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Alkali-Extracted Feruloylated Arabinoxylans from Nixtamalized Maize
Bran Byproduct: A Synonymous with Soluble Antioxidant Dietary Fiber
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Abstract

Ferulwlated arabinoxylans were obtgined Troam nigiamalized maize bron under alkaline comditions (0.3 N NaOH ) s difTerent
times (2 0, 4 boand 6 W), They wiere analyzed For nentral sugars composition, dictary liber and Terulic acids coment, as well
as the antioxidant capacity, to establish if they can be considered as soluble antioxidant dictary fiber. The yields of the arabi-
noxylans following alkaline exirmciion ireatmenis wers 4895, 235 and T.17% for 2 b, 4 b and 6 b, respectively, The puniiy
of arabinoxylins ranged from 55.58 10 61.16%, while arabinose o xybose (Ara/Xyl ) mtio ranged from (L82 10 087 which
imclicted that ol srabinoxylang had o moderately branched siruciure. The soluble dietary liber sccounted lor more than 835
of the chemical composition of feruloylated ombinogylins, Monomeric and oligomeric forms of ferulic ocid were influsnced
by thie alkali cxirction iime, The monomeric form was the msin phenolic scid in feroloybbed arbinogylans (77.05-8697%),
Fodboweed by dimers (01571420000, and imer (093-9.36% ). Total phenols ranged from 901 1o 648 mg FAE g, while
untneackionl capaeity ranged from 29499 w 3168 pmod TESg, 16060 w0 2027 pmol TEA, 3923 1o 5833 pmol T g and 1700
By 60065 pmisl TES in DPPH, ABTS, FRAP and ORAC methods, respectively, The phenol content and antioxidant capacity
were in the order: 2 b extruet > 4 b extrsct > 6 b extract and in sccondance o the ferulic seid content, The results indicated
thait slkaly extracied leruloylated arubinogylans obsiained (rom mgiamolized maze bran byproduct are synonymous wilh
sosluble antioxidant dictary liber,

Keywords Feruloyluied arabinosylans - Soluble antioxidant dictory fiber - Ferulic scids - Anlioxidant capacity
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Physico-mechanical, barrier and antimicrobial properties of linseed mucilage films
incorporated with /. virginiana extract

Propiedades flisico-mecinicas, de barreras y antimicrobianas de peliculas de mucilago de
linaza incorporadas con extracto de /. virginiana
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Abstract

Incrensed inderest m providing sale Lol with excellent gqualiy and shelllife hos resabied momereased etlons lowand developng
mew bbo-based packaging materals. The objectives of this snsdy were o develop and chasacterize films based oo linseed
i L (LM it concentrations of 209, 2.5%., and 3.0% and e famtber development of antimicrobial films (AP ) incorporating
Hamamelis virginiana (Hy) extrsct. The films with the greatest LM concontration wis selocted as the best formulation based on
its mechanical propertics, waler vapor permeahility and moisture sensitivity. Moreover, the antimicrobial activities of Hv exiract
ngaingt foodhome pathopens were evaluated. Minimuam inhibitory concentrations were 1,18 mg mL " for L. manecytogenes and
237 mg ml ! for & Tiphi, 8 mreus, and E coli. Finally, AFs were developed by incorporating Hv extract at 2.37 mg mL !
indo i base of 10% LM, increasing elongation af break, antioxklant activity o 80.56%, moisture sensitivity, and ontimicrobinl
petivity (increasing inhibition mones i 1950 - 22,50 mm). It also decreased tensile strenpth, muximam foree, ond water vapor
permeability. These resulis suggest that AFs hased on LM with Hy extruct have sofficient properties for a potential packapging
maleriil,

Keywords; Mucilape, Hamamelis virginiara, antimicrobial activity, estimicrobial Glms, physico-mechanical progertics.

Hesumen

El crecienle inberés en proporcionar alimentos segums con excelente calidad v vada anil ha resultido en un incremento on
b esfuerees hacie el desarmolle de nuevos materisles de empupie de base hiologicn. Los objetives de este estudio Tueron
desarmollar y carscterizr peliculas o hase de onscilago de lingea (LM) en concentraciones de 2009, 2.5% y 300 y sdicionlmente
diesarrollar peliculas antimicrobianas ( AFL) que incorponen un extract de Mamamelis virginiana (Hv). La pelicila con la oy
concenraciin de LM fue seleccionada como la mepor formualacion en funcion de sus propiedades mecinbeas, permeabilidad
al vapor de agua y sensibilidad a la bumedad. Por otra parte, se evalud la actividsd antimicrobiana del exirseto de Hy conira
patfipendos iransmitidos por los alimentos, Las concentraciones inhibitorias minimeas fueron 1,18 mg mL ! para L. monocymgenes
¥y 237 mﬁ mL ! para & Typhi, § aureus v E coli. Finalmente, se desarrollaron peliculas incorporando ol extracto de Hy en 2,37
mg mlL " en unn hose de 30% de LM, sumentande b elongaciin, la actividad antioxidante a B0.56%, la sensibilidad o la
humeddad ¥ 1a actividad antimicrobiona (incrementandie [as zonas de inhibicion a 1950 - 2250 mm}. Esto también dismimeya La
resistencia i la tension, la foerza maxima ¥ la permeabilidad al vapor de agua. Bstos resultados sugieren que las AFs a base de
LM con extracio de Hy tienen propaedacdes adecuadas par un material potencial de empaiqee,

Palgbras clave: Mucilags, Hamomelis wirginiana, actividsd antimicrobiana, pelicelas antimicrobianas, propledacles fision
mecinicas,
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Abstract: Prusrus serobine seed, was processed fo produce a defatbed flouar (7107 + 2.00% yield ) without
hydrocyanic acid. The total protein was 50.94 & 0.64%. According to sensory evaluation of cookies
with P serofine flour, the highest score in overall impression (6.31) was at 50% flour substitation. Tts
nutritional composition stood out for its protein and fiber contents 12500 and 0.93%, respectively.
Probein concentrabe (PPC) was elaborated (81,44 + 7.74% protein) from defatted flour, Emulsifying
propertes of MPPC were studied in emulzions at different mass fractions; § = 00002, (002, 0.1, 0.2,
and (04 through physicochemical analysis and compared with whey protein concentrate (WIPC).
Particle size in emulsions increased, as did oil content, and results were reflected in microscope
photopraphe, PP at o 0,02 showesd positive resulis along the study, reflected i the microphotogmsph
and emulsifying stability index (ES1) test (117,50 min). At ¢ 0.4, the lowest ES] (29,34 min}, but the
maximum emulsifying activity index (EAL) value (0029 m"'fﬂ] wad reached. WPC had an EAL value
higher than PsPC at v = 0.2, but its ESI were abways lower in all mass fraction values. PsPC can
compete with emulsifiers as WPC and help stabilize emulsions,

Keywords: Prieies serpbing; defatted flour soluble protein; probein concentrabe; emulsifying propertics;
emulzion stability

1. Introduclion

Mowadays, there is an increasing demand for products of high nutritional quality [1]. Proteins
are onee of the major components of the human dict becawse of their nutritonal properties, They are
alzo responsible for physicochemical properties such as solubility, water, and oil retention capacity,
foaming and emulsifying capacity, viscosity, and gelation, among others. The proteins impact not only
the quality of the products, but also acceptance by consumers [2].

Pl 0000, 0, 79 ofloa: 10,3 o =01 IS www.mdpicomfearnalffoods
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Abstract: The aim of this rescarch was to develop and characteriee five gelled double emulsions based
on chia mucilage (CM) and different biopolymers (k-carrageenan, C; locust bean gum, L; thixogum,
T: and whey protein concentrate, W) loaded with green tea extract (GTE). Gelled double emulsions
oonsisted of W) (whey-protein-concentrate/sodinm-aside/NaCINGTEWD and (PGIRE/canola-oi)'Wy
(O™, CMC, CMIL, CMT and CMW], and wene characterioed based on physicochemical propertics
during 35 days of storage. Optical microscopy dearly showed the drops of the internal phase
surrounded by droplets of oil dispersed in the second aqueous phase; the droplet size was higher
for CMT and lowest for CMW. In addition, all emulsions were highly stable at creaming and wene
effective in reducing the loss of antioxidant activity (BE.E2%) and total phenols (64.26%) during
storage; CMT, CML and UM were the most effective. Furthermaore, all emulsions showed a protective
effect by modulating the nelease of the CTE in a simulated gastroinbestinal environment, allowing a
controlled release during the gastric-intestinal digestion phases and reaching its maximum release
in the intestinal phase (64.57-8331%). Thus, gelled double emulsions are an alternative for the
preservation of GTE and could be a potential alternative for their application in the development of
functional foods.

Keywaords: gelled double emulsion; chia mucilage; green tea extract; antioxidant activity; stability

1. Introduoction

MNowadays, consumers ane focusing their attention on the consumption of high-guality foods
that provide basic nutritional properties and provide beneficial effects to health, reducing the risk
of discase [1,2). Green tea is obtained from the Camellia sinensis L. plant native to China and is one
of the most popular and beverages consumed around the world [3,4]. Green tea extract (GTE) is
mainly composed of polyphenols, such as catechins (e.g., (—) epigallocatechin gallate, (—) epicatechin
gallate, (—) epillogallocatechin and (—) epicatechin), gallic acid, quencitin and caffeine, among other
substanoes [5,6]. Due to its composition, green tea has a wide variety of antioxidant, antimicrobial,
anticancer, anticardiovascular and antihyperglycemic propertics, among others (2,7 8] In recent
years, interest in the development of a wide varnicty of food products (e.g., meat, lactic and bakery

Frouudsc 307%, 8, 677, doic 10 X ood=S1 20677 wowrw mdpa comyiourmal foods
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Abstract: We have evaluated the effect of edible coatings (ECs) based on linsced mucilage (LM),
chitosan (CH), and their combination (LMCIH on the quality and shelf life of fresh-cut cantaloupe.
Cantaloupe was washed, sanitized, and processed (pecled, seeded, and cut) and then coated by
immaersion, packed, and stored for 18 days at 4 °C. The ECs were effective at reducing the juice
leakage and softening of the product. The EC based on CH was the most effective at preserving the
color parameter and reducing the general microbiological growth. However, the LMCH combination
decreased the antimicrobial effect of chitosan against microorganisms. Also, CH and IM ECs helped
preserve the overall sensory characteristics, increasing the acceptance to 12415 days. Finally, the
LMCIHI combination helped preserve the characteristics of color and odor; however, it modified the
texture and taste of fresh-cut cantaloupe and its sensory acceptance was similar to the control (up to
9 days).

Keywords: linsced mucilage; fresh-cut fruit; cantaloupe; quality; shelf life

1. Introduction

The present-day accelerated lifestyle has increased the production and consumption of minimally
processed horticultural and ready-to-cat products [1-3]. However, the development of fresh-cut
products from fruits such as pincapple, papaya, watermelon, mango, and cantaloupe, among
others, has been limited because these foods are highly perishable compared to intact fruit.
Also, processing operations, such as disinfection, washing, drying, cutting, and packaging, can
cause alterations in physical integrity (e.g., mechanical damage of fruit tissue) and product safety
(e.g., microbial cross-contamination), leading to a series of changes related to microbial susceptibility
and physicochemical and sensory stability, which decrease overall quality and shelf life [+-6].

Cantaloupe is one of the most popular fresh-cut fruits on the market and is consumed
worldwide [7-10]. Cantaloupe is characterized by its aroma, intense flavor [11], and dictary fiber
content, as well as its vitamin (A, B, and C), calcium, potassium, iron, and p-carotene levels [8,12-14].
However, fresh-cut cantaloupe has a short shelf life (up to 9 days) because the processing and storage
of the product trigger changes in physical integrity, loss of juice, softening of the pulp, enzymatic

Coutimgs 2019, 9, 368; doi- 10,3390 coating 9060068 www.mdpi comyjournal/coatings
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Physicochemical characterisation and in vitro Starch digestion of
Avocado Seed Flour (Persea americana V. Hass) and its starch and

fibrous fractions
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The avecado seed s considered a by-product of their polp exploaton and woday it does not present rele-

vant food or industrial applications. In this study, we evaluate the potential use of s flowr, their isolated
siarch and fbre fractions. Alier processing, the four yvielded 46.28%, and showed 6.7% of proicin and
low fat and ash contenis (3.4, and 2.71% respectively). The siarch yiclded 27 28% with low-fibre content
ihat influenced il viscosity propertics; as well as their waler absorption index (WAI), waiter solubility
index (WSI) and oil absorption index (OAI), that were 2.43%, 11.22% and 0L16% respectively. The
in vitre starch digestion of the different obtained fractions showed higher amounis of rapudly dipestible
starch (56.8%—75.36%, four and starch respectively). The functional properties of the matenals were cor-
related with sirong molecular interactions with their apparenily unigue amylose siruciure; for this, this

Summary

hy-prosduct may have different potential for food applications.
Keywords avocndo seed, dietary fibee, dipestion, starch
Introduction

The avocado fruil (Persea amerfcana), native to Cen-
iral America, has a dark and rough green crusi, that
covers a yvellowish-green pulp rich in oils and apprec-
ated for iis sensory and noinbonal characienstics.
There are appromimately 400 varcties of this [fruoit,
being the “Hass" the most popular in the mternatonal
market, followed by the “Tuerte’ and ‘crniolla’ varieties
(Barhosa Martin  er al, 20016} Mexico contributes
with 32% of the global production; placing il as one
of the world’s leading cxporiers. The avocado frwt 1=
marketed all over the world and it & oflen trans-
formed inlo value-added products such as guacamole,
purée, oils and other derivatives (Maldonado £amora
ef al.,, 2007). These producis use only the pulp, leaving
aside approximately 148 000 1ons of seeds, considered
as a by-product with no other food uses: hence, being
discarded, causing contamination (Barbosa Martin
et al., 2016). For this reason, diverse research has been
conducted [ocusing on theirr carbohydrates [raction,
which compromises more than 80% of the sceds
Although i raw siaile, il also  prescnis  phylates,

"Correspondent: E-mail: jubiandbomi e ma

ozl 1T fijls 146l
& 208 institute of Food Sciencn and Tachnology

oxakiles and cyanopenic glycosides making the secd or
itz unprocessed  by-products 1o be polentially toxic
(Dabas et al., 2013); however, they can be drastically
redoced by using thermal processing (Talabi e af.,
2006). Dus w this, some allernative uses of these
maiterials have beoen related with therr incorporabion
intoy diverse food produects, or as copolymers to elabo-
rate plant-based plastics (Lobis e af, 2008). Neverthe-
less, there 15 a lack of information about the influence
of the chemical composition of avocado flour and s
starch and fibrous fractions over some technological
characienstics that will help to supgesi other poicnial
uses, Therelore, the aim of this work was (o cvaluale
the physicochemical, functional and in virro digestion
characteristics of avocado seed four as well as their
[ractions,

Material and methods

Avocado Bowr production

The avocado sceds (Persea americana v. Hass) were a
gilt from Suoper Salads Hestawraniss (Monierrey,
Muevo Leon, México). These sceds were considered as
residue after their pulp were used for food purposes.
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Abstract: The addition of flaxseed and amaranth on the physicochemical, functional, and
microstructural changes of instant-extruded products was evaluated. Six mixtures with different

proportions of amaranth (18.7-33.1%), flaxseed (6.6-9.3%), maize grits (55.6-67.3%) and minor
ingredients (4.7%) were extruded in a twin-screw extruder. Insoluble and soluble fiber contents in
extrudates increased as the proportions of amaranth and Maxseed increased. Howewver, the highest
flaxseed proportion had the highest soluble fiber content (1.9%). Extruded products with the highest
proportion of Naxseed and amaranth resulbed in the highest dietary fiber content and hardness values
(5.2 N), which was correlated with the microstructural analysis where the crystallinity increased,
resulting in larger, and more compact laminar structure, The extruded products with the highest
maize grits proportion had the highest viscosity, expansion, and water absorption indexes, and the
lowest water solubility index values. The mixtures with amaranth (18.7-22.9%), Maxseed (8.6-9.3%),
and maize grits (A3.8-67.3%) resulted in extruded products with acceptable physicochemical and
functional propertics.

Keywords: extruded products; flaxseed; amaranth; dictary fiber; extrusion-cooking,

1. Intreduction

Currently, an increasing trend in the demand for processed foods that include pro-health
compounds such as soluble fiber is oocurring due to evidence of potential health benefits to consumers.
Reduction in various types of chronic discases such as cancer, cardiovascular disease, type Il diabetes,
and various gastrointestinal disorders are among them [1]. The development of products and processes
that incorporate high-fiber ingredients without altering, the physical, functional, and sensory properties
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Abstract: Oregana (Foliomintha longifiora) essential oil (Ooil) is a product of high commercial value and
many applications, including chemotherapy. Aiming to achieve the best use of this resource, the present
study focuses on the characterization of separated fractions of Ooil by fractional vacuum distillation
at low pressure. Four fractions (F1-F4) and undistilled oil (Unoil) were separated from Ooil and
analyzed for their chemical composition and bological activities, such as antiocidant and antimicrobial
activities. Gas chromatography-mass spectrometry shows differences in the composition among, the
fractions and Oodl. The amount of monoterpenes oxygenated (MOY), sesquiterpenes hydmcarbon
(SeH) and monoterpenes hydrocarbon (MH) varied between the fractions in ranges of 1.51-68.08,
A31=-25.12 and 19197 75%, respectively. The major concentrations of MO and SeBH wene observed
in P4 and Unodl, On the other hand, the highest concentrations of MH were found in F1 and 172,
while the lowest were in B4 and Unaoil. These results were correlated with the biological activity.
Free-radical scavenging activity varied among fractions, with F4 and Unoil showing the highest
activity, The antimicrobial test showed that P4 and Unoil had the highest activity in almost all cases,
The correlation between the variables studied in the different fractions allows the definition of the
particular properties for each one of them.

Keywords: orcgano; Peliosintha longiflora; essential oil; antioxidant activity; antimicrobial activity;
wvacuum fractional distillation

1. Intreduction

Essential oils are “valatile oils or essences derived from vegetation and characterieed by distinetive
odors and a substantial measure of resistance to hydrolysis” according to the Encyclopedic Dictionary of
Polymers [1,2], These are a complex mistune of different volatile compounds present in aromatic plants
in a natural way that, due to their propertics and their fragrance, are widely vsed in cosmetics, in the food
industry to improve the taste and the organoleptic properties, and in a variety of houschold products.
In addition to their flavor and fragrance, many casential oils and their solated components exchibit
muscle-relaxing, antibacterial and antifungal activities. These properties are used in applications such
s the preservation of raw and processed foods, pharmaceutical products and altermative medicine [2-4].

In recent years, due to restrictions on the use of synthetic food additives and the constant
increase in the survival capacity of detrimental microorganisms caused by resistance to antibiotics and
preservatives, there has been an increase in the search for alternatives, such as natural antimicrobial
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Abstract: Effects of agave fructans as carrier agents on the encapsulation of blue com anthocyanins
using spray-drying were evaluated. Blue com extract was mixed with 6%, 8%, 10%, and 12% (@yr) of
agave fructans in duplicate and dried at 150 “C. The extract showed good contents of anthocyanins,
pelyphenals, and antioxidant activity. The increase of agave fructans in the encapsulated powders
coused a significant increase (p < L0S) in the humidity, water activity (i), pH, bulk density, waler
solubility index (WSI), and color L* values. On the contrary, the agave fructan addition decreased the
hygroscopicity, water absorption index (WALT), antioxidant activity, total anthocyanin, total polyphenod,
and individual anthocyanin contents. The encapsulation of blue corn extract with 6% agave fnactans
(wyfo) resulted in good physical, thermal, morphological, and high antioxidant propertics. The results
suggest that the use of agave fructans as wall material represents advantages in the conservation
of anthocyanins and other bivactive compounds from blue corm extract during their encapsulation.
The application of blue corn anthocyanin encapsulated powders as a food ingredient is promising for
food pigmentation, representing additional advantages for their contribution as a soluble fiber that
can benefit the health of consumer s.

Keywords: blue corn; agave fructans; anthocyanins; encapsulation; spray-drying

1. Introduction

The interest in blue or pigmented coms (Zeas mays 1) has increased in recent years due to their
nutraceutical propertics beneficial to the health of consumers. This is attribubed o phenolic compounds,
mainly anthocyanins, present in these grains [1,2]. These water-soluble pigments besides giving color,
have biological activity indluding antioxidant, anticarcinogenic, anti-inflammatory, and neuroprotective
efiects, and they have been associated with the prevention of diabetes and obesity, cardiovascular
diseases, and brain dysfunction, among other disonders [3,4]. The high content of anthocyanins in bloe
corn makes it competitive as a natural source of pigments and it can be considered as a substitule for
synthetic food dyes. However, due to the instability of anthocyanins during processing and storage,
their application as natural pigments in the food industry is limited [5). Therefore, it is of general intenest
to apply technigques for their protection before their use in food. Microencapsulation is a promising
alternative bechnigque to improve the stability of natural pigments and protect them by entrapping
with a carrier agent or wall material [6,7]. Microencapsulation by spray-drying is the most popular

Frovmia 2000, 8, TRGH; dhisi: 10K o268 rmr sl comypasrnual Toesds.
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Application of a Multisystem Coating Based on

Polymeric Nanocapsules Containing Essential

Oil of Thymus Vulgaris L. to Increase the Shelf
Life of Table Grapes (Vitis Vinifera L.)

Andrés M. Pifia-Barrera” , Roclo Alvarez-Roméan" , Juan G. Bdez-Gonzdlez ', Carlos A. Amaya-Guerra"

Catalina Rivas-Morales"

Abstract—In dev countries, the incidence of
postharvest losses uces the quantity and quality of
food for human consumption and causes an ooonomical
damage alon? the food chain, especially, for
ducors. In this study, a multisystom coating (NC- Ol-C)
based on pullulan and polymeric nanocapsules containing
EO of Thymus vulgaris L. (EOt) was applied to increase
the shelf life of table grapes ( thhnL).Thom
components of EOL, chemically characterized by GC-MS,
were o-cynm(n.“%), thymol (31.90%), and y -lerpinene
(15.69%). The NC-EOt were prepared by nanoprec
and showed a particle mean size of 153.9 nm, a
persity index of 0.186, a zela potential of —~4.11 mV, and an
encapsulation efficiency of 52.81%. The antioxidant capac-
ity (DPPH and ABTS* methods) of EOt was maintained, or
oven improved, after its incorporation into NC. The shelf life
study showed that grapes having the NC-EOt-C multisystem
maintained their characleristics of color, firmness, TA, and
SSC for longer time than those without the om.
NC-EOt-C multisystem acted as a barrier which reduced the
metabolism of fruits. In addition, the compounds of EOt
with antimicrobial activity avoided microorganism growth,
while those with antioxidant activity reduced the oxidative
stress induced during postharvest of grapes. Additionally,
the polymeric structure of NC prevented the rapid evapo-
ration of volatile of EOL, increasing then their
residence time on the fruit. Our study demonstrated that NC-
EOL-C multisystem can be a viable alternative to preserve

horticultural products for longer storage periods.
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. INTRODUCTION

RUITS are perishable products because of their inherent

lendency (o deferiorate. During the postharvest period of
fruit, it is necessary (0 guarantee a longer useful life of the
vegetable. Reports from the Tood and Agriculture Organiza-
tion of the United Nations (FAO) mention that, in developing
countries, there is a greal deficiency in marketing infrastruc-
ture, therefore, postharvest losses of fresh products reach up to
504 of wial production [1]. Losses of this magnitude trigger
a considerable economic damage for food productive chain,
especially, lor primary producers. In addition, the presence
of pests represents a serious health risk for the consumer.
FAO, in collaboration with the Latin American Inlegration
Association (ALADI) and the Economic Commission for Latin
America and the Caribbean (ECLAC), prepared the Food
Losses and Waste Plan (FLW) which promoles the develop-
ment of innovative lechnologies that contribute to reduce food
loss at all stages of the food production chain [2]. In receal
years, different alternatives have been proposed in order o
preserve the horticultural products, including the use of pro-
lective coatings. An edible coating is a thin layer of edible
malterial formed as a coating on a food product. Using coatings
modifies the interaction of the fruit with the eaviroament due
to their physicochemical properties, prolonging the shelf life
of the treated fruits [3]. Different coating-forming compounds
have been used, including chitosan, alginate, starch, aad
pullulan [4)-]7].

Pullulan is a polysaccharide produced by Aureobasidium
pullulans:; it can form edible coatings with several advantages
over other polysaccharides. Concerning ils properties, il has
limited permeability lo oxygen and carbon dioxide, has good
adhesive properties, is colorless, and has no [avor [8]-]10].
The pullulan coating can influence on the physiology of fruit
since il acts as a barrier between the environment and [ruil
e protective effect of this coating can also be improved

This work is licensed under a Creative Commons Aftribution 4.0 License. For more information, see hitp-/icreativecommons. org/licenses/by/d O/
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Abstract: Feruloylated arabinoxylans obtained from nixtamalized maize bran were evaluated in
terms of physicochemical characteristics and antioxidant capacity when incorporated in frankfurier
sausages. Concentrations of 0.15% and 0.20% of feruloylated arabinoxylans were incorporated in
Frankfurter sausages formulations and a control without feruloylated arabinoxylans was also prepared.
Shear foree, hardness, color measurement, proximate analysis, pH, titratable acidity, water-holding
capacity, total phenols, and antioxidant capacity were evaluated. Phenolic content and antioxidant
capacity were significantly higher (P < 0.0001) in all treatments, sausages containing feruloylated
arabinoxylans compared to the control. The results showed that there was a significant difference
(P =< DL} in total phenolic content and antioxidant capacity with all feruloylated arabinoxylans
sausages treatments higher than control.  Additionally, significant differences (FF < 0.0001) were
obtained in the physicochemical parameters,

Keywords: feruloylated arabinoxylans; nixstamalized maize bran by-product; frankfurter sausages;
physicochemical properties; functional properties

1. Introduction

Cooked sausages are a complex mix of different food components, including proteins, salts, gels
made from muscular proteins and emulsions that contain stabilized fat. Any type of meat can be used
to make cooked sausages and they are commaonly consumed cither hot or cold. Frankfurters are short
and small-diameter sausages, made in a finely chopped form and typically used as appetizers [1.2]).
Frankfurter sausages are produced with a high fat content, therefore, it is neoessary 1o use fat replacer
ingredients in their production to get a product with less fat content, dictary fiber being a good ingredient

Mileenilen TOTS, 24, 2056; dod: 1A molocules241 124056 o madp ooy oummalmolecu bes:
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Optimization of an Extrusion Cooking Process to Increase
Formation of Resistant Starch from Corn Starch with

Addition of Citric Acid

David Neder-Sudrez, Carlos Abel Amaya-Guerra, Esther Pérez-Carrillo,
Armando Quintero-Ramos,* Gerardo Mendez-Zamora, Miguel Angel Sdnchez-Madrigal,

Bertha Alicia Barba-Davila, and Daniel Lardizabal-Gutiérrez

Effects of extrusion cooking process (ECP) with citric acid (CA) addition on the
physicochemical changes and resistant starch (RS) formation in native com
starch (NCS) are evaluated. NCS at different foed moisture levels (18-32%)
and CA concentrations (0-10.3%), are subject ECP under constant conditions
of screw speed (233 rpm) and die temperature (127 °C). The obtained
extrudates are stored at 4 °C for 120 h and then at room temperature. The
water absorption index (WAI), water solubility index (WSI), RS content, peak
temperature (Tp), AH, peak viscosity (PV), setback viscosity (SV), FT-IR, X-ray
analysis and microstructural (SEM) properties are evaluated. RS content and
WS increased with decreasing moisture content (MC), WAI, PV and SV shows
that increases in MC caused an increase, while AH and T, decreases with
decreasing MC. SEM shows that ECP with CA destroys the granular structure
of NCS generated amorphous structures owing to gelatinization and
dextrinization. FT-IR analysis shows that extruded samples with CA cause
starch hydrolysis, increasing the intensity of bands 994 and 1016 cm ' in
comparison to NCS. The highest RS yield (1.15 g/100 g) is obtained at 18%
moisture content and 5.29% of CA: an increase of 71% with respect to NCS.

market demands ingredients with health
benefits, for eample resistant starch (RS).
Resistant starch is modified starch or
starch fractions that are indigestible in the
small inestine and thus are simibr ©
dictary fiber and offer comparable health
benefits M RS Is chassified as follows: (type
1) physically inaccessible starch, (type 2)
wranules of crude starch and starch rich
in amylose, (type 3) gelatinkaed retrograded
starch, and (type 4) chemically modified
starch)' A

For the production of RS, there are dif
ferent production methods with high yiekds
but with important imitations for pro-
duction. One of the processes is acetyla
ton: Kapelko Zeberska ot alM increased
RS coment from G28% w0 GLR2% iIn
potato starch, and Xu et al™ achiowd
an increase 0 6749% of RS in rice
Another process is ackd hpdrolysis: au
thors ke Koksel of al™ and Hasjim and

1. Introduction

Corn starch has boen used in the food industry for production
of different types of food for many years; however, the current

Janel obiained an increase of 12-25% when they processed high
amylose com starch. Additionally, for acid hydrolysis, there are
different thermal treatments, one of them is amtockiving: authors
such as Van Hung ot al™ and Yadav et al™ used coreal flours
such as potato and lentil flour 1o increase RS content up 1o 5%,
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Abstract: Egg yolk is used as an emulsifying agent. Nevertheless, its high concentration of cholesterol
is linked to chronic degenerative diseases that cause cardiovascular disease. In this study, three
methods for reducing the level of cholesterol in egyg yolks were studied. The first method consisted of
physical separation of the granules contained in the yolk (Nag;). The second method applied was the
use of anionic chelating biopolymers, such as arabic gum solution (AG) and mesquite gum solution
(MQC), and the third method was extraction with a solvent (S,). For this purpose, the cholesterol
present in egg yolks, the microstructure, particle size, zeta potential, and its emulsifying capacity
were determined. The amount of cholesterol removed was 97.24% using 1% mesquite gum (MG,),
and 93.26% using 1% Arabic gum (AG;). The zeta potential was determined, and the isoclectric
point ({ = 0) of egg yolk was identified as pH 4.6. While, at this pH, the zeta potential of mesquite
gum was —14.8 mV, the zeta potential for the arabic gum was —16 mV. The emulsifying capacity of
MGy, was 62.95%, while the emulsifying capacity of AGy« was 63.57%. The complex obtained can
be used in the development of functional foods reduced in cholesterol.

Keywords: egg yolk; cholesterol extraction; granules extraction; anionic chelating biopolymers

1. Introduction

Egg yolk is a good source of lutein, zeaxanthin, proteins, lipids, and vitamins in human nutrition
and is made up of practically 50% solids. The major constituents of the solid matter are lipids (65-70%
on dry basis) and proteins (30% on dry basis). The proteins present are livetins, ipoproteins [1],
and some particles including high-density lipoproteins (HDLs), low-density lipoproteins (LDLs),
and phosvitin [2,3].

Egg yolk is an efficient ingredient in many food products, and its functional properties indude
emulsifying, coagulating, foaming, and gelling properties [4]. Moreover, it contains proteins, vitamins,
minerals, essential fatty acids, phospholipids, and other compounds. However, it has high cholesterol

Molecules 2018, 23, 3204; doi:10.3390/ molecules231 23204 www.mdpi com fjournal / molecoles
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Optimization of the enzyme-assisted extraction of fructans from the wild
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ARTICLE INFO ABSTRACT

Enzymatic Hquefaction conditions were evaluated 1o obtain fractan from wild sotol plant (Dasylirion wheedert)
using the commercial preparation Pectinex Ultra SP L. Ground sotol head was subjecied to exymatic extraction
at various enzyme activities (0.0-175.73 U/ml) and fresh sotol concentrations (4.47-2852 /100 ml) at 30°C
for 8 h, using the response surface methodology 1o optimize the fructan extraction. Reducing sugars (RS), total
carbohydrates (TC), fructan content (FRU), fructan profile, and the average degree of polymerization (DF,) were
evaluated. Additionally, RS release kinetics and the enxyme rate constant (Vy) were caloulatod. Eazyme con-
centration and substrate significantly affected (P < 0.05) the RS extraction, FRU, and V,, while DP, was only
affected (P < 0.05) by the substrate concentration. Higher RS contents were obtained at lower substrate con-
centrations for > 87.87 U/ml emzyme, and froctan extraction was maximal (39.08 £/100 g d.m.) ot 83.04 U/ml.
enzyme and 6.70 /100 ml substrate. V, and RS content exhibited similar trends. DP, increased as substrate
concentration decreased. Optimal emzymatic liquefaction conditions were 11.6-456 U/ml enzyme and
9.15-12.6 g/100 ml. sotol, yielding clevated fructan (38.58 g/100 g d.m.), DP, of 8-10, and low fructose (1.8 g/
100 g d.m.) and glecose (22 /100 g d.m.) contents. These results domonstrate the feasibility of onzymatic

1. Introduction

The use of prebiotics from complex carbohydrates, such as fructans,
for food formulations continues to grow in the food industry owing to
their benefits, such as dietary fiber (Zhu et al, 2016), low-calorie
sweetener potential (Mensink, Prijlink, Maamschalk, & Hinrichs, 2015),
and prebiotic action by stimulating the development of beneficial na-
tive microbiota (Roberfroid et al, 2010), contributing to gastro-
intestinal disease reduction (Gémez, Tuohy, Gibson, Klinder, &
Costablle, 2010; Lipex & Urfas-Silvas, 2007). Fructans are contained in
the cells of plant tissues (Vijn & Smeckens, 1999) and their efficient
production is related to the rupture of the cell wall for their release.
Pectins, cellulose, and hemicellulose form the insoluble polysaccharides
of the cell wall of sotol (Dasylirion spp.) and similar plants, such as
agave (Leach & Sobolik, 2010). Pectins and hemicellulose are rich in
galacturonic acid, arabinose, galactose, and smaller quantities of

* Carrespanding author.
E-mail addresses aquinter@uschomx, squratOi@gmail com (A Quintero- Ramaos).

hitps//dol.ong/10.1016/).M40.2018.01 008
Teocived 17 Dy ber 2016; Recvived in
Avallabde onkine 12 Jsnuary 2018
22124292/ & 2018 Elsevier Lad. All rights reserved.

xylose, rthamnose, and glucose (Levigne, Ralet, & Thibault, 2002) and
their hydrolysis could favor the release of fructans contained in the cell
wall. Some reports have shown that fructans can be obtained at a
commercial scale by thermal extraction (Kelly, 2008) or by the grinding
and compression of macerated tissues. Thermal extraction can lead to
structural damage of molecules, limiting the functional properties of
these components (Zhu et al, 2016), and physical methods (grinding-
compression) result in low extraction yields Sustainable alternative
methods, such as emzymatic liquefaction, could have advantages. En-
zymatic treatments for plant cell wall liquefaction are important in the
processing of fruits and vegetables (Puri, Sharma, & Barrow, 2012).
These methods have been used for the production of fermentable sugars
(Cara, Ruiz, Oliva, Sicz, & Castro, 2008), clarification of juices (Sin,
Yusof, Hamid, & Rshman 2006), and in the production of biomass
(Ladisch, Lin, Voloch, & Tsao, 1983) or other metabolites of interest
contained in cell walls, such as f-carotene, lycopene, pectins, fibers, or

ised form 1 September 2017; Accepted 11 Janssary 2018



Articulo Alim 15

. molecules MBI

Article

Physicochemical, Functional, and Nutraceutical
Properties of Eggplant Flours Obtained by Different
Drying Methods
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Abstrack: The importance of consuming funcional foods has led the food industry to ook for
altemnative sources of ingredients of natural origin. Eggplants are a type of vegetable that is valued
for its content in phytochemical compounds and it s due o the fact that this rescarch is conducted
towards the development of eggplant flour as a proposal o be used as a functional ingredient in
the food industry, In this study, the eggplant fruits were divided into four groups, based on the
drying method and the equipment used: Minced, drying oven (T1); sliced, drying oven (T2); sliced
and froeen, drying tunnel [T3); and sliced, drying tunnel (T4). All the cggplant flours showed the
same trend regarding their antioxidant capacity and phenolic content in the order T2 = T4 = 11 = T3,
The Froceing of eggplant was found o have a negative effcet on functional and antioxidant propertics,
With respect to their nutritional composition, the flours did not change in their crude fiber, protein,
and fat contents, In general terms, the T2 flowr is o potential ingredient for the preparation of foods
with functional properties since it is rich in phenolic compounds and antioxidants.

Keywords: eggplant; four; phenolics; antioxidant activity; functional ingredient

1. Introduction

In recent years, the food industry has focuscd its efforts in the development of new produocts
with properties that not only provide the necessary nutrients for human food, but also help prevent
diseases related to nutrition such s disbetes, obesity, hypertension, and cardiovascular complications,
It has been found that there is a significant correlation between the regular intake of phytochemicals
and the prevention of these lifestyle-related discases [1]. Antioxidants have attracted great attention
as possible agenits to prevent and treat discases related o oxidative stress [2]. The antioxidants
used by the food industry can be either from natural sources o from a synthetic origin (such as
butylated hydroxytoluene and butylated hydroxyanisole). The latter has been found to be potentially
carcinogenic and toxic [3]. Consequently, a niche in the food industry is openced to replace the existing
synthetic antioxidants with those of natural origin found in fruits and vegetables, which are mainly
vitaming and polyphenols [2],

Eggplant is an economically important vegetable crop from the fropical and subtropical zones
of the world [4]. This crop produces fruit of different colors, sizes, and shapes [5] Bggplant is a

Malicwle 2008, 25, 300, ol 10390 moleou les2 31 23210 wewew i pl oo oarmal Smoleoules
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Abstract: The aim of the research was to determine the impact of fermentation with Plewrotus ostreatus
on kidney beans, black beans, and oats. The results indicate that the fungus has a positive effect
on the substrates when compared to the controls. The antioxidant activity (39.5% on kidney beans
and 225% on cats in relation to the controls) and content of total polyphenols (kidney beans three
times higher regarding the controls) increased significantly by the presence of the fungus mycelium,
even after simulated digestion. There was a significant increase in protein digestibility (from 39.99 to
48.13% in black beans, 41.06 to 69.01% in kidney beans, and 63.25 to 70.01% in oats) and a decrease
of antinutrient tannins (from 65.21 to 22.07 mg, in black beans, 3554 to 2337 in kidney beans, and
55.67 to 28.11 in cats) as well as an increase in the contents of some essential amino acids. Overall,
this fermentation treatment with Pleurotus ostreatus improved the nutritional quality of cereals and
legumes, making them potential ingredients for the elaboration and /or fortification of foods for
human nutrition.

Keywords: Pleurofus ostreatus; antioxidant activity; polyphenols; digestibility; fermentation;
cereals; legumes

1. Introduction

Foods today are intended not only to satisfy hunger and provide the necessary nutrients for
humans but also to prevent nutrition-related diseases that impact physical and mental wellness [1].
Functional foods have been introduced in markets, and they are usually defined as “modified foods
which contain ingredients that have demonstrated actions that increase the welfare of the individual
or decrease disease risk beyond the traditional role” [2]. The legume, a particularly common bean
(Phaseolus vulgaris), is one of the main sources of vegetable protein available in developing countries [2].
The high lysine content protein of Phaseolus vulgaris makes it an ideal cereal protein; it supplements the
deficiency in this essential amino acid and is also a staple ingredient in developing countries, where the
availability of animal protein is low. Also, it provides adequate nutrition due to its contribution of
carbohydrates [3] and high-quality protein. Phaseolus vulgaris has also been assocated with various
health benefits, including the reduced risk of diabetes and cardiovascular disease attributed to the
presence of polyphenols [4,5]. Phaseolus vulgaris, however, contains antinutritional factors such as
protein inhibitors (inhibitors of trypsin, chymotrypsin, and amylase), lectins, phytates, and tannins [6].

Moalecules 2017, 22, 2275; doiz10.33%)/ molecules22122275 www.mdpi_com/journal / molecules
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Resistant Starch Formation from Corn Starch by
Combining Acid Hydrolysis with Extrusion Cooking and

Hydrothermal Storage

David Neder-Sudrez, Carlos A. Amaya-Guerra, Juan G. Bdez-Gonzdlez,
Armando Quintero-Ramos,* Ernesto Aguilar-Palazuelos, Tomds Galicia-Garcla,
Benjamin Ramirez-Wong, Karla Campos-Venegas, and José de Jesus Zazueta-Morales

Acid hydrolysis process (AHPS) combined with hydrothermal storage process
(HSPS) and extrusion cooking process (ECPS) are performed to obtain
resistant starch (RS) from comn starch (CS). CS is subjected to AHPS citric,
phosphoric acids, and HCl and thermal processes: 1) ECPS at 100°C, 18%
moisture content, and 220 rpm; 2) HSPS at 120 °C for 1 h, then storing at low
temperature (4°C) for 24 h. Evaluations in the different treatments are: RS,
water absorption index (WAI) and solubility index (WSI); rheological, thermal,
and microstructural properties. Treatment HAL results in the highest yield of
RS (13.19g/100 g), which increases WAI and WSI, low viscosity, gel hardness,
AH and microstructural analysis showing agglomerated structures (30 um) of
diameter. On the other hand, HAC and HAP generated values of RS (8.47-
9.19 /100 g), respectively. Results show that pre-treatment by AHPS com-
bined with HSPS is an alernative for obtaining RS, which exhibits suitable

physical properties and is applicable to different dietary matrixes, at a 20-fold

increased yield.
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1. Introduction

Starch is a complex carbohydrate and is the
main source of energy for humans "
However, its high consumption has led to
health problems; therefore, there is an
increase in the development and produc
tion of food that minimizes these compo-
nents by replacing starch with soluble
fibers to make the food healthier for
consumers.”! In recent years, starch has
been modified for different purposes such
as formulating food to improve its func-
tionality for consumption and obtaining
RS, which showed similar benefits. RS is
defined as the sum of stuch and the
product of starch degradation not absorbed
in the small intestine of healthy individu-
als PV RS is a physically inaccessible starch
{type 1), raw starch granules and high
amylose starch are type 2 starches, retro-
praded gelatinized starch or dispersion
granules are type 3 starches, and chemically modified starch is a
type 4 starch." ¥

Recently, several processes have been described for RS
generation. One of the processes is AHIPS; using native corn
starch with HCI, Mun and Shin'™ obtained a RS yield of 25.9%,
but the disadvantage was the long processing time (upto 30
days). However, Koksel et al"” generated 12% of RS in normal
corn starch using high temperature stocage (95 °C for 48 h), and
Chung et al ™ increased the yield of RS to 25% after hydrolysis
with reduced processing time using starch high in amylose, but
the availability of raw materials was low. Besides, corn starch can
be subjected to thermal treatments with high temperature; one
of the thermal treatments is the hydrothermal process
performed at temperatures of 100-120°C. Onyango et al™
reported obtaining RS yield of 9.6% using yucca starch subjected
to autoclive processing for 1h. However, Hasjim and Jane,!"
and Koksel et al"! reported increased RS yield of 8.1-12.4%
using native corn starch, and Kim et al!""! reported obtaining a
yield of 12.2-20% using rice starch. Moreover, Ozturk et al!'*
and Dundar and Gocmen'"" obtained the highest RS yield by
autoclaving the samples, obtaining RS yields of 25-39% using
starch high in amylose, respectively. Autoclaving the samples
highly increases the RS yield, but its disadvantage is that it is

© 2018 WILEY VCH Verlag GmbH & Co KGaA, Weinheim
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Ultrasound-assisted extraction of fructans from agave
(Agave tequilana Weber var. azul) at different ultrasound
powers and solid-liquid ratios
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Abstract

‘The effects of ultrasound-assisted extraction (UAE) at ditferent ultrasound densities (UPDs; 40, 80, and 120 mW/ml)
and sold:hquid (S:1) ratio (1:2, 1:3, and 1:6) on the extraction of carbohy; from Agave tequilana plant of ditferent ages
were evaluated, Extracts obtained (6- and 7-year-old plant) were analyzed in the yield of carbohydrates (YC), fructan (FRU)
content, simple sugars, fructan profile and the average degree of polymertzation (DP ). UPD, S:1. ratio, and plant age all affected
YC, FRU, and DP_. Maximum YC and FRU were obtained from the older agave with UPD and S:1, ratio of 120 mW/ml.
and 1:6, respectively; while glucose, fructose, and sucrose were highly released from the younger plant. Agave of 7-year-old
presented the highest DP_. Fructan degradation occurred at high UPD, increasing the stimple sugars and decreasing the DP
Thermal-traditional extraction without sonication caused more fructan degradation; and overall, ultrasound enhanced fructan
extraction and minimized fructan damage, representing a technological alternative for fructan extraction from agave.

Keywords: agave; [ructans; ultrasound; power density; solid:liquid ratio; plant age.

Practical Application: Agave tequilana Weber var. azul plants have significant amounts of fructans. Extraction of these
components by alternative methods such as ultrasound could represent advantages, improving the extraction and product
quality. ‘This research presents an alternative for the extraction of fructans asststed with ultrasound, evaluating different powers
and solid-liquid ratios from agave heads of two ditferent ages. Both vartables, as well as age of agave showed a strong effect on
fructan extraction. Ultrasound enhanced the extraction and minimized fructan damage, representing a technological alternative.

1 Introduction

Fructans are carbohydrates composed mainly of fructose
units linked through fructosyl-fructose bonds in efther linear or
branched form. These are natural prebiotics that act as dietary
fiber and are used In food technology, particularly for texture
modification, molsture retention, gel formation, and food
stabtlization. Accordingly, fructans are considered a healthy
food ingredient and their use In the food Industry, primarily as
fat and sugar substitutes, continues to grow (Apolindrio et al.,
2014; Zhu et al., 2016). Fructans are naturally present as storage
carbohydrates in many spectes of plants and are assoctated with
stress responses (cold and drought tolerance) of plants (Ritsema
& Smeekens, 2003). In Mexico, fructans are mainly obtatned from
agave plants; where the highest biodiversity of the Agave genus
(~75% of the 300 known spectes) is found (Lopez & Urias-Stlvas,
2007). Agave tequilana Weber var, azul, commonly called blue
agave (Waleckx et al., 2008), 1s the Agave species of the highest
economic importance in Mexico, since 1t is the raw malerial
for the production of tequila, which 1s the principal Mexican
alcoholtc beverage with denomtnation of origin, recognized, and
consumed worldwide (1.6pez et al., 2003). However, according

Received 11 Aug., 0016
Accepted 11 Dex., 2016
!

the Norma Ofictal Mexicana (2006), the above-mentioned
variety must be cultivated in the Jalisco state or In one of the
other restricted regions of Mexico established as protected
territories in order to obtain a product with denomination of
origin of tequila. Because a lot of agave production takes place
outstde of these specified regtons, and because tequila production
has achieved an upper limit, the search for alternative products
from these plants represents an tmportant research focus. Due lo
the high level of fructans (>60%) n agave (Mellado-Mojica &
Lopez, 2012), the use of these plants as a source of fructans and
ditferent products such as agave syrup or fructan powders has
been v Agave fructans consist of a complex mixture
of highly branched neo-fructans (agavins) with both p-(2-1) and
p-(2-6) hinkages between fructose moleties (Lopez et al., 2003;
Mancilla-Margalli & Lopez, 2006). This configuration renders
the fructans resistant to enzymatic hydrolysis by human digestive
enzymes, and they therefore pass undigested into the colon
where they are fermented by colonic microflora. This prebiotic
effect offers new alternative uses for agave fructans as functional
Ingredients In the food industry (Lopez & Urfas-Silvas, 2007).
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Abstract  Adherence and invasion to colls are the key processes during infection development by
Campylobacter fejuni (C. fefuni), In this study, extracts from the byproducts of Citrus mon, Citrus
aurantium, and Gitrus medico were added to the cultures of C. jejun, and the adherence and invasion
of C Jejuni 1o Hela cells and the expression of codF and cafl genes were analyzed, The redative
expression of the genes was determined by quantitative reverse transcription PCR (qRT-PCR). The
antioddant activity was determined using spectrophotometric methods. Byproduct extracts at sub-
Inhibitory concentrations affected the adherence (reduced 2.3 to 99%) and invasion (reduced 71.3 to
99.2%) to the Hela cells, The expression of codF and ciaB was reduced from 66 to 99% and from 81 to
99%, respectively. The total phenolic content of the byproducts varied from 92 to 26 mg GAE/g and the
total flavonoids varied from 161 to 29.29 mg QE/g. C. auwrantium showed the highest percentage of
radical scavenging activity (RSA, 90.1). These extracts can prove as effective alternatives for devising
new strategles to control Campylobacter infections.

Keywords: Compylobacter, adhesion, invasion, citrus extract, antimicrobial activity, antioxidant activity

Introduction

Campylobocter jejuni is one of the most important foodbome
pathogens in the world. Although it primarily causes self-limiting
diarrhea, C jejuni is also associated with severe neuropathologic
disorders such as Gullain-Barré and Relter syndromes (1), Upon
consuming C. jejuni-contaminated water or food items such as
poultry or raw milk (2), the pathogen interacts with the host colls,
Adherence s a key step in the establishment of the infection (3). In
this process, fibronectin-binding protein (CadF), which is expressed in
all C. jejuni and C. coli strains (4), plays an important role by binding
to the cell matrix protein, fibronectin (5). Invasion antigen B (GaB),
the first secreted factor identified in C. jejuni, has an important role in
invasion and has been identified as essential for the secretion of
other Ga proteins (4),

Recent observations of the antibiotic resistance for some
Campylobacter strains indicate a need to develop new approaches to
block not only growth but also key steps during the infection process
(6). Compounds present in plants have been historically studied for
their antioxidant and pharmacological activities. Gitrus plants are
among the world’s major fruit crops and can be consumed fresh or as

@ Springer

show a wide spectrum of antimicrobial activity (7) and hold potential
for use in antimadant-based therapies against cancer, inflammation,
and heart disease (8).

Citrus oils and derivatives are generally recognized as safe by the
food and Drug Administration. The juice industry wastes large
amounts of fruit byproducts, especially seeds, bagasse, and peels
(50-65% of total fruit weight) (9,10). Use of Gitrus byproducts is
growing and studies suggest their potential use as alternatives to
prevent fatty acd deterioration in the food industry (9). These
byproducts contain high amounts of phenolic compounds such as
phenolic acds and flavonoids (which are responsible for the
antioxidant activity, 11) and are present in high concentrations (up to
15%) in Citrus peels and seeds (9). Although the content of these
compounds can be influenced by many factors and could vary during
harvest, postharvest, and among species (12-14), studies about their
use as alternatives for effective antimicrobials have increased becuse
of the development of antibiotic resistance by various microorganisms,
including the Campylobacter species (6).

Pathogenesis of Campylobacter is initiated with adherence to
intestinal epithelial cells, followed by internalization by bacterial
imasion, Once inside the cell, a cytolethal distending toxin is
produced that results in host cell death (3), Although Citrus extracts
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PARTIR DE PLANTAS DE SOTOL (Dasylirion wheeleri) A DIFERENTES POTENCIAS
Y TEMPERATURAS
M.A. Sénchez-Madrigal'?, V.R. Beltrén-Verdugo', A. Quintero-Ramos'*, C.A. Amaya-Guerra®, C.O.
Meléndez-Pizarro', M.G., Ruiz-Gutiérrez', D. Lardizébal-Gutiérrez®, D, Neder-Sudrez’, R.1L Ortiz-Basurto®
! Faculiad de Clencias Quimicas, Universidad Autdnoma de Chihuahua, Circuito Universitario s, Campus Universitario # 2,
Chihuahua, Chihuwahua, México, C.P: 31125,
2lh'panmm'nm de Investigacidn y Posgrado, Facultad de Ciencias Bioldgicas, Universidad Autdnoma de Nueve Leon, Ciudad
Universitaria, San Nicoldy de lox Garza, México, C.P. 66450.

YCentro de Invextigacidn en Materialex Avanzados, S. C. Avenida Miguel de Cervantes 120, Complejo Industrial. Chihuahua,
Chihuwahua, México,

* Instituto Tecnologico de Tepic. Av. Tecnoldgico #2595, Col. Lagos del Country, Tepic, Nayarit, C.P 63175,
Reocived April 28, 2017; Acceptod June 9, 2017

Abstract

Ultrasound-nssisted extraction (UAL) of carbohydrates from powdered sotol plamt (Dasylirion wheeleri) st different ultrasonic
powers (UPs) (3213859 W) and temperntures (20,8549, 14 °C), in o 1:24 sotol:witer ratio for 10 min was evaluatod; a treatment
control wis done under thermal-traditionnl extraction. Total carbohydrates (TC), reducing sugaes (RS), total fructan (FRU),
glocose, fructose content, and average polymerization degree (DPg) were evaluatod. Froctan extraction kinetics and mass transfor
coeflicients (Ky) were caleulated. RS and TC were significantly affected (7 < 0.05) by temperature; FRU, by UP. Glucose,
fructose, DPy, and Ky, were affected (7 < 0.05) by UP and temperature. TC and FRU reached maximum values of 54-59.0 W
undd 36,0 °C. Ky, reached a maximum st S5 Woand 33.5 °C. The opposite trend wiss observed for glucose and fructose, presenting
minimum values under these conditions, indicating minimal froctan damage. Under these conditions, DPy values ranged from
4,18 10 4.7 with maximum FRU of 7.97 g100 g~ sotol d.m. Thermal treatment ked 1o higher release of TC and RS and lower
PPy compared with UAL, but showed similar FRU, UAE (54-59.05 W at 36.0 “C) can be used 1o obtain FRU from sotol heads.
Keywordy: Dasylirion, carbohydrates, fructans, extruction, uhtrasound.

Resumen

Se evalud ol efecto del uhtrwsonido durante la extraccion de carbohidotos a partie de sotol en polvo (Dasylirion wheeleri) o
diferente potencia ultrasdnica (PU) (32.13-85.9 W) y temperturas (20.85-49.14 °C), en una relacion de 1:24 sotol:agua durante
10 min; asimismo un tratamdento control fue realizado utilizando extraccidon (Ermica tradicional. En los extractos obtenidos s
determing el contenido de curbohidratos tales (CT), azdeares reductores (AR), fructanos totales (FRU), ghecoss, fructosa y
grados de polimerizacion promedio (GPy). A purtir de cinéticas de extruccion de fructanos se caloularon los cocficientes de
transferencia de masu (K ). Los contenidos de AR y CT fucron afectados significativamente (F < 0,05) por la temperatura y los
FRU por la PU. Los contenidos de glucosa y fructoss, asl como GPy y Ky fucron afectadox (£ < 0.05) tanto por la PU como
por la temperatura. Los CT y FRU alcanzaron valores méximos en 54-59.05 W y 36,01 “C, K, gencro un valor miximo cn 55
Wy 33.5 °C, sin embargo una tendencia opuesta fue observada para glucosa y fructosa, presentundo un valor minimo bajo las
mismus condiciones, indicando un dafo minimo en los fructunos. Los valores de GPy osciliron de 418 0 4.7 con un contenido
miximo de fructanos de 797 g 100 g ! yotol bs. B tratamicnto térmico causé una mayor liberacion de CT y AR con un menor
GPy comparndo con la extraceidn asistida con ultrasonido, pero con vidores similares de fructanos, La extraceion asistida con
ultrasonido (54-59.05 W a 36.0 °C) puede ser usada para obtener fructanos a partir de pifias de sotol.

Palabras clave; Dasylirion, carbohidratos, fructanos, extraccidn, ultrasonido.
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Enca d powder of the red cactus pear is a potential natural dye for the food industry and a known antioxidant. Although
the use of this powder is possible, it s not clear how it alters food properties, thus ensuing commercial acceptability. The aim of
this study was to evaluate the effect of encapsulated powder of the red cactus pear on the physicochemical properties of extruded
cereals, The powder was mixed (25, 5.0, and 75% w/w) with maize grits and extruded (mix moisture 22%, temperature 100°C,
and screw speed 325 rpm). The physical, chemical, and sensory characteristics of the extruded cereal were evaluated; extruded
cereal without encapsulated powder was used as a control. All cereal extrudates pigmented with the encapsulated powder showed
statistically significant differences (P < 0.05) in expansion, water absorption, color, density, and texture compared to the control
The encapsulated powder had a positive effect on expansion and water sbsorption indices, as well as color parameters, but 2 negative
effect on density and texture. Extruded cereal properties were significantly (P < 0.05) correlated. Sensorially, consumers accepted
the extruded cercal with a lower red cactus pear powder content (25% w/w), because this presented characteristics similar to

extruded cereal lacking pigment.

1. Introduction

The percentage of consumers who are paying attention to
food labels is increasing; this increase is related 1o the
presence of chemical additives in processed food and their
potentially negative effects on health [1]. To meet the chal-
lenge, food producers have turned to natural or organic
ingredients. However, this is a complex issue, as the food
must have sensorial characteristics that are attractive to the
consumer. An important food property is color, because
this is the first attribute of the product perceived by the
consumer and therefore it can be a decisive factor for food

acceptance or rejection. Food pigmentation is a practice
that goes back to ancient times [2]; however, currently,

most foods are formulated using synthetic pigments, as they
possess advantages over natural pigments such as stability
under certain processes and storage conditions. Among the
pigment color, are pH, water conlent, presence of oxygen,
and temperature [3, 4]. Temperature is the main determinant,
as food processing is often based on the application of heat.
A very important color in the food industry is red, which
is used in many products, such as cookies, pastries, candies,
cereals, yogurt, dairy drinks, ice creams, snacks, jams, juices,
nonalcoholic drinks, nectars, puree, condiments, prepared
flours, and meat products. Red color is achieved through the
use of synthetic pigments, such as aborigine, amaranth, red
rondeau, erythrosine, red 2G, and red allure as well as the
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ARTICLE INVO ABSTRACT

Article history:
Received 4 October 2016 Edible coatings (ECs) based on chitosan (CH), pullulan (PU), knseed (LM), nopal cactus (NM) and aloe
Received in revised form 6 Jancary 2017 mucilage (AM) were applied by Liyer- by-Layer technique to preserve the quality and prolong the shelf-life
Accepled 20 January 2017 of fresh-cut pineapple. Pineapples were washed, disinfected, dried and cut into 2 am side cubes. Fresh-cut
Available online xx fruit was coated by dipping using four treatments (CH + PUL CH + LM, CH + NM and CH + AM), packed into
polyethylene terephthalate containers and stored for 18 d at 4°C. Uncoated fruit was used as control
Keywords: Application of layer-by-layer ECs decreased (P < 0.05) the weight loss, pineapple softening, and, retarded
Polysacchax the fall on total soluble solids content and color (L* and a%). CH+AM EC was effective in delaying
Preah-cut fruit (P<005) ascorbic acid degradation. In contrast, ECs did not affect titratable acidity (P>0.05).
vl d g Microblological analyses demonstrated the effectiveness (P < 0.05) of the Layer-by-layer ECs against
shell life spoilage microorganisms, L monocytogenes and S typhi. CH + PU EC was the most effective in controlling
microbial levels. Sensory analysis demonstrated that Layer-by-layer £Cs helped to preserve (P< 0.05) the
quality properties (color, odor, (lavor, texture and overall acceptance). In conclusion, Liyer-by layer ECs
based on CH+ PUL CH + LM, CH ¢+ NM and CH « AM improved the quality and prolonged the shell life of
fresh-cut pineapple by six days compared with control.
© 2017 Elsevier BV. All rights reserved,
1. Introduction of antioxidants (vitamin C and phenolics compounds) and is

Production of minimally processed fresh foods has increased
recently due to the consumer demand. However, production and
distribution of fresh-cut fruit has been limited due to their short
shelf-life, Furthermore, processing operations such as washing,
sanitizing, peeling, cutting, slicing, dicing or shredding and
packaging (Corbo et al, 2010) can alter the integrity, safety, and
decrease the quality and shelf-life of product, thus, limiting their
marketing

Pineapple (Ananas comosus) is a popular tropical fruit
consumed worldwide (Montero-Calderdn et al, 2008; Azarakhsh
et al, 2012; Gabri et al, 2014). Fresh cut-pineapple is a good source

* Corresponding author,
E-mal address: kathushkaarevalonn®msnledumx (K, Arévalo-Niflo)

hitp: [jdxdol.org/ WG] postharviie 20172.01.007
0925 5214)0 2017 Elsevier BV. All rights reserved.

characterized by its acid taste, aroma and juiciness (Mantilla et al,,
2013; Azarakhsh et al, 2012; Montero-Calderon et al, 2008)
Nevertheless, fresh-cut pineapple shelf-life is short (5-7d at 4°C),
because processing operations damage the cell membrane (Russo
et al, 2014; Gabri et al, 2014; Mantilla et al, 2013), increase
metabolic activities (respiration rate, enzyme activity and ethylene
production) and cause deterioration (tissue softening, browning,
off-flavor among others) (Azarakhsh et al, 2014). Besides, the
fresh-cut fruit is susceptible to microbial spoilage because of the
absence of protective peel that facilitates the microbial adhesion to
tissue, which contains nutrients (vitamins, minerals, sugars and
other) and pH suitable for microbial growth (Mantilla et al., 2013;
Corbo et al, 2010; Gabri et al, 2014; Russo et al, 2014).
Recently, some strategies such as ozone treatments, UV light,
gamma iradiation, modified atmosphere packaging, films and
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Abstract: Effects of extrusion cooking and low-temperature storage on the physicochemical changes
and resistant starch (RS) content in comstarch were evaluated. The cormstarch was conditioned at
20%-40% moisture contents and extruded in the range %0130 “C and at screw speeds in the range
200-360 rpm. The extrudates were stored at 4 °C for 120 h and then at room temperature, The water
absorption, solubility index, RS content, viscoelastic, thermal, and microstructural properties of
the extrudates were evaluated before and after storage. The extrusion temperature and moisture
content significantly affected the physicochemical properties of the extrudates before and after
storage. The RS content increased with inereasing moisture content and extrusion temperature, and
the viscoelastic and thermal properties showed related behaviors. Microscopic analysis showed that
extrusion cooking damaged the native starch structure, producing gelatinization and retrogradation
and forming RS, The starch containing 35% moisture and extruded at 120 “C and 320 rpm produced
the most RS (1.13 g /100 g) after to storage at low temperature. Although the RS formation was low,
the results suggest that extrusion cooking could be advantageous for RS production and application in
the food industry since it is a pollution less, continuous process requiring only a short residence time.

Keywords: extrusion cooking; resistant starch; thermal properties; viscoelastic properties; cornstarch

1. Introduction

Starch is a complex carbohydrate composed of glucose units consisting of amylose and
amylopectin [1,2] and is widely used in food production. However, current market trends demand
functional ingredients with health benefits, and starch transformed into resistant starch (RS) shows
advantages in a diverse range of applications. RS has modified starch or starch fractions that are
indigestible in the small intestine, so it is similar to dietary fiber and shows similar health benefits [3 4]

Molecules 2016, 71, 1064; doi: 103390/ molecules21081064 www.mdpi.com/journal / molecules
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Biofilm is a complex microbial community highly resistant 1o antimicrobials. The formation of biofilms in biotic and abiotic surfaces
in associated with high rates of morbidity and mortality in hospitalized patients. New alternatives for controlling infections have
been proposed focusing on the therapeutic properties of medicinal planis and their antimicrobial effects. In the present study
the antimicrobial and antibiofilm activities of & methanolic plant extracts were evaluated against dinical isolated microonganisms.
Preliminary screening by diffusion well assay showed the antimicrobial activity of Prosopis laevigata, Opuntia ficus-indica, and
Cutiernesia microcephak, The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) were
determined ranging from 0.7 to >15 mg/mL. The specific biofilm formation index (SBF) was evaluated before and after the addition
of plant extracts (MBC x 0.75). Opuntia ficus-tndica caused the major reduction on SBF in dose-dependent manner. Cylotoxic
activity of plant extracts was determined using brine shrimp lethality test {(Ariemia saling 1.). Lethal Dose concentration (LD,
values) of the plant extracts was calculated. 1.0, values for P laevigata and G microcephala were 1916 and 3333 pgim L, respectively,
while ©. ficus-ineica showed a slight lethality with 939.2 pgfmil.. Phytochemical analyses reveal the presence of flavonoids, lannins,

and coumarines.

1. Introduction

Microbial biofilms are communities of bacteria, embedded
in a self-producing matrix, forming on living and nonliving
solid surfaces [1). Biofilm-associated cells have the ability to
adhere irreversibly on a wide variety of surfaces, induding
living tissues and indwelling medical devices as catheters,
valves, prosthesis, and so forth [2].

They are considered an important virulence factor that
causes persistent chronic and recurrent infections; they are
highly resistant to antibiotics and host immune defenses
[3]. Bacteria protected within biofilm exopolysaccharides
are up to LO0OO times more resistant to antibiotics than
planktonic cells (free-floating) [4], which generates serious
consequences for therapy and severely complicates treatment

options [5]. An estimated 75% of bacterial infections involve
biofilms that are protected by an extracellular matrix [&].
Biofilm resistance is due to several reasons, like restricted
diffusion of antibiotics into biofilm matrix, expression of
multidrug efflux pumps, type IV secretion systems, decreased
permeability, and the action of antibiotic-modifying enzymes
[7]. The increased biofilm resistance to conventional treat-
ments enhances the need to develop new control strategies
[8].
Biofilm inhibition is considered as major drug target for
the treatment of various bacterial and fungal infections, and
pharmacological development of this drugs is now exten-
sively studied [9]. In recent years, several green nonlethal
strategies for biofilm control have been developed, because
the mode of action of these novel antibicfilm agents is
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Abstract: Red cactus pear has significant antioxadant activity and potential as a colorant in
food, due to the presence of betalains. However, the betalains are highly thermolabile, and
their application in thermal process, as extrusion cooking, should be evaluated. The aim of
this study was to evaluate the effect of extrusion conditions on the chemical components of
red cactus pear encapsulated powder. Comstarch and encapsulated powder (2.5% w/w)
were mixed and processed by extrusion at different barrel temperatures (80, 100, 120, 140 *C)
and screw speeds (225, 275, 325 rpm) using a twin-screw extruder. Mean residence time
(twm), color (L*, a®*, b*), antioxidant activity, total polyphenol, betacyanin, and betaxanthin
contents were determined on extrudates, and pigment degradation reaction rate constants
(k) and activation energies (Ez) were calculated. Increases in barrel temperature and screw



Articulo Alim 27
Fodriguez Eodriguez, J. et al

(¥Nova Scientia
Revista Electronica Nova Scientia

Factores que influyen en el contenido de
escualeno, fitoesteroles totales y esterificados en
el subproducto acidos grasos destilados de soya

para su potencial aprovechamiento
Factors affecting the content of squalene, total and
esterified phytoesterols in soybean distillated fatty
acids by-product for its potential use

José Rodriguez Rodriguez', Carlos A. Amaya’, Porfirio
Caballero?, M. Guadalupe Alanis’, Carlos Aguilera’, Juan G.
Baez!, Sergio Moreno' y M. Adriana Nuiez!

'Facultad de Ciencias Biologicas, Universidad Auténoma de Nuevo Leon, San
Nicolas de los Garza
“Laboratorio del Centro de Calidad Ambiental, Instituto Tecnologico y de Estudios
Superiores de Monterrey, Monterrey

Meéxico

José Rodriguez Rodriguez. E-mail: joflitesm. mx

i© Universidad De La Salle Bajio (Mexica)



Articulo Alim 28

Folia Microbsol
DOI 10.1007/512223-014-0344-0

2(SH)-Furanone, epigallocatechin gallate, and a citric-based
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Abstract Brominated furanonc and cpigallocatechin gallate
(EGCG) are naturally occurning polyphenolic compounds that
can be derived from sources such as Delisea pulchra algae and
green tea, respectively. These compounds may have potential
health benefits and antimicrobial propertics. Biofilm forma-
tion and bacterial motility are virulence factors that scem to be
involved in the autoinducer 2 (Al-2)-mediated quorum sens-
ing (QS) response of Campylobacter. In this study, the anti-
QS activitics of 2(SH)-furanone, EGOG, and a citric-based
minimal bactericidal concentration (MBC) was determined
by a microdilution method, and the AF-2 activity was mea-
sured by bioluminescence. For motility tests, subinhibitory
concentrations of cach compound were mixed with semisolid
Muller Hinton agar. Biofilm formation was quantificd in
broth-containing microplates afier staining with safranin.
The MBC of tested compounds ranged from 0.3 1o 310 pg/
mL.. Subinhibitory concentrations of all of the antimicrobial
compounds significantly decreased (19 to 62 %) the bacterial
motility and reduced biofilm formation. Afler treatment with
EGCG, furanone, and the disinfectant, AF-2 activity was de-
creased by 60 to 99 % compared to control. In conclusion,
2(5H)-furanone, EGCG, and the disinfectant exert bactericidal
cffccts against C. jejuni and disturb QS activity and reduce
motility and biofilm formation. These compounds may be
naturally occurring aliernatives to control C. fejuni.
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Introduction

Campylobacter jejuni is an important food-bome pathogen
chicken and other pouliry arc the main sources of infection in
humans (Ganan ct al. 2012). Many chickens raised for food
arc contaminated with C. jejuni. Therefore, it is cssential 1o
reduce the incidence of contamination during food production
to reduce subsequent discase (Hald 2010). Campylobacter
pathogenesis depends on the expression of virulence factors,
scveral of which control motility and biofilm formation
(Svensson et al. 2009). Motility is cssential for intestinal
colonization and invasion (Guerry 2007). Campylobacter-
forming biofilms demonstrate superior resistance to caviron-
mental and pharmacological treatments (Gunther and Chen
2009). Due to the increasing incidence of antimicrobial resis-
tance, new strategies are continually being evaluated 1o con-
ct al. 2010). Such strategics involve finding alternative drugs
that sclectively inhibit virulence without affecting the plank-
tonic growth of bacteria (Steenackers et al. 2010; Clatworthy
et al. 2007).

Most cfforts to inhibit the regulation of virulence factor
expression have focused on quorum scnsing (QS), a complex
regulatory process that is dependent on the bactenal cell
density. QS is involved in physiological processes, such
as biofilm formation, biolumincscence, antibiotic synthesis,
and virulence factor expression (Landini ot al. 2010). QS
systcms cmploy a wide mange of signaling molccules.
These so-called “autoinducers™ regulate changes in gene ex-
pression and the subsequent initiation of cooperative bactenal
processes that allow pathogencsis (Galloway ot al. 2012).
Autoinducer 2 (Al-2) is a kcy molecule to control QS in
Campylobacter (Annous ct al. 2009; Moorhcad and Gnffiths
2011).
class of QS inhibitors includes the brominated furanoncs
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Edible Active Coatings Based on Pectin, Pullulan,
and Chitosan Increase Quality and Shelf Life of
Strawberries (Fragaria ananassa)

Mayra # Trevifio-Garza, Santos Garcia, Ma, del Socorro Flores-Gonzalez, and Katieshka Arévalo-Nifio

Abstract:  Fdible active coatings (IACS) based on pectin, pullulan, amd chitosan meorporated with sodinm benzoate and
potassin sorlate wene employed to improve the qualivy and shelf life of scaawbereies, Froits weee washed, disinfected,
coated by dipping, packed, and stored at 4 °C for 15 d. Apphcation of EACs reduced (' < 0.05) weight loss and fro
softening and delayed alieration of cobor (redness) and total solulde solids content. In eontrast, pl1and dtratable scidity were
nad affected (P = 0.05) throughout storage, and ascorbic acid content was maintained in pectin-BAC coated srawberries,
Microbiological analyses showed that application of EACs reduced (" < 0,05) microbial growth (wotal aerobic counts,
molds, and yeasts) on strawberries. Chigosan-BEAC coated strawberries presented the best results in microbial growth
assays. Sensory quality (color, flavor, wexture, and accepance) improved and decay rate decreased (I < 1.05) in pectin-
EAL, pullulan-EAC, and chitosan-EAC coated strawberries. In conclusion, FACS based on polysaccharides improved
the physicochemnical, micraalogical, and sensory characteristics, increasing the shelf life of strawberries from & (control)
to 15 d (coated fruits).

Keywords: antimicrobials, edible active coating, quality, shelf-life, strawherry

Practical Application:  Consuimer demands for high quality foods have led v development of weelmologies for preserviig
the quality of these products, The present work focuses on improving quality and increasing the shelt life of srawberries
usimg edible coatings based on polysaccharides and antimicrobial agents. The results of this work ane applicable to mdustrial

food production and postharvest handhing to enhance overall quality and shelf hfe of strawhernies.

Introduction

Strewherries are one of the most coconomically important fruit
worldwide, and the United States 5 a main producer (FAOSTAT
2013). Strawberries are a nonclimacteric fruit, susceptible to me-
chanical injury. "They are also highly perishable due to high rates of
respiration (Campaniello and others 2008). Furthermore, fungal
infections, caused by molds Hompis cdnesa and Rhizops stiolonifer,
are the main cavses of altered color, rmmness, quality, and posthar-
veat loss (Mali and Grossmann 2003; Peretto and others 200 4).
The most prevalent methods of madntaining, quality and con-
trolling the decay of strawberries i by mapid cooling, storage at
lenw temperatures (0 to 4 °C) with high humidity, and elevating
0y and decreasing O levels (Careia and others 1998 Xiao amd
others 2004). However, control of temperature during transport
anl storage of sirawberries 1e difficult, therefore other means of
preservation have been sought (Mali and Grossmann 2003, Cam-
panicllo and others 2008).

Edible coatings (BCs) protect peridiable food produces from
deterioration (Atress and others 20100, An BEC comistz of a thin
layer, which i pre-formed or formed directly on the surdace of
the product as a protective cover. These materials act as barriens
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that produce modilied amosphercs, minimdeing respiration rates,
reducing moisture exchange, delaying deterionation, controlling
microbial growth, and carrying fomctional ingredients Gntios-
dants, antimicrobialz, and @ on), BC: can be elaborated with
polymers such as proteing, lipids, and polysaccharides including,
pectin, chitosan, and pullulan {Costa and others 2010),

Pectin, congieting of 1,4-linked o - 13- galacturonic acid, #a com
plex anionic polysaccharide present in the cell wall of many frois
and vegetables (Tijima and others 2000). Additionally, chitosn, 8
{1—+4)-2-amino-2-deoxi-D-glucosa or D-glocosamine, is a natu-
ral polymer derived by deacetylation of chitin, which i a major
component of crustacean shells {erabs, shrimps, and crowfish). This
compound, which has been wsed o eliborate ECs, 8 2 cationic
podymaccharide that exhibite bactericide and fungicide activities
(Carnpos and others 20010, Dutta and others 20080 FEnally, pul-
lulan i an extracellular linear homopolysaccharide that is formed
by maltotriose and maltotetraose unite having, both o-(1—6) and
a-{1—+4) linkages. Produced by Aerobasidiom pullians, pullulan
i capable of forming edible films and coatings. However, this
podymier has not yet been thoroughly explored as a coating, or
packaging material (I3iab and others 2001; Kandemir and others
2008; Eroglu and others 2014).

I mast fresh o processed products, microbial contamination is
found mainly on the surface. Therefore, EC bazed polyzaccharides
are applied and lormed directly on the surface of food products
and can be added with a painthosh or by spraying, dipping, or
fudiamg;, (Mchugh 2000; Sorrentino and others 2000, El-Anany
and others 2000, Falguera and others 2011}, Moreover, active
ingredients, such a2 antimicrobiak or bioactive compounds {ee-
senitial odl), can be incorporated into BCs to form edibde active
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