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Abstract
This paper presents the findings of a study on physico-chemical properties of low viscosity
banana juice from five banana cultivars: Pisang Awak (PSA) an ABB genome, Yangambi km5
(YKM5) an AAA genome and cultivars from AAA-EA genome, namely Mbilabile, Ndeshi and
Mlonga. Low viscosity banana juice was extracted using improved mechanical method at five
ripening stages. The physico-chemical properties significantly varied according to cultivars and
ripening stages (p < 0.05). Yields, total soluble solids (TSS), titratable acidity (TA) and pH
were in the range of 19.50-74.03%, 7.33-27.64 °Brix, 0.37-0.76% malic acid equivalent and
4.09-4.70, respectively. Yields decreased in the order of Mbilabile > Ndeshi > Mlonga >
YKM5 > PSA whereas the total soluble solids increased as follows Mlonga < Mbilabile <
Ndeshi < YKM5 < PSA. Furthermore, ashes and mineral contents decreased with ripening
stages whereas the low viscosity banana juice was rich in potassium and magnesium. Finally,
the study recommends stage 5 of the ripeness as ideal for producing low viscosity banana juice.
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Introduction

Banana is widely consumed as staple food
in the world. In fact, it is among the four
largest sources of carbohydrates in East
Africa alongside cassava, maize and rice
(Bechoff et al. 2020). In Tanzania, green
bananas are cooked for food, ripe bananas are
roasted or eaten raw as dessert or processed
into juice (Karamura et al. 2012). Bananas are
perishable due to high moisture content. As a
result, value addition to produce products
such as banana flour, figs, pastilyas, wine and
juice, is vital for reducing banana post-harvest
losses which are more than 20% (NPHMS
2019) of 3.4 million metric tonnes of banana
production in Tanzania (FAOSTAT 2019).
The endemic East African highland banana
varieties of genotype AAA-EA and exatic
banana of genotypes ABB and AB, are

varieties suitable for juice production (Gensi
etal. 1994).

Low viscosity banana juice has
exclusively been produced using mechanical
process in East Africa for several centuries.
The process involves kneading of a mixture
of ripe bananas and grass or fibres to squeeze
juice out of the pulp (Gensi et al. 1994,
Kyamuhangire et al. 2002). However, recent
technical development has enabled this
mechanical process to extract banana juice by
prolonged mashing and pressing pulp without
using grass or fibres (Kibazohi et al. 2017,
Majaliwa et al. 2019). The improved process
is more hygienic and easier to scale up.
While the banana juice can also be produced
by enzymatic and hot extraction methods, the
mechanical process is the most efficient in
terms of time and cost-effectiveness
(Kyamuhangire et al. 2002, Byarugaba-
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Bazirake 2008, Tapre and Jain 2014, Lee et
al. 2006). Apparently, low viscosity banana
juice is produced from banana cultivars with
high tannin content (Kyamuhangire et al.
2006). Mechanism of low viscosity banana
juice release appears to involve formation of
insoluble complexes of tannins, protein and
polysaccharides resulting in juice release
(Kyamuhangire et al. 2006, Kibazohi et al.
2017, Majaliwa et al. 2021). The new
scalable low viscosity banana juice extraction
technology has a huge potential for
commercialisation of banana juice, hence the
need to characterise banana juice from
different cultivars and juice property
variations with ripening stage.

Kyamuhangire et al. (2002) and
Byarugaba-Bazirake (2008) described
characteristics of low viscosity banana juices.
Banana juices extracted using traditional
mechanical method from different cultivars
contain protein, sugars, organic acids and
minerals such as potassium, magnesium,
phosphorus and sodium (Gensi et al. 1994,
Ssamula et al. 2015). Banana juices produced
from Kayinja (Pisang Awak) cultivar from
Uganda by enzymatic and traditional
mechanical extraction methods were 60.4%
and 75.7%, TSS of 34.9 and 30.7 °Brix,
respectively (Kyamuhangire et al. 2002).

There is limited study on the extraction of
low viscosity banana juice using improved
mechanical method. Moreover, studies on
juice extraction using traditional mechanical
methods have mainly focused on Pisang
Awak. In addition, there is limited knowledge
on juice characteristics from other banana
cultivars. Thus, the current development in
the production of low viscosity banana juice
necessitates understanding the influence of
both cultivars and ripening stages on the
physico-chemical properties of banana juice.

Materials and Methods
Banana samples

Pisang Awak (PSA) originating from
Mbeya in Tanzania’s Southern Highlands was
collected from Mabibo market in Dar es
Salaam; Yangambi Km5 (YKM5) and
Mbilabile were collected from Kagera, the
northwest region of Tanzania; while Ndeshi

and Mlonga were sourced from Kilimanjaro
region, north of the country. The banana
bunches were collected at either stage 1 or
stage 2 of ripening and brought to the Food
Laboratory, Department of Chemical and
Mining Engineering, University of Dar es
Salaam. At the laboratory, they were ripened
at an ambient temperature of 26 + 2°C to
stages 3 to 7 of ripeness as illustrated on the
commercial visual chart in Figure 1 (Tapre
and Jain 2012).

Juice preparation

Banana fingers in bunches were plucked
and washed with clean water to remove any
dirt and about 1000 g of banana pulp was
blended using an electric blender (Model
Robot coupe blixer 4 V.V) for 2-10 minutes
at 1200 rpm until juice started oozing as
described by Majaliwa et al. (2019). Then
juice was pressed using hands through clean
filter cloth to obtain clear juice. Extracted
juice was packed in glass bottles and stored in
a deep freezer at -18°C prior to analysis
within 24 hours.

Banana juice property analyses

Low viscosity banana juice yield was
obtained by dividing the amount of juice
produced to the weight of peeled banana that
was mashed to produce the juice. The total
soluble solids in juices were measured as
°Brix at 20°C using the Hand-Held
Refractometer with temperature
compensation (MT-032ATC, Three-In-One
Co., Taiwan). Titratable acidity (TA) was
assayed by diluting 10 mL of juice with 40
mL of distilled water and titrated against 0.1
M sodium hydroxide using phenolphthalein
indicator till stable pale pink colour was
observed. Titratable acidity was expressed as
a malic acid equivalent in the percentage of
the juice sample. The juice pH was measured
using the pH meter (Model HI 98129
HANNA instruments Woonsocket Rl USA
and Romania).
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Standard commercial colour chart for ripening stages categorisation. The

commercial colour chart illustrates that; stage 1 = All green, stage 2 = Green with a
trace of yellow, 3 = More green than yellow, 4 = More yellow than green, 5 =
Yellow with a trace of green 6 = All yellow, 7 = All yellow with brown speckles.

Ash content was measured using the
AOAC (1990) method number 945.39 albeit
with some modifications. Five grammes (5 g)
of a juice sample were weighed by analytical
balance (m) in pre-ignited, tarred crucible of
mass (my). The liquid was evaporated on a
hot plate set at 100 °C for 30 minutes and then
ignited in the muffle furnace (Model
Nabertherm  GmbH Bahnhofstr. 20,
28865 Lilienthal/Bremen Germany) at 550 °C
for 2 hours. The crucibles with sample ashes
were transferred to desiccators and left to cool
for about 30 minutes and weighed (m,). The
ash content was evaluated using the following
formula:

Ash content (%) = 2= x 100.

Mineral contents were determined based on
the AOAC (1990) standard method. Ten (10)
mL of a juice sample were mixed with 25 mL
of 25% HCI. The mixture was then diluted
with deionised water to 100 mL. Potassium
(K), magnesium (Mg), calcium (Ca), sodium
(Na), zinc (Zn) and iron (Fe) were determined

using atomic absorption spectrometer (Varian
AA240 equipped with SpectrAA worksheet-
oriented AA Software Version 5.01).

Statistical analysis

Juice preparation samples were in triplicates
at either 4 or 5 levels of ripening stages for all
the five cultivars. The analysis of variance
(ANOVA) was performed using Minitab 17,
with sample means subjected to Tukey
pairwise comparisons.

Results and Discussion
Yields of banana juice

Banana juice extraction occurred at
varying ripening stages from stage 3 to stage
7. The juice yields among different cultivars
significantly differed at p < 0.05 (Figure 2).
At stage 3, yields were 49.31%, 55.07%,
19.5% 45.62%, and 38.47% for Mbilabile,
Ndeshi, Mlonga, YKM5 and PSA,
respectively. The juice yields increased with
the ripening stages from stage 3 to stage 5 and
decreased between stage 5 and stage 7 except
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for PSA whose yields increased up to stage 6.
The highest yields observed at stage 5 for
Mbilabile, Ndeshi, Mlonga and YKM5 were
74.03%, 67.35%, 64.48% and 59.60%,
respectively, whereas the highest yield for
PSA was 47.80% at stage 6. Juice yields
decrease after stage 5 of ripeness was 1.20 to
33.40% for all cultivars except Mlonga whose
juice yield drastically decreased by 69.75%
from stage 5 to stage 6 and eventually,
resulted in juice extraction failure. Juice
extraction failure was also observed for
YKMS5.

The juice extraction failure implies
production of high viscosity puree instead of
low viscosity clear juice separation from the
solid pulp. Juice extraction failure by a
mechanical method is likely due to decrease
in tannins with ripening. Kyamuhangire et al.
(2006) reported juice extraction failure due to
low tannins contents in banana, and Kibazohi
et al. (2017) reported juice extraction failure
as the tannin contents decreased below 0.68%
in PSA during ripening.

Results from this study suggest that, juice
yields for East African highland banana
(Mbilabile, Ndeshi and Mlonga) are higher
than those for exotic bananas (PSA and

88

80

72

Yangambi kmb5). The difference could be
attributable to the genotype composition of
cultivars (Lokesh et al. 2014).

Total soluble solids (TSS)

Total soluble solids varied among the
cultivars and increased with the ripening
stages, ranging from 7.33 to 27.64 °Brix
(Figure 3). There was a significant increase in
TSS from stage 3 to stage 7 of ripeness for all
the cultivars except Mbilabile (p < 0.05). The
highest values of TSS observed at stages 6
and 7 just before the banana juice extraction
failure. Increase of TSS during ripening is
associated with enzymatic conversion of
starches to simple sugar, a normal process
that happens during ripening (Hill and Rees
1993, Cordenunsi and Lajolo 1995).

The exotic varieties (PSA and YKM5)
have higher TSS than East African highland
banana varieties (Mbilabile, Ndeshi and
Mlonga); PSA had the highest, 27.69 °Brix
followed by YKM5 23.69 °Brix compared to
Ndeshi 19.98 °Brix, Mbilabile 18.82 °Brix and
Mlonga 14.33 °Brix. Implicitly, cultivar
variations of banana might account for the
observed differences.
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Ripening stages
Figure 2: Yields of banana juice at different stage of ripeness from different banana cultivars.
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Figure 3: Total soluble solids contained in banana juices from different banana cultivars.

The amount of TSS contents in banana
juices of Mbilabile (mbidde) and PSA
(kayinja) extracted in this study corresponded
well with 20.0 and 27.0 °Brix of Mbidde
(mbilabile) and Kayinja reported by Ssamula
et al. (2015) and Kyamuhangire et al. (2002).
However, the total soluble solids of
Yangambi km5 were higher at 23.69 °Brix
than that reported in literature at 17.0 °Brix
(Ssamula et al. 2015).

Although the extraction was similar, the
difference in TSS appears to be attributable to
extraction methods. The improved method of
blending is capable of rupturing many cells to
release sugars compared to the kneading
action used in Ssamula et al. (2015) study. In
addition, Kyamuhangire et al. (2002) reported
the highest value at 34.9 °Brix and 30.7 °Brix
for PSA (Kayinja) juice extracted using the
enzymatic method and traditional mechanical
method, respectively.

Titratable acidity (TA)

The amounts of TA in banana juice were
0.37-0.76% equivalent to malic acid (Figure
4). The TA in banana juice did not show
significant difference for both PSA and

YKMS5, but for other cultivars significant
decrease was observed for Mbilabile, Ndeshi
and Mlonga (p < 0.05) after stage 5. The TA
across ripening were as follows: YKM5 0.68—
0.72% malic acid, Ndeshi 0.48-0.76% malic
acid, Mbilabile 0.44-0.66% malic acid,
Mlonga 0.52-0.65% malic acid and PSA
0.37-0.44% malic acid from stages 3 to 7,
respectively.

The trend of titratable acidity in banana
juice increased from stage 3 to stage 4 for
Mlonga and stage 5 for Mbilabile, Ndeshi and
YKMS5 with increase in ripeness of the
banana fruits. There was a similar drop in
titratable acidity trend from stage 5 to stage 7
for Ndeshi, YKM5 and Mbilabile, while for
the Mionga’s titratable acid dropped from
stage 4 to stage 6. However, PSA registered
the opposite trend with notably lowest
titratable acidity of 0.37%. The increase in
TA is associated with rising enzymatic
activities to full ripeness before senescence
(Chen et al. 2009). Newilah et al. (2009)
reported an increase in titratable acidity of
cooking bananas and a similar trend for
dessert cultivars with increase in ripening
stages.
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Changes of pH in banana juice

The pH of banana juice acidity ranged
4.09-4.70 (Figure 5). The changes in pH
observable during ripening were as follows:
Mbilabile 4.15-4.45, PSA 4.15-4.38, YKM5
4.14-4.42, Ndeshi 4.13-4.70 and Mlonga
4.09-4.47. The changes of pH indicated
significant differences (p < 0.05) at different
stages of banana ripeness for all cultivars. The
pH for Ndeshi, Mlonga, Mbilabile and YKM5
significantly slumped (p < 0.05) from stage 3
to stage 5 and then increased at stage 7.
Contrary, the pH of PSA increased from stage
3 to stage 4 before dropping at stage 7.
Mlonga had the lowest pH at stage 5, whereas
Ndeshi had the highest pH value at stage 3.
The pH variations were associated with both
TA contents and genetic makeup of a
particular cultivar. A similar pH variation for
dessert banana cultivars was reported by
Newilah et al. (2009). Furthermore, a
decreasing trend of pH from stage 2 to stage 3
and then rising to stage 7 has been reported in
berangan bananas (Zulkifli et al. 2019).
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Ash content of banana juice

The ash content of banana juice typically
represents total minerals in banana juice. The
ash contents in banana juices varied with
cultivars and ripening stages in a range 0.57—
1.67% (Figure 6). As ripening stages
progresses to stage 7, ash contents drops for
Mbilabile 1.67-0.86%, YKM5 1.46-1.37%,
Mlonga 1.06— 0.64%, Ndeshi 0.84-0.68% and
PSA 0.76-0.57%. The decrease in ash
contents of banana juice significantly differed
(p < 0.05) for Mbilabile, PSA and Mlonga.
On the other hand, there was no significant
variation of ash contents with ripening for
YKMS5 and Ndeshi. Similarly, low ash content
of banana juice of 0.35% at stage 6 was
reported by Akubor et al. (2003). Small
values of ash contents in juice might be
attributable to the juice extraction method,
whereby spent pulps were removed, which
certainly contributed to the observable
variations. Ash contents decreased in the
order of Mbilabile > YKM5 > Mlonga >
Ndeshi > PSA across cultivars.

Cultivars
= —a— Mbilabile
- ."~.._. — m = Mlonga
---I"-----"-a_r.____ —-m- Ndeshi
T~ PSA

YEKM 5

5 6 7
Ripening stages

Figure 4: Titratable acidity of banana juice extracted from different banana cultivars.
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Figure 6: Ash content of banana juice from different banana cultivars.

Mineral composition of banana juice

The minerals of low viscosity banana
juice were analysed (Table 1). The quantities
of potassium were significantly high (p <
0.05) for all the stages of ripeness in all
cultivars except PSA and Mlonga. The

amounts of potassium in banana juice from
five banana cultivars ranged 11.77-13.15 g/L
for Mbilabile, 4.20-5.09 g/L for PSA, 14.50-
17.08 g/L for YKM5, 7.96 - 9.60 ¢/L for
Ndeshi and 4.07-5.74 g/L for Mlonga (Table
1). The ripening stages in all cultivars
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indicated that there was no significant change
(p < 0.05) of potassium contents with ripening
in each cultivar.

On the other hand, there were significant
differences of potassium contents (p < 0.05)
among the cultivars. It emerged that potasium
contents were higher for cultivars from
Kagera than for those from Kilimanjaro and
Mbeya regions. Variations of potassium
contents in banana cultivars might be caused
by agro-ecological zones reported, cultivar

genomes and harvesting period (Bugaud et al.
2009). The potassium contents correlated well
with 4.04 g/kg and 2.94 g/kg for Mbidde
(Mbilabile) juice extracted by enzymatic and
mechanical methods, respectively
(Kyamuhangire et al. 2002). The amounts of
potassium in PSA and Mlonga banana juice
were similar to that reported for banana juice
extracted using the enzymatic method from
Enano gigante, FHIA-17 and FHIA 23
(Escalante-Minakata et al. 2013)

Table 1: Mineral contents (mg/L) of banana juice of five banana cultivars

Cultivars Ripening Ca K Mg Na Fe Zn
stages
3 2303 + 12623 + 14539 £ 6157 = ]
0.08" 584 1.96" 1.56° 0.57+0.02%  1.94+0.12°
Mbilabile 4 19.61 + 12500 + 14173 + 5540  + 1.58 +
0.35" 369% 1.36" 0.42°% 0.60+0.01%"  0.02>
5 19.84 + 11775 + 120.83 + 5363 +
0.09" 186* 1.62' 0.71¢f 0.70 £0.01° 1.62 +0.04°
6 23.35 + 13154 + 111.89 + 4789  + ) 1.48 +
0.27" 208° 0.48™ 0.43° 0.54 +0.03' 0.03%f
7 25.03 + 117.03 + 5259  + _
0.19° 12065 +80%  0.92'M 0.49f 0.40+0.01™  1.15+0.06'
3 2552 + 4197 + 16756 + 5701 +
0.16° 193" 1.28¢ 0.87¢ 0.44 +0.02¢ 1.96 + 0.0°
PSA 4 27.25 + 4461 + 152.79 + 6429 +
0.83¢ 295" 2.41% 1.31° 0.81 +0.00° 1.92 +0.08%
5 28.70 + 5090 + 14937 + 6372 #
0.21° 501%" 1.14M 0.59% 1.14 +0.03° 1.89+0.01%
6 31.07 + 5002  + 13875 + 6332 #
0.90° 273 1.63 0.32" 0.46 + 0.02 1.65 + 0.04°
7 28.63 + 4607 +  129.05 + 7425  #
0.32° 243" 0.76" 0.68° 0.39 +0.00™ 1.86 + 0.01
3 36.91 + 200.08 + 5251 #
YKM5 0.60° 17081 +93*  3.34% 0.48" 0.61 +0.02 1.44 +0.04°f
4 3051 + 17005 + 17157 + 4879 + _
0.62° 137° 2.57% 0.86° 0.48 +0.01% 1.67 +0.04°
5 28.33 + 15015 + 16161 + 4177+ )
0.16% 361° 2.87° 0.15° 0.52 +0.00" 1.70 + 0.02°
6 25.83 + 14501 & 14291 = 3877 =
0.32° 145° 0.83" 0.59" 0.26 +0.01" 1.62 +0.02%
3 13.01 + 176.16 + 3919 +
0.27" 9596 +98°  1.08™ 141" 0.19 +0.01° 1.96 + 0.04%
Ndeshi 4 10.92 + 180.91 + 2855 % 149 +
0.20' 7955 +362"  1.03° 0.31 0.56+0.02"  0.01%
5 169.16 + 2696 +
8.06+0.39™ 7964 +306" 0.97° 0.224 0.79 +0.02° 1.37 +0.03
6 7.44 + 156.01 + 2913 o+
0.20™ 9265 +372°  2.21f 1.6 0.65 + 0.01° 1.29 +0.029"
7 132.89 £ 2792 o«
6.57+0.02" 8560+ 72  1.59% 0.21 0.79 +0.01° 1.31+0.01%"
3 2152 + 178.59 £ 3173 o«
Mlonga 0.05° 5643 +319° 1.17° 0.88' 0.43+0.02"  1.38+0.0°0
4 17.62 + 151.65 + 2647  # )
0.10' 5572 +739  1.92f 0.32' 1.09 +0.02° 1.21+0.01"
5 ) 130.28 £ 2747 o« _
1751+0.18' 5740+30%  2.15% 0.29 1.40 +0.02 0.95 + 0.0}
6 15.45 + 13113 £ 2977 o« _
0.28! 4071+33" 153 0.56" 1.29 +0.01° 0.99 + 0.01)

In each column across one cultivar, means with the same letter are not significant different (p <
0.05) in accordance to Tukey pairwise comparisons.
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The amounts of magnesium in banana
juice had a range of 113-200 mg/L in five
banana cultivars (Table 1). The changes of
magnesium content were insignificant for
both YKM5 and Mlonga, but significant for
PSA, Ndeshi and Mbilabile (p < 0.05) within
cultivars. Magnesium contents decreased
during ripening; Mbilabile 145-115 mg/L,
PSA 167-129 mg/L, YKM5 200-142 mg/L,
Ndeshi 176-132 mg/L and Mlonga 178-131
mg/L at stage 3 to stage 6 or stage 7,
respectively. Magnesium values were lower
than the values reported in literature of
388.30-491.30 mg/L (Kyamuhangire et al.
2002, Wall 2006, Escalante-Minakata et al.
2013).

Apart from potassium and magnesium
contents in banana juice, sodium contents
ranged 26-74 mg/L in five cultivars.
Meanwhile, calcium contents ranged 7.44-
36.91 mg/L in all cultivars. Zinc and iron
contents ranged 0.946-1.958 mg/L and
0.191-1.404 mg/L, respectively. Based on
recommended dietary allowance (RDA) for
potassium and magnesium of 2000 mg/day
and 300 mg/day, respectively, for a male
adult human (Escalante-Minakata et al. 2013),
low viscosity banana juice of 250 mL
produced in this study can offer 50.9-147.2%
RDA of potassium and 9.4-11.9% RDA of
magnesium depending on the type of banana
cultivar and ripening stage.

Conclusion

Low viscosity banana juice was successfully
extracted from 5 banana cultivars. The banana
juice yields increased with ripening stages up
to stage 5 and decreased except for PSA.
Physico-chemical properties of low viscosity
banana juice vary depending on both cultivars
and ripening stages. Low viscosity banana
juice is rich in potassium and magnesium.
Stage 5 of ripeness emerged in this study is
the best ripening stage for producing low
viscosity banana juice for all the cultivars as it
offers not only the highest juice yield, but
also nutritious juice with high mineral
contents and dissolved solids (sugar). As this
research  focused on  physico-chemical
properties, there is a need for further study on

other nutrients to explore even
potentials of low viscosity banana juice.
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