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Abstract

Changes in the concentrations and retention levels of total and individual provitamin A carotenoids (pVACs)
during ripening and local processing of the four most popular Musa cultivars of Eastern Democratic Republic of
Congo were established through HPLC analysis. The predominant pVACs were all trans - and a-carotene,
together constituting about 90% of total pVACs content in raw and processed Musa fruit pulp. The proportion of
B- and a-carotene was not significantly different in the tested East African Highland Bananas (AAA-EAHB)
(‘Nshikazi’ and “Vulambya’); in the plantains (‘Musilongo’ and ‘Musheba’), proportion of B-carotene was almost
twice that of a-carotene. An increase in total pVACs was observed during ripening, with highest levels at
ripening stage 3 in all four cultivars. Total pVACs values were as high as 1081ug/100gfw in ‘Vulambya’ and
1819ug/100gfw in “Musilongo’. Boiling of the AAA-EAHB and AAB-Plantains resulted to retention of between
40-90% and >95% respectively. Plantains deep-fried in fully-refined palm oil and crude red palm oil for 2
minutes did not seem to lose any pVACs, the levels of total pVACs observed after frying were 100% of what was
observed when the fruit was raw. Retinol Activity Equivalents (RAE), in boiled products varied between 22.3
and 173 RAEpg/100gfw, whereas deep fried products had >190 RAEug/100g edible portion. These results show
that the tested AAA-EAHBs and the plantains could meet at least 14% and 30 % of Vitamin A recommended
dietary intakes respectively. The findings can therefore guide consumer consumption patterns to maximize
vitamin A intake for improved health in these regions and also direct researchers in the selection of Musa
cultivars to be incorporated within existing farming systems in the fight against vitamin A deficiency (VAD).

Keywords: banana, plantain, Vitamin A deficiency, Democratic Republic of Congo, B-carotene, a-carotene
1. Introduction

Micronutrients are essential for the survival, growth and functioning of the human body (World Health
Organisation-WHO, 2009). Apart from well-known roles in vision, vitamin A is also important for several other
physiological processes including, foetal development, immune response, and growth (WHO, 2009). According
to the 6™ Report on the World Nutrition Situation, about 163 million of children in developing countries display
vitamin A deficiency (Note 1), with a prevalence of about 30% (Sub-Committee on Nutrition-SCN, 2010). In the
Democratic Republic of Congo (DRC) estimates determined the prevalence of vitamin A deficiency (VAD) to be
between 42.2% and 61.1% of the population, based on WHO estimates and the United Nations Sub-Committee
on Nutrition (UNSCN) respectively. According to the classification provided by the International vitamin A
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Consultative Group (known as the Annecy Accords), a prevalence of over 30% of the population represents a
situation of severe VAD (SCN, 2010). Therefore in DRC, VAD is clearly a major public health problem. Reports
indicate that effective, culturally appropriate food-based strategies are very important for sustainable solutions to
reduce VAD (Ayewole-Olusola & Asagbra, 2003). In addition, these strategies should give power to individuals
and households. They lead to enhanced family food production, wise food selection, appropriate
preparation/cooking methods, simultaneous provision of multiple nutrients and an enhancement of cultural pride
and identity (Englberger, Schierle, Marks, & Fitzgerald, 2003a).

The majority of the people in Eastern DRC engage in small-scale agriculture where bananas and plantains (Musa
spp.) predominate (Dowiya, Rweyemamu, & Maerere, 2009). Banana and plantain fruits are second in
importance as a source of calories after cassava in this region, with about 75% and 69% of households in South
Kivu (SK) and North Kivu (NK) reporting having consumed Musa fruit in a 24-hour period (Ekesa et al, In
press). Although some households reportedly consume bananas on a daily basis (10%), the majority of the
households in these regions consume bananas/plantains between 2 and 4 times per week (Ekesa et al., in press).
Ekesa et al. (In press) also report that the most popular and preferred Musa cultivars in Eastern DRC have pulp
color ranging from yellow in EAHB cultivars ‘Vulambya’ and ‘Nshikazi’ (genome composition AAA), to dark
yellow/orange for the French plantain cultivars ‘Musilongo’ and ‘Musheba’. The occurrence of naturally orange
pulped banana and plantain cultivars indicates their importance as a potential source of dietary pVACs. Recent
research has highlighted the importance of dark/yellow/orange-fleshy Musa fruit as a source of pVACs, with the
best-performing cultivars capable of providing up to 50% of the total recommended dietary intakes (RDIs) for
vitamin A in a single fruit (Davey, Van den Bergh, Markham, Swennen, & Keulemans, 2009a; Englberger et al.,
2003a). Therefore due to their widespread consumption, a wider and more sustained uptake and use of
pVACs-rich Musa varieties may provide a significant long-term beneficial impact on the health and nutritional
status of populations in these areas.

After harvest, most Musa fruits are stored for some time before being processed into various forms for
consumption. During the storage period, besides fruit ripening, the pVACs contents have been reported to remain
unaltered, increase or decrease but these changes appear to depend on the cultivar (Davey, Keulemans, &
Swennen, 2006; Ngoh-Newilah et al., 2009).

In Eastern DRC the most popular local processing method is simply boiling, generally without the peel, (Ekesa
et al., in press). Other ingredients added during boiling can include beans (fresh), amaranth leaves and
occasionally, local palm oil. Plantains are also used to prepare banana flour. In South Kivu, the banana flour
would be mixed with cassava flour to make the porridge, which is a common weaning food. Finally, plantain
cultivars are occasionally deep fried in the local palm oil and eaten as ‘banana fries’ (Ekesa et al., in press).

In this study we have analysed the levels of pVACs in fruit of the four most popular Musa cultivars consumed in
Eastern DRC, with the aim of characterizing the impact of fruit ripening and processing on pVACs contents. This
information can be used to determine the potential contribution of Musa fruit and foods to the daily vitamin A
RDIs and to help guide consumer consumption patterns to maximize vitamin A intakes for improved health in
these regions.

2. Materials and Methods
2.1 Sample Collection

Previous work has established that the four most popular Musa varieties consumed in Eastern DRC are the
EAHB cultivars ‘Vulambya’ (AAA) and ‘Nshikazi’ (AAA), and the plantain varieties ‘Musilongo’ (AAB) and
‘Musheba’ (AAB) (Ekesa et al., 2011). Only one mature disease-free plant/tree of each of these Musa cultivars
was identified in farmer fields and marked by qualified agronomists from Beni (NK) and Bukavu (SK) territories
using the botanical characteristics found in Table 1. When the fruits of the identified bunch for each cultivar were
mature (deep green, full and rounded), or ripening stage 1 according to Dadzie and Orchard (1997), the bunch
was harvested and two middle hands (2™ and 3™ hand), each containing between 12-16 fingers, were sampled
and labelled according to cultivar. The samples from Beni territory (North Kivu) were packed in an aerated
carton and transported as hand-luggage by air to Kampala the morning of the harvest, while the samples from
Bukavu were also packed in an aerated carton and transported as hand-luggage by an overnight bus to Kampala.
Samples from both sites arrived at the laboratory in Kampala within 48 hours of harvest. The ripening stages
were estimated based on the peel color: 1 = green; 2 = green with trace of yellow; 3 = more green than yellow; 4
= more yellow than green; 5 = only green tips remaining; 6 = all yellow; 7 = yellow flecked with brown (Stover
& Simmonds, 1987). The ripening stages used in this study were stages 1, 3, 5 and 7.

Table 1. Description and botanic characteristics used in identification of the popular cultivars from Beni territory
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(North Kivu) and Bukavu territory (South Kivu), Eastern DRC

Local nameOrigin Synonyms Genomic Sub-group Botanic characteristic used to identify the cultivar
group
Pseudostem leaves Bunch Fruit Male bud
Vulambya Beni Malambya?, AAA-EA*Lujugira-Mutika®> 3metres ~ Dirty ~ Hangs Straight, Ovoid
(DRC) Bulambya?, light green green’ vertically, Medium shaped, at
Nyalambya?, with black Compact, (15cm-20cm  harvest about
Nyalambi* (Rukonjo blotches? cylindrical, long), pointed 23cm width
(Uganda)? maximum 11  tips, maximum and 36cm
hands’ 18 fruits in 3rd length, white
hand, naked male flower”
tips?
Musilongo Beni  Kasilongo?, Munzabo® AAB**  Plantain >3 metres Medium Hangs Sharp curved  Lanceolate
2 . .

(DRC) Kibeda (French horn)®>  Red-purple’ green”, vertically, Lax, long fruit, shaped,
asymmetrical, pointed tip yellow male
maximum about 14 fruits flower’
number of in 3rd hand,
hands 9* persistent floral

remains on fruit
tips?

Nshikazi  Bukavu ‘Magizi’= “bitter”> AAA-EA* Lujugira-Mutika >3 metres Dirty ~ Oblique and  Fruits medium Ovoid

(DRC) Ishika’(Rwanda),’ green’ compact and pulp shaped, at
Ensika’,(Ug)* light green cylindrical astringent’ harvest about
‘Emburansika’ with black bunch’ 23cm width
Omuburasika’(Ug)’ blotches® and 36cm
length, white
male flower”
Musheba  BukavuBusheba®, AAB* Plantain >3 metres Medium Hangs Fruits almost ~ Male bud
(DRC) misheba’, (French) Light green, green’ vertically, lax, straight and a bitlarge, red
almost slightly inflated. purple and
yellowish? truncated cone Slightly pointed persistent,

shape® tips with yellow male
persistent old  flower®
style?
’= Universite Catholique de Graben (UCG) Butembo colection; *=Unpublished reports/personal communication;
*=Simmonds & Shepherd, (1995).

2.2 Sample Preparation

On arrival at the laboratory in Kampala, the fingers from each hand were detached from the hand,
randomised/pooled together per cultivar. The pooled group, consisting of between 24 and 36 fingers, was
randomly separated into 2 groups, one group being left to ripen naturally and another group being processed into
different Musa products.

Samples ripening: The pooled and labelled Musa fruits were left in a well-aerated room to ripen naturally.
Sub-samples consisting of two fingers were randomly selected at ripening stages stage 1, 3, 5 and 7 for each
cultivar except ‘Musilongo’, which was already at ripening stage 2 on arrival at the laboratory. At each ripening
stage, fruits were cleaned, peeled, quartered and the quarters of each finger placed in labelled zip-lock plastic
bags, the air removed manually and stored at -20°C until lyophilisation (maximum 2 weeks).

Samples processing: After obtaining the necessary ingredients from local markets, fruit from the four cultivars
was processed into the most common Musa products/dishes as described in Table 2. The preparation methods
tested included boiling, deep frying and processing into flour. All samples were processed at ripening stages 3
and 5, and ~100gfw aliquots of the processed samples put in labelled zip-lock plastic bags, the air removed
manually and stored in a freezer at -20°C before lyophilisation.
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Table 2. Ingredients used and procedures followed in preparation and processing/cooking of the Musa products

Musa product Ingredients Cooking procedure Comments

Musilongo/Musheba fingers were cleaned, weighed and places in an

3 fingers of plantain aluminium saucepan, about 300ml of water was added to submerge the L.
The two varieties

. . (with peel) plantain fingers. These were boiled covered at medium heat for about .
Boiled Musilongo/ . . .. . were cooked in
1. . (Musilongo / 20 minutes. The remaining water was drained; the food was cooled
Musheba in-peel . . . . . separate
Musheba) 480g, with the lid on. The boiled fruits were then hand peeled, weighed and
saucepans
300ml water placed in labelled zip-locked plastic bags with air removed manually P

and stored at -20 °C.

Musilongo/Musheba fingers were cleaned, hand peeled, weighed and

places in an aluminium sauce pan, and about 300 ml of water was e
3 fingers of hand . . . The two varieties
. . . added to just submerge the fruits. These were boiled covered at
Boiled Musilongo/ peeled plantain

were cooked in

2. dium heat for about 15 minutes. Wh ked th ini t
Musheba without peel (Musilongo/Musheba) fmedium .ea orabout 1o minu ejs e1.1 cooked the remaining water separate
was drained, the food cooled with the lid on. The fingers were then
340g, 300ml water . . . . . saucepans
re-weighed, placed in labelled zip-lock plastic bags, air removed
manually, stored at -20 °C.
Mature unripe Musilongo fingers were peeled using a knife, put in
polythene bags which were closed tightly and left to ferment for 3
3 Musiloneo flour Unripe Musilongo days. The mould was scrapped off the finger using a knife and the
' g fingers bananas were put under the sun for 1-2 days to dry. Once dry, they
were crushed into small pieces and ground into flour using a local
grinding mill.
Mature unripe Musheba fingers were peeled using a knife, chopped
4 Musheba flour Unripe Musheba into uneven pieces about 3 inches, put on a laid out polythene bag
' fingers under the sun to dry (about 2 days). The dry pieces were crashed
further and ground into flour using a local grinding mill.
The Vulambya/Nshikazi fingers were cleaned weighed and put in an
3 fingers of a}llur}ralinium sauce pan, abou.t I?OOr.nlhwle.lfier wals added tlo fjust sub@erge Each of the
Boiled AAA-EAHB ! ed ananzi; andhcoxt/e;\ezclil with a ktlgfl tt h1 and .et. to b01t or 15 (Iinlr.lutzs AAA-EAHB
.o under medium heat. When cooked, the remaining water was draine
5. Vulambya/Nshikazi (Vulambya/Nshikazi) " " T . .g water w 1 cultivars was
. ith peel 360 and the bananas were left to cool with the lid still on. After cooling, .
in-peel with pee 2 i i . boiled in a
they were weighed, hand peeled, re-weighed and put in labelled separate sauce ban
. . L . u
300ml water zip-lock plastic bags with air removed manually and stored in dark P P
room at 20°C.
The Vulambya/Nshikazi fingers were carefully peeled with a knife, Each of the
Boiled 3 fingers of cleaned, weighed and put in an aluminium sauce pan, 200ml water was AAA-EAHB
.. AAA-EAHB (peeled added, a pinch of salt added and covered with a tight lid and let to boil .
6.  Vulambya/Nshikazi . . . cultivars was
Vulambya) for 15 minutes under medium heat. Excess water was drained, the

without peel boiled in a

200g200ml water, salt bananas left to cool with the lid still on, re-weighed and put in labelled ‘
separate sauce pan
zip-lock plastic bags with air removed manually and stored at 20°C. P P
Plantains (Musilongo/Musheba) were cut off at both ends and hand
peeled. Sliced into ¥ - %2 inch rounds, and weighed. In a large, heavy Each variety of

Musilongo/Musheba deep 3 fingers of each  saucepan, the local palm oil/cooking oil was heated over medium heat. the plantain was

fried in local palm 0il &  plantain cultivar Once the oil sizzled when a slice of plantain was added, several deep fried
in cooking oil (Golden (stage 5) Local palm  plantain slices were added and browned for about 2 minutes. They separately and
fry) oil/cooking oil , salt were then transferred into a bowl to drain the excess oil and cool. They N€W oil was used.

were re-weighed, put in labelled zip-lock plastic bags with air removed
manually and stored at 20°C.

All collected samples were then lyophilised for 72 hours, re-packaged in their labelled zip-lock plastic bags, air
removed and stored in the dark for transport as hand luggage by air to the Laboratory of Fruit Breeding and
Biotechnology, Department of Biosystems at the Catholic University of Leuven, Belgium for pVACs analysis.
All quarantine requirements for transporting the samples were met. At the laboratory in Leuven, diagonally
opposite quarters of the lyophilized fruit pulp were pooled and homogenized to a fine powder by grinding in a
pestle and mortar in liquid nitrogen and later stored in sealed tubes in the dark at -20°C until analysis.
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2.3 Extraction and Carotenoid Analysis
2.3.1 Chemicals and Solvents

HPLC-grade tetrahydrofuran (THF) and tert-butyl methyl ether (t-BME) were obtained from Sigma Aldrich,
(Bornem, Belgium), HPLC-grade methanol (MeOH) from LabScan (Dublin, Ireland). Lutein, all-trans
B-carotene (t-BC), all-trans B-8-apocarotenal (apocarotenal), butylated hydroxytoluene (BHT), triethylamine and
insoluble polyvinylpolypyrolidine (PVPP) were all obtained from Sigma-Aldrich.

2.3.2 Extraction Method

All extractions were carried out in triplicate according to procedures specifically developed for the analysis of
Musa tissues. In brief, around 100 mg aliquots of powdered lyophilised Musa fruit pulp were homogenised for
30 seconds at maximum speed with 3-5 glass beads in a ‘FastPrep’ reciprocal shaker in 400ul of ice-cooled
extraction buffer. The extraction buffer consisted of THF:MeOH, 1:1 (v/v), containing 0.25% BHT and 2%
insoluble PVPP (Davey et al., 2009a: Davey et al., 2006). Following centrifugation (14,000 rpm for 20 min at
4°C), the supernatant was transferred to a fresh micro-centrifuge tube and the pellet was re-extracted twice with
400ul of THF: MeOH, 1:1 (v/v), containing 0.25% BHT without PVPP. Supernatants were collected and
combined, and 8- apo f-carotenal at a final concentration of 0.002 pg/ml added as an internal standard.

2.3.3 Carotenoid Analysis

The combined supernatants were directly analysed by RP-HPLC using a Waters Alliance, 2690 Separations
System fitted with an autosampler, thermostated at 8°C, a pulse dampener and a 996 UV-Vis photodiode array
detector (Waters, Massachusetts, USA). The entire system was controlled and the data were collected and
integrated using the Millennium 4.0 software package. Extracts were resolved on a 150 x 4.6 mm, YMC C;,
3-um particle size HPLC column (Achrom, Zulte, Belgium), using a 24 minute linear gradient of 2-50 % t-BME
in MeOH at 1.0 ml/min and regenerated with 95% t-BME in MeOH. All buffers contained 0.05% BHT and
0.05% triethylamine. Peaks were quantified at 450 nm using a freshly-prepared standard curve in extraction
buffer as described by Davey et al. (2006) and identified on the basis of their characteristic absorption spectra.
Retention times relative to known standards were available (Davey et al., 2006; Azevedo-Meleiro &
Rodriguez-Amaya, 2004; Howe & Tanumihardjo, 2006). Results were expressed as nmol pVACs/gdw. To obtain
the equivalent fresh-matter pVACs values of the raw samples, the formula [fresh matter value = value of dry
matter/ (100/100-moisture %)] was used.

2.4 Assessment of Carotenoid Contents and Impact on Daily Vitamin a Recommended Dietary Intakes (Rdis)

Different pVACs are converted in the body to vitamin A (retinol) with differing efficiencies. Therefore, to
determine the relative vitamin A nutritional content of samples, total pVACs contents were first converted to
all-trans b-carotene equivalents (t-BCEs) using the formula t-BCE = 0.5 t-AC + t-BC + 0.53 ¢-BC’, where ¢-BC
is the sum of 13-cis b-carotene and 13-cis a-carotene. These values were then converted into ‘Retinol Activity
Equivalents’ (RAE) assuming that 1/12™ of the total +-BCEs ingested are taken up into the body (Yeum and
Russell, 2002). The RAE in png/100 gfw were compared to the vitamin A RDIs.

2.5 Statistical Analysis

Differences in mean values of provitamin A carotenoids observed following analysis of the different ripening
stages and local processing methods were tested using analysis of variance (ANOVA) and determination of the
significance of difference among samples using p-values obtained by post hoc tests of homogenous subsets,
Duncan’s Multiple Range Test (DMRT).

3. Results and Discussion
3.1 Fruit Pulp Colour

Pre-screening of fruit pulp colour of the Musa cultivars grown in Eastern DRC using the HarvestPlus carotenoid
colour strip (Royal Horticultural Society, 2007) showed that of the four most popular Musa cultivars (two
AAB-plantains and two AAA-EAHBs), the plantains varieties from both South Kivu and North Kivu had a dark
yellow/orange pulp (RHS9/2 1355U, while the East African Highland banana (EAHB) cultivars varieties had a
yellow pulp (RHS 3/1 107U).

3.2 Changes in the pVACs During Ripening of Musa Fruit
3.2.1 Total Carotenoids and Total pVACs in the Four Musa Cultivars

As previously observed by other researchers, the principal carotenoids identified in both the raw Musa fruits and
the processed Musa fruits were t-BC, t-AC, and lutein, with minor amounts of the 13-cis isomers of AC and
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BC(Davey et al., 2009a; Englberger et al., 2003a; Ngoh-Newilah et al., 2009). Results of dry matter were
converted into fresh weight by percentage of moisture content [(fresh sample weigh minus weight after
lyophilisation) divide by fresh sample weight multiplied by 100)]. The mean total provitamin A carotenoids
content of fruit calculated as the sum of the concentrations of t-AC, t-BC, cis-carotenoids (13-cis BC and
13-cis-AC) from each cultivar are summarized in Table 3. As shown , the total carotenoids contents ranged from
7.25 - 34.91 nmol/g (389.33 - 1874.67 pg/100gfw) representing a 5-fold variation. Mean total pVACs contents
across and within the four cultivars varied 5-fold with the levels ranging from 7.07-33.88nmol/gfw (379.43-
1819.38 pg/100gfw) and an overall mean of 17.51nmol/gfw (940.04 ng/100gfw). These observed values were
significantly different if compared to about 8,000 ng/100 gfw observed in sweet potato (Davey et al., 2009).

Table 3. Content of t-BC, t-AC and total pVACs in the four Musa cultivars tested in nmol/gfm. Values are means
of three independent sub-samples per ripening stage per cultivar

Table 3a. Musilongo AAB plantain

Ripening stage t-AC(SD) t-BC(SD) Total pVACs
2 9.38(1.05)°  17.76(0.37)° 27.31°¢
3 11.13(2.10)¢  22.57(0.01)¢ 33.88¢
5 8.17(1.20)*  15.44(0.29)" 23.73°
7 9.00(0.03)"  17.04(1.07)" 26.22°
p- Value <0.001 <0.001 <0.001

Means in the same column with the same letter are not significantly different.

Table 3b. Musheba AAB

Ripening stage t-AC(SD) t-BC(SD) Total pVACs
1 2.360.42)° 4.71(0.82)* 7.07°
3 6.74(1.06) ¢ 15.51(1.05)¢ 22.554¢
5 5.63(0.04)° 11.94(0.03)° 17.80°¢
7 4.39(0.11)° 7.09(1.22)° 11.53°
p-Value <0.001 <0.001 <0.001

Means in the same column with the same letter are not significantly different.

Table 3c. Vulambya AAA-EAHB

Ripening stage t-AC(SD) t-BC(SD) Total pVACs
1 5.50(0.09)" 4.71(0.06)" 10.31°
3 10.48(0.68)" 9.39(1.03)¢ 20.13¢
5 9.58(0.38)°¢ 7.81(1.28)¢ 17.61°¢
7 8.86(0.08)"° 7.50(0.10)° 16.63°
p-Value <0.001 <0.001 <0.001

Means in the same column with the same letter are not significantly different.

Table 3d. Nshikazi AAA-EAHB

Ripening stage t-AC(SD) t-BC(SD) Total pVACs
1 5.28(1.10)° 4.31(1.07)° 9.67°
3 6.47(0.02)¢ 7.32(1.21)°¢ 13.70°¢
5 3.77(0.21) 3.60(0.92)" 7.77°
7 6.36(1.02)° 6.83(0.61)° 14.16¢
p-Value <0.001 <0.001 <0.001

Means in the same column with same letter are not significantly different.
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The results show that there are statistically significant differences in the fruit mean total pVACs contents at each
stage of post-harvest ripening, similar to results reported by Ngoh-Newila et al. (2008) working with
Cameroonian Musa varieties. In ‘Musheba’, ‘Musilongo’, and ‘Vulambya’ the highest levels of t-BC, t-AC and
total pVACs were observed at ripening stage 3, and the difference observed as the fruit progressed in ripening
was significant (Tables 3a, b, c). In “Nshikazi’ the highest levels were observed at ripening stages 3 and 7 but as
indicated in Table 3d, the difference observed at stage 3 and 7 was not significantly different.
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Figure 1a. Impact of fruit ripening on carotenoids in Figure 1b. Impact of fruit ripening on
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Figure 1. Changes in fruit total pVACs t-AC, + t-BC + c-carotenes during ripening of two popular AAA-EAHB
and AAB plantain cultivars grown and consumed in Eastern Democratic Republic of Congo

A similar observation was made when ‘Popoulou’, a cooking banana grown and consumed in Cameroun, was
tested. The levels of carotenoids in ‘Popoulou’ increased during the initial ripening stages and the highest levels
recorded at ripening stage 3 (Ngoh-Newilah et al., 2008). In this study, as the fruits progressed from ripe to
fully-ripe and then to over-ripe (ripening stages 3 to 7), each of the four cultivars showed a different trend and
each of these changes was significant at a p value of 0.05. What is also clear for all the cultivars is that, after
beginning to ripen, the levels of total and specific carotenoids observed were higher that what was observed at
ripening stage one. This could be because banana is a climacteric crop, and phytoene synthase, which controls
the committed step of the carotenoid biosynthesis pathway, is induced by ethylene during fruit ripening (Van den
Bergh & Vezina, 2012). These findings also support reports that impact of ripening on pVACs is cultivar specific,
and the pVACs contents can remain essentially unaltered, increasing or even slightly decreasing depending on
the genotype (Van den Bergh & Vezina, 2012). Another point to support the higher levels of pVACs observed
when the fruit is ripe as compared to when the fruit is raw (stage 1) is that, fruit ripeness could influence the
efficiencies of carotenoids extraction due to pulp softening and the breakdown of cellular structure in ripe fruit
(Van den Bergh & Vezina, 2012).

3.2.2 Musa pVACs Profiles during Post-harvest Ripening

Figure 3 shows that in all the four cultivars tested ~90% of the total pVACs consisted of t-AC and t-BC alone,
the remaining 10% comprised of their respective 13-cis-isomers. This is similar to observations made by Davey
et al. (2009a), where a total of 171 Musa cultivars were analysed for pVACs and invariably over 90% of the total
pVACs consisted of only t-AC and t-BC. However, these results are quite different from the carotenoids profile
reported for other crops such as maize and wheat where the pVACs only represent between 10-20% of the total
carotenoid content.
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Figure 3. Overview of the variation in proportion of individual pVACs at different ripening stages within
individual fruit of four Musa cultivars from Eastern DRC

The vitamin A nutritional value of banana and plantain fruits depends not only on the concentration of pVACs
but also on the relative proportion of the individual pVACs present. This is because, from a nutritional viewpoint,
fruit/foods with higher t-BC contents are preferred as t-BC is the pVAC with the highest vitamin A nutrition
value. t-AC has only 50% of the vitamin A activity of t-BC, thus the relative proportions of t-AC and t-BC affect
the overall vitamin A nutritional values of the fruit (Fraser & Bramley, 2004; Trumbo, Yates, Schlicker-Renfro,
& Suitor, 2003).

In the two plantains tested (‘Musheba’ and ‘Musilongo’) the proportion of t-AC ranged from 30% to 38% while
that of t-BC ranged from 61% to 69% indicating that the proportion of t-BC is almost double that of t-AC.
Among the East African Highland (EAHB) cultivars (‘Vulambya’ and ‘Nshikazi’), the proportion of t-AC was
slightly higher than that of t-BC with that of t-AC being between 44% to 54% and that of t-BC being between
44% to 51%, but these differences were not statistically significant (Figure 3).

3.3 Changes and Retention of Pvacs in Musa Fruit during Processing

Provitamin A carotenoids are known to be easily destroyed during processing, exposure to light and heat
treatment. Studies to assess the net retention rate of pVACs from different processing techniques indicate that
that prolonged exposure to heat treatments such as deep frying, boiling and a combination of several processing
techniques can result in substantial losses (Ruel & Howarth, 2004). However data documented so far are
somehow conflicting and often difficult to interpret (Ngoh-Nweilah et al., 2008). The reason for the inconsistent
results have been processing conditions are partially or not even described, different foods are processed
differently in different settings, making consistent comparison difficult. Also, sometimes different conditions
such as temperature and time are used in the same processing methods (Rodriguez-Amaya & Kimura, 2004)

3.3.1 Changes and Retention of pVACs during Boiling

Fruit from all four cultivars at stage three of ripening were boiled either with or without their peel (Table 2). The
content of total pVACs in the boiled plantains and AAA-EAHB cultivars ranged from 6.7- 47.9 nmol/gfw
(357.64-2570.08 ng/100 gfw) edible portion. Among the AAA-EAHB cultivars (‘Nshikazi’ and ‘Vulambya’), the
total pVACs in the raw fruit was significantly higher in raw fruit compared to boiled fruit. Interestingly, in
‘Nshikazi’, 50% of the total pVACs were retained when the cultivar was boiled in-peel and only 39.7% retention
when the cultivar was boiled without peel. By comparison, boiled ‘Vulambya’ retained 89.6% of the total pVACs
contents in-peel and 65.4% when boiled without peel.

There was a retention of >95% of total pVACs following boiling of the two plantains ‘Musilongo’ and
‘Musheba’. In ‘Musilongo’, there was actually an increase in the total pVACs recovered following boiling (Table
4a,b,c,d). A study done on Banana cultivars from Cameroon also shown that the carotenoids were lost during
boiling and the loss observed when the banana was boiled without peel (30%) was higher than that observed
when the same banana cultivars were boiled with the peel (28%) although the observed difference was not
statistically significant. This observed loss has been attributed to enzymatic or non-enzymatic oxidation and
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isomerisation of trans-carotenes to cis-isomers.

Table 4. Mean concentrations of all- trans b-carotene (t-BC), all-trans a-carotene (t-AC) and total pVACs (t-AC +
t-BC etc.), in fruit of raw and processed Musa cultivars. Values are means of three independent sub-samples per
processing method/product per cultivar

Table 4a. Vulambya AAA-EAHB

Provitamin A carotenoids in nmols/gfm

Processing method t-AC(SD) t-BC(SD) Total pVACs
Raw 10.48(0.68)° 9.39(1.03)¢ 20.13°¢
Boiled with peel 8.09(1.40)° 5.58(0.57)° 13.67°
Boiled no peel 5.65(2.43)" 4.33(1.83)° 9.98°
p- Values <0.001 <0.001 <0.001

Means in the same column with the same letter are not significantly different.

Table 4b. Nshikazi AAA-EAHB

Provitamin A carotenoids in nmols/gfm

Processing method t-AC(SD) t-BC(SD) Total pVACs
Raw 6.47(0.02)¢  6.83(0.61)° 13.69°¢
Boiled with peel 4.07(1.07)"  4.31(0.85)° 8.38°
Boiled no peel 3.41(0.10)°  3.25(0.26)*  6.67°

p- Values <0.001 <0.001 <0.001

Means in the same column with the same letter are not significantly different.

Table 4c. Musilongo AAB plantain

Provitamin A carotenoids in nmols/gfm

Processing method
Raw

Boiled with peel

Boiled no peel

Deep fried vegetable oil
Deep fried palm oil
Musilongo flour
p-Values

t-AC(SD)
8.17(1.20)°
16.67(0.45)¢
18.10(2.67)¢
26.75(0.84)°
47.75(0.82)"
4.07(0.16)"
<0.001

t-BC(SD)
15.44(0.29)°
22.87(0.88) ¢
29.76(5.66) ¢
43.57(1.28)°
82.79(1.95)"
6.18(0.83)"
<0.001

Total pVACs
23.73°
39.54°¢
47.86¢
70.32°¢
130.54"
10.26*
<0.001

Means in the same column with the same letter are not significantly different.

Table 4d. Musheba AAB plantain

Provitamin A carotenoids in nmols/gfm

Processing method
Raw

Boiled with peel

Boiled no peel

Deep fried vegetable oil
Deep fried palm oil
Musheba flour
p-Values

t-AC(SD)
5.63(0.04)
6.38(0.59)¢
6.18(1.47)°
20.02(0.20)
42.93(2.03)"
37.24(0.48)°
<0.001

t-BC(SD)
11.94(0.03)°
7.62(0.94)"
7.71(1.87)"
31.24(0.15)¢
84.42(3.66)°
46.19(0.01)¢
<0.001

Total pVACs
17.80°
13.89°
14.00*
54.16°
149.50°¢
83.42¢
<0.001

Means in the same column with the same letter are not significantly different.
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The difference in the content of individual and total pVACs observed in the raw AAB plantains at ripening stage
5 and that observed following boiling at the same ripening stages was statistically significant (Table 4c, d). Just
as mentioned before and observed by Ngoh-Newilah (2007), the findings of this study indicate that there was
slightly higher retention when the Musa fruit was boiled in-peel as compared to when boiled without peel,
although the difference was not statistically significant. In addition, boiling of the two plantains led to a
significantly higher retention level (p=0.05) as compared to when the two AAA-EAHB are boiled. This could
possibly be due to the level at which the cellulose is broken down in the two different genotypes and the higher
the breakdown level, the easier it is for the carotenoids to be extracted (Azizah, Wee, Azizah, & Azizah, 2009).
The AAA-EAHBs (‘Nshikazi’ and “Vulambya) showed easy breakdown leaving the boiled banana very soft and
mushy while the plantains (‘Musheba’ and ‘Musilongo’) kept their form, even after boiling.

3.3.2 Changes and Retention of pVACs during Deep Frying

In the two plantains (‘Musilongo’ and ‘Musheba’), the content of total pVACs observed following deep frying in
pure vegetable cooking oil ‘Golden fry’ for 2 minutes was significantly higher than that observed in the raw
fruits (Table 4c, d). Although deep frying and especially for prolonged periods has been documented to result
into substantial loss in pVACs (Rodriguez-Amaya, 1997). In this study, the reported higher levels of pVACs
observed after deep frying can be supported by Rojaz-Gonzalez, Avallone, Brat, Trystram and Bohuon (2006). In
addition, the deep frying for only 2 minutes can explain the difference, when these findings are compared to
those of studies on orange fleshed sweet potato (OFSP), where lower levels of retention 76-80% were reported
following deep frying for 10 minutes (Bengtsson et al., 2008). Another reason could be that, in our study we
used pure vegetable oil fortified with 2.06mg/100g of Retinol, in the OFSP study, sunflower oil containing
insignificant carotenoids was used (Bengtsson et al., 2008). Therefore, although studies have indicated loss of
pVACs following deep frying (Rodriguez-Amaya, 1997), more pVACs can be retained following reduction of
frying time to 2 minutes or less. In addition, the increase could also be due to unaccounted loss of water, where
the space previously occupied by water is replaced by oil during frying (Rodriguez-Amaya & Kimura, 2004)

3.3.3 Changes and Retention of pVACs during Processing Plantain into Flour

Through comparison of the total pVACs in the raw Musa cultivars and the two plantain flours; ‘Musilongo’ and
‘Musheba’, a loss of about 98.3% of pVACs was recorded. This means that by the time this flour is being used in
porridge or the local hard paste ‘Ugali’, almost all the carotenoids have been destroyed. As mentioned earlier,
prolonged storage, exposure to sunlight and chopping into small pieces (and grinding into flour) leads to
substantial loss in pVACs. As described in Table 2, processing ‘Musilongo’ into flour, involved peeling,
chopping the bananas into small pieces fermenting for 2-3 days, direct sun-drying and grinding into flour. This
process that takes at least a week and explains the very high loss of carotenoids observed. Contrary to the
observations above, processing of ‘Musheba’ the plantain from South Kivu resulted into a loss of only 23% of
the total pVACs (Table 3c,d), this could be because when processing ‘Musheba’ into flour, some of the stages
such as keeping in a warm place and allowing to ferment for 2-3 days did not take place and thus the process was
shorter and less rigorous (Table 2).

3.3.4 Impact of Processing on pVACs Profiles

Figures 4 and 5 show the HPLC profiles of the carotenoids obtained after heat processing. Just as observed in the
raw samples of the same four cultivars, the main carotenoids observed were t-AC and t-BC representing between
82% and 99% of the total carotenoids in ‘Vulambya’ and between 65% and 78% of total carotenoids in Nshikazi,
depending on ripening stage. The difference in the proportion of the sum of main carotenoids in the two EAHB
cultivars following boiling was statistically significant (p=0.0147). In the two EAHB products the proportion of
t-AC to t-BC was not statistically different. The proportion of Lutein was significantly higher in ‘Nshikazi’ as
compared to ‘Vulambya’ (p=0.00956). The proportion of t-AC to t-BC in Musheba and Musilongo was
statistically difference (p=0.0008) and (p=0.00023) respectively, with that of t-BC almost double that of t-AC.
The deep fried Musheba had some 13-cis-carotenoids indicating that cooking especially under high heat
promotes formation of cis isomers, which have a lower vitamin A activity (Booth, Johns, & Kuhunlein, 1992).
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3.4 Impact of Raw and Processed Musa Fruit on Vitamin A Requirement of Children <5yrs and Women between

15-45yrs

At the ripening stages at which the fruit are normally consumed, (stage 3 for AAA-EAHB, and stage 5 for
plantains), RAE values ranged from 45.99 to 66.09 ug RAE/100 gfw in ‘Nshikazi’, and ‘Vulambya’, and from
66.59 to 87.7 ng RAE/100 gfw for ‘Musheba’ and ‘Musilongo’ respectively. In all four cultivars, the highest
RAE values were measured at ripening stage 3 (Figure 1 and Table 3). In boiled Musa fruits RAE values ranged
from 22.26 - 173.66 ugRAE/100 gfw edible portion, while the RAE values in the plantains deep fried in local

plantain cultivars popular in Eastern Democratic Republic of Congo
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red palm oil were as high as 526.38 pgRAE/100 gfw edible portion. According to Englberger et al. (2006a),
Musa cultivars with RAE values more than 70 are considered good sources of vitamin A, therefore, the two
plantains ‘Musilongo’ and ‘Musheba’ are good sources of vitamin A, while the two AAA-EAHB cultivars
‘Nshikazi’ and ‘Vulambya’ also possess significant levels of vitamin A.

Table 5. Beta carotene equivalent (BCE), Retinol activity equivalent (RAE) and % contribution to recommended
dietary intakes(RDIs) of vitamin A for a child 1-5years consuming 200g (at least 2 fingers) of fruit and an adult
woman consuming 500g (at least 4 fingers) of fruit

L Total RAE in % RDI child % RDIs woman
Local name Ripening stages & BCE <Syrs
(Origin) processing style ng/100g  pg/100  100g 250g  100g ¢ 00g ep
M gFM ep ep ep
Raw stage 1 37566 3130 783 1957 447 2236
Raw stage 3 55192 4599 1150  28.75 657  32.85
Nshikazi Raw stage 5 30595 2550 637 1593 364 1821
Buk*;z“iv S"“th Raw stage 7 57774 4815  12.04 3009 688 3439
Boiled no peel 26592 2226 554 1383 3.17  15.83
Boiled in-peel 34094 2841 7.0 1776 406  20.9
Raw stage 1 31605 2634 658 1646 376 18.81
Raw stage 3 102237 8520 2130 5325 1217  60.86
Raw stage 5 799.12 6659 1665  41.62 951  47.57
Musheba Raw stage 7 500.13  41.68 1042 2605 595  29.77
B“ki’?vg"“th Boiled no peel 580.16 4835  12.09 3022 691  34.53
Boiled in-peel 58043 4837 1209 3023 691  34.55
Deep fried palm oil 6316.51 52638 131.59 32898 7820 375.98
Deep fried refined oil ~ 2297.77 19148  47.87  119.68 27.35 136.77
Musheba flour 1087.59  90.63  22.66  56.65 1295 64.74
Raw stage 2 121037 100.86 2522  63.04 1441  72.05
Raw stage 3 1515.87 12632 31.58 7895 18.05  90.23
Raw stage 5 1051.96  87.66 2192 5479 1252  62.62
Musilongo Raw stage 7 1161.86 9682 2421 6051 13.83  69.16
Beni (North .
Kiva) Boiled no peel 2083.90 173.66 4341 10854 481  124.04
Boiled in-peel 1675.57 139.63 3491 8727 1995  99.74
Deep fried in palm oil ~ 5727.64  477.30 11933 29831 68.19  340.93
Deep fried refined oil ~ 3058.14  254.84  63.71  159.28 3641  182.03
Musilongo flour 137.86 1149 287 718 164 821
Raw stage 1 403.52  33.63 841  21.02 480  24.02
, Raw stage 3 79310  66.09 1652 4131 944 4721
V(‘Il\l%ﬁﬁyéissn Raw stage 5 68291 5691 1423 3557 813  40.65
Raw stage 7 64827 5402 1351 3376 772 38.59
Boiled no peel 38391 3199 800 2000 415  30.77
Boiled in-peel 51694 4308 1077 2692 615  36.11

Values are means of three independent manipulations; DRC= Democratic Republic of Congo; ep=Edible portion.

Children between 1-5years and women of reproductive age constitute the most nutritionally vulnerable
population groups (McLaren & Frigg, 2001). According to FAO/WHO (2002), a child aged 1-Syears and a
non-pregnant/non-lactating woman of reproductive age needs between 400 pug and 700 pg of vitamin A in a day
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respectively. Results from Ekesa et al. (In press), indicate the cultivars tested in this study are normally
processed into various forms ranging from boiling, frying, roasting to grinding into flour before consumption in
Eastern DRC. In addition, consumption of 250 gfw (approximately 2 fingers) of cooked Musa fruit by a child
below five years and 500 g (approximately 3 fingers) by a woman of reproductive age in Banana growing and
consuming regions of Africa is considered to be within normal consumption levels (Rodriguez-Amaya, 1997).

Based on normal consumption levels (Rodriguez-Amaya, 1997), daily consumption of boiled ‘Vulambya’ and
‘Nshikazi’ would meet 14% - 27% of the daily vitamin A RDIs of a child 12-59 months and a woman of
reproductive age. The boiled plantains would meet at least 30% of the daily vitamin A RDIs of the same child
and woman. Just 100g of the plantains whether deep fried in local palm oil or ordinary cooking oil would meet
more than 100% of daily vitamin A RDIs for a child 12-59months and a woman of reproductive age (Table 5).
Nutrients compete with each other for absorption, and will also enhance/reduce absorption by the body. In
addition, health status of an individual will definitely affect the amount of nutrient eventually available for
utilisation by the body. Despite this, the contribution to the daily vitamin A RDIs in this study are based on the
assumption that bioavailability of these pVACs is optimal.

4. Conclusions

This study confirms findings by Englberger et al. (2006a, 2006b), Davey et al. (2009a, 2009b) and
Ngoh-Newilah et al. (2009), that darker (orange/red/dark yellow) pulped Musa cultivars generally have
significantly higher values of carotenoids as compared to lighter (ivory/cream/light yellow) pulped Musa
cultivars.

Our HPLC results show that during post-harvest maturation (ripening) of ‘Musheba’, ‘Musilongo’, Vulambya’
and ‘Nshikazi’, there is a slight increase in pVACs contents, with the highest levels observed when the fruit starts
to ripen at stage 3. The popular Musa cultivars in Eastern DRC examined here have nutritional values of between
46 RAE and 87.7 RAE pg/100 gfw when raw at ripening stage 1 to 7. Boiling does not result in a significant loss
or breakdown of pVACs in the plantain varieties, but when the East African Highland bananas are boiled, losses
of up to 50% were observed.

Based on normal consumption levels (Rodriguez-Amaya, 1997), daily consumption of boiled ‘Vulambya’ and
‘Nshikazi’ would meet 14% -27% of the daily Vitamin A RDIs of a child 12-59months and a woman of
reproductive age. Boiled ‘Musilongo’ and ‘Musheba’ would meet between 30% and 108% of the daily vitamin A
RDIs of the same child and woman. Just 100 gfw of ‘Musilongo’/*Musheba’ deep fried in vegetable oil would
meet more than 100% of daily vitamin A RDIs for a child 12-59months, and a woman of reproductive age.

With appropriate post-harvest practices (storage, processing and cooking), bananas and plantains popular among
smallholder households of eastern DRC have potential in contributing substantially to the vitamin A
requirements of the vulnerable population groups.

5. Recommendations

Our results here suggest that to maximize pVACs intake from Musa foods, communities should be encouraged
and supported in developing best-practices on appropriate post-harvest handling, processing/cooking and
diversification of diets based on bananas and plantains.

In addition, since bioaccessibility and bioavailability studies of the Musa products/dishes are in the pipeline,
conclusions from these studies are needed to help determine the actual contribution of the Musa cultivars to the
vitamin A requirements of the vulnerable groups.

This study took into consideration only the two popular plantains and two popular cooking bananas
(AAA-EAHB), and only evaluated pVACs. There are over 20 Musa cultivars in Eastern DRC (Dowiya et al.,
2009) and research has indicated that there is always nutrient-nutrient interaction i.e. an increase in dietary fat
content increases carotene absorption, and protein deficiency decreases intestinal absorption of vitamin A
(Caballero, 1988). Therefore there is a need to carry out an evaluation of more local cultivars and take into
consideration the nutrition profile of both macronutrients and micronutrients. In addition, A number of Pacific
Island Musa cultivars have been proven to be very superior in carotenoids (Ploetz, Kepler, Daniells, & Nelson,
2007). Their agronomic adaptation within Eastern Africa should be tested and nutrition profile of those found to
have high yields evaluated. They could be then be promoted and incorporated within existing farming systems
for crop and dietary diversity.
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