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Abstract: Breadfruit is a nutritious, high energy food with a low quantity of protein but excellent
protein quality. It has the potential to be developed into desired products which will help increase
its utilization and add value to the crop. The overall purposes of this investigation were to develop
a portable, nutritious, ready-to-eat breadfruit product (bar), test the sensory qualities of the product,
and evaluate the nutritional properties of the product. Flour made from the Micronesian variety,
Meinpadahk (Artocarpus altilis ˆ Artocarpus mariannensis), was utilized for the development of the
breadfruit bar. Breadfruit is a rich source of fiber, vitamins such as vitamin C, minerals such as
potassium, and phytochemicals such as flavonoids. Nutritional labeling indicates that the breadfruit
bar is high in carbohydrates and low in fat, and sensory evaluation indicates that 81% of the panelists
found the bar acceptable while 19% disliked the bar. The breadfruit bar can provide an appealing
and inexpensive gluten-free food source based on locally available breadfruit.
Keywords: Breadfruit (Meinpadahk); gluten free bar; underutilized crop

1. Introduction
The main objective of this study has been to develop a nutritional food bar centered on flour made
from the Micronesian variety of breadfruit, Meinpadahk (see Appendix A). Until now, there has been no
available literature pertaining to this quest. However, breadfruit is a common staple in Micronesia and,
as a replacement of wheat flour, potentially can increase food production in Micronesia and across the
globe. This study illustrates the development and evaluation of this food product using breadfruit
flour augmented by other nutritional substances, completely available in Micronesia.
Breadfruit has drawn attention because of its abundance throughout tropical regions, low cost
and great versatility as a food source [1–13]. Breadfruit (Artocarpus altilis, Artocarpus mariannensis) is
a tropical plant requiring a warm, humid climate and plenty of rainfall. Breadfruit is round or oval,
3 to 8 in (9–20 cm) long and weighs 2–10 pounds (1–5 kg). The breadfruit tree produces two main
crops throughout the year and the pulp, which is usually eaten, surrounds the heart or core and
is white or yellowish depending on the maturity [2,9,14–16]. Although the quantity of protein in
breadfruit is low, its quality is excellent [5]. It contains a high percentage of carbohydrates, primarily
starch [1,6]. Breadfruit is typically eaten at the mature starch stage and can only be eaten raw at the
soft, sweet ripe stage [1,2,10–12,14–17]. It may be eaten boiled, baked, roasted, pickled, steamed or
fried [1–3]. In developing tropical countries, there is great need to utilize local food crops. This is
especially true for those that are produced abundantly, economically, and are well liked by the locals.
Breadfruit meets these criteria and provides an excellent source of calories for the diet. In addition to
carbohydrates, it is also a rich source of fiber, vitamins such as vitamin C, minerals such as potassium,
and phytochemicals such as flavonoids [1,2,10,12,18]. An additional nutritional benefit is that it is
gluten-free [2,18]. Breadfruit represents a valuable food resource; however, its current usage is limited
by the poor storage properties of the fresh fruit [2,9,11,16,19,20]. Conversion to flour, which has
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been performed by several investigators, provides a more stable storage form [7]. Formulation of
a breadfruit cereal has also been successful and improves its storage capabilities [8,21–25].
Development of a convenient, nutritious, ready-to-eat breadfruit product could provide a locally
grown food source of acceptable taste and nutritional value. The proposed breadfruit product may
contribute to the global solution of alleviating world hunger [26].
2. Materials and Methods
2.1. Harvest and Preparation of Breadfruit (Meinpadahk)
The Micronesian variety, Meinpadahk (Artocarpus altilis ˆ Artocarpus mariannensis), was utilized
for the development of the breadfruit bar. Mature breadfruit was harvested by hand from
trees in the McBryde Garden of the National Tropical Botanical Garden, Kalaheo, Kauai, Hawaii.
Washed breadfruit was peeled, and the pulp was sectioned and dried at 80 ˝ C for 24 h. Dried pulp
was ground in a mill (waring) to produce flour that passed through an 80 mesh (180 µm) sieve.
2.2. Preparation of the Bar
The ingredients, dried papaya, honey, rice puffed cereal, cinnamon and vanilla, were purchased
commercially. The ingredients were mixed thoroughly and stirred continuously in order to obtain
a homogenous mixture. The batter was spread 1.27 cm thick on a cookie sheet and baked at 177 ˝ C for
10 min. The batter was allowed to cool, and then cut into 2.5 cm by 7.5 cm bars. The recipe formulation
is listed in Table 1.
Table 1. Breadfruit bar (Meinpadahk) ingredients.
Ingredients

Grams (g)

Source

Breadfruit flour
Ground dried papaya
Honey
Puffed rice cereal
Cinnamon
Vanilla

125
125
125
125
2.5
2.5

McBryde Garden, National Tropical Botanical Garden, Kauai, HI
Harvest Foods, West Michigan
Harvest Foods, West Michigan
Kellogg Co., Battle Creek, MI
Harvest Food, West Michigan
Harvest Foods, West Michigan

2.3. Chemical and Nutritional Analyses of the Bar
Proximate analysis (crude fiber, ash, moisture) was performed on the breadfruit bar according to
procedures outlined by Association of Official Analytical Chemists (AOAC), August, 2005 [27].
Nutrition labeling (calories, calories from total fat, total fat, fatty acids (saturated, trans and poly/mono
unsaturated fat), cholesterol, sodium, total carbohydrate, dietary fiber, sugars, protein, vitamins A and C,
calcium, iron) was performed according to procedures outlined by AOAC, Auguest, 2005 [27].
2.4. Sensory Evaluation of the Breadfruit Bar
The breadfruit bar was tested for acceptability of taste using a Hedonic test according to
Larmond [28] and Meeilgard [29]. The product was evaluated by 62 volunteer semi-trained panelists.
A nine-point verbal category hedonic scale was used: 1, dislike extremely; 5, neither like nor dislike;
9, like extremely. Data obtained from the taste panel was analyzed using the Z test for one proportion.
The study was approved by the Human Research Review Committee at Grand Valley State University,
Allendale, Michigan. Informed consent was obtained from each participant. Exempt determination under
category 45CFR 46.101 (b) (6) 14-160-H.
3. Results and Discussion
Results of label analyses based upon proximate analyses are presented in Table 2. Each 56 g bar
provided 3.8 g of dietary fiber and 1.97 g/100 g of crude fiber.
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Table 2. Nutritional label analysis.
Analysis

Result per
100 g

Result per Serving
Size 1 bar (56 g)

Label
Declaration

Calories
Calories From Total Fat
Total Fat
Saturated Fat
Trans Fat
* Polyunsaturated Fat
* Monounsaturated Fat
Sodium
Total Carbohydrate
Dietary Fiber
Sugars
Protein
Vitamin A
Vitamin A
Vitamin C
Calcium
Iron
* Ash
* Moisture
* Crude Fiber

348
4
0.43 g
0.2 g
<0.1 g
0.2 g
0.1 g
114 mg
83.92 g
3.8 g
42.72 g
2.05 g
191 IU
50 RE
0.8 mg
58 mg
1.99 mg
1.10%
12.50%
1.97%

195
2
0.24 g
0.1 g
<0.1 g
0.1 g
<0.1 g
64 mg
47.00 g
2.1 g
23.92 g
1.15 g
107 IU
28 RE
0.4 mg
32 mg
1.11 mg

190
0
0g
0g
0g
0g
0g
65 mg
47 g
2g
24 g
1g
0.02

% Daily Value

0

3
16
9

0
0.04
0.06

* = Non-mandatory or voluntary label declarations; IU = International Units; RE = Retinol Equivalents.

Although the nutrition labeling results indicate this bar is low in fiber, there is variability among
the reported fiber content of breadfruit [10,12]. This may be dependent upon species, maturity,
processing, or type of analysis used for determination of fiber [12]. According to the USDA National
Nutrient Database, fiber content for cooked potato, rice, sweet potato, taro, and plantains is 1.50, 0.30,
3.30, 5.10 and 2.30 g/100 g, respectively [30]. Turi et al. [12], and Ragone and Cavaletto [10] reported
100 g of cooked breadfruit can contain up to 7.37 g crude fiber. Rice is a commonly used ingredient
in cereal bars. The addition of breadfruit flour to rice products can increase the fiber content of these
products. Fiber has been demonstrated to reduce the incidence of degenerative diseases such as cancer,
cardiovascular disease and diabetes [31].
The glycemic index (GI) reflects the degree to which a food raises the blood glucose [4,32].
Studies have demonstrated that cooked breadfruit has a low to moderate GI; hence, it can prevent
hyperinsulinemia [12,32,33]. However, the addition of honey to the breadfruit bar for flavor and
consistency increases the carbohydrate content and glycemic load. To date, there have been no
published studies on the glycemic index of products developed from breadfruit flour [32].
Breadfruit is gluten-free [12,18], offering great potential in diversifying its uses in food product
development for those who suffer from celiac disease and gluten allergies. The cost of gluten-free
products is high. Breadfruit flour can be economical as a substitute for gluten flours [2].
In developing countries, the production of wheat is below domestic consumption. African countries,
for example, import tremendous quantities of wheat [21–25]. If breadfruit can be used to substitute
some of the wheat, this may help reduce expenditure of foreign exchange. In addition, high utilization
of breadfruit will favor agricultural development, commerce, and availability of jobs within the
indigenous nations [2,7,8,12,17,34–37].
The rapid increase in population in developing countries and the shortage of animal protein calls
for urgent action in finding a suitable local crop which can be fortified with protein as economically as
possible. The addition of high protein flour to the breadfruit mixture may be one solution [5].
There is no available literature pertaining to the development and evaluation of the nutritional
value of a portable, ready-to-eat product produced from the Micronesian variety of breadfruit,
Meinpadahk. This data is necessary if new products are to be developed in which breadfruit replaces

calls for urgent action in finding a suitable local crop which can be fortified with protein as
economically as possible. The addition of high protein flour to the breadfruit mixture may be one
solution [5].
There is no available literature pertaining to the development and evaluation of the nutritional
value
of 5,a 37portable, ready-to-eat product produced from the Micronesian variety of breadfruit,
Foods
2016,
4 of 7
Meinpadahk. This data is necessary if new products are to be developed in which breadfruit replaces
wheat flour. With its great potential to increase food production, breadfruit may contribute to the
wheat
With
its great potential
to increase food production, breadfruit may contribute to the
global flour.
solution
of alleviating
world hunger.
globalSensory
solutionevaluation
of alleviating
world
hunger.
results are presented in Figure 1. Nineteen percent (19%) disliked the
Sensory
evaluation
results
areon
presented
in Figure
1. Nineteen
percent
(19%)
disliked
product,
defined
as a score
of <5.0
a nine-point
hedonic
scale. Liking
the bar
was
definedthe
as product,
a score
defined
asgreater.
a score of
<5.0 on a nine-point
hedonic
Liking
the bar was A
defined
a score
of six or
of six or
Eighty-one
percent (81%)
ratedscale.
the bar
as acceptable.
Z testasfor
distribution
greater.
Eighty-one
percent
(81%)
rated
the
bar
as
acceptable.
A
Z
test
for
distribution
demonstrated
demonstrated a probable range of 70%–90% rating the bar as acceptable (95% Confidence Interval:
a0.7076,
probable
range of 70%–90% rating the bar as acceptable (95% Confidence Interval: 0.7076, 0.9044).
0.9044).

Figure 1. Overall acceptability of taste.
Figure 1. Overall acceptability of taste.

4. Conclusions
4. Conclusions
The overall purposes of this investigation were to develop a ready-to-eat food source based on
The overall purposes of this investigation were to develop a ready-to-eat food source based on
locally
areas
of the
world
where
it canitbe
easily
grown,grown,
test thetest
sensory
qualities
locallyavailable
availablebreadfruit
breadfruitinin
areas
of the
world
where
can
be easily
the sensory
of
the
product,
and
evaluate
is
nutritional
properties.
qualities of the product, and evaluate is nutritional properties.
The
can be
be produced
produced utilizing
utilizing breadfruit
breadfruitflour
flourdeveloped
developedfrom
fromthe
the
The study
study indicates
indicates that
that a
a bar
bar can
Micronesian
variety,
Meinpadahk.
Sensory
analyses
demonstrate
acceptability;
therefore,
the
bar
may
Micronesian variety, Meinpadahk. Sensory analyses demonstrate acceptability; therefore, the bar may
compete
existing
barsbars
in the
market.
Breadfruit
flour isflour
moderate
in fiber compared
competewith
withalready
already
existing
in target
the target
market.
Breadfruit
is moderate
in fiber
to
grains traditionally
used in portable
Breadfruit
flour is also
gluten-free,
making itmaking
attractive
compared
to grains traditionally
used inbars.
portable
bars. Breadfruit
flour
is also gluten-free,
it
for
those
with
celiac
disease
and
gluten
insensitivity.
Based
on
these
findings,
one
can
infer
that
attractive for those with celiac disease and gluten insensitivity. Based on these findings, one can infer
athat
nutritious,
portable,
gluten-free
bar made
with breadfruit
flour may
a possible
solution
to helping
a nutritious,
portable,
gluten-free
bar made
with breadfruit
flourbemay
be a possible
solution
to
alleviate
hunger in
underdeveloped
areas, where
cropthe
is crop
indigenous.
The bar
is not
energy
helping alleviate
hunger
in underdeveloped
areas,the
where
is indigenous.
The
bar an
is not
an
or
protein
bar andbar
is not
for weight
loss. loss.
There
is great
need
to expand
the
cultivation
energy
or protein
and intended
is not intended
for weight
There
is great
need
to expand
the
cultivationof
breadfruit
throughout
these
regions,
enhancing
its its
utilization
and
market
potential.
of breadfruit
throughout
these
regions,
enhancing
utilization
and
market
potential.
Acknowledgments: The author would like to thank Diane Ragone, Director of the Breadfruit Institute,
National Tropical Botanical Garden for providing support, facilities and materials to make this research study
feasible and, Grand Valley State University, The Center for Scholarly and Creative Excellence for providing
financial support. Accolades to Mark W. Wilkens for help and support to this research study and for his
photographic skills.
Conflicts of Interest: The author declares no conflict of interest.

Acknowledgments: The author would like to thank Diane Ragone, Director of the Breadfruit Institute, National
Tropical Botanical Garden for providing support, facilities and materials to make this research study feasible
and, Grand Valley State University, The Center for Scholarly and Creative Excellence for providing financial
support. Accolades to Mark W. Wilkens for help and support to this research study and for his photographic
skills.
Foods 2016, 5, 37
5 of 7
Conflicts of Interest: The author declares no conflict of interest.

Appendix A
Appendix A

Figure A1. Breadfruit bar© 2014 Mark Wilkens.
Figure A. Breadfruit bar© 2014 Mark Wilkens.

References
References
1.1.
2.2.

3.3.

4.4.
5.5.
6.6.
7.7.
8.8.

9.
10.

Graham,H.D.;
H.D.;dedeBravo,
Bravo,E.N.
E.N.Composition
Composition
the
breadfruit.
J. Food
1981,
535–539. [CrossRef]
Graham,
ofof
the
breadfruit.
J. Food
Sci.Sci.
1981,
46,46,
535–539.
Jones,
A.M.P.;
Ragone,
D.;
Tavana,
N.G.;
Bernotas,
D.W.;
Murch,
S.J.
Beyond
bounty:
Breadfruit
Jones, A.M.P.; Ragone, D.; Tavana, N.G.; Bernotas, D.W.; Murch, S.J. Beyond thethe
bounty:
Breadfruit
(Artocarpusaltilis)
altilis)
food
security
novel
thecentury.
21st century.
Ethnobot.
Res. 2011,
Appl.9, 129–
2011, 9,
(Artocarpus
forfor
food
security
andand
novel
foodsfoods
in thein21st
Ethnobotany
Res. Appl.
129–150. [CrossRef]
150.
Jones,A.M.P.;
A.M.P.;Lane,
Lane,
W.A.;
Murch,
S.J.;
Ragone,
Cole,
Breadfruit:
Ancrop
old crop
new future.
Jones,
W.A.;
Murch,
S.J.;
Ragone,
D.; D.;
Cole,
I.B. I.B.
Breadfruit:
An old
with awith
newafuture.
In
In Comprehensive
Biotechnology,
Moo-Young,
M., Ed.;
Elsevier
Amsterdam,
The Netherlands,
Comprehensive
Biotechnology,
2nd 2nd
ed.; ed.;
Moo-Young,
M., Ed.;
Elsevier
B.V.:B.V.:
Amsterdam,
Netherlands,
2011;
2011; Chapter:
4.18;
pp. 235–239.
Chapter:
4.18, pp.
235–239.
Lafiandra,
diet and
and health.
health. J.J. Cereal
Cereal Sci.
Lafiandra,D.;
D.;Riccardi,
Riccardi,G.;
G.;Shewry,
Shewry,P.R.
P.R. Improving cereal grain carbohydrates for diet
Sci.
2014,
312–326.
2014,
90,90,
312–326.
[CrossRef] [PubMed]
Liu,
D.; Murch,
Murch,S.S.Breadfruit
Breadfruit(Artocarpus
(Artocarpus
altilis):
A source
of high-quality
protein
for security
food
Liu,Y.;
Y.; Ragone, D.;
altilis):
A source
of high-quality
protein
for food
security
and
novel
food
products.
Amino
Acids
2015,
47,
847–856.
and novel food products. Amino Acids 2015, 47, 847–856. [CrossRef] [PubMed]
Loos,
and
characterization
of of
starch
from
breadfruit.
Cereal
Chem.
Loos,P.J.;
P.J.;Hood,
Hood,L.F.;
L.F.;Graham,
Graham,H.D.
H.D.Isolation
Isolation
and
characterization
starch
from
breadfruit.
Cereal
Chem.
1981,
1981,58,
58,282–286.
282–286.
Nochera,
evaluation
of of
breadfruit
composite
Products.
J. Food
Sci.Sci.
1992,
57, 57,
Nochera,C.L.;
C.L.;Caldwell,
Caldwell,M.M.Nutritional
Nutritional
evaluation
breadfruit
composite
Products.
J. Food
1992,
1420–1422.
1420–1422. [CrossRef]
Nochera,
Nochera,C.;
C.;Moore,
Moore,G.
G.Properties
Propertiesof
ofextruded
extrudedproducts
productsfrom
from breadfruit
breadfruit flour.
flour. J.J. Cereal Foods World 2001, 46,
46,
488–491.
488–491.
Ragone, D. Breadfruit: Artocarpus altilis (Parkinson) Fosberg; International Plant Genetic Resources Institute:
Rome, Italy, 1997.
Ragone, D.; Cavaletto, C. Sensory evaluation of fruit quality and nutritional composition of 20 breadfruit
(Artocarpus moraceae) cultivars. Econ. Bot. 2006, 60, 335–346. [CrossRef]

Foods 2016, 5, 37

11.
12.

13.

14.
15.

16.
17.

18.

19.
20.
21.
22.
23.
24.

25.
26.
27.
28.
29.
30.
31.
32.

6 of 7

Ragone, D. Breadfruit: Diversity, conservation and potential. In Proceedings of the 1st International
Symposium on Breadfruit Research and Development, Nadi, Fiji, 16–19 April 2007; pp. 19–30.
Turi, C.E.; Liu, Y.; Ragone, D.; Murch, S.J. Breadfruit (Artocarpus altilis and hybrids): A traditional crop with
the potential to prevent hunger and mitigate diabetes in Oceania. Trends Food Sci. Tech. 2015, 45, 264–272.
[CrossRef]
Zerega, N.; Ragone, D.; Motely, T.J. Breadfruit origins, diversity, and human-facilitated distribution.
In Darwin’s Harvest: New Approaches to the Origins, Evolution, and Conservation of Crops; Motley, T.J., Zerega, N.,
Cross, H., Eds.; Columbia University Press: New York, NY, USA, 2006.
Jones, A.M.P.; Murch, S.J.; Ragone, D. Diversity of breadfruit (Artocarpus altilis, Moraceae) seasonality:
A resource for year round nutrition. Econ. Bot. 2010, 64, 340–351. [CrossRef]
Jones, A.M.P.; Murch, S.J.; Wiseman, J.; Ragone, D. Morphological diversity in breadfruit (Artocarpus, Moraceae):
Insights into domestication, conservation and cultivar identification. Genet. Resour. Crop Evol. 2013, 60,
175–192. [CrossRef]
Liu, Y.; Jones, A.M.P.; Murch, S.J.; Ragone, D. Crop productivity yield and seasonality of breadfruit
(Artocarpus spp., Moraceae). Fruits 2014, 69, 345–361. [CrossRef]
Ragone, D.; Raynor, B. Breadfruit and its traditional cultivation and use on Pohnpei. In Ethnobotany of
Pohnpei: Plants, People, and Island Culture; Balick, M.B., Ed.; University of Hawaii Press, Honolulu, HI and
New York Botanical Press: Bronx, NY, USA, 2009; pp. 63–88.
Ijarotimi, S.O.; Aroge, F. Evaluation of the nutritional composition, sensory, and physical properties of
a potential weaning food from locally available food materials-breadfruit (Artocarpus altilis) and soybean
(Glycene max). Pol. J. Food Nutr. Sci. 2005, 14, 411–415.
Rincon, A.M.; Padilla, F.C. Physicochemical properties of Venezuelan breadfruit (Artocarpus altilis) starch.
Arch. Latinoam. Nutr. 2004, 54, 449–456. [PubMed]
Zerega, N.J.C.; Ragone, D.; Motley, T.J. Systematics and Species Limits of Breadfruit (Artocarpus, moraceae).
Syst. Bot. 2005, 30, 603–615. [CrossRef]
Akanbi, T.O.; Nazamid, S.; Adebowale, A.A. Functional and pasting properties of a tropical breadfruit
(Artocarpus altilis) starch from Ile-Ife, Osun State, Nigeria. Int. Food Res. J. 2009, 16, 151–157.
Akanbi, T.O.; Nazamid, S.; Adebowale, A.A.; Farooq, A.; Olaove, A.O. Breadfruit starch-wheat flour noodles:
Preparation, proximate compositions and culinary properties. Int. Food Res. J. 2011, 18, 1283–1287.
Giami, S.Y.; Tamunosaki, A. Performance of African breadfruit (Terculia africana decne) seed flour in bread
making. Plant Foods Hum. Nutr. 2003, 58, 1–8.
Murch, S.J.; Ragone, D.; Shi, W.L.; Alan, A.R.; Saxena, P.K. In vitro conservation and sustained
production of breadfruit (Artocarpus altilis, Moraceae): Modern technologies for a traditional tropical crop.
Naturwissenschaften 2008, 95, 99–107. [CrossRef] [PubMed]
Oduro, I.; Ellis, W.O.; Narth, S.T. Expanding breadfruit utilization and its potential for pasta production.
Discov. Innov. 2007, 19, 243–247.
Zerega, N.J.C.; Ragone, D.; Motley, T.J. Complex Origins of Breadfruit (Artocarpus altilis, Moraceae):
Implications for Human Migrations in Oceania. Am. J. Bot. 2004, 91, 760–766. [CrossRef] [PubMed]
Official Methods of Analysis of AOAC International, 18th ed.; Method 2005, 08; AOAC International:
Gaithersburg, MD, USA, 2005.
Larmond, E. Laboratory Methods for Sensory Evaluation of Food; Research Branch, Publication No. 1864;
Agriculture Canada: Ottawa, Ontario, Canada, 1992.
Meilgaard, M.C.; Thomas Carr, B.; Van Civille, G. Sensory Evaluation Techniques; CRC press: Boca Raton, FL,
USA, 2006.
United States Department of Agriculture (USDA). USDA National Nutrient Database for Standard Reference.
Available online: http://ndb.nal.usda.gov/ (accessed on 6 October 2015).
Sun-Waterhouse, D.; Teoh, A.; Massarotto, C.; Wibisono, R.; Wadhwa, S. Comparative analysis of fruit-based
functional snack bars. Food Chem. 2010, 119, 1369–1379. [CrossRef]
Ramdath, D.D.; Issacs, C.L.R.; Teelucksingh, S.; Wolever, S.M.T. Glycaemic index of selected staples
commonly eaten in the Caribbean and the effects of boiling v crushing. Br. J. Nutr. 2004, 91, 971–977.
[CrossRef] [PubMed]

Foods 2016, 5, 37

33.

34.

35.
36.
37.

7 of 7

Bahado-Singh, P.S.; Wheatley, A.O.; Ahmad, M.H.; Morrisson, E.Y.; Asemota, H.N. Food processing methods
influence the glycaemic indices of some commonly eaten West Indian carbohydrate-rich foods. Br. J. Nutr.
2006, 96, 476–481. [PubMed]
Ragone, D. Farm and forestry production and marketing profile for breadfruit (Artocarpus altilis). In Specialty
Crops for Pacific Island Agroforestry; Elevitch, C.R., Ed.; Permanent Agriculture Resources (PAR): Holualoa, HI,
USA, 2011.
Roberts-Nkrumah, L.B.; Legall, G. Breadfruit (Arcarpus altilis, Moraceae) and chataigne (A. camansi) for food
security and income generation: The case of Trinidad and Tobago. Econ. Bot. 2013, 67, 324–334. [CrossRef]
Shetty, P. Incorporating nutritional considerations when addressing food insecurity. Food Secur. 2009, 1,
431–440. [CrossRef]
Von Braun, J. Addressing the food crisis: Governance, market functioning, and investment in public goods.
Food Secur. 2009, 1, 9–15. [CrossRef]
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

