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Abstract

The investigation studied the uses, constraints and quality characteristics of juice developed
from a wild fruit, Baobab. Desk review, observation and informal interviews with vendors,
processors and consumers using open-ended questionnaire were conducted in Morogoro,
Mbeya and Dodoma regions. Stepwise process was followed to develop baobab juice
formulations with varied amount of pulp and sugar, colour and spice extracts and analyzed
for titratable acidity, and sensory properties using 9-points hedonic scale. It was found that
the pulp, leaf and bulk from the baobab tree are traditionally used as food and natural
remedy for number of disease including malaria, anemia, vomiting, diarrhea and skin
problems. Limited baobab products, mainly candy and ice cream were found in the local and
super markets. Constraints to consumption of baobab and its products were limited
processing knowledge and poor hygiene, and sensory qualities of the available products. The
baobab pulp and sugar levels, colour and type of spice extract had significant effect on Total
Titratable Acidity, Total Soluble Solids and sensory scores of the formulations. The titratable
acidity ranged from 0.175 to 0.427% citric acid while Total Soluble Solids from 13 to
15°Brix. The final formulation scored high for sensory attributes of color, consistency,
flavour, sweetness and overall acceptability. Therefore, juice prepared from baobab would
increase the consumption of baobab fruit; hence promote uses of this valuable wild fruit for
food and nutrition purpose.
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1.0. Introduction

Currently, there is a global drive to promote consumption of wild and traditional fruits and
vegetables to create dietary diversity that ensures both food and nutrition security. On the
other hand, most of wild and traditional plants including baobab are characterized with lower
water requirements, adaptation to poor quality soils as well as higher resistance to pests and
diseases (Meldrum et al., 2018; Sauberlich, 1994). In the recent past, baobab pulp has gained
popularity in American, Asian and European countries (Sidibe and Williams, 2002) due to its
high nutritional and bioactive content (Tembo, 2016). However, its potential is still unlocked
in many countries of Africa including Tanzania.

Baobab, Adansonia digitata is member of the Bombacaceace family mostly found in South
Africa, Botswana, Namibia, Mozambique, Malwai and Zimbabwe but can also be found in
most semiarid parts of African countries including Tanzania (Tembo, 2016; Sidibe &
Williams, 2002; Sauberlich, 1994). Almost all parts of baobab plant are used for either food
or medicinal purposes due to high content of both nutrients and health promoting
phytochemicals (Tembo, 2016). For instane, the baobab leaf and pulp are rich in
carbohydrate, lipids, terpenoids, flavonoids, sterols, vitamins, and essential amino acids
(Braca et al., 2018; Tembo, 2016; Kamatou et al., 2011). These make baobab one of the
traditional fruits rich in high nutritional and functional qualities (Aluko, 2017; Sidibe &
Williams, 2002; Ndabikunze et al., 2011). Baobab fruit is very rich in vitamin C (Tembo,
2016) that reported to enhance immunity, lower incidence of cataract development and
coronary disease (Sauberlich, 1994). For instance, the vitamin C content in dried pulp range
from 107.8 to 465.8 mg/100g (Tembo, 2016; Jackson, 2015) compared to 83 mg/100g (dry
weight basis) of fresh paprika (Daood, 2015). Moreover, calcium content of baobab leaves
range between 307 and 2640 mg/100 g of dry weight (Chadare & Linnemann, 2009). Due to
high level of antioxidants, dietary fibres, vitamins and minerals, baobab pulp has a potential to
be used as one of the ingredient for the development of beverages (Kamatou et al., 2011).
However, less has been done on product development.

Product development plays an important role in value addition of cultivated and non-
cultivated crops. It is a stepwise process involving number of test batch with adjusted
quantities prepared and revised until the correct proportions for an optimal formula are
determined (Supekar, 2018; Morris & Brady, 2004). To align with, the food industry has been
successful and continuously finds alternative ingredients for formulating products that are
nutritionally modified versions and deliver better nutrition (Ahmed & Bajwa, 2019).
Consumer demand for such functional products is also increasing daily. The demand for food
and beverages with nutritional additives and improved sensory properties has vastly attracted
the consumers’ attention in the recent past (Vocke et al., 2017; Okello et al., 2015). Natural
juices are among good example of such beverages due to their increased bioavailability of
nutrients and health promoting components also known as phytonutrients (Henning et al.,
2017). Number of fruits including mangoes, passions, grapes, pineapples etc. have been used
in domestic and food industries to prepare juice and beverages in Tanzania. However, juice
preparations from baobab pulp are rarely to find in the markets. Therefore, this study
investigated to find out the uses, constraints for consumption of baobab fruit in Tanzania as
well as developing baobab juice and assessing its physicochemical and sensory qualities.
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2.0. Methodology

2.1. Baseline Study

Information on uses and consumption constraints of baobab was gathered by way of desk
review using Google search engine to find out available baobab products in online stores and
researches. Observation technique was used to find out the available baobab products in the
markets and food stores. Moreover, informal and short interviews with vendors, processors
and consumers were conducted in three regions namely Morogoro, Dodoma and Mbeya with
a guide of an open ended questionnaire (Annex 1). Two major markets Mawenzi and
Municipal markets in Morogoro Municipality; SIDO market in Mbeya City; and Majengo and
Mpwapwa markets in Dodoma.

2.2.  Juice Formulation

Baobab pulp was purchased from the local market and baobab juice formulation was prepared
at Sokoine University of Agriculture, in Morogoro, Tanzania. Baobab juice was developed as
per product development steps suggested by (Supekar, 2018 & Earle et al., 2017). In the
initial stage of product development, a commercial baobab drink from Malawi was used as
reference for descriptive sensory evaluation. However, the consistency and colour of the
reference baobab drink was not accepted by panel. Therefore, from number of trials, three
formulations with baobab pulp level of 4%, 6% and 8% with brix level 13%, 14% and 15%,
respectively were prepared.

In the first experiment, baobab pulp was dissolved in portable water and the mixture strained
through 0.5 mm sieve and heated to 70°C for 5 minutes. Brix level of each formulation was
raised to 13%, 14% and 15%and formulations were then chilled to 6°C for 24 hours prior to
sensory evaluation. In the second experiment, one formulation with the highest sensory scores
was selected and added with 50mls of 0.8% of vanilla and cardamom extracts. The spice
extracts were prepared by soaking 0.8% mixture of ground spice in warm portable water in air
tighten container for 10 minutes and then strained. In the third experiment, the formulation
with highest sensory scores was added with 0.002% yellow and pink food colour and assessed
its acceptability. In fourth experiment, the formulation with highest sensory score from
previous experiment was reformulated and evaluated for its sensory properties.

2.3.  Analysis of Physicochemical Properties

TSS of the juice formulations was measured using a hand refractometer at 22°C, and
expressed as °Brix. Total acidity was analyzed as per AOAC (2000) methods using 0.1M
sodium hydroxide (NaOH) with phenolphthalein indicator, and the results were expressed as
percentage of citric acid (ml/100ml of juice).

2.4. Sensory Evaluation

The samples of baobab juice formulations were evaluated by a semi-trained panel of judges
for the sensory attributes of color, flavor, consistency, sweetness and overall acceptability on
nine point’s hedonic scale where 1 indicated liked extremely and 9 disliked extremely (Poste
etal., 1991).

2.5. Statistical Analysis

The data were analyzed by analysis of variance (ANOVA) using SPSS 16.1 software and the
mean difference compared using least significance difference (LSD) and Pearson correlation
at p <0.05.
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3.0. Results and Discussion

3.1.  Uses and Consumption Constraints of Baobab and Baobab Products

In Tanzania, baobab (Adansonia digitata) also known as ubuyu is among the wild cultivated
fruit variety mostly found in Dodoma, Singida, Morogoro and Iringa regions. It was reported
by respondents that, the pulp, leaf and bulk from the baobab tree are traditionally used as food
and natural remedy for boosting immunity of people living with HIV/AIDS and treating
number of diseases including malaria, anemia, diarrhea and nausea. The medicinal properties
of baobab pulp, leaves bulk have been related with presence of phytochemicals such as
alkaloids, antioxidants and vitamins that possess antimicrobial activities against range of virus
and bacterial (Salihu & Ali, 2019; Samatha et al., 2017; Vimalanathan & Hudson, 2009;
Anani et al., 2000).

Raw baobabs found in the markets were mainly in form of pulp with seeds or as seedless
powder. Few vendors were selling baobab fruits pods because some customers want that way;
it is safe and easier to transport the baobab fruit in its pod. In addition to that, colour of the
baobab is maintained within its pod. The colour of the baobab pulp found in the market
ranged from white to off cream. The reason for colour variation was associated to specie types
and storage conditions (Chadare, 2010). The baobab pulp is traditionally white irrespective of
variety, and gradually changes to off cream once the pod is cracked. This could be attributed
to the chemical changes such as oxidation due to storage conditions, relative humidity, and
presence of oxygen, light, catalysts, type and properties of package (Tembo, 2016; Chadare,
2010; Ana & Lia, 1997).

Main baobab products found in the market were home-made candies with seeds, baobab
sweet bars and ice cream. Baobab candies and bars were the mainly products sold in the main
markets at both wholesale and retail price. Baobab candies and ice creams were available at
retail price mainly in households, streets, schools, shops and some mini supermarkets. The
superior baobab candies preferred by consumers were the one from Zanzibar known as
“Ubuyu wa Zanzibar” which has vast flavour of aromatic compounds from added spices.

In view of the consumers’ point, the process to extract baobab pulp from seed is tedious.
However, most of the consumers claimed to opt seedy pulp because the seedless pulp
normally contains contaminants such as sand and insect debris which are difficult to separate.
The same reasons were mentioned by individuals who opt not to use baobab pulp and its
products at all. From our observation, the contaminants in baobab pulp could be introduced
after cracking the pod which normally take place on the ground and poor handling of pulp in
jute bags and open containers. Therefore, proper handling practices along the value chain
would ensure the baobab pulp quality and consequently increase its acceptance across number
of consumers.

According to the processors’ point of view, aged baobab with off cream colour is mostly
preferable due to its cheaper price, absorbs syrup (mixture of sugar, colour and flavour) faster
and distribute evenly across the pulp, and results in product with smooth texture. On the other
hand, the fresh pulp requires more sugar, results in product with uneven flavour distributions
and harsh texture and mouthfeel that can wound mouth. The homemade baobab ice creams
were commonly sold in schools. Moreover, homemade baobab sauces to accompany starchy
food were found to be used by fast food vendors specifically in Morogoro town. Some food
vendors reported to add baobab pulp into tamarind juice to increase its viscosity. However,
the survey did not found any branded baobab juice in the markets. Therefore, the baobab juice
was formulated and assed to its acceptability.
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3.2.  Physicochemical Properties of Baobab Juice Formulations

Raw baobab juice was inconsistent due to sedimentation. Heating resulted into change of
colour to deep brown and increased consistency of the juice formulations. The increase of
consistency of the formulations showed a positive relationship with the heating of juice up to
70 °C and hold to that temperature for 5 minutes. The increase in consistency could due to
pectin-gel formation upon heating. The pectin content in baobab pulp is higher compared to
that of bananas, apricots, peaches and apples (Ndabinkunze et al., 2011; Sauberlich, 1994).
For instance, Ndabinkunze et al. (2011) prepared jam by replacing commercial pectin with
baobab pulp and found that pulp acidity had influence on the pectin-gel formation. Similarly,
Abdalla et al. (2010) used gum Arabic in five different sequential concentrations (1, 1.5, 2,
2.5 and 3%) to prevent pulp sedimentation.

The predominant acid naturally occurring in baobab fruit is citric acid. However, other
organic acids include malic and succinic acids are also present in small amounts (Tembo,
2016; Phytotrade, 2008). The content of citric acid in raw baobab pulp usually ranges from
2.7 to 3.2% by weight of fruit pulp (Phytotrade, 2008). The Total Titratable Acidity (TTA) of
the juice formulations ranged from 0.175 to 0.427% citric acid (Table 1). The TTA of juice
formulations differed significantly at p >0.05. The increase of acidity among the formulations
showed a positive relationship with the increase of baobab pulp content. Abdalla et al., (2010)
reported a range from 0.026 to 0.027% for a drink prepared containing about 2.6% baobab
pulp with several level of guar gum. Akubor (2017) prepared baobab juice for wine
preparation and reported TTA of 0.68%. The difference in titratable acidity is due to
difference in pulp amount used to prepare the juices. Acids of the fruit have an influence on
the taste, flavour, pH, colour, and microbial stability of the juice (Akubor, 2017; Amerine &
Joslyn, 1970). TSS-TTA ratio ranged from 32.59 to 85.77. Sugar and acid ratio content play
an important role in adjusting flavour of the food (Ndabinkunze et al., 2011; Birkhed, 1984).

Table 1

Physicochemical of Baobab Juice Formulations

Formul Baobab Initial Total Final Total Total titratable TSS-TTA ratio

ation pulp level  soluble solids soluble solids acidity (%)
(%) (°B) (°B)
F1 4 3.5 13 0.198%+ 0.000 65.52% 0.00
F2 4 3.5 14 0.188+ 0.003 74.59°+ 1.44
F3 4 3.5 15 0.175%+ 0.003 85.77° 1.79
F4 6 4.0 13 0.264°+ 0.004 49.15% 0.68
F5 6 4.0 14 0.271° 0.134 51.76°+ 2.60
F6 6 4.0 15 0.258°+ 0.003 58.11%+0.83
F7 8 7.0 13 0.399% 0.003 32.59% (.30
F8 8 7.0 14 0.374 0.008 37.51"+0.75
F9 8 7.0 15 0.427'+0.010 35.17+0.81

Values are mean + SD, values with different superscript in a row differ significantly at p >0.05

3.3.  Sensory Quality of Baobab Juice

Baobab juice has brown-yellowish to brown colour which deepen upon increase of baobab
pulp level and heating (Plate 1). In general, the overall acceptability sensory scores of the
baobab juice for consistency were highest in formulations with 6% baobab pulp, followed by
4% and 8% (Annex 2). On the other hand, the highest overall acceptability score was highest
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in formulations with 13°B, followed by 14°B and 15°B (Annex 2). The reason for lowest
score for overall acceptability of the 8% baobab pulp formulations could be due to lower TSS-
TTA ratio (Table 1). Abdalla et al., (2010) prepared drink containing about 2.6% baobab pulp
with several level of guar gum and found high sensory acceptability of the formulations.

Table 2

Effect of Pulp and Brix Levels on Sensory Scores of Baobab Juices

Formulation Consistency Sweetness Overall Acceptability
Fl 2.93%+ 1.16 221+ 0.77 248+ 1.12
F2 3.14°+ 1.13 2.24%+0.79 2,76+ 0.87
F3 2.52%4 1.15 2.00%+0.71 2.14% 0.95
F4 2.69"°+ 1.56 2.34%+0.81 2.28%+ (.88
F5 2417+ 1.27 2.14%0.95 2.14%0.92
F6 2.14°+ 236 2.10% 0.90 2.24%+1.27
F7 2.66™°+ 1.18 4.14%+1.77 3.90°+2.27
F8 3.21°%1.72 4.17°+1.81 3.72°+2.36
F9 2.83%+ 221 3.48% 2.03 4.10°+ 2.19

Values are mean + SD, values with different superscript in a row differ significantly at p >0.05

Specifically, the sensory scores for overall acceptability were highest in formulation F5
followed by F3 and F6 (Table 2). The scores for these attributes ranged from liked moderately
(3) and liked very much (2). Therefore, formulation F5 was further redeveloped to get the
optimal formulation.

Colour is considered as the most important sensory parameter, which can influence
consumers’ expectations on the likely taste and flavour of the food and drinks (Spence, 2015).
Panelists suggested that the natural colour of baobab juice was strange, hence could affect the
acceptance of the juice. Similarly, Abdalla et al. (2010) found that the color intensity of
beverages had negative effect on sensory score of baobab beverages. Therefore, addition of
colour increased panel acceptability significantly (Table 3). Juice with yellow colour had the
highest acceptability sensory score (1.77) followed by pink (3.07) and control (3.86).

Table 1

Effect of Colour and Flavour on Sensory Scores the Baobab Juice

Colour Control Yellow Pink
3.86" 1.77° 3.07°

Flavor Control Vanilla Cardamom
2.80" 2.10° 2.30°

Means within the same row superscripted by different letters are significantly different at P<0.05

On the other hand, juice formulation flavored with vanilla extract had highest acceptability
sensory score (2.10) followed by cardamom (2.30) and control (2.80). Similarly, in market
survey we found that the available baobab candies and ice creams were added with vast
colour and flavour and spices to suit consumer preference. Similarly, Abdalla et al. (2010)
found that the addition of three drops of baobab oil improved the flavour acceptability of
baobab drink. Therefore, formulation with yellow colour and vanilla was reformulated and its
overall acceptability evaluated.
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Table 4
Pearson Correlation of Sensory Scores of the Final Formulation
Colour Consistency Flavour Sweetness  Overall

acceptability

Colour 1.00 0.95° 0.90° 0.88° 0.88°

Consistency 0.95° 1.00 0.90° 0.91° 0.88°

Flavour 0.90° 0.90° 1.00 0.87° 0.93

Sweetness 0.87° 0.91° 0.86° 1.00 0.82°

Mean 2.70+1.39 2.53+1.19 1.93+0.87 1.67+0.71 1.97+ 0.81

Pearson correlation with superscripted by * are significantly at P<0.05

The sensory scores for color, consistency, flavour, sweetness and overall acceptability of the
final formulation ranged from liked very much (2) to liked moderately (3) (Table 4). The
Pearson correlation suggested that flavor had the most influence on overall acceptability of
the baobab juice (Table 4). Normally, spices contain volatile compounds which impart
favorable taste and aroma when added in food. Thus, cardamom and vanilla extracts have
been used as a flavoring agent in alcoholic and non-alcoholic beverages, frozen desserts,
candies, baked goods, puddings, condiments, relishes, gravies, meat and meat products
(Mahady et al., 2005; Rakshit & Ramalingam, 2010).

4.0. Conclusion

There should be developed a standard and proper handling practices along the value chain of
baobab from harvesting to marketing that ensure the pulp quality so as to increase consumer
acceptance. Sensory scores indicated that good quality juice with high acceptability could be
manufactured from baobab pulp. Moreover, addition of colour and flavour could increase the
acceptability of the baobab juice; hence influence dietary diversity through use of this wild
and underutilized fruit. The formulation of baobab juice could be adapted by household and
food processors to contributing to both food and nutrition security, and income generation.
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