literature shows that, limited
resources and infrastructure are some of the
obstacles hindering governments to formulate
policies for AnGR conservation (Boettcher and
Atkin, 2010). For example, in Tanzania existing
animal breeding infrastructures such as the
National Artificial Insemination Centre (NAIC)
and Tanzania Livestock Multiplication Units
(TLMUs) mainly concentrate on breeding and
conservation of large animal species such as
the Mpwapwa cattle rather than LC (Njombe,
2013). On the other hand, specific studies on
LC conducted in Tanzania have concentrated
on characterization of the chickens in terms of
their physical, production and genetic attributes
(Msoffe et al., 2005; Guni and Katule, 2013;
Lyimo et al, 2013; Pius and Mbaga, 2018;
Mwambene et al, 2019). However, these
studies have not shown how the characterized
LC can be conserved in wake of existing formal
and informal institutions. The knowledge on
how the institutions relate to management of
AnGR is a key entry point for farmers, decision
makers and policy makers to learn on how LC
genetic resources can be conserved. Therefore,
the study on which the paper is based aimed
to uncover the relevance of both formal and
informal institutions towards LC genetic
resource conservation in Igunga district and
Tanzania at large.

Institutions are defined differently by
different scholars based on the perspective
in which they are inferred: as organizations
(Stinchcombe, 1997), as rule of the game

(North, 1990; Nootboom, 1996), as set of rules
by a set of individuals to manage repeated
actions whose consequence not only affect those
individuals but also others (Ostrom, 1992), as
shared values and rules and actions focused at
enforcing those values (Peters, 2019). These
definitions are different but, have one collective
insight, that institutions impact individuals. The
paper is guided by the definition of institutions
by Helmke and Levitsky (2004), that is,
institutions are rules and processes (both formal
and informal) which configure social relations
by restraining and permitting actors’ behaviour.
By contrast, informal institutions as defined by
Mahonge (2010) as unwritten rules, customs,
conventions and norms that govern resource use
practices and relevant social relations among
the resource users. Mahonge’s definition is
adopted by the paper to refer to community
based norms and customs serving the purpose
to govern relationships among specific LC
users and forms the basis for their actions
towards LC genetic resource conservation.
Therefore, it can be said that effective AnGR
conservation depends on the relevance of
formal and informal institutions and how its
operationalization is perceived by stakeholders
(farmers and regulators). Therefore, the paper
aims to unveil relevance of existing institutions
towards LC genetic resource conservation. The
following questions are answered: (i) what
formal institutions are relevant for governing
LC genetic resource conservation? (ii) What
informal institutions are relevant for LC genetic
resource conservation at practice level? (iii) To
what extent are the existing institutions relevant
to LC genetic resource conservation?

Theoretical Review

This study draws insights from two
theories; the Institution Theory (IT) by North
(1990) and the Perception-In-Action (PIA)
Theory by Gibson (2002). The first theory
examines the humanly devised constraints that
structure human interactions. In consequence,
they structure incentives in human exchange
whether political, social or economic. The main
argument of the theory is that, the processes
by which the structures, including schemes,
rules, norms and routines become established
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as authoritative guidelines for social behaviour.
This scenario creates an enforcement mechanism
which directly and indirectly influences the
motives guiding individual behaviour. This
implies that the relevance of formal institutions
as established by the government depend
on the interaction with the society as being
bounded by its informal constraints. Lack
of interactive environment is one of the key
enforcement obstacles. The theory thus requires
the government to strategize the integration
of farmers in the effort towards sustainable
LC genetic resource conservation. This study
applies the theory in assessing the relevance of
formal and informal institutions in conservation
of LC genetic resources.

On the other hand, Perception-In-Action
Theory is based on the fact that human
perception and actions are mutually dependent.
It asserts that human perception is a necessary
property of a living action; and that without
perception action would be unguided, and
without action perception would serve no
purpose. This implies that before an action is
undertaken, a series of events must occur. For

example, the perceiver (farmer) has to acquire
information based on their ability to see, hear or
become aware of the institutions through their
senses. Then the perceiver has to process the
information in order to gain more insight about
it (understand) and lastly take action. Thus, it is
assumed that farmers are driven by incentives
in order to act towards LC genetic resource
conservation. In this study, the term incentive is
used to mean the social, cultural or economic
values anticipated by farmers in order to keep
LC. The study applied the theory in ascertaining
whether there are incentives behind the LC
genetic resource conservation. Therefore, the
two theories complement each other by deriving
from the possibilities that coordination between
the government and the farmers is vital for
enhancing sustainable LC genetic resource
conservation.

Conceptual framework

According to the study’s conceptual
framework (Fig. 1.), institutions relevant for
AnGR conservation have been shown. These
include formal institutions such as policies,

Formal
Institutions
- Policies Local chicken genetic
- Acls attribute
- By-laws . .
- Strategies - Disease resistance
- Initiatives - Ab@lil}' to adapt harsh
- Formal gﬁ[:’ Snvironment
Conserved local chicken
A - Complied AnGR guidelines
W - Improved breeding
v Laocal chicken farmer B I::f:itid animal health
Informal ions/Tnt : §
Bicuivsi <€+ (Actions/Interventions)  Cordinated siaiboliikes
L - Promoted LC for social-
- Traditional healing cultural use
- Ritmals )
- Perceptions Incentives . -
- Informal gift - Source of income KEY:
- Food secunty . ]
- Employment #:=:p [nteracting variables
e——p  Influencing variables

Figure 1: Conceptual framework for the study
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acts, initiatives and strategies whereas informal
institutions include gifts, beliefs, traditional
healing and sacrifice. Specifically, this
study conceptualizes that formal institutions
can directly influence LC genetic resource
conservation. As such, well organized and
assenting formal institutions should be focused
on governing LC genetic resources. However,
there should be recognition, determination or
willingness by the responsible government
officials, agencies or actors, to prioritize and
make formal institutions operational. On the
other hand, the study assumes that LC farmers
also have their own institutions (informal) which
challenge, influence and interact with the formal
institutions. In consequence, both formal and
informal institutions may interact with farmer’s
perceptions and actions (interventions) relevant
for LC genetic resources conservation. As such,
the interaction may motivate (incentivize) or
de-motivate farmers to conserve LC genetic
resources depending on its contribution to their
livelihoods in terms of income, food security,
employment and cultural issues. Equally,
this study further assumes that, farmer’s
willingness to conserve LC genetic resources
can be influenced by genetic reasons such
as ability to thrive under harsh environment,
disease resistance and the low input use. The
attributes signifies the relevance of conserving
LC genetic resources in favour of resource poor
farmers residing in rural areas where it is mostly
kept. In this study, the conserved LC genetic
resources is an outcome for variables such as
controlled breeding, access to animal health
services, improved LC management practices,
stakeholder’s coordination and promoted LC
use for social-cultural reasons. These outcomes
are measured based on two levels prescribed as
follows; 1) Low relevance when the institutions
focused on LC production rather than
conservation and ii) Moderate relevance when
the institutions advocated for LC production but
with some key aspects on its conservation.

Methodology
Description of the study area

The study was conducted in Igunga district,
Tanzania. The scope of application of formal
institutions that were reviewed was based at

both the local and national levels; whereas
actual practice was investigated in Igunga
district, Tabora Region, Tanzania. The district
lies between latitude 3”51' and 4748' to the
South of Equator and longitude 33722' and
34”8'East of Greenwich. Igunga district was
used as a case study because it has a history of
implementing institutions (by-laws and Chicken
Passing on the Gift rule) which has influence
on LC genetic resource conservation. From
the district, two wards (Igunga and Mbutu
wards) wherein ten villages (5 villages in each
ward) which were impacted by the four years
chicken-based interventions (2015 to 2019)
were purposively selected. The rationale for
selecting the villages was twofold. First, the
interventions donated chickens (one exotic cock
and four LC hens per farmer) for crossbreeding
purpose; together with training on good chicken
husbandry practices. Second, the interventions
(HITz, 2019), introduced a formal institution
referred to as chicken pass on the gift (POG)
which is based on the rule that, each livestock
assisted farmer or family helps another farmer in
obtaining the same benefits as received from the
donor (Windig et al., 2012). In this situation, the
POG was applied to produced crossbred chicks
which were distributed amongst the farmers
(each farmer received one cock and four hens)
within the study villages.

Study population and data collection

A qualitative multi-methods research
approach was employed whereby primary data
were collected through key informant interviews
(KIIs) and focus group discussions (FGDs) that
were guided by checklist of questions and FGD
guide respectively. An audio recorder was used
where consent from the study’s participants
was sought before interviewing and tape-
recording their responses. The KlIs and FGDs
were conducted in Kiswahili, the language
that all participants were familiar with for
easy communication. The transcription of the
audio records was done in Kiswahili and later
translated into English for analysis. Primary data
were also sought through reviewing of formal
institution documents such as Acts, policies, by-
laws, strategies, plans and initiatives concerning
AnGR conservation. The review was conducted




The Relevance of Formal and Informal Institutions in Local Chicken Genetic

138

by showing the types, roles, responsibilities
and the operationalization of the institutional
documents in relation to LC genetic resource
conservation.

Key informant interviews

The researcher shared introductory letter
which highlighted the research objectives to the
livestock practitioners in the relevant offices
including the livestock research and training
institutes. The selection of key informants
(KI) based on their animal breeding skills
and experience, which are relevant for AnGR
conservation as stipulated by FAO guidelines
(2007). The aim was to get participants
with experience on chicken breeding and
conservation. Key informant profiles were
established for the purpose of identifying their
capability and/or skills relevant to the subject
matter under investigation. The study involved
fourteen Kls categorized into three groups as
follows; eight representatives were sought from
the local government, government research and
training institutions, four representatives from
the private and livestock development partners,
and two representatives from traditional healers
(one from each ward). The study combined
the diverse categories of Kls in order to
gather insight son the relevance of institutions
from various actors on LC genetic resource
conservation. Key informant interviews
explored views about the operationalization of
formal and informal institutions relevant to LC
genetic resource conservation in the study area.
Existing opportunities and constraints were also
included during the interview.

Focus group discussions

Atotal often focus group discussions (FGDs)
were conducted with farmers in ten villages (one
FGD in each village). Each FGD involved 7— 10
participants. The ten FGDs were conducted as
insights on the relevance of institutions varied
with geographical location of farmers (rural/
peri-urban). In order to capture various opinions
from farmers about the relevance of institutions
for LC genetic resource conservation, farmers
for FGD were selected based on: i) sex because
the relevance of institutions for LC genetic
resource conservation varied due to gender

roles on chicken rearing responsibilities; 1ii)
type of chicken breed kept by farmers because
it determines the influence of institutions in
governing LC genetic resources; iii) type of
chicken management adopted by farmers
because relevance of institutions especially
for in-situ LC genetic resource conservation
depend on good chicken husbandry practices.
The participation of farmers in the study was
voluntary; therefore prior consent was sought
before one could participate in the study. Focus
group discussions with farmers explored both
formal and informal institutions in relation
to the findings from the literature as well as
government officials’ views on the practices
of AnGR/LC genetic resource conservation.
A trained research assistant facilitated all the
FGDs and the researcher probed and asked
follow up questions while recording and taking
notes.

Documentary/Desk Review

Secondary data were obtained from various
reports related to AnGR conservation. The
reports were collected from Igunga district,
livestock department office; while the AnGR
conservation guideline was sourced from the
internet (FAO, 2007b). The researcher read all
the collected reports whereby identified sections
or statements relevant to AnGR conservation
were highlighted for analysis. The main reports
were from the chicken — based intervention’s
reports (EPOG and Igunga-Eco village) which
evidenced the extent to which institutions for
LC genetic resources are relevant at practice
level. A report on the State of the World’s AnGR
(SoW-AnGR) for food and agriculture by FAO
(2007b), was used as a global guideline for
gauging the relevance of existing institutions for
LC genetic resource conservation.

Data analysis

Content analysis method was used in data
analysis. First phase involved institutional
analysis, a qualitative approach which was done
by highlighting the parts (written rules or formal
institutions) related to AnGR conservation
including aspects such as compliance with
global AnGR guidelines, genetic improvement
with LC flocks, access to animal health services,
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socio-cultural use and stakeholder coordination.
The highlighted parts were drawn out of the
documents to form the basis for discussion on
their relevance towards LC genetic resource
conservation. Findings were supported by
quotes drawn from the selected section of the
formal institutions such as policies, Acts, by-
laws, initiatives and strategies in relation to their
relevance on LC genetic resource conservation.

The unwritten rules (informal institutions)
were analyzed in the second analytical phase
which involved qualitative data from Kls and
FGDs recorded in the field notes and recorded
audio conversations. The data were transcribed,
categorized, coded and thereafter grouped into
themes with reference to study objectives.
The Atlas.ti (version7.5.7) computer software
facilitated the data analysis solicited from Kls
and FGDs. The findings are presented basing
on two main themes including the institutional
operationalization (governance) and social-
cultural use of AnGR for LC genetic resource
conservation. The themes were supported in
the quotes from the statements made by the
key informants and consensus made by farmers
during the FGDs.

Results and discussion

Investigations on the relevance of formal
and informal institutions in LC genetic resource
conservation in the study area and Tanzania
at large identified five main themes including
three for the formal and one for the informal
institutions respectively. The themes identified
were compliance with formal institutions to
global guidelines, LC crossbreeding, animal
health services, stakeholder participation and
socio — cultural uses. The latter theme represents
informal institutions within which four sub-
themes including traditional healing, rituals,
perceived tastes and preferences, and informal
gift are discussed.

Compliance with guidelines

According to FAO (2007a), conservation
of LC genetic resources is required to meet
the Global Plan of Action (GPA) guidelines
for conservation of AnGR. Documentary
review finding identifies four GPA’s strategic
priority areas entailing; i) characterization,

inventory, monitoring of trends and associated
risks on conservation ii) sustainable use and
development iii) conservation and iv) policies,
institutions and capacity building. Tanzania
government is cognizant of the priority areas
as pointed out on section 2.4 of the National
Compact Strategies and Action Plan (NCSAP)
(URT, 2019). Furthermore, section 2.3.1 of
the NCSAP clearly points out weaknesses
under which, the lack of animal breeding act
creates unfavourable enforcement environment
to the pointed out activities under each of the
NCSAP priority areas. Also, under challenges,
the NCSAP mentions “long term investment to
realize genetic improvement, unreliable sources
of improved genetic materials, occurrence of
endemic and epidemic diseases, seasonal supply
of feed resources, low number of specialized
professionals, weakimplementationofmitigation
to climate change, low levels of involvement in
breeding programme by the private sector and
indiscriminate crossbreeding”. In general, this
section highlights both finance and non-finance
as obstacles causing failure of the government
to comply with the GPA guidelines. Based on
the literature, Hoffmann and Scherf (2010)
urge that, development of the action plan is the
first step in the implementation of the GPA.
However, Hoffmann (2009) further emphasizes
that; implementation of GPA guidelines
requires substantial financial resources whereby
countries should make effort to provide support
in order to effectively manage AnGR. Thus,
conservation of LC genetic resources in Tanzania
will primarily need to address the obstacles so
as to operationalize the existing action plan and
meet the GPA guidelines. Commenting on the
weaknesses in relation to LC genetic resource
conservation, one key informant declared that:
“...monitoring activities on LC breeding
practices do not occur mainly due to dwindling
financial support and lack of focus on LC
genetic resource conservation” (National AnGR
coordinator, MoLFD key informant, July 2020).
In regards to monitoring of chicken breeding
and hatchery activities by the government,
another key informant explained that:

“On average 1 sell about 300 hatched
chicks per month. The chick breeds are not
from the same parents because the eggs are
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locally sourced from various farmers who keep
different types of chicken breeds. Interestingly, I
have never seen government officials visiting my
business for monitoring or regulation purpose”

(Entrepreneur, Igunga village, key informant,
July, 2020).
A further institution finding review

revealed that, the Tanzania Livestock Research
Institute Act (TALIRIA) (URT, 2012) is
authorized to conduct research activities on
AnGR. In regulatory perspectives, only section
38 (2d) mentions that “regulating the utilization
by specific institutions engaged in livestock
research or livestock industry...in livestock
conservation, or in the management, collection
or use of livestock or livestock products”. This
section indicates weakness of the government
since the regulation activity is research based.
Thus, it does not address regulatory activities
to other actors such as farmers and/or hatchery
operators. Similarly, section 63 (1j) of the
Animal Welfare Act (AWA) number 19 of 2008
(URT, 2008) regarding the power of the minister
mentions making regulations “for the breeding
of an animal including the method of breeding
and the species of animals to be used”. This
assertion implies that the AWA, as the name
indicates, is principally highlighting welfare
issues related to productivity rather than local
AnGR conservation issues. Therefore, this rule
of the game does not comply with local AnGR
conservation guidelines as an animal welfare
issue.

Despite the deliberate effort by the
government in developing the CNSAP,
TALIRIA, and AWA, findings from the KlIs
with the government officials suggests non-
compliance of national AnGR conservation
with global guidelines. Lack of financial
resources is one of the obstacles attributed to
this non-compliance resulting into lack of LC
genetic resource conservation measures. Since
the national government has limited financial
resources, government agencies such as TALIRI,
responsible for undertaking livestock research
activities, are equally affected. This implies
that the regulatory authority can be affected by
factors beyond its control. Based on this, their
technical capacity can be utilized effectively if
they get support from the national government

and/or development partners. Research findings
by Mahonge (2012) and Zonabend et al. (2013)
indicate that laws enforcement may become
unsuccessful due to the lack of capacity of
enforcers. Thus, the financial incapability
can lead to unsuccessful LC genetic resource
conservation. On the contrary, an in-depth
interview with the hatchery entrepreneur has
revealed the lack of government control on
chicken breeding and hatchery operations
resulting into indiscriminate LC crossbreeding.
In developing countries like Tanzania where
breeding services are not well developed and/or
managed indiscriminate crossbreeding of local
AnGR with exotic breed is a common practice
(Olaniyan, 2015). As such, there is no clear
evidence whether the existing LC in a study
area evolved from their natural habitats. The
introduction of exotic LC breed without meeting
breeding guidelines is one of the sources that
can cause genetic erosion on existing LC.

Genetic improvement

Indiscriminate crossbreeding involving LC
with exotic breed was reported during the FGD
with farmers in the study areas. FGD finding in
Mwabakima village showed that;

...the use of exotic chicken to crossbreed
with LC is a threat to the existing LC diversity...
as a result the produced chicken flocks in the
community are becoming less resilient to harsh
environment and diseases...this may be largely
attributed to indiscriminate crossbreeding.
(FGD1, Mwabakima village, June. 2020).

Complementing the observation from
the FGD, Section 7c of the village by-laws in
Igunga district (IDC, 2017) also emphasizes
enforcement on donation of various resources
including crossbred chicks. Although the
POG enforcement promotes chicken rearing
activities among farmers, it does not consider
indiscriminate crossbreeding as a problem to
farmers. Similarly, the Tanzania Livestock
Modernization Initiative (TLMI) (URT, 2015)
seeks to promote sustained genetic gains in
Tanzania livestock breeds (local AnGR). For
example, in the section on improving the
Tanzania poultry industry, priority action area
mentions on the “identification of key dual-
purpose breeds (egg and meat) suitable for
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Tanzania free range conditions”. This priority
action area promotes LC because of the dual-
purpose nature and their ability to thrive under
free range (harsh) environment. However, it
does not clearly point out strategies on how
to conserve the LC breeds. Also, the National
Livestock Policy (NALIPO) (URT, 2006a);
section 1.3 states that “low genetic potential of
the indigenous livestock coupled with limited
supply of improved livestock has led to poor
production and productivity of the livestock
industry”. This section suggests that local AnGR
have lower genetic value which is contradicted
by TLMI on the basis of suitability of LC thrive
on harsh environment. The findings indicate
limited recognition on the extent to which LC
can perform better in their local context. When
commenting on LC genetic performance as
compared to other breeds, FGD participants
argued:

Local chicken are rich in genetic diversity,
we are able to select stocks and/or develop
new breeds in response to changing conditions
including climate change or disease outbreak...
this is something we have not experienced
in exotic or crossbred chickens (FGD 2,
Mwabakima village, June. 2020).

Furthermore, section 3.1.3 (i) of the
National Livestock Policy (NALIPO) states
that “poultry industry is divided into traditional
and commercial production system. Traditional
system is the largest contributing over 70%
of the flock, consisting of LC breeds (Gallus
domesticus) such as Kuchi, Kishingo, Sukuma,
Kinyafuzi, and Kiduchu”. This section signifies
LC recognition and population dominance but
conservation measures are not effective due to
the extensive nature of production system. This
also suggests that breeding practices cannot be
easily controlled. Commenting on the traditional
production system in relation to LC genetic
improvement, the FGD pointed out that:

Since the LC are mainly reared extensively
there is no control in chicken breeding; this
may result into genetic erosion/dilution due to
indiscriminate crossbreeding practices (FGD 3,
Mgongoro village, June. 2020).

Further investigation on institutions
revealed that, the Livestock Identification,
Registration and Traceability (LIRTA) Act

number 12 0of 2010 (URT, 2010b), recognizes the
treasure of livestock on the basis of “appropriate
identification, registration and traceability for
the purpose of controlling animal diseases and
livestock theft, enhancing food safety assurance,
to regulate movement of livestock, improve
livestock products and production of AnGRs”.

Nonetheless, in this rule of the game,
the aspect of local AnGR conservation is not
addressed indicating that the value of LC genetic
resource conservation is underestimated. In view
of the concern, a study by Hoffmann (2009)
connotes that in-situ conservation of poultry
genetic resources is not necessarily dependent
on high technological approaches or facilities
but, mainly on skills and recording. Farmer’s
views on their ability to keep LC performance
records indicated that:

The majority of us especially in rural areas
do not know how to read and write, this situation
impedes the effort towards LC genetic resource
conservation (FGD 4, Ibutamisuzi village, June,
2020).

On the contrary, observations from the
in-depth interviews with government officials
especially those from the national AnGR
advisory committee indicated uncertainty on
the efficiency of documentation of LC genetic
resources to the level that the information can
be used to conserve LC genetic resources.
For example one of the government official
interviewed said:

“...the current information of LC is
inadequate to justify conservation initiatives...
it is imperative to undertake characterization
of the environment and LC genetic resources
in the country to determine their physical and
genetic diversity and uniqueness in such breed-
types...the gathered information may serve
as a benchmark towards effective LC genetic
resource conservation measures’ (National
AnGR coordinator, MoLFD key informant, July
2020).

The FGD findings indicate factors that
cause erosion of LC genetic resources. Such
factors include development partner’s pressure
(depicted from the chicken-based interventions)
to improve LC performance, prevailing
extensive production system and inability of
farmers to document LC genetic performance.
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The presented FGD findings are in agreement
with findings by Magothe et al, (2015) that LC
upgrading programs implemented in Kenya
between 1976 and 1996 resulted into loss of
important LC genetic traits for generations.
Also, the findings from the present study are in
line with findings by Mahoro et al. (2017) that
LC mate freely due to extensive (scavenging)
nature of LC production systems. By contrast,
the in-depth interviews showed that lack of
information on LC necessitates characterization,
documentation and inventory of LC genetic
resources. A study conducted in southern and
eastern Africa on infrastructure for sustainable
use of AnGR showed that there is little
documentation on AnGR and such information
are mainly research based stations (Hoffmann
et al.,, 2013). The state of the World’s Animal
Genetic Resources for Food and Agriculture
(SoW-AnGR) highlights that inventory,
characterization and monitoring should include
the identification, quantitative and qualitative
description, documentation of breed populations
and the natural habitat and production systems
in which they are embedded (FAO, 2007a).
Therefore, the uncertainties by the key informant
from the national AnGR advisory committee are
genuine due to the existing limited LC genetic
resource information.

Animal health services

Conservation of LC genetic resources
is a function of appropriate animal health
management systems (Asmara, 2014). Limited
access to veterinary extension —services
addressing animal health services was identified
by the study as the cause of LC losses. An FGD
with farmers affirmed this:

Limited access to animal health services is
an obstacle...if the access was readily available,
chicken losses due to disease outbreak such
as ubaba (Newcastle Disease) would have
decreased; in that way LC genetic resources
could have been conserved. (FGD 5, Mbutu
village, June. 2020).

The observation from the FGD clearly
shows that farmers have limited access to
extension services in mitigating chicken
health challenges. By contrast, the Livestock
Sector Development Strategy (LSDS) of 2010

(URT, 2010a) as per section 2.1.4 regarding
animal disease control under the productivity
of poultry illustrates that “Introduction of
heat stable vaccine against Newcastle Disease
(NCD) and improved housing and feeding
through the PADEP and DADPs programmes in
some regions (for example Lindi and Mtwara)
has reduced mortalities to 4%”. Tanzania
government is committed towards improving
the animal health by imposing animal disease
control measures to prevent LC losses; if scaled
up, it can contribute significantly towards
LC genetic resource conservation. A study
conducted in rural areas of Lindi and Mtwara in
southern Tanzania on NCD outbreaks indicated
that NCD control using locally produced heat
stable NCD-I2 vaccine protected 73.3% of
the LC sampled in the region (Komba et al.,
2012). Other than animal health (vaccination)
interventions, the Animal Disease Act (ADA)
number 17 of 2003 (URT, 2003) is cautious on
restricted animal movements as a bio-security
intervention. Section 43 (b) of the ADA states
that: “no person shall move an animal on foot
or by the use of a vehicle outside the inspector’s
area of jurisdiction without a permit”. This
implies that ADA is at the forefront in preventing
spread of chicken diseases through movement
restriction which also results into reduction of
LC losses.

Stakeholder coordination

Successful conservation of AnGR observed
in this study requires involvement of all
stakeholders particularly farmers, public, private
and development actors. Findings from key
informants, who are the government officials,
indicated that the existing institutions have
mentioned LC genetic resource conservation
without clearly pointing out coordination of
stakeholders in the poultry sub sector. For
example, two of the key informants remarked:

“National livestock policy has mentioned
the contribution of LC in the poultry sub-sector
but it has not clearly pointed out coordination of
stakeholders in regards to LC genetic resource
cons