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Relative contribution of banana and plantain products to the nutritional
requirements for iron, zinc and vitamin A of infants and mothers in
Cameroon.

Abstract — Introduction. Banana and plantain (ban+plant) play a substantial role in people’s
diet in Cameroon. A survey was carried out in 240 households in four localities to determine
the daily consumption of (ban+plant)-derived foods and the contribution of these foods to iron
(Fe), zinc (Zn) and vitamin A intake by children of less than 5 years of age and mothers.
Materials and methods. The daily consumption level was assessed by a 24-h dietary recall
during three consecutive days. The Fe, Zn and B-carotene (precursor of vitamin A) contents of
(bantplant) products were determined and the bioavailability of these micronutrients was esti-
mated using the [phytate:Fe] and [phytate:Zn] molar ratios. Results. On a dry-weight basis, Fe
content in (ban+plant)-based foods ranged from (0.78 to 1.32) mg-100 g"'; Zn content from (0.22
to 0.41) mg-100 g~! and B-carotene content from (336 to 724) ng-100 g‘i‘ Phytate content was
between (0.17 and 1.23) g-100 g~!, with [phytate:Fe] and [phytate:Zn] molar ratios above the esti-
mated bioavailability thresholds of 10-14 and 15, respectively, for all dishes. The daily quantities
consumed by rural and urban subjects were not significantly different. The daily supply of Fe
by (ban+plant) to children and mothers was 5% and 2%; Zn supply was 3% and 4%, respectively.
In contrast, the daily vitamin A supply by (ban+plant) foods was relatively significant, reaching
13% on average per day for both children and mothers. In certain cases, this contribution was
as high as 20%. Conclusion. Estimated bioavailability of Fe and Zn is low in (ban+plant) that,
therefore, poorly contribute to Fe and Zn intake in the households. However, (ban+plant) are
a good source of B-carotene and can make a substantial contribution to meeting vitamin A requi-
rements of children and their mothers.

Cameroon / Musa (bananas) / Musa (plantains) / food nutrient content /
nutrient availability / nutritional requirements
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Contribution des produits a base de banane et de plantain a la couverture
des besoins nutritionnels en fer, zinc et vitamine A chez les enfants et leurs
méres au Cameroun.

Résumé — Introduction. Les bananes et plantains (ban+plant) jouent un réle substantiel dans
l'alimentation humaine. Une enquéte a été menée dans 240 ménages répartis dans quatre loca-
lités du Cameroun afin d’évaluer la contribution des repas a base de (ban+plant) dans la cou-
verture des besoins en micronutriments d’enfants de moins de 5 ans et de leur mere. Matériel
et méthodes. La consommation des (ban+plant) a été déterminée par la méthode de rappel
de 24 h durant 3 j consécutifs. Les compositions en fer, zinc, B-caroténe (précurseur de la vita-
mine A) et phytate de ces repas ont €té déterminées et la biodisponibilité de ces micronutriments
a été estimée en utilisant les rapports molaires [phytate:Fe] et [phytate:Zn]. Résultats. La teneur
en fer des repas a base de (ban+plant) a varié de (0,78 2 1,32) mg-100 g™ en base séche ; la teneur
en zinc a été de (0,22 2 0,41) mg-100 g™ ; celle en B-carotene a été de (336 a 724) mg-100 g
La composition en phytate a varié entre (0,17 et 1,23) g'100 g~ en base seche et les rapports
[phytate:Fe] et [phytate:Zn] calculés ont été respectivement supérieurs aux seuils de 10-14 et 15.
Les quantités quotidiennes de (ban+plant) consommées par les sujets ruraux et urbains n'ont
pas été significativement différentes. L'apport quotidien de Fe par (ban+plant) aux enfants et
aux meres a été de 5 % et 2 % ; 'apport de Zn a été de 3 % et 4 %, respectivement. En revanche,
l'offre quotidienne en vitamine A par (ban+plant) a été relativement important atteignant en
moyenne 13 % pour les enfants et leurs meres. Dans certains cas, elle est allée jusqu’a 20 %.
Conclusion. La biodisponibilité estimée en fer et zinc dans les (ban+plant) se révele donc faible.
Cependant, les (ban+plant) constituent une bonne source de B-caroténe et pourraient donc con-
tribuer substantiellement a atteindre les besoins en vitamine A des enfants et de leurs meres.

Cameroun / Musa (bananes) / Musa (plantains) / teneur en nutriments (alim
hommes) / disponibilité d'élément nutritif / besoin nutritionnel
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1. Introduction

Micronutrient deficiencies cause major
nutritional and health problems to human
populations, primarily in developing coun-
tries. Trace metal deficiencies are commonly
reported in children, and women of repro-
ductive age [1, 2]. Thus, inadequate intake
of iron (Fe) is the prevailing nutritional defi-
ciency in the world and is the main cause
of anaemia [3, 4]. Likewise, zinc (Zn) defi-
ciency in the diet leads to various growth
and reproduction disorders and often results
in death, especially in developing countries
[5, 6]. More than half of pregnant women
and one-third of children of less than 5 years
of age in the world suffer from nutritional
anaemia and Fe deficiency to various
degrees [3]. In Cameroon, for example, 58%
of children of less than 5 years of age and
32% of women are Fe-deficient [7], and
27.7% of the population are at risk of inad-
equate Zn intake [0]. Vitamin A deficiency
is considered as a priority global health
problem [7, 8] causing increased mortality
among children and women in developing
countries, acting as the leading cause of pre-
ventable blindness, and increasing the risk
of disease and death from severe infections
[9-11]. Even mild vitamin A deficiency can
suppress the immune system and, hence,
predispose children to common diseases,
including respiratory tract infections, mea-
sles and diarrhea [12].

Fruit and vegetables are an important
source of essential elements. Minerals and
vitamins play a vital role in the proper devel-
opment and good health of the human
body, and fruits are considered the chief
source of minerals and vitamins needed in
the human diet [13].

Among fruit crops, banana (Musa sp.
AAA group) and plantain (Musa sp. AAB
group) are major staple foods for over 100 M
people in sub-Saharan Africa’ [14]. In Africa,
Cameroon is one of the most important
banana- and plantain-producing, consum-

! See: Banana diversity, Int. Netw. Improv.
Banan. Plantain (INIBAP), 2002, Available
at:  http://www.inibap.org/publications/
factsheet-eng.htm.
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ing and exporting countries. The total pro-
duction of banana and plantain is estimated
at 1.83 Mt with 35% of bananas, and 65% of
plantains and other cooking bananas [15].
According to Tréche [16], 69.4% of plantains
and other cooking bananas are used for
human consumption, while 8.0% are used
for animal feed in Cameroon. They are
widely consumed by the entire population
and many different dishes are prepared
according to the socio-cultural behaviour
and the food habits of the population driven
by market demand [17, 18].

Banana and plantain contribute signifi-
cantly to food security and can play a key
role in meeting nutritional requirements of
the population [19]. However, some studies
have shown that bananas and plantains con-
tain some anti-nutritional factors such as
phytate, that form insoluble complexes with
essential minerals such as Fe and Zn at phys-
iological pH levels, and those complexes are
responsible for reducing the bioavailability
of the nutrients [20, 21]. Hence, the molar
ratio of phytate to Fe or Zn was suggested
as an index to estimate the availability of Fe
and Zn in the food [4].

Our study was carried out with the aim
of determining Fe, Zn, B-carotene and
phytate contents in banana- and plantain-
based foods commonly consumed in Cam-
eroon in order to assess their contribution
to meeting Fe, Zn and vitamin A require-
ments of both children and their mothers.

2. Materials and methods

2.1. Surveys

Surveys were conducted between March
and April 2006 around four localities in Cam-
eroon: Bafia in the centre, Bamenda in the
north-west, Bertoua in the east and Ebolowa
in the south of the country. In each com-
munity, sub-samples of 30 urban and
30 rural  households were randomly
selected, totalling 240 households. These
households were selected based on the
presence of a child of less than 5 years of
age, fully weaned, together with his/her bio-
logical mother. This criterion was chosen to
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determine the importance of banana and
plantain in the diet of the fully weaned chil-
dren. The housewives selected for the study
differed from each other in terms of stand-
ard of living and socio-cultural back-
grounds. Data were collected from the
selected households using a structured
questionnaire that was administered to the
child’s mother. The questionnaire included
the following aspects: socio-demographics
(age, household size, occupation and edu-
cational background), and food consump-
tion pattern (types of banana and plantain
varieties used, processing methods and
derived foods, quantity thereof daily con-
sumed by mothers and children).

The daily consumption of banana and
plantain foods was assessed by a 24-h die-
tary recall method during three consecutive
days [22]. The three days were randomly
allocated from Monday to Sunday. On each
day and in each household, the child’s
mother was invited to recall all the types and
quantities of banana and plantain foods fed
to their child and eaten by herself during the
last 24 h. The quantities consumed were
estimated using local containers, and the
results were later converted into standard
units. The amount of each dish was esti-
mated daily for each subject.

2.2. Processing and sampling

One bunch of ripe plantain and one bunch
of unripe plantain of the ‘Essong’ and
‘Ebang’ varieties, and unripe banana, were
purchased from the local market. The tradi-
tional processing practices identified in the
households were used to process banana
and plantain during the survey. Different
types of meals (fried, boiled and roasted) of
each ripe plantain variety were cooked;
boiled unripe plantain and banana porridge
were also cooked. All samples processed
were in duplicate with the same processing
method and cooking time. Samples of plan-
tain chips and ripe banana were purchased
from the local market. These products rep-
resent the common forms in which plantain
and banana are consumed in Cameroon. For
each product, an aliquot of 70-100 g was
sampled and packed in aluminum foil,
wrapped in polyethylene bags, placed in an

insulated icebox and transported to the lab-
oratory. The containers were sealed to avoid
product loss and influx of humidity; they
were then labelled. The samples were
stored at — 20 °C until analysis of Fe, Zn and
B-carotene (precursor of vitamin A).

2.3. Laboratory analyses

For total Fe and Zn determination, Fe and
Zn were extracted by dry ashing in a muffle
furnace at 500 °C; the resulting ash was dis-
solved in a diluted mixture of hydrochloric
and nitric acids (HCI/HNOj3), and analysed
using an atomic absorption spectrophotom-
eter [23]. Measurements were performed in
triplicate at the laboratory of the Interna-
tional Institute of Tropical Agriculture (IITA)
in Cameroon.

For B-carotene determination, samples of
(0.01 to 0.9) g were collected after homog-
enisation and subjected to the extraction of
B-carotene by High-Performance Liquid
Chromatography (HPLC) using Tetra Hydro
Furan, as described by Takyi [24]. Samples
were analysed in triplicate at the Noguchi
Institute of Medical Research, University of
Legon, Ghana. Retinol activity equivalent
was calculated using the conversion factor
12:1 from B-carotene value.

For phytate determination, the phytate
concentration in different banana and plan-
tain foods was determined by colorimetry
(Shimadzu UV 240, Kyoto, Japan) following
four stages, i.e., extraction, precipitation,
mineralisation and quantification of the lib-
erated phosphorus, described by Makower
[25] and modified by Zeder [26]. Although
Makower’s method is not as specific as some
HPLC methods, it nevertheless was used [27,
28] to quantify phytate in food products that
have not undergone bioprocessing, such as
germination and fermentation. Analyses
were performed in triplicate and were done
at the Laboratory of Nutrition and Food Sci-
ences, University of Abomey-Calavi, Benin.

[Phytate:Fe] and [phytate:Zn] ratios were
calculated using the following formulas,
respectively: {Img of phytate / molar mass
of phytate (660)] / [mg of Fe / molar mass
of Fe (55.85)]} and {Img of phytate / molar
mass of phytate] / [mg of Zn / molar mass

of Zn (65.39)1} [29].
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2.4. Data analysis

The average quantities of each banana- and
plantain-based food consumed daily were
calculated per subject (children and moth-
ers) based on data recorded over three days.
Data were analysed using the Statistical
Package for the Social Sciences, version 12
(SPSS 12, 2003) and were expressed as mean
values and standard deviations. A one-way
ANOVA model with the Least Significant Dif-
ference (LSD) test was used to compare
means between groups.

3. Results and discussion

3.1. Household consumption
patterns

The socio-demographic characteristics of
the surveyed households were as follows:
their ethnic origin is diverse; the predomi-
nant were Ngamba (20%), Bafia (18%) and
Boulou (14%). Most of the mothers’ ages
ranged from 20-29 years (51%) in all loca-
tions and 7% of them were more than
40 years old. Forty percent of the mothers
attended primary school while 7.9% of them
were illiterate. Agriculture was the dominant
activity for most women (33%); 26% were
housewives and 23% were traders. Most of
the children in the surveyed households
were aged between 24-35 months (43%)
and 36-47 months (33%).

For their consumption, the households
surveyed used different banana and plan-
tain varieties including ‘Ebang’, ‘Essong’,
‘Elat’, ‘Gros Michel’, ‘Grande Naine’,
‘Banane Cochon’ and ‘French clair’. This is
similar to the findings by Ngoh Newilah
et al. [30]. However, the predominant vari-
eties for most households were ‘Ebang’ and
‘Essong’. Households used various recipes
to process banana and plantain, at different
ripening stages (boiled, chips, fried, por-
ridge, pounded and roasted), some of which
had previously been reported for Cameroon
[17, 30] and South-East Asia [31].

There were significant differences
between rural and urban consumers of
banana- and plantain-based foods in terms
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of the quantity consumed. Thus, the daily
intake of boiled unripe plantain by rural
consumers was higher than that of their
urban counterparts (P < 0.05) (fable D. In
contrast, boiled ripe plantain was equally
consumed in both areas, but urban consum-
ers expressed higher preference for this type
of food, evidenced by its most frequent con-
sumption in urban areas. It appears that the
preference of urban consumers for the ripe
plantain food was associated with the
sweeter flavour of the ripe plantain com-
pared with the unripe one. No significant
differences between urban and rural con-
sumption levels were found for other foods,
although fried plantain was more frequently
consumed in urban areas.

Analysis by locality showed a significant
difference between the quantities of boiled
ripe plantain, ripe banana and roasted plan-
tain consumed by children per day. High
consumption of boiled ripe plantain and
ripe banana were observed among the chil-
dren of Bafia locality, while high consump-
tion of roasted plantain was registered for
Bamenda’s children. However, a significant
difference between the daily consumption
level of boiled ripe plantain and banana por-
ridge was observed among the mothers.
Indeed, Bafia’s mothers consumed more
boiled ripe plantain; whereas banana por-
ridge was more consumed by the mothers
in Bamenda. Statistical analyses did not
reveal any correlation between the con-
sumption level and the social factors such
as ethnic groups, educational level or main
activity.

3.2. Iron, zinc and B-carotene
contents

No significant differences in Fe, Zn
and B-carotene contents were observed
between the two plantain varieties, ‘Essong’
and ‘Ebang’ (table II); however, greater con-
centrations were found in unripe compared
with ripe fruits of both varieties.

Fe concentration ranged from (0.78 to
1.32) mg-100 g~ on a dry-weight basis with
an average of 1.1 mg-100 gﬁ1 (0.70 mg-100 gfl
ona wet basis). This average value was com-
parable with the value of 0.6 mg100 g
reported by the USDA [32] in edible parts of
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Table I.

Average daily quantity of banana and plantain meals (g of edible portion) consumed by children and mothers
surveyed in Cameroon, according to the area where they are living (mean + standard deviation; in brackets:
number of persons that consumed the considered product at least once during a 3-d survey).

Consumer Type of Ripe banana Boiled unripe Boiled ripe Fried plantain Roasted Plantain or
area surveyed plantain plantain plantain banana porridge
Children Rural 160.12 + 93.7 234.48 + 106.4 198.46 + 102.7 115.50 +66.9 119.67 +52.3 349.61 = 114.2
(34) (69)* (65) (28) (14) (28)
Urban 126.55 + 76.0 172.0 + 69.1 239.3 +134.5 139.30 +64.3 162.25+82.36 337.71 +132.5
41) (46) (77) (57) (24) (33)
Mothers Rural 354.58 + 114.9 425.33 +201.4 433.20 + 206.6 316.03 + 109.8 235.06 + 74.9  687.84 + 321.1
17) (63)* (40) (18) (22) (43)
Urban 317.94 £ 146.3 327.08 + 119.3 385.37 + 106.7 294.57 + 170.7 240.17 + 146.3  724.90 + 268.9
(32) (35) (86) (44) (29) (30)

** Significant difference at 5%.

Table II.
Average Fe, Zn, B-carotene and corresponding equivalence in vitamin A content on a dry-weight basis in
different banana- and plantain-based foods consumed in Cameroon (standard deviation in brackets).

Type of banana Banana- and plantain- Moisture Iron Zinc B-carotene Vitamin A
considered based foods (%) (mg-100 g)‘1 (mg-100 g)‘1 (ug-100 g)‘1 (ug RAE-100 g)‘1
Plantain Unripe 60.60 0.96 (0.05) 0.29 (0.02) 567.06 (127.25) 47.26 (10.64)
SESEINE) VN Ripe 61.70 0.96 (0.07) 0.23 (0.01) 456.14 (29.43) 38.17 (2.45)
Boiled unripe 62.45 1.08 (0.05) 0.30 (0.01) 434.95 (164.37) 36.25 (13.69)
Boiled ripe 63.87 1.17 (0.05) 0.25 (0.02) 450.13 (314.52) 37.51 (26.21)
Fried ripe 46.16 1.02 (0.05) 0.25 (0.01) 398.84 (185.94) 33.24 (15.74)
Roasted 57.84 0.96 (0.05) 0.29 (0.02) 529.38 (38.20) 44.12 (3.19)
Plantain Unripe 58.66 0.97 (0.03) 0.26 (0.01) 493.79 (0.48) 41.15 (13.89)
e VI Ripe 60.53 0.91 (0.04) 0.26 (0.03) 375.71 (66.24) 31.31 (5.52)
Boiled unripe 64.00 0.99 (0.08) 0.33 (0.03) 354.38 (20.33) 29.54 (1.69)
Boiled ripe 60.06 1.11 (0.06) 0.28 (0.02) 355.42 (89.72) 29.62 (7.48)
Fried ripe 34.65 0.89 (0.01) 0.25 (0.02) 425.61 (39.41) 35.47 (3.27)
Roasted 58.42 1.02 (0.06) 0.25 (0.02) 362.71 (96.16) 30.18 (8.03)
Plantain chips Thin slices 2.95 1.01 (0.04) 0.41 (0.02) 336.45 (27.71) 28.04 (2.48)
Thick slices 6.31 1.32 (0.04) 0.22 (0.01) 724.43 (438.23) 60.37 (36.52)
Ripe banana Small fingers 72.46 0.93 (0.05) 0.41 (0.03) 23.94 (2.86) 1.83 (0)
Big fingers 78.50 0.78 (0.04) 0.27 (0.01) 93.20 (34.07) 7.77 (2.84)
Porridge 70.71 1.28 (0.03) 0.42 (0.01) 206.31 (5.91) 17.19 (0.49)

RAE: Retinol activity equivalents (conversion factor 12:1 from B-carotene).
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raw plantain and wvalues of (042 to
0.65) mg-100 g~! found by Hardisson et al.
[33] in the edible portion of some bananas
from the island of Tenerife. Fe content was
highest in plantain chips, probably due to
the ingredients such as palm oil used for
their preparation, and lowest in fried plan-
tain. Banana porridge also had high iron
content (1.28 mg-100 g™, certainly because
of the ingredients (oil, pepper, tomato and
smoked or dried crayfish) used for the
preparation.

Zn values ranged from (0.22 to
0.41) mg100 ¢! with an average of
0.32mg100 g' on a dry-weight basis
(0.23 mg100 g! on a wet basis). In
comparison, the USDA [32] reported an
average of 0.14 mg-100 g™! in edible parts
of raw plantain, while Hardisson et al. [33]
found Zn content range from (0.10 to
0.24) mg'100 g~!. Unripe plantain and plan-
tain chips contained the highest values of
Zn, followed by banana porridge and ripe
banana fruits, especially the small finger
variety.

B-carotene content in plantain foods
ranged from (336 to 724) g-100 g with an
average of 530 g100 g7} on a dry-weight
basis (502.62 g'100 g~' on a wet basis),
appearing to be higher than in other staple
foods, such as cassava and yam, in Cam-
eroon. The B-carotene contents in the sam-
ples of our study were lower than those
reported by Englberger [34] in Micronesian
bananas, but similar to the 457 g-100 g}
value reported by the USDA [32]. Carotene
levels generally increase with cooking, but
this depends on the cooking mode: indeed,
long duration and high temperature destroy
carotenoids [34]. In our study, carotene lev-
els increased with cooking, but not in all
cases, e.g., boiled plantain contained lower
values of B-carotene than the raw fruit
because of the carotenoid diffusion in the
water. Maturity also appeared to affect car-
otene content, with unripe plantain contain-
ing higher values of B-carotene [(493 and
567) g:100 g7!1 than ripe ones [(376 and
456) g100 g7'1. As expected, chips proc-
essed with red palm oil were particularly
rich in B-carotene (724 g-100 g™ due to the
richness of red palm oil in B-carotene [35].
The lowest B-carotene contents were found

Fruits, vol. 62 (5)

in the ripe banana and banana porridge, and
were significantly different from values
observed in plantain fruits and derived
foods. This illustrates nutritional differences
between bananas and plantains, in agree-
ment with the views of Stover and Sim-
monds [306].

3.3. Phytate content and [phytate:Fe]
and [phytate:Zn] molar ratios

Phytate contents ranged between (0.17 and
1.23) 2100 gt with a mean value of
0.45¢100 g7l on a dry-weight basis
(table IID). These values were higher than
the (0.06 to 0.37) g-100 g~! reported by Bai-
yeri and Tenkouano [37]. These authors
worked with the Nigerian local variety
‘Agbagba’ and hybrids derived from Nige-
rian landraces. Varietal differences were
observed in our own study, with high
phytate contents recorded in foods derived
from ‘Essong’. Regardless of the variety,
there was a significantly (< 0.05) lower
phytate content in ripe fruits compared with
unripe fruits of plantain, with a 40%
decrease.

Phytate is the major chelator of Fe and Zn,
which affects the bioavailability of these
minerals [38, 39]. The degree to which
phytate inhibits Fe and Zn absorption has
been defined by the [phytate:Fe] and
[phytate:Zn] molar ratios, respectively [38,
40]. Bioavailability of these minerals is
impaired with ratios above the thresholds of
10-14 and 15, for Fe and Zn, respectively
[29, 40]. In our study, the [phytate:Fe] and
[phytate:Zn] molar ratios exceeded the
threshold values (table IID). Thus, the esti-
mated bioavailability of Fe and Zn from
banana or plantain foods is low, particularly
in foods derived from unripe fruits. Food
preparations such as boiled ripe plantain
and ripe banana had [phytate:Fe] ratios close
to the threshold, suggesting a better Fe avail-
ability compared with other preparations.
Similar findings were reported by Sunthar-
alingam and Ravindran [41] for certain vari-
eties of cooking banana (Musa spp., ABB
group). This lends support for the explora-
tion of alternatives such as the use of bio-
logical fortification via genetic improvement
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Table lil.

Phytate content on a dry-weight basis and [phytate:Fe] and [phytate:Zn) molar ratios in different banana- and

plantain-based foods consumed in Cameroon.

Type of banana

considered based foods
Plantain Unripe
Essong variety Ripe

Boiled unripe
Boiled ripe
Fried ripe
Roasted

Plantain
Ebang variety

Unripe
Ripe
Boiled unripe
Boiled ripe
Fried ripe
Roasted
Thin slides
Thick slides

Chips of plantain
Ripe banana Small fingers
Big fingers
Porridge

Banana- and plantain-

Phytate [Phytate:Fe]'
(g100 g7
0.57 = 0.12 50.6 + 10.6
0.33 + 0.11 29.0 + 9.7
0.52 + 0.16 411 = 12.5
0.26 + 0.10 191 = 7.2
0.51 = 0.13 42.0 = 10.8
0.30 + 0.08 26.6 = 7.1
0.41 + 0.09 354 £+ 7.9
0.24 + 0.09 220 + 8.4
0.25 + 0.09 213 = 7.7
0.22 + 0.09 16.9 + 6.9
0.49 + 0.13 46.5 = 12.4
0.29 + 0.08 242 + 6.6
123 + 0.24 103.4 + 20.1
0.61 + 0.18 394 + 11.5
0.17 = 0.07 15.0 =+ 6.4
0.19 + 0.07 20.6 + 7.6
0.28 + 0.08 18.6 = 5.3

7 [mg of phytate / molar mass of phytate (660)] / [mg of iron / molar mass of iron (55.85)].

2 [mg of phytate / molar mass of phytate] / [mg of zinc / molar mass of zinc (65.39)].

and/or chemical processing (e.g., fermenta-
tion) to alter phytate content and increase
the bioavailability of Fe and Zn in food prod-
ucts derived from banana and plantain.

3.4. Relative contribution to mineral
requirements

The effective supply of nutrients by banana
and plantain to individuals depends on the
amount of these foods eaten, their nutrient
contents and the bioavailability of these
nutrients. In our study, six types of banana-
and plantain-based foods were acknowl-
edged as the most commonly consumed by
the surveyed populations. Therefore, the
daily supply of minerals by banana- and
plantain-derived foods was obtained by tak-
ing the mean of the total supply provided
by all six food types. Thus, the relative
micronutrient supply of foods derived from
banana and plantain was calculated based

on the Fe, Zn and B-carotene contents in the
food preparations and the daily intake
thereof (tables IV, V). The results showed
that boiled, porridge and roasted forms of
plantains provided more minerals than
other preparations, both in urban and rural
areas.

The dietary recommendations put for-
ward by the FAO for children less than
5 years old are 14 mg of iron, 10 mg of zinc
and 400 ug Retinol Activity Equivalents
(RAE) of vitamin A per day [42]. Correspond-
ing values for non-pregnant and non-lactat-
ing women are 48 mg of iron, 12 mg of zinc
and 800 ug RAE of vitamin A [42]. Our data
suggest that banana and plantain foods pro-
vided 0.75 mg of iron, 0.26 mg of zinc and
5 ug RAE of vitamin A, only meeting 5% of
children’s daily requirements for iron, 2% for
zinc, and 13% for vitamin A, in both rural
and urban settings (fable VD). Likewise, banana
and plantain provided approximately
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[Phytate:Zn]?
196.1 = 41.0
141.6 = 47.4
173.3 = 52.8
104.9 + 39.6
200.7 = 51.5
103.2 + 27.3
154.6 + 34.3
90.0 + 34.3
74.8 £ 27.0
78.6 + 31.8
193.9 + 51.5
115.8 + 31.7
298.2 = 58.0
276.8 = 81.1
39.9 + 13.9
69.8 + 25.7
66.3 =+ 189



Table IV.

F.G. Honfo et al.

Means of daily iron, zinc and vitamin A supply by banana and plantain foods among the children who consumed
the dishes according to a survey carried out in Cameroon (standard deviation in brackets).

Banana and plantain dishes

Ripe banana

Boiled unripe plantain

Boiled ripe plantain

Fried plantain

Roasted plantain

Plantain or banana porridge

Iron (mg)
Rural area Urban area
0.29 (0.2) 0.23 (0.2)
0.96 (0.4) 0.71 (0.5)
0.71 (0.4) 0.86 (0.5)
0.44 (0.3) 0.53 (0.4)
0.65 (0.3) 0.88 (0.4)
1.33 (0.4) 1.28 (0.5)

Zinc (mg)
Rural area Urban area
0.11 (0.1) 0.09 (0.1)
0.26 (0.1) 0.19 (0.1)
0.18 (0.1) 0.22 (0.2)
0.13 (0.1) 0.15 (0.1)
0.18 (0.1) 0.24 (0.1)
0.42 (0.2) 0.41 (0.2)

RAE: Retinol activity equivalents (conversion factor 12:1 from B-carotene).

Table V.

Vitamin A (ug RAE)

Rural area

7.69 (4.
75.81 (3
7414 (3
38.74 (2
47.08 (2

a

5)

4.4)
8.4)
2.4)
0.6)
60.10 (19.6)

Urban area

6.07 (7.3)

55.61 (44.7)
89.40 (100.5)
46.72 (43.1)
63.83 (64.8)
58.05 (45.6)

Means of daily iron, zinc and vitamin A supply by banana and plantain foods among the mothers who
consumed the dishes according to a survey carried out in Cameroon (standard deviation in brackets).

Banana and plantain dishes

Ripe banana

Boiled unripe plantain

Boiled ripe plantain

Fried plantain

Roasted plantain

Plantain or banana porridge

Iron (mg)
Rural area Urban area
0.64 (0.2) 0.58 (0.3)
1.74 (0.8) 1.34 (0.5)
1.56 (0.8) 1.39 (0.4)
1.20 (0.4) 1.12 (0.7)
1.27 (0.4) 1.30 (0.8)
2.61(1.2) 2.75 (1.0)

Zinc (mg)
Rural area Urban area
0.25 (0.1) 0.22 (0.1)
0.47 (0.2) 0.36 (0.1)
0.39 (0.2) 0.35 (0.1)
0.35 (0.1) 0.32 (0.2)
0.35 (0.1) 0.36 (0.2)
0.83 (0.4) 0.87 (0.3)

RAE: Retinol activity equivalents (conversion factor 12:1 from B-carotene).

Table VI.

Vitamin A (ug RAE)

Rural area

17.02 (5.5)

137.51 (65.1)
161.84 (77.2)
106.00 (36.8)
92.47 (29.5)
118.24 (55.2)

Urban area

15.26 (7.0)

105.74 (38.6)
143.97 (39.8)
98.80 (57.2)
94.48 (57.6)
124.61 (46.2)

Contribution of banana and plantain in the iron, zinc and vitamin A supply (mean, standard deviation in brackets)
to the children and their mothers.

People
concerned

Children

Mothers

Area
concerned
Rural
Urban
Rural
Urban

Iron
(mg)
0.73 (0.4
0.75 (0.4
1.50 (0.7

)
)
)
1.41 (0.7)

Vitamin A
(Mg RAE)
50.59 (25.6)
53.28 (27.3)
105.51 (49.72)
97.15 (44.13)

RAE: Retinol activity equivalents (conversion factor 12:1 from B-carotene).
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Zinc
(%)

Vitamin A
(%)
12.65 (6.4)
13.32 (6.8)
13.19 (6.2)
12.14 (5.5)
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1.50 mg of iron and 0.44 mg of zinc to the
surveyed mothers in both rural and urban
zones, meeting 3% of this group’s daily
requirement for iron and 4% for zinc, with
no difference between rural and urban areas
(table VD). Contrasting with this, banana-
and plantain-derived foods could poten-
tially provide as much as 105 ug RAE of vita-
min A to rural mothers and 97 ug RAE to
urban mothers per day. These values corre-
sponded to 13% and 12% of vitamin A
requirements of mothers in rural and urban
areas, respectively, reaching up to 20% for
some populations, due to larger intakes.

4. Conclusion

Our work provided data on the iron, zinc
and B-carotene contents in banana and
plantain foods commonly consumed in
Cameroon and their intake by consumers in
both rural and urban areas. There was no
significant difference in micronutrient con-
tents, while some differences existed in their
bioavailability between the two varieties of
plantain considered (‘Essong’ and ‘Ebang’).
No variations were observed in the con-
sumption levels by rural and urban people
for most food preparations. However, urban
subjects consumed more foods prepared
from ripe plantain (boiled and fried), while
rural subjects showed preference for unripe
plantains and their derived foods. The con-
tribution of banana and plantain to vitamin A
supply was relatively significant in both
rural and urban areas. The total iron and zinc
supplies from banana- and plantain-based
foods were low, and, moreover, the high
[phytate:iron] and [phytate:zinc] molar ratios
suggest that the estimated bioavailability of
Fe and Zn was low. Biofortification and/or
product fermentation could be used to
increase the bioavailability and the total
content of these trace elements in products.
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Contribucion de los productos a base de banano y de platano para la
cobertura de las necesidades nutricionales en hierro, cinc y en vitamina A,
en los ninos y en sus madres, en Camerun.

Resumen — Introduccion. Los bananos y los platanos (ban+plat) desempenan un papel
importante en la alimentacion humana. Se llevé a cabo una investigacion en 240 hogares
repartidos en cuatro localidades de Camertn, con el fin de evaluar la contribucién de las
comidas a base de (ban+plit) en la cobertura de las necesidades en micronutrientes de nifios
menores de 5 anos de edad y de sus madres. Material y métodos. Se determiné el consumo
de (ban+plat) mediante el método de reejecucion de 24 h durante 3 d consecutivos. Se deter-
minaron de estas comidas las composiciones en hierro, cinc, B-caroteno (precursor de la vita-
mina A) y fitato; y, se estim6 la biodisponibilidad de estos micronutrientes, gracias a la
utilizacion de las fracciones molares [fitato:Fe] y [fitato:Zn]. Resultados. El contenido en
hierro de estas comidas a base de (ban+plat) varié de (0,78 a 1,32) mg-100 g’l en base seca;
el contenido en cinc fue de (0,22 a 0,41) mg-100 g'; v el contenido en B-caroteno fue de
(336 a 724) mg-100 g™\ La composicién en fitatos varié entre (0,17 y 1,23) g-100 g™ en base
seca; y, las relaciones [fitato:Fe] y [fitato:Zn] calculadas fueron respectivamente superiores a
los topes de 10-14 y 15. Las cantidades cotidianas de (ban+plat) consumidas por los sujetos
rurales y urbanos no fueron significativamente diferentes. El aporte cotidiano de Fe mediante
(ban+pldt) en los niflos y en las madres fue de un 5% y de un 2%, el aporte de Zn fue de un
3% y de un 4%, respectivamente. Sin embargo, la oferta cotidiana en vitamina A mediante
(ban+plat) fue relativamente importante alcanzando de media un 13% para los nifios y sus
madres. En ciertos casos, alcanzé hasta el 20%. Conclusion. La biodisponibilidad estimada
en hierro y en cinc en los (ban+plat) se mostré por lo tanto escasa. No obstante, los
(ban+plat) constituyen una buena fuente de B-caroteno y podrian, por ello, contribuir sustan-
cialmente a alcanzar las necesidades en vitamina A de los ninos y de sus madres.

Camerin / Musa (bananos) / Musa (platanos) / contenido de nutrientes
(alimentos) / disponibilidad de nutrientes / necesidades de nutrientes
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