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Husk Tomato (Physalis ixocarpa Brot.) Waste as
a Promising Source of Pectin: Extraction and
Physicochemical Characterization

Blanca Elizabeth Morales-Contreras, Juan Carlos Contreras-Esquivel, Louise Wicker, Luz Araceli Ochoa-Martinez,
and Juliana Morales-Castro

Abstract:
pectin extracted from this waste was characterized physicochemically. Fruit was blanched for 10 or 15 min and extracted
in 0.1 N HCI for 15 to 25 min. Extracted pectin was subjected to physicochemical analysis. For all extraction conditions,
the percentage of anhydrogalacturonic acid exceeded 60%, indicating that husk tomato was a good source of pectin. The

Husk tomato (Physalis ixocarpa Brot. var. Rendidora) waste was evaluated as a source of specialized pectin, and

degree of esterification of pectin molecules was 63% to 91%. The amount of extracted pectin decreased with increasing
extraction time. The apparent viscosity of husk tomato pectin showed the characteristic behavior of pseudoplastic fluids.
Neutral sugars were identified, and the amounts of 6 sugars (fucose, rhamnose, arabinose, galactose, glucose, and xylose)
were quantified. Sugars identified in husk tomato pectin and present in the Rhamnogalacturonan I region, arabinose,
galactose, and rhamnose suggest a highly branched structure, which will influence its future applications. Molecular
weight values were 542 to 699 kDa, exceeding molecular weight values reported for commercial citrus pectins from 134
to 480 kDa. The extraction process significantly (P < 0.05) influenced the physicochemical properties of pectin. Up
to 19.8% from the total amount of pectin in the husk tomato was extracted by 10 min of blanching and 20 min of a
more heat treatment. Our findings indicate that husk tomato can be a good alternative source of pectin having highly

distinctive physicochemical characteristics.

Keywords: apparent viscosity, husk tomato, pectin, Physalis ixocarpa Brot., tomatillo

Introduction

Pectin is a complex polysaccharide that is found in plant cell
walls (Voragen and others 1995). It is formed of 3 main domains:
the linear homogalacturonan (HG) domain, the rhamnogalactur-
onan I (RG-I) domain, and the rhamnogalacturonan II (R G-II)
domain (Mohnen 2008; Voragen and others 2009). HG consists of
a (1-4) linked-D-galacturonic acid, the most abundant component
of pectin, which can be methoxylated at C-6 and/or acetylated at
C-2 or C-3. Proportions of methyl and acetyl groups determine
the pattern and DE of the HG domain. These features, together
with the degree of polymerization, determine the functionality of
pectin in food products (Willats and others 2006). The RG-Iis one
of the domains of the main structure of pectins. The proportion
of RG-I domain depends on the source and extraction method of
the pectin (O’Neill and others 1990). L-rhamnose residues may be
attached to other neutral sugar side chains, such as arabinose and
galactose. Compounds such as ferulic acid or coumaric acid may
also be attached to this structure (Saulnier and Thibault 1999).
Composition differences specific to pectins from difterent sources
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contribute to functional characteristics (such as gel-forming abil-
ity), depending on which interactions are favored in the branched
portion of the molecule (Round and others 2010).

Global demand for pectins is estimated to be about 40000 tons
per year, with an annual growth of about 5%. The food industry
uses citrus waste and apple pomace to obtain pectin, but these
sources are not sufficient to meet the market demand (Willats
and others 2006; Ciriminna and others 2015). Innovation in food
product development and the need for specialized hydrocolloids
have driven the search for new ingredients and stabilizers. Pectin is
commonly used as a gelling agent in different products, including
bakery fillings and confectionary products in the food industry
(Willats and others 2006). In recent years, its use has spread to
other sectors, such as pharmaceuticals and cosmetics. The reported
biological activity of pectins (Wang and others 2016), owing to the
presence of proteins, ferulic acid, acetyl groups, and polyphenols,
could further increase global demand for this product.

Research has focused on identifying new sources of pectin and
features that may confer new functional properties. Novel sources
of pectin that have been studied include passion fruit (Kulkarni
and Vijayanand 2010), banana peel (Gopi and others 2014), gold
kiwifruit (Yuliarti and others 2015b), pomegranate peel (Pereira
and others 2016), grapefruit (Wang and others 2016), tomato
waste (Nincevi¢ Grassino and others 2016), Artocarpus heterophyllus
waste (Moorthy and others 2017), and others. Husk tomato plants
(Physalis ixocarpa Brot.) originated in Mexico but are grown in
different countries. Its fruit, the tomatillo, as it is known in Latin
America, is an important culinary fruit that has a distinctive flavor,
both in raw and cooked form and it is added to sauces and salsas to
increase consistency. Due to a husk tomato surplus or lower quality
product, the fruit is discarded and food waste is generated; in

© 2017 Institute of Food Technologists®
doi: 10.1111/1750-3841.13768

Further reproduction without permission is prohibited

the Institute of Food Technologists

A Publication of

\4

Journal of Food Science



Food Control 77 (2017) 131138

journal homepage: www.elsevier.com/locate/foodcont

Contents lists available at ScienceDirect

Food Control

Antimicrobial activity of nanoemulsions containing essential oils and @CwssMark
high methoxyl pectin during long-term storage

M.L Guerra-Rosas ¢, J. Morales-Castro ¢, M.A. Cubero-Marquez °, L. Salvia-Trujillo °,

0. Martin-Belloso > *

2 Departamento de Ingenierias Quimica y Bioquimica, Instituto Tecnoldgico de Durango, Blvd. Felipe Pescador 1830, Ote., 34080, Durango, Mexico
b Department of Food Technology, University of Lleida — Agrotecnio Center, Av. Alcalde Rovira Roure 191, 25198, Lleida, Spain

ARTICLE INFO

ABSTRACT

Article history:

Received 16 August 2016
Received in revised form

17 October 2016

Accepted 7 February 2017
Available online 7 February 2017

Keywords:
Nanoemulsions
Essential oils

Stability

Antimicrobial properties

The antimicrobial activity against Escherichia coli and Listeria innocua of nanoemulsions containing
oregano, thyme, lemongrass or mandarin essential oils and high methoxyl pectin was assessed during a
long-term storage period (56 days). On one hand, a higher antimicrobial activity was detected against
E. coli compared to L. innocua regardless the EO type. Transmission Electron Microscopy (TEM) images
showed a significant damage in the E. coli cells for both the cytoplasm and cytoplasmic membrane, led to
cell death. The antimicrobial activity of the nanoemulsions was found to be strongly related to the EO
type rather than to their droplet size. The lemongrass-pectin nanoemulsion had the smallest droplet size
(11 = 1 nm) and higher antimicrobial activity reaching 5.9 log reductions of the E. coli population.
Nevertheless, the freshly made oregano, thyme and mandarin EO-pectin nanoemulsion led to 2.2, 2.1 or
1.9 E. coli log-reductions, respectively. However, the antimicrobial activity decreased significantly during
storage regardless the EO type, which was related to the loss of volatile compounds over time according
to our results. The current work provides valuable information in order to make progress in the use of
nanoemulsions containing EOs as decontaminating agents in food products.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

Essential oils (EOs) are volatile substances obtained from aro-
matic plant materials (flowers, buds, seeds, leaves, twigs, bark,
herbs, wood, fruits and roots) (Noorizadeh, Farmany, & Noorizadeh,
2011; Bakkali et al., 2008), usually extracted by steam vaporization
and cold-press techniques (Saad, Muller, & Lobstein, 2013). EOs are
commonly used as antioxidants, flavorings or colorants in a wide
range of food products (Edris, 2007; Santin, Oliveira, Cristina,
Ferreira, & Ueda-nakamura, 2009). Moreover, EOs have been
described as strong natural antimicrobial agents for food preser-
vation purposes (Muriel-Galet et al., 2012). The antimicrobial
properties of EOs are mainly due to their volatile components,
including terpenoids and phenolic compounds (Cosentino et al.,
1999). The mechanism of EOs to inactivate food-borne microor-
ganisms relies on their interaction with the microbial membrane.
EOs phenolic compounds are known to penetrate through the
microbial membrane and cause the leakage of ions and

* Corresponding author.
E-mail address: omartin@tecal.udl.cat (0. Martin-Belloso).
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cytoplasmatic content thus leading to cellular breakdown (Burt,
2004; Bajpai, Baek, & Kang, 2012). Several studies have shown
that EOs are effective antibacterial agents against a wide spectrum
of pathogenic bacterial strains including L. monocytogenes,
L. innocua (Solomakos, Govaris, Koidis, & Botsoglou, 2008), E. coli
0157:H7, Shigella dysenteria, Bacillus cereus, Staphylococcus aureus
and Salmonella typhimurium (Saad et al., 2013). However, antimi-
crobial EOs are rarely used directly in food products as bulk oils
since they present limitations such as intense aroma and low water
solubility (Salvia-Trujillo, Rojas-Grati, Soliva-Fortuny, & Martin-
Belloso, 2014).

Nanotechnology is a tool used to modify nano-scale material
characteristics, in this case, to improve the EOs properties, which
can be incorporated as nano-sized delivery systems in order to
overcome their limitations (Huang, Yu, & Ru, 2010). A wide variety
of delivery systems have been developed to encapsulate active in-
gredients, including colloidal dispersions, biopolymer matrices or
emulsions (Weiss, Takhistov, & McClements, 2006). Emulsions
containing very small oil droplet size are desirable for certain ap-
plications since they present advantages over systems containing
larger particles. Nanoemulsions are defined as conventional
emulsions that contain tiny particles (diameter between 100 and
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Nanoemulsions have shown potential advantages over conventional emulsions due to their large active
surface area, but are also susceptible to destabilization. Therefore, the purpose of this work was to assess
the long-term stability (56 days) of nanoemulsions containing EOs (oregano, thyme, lemongrass or
mandarin) stabilized by high methoxyl pectin and a non-ionic surfactant (Tween 80). The initial droplet
size of nanoemulsion was below 50 nm regardless the EO type, which was confirmed by Transmission
Electron Microscopy (TEM). Lemongrass and mandarin nanoemulsions remained optically transparent
over time (56 days) and their droplet sizes were in the nano-range (between 11 and 18 nm), whereas the

ﬁ?;méz:gzlsions droplet size of oregano and thyme nanoemulsions increased up to 1000 nm probably due to Ostwald
Essential oils ripening. This fact induced creaming and a higher whiteness index in the latter nanoemulsions. The
Droplet size electrical charge (@-potential) of nanoemulsions was negative due to the anionic nature of pectin
{-potential molecule adsorbed at the oil-water interface, ranging between —6 and —15 mV depending on the EO
Viscosity type. However, lemongrass and mandarin nanoemulsions exhibited a more negative @-potential than

Creaming index thyme or oregano EO indicating a stronger adsorption of pectin at the oil surface, and therefore a higher
stability. The viscosity of nanoemulsions remained practically constant between 20 and 24 mPa s, during
storage for all EOs. This work represents the starting point for future applications of nanoemulsions
containing EOs to be incorporated in food products due to their high long-term stability.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Essential oils (EOs) are natural compounds found in aromatic
plants and herbs as secondary metabolites that present antioxidant
and antimicrobial activity and also have been widely used as
functional ingredients in food as flavorings (Burt, 2004). However
their incorporation in food products presents several limitations
due to their low solubility and intense aroma at high concentrations
(Sanchez-Gonzalez, Vargas, Gonzalez-Martinez, Chiralt, & Chafer,
2011). The emulsification of EO is currently used for their disper-
sion into food products but their functionality and long-term sta-
bility largely depends on the oil droplet size and distribution
(Tadros, Izquierdo, Esquena, & Solans, 2004). In this sense, nano-
emulsions can be used as carriers of lipophilic bioactive compounds
for their incorporation in food products. Nanoemulsions consist of

* Corresponding author.
E-mail address: omartin@tecal.udl.cat (0. Martin-Belloso).
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at least one immiscible liquid dispersed in another with a surfac-
tant (nonionic or polymeric) in the form of small droplets, with an
average droplet size between 20 and 200 nm (Burguera & Burguera,
2012; Solans, Izquierdo, Nolla, Azemar, & Garcia-Celma, 2005;
Waulff-Pérez, Torcello-Gomez, Galvez-Ruiz, & Martin-Rodriguez,
2009). Nanoemulsions exhibit several advantages over conven-
tional emulsions (Qian & McClements, 2011; Tadros, Izquierdo,
Esquena, & Solans, 2004). First, they are optically transparent so
they might be good candidates to be incorporated in clear drinks or
beverages (Qian & McClements, 2011). Second, nanoemulsions are
kinetically stable colloidal systems (Solans et al., 2005). Third, they
present a high active surface area thus having a potentially higher
functionality (Qian & McClements, 2011). There are several
methods to form nanoemulsions, but high-energy methods are the
most commonly used. They require specialized mechanical devices
such as high-pressure homogenizers and ultrasounds capable of
generating intense mechanical disruptive forces inducing the
breakup of the oil droplets (Mason, Wilking, Meleson, Chang, &
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