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= INTRODUCTION vegetables, such as bananas which are food commodities
that contain carotenoids [6-7].

Globally, people have labeled bananas as the
world’s fourth staple food after rice, wheat, and maize

Carotenoids have been proven as compounds that
are able to support biological functions in the human
cellular system, such as vitamin A activity, antioxidant ) i o ]
. . [8-9]. Interestingly, besides being rich in nutrients and
functions, and immune system enhancers [1-3].
Nevertheless, several diseases in developing countries
related to vitamin A deficiency, cancer, cardiovascular
disease, cataracts, and age-related macular degeneration

(AMD) are still becoming public attention issues [4]. Due

energy, bananas also contain carotenoid pigments,
which consist of three main carotenoids: a-carotene, -
carotene, and lutein [10-11]. a-Carotene and p-carotene
are pro-vitamin A carotenoids in which each compound

to the inability of cells to biosynthesize carotenoids, can produce one and two retinal molecules in the body

.. L. . 5]. Lutein i | t id that tect th
humans need diet intake rich in carotenoids to reduce the [5]. Lutein is a macular carotenof at can protect the

risk of these chronic illnesses [5]. The main dietary photoreceptor cell of the eye [12]. Consumption of

carotenoids generally come from yellow-orange fruits or banana flesh could provide supply of pro-vitamin A

carotenoids to the human body [7].
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As a tropical country, Indonesia has considerable
potential for the diversity of bananas, which currently
there were at least 1,000 cultivars distributed in 16
provinces of banana production centers in Indonesia [13].
Banana production in Indonesia has increased from 6.9
billion tons in 2014 to 7.3 billion tons in 2018, which
means the production grew by 5.86% within 5 years. East
Java produced 2.1 billion tons of banana in 2018,
increasing 54.11% from 1.3 billion tons in 2014, leading to
the largest banana production in Indonesia in the same
year. Bananas are largely produced in certain regions in
East
Bojonegoro, and Pasuruan. In Malang district itself, 32

Java, such as Malang, Jember, Lumajang,
banana varieties were cultivated by the local communities
with a total production of approximately 9,728 tons in
2018, which was the largest production in East Java
province [14-16].

The that an

enormous number of bananas have been produced to

above-mentioned data suggest
fulfill consumers’ need for a healthy diet. However,
people’s knowledge on bananas may be limited to
Cavendish due to its considerable amount of trade. Food
and Agriculture Organization (FAO) claimed that
Cavendish dominated 45% of global production in which
50 billion tons of Cavendish have been globally produced
annually. This considerable amount of Cavendish
production may be due to its ability to generate high
yields and its strength towards environmental issues, such
as storms [17]. On the other hand, a lot of banana types
have been cultivated in Indonesia other than Cavendish.
In fact, 79 cultivars of bananas were found in East Java,
moreover, 33 types among them have been cultivated in
the Malang region [18]. Recent study on pro-vitamin A
carotenoids in local banana cultivar widely grown in
Lumajang, East Java, i.e. Agung Semeru banana (Musa
paradisiaca L. AAB), revealed that vitamin A activity of it
was at 457.33 * 5.18 pg retinol activity equivalents
(RAE)/100 g dry weight (dw) [19]. This fact indicates that
local banana cultivars should be taken into consideration
as they may have great potential to enhance people’s diet
of vitamin A.

This enormous amount of local banana cultivars
production combined with the content of carotenoids

makes bananas as potential fruit source for daily
nutrition intake. However, limited information on the
total carotenoids of banana cultivars are reported,
specifically, those cultivated and commercialized in the
Malang region. Therefore, this study aimed to identify,
quantify, and evaluate the carotenoid contents of
selected bananas cultivated and commercialized in
Malang, Indonesia. The selected banana cultivars to be
observed were dessert bananas (Berlin, Cavendish, Mas),
plantain bananas (Candi) and that which could be
served as both (Raja). Identification and quantification
of total carotenoids, major carotenoids, and vitamin A
activity of five cultivars of banana were carried out by
spectrophotometry and chromatographic methods. The
information on carotenoid compositions and
concentrations as well as vitamin A activity of these
bananas obtained in this study may enrich people’s
knowledge on the function of carotenoid contents of
thus,
understanding on a healthy diet.

these bananas, leads to a comprehensive

m EXPERIMENTAL SECTION
Materials

Five cultivars of banana were used in this study, i.e.
Berlin (Musa acuminata AA), Mas (M. acuminata AA)
and Cavendish (M. acuminata AAA), all of those were
classified as dessert bananas, as well as Candi (M.
paradisiaca AAB) which is classified as plantain, and
Raja (M. paradisiaca AAB) which can play role both as
dessert and plantain. The whole fruit and half-fruit
longitudinal cross-section are depicted in Fig. 1. All the
cultivars were purchased from several local markets in
Malang, Indonesia. The selected bananas were the ones
that had entered ripening stage 6 to 7, indicated by
yellow skin color with several brown spots on the surface
area, thus, were ready-to-eat [20]. For analytical
purposes, the fresh flesh was taken, immediately sliced,
ground using mortar, and stored in the sample tube.
These following chemicals, i.e, calcium carbonate
(CaCO:s), ethanol (EtOH), tetrahydrofuran (THF), n-
hexane, acetone, methyl tert-butyl ether (MTBE),
methanol (MeOH), water (Merck), and sodium-L-
ascorbate (Chameleon), were used for extraction and
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Fig 1. Whole fruit (left) and half-fruit longitudinal cross-
section (right) of Berlin (a), Mas (b), Cavendish (c), Candi
(d), and Raja (e) bananas

analytical purposes. Lutein, a-carotene, and {-carotene
standard pigments (= 95% purity level) were obtained
from NATChrom (Malang, Indonesia).

Instrumentation

The absorption spectra of pigment extracts were
recorded using a UV-Vis spectrophotometer (UV 1700
Shimadzu). It was also used for the total carotenoids
determination of the bananas. High-performance liquid
chromatography (HPLC) system (Shimadzu) equipped
with a photodiode array detector (LC20A) and column

oven (CTO-20A) was used to determine the carotenoid

compositions and concentrations of the banana

cultivars.
Procedure

Carotenoid extraction

Carotenoid extraction was performed based on a
procedure  with
modifications [10,19]. In a dark room, 3 g of flesh aliquot
were mixed with trace amount of CaCO; and sodium-L-

previously  reported several

ascorbate, then stirred for 10 min at 120 rpm in a 10 mL
solvent extraction mixture containing EtOH and THF
(4:3, v/v). The yellow filtrate containing carotenoids was
collected, then the extraction process was repeated four
times toward the residue until it became colorless.
Furthermore, all carotenoid extracts were combined and
transferred in a separatory funnel to be separated from
any contaminants by the addition of water and n-
hexane. The organic layer containing carotenoids was
then collected, and the remaining solvent was removed
using a rotary evaporator (Heidolph, Schwabach,
Germany) at 35 °C. All extraction was performed in
duplicate.

Total carotenoids analysis

The carotenoid extracts in acetone were subjected
to UV-Vis spectroscopy measurement (UV-1700,
Shimadzu) to record the absorption spectrum and then
to determine the total carotenoids. Sample was diluted
by 10 prior to the measurement. Total carotenoids (in pg
carotenoid/100 g dw) were determined using formulation
modified from Gross as follows [21]:

AxVx10° 1
Total Carotenoid = 0><V>< 0 X . o (1)
Ai c/ron x100xG 100 —mositure content(%)

where A represents absorbance at maximum absorption
wavelength (Am.); V is volume of carotenoid extract
(mL); G is weight of sample (g); A}%, is specific
absorbance extinction of carotenoid mixture in acetone,
i.e. 2,500 (mL/(g x cm)). Moisture content was measured

using a moisture analyser (MOC63u, Shimadzu).

Determination of carotenoid compositions and
major carotenoid concentrations
The carotenoid compositions and major

carotenoid concentrations were determined by means of
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HPLC (Shimadzu, Kyoto, Japan), following the method
suggested by Kurniawan et al. [22]. The dry carotenoid
extract was re-dissolved in 1 mL of acetone and filtered
using a PTFE membrane syringe (0.22 um, Shimadzu),
then 20 pL of the extract was injected into the reversed-
phase (RP) HPLC. The separation of pigment was carried
out by RP-HPLC using a YMC C30 column (150 x 4.6 mm
ID) (YMC, Wilmington, MA, USA), column oven (CTO-
20A) at 30 °C, and photo-diode array detector (LC20A).
The elution gradient program was regulated by a mixture
of MeOH, MTBE, and H,O (81:15:4, v/v/v) at 0 min to
(6:90:4, v/v/v) at 70 min at 30 °C with a flow rate of
1 mL/min.

Carotenoid identification was performed based on
chromatography result of lutein, a-carotene, and f-
carotene standard pigments from a previously described
report by Chandra et al. [19]. The lutein, a-carotene, and
B-carotene standard pigments in the chromatogram were
eluted at 8.3 min, 23.5 min, and 26.4 min, respectively.
The absorption spectrum properties of peaks (shape or
pattern and Am.x) from the banana samples obtained at the
same retention time (tr) were compared with those of
standard pigments to confirm pigments identification.

Peak area of major carotenoids at Am. of each
banana cultivars obtained from HPLC was used to
calculate the concentration of lutein, a-carotene, and {3-
carotene (in pg/100 g dw) by using standard linear
equations developed by Chandra et al. [19] and
Kurniawan et al. [22], i.e.:

Lutein : y =305.8x —0.6335,R? =0.9999 (2)
o —carotene:y =232.04x — 47.906,R? =0.9950 (3)
B — carotene: y = 206.57x —74.953,R* = 0.9982 (4)
where y and x are peak area (x 107°) at A and

concentration of measured pigment (ug/mL),

respectively.

Vitamin A activity

Vitamin A activity was described based on
concentrations of a-carotene and P-carotene, both are
known as pro-vitamin A carotenoids. The concentration
of pro-vitamin A carotenoids was converted into retinol
activity equivalent (RAE) using a conversion factor of 24:1
for a-carotene and 12:1 for -carotene.
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Statistical analysis

All values were performed as means + standard
deviation (SD) of two replicates. Statistical analysis of
total carotenoids, lutein, a-carotene, and [-carotene
concentrations, and vitamin A activity was performed
using one-way analysis of variance (ANOVA). When a
significant difference was found, Tukey’s Honest
Significant Difference test was performed in Minitab
software version 17 (Minitab. State College, PA, USA)
with 95% confidence level (p < 0.05).

m  RESULTS AND DISCUSSION

The initial study of yellow pigment from five
banana cultivars was carried out based on spectroscopic
analysis by comparing the total carotenoids of each flesh
crude extract. Fig. 2 shows the absorption spectra of crude
carotenoid extracts from each sample in 1 g of dw basis,
where the absorbance value at An.x represents the total
value of the carotenoid. Based on the absorbance height
of each banana cultivar in Fig. 2, ones can observe that
the banana cultivars showed a different concentration of
carotenoid. For instance, having the highest absorbance
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Fig 2. Absorption spectra of carotenoid crude extracts
from Mas (black line), Berlin (green line), Raja (blue
line), Candi (red line), and Cavendish (magenta line).
All extracts were dissolved in 1 mL of acetone and
calculated in 1 g dw basis
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value, Mas banana would have the highest carotenoid
concentration. On the other hand, Cavendish was most
likely exhibiting the lowest carotenoid concentration
based on its extremely low intensity. Moreover, all
samples provided the same Am.x and shoulder peak at 450
nm and 476 nm, respectively. This suggests that the major
carotenoid compositions and concentrations will be
further discussed.

The banana flesh color indicates the carotenoid
contents as can be observed from Fig. 1. For instance, Mas
banana exhibited the most intensive orange color among
the five banana cultivars, whereas Cavendish showed the
least intensive yellow. The difference in flesh color among
the cultivars suggests that the carotenoid contents were
also varied. One can roughly conclude that Mas banana
would have the highest carotenoid content, while
Cavendish showed the least. Table 1 shows the total
carotenoids in the five banana cultivars which suggests
that Mas bananas contained the highest total carotenoids
compared to the other four cultivars with 3,660 ug/100 g
dw. On the contrary, Cavendish shows the least
carotenoid among others with only 347 ug/100 g dw. The
value in Table 1 corresponds to the absorbance value of
the bananas shown in Fig. 2. Higher absorbance value
indicates higher concentration of carotenoid in the

1004
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bananas. The result of the ANOVA statistical test
suggests significant differences among cultivars, with p
values of 0.00 (p < 0.05). Tukey’s multiple comparisons
confirmed that the total carotenoids in each sample were
significantly different from one another, nevertheless,
Raja was not significantly different from Berlin and
Candi. According to the recommendation for the
prevention of cancer and other chronic diseases from the
National Academy of Sciences which recommends
carotenoid consumption in the range of 9 to 18 mg/day
[23], the human carotenoid requirement could be then
tulfilled properly with consumption of 300 to 600 g of
Mas banana.

Analysis of total carotenoids describes the total
concentration of all carotenoid compounds contained in
the bananas. Moreover, to understand the carotenoid

and contents,
HPLC
compositions is shown in Fig. 3 which reveals peaks of

compositions HPLC analysis was

performed. chromatogram of pigment
three major carotenoids possessed by the bananas, i.e.
lutein, a-carotene, and P-carotene. The identification of
the major carotenoid compounds was based on the
spectra shape, Amax, and retention time (tr) in the standard
pigment chromatogram described in the previous study

by Chandra etal. [19]. Peak #1 was identified as lutein,
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Fig 3. HPLC chromatogram detected at 450 nm of carotenoid crude extracts from Candi bananas. The intensity was

calculated in 1 g dw basis. Inset: absorption spectra of lutein (red line, peak #1), a-carotene (green line, peak #2), and

B-carotene (blue line, peak #3) in HPLC eluent
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with Amays at 445 and 472 nm, and eluted at min 8.4. Peak
#2 corresponds to a-carotene due to its absorption at 446
and 474 nm and detected at min 23.4. Peak #3 was eluted
at min 26.3 having An., at 451 and 478 nm, thus, identified
as P-carotene. Previous studies also reported these
compounds as major carotenoids in other banana
cultivars in several regions in the world, such as in
Australia, Africa, and Asia [10,24-27].

Table 1 and Fig. 4 show that each cultivar exhibited
different trends in its carotenoid concentration. Raja
contained B-carotene in a higher concentration than a-
carotene and lutein. Candi and Berlin seemed to follow
the same pattern as Raja, however, only a slight difference
was found in the concentration of a-carotene and -
carotene between those two cultivars. On the other hand,
Mas banana contained a-carotene 1.7 and 6.0 times
higher than pB-carotene and lutein. Meanwhile, the
amount of lutein in Mas, Berlin, Raja, and Candi was
relatively low. Compared to a-carotene and p-carotene,
the amount of lutein in Mas bananas was 6.0 and 3.5 times
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lower. In Raja, lutein was found 4.7 and 5.8 times lower
than Much
concentration of lutein was also found in Candi, in

a-carotene and [-carotene. lower
which lutein was 10.6 and 10.9 times lower than a-
carotene and p-carotene, and in Berlin, where lutein was
12.8 and 13.0 times lower than a-carotene and pB-
carotene. Interestingly, Cavendish bananas were known
to produce lutein in a greater quantity than the other two
compounds, covering approximately 50% of the whole
major carotenoid.

Furthermore, the concentration of the major
pigments varied among all cultivars. Mas bananas
showed the highest content of lutein, i.e. 258.65 ug/100
g dw, followed by Raja, Cavendish, Berlin, and Candi
bananas. Concentration of a-carotene remains the
highest in Mas bananas, followed by Berlin, Raja, Candi,
and Cavendish bananas. On the other hand, Raja
bananas showed a great amount of P-carotene among
other cultivars, followed by Mas, Berlin, Candi, and

Cavendish bananas. Table 1 shows that the concentration

Table 1. Concentration of total carotenoids and major carotenoids from five banana cultivars

Concentration (pug/100 g dw + SD)

Banana cultivars

Total carotenoids Lutein o-carotene [B-carotene
Mas 3,669.59 + 485.28* 258.65 £ 35.80° 1,556.22 £ 9.75* 900.69 + 73.57%
Berlin 2,554.14 + 210.56° 67.81 £ 4.94¢ 870.89 + 1.62° 884.69 + 54.70%
Raja 2,089.60 + 206.29" 170.54 + 34.05% 806.26 £ 5.03¢ 983.85 £ 10.30°
Candi 1,777.77 £ 278.80° 64.38 £ 4.71¢ 682.00 + 14.934 699.44 + 19.56"
Cavendish 347.79 + 23.45¢ 97.43 +1.17% 59.43 + 1.58°¢ 41.47 +2.24°¢

*values with different alphabet superscripts are significantly different at p < 0.05

O Lutein
O a-carotene

4000

[
E @ p-carotene e 1
E] appp | © Total carotenoid .
a% 1 300 1 -
59 1 B
£ S 2000 1 L
BT S 100 4 e
£ O I ot I | o | I
E" 1000 4 _ B
Berlin Candi Cawvendizh Maz Raja

Banana cultivars
Fig 4. Comparison of major carotenoids (lutein, a-carotene, p-carotene) and total carotenoids (ug/100 g dw + SD)

from five banana cultivars. Composition and concentration of major carotenoids were obtained from HPLC analysis,

while total carotenoids were derived from spectrophotometry data
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of a-carotene in Mas bananas and P-carotene in Raja
bananas were 1,556.22 ug/100 g dw and 983.83 pg/100 g dw,
respectively. Being the most marketable banana cultivar,
Cavendish shows a low amount of B-carotene which
corresponds to previous reports suggesting that Cavendish
contained 21 to 290 pg/100 g dw of B-carotene [7,24,28].

Table 1 shows that a-carotene concentrations were
significantly different among the five banana cultivars,
observed from the different letter as the result of statistical
test calculation. In terms of B-carotene concentration, Raja,
Candi, and Cavendish were distinguished over each other.
Mas and Berlin showed no significant difference, however,
they were significantly different from Cavendish.
Moreover, lutein content among Berlin, Candi, and
Cavendish could be considered not significantly different.
Raja and Cavendish showed the same result as well as Mas
and Raja. However, Mas showed a significant difference
towards Berlin, Candi, and Cavendish.

In addition, a comparison between concentrations
of three major pigments and total carotenoids is presented
in Fig. 4, showing that the total carotenoids were greater
than total concentrations of a-carotene, 3-carotene, and
lutein. This result implies that more carotenoid
compounds existed in the bananas, such as 5,8,5,6'-
diepoxy-a-carotene or 5,6,5’,8’-diepoxy-a-carotene, 13-
cis-a-carotene, 15-cis-a-carotene, 5,8-epoxy-a-carotene,
13-cis-B-carotene, 9-cis-a-carotene or 9'-cis-a-carotene
and 9-cis-P-carotene. Other carotenoid compounds that
belong to the xanthophyll group also contribute to the
total carotenoids. However, they could hardly be found in
the HPLC chromatogram due to an extremely low
amount [7,29-31].

The amount of vitamin A activity in the banana
cultivars was calculated from the total of 1/24 of a-
1/12
concentration. Table 2 provides the result of vitamin A

carotene concentration and of p-carotene
activity calculation from five samples in the range from
between 5.92 + 0.12 pg RAE/100 g dw and 139.90 +
6.54 ug RAE/100 g dw. Through Table 2, it can be seen
that there were significant differences between cultivars
(p < 0.05) and there were four groups regarding Tukey’s

multiple comparison. Berlin and Raja, however, show no

Indones. I. Chem., 2021, 21 (3), 690 - 698

Table 2. Vitamin A activity from five banana cultivars

) Vitamin A activity
Banana cultivars

(ng RAE/100 g dw + SD)
Mas 139.90 + 6.54°
Berlin 113.63 + 7.08°
Raja 115.58 + 1.07°
Candi 84.23 £ 9.98¢
Cavendish 5.93 +0.12¢
*values with different alphabet superscripts are

significantly different at p < 0.05

significant difference. The concentration of a-carotene
and [-carotene (Table 2) contribute to vitamin A
activity. Therefore, Mas bananas contained the highest
vitamin A activity among the other cultivars, while
Cavendish became the lowest. Institute of Medicine
(U.S) suggested the recommended dietary intake (RDI)
values for vitamin A for females and males, 700 pg RAE
and 900 pg RAE, respectively [32]. This means that to
fulfill the dietary intake of vitamin A from these five
banana cultivars, a considerable amount is needed. This
number would be much greater for bananas with a very
low amount of vitamin A, such as Cavendish.

m CONCLUSION

Observational studies on the five banana cultivars
in Malang were conducted to analyze the total
carotenoids and to identify the dominant carotenoid
pigments, i.e. lutein, a-carotene, and -carotene, as well
as to determine their concentration. Each cultivar
provided a different amount of major carotenoids. In
addition, Mas bananas were found to contain the highest
total carotenoids, i.e. 3,669 + 485.28 ug/100 g dw. These
bananas also presented the highest content of lutein and
a-carotene, while Raja bananas were known to have the
highest B-carotene among other cultivars. On the other
hand, Cavendish bananas, although they showed to
provide the lowest amount of carotenoid, lutein was
found in a higher amount than a-carotene and (-
carotene. Moreover, Mas banana exhibited the highest
amount of vitamin A activity (139.90 + 6.54 ug RAE/100
g dw), suggesting a considerable amount of the bananas
to fulfill the dietary intake of vitamin A.
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