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a b s t r a c t

The objective of this study was to determine the effect of supplemented prebiotics: inulin (I), oligo-
fructose (O), agave fructans (A) and their mixtures in three levels, 20, 40 and 60 g prebiotics/kg puree on
the physicochemical and sensorial properties of a dehydrated apple matrix (DAM), fruit leather type. A
simplex-centroid design was used to formulate the different mixtures. After that, fructans were identi-
fied in the matrices using thin-layer chromatography and high-performance anion-exchange chroma-
tography with pulsed amperometric detection and enzymatic kits. A descriptive quantitative method was
used to determine sensory profile of the matrices. The sensory acceptability was measured by a 7-point
hedonic scale. Matrices supplemented with solely A and O, were significantly smoother and more
qualified in acceptability compared to the control. The behavior of DAM with inulin was different; it
increased hardness and decreased acceptability. In general, mixtures of prebiotics had a synergistic effect
on matrices hardness. The optimum formulation corresponded to the DAM supplemented with agave
fructans, indicating that it is possible to obtain a fruit leather type product with prebiotic potential.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In recent years, human diet and its relationship with health has
attained great importance. Therefore, consumption of functional
foods provides an additional benefit to health, in addition to
meeting the basic nutritional requirements, the demand of this
type of food has increased among consumers to a large extent
because of the natural interest of people to have a better life quality
(Abdel-Salam, 2010; Ozen, Pons, & Tur, 2012). In 1984, Japan first
introduced the term “functional foods”. After numerous studies on
nutrition, fortification, sensory satisfaction and modulation of

physiological systems, a functional food was approved by the Jap-
anese government as “food for specified health uses (FoSHU)”
(Shimizu, 2012). However, this definition has evolved. The most
current was emitted by the European Commission Concerted Ac-
tion on Functional Food Science in Europe (FUFOSE), which defines
functional foods as “a food can be regarded as ‘functional’ if it is
satisfactorily demonstrated to beneficially effect one or more target
functions in the body, beyond adequate nutritional effects, in a way
that is relevant to either an improved state of health and well-being
and/or reduction of risk of disease. Functional foods must remain as
food and they must demonstrate their effects in amounts that can
normally be expected to be consumed in the diet: they are not pills
or capsules, but part of a normal food pattern” (Diplock et al., 1999;
Ozen et al., 2012).

Prebiotics can be considered as functional ingredients, because
of their technological properties. They are included in products
such as: yogurts, cereals, desserts, nutritional bars, beverages, and
ice cream, among others (Gibson et al., 2010; Kolida & Gibson,
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Abstract
Purpose – The purpose of this paper is to explore the variety of food in which it has been
applied as a prebiotic and functional ingredient, the concentrations used there in, the tests that
have been conducted on these fortified foods and briefly reviews the history and characteristics
of inulin.
Design/methodology/approach – The review included articles from 1999-2013. The papers
which reported inulin concentrations used, the purpose of the application and tests on final product,
were mainly selected. Articles were collected in electronic databases such as Elsevier-Science Direct,
Emerald, Springer Link, Wiley and Redalyc.
Findings – The interaction inulin-food with different food matrices is complex, and is not
always technologically favorable for the product. Moreover, additional to evaluations of sensory,
physicochemical and rheological characteristics, it is essential to carry out measurements in the food,
of such characteristics as prebiotic content, and prebiotic activity in vivo and in vitro, and assess
potential adverse reactions in order to define suitable doses of consumption.
Originality/value – The paper highlights the importance of conducting in vitro and in vivo testing
of potential prebiotic inulin-supplemented food in order to define dose that benefit health and do not
cause unacceptable gastrointestinal distress.
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ANIMAL SCIENCE

Inhibition of the growth of rats by extruded snacks from bean (Phaseolus 
vulgaris) and corn (Zea mays)
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Abstract

There is a need to develop new food products with high protein quality and a high caloric value, high 
acceptability and low costs for low income families. The aim of this investigation was to evaluate in vivo an 
extruded bean–corn product, supplemented with Ca and Zn, as a potential nutritional snack. Extruded and non-
extruded bean-corn flours were fed to rats. Antinutritional factors, rat weight and length, femur weight and heart 
weight and volume were determined.  Microscopy pictures of rat liver were taken. The antinutritional factors 
present in the studied bean variety did not affect rat growth or internal organ characteristics. Bean-corn diets 
affected (p<0.05) rat weight and produced liver alterations, probably because of interference by bean protein 
with intestinal or systemic metabolism. Ca and Zn supplementation is not necessary in a bean-corn extruded 
snack for rats.

Key words: Bean flour, Extrusion, Maize flour, Mineral supplementation, Steatosis 

Introduction
Malnutrition is common among neonates and 

infants in developing countries. There is a need to 
develop new food products with high protein 
quality and a high caloric value, high acceptability 
and low costs for low income families (Kannan et 
al., 2001; Hussain et al., 2010; Atienzo-Lazos, 
2011; Rodriguez-Miranda et al., 2011, 2012).

Legumes play an important role in the diet of 
many people throughout the world. They are 
drough resistant and salt-tolkerant (Messina, 1999; 
Sagarpa, 2004; Akhtar et al., 2010; Rao and Shahid, 
2011). Beans are rich in lysine but deficient in 
sulfur amino acids. On the other hand, corn 
contains high amounts of sulfur amino acids, but is 
poor in lysine. A combination of legumes and 
cereals can result in a product with high protein 
quality, even comparable to casein (Gujska and 

Khan, 1990; Stoecker et al., 2006; Dhingra and 
Jood, 2007; Hussain et al., 2010; Giwa and 
Ikujenlola-Abiodun, 2010; Atienzo-Lazos, 2011; 
Rodriguez-Miranda, 2012). 

Beans and corn, as well as other plants, have 
antinutritional factors that affect growth, nitrogen 
balance, intestinal sugar and amino acid absorption, 
and the immune system, and reduce the 
bioavailability of cations (Mamiro et al., 2001; 
Manary et al., 2002; Devine 2002; Marzo et al., 
2002; Nestares et al., 2003; Boccio and Monteiro, 
2004; Dhingra and Jood, 2007; Martinez et al.,
2012). Phytic and oxalic acid, which are present in 
cereals and legumes, can bind minerals such as Ca, 
Fe and Zn, reducing the availability of these 
minerals in cereal foods (Ockenden, 1997; Zhou 
and Erdman 1995; Adams et al., 2002; Lönnerdal et 
al., 2011). Phosphate can cause significant zinc loss 
and influence its bioavailability. Dehulling can 
reduce phytic acid content by 60 – 90% in cereals, 
since phytic acid is located principally in the germ 
and aluerone layer (Hatzack et al., 2000; Linares et 
al., 2007; Lönnerdal et al., 2011). Although phytate 
is the principal chelating agent, water-soluble 
components are responsible for 39% of the binding 
power of whole bran (Linares et al., 2007). Other 
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