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EDITORIAL

Freeze-drying: perceptions and challenges for drying foodstufts and
plant extracts

La liofilizacién: percepciones y desafios para el secado de productos
alimenticios y extractos vegetales

Constain SALAMANCA", John ROJAS?

One of the most important features of foodstuffs and plant extract-based products is related to their
fragile stability, especially when exposed to several ambient factors such as air, light radiation, heat and
water vapour. The latter may contribute to the increase of free or bound water associated to the product.
In this scenario, these variables may lead to different phenomena such as self-oxidation and hydrolysis
of functional compounds and thus, a considerable inconsistency of products where these substances are
part of occurs. On the other hand, these factors affect more drastically the product stability, especially
when they possess a high intrinsic surface area and thus, are more likely to absorb a significant amount
of water. Furthermore, in liquid products oxidation, hydrolysis and precipitation problems are more
probable to happen. Nevertheless, the common methods for water removal by heat treatment cannot be
used in this class of products. This is explained by the potential degradation and hence activity loss of
their functional constituents. This phenomenon is even more critical when volatile compounds play a
substantial role in the organoleptic properties of the finished product. Therefore, the water removal process
results in a complex and expensive task that cannot be accomplished with conventional methodologies.

The above mentioned environmental factors have led to the search for alternative processes which support
the isolation, manufacture and storage of this class of products under very specific and strict conditions.
These processes include mainly freeze-drying, which is also known as lyophilization. Thus, freeze-drying
corresponds to a process where water is removed through a phase transition known as sublimation. In
this case, the thermodynamic direct transition from the solid to the gas phase occurs. For this reason, an
intermediate transformation to the liquid phase is by-passed. Technically, water must be submitted to a
very strict conditions of temperature and pressure; usually, below -20°C and less than 4.58 Torr (610.5 Pa),
respectively. Under these conditions, equilibrium between the solid and gas phases takes place. Therefore,
in this transition a low amount of heat flows spontaneously from the environment to the frozen product
preventing the product from overheating and degradation. Nowadays, freeze-drying shows a great benefit
for drying unstable materials since it increase their stability significantly. However, this process exhibits
some drawbacks. First, the infrastructure required for the process is expensive and energy-consumption is
considerable. On the other hand, a freeze-drier is difficult to operate and careful training must be taken into
account for adequate standardization and validation of the drying process. Failure to follow these conditions
leads to a high variability in the external morphology of the dried material. The freeze-drying conditions
affect significantly the resulting product and hence, its subsequent processing and packaging. Therefore, it
is imperative to control the morphological characteristics of the solids while employing this process.

The paradox of drying unstable and labile substances without affecting their functional properties is
the choice for the optimal conditions in terms of cost and quality benefits. As a result, the production,
development and storage conditions when these labile substances are included into finished products
is eased, and help to fulfil their required quality requirements established by the regulatory agencies.

Pharmaceutical Physical-chemistry lab. Natura Investigation group, Pharmaceutical Chemistry Program, Department of Chemical
Sciences, School of Natural Sciences, Icesi University, Cali, Colombia.
Department of Pharmacy, School of Pharmaceutical and Food Sciences, University of Antioquia. Medellin, Colombia.

Corresponding Author: chsalamanca@icesi.edu.co
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PHYSICAL CHARACTERIZATION OF FREEZE-DRIED FOAM
PREPARED FROM ALOE VERA GEL AND GUAR GUM

CARACTERIZACION DE ESPUMAS LIOFILIZADAS PREPARADAS A PARTIR
DE GEL DE Aloe vera Y GOMA GUAR

Verénica SANTACRUZ-VAZQUEZ", Claudia SANTACRUZ-VAZQUEZ!', Jos¢ Oscar LAGUNA CORTES?

Recibido: Agosto 26 de 2014 Recibido: Septiembre 21 de 2015

ABSTRACT

Background: Foams are colloidal dispersions of a gas suspended in a dispersing phase, which
consisting of a semi-freeze-dried or viscous liquid phase. The physical properties of food foams are the
result of the bubble characteristics and their spatial arrangement. Objectives: The aim of this work was
to obtain foams of A. vera gel and guar gum and describe the changes in their physical properties and
microstructure during freeze-drying using the fractal dimension concept and image analysis techniques.
Methods: The porosity, density, and volume expansion factor of the fresh foams that were based on the
A. vera foams were determined. The kinetics of foam texture, color, porosity and microstructure of the
freeze-dried foams were obtained. The fractal texture dimension of surface (FDg,,, -) and microstructure
(FDgpy,) of the foams were determined as indicators of structural changes after freeze-drying. The guar
gum concentrations used to obtain the A. vera prefoam were expressed in w/w as F1 (control sample
without gum), F2 (2%), F3 (4%) and F4 (6%). Results: We obtained stable freeze-dried foams of Aloe
vera gel and guar gum. The porosity, density and volume expansion factor of the fresh and freeze-dried
toams were affected by the addition of the guar gum. Changes in the topology of the freeze-dried foam
surface during the drying process resulted in a high rugosity compared with the original smooth surface.
The microstructure of the dried foam samples suggested a relationship between the gum concentration
of the prefoam A. vera gel mixture and the physical properties before and after freeze-drying, such as an
increase in the microstructural alterations and surface roughness during freeze-drying. The roughness
of the freeze-dried foam surface, described by the FDg,, . . represented the macroscopic physical changes
of the samples and correlated with the changes in the foam microstructure, which were described by
the fractal dimension of the Environmental Scanning Electron Microscopy ESEM microphotographs
(FDygpyy)- Conclusions: The digital analysis of the structure and porosity of the freeze-dried foam can be
used to quantify the effect of gum concentrations on the morphological features and physical properties
of foams during freeze-drying.

Keywords: Food property, foaming capacity, freeze-drying, A. vera gel foam, fractal analysis

! Benemérita Universidad Auténoma de Puebla, Facultad de Ingenierfa Quimica, Ciudad Universitaria, 72570, Puebla, Pue., México.

Instituto Tecnolégico de Puebla, Av. Tecnolégico No. 420. 72220, Puebla, Pue., México.

Corresponding Author:: versanva@gmail.com
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RESUMEN

Antecedentes: Las espumas son dispersiones coloidales de un gas en una fase liquida viscosa. Las
propiedades fisicas de las espumas alimentarias son el resultado de las caracteristicas de sus burbujas y
su disposicién espacial. Objetivos: El objetivo de este trabajo fue obtener espumas de gel de A. vera y
goma guar y describir los cambios en sus propiedades fisicas y su microestructura durante el secado por
liofilizacién utilizando el concepto de dimension fractal y las técnicas de andlisis de imagen. Métodos:
Se determiné la porosidad, densidad, factor de expansién volumétrico de las espumas frescas de A. vera.
Asi como la cinética de liofilizacidn, textura, isotermas de sorcion, color, porosidad y la microestructura
las espumas liofilizadas. La dimension fractal de la textura (FDg,.) y microestructural (FDyg.,,) de
las espumas de gel de A. vera y goma guar liofilizadas se determiné como un indicador de los cambios
estructurales después de la liofilizacién. Las concentraciones de goma de guar utilizados para obtener la
solucién de clara de huevo preespuma se expresaron en w/w como F1 (muestra de control sin goma), F2
(2%), F3 (4%) y F4 (6%). Resultados: Fue posible obtener espumas liofilizadas estables de gel de A. vera
y goma guar. La porosidad, densidad, factor de expansién volumétrico de las espumas se vieron afectadas
con la adicién de goma guar. Los cambios en la topologia de la superficie de la espuma liofilizada durante
todo el proceso de secado dieron lugar a alta rugosidad en comparacién con la superficie lisa original. La
microestructura de las muestras de espuma secas sugirié una relacién entre la concentracién de goma
de las espumas de A. vera y las propiedades fisicas antes y después de la liofilizacién como un aumento
en las alteraciones microestructurales y rugosidad de la superficie durante el secado por congelacién. La
rugosidad de la superficie de la espuma liofilizada, se describi6 por la relacién FDg, . que representa los
cambios fisicos macroscépicos de las muestras y se correlaciond con los cambios en la microestructura de
espuma, que fueron descritos por la dimensién fractal de las micrografias ESEM (FD.;,,). Conclusiones:
El anilisis digital de la estructuray la porosidad de la espuma liofilizada se puede utilizar para cuantificar
el efecto de las concentraciones de goma guar en las caracteristicas morfolégicas de las espumas durante
el secado por congelacién.

Palabras clave: Propiedades de los alimentos, capacidad espumante, secado por liofilizacién, espumas
de A. vera, analisis fractal.

INTRODUCTION Aloe vera gel has wide applications in the cosme-
tic, nutraceutical and therapeutic industry. The gel
of A. vera is used as an ingredient in cosmetics and
medical products because its composition contains
mannose polymers with sugars, including glucose
and acemannan polymers, which are the active
ingredients in the scar removal process. A. vera
gel has vitamins, minerals, enzymes, proteins and
phytosterol (5). This gel has therapeutic potential
as an antidiabetic, anti-inflammatory, antioxidant,
immunomodulatory, anti-ulcer, hepatoprotective,
moisturizing agent, among other applications (6).
However, thermal processing techniques aftect the
functionality of the chemical structures of A. vera
gel, resulting in thermal damage and a denaturation
process (7, 8). There are several treatments for the
conservation of the gel, including convective drying
and drum drying; however, these methods have
disadvantages such as decreasing the antioxidant

’ : . capacity of the gel when using a drying temperature
the formation of sugar or ice crystals in foams (4). 50 10 90°C (9). Spray drying is another method

Foams are colloidal dispersions of a gas or gas
mixture suspended in a viscous liquid phase (1).
The physical properties of food foams (e.g., texture,
density and stability) are the result of the bubble
characteristics (e.g., size) and their spatial arrange-
ment (2, 3). The most important factors contribu-
ting to the stabilization of foams and the avoidance
of destabilization mechanisms are a high viscosity
of the liquid phase and the presence of resistant and
elastic adsorbed protein films (3). Commonly used
stabilizers include natural hydrophilic and modified
hydrophilic starches, gums, modified celluloses,
pectin, gelatin and other proteins. Particularly,
gums are often used to increase the viscosity of
solutions and suspensions to form foams, and they
act as thickeners in the aqueous dispersion phase.
Gums may produce a particular texture, which is
used to stabilize the dispersed phase or to reduce
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widely used to preserve Aloe extracts because it
provides less damage to the biological activity of
the final products compared with convective drying
with forced air; this is due to the short processing
times.

Moreover, the freeze-drying method has been
extensively used in the pharmaceutical and food
industries to obtain dehydrated materials that are
casily degraded (10). Freeze-drying is often used
because the process enables the retention of the
physical and chemical properties of the products,
such as the color, the vitamins, the antioxidant
contents and other sensorial properties, including
the original aroma and flavor. Here, freeze-drying
was used for the dehydration of fresh Aloe vera
foams (10, 11).

Guar gum is a galactomannan obtained from the
endosperm of the Cyamopsis tetragonolobus seed.
This polysaccharide is formed from galactose and
mannose molecules and is used as a food additive in
various foods products for stabilization. This addi-
tive is natural and economical. Its main property is
to change in behavior of the water present in food.
Guar gum swells and dissolves in polar solvents on
dispersion and forms strong hydrogen bonds. The
hydration rates are reduced in the presence of dis-
solved salts and other water-binding agents, such
as sucrose (12).

The most significant characteristic of guar gum
is its ability to form a viscous colloidal dispersion
that is dependent on the time, temperature, con-
centration, pH and the time of agitation. However,
guar gum was employed in this research because it
is derived from a food instead of a bacterial exopoly-
saccharide, and it is not produced using common
food allergens (13).

Recently, it was demonstrated that the micros-
tructure of materials plays an important role in the
physical properties of foodstufts. Examples of these
influences include the deformation and shrinkage
that occurs during drying because microstructural
characteristics of materials have an effect on the
diffusion mechanisms and other parameters asso-
ciated with moisture transfer (14). Kerdpiboon et al.
(15) identified a relationship between the micros-
tructural changes of carrot cubes and their physical
alterations during air drying using fractal and image
analysis. The concept of fractal texture was introdu-
ced to describe the rough or heterogeneous texture
in the images and has been employed to quantify

surface irregularity. According to Quevedo et al.
(16), the texture of the images is usually called the
texture feature (TF), and it is an important tool
used in pattern recognition to characterize the
arrangement of the basic constituents of a surface
material. TF is useful in the analysis and description
of natural scenes and environments and in the clas-
sification or categorization of pictorial data (17, 18).
One method for determining texture features is the
analysis of the surface intensity (SI), which is obtai-
ned by plotting the (x, y) pixel coordinates versus the
gray level of each pixel (z axis) (19, 20). When the SI
is characterized using the fractal dimension (FD),
the TF is called the fractal texture of the image. If
the FD is evaluated using the shifting differential
box-counting method algorithm (SDBC), the FD
is denoted as FD . . (21). Furthermore, Pentland
(22) showed that the fractal dimension of a surface
dictates the fractal of the image intensity surface,
which should be similar to the fractal dimension
of the physical surface. Fractal texture has been
reported to be sufficiently sensitive to allow for the
detection of the surface roughness of products such
as chocolate, bread, potatoes and other foods (23 -
27). The aim of this work was obtain foams of A.
vera gel and guar gum and describe the changes in
their physical properties and microstructure during
freeze-drying using the fractal dimension concept
and image analysis techniques.

MATERIALS AND METHODS

Selection and collection of the plants and the
mucilage gel of the A. vera leaves

A. vera plants were collected from a herbarium of
the Benemérita Universidad Auténoma de Puebla
in Puebla, Mexico. The selected A. vera plants were
30 - 35 months-old with bright green leaves and
without any visible spots. These plants had grown
in controlled conditions in the herbarium in an
area with partial shade and wide ventilation. The
temperature inside the herbarium was 20+1°C. The
specimens were planted with a spacing of approxi-
mately 0.50 m between plants. After cutting the
leaves of the plants, they were washed with water
to remove the dirt and dust to avoid contamina-
tion. Once the leaves were clean, we proceeded to
separate the epidermis from the parenchyma fillet
with a sterilized knife.
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Preparation of the fresh foams

An ultrasonic homogenizer (UH-300, SMT,
Japan) was used to disperse guar gum (Guarcel®,
México CAS no. 9000-30-0) in fresh A. vera gel
(100 g) for 6 min at 20°C (1500 r min™'). The guar
gum concentrations used to obtain the prefoam so-
lution of A. vera are expressed in w/w as F1 (control
sample without gum), F2 (2%), F3 (4%) and F4 (6%).

Fresh foam density and volume expansion factor

The fresh foam density was determined by mea-
suring the mass of a fixed volume of the foam. This
determination was performed carefully to avoid
destroying the foam structure and to ensure that
there were no voids created while filling the foam
into the measuring beaker. The density experiments
were performed in triplicate (28).

To determine the physical structure of the four
different foams, including the fresh A. vera gel
without gum F1 (control sample), F2 (2%), F3 (4%)
and F4 (6%), the foaming potential was measured
with a volumetric procedure (28) using the follow-
ing equation:

X=M/m (1)

where M is the mass of a strictly determined vol-
ume of the mixture prior to foaming (g), and m is
the mass of the same volume of the mixture after
foaming (g).

The foam volume expansion factor, Vo, was
determined according to the following equation:

Vo:‘;—l” 100 (%) )

where I’p is the foam volume immediately after
foam preparation (cm’), and 1 denotes the volume
of the solution (cm’) used for foaming,

The porosity of the fresh foams was evaluated
according to the following equation:

e0) = (1-2)« 100 3)

n

where p is the density of the sample after bubble
aeration, and p, is the density of the sample prior
to bubble aeration.

The foam stability factor was determined
according to the following equation:
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T=(ATV)* 100 (%) “

where A is the volume of the liquid from which the
foam was made (cm?), and V' is the liquid leakage
volume (cm’) obtained during 15 min of foam
storage.

Preparation of the freeze-dried foams

A similar procedure for preparation of the fresh
foams was employed to obtain the freeze-dried
foams. The prepared fresh foams were weighed,
frozen and sublimated in a freeze-drying system
Labconco 1 It. (Labconco, Kansas City, MO, USA).
Sample temperatures were reduced from 5 to
—40°C at a constant cooling rate (—0.5 K min™"),
and the frozen samples were subsequently lyophi-
lized at —20°C for 40 h. Then, the final weight and
moisture content of the freeze-dried A. vera sample
was measured (28). The moisture content (db) of
the freeze-dried foams was evaluated according to
AOAC method 32.1.03 (29). Each experimental
freezing-drying run was conducted in triplica-
te, and the measurements of the corresponding
physico-chemical properties of the A. vera foams
were also repeated thrice.

Freeze-dried foam texture

A TAXT?2 texture analyzer (Stable Micro Sys-
tems, Ltd., Godalming, Surrey, UK) was used to
determine the firmness of the freeze-dried foams.
The sample was placed on a hollow planar base (30),
and a direct force was applied to the sample using a
5 mm spherical probe at a constant crosshead speed
of 2 mm s A plot of the force vs. distance trave-
lled by the plunger during the test was prepared.
The hardness was defined as the maximum force
in the force—deformation curve, and the crispness
was characterized by the number of peaks and the
slope of the first peak. Foam samples were tested,
and the average values for hardness and crispness
are reported (31).

Color measurement

A CIELAB colorimetry system was used to
determine the foam colors using a WR10 8 mm
Color Meter CIELAB (Graigar). The evaluated
parameters, L (luminosity), a (red—green), and b
(blue—yellow), were determined using the Hunter
scale. Color was measured directly on the product
surface. The total color difference (AE) was deter-
mined using the equation:
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AE=((L-L,)+(@a-a, )’ +(,-b,))"” 5)

where a, is the Hunter scale coordinate indicating
the redness or greenness of the foams at the final
freeze-drying time, t, and a,, is the same coordinate
before the freeze-drying process, t = 0. The values,
b,and b, are the Hunter scale coordinates indicating
the blueness or yellowness of the foams at the final
freeze-drying time, t, and before the freeze-drying
processat t = 0, respectively. L and L re the Hunter
scale coordinates indicating lightness of the foams
at the final freeze-drying time, t, and before the
freeze-drying process at t = 0, respectively, while
AE is the total color difference (32).

Microstructure of the freeze-dried foams

The microstructure of the dried samples was
examined using an Environmental scanning elec-
tronic microscope (ESEM) (LEO 1420VP, Carl
Zeiss SMT AG, Oberkochen, Germany). Triplicate
samples of the freeze-dried foam were viewed at
5000X magnification, and images were stored on
a PC (AMD Turion X2, 500 GB, 500 MHz) as
grayscale bitmaps with brightness values between
0 and 255.

Porosity of the freeze-dried foams

The image analysis software, Image] 1.34s
(National Institutes of Health, NIH, USA), was
used to quantify the characteristics of the porous
freeze-dried foam, including the pore diameter
and pore area. The image analysis was performed
on the Image J software, and the algorithm used
by this software was an automatic thresholding
function, which is an iterative procedure based on
the isodata algorithm (33). This algorithm divides
the image into objects and background by taking
an initial threshold. Then, the averages of the pi-
xels at or below the threshold and pixels above are
computed, and the averages of those two values
are computed. The threshold is incremented, and
the process is repeated until the threshold is larger
than the composite average. There are many more
methods for setting an automatic threshold, such as
Otsu’s method, entropy method, triangle method,
k-means clustering, (33); however, in this study
we used the cited algorithm because Image | was
available for analysis of the image data.

Each pixel of an ESEM micrograph was assigned
a gray intensity value (0 — 255). A threshold-based

segmentation technique was employed to distin-
guish the pore from the freeze-dried phase using
an appropriate gray level threshold. A binary image
was then generated. The pixels with gray levels less
than the selected threshold were assigned as pores
and appeared black in a binary image, whereas the
pixels with gray levels greater than the selected
threshold were identified as the freeze-dried phase
and appeared white in a binary image. Assuming
a spherical shape, the pore diameter was estimated
based on the known pore area. The pore area was
determined by counting the number of pixels filled
in the specified space (25).

Evaluation of the fractal texture dimension
(FDg,5.) of the freeze-dried foam surfaces

The lighting system used to obtain the images
of the foam surfaces during freeze-drying included
two lamps (15 'V, 150 W, D 417053). A color digital
camera Power Shot A620 digital camera (Canon
Inc., Tokyo, Japan) was located vertically over the
sample at a distance of 25cm and the angle between
the camera axis and the light source was 45°. Consi-
dering that ambient illumination is very critical for
reproducible imaging, the lighting system and the
camera was put inside a wooden box whose internal
walls were painted black to avoid the external light
and reflections. The iris was operated in manual
mode with a lens aperture of f = 8, speed setting
of 1/6, and both zoom and flash were turned off to
achieve repeatability.

Images were acquired of two sides of the foams,
and were taken with no zoom, no flash, and a maxi-
mum resolution of the camera (2048%*1536 pixels)
and storage in JPEG format. A. vera foams images
were acquired every 4 h during the drying period
and they were saved on a PC (AMD Turion X2,
500 GB, 500 MHz) and then transformed from an
RGB format to a black and white format as grayscale
bitmaps. The brightness values were between 0 and
255 before calculating the fractal texture dimension
(FDgppe)-

The box-counting method was used to evaluate
the fractal texture dimension (FDy,,.) in the sur-
face view images of the dried foams. In this study,
the shifting differential box-counting method was
employed to compute the fractal texture for the
2-D grayscale images of the foam surface. For this
purpose, Image] 1.34s software (National Institute
of Health, NIH, USA) and the codec proposed by
Per Henden (Version 1.0, 2006-02-05) were used.
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The fractal texture dimension (FD . .) calculation
was performed using an algorithm designed in Mat-
labTM Software (version 6.5) where FD ., and
FD, . are the fractal dimension texture of the foam
surface images of the fresh sample and the sample at
any given interval during freeze-drying, respectively.

A similar procedure was applied to obtain the
evaluation of the fractal texture dimension in the
ESEM microphotographs (FD_.,,) of the freeze-
dried foam. The microphotographs were saved on a
PC (AMD Turion X2, 500 GB, 500 MHz) and then
transformed from an RGB format to a black and
white format as gray scale bitmaps. The brightness
values ranged between 0 and 255 prior to calculating
the fractal texture dimension (FDg,,;, .), which was
obtained by applying the previously mentioned pro-
cedure for the fractal texture dimension (FD
of the freeze-dried foam surfaces (25).

SDBC)

All statistical analyses were performed using
Minitab 13.1 software (Minitab Inc., Philadelphia
State College, USA). A two-way analysis of variance
ANOVA was applied to evaluate the effect of gum
concentration in experimental data obtained from
fractal texture of ESEM photomicrographs (FD...,,)
and the fractal texture dimension (FDg ;) of the
freeze-dried foam surfaces. Statistical analysis of
Multiple Comparison Procedures were applied on
the FD ;- values and FD_ .\, values using the Fisher
LSD test to determine the presence of significant

differences among FD, .. . values and FD_ ., values.

SDBC ESEM

RESULTS

Fresh foam density

During the whipping process, air was brought
into the A. vera gel prefoam and trapped in the lig-
uid as bubbles. The foam density decreased as the
whipping time increased, resulting in a minimum
density after 3 min of whipping. As the concentra-
tion of gum increased in the F2, F3 and F4 samples,
the foam density increased relative to foam F1. The
initial foam density of approximately 0.93 g cm™
decreased to 0.19, 0.26, 0.32 and 0.35 g cm™ after 3
min of whipping for F1, F2, F3 and F4, respectively.
After 5 min of whipping, an increase in the density
was evident (0.27, 0.35, 0.60 and 0.68 g cm™ for F1,
F2, F3 and F4, respectively).

During the first 3 minutes of the whipping
process, air was brought into the Aloe vera gel and
entrapped in the liquid as bubbles (Fig 1). This led
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to a decrease in the foam density as the whipping
time increased. The curves of the fresh Aloe vera gel
foam densities during the whipping are similar to
those of other foods that are high in viscosity, such
as tomato paste foam (34). Beyond the five minutes,
the foam density increased rapidly and was attributed
to more thinning of the liquid film, more mechanical
deformation and more bubble wall rupture during
the extended whipping (31, 32). As the concentration
of the guar gum increased to 2%, 4% and 6% (w/w),
the foam density increased because the movement of
the foaming agent from the aqueous phase towards
the air—aqueous interface was limited and it was in-
sufficient for the reduction in surface tension, which
enhanced the foam formation (32).
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Figure 1. Fresh A. vera gel foam density as a function
of the gum concentration during the whipping process

The gum concentration significantly affected
the density of the fresh foams (ANOVA, P<0.05)
based on the magnitudes of the F values (F=2.91).
The results showed that the control sample (F1)
exhibited the best foaming properties relative to the
F2, F3 and F4 samples (Table 1). The samples with
4 and 6% guar gum concentrations in the A. vera
gel foam showed much lower foaming parameters
than F2, although the best results were obtained
for the A. vera gel without gum (F1). This result
indicates that the addition of guar gum substantially
decreases the foaming potential of the A. vera gels.
Similar results were obtained by Karim (30) using
methyl cellulose in starfruit foams.

Porosity and mass density are important pa-
rameters of fresh foams. These two parameters
are correlated because an increase in density is
accompanied by a decrease in porosity. The foam
with guar gum showed the lowest porosity (64.30%
F4) and the highest density (0.35 g cm™) compared
to products without gum.
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Table 1. Comparison of the foaming potential of the
fresh A. vera gel and the mixtures with guar gum.

Foaming potential
Foam Foam
volume | Foaming | ¢ piiee | porosity
expansion | potential factor T %)
factor Vo X %) °
(%) °

Fresh Aloevera |y 0105 [1.18+0.03 | 43.00+2.8 | 7822224
gel, F1
Fresh Aloe vera
gel with guar 136.0£1.6 | 1.1220.02 | 25.60+3.5 | 70.663.6
gum at 2%
(w/w), F2
Fresh Aloe vera
gel with guar 118.0£1.8 | 1.1120.02 | 17.80+2.4 | 65.462.8
gum at 4%
(w/w), F3
Fresh Aloe vera
gel with guar 12,0422 | 1.112£0.02 | 15.70+2.8 | 64.30%3.5
gum at 6%
(w/w), F4

Kinetics of the freeze-dried foam under
different drying conditions

The initial moisture content of the A. vera gel
foams was 6.690.15 kg/kg db. The drying kinetics of
F1, F2, F3 and F4 are presented in Fig. 2. The overall
moisture content was reduced from 6.69, 5.32, 4.42
and 3.80 kg/kg db for F1, F2, F3 and F4, respecti-
vely, to 0.39 kg/kg db. Two different stages were
observed in the freeze-drying curve of every tested
formulation. The first stage extended over the first
20 h of drying (Fig. 2), the second stage also lasted
20 h, which corresponded to the equilibrium stage.

——F1- 0%G.G.
—&F2- 2%G.G.
' —4—F3- 4%G.G.

6% G.G.

First Stage

o}

——F4-

w A

N

Moisture Content Ssample
(Kg H,0 gs.s.™)

Second Stage

[

0 : n —— a)
0 10 20 30 40
Freezing drying time (Hours)
0.0001
0.00009 A
% 0.00008 4
% 0.00007 4
& 0.00006 1 First Stage
o, 0.00005 A )
= 0.00004 ——F0- 0%G.G.
£ 0.00003 - ; —&-F2- 2%GG.
£ 000002 1 ;;rtset Pitlil';gg ' —A—F3- 4%G.G.
& 0.00001 —*—F4- 6%G.G.
< ! . : i i ‘
8 ! 0 1 2 3 4 5 6 T b
Moisture Content sample )
(KgH,0Kgss.!)

Figure 2. 2) Moisture Content of A. vera gel foams. b) Drying
rate of the A. vera gel foam during freeze-drying process.

A similar observation was reported by Lim et al.
(35). The drying rate data that is presented in Fig.
2b shows a higher drying rate at the early stage of
drying (first stage) because the moisture content
of the A. vera gel foam decreased from the initial
moisture content to approximately 3.0 kg/kg db.

The falling rate period could be divided into two
periods according to the change in the drying rate
curves. The first falling rate period (I) occurred
between a moisture content of 3.0 and 1.0 kg/kg
db, and it corresponded to the loss of free water.
This water was freely available around the foam and
could easily sublimate (36). The second rate period
(IT) exhibited a very low drying rate that decreased
gradually with the decreasing moisture content,
which was possibly due to the small amount of free
water available given that the diffusion of bound
water is the main mechanism controlling the water
transport. In the last stage, the internal diffusion
rate of moisture was found to decrease with time
(Fig 2b).

Texture analysis of the freeze-dried foams.

The texture of the dried foams was evaluated
using a compressive test (Fig. 32). The maximum
force of rupture is defined as the hardness, and
the slope of the first peak was used to describe the
crispness of the samples (37).

Gum Concentration (%)

0 2 4 6

Gum Concentration (%)

Maximum force (N)
k = N w »
S W o= N W W B
.

=4

=N

v
L

IS

Initial slope (N/mm)
8] w

—

=}

b)

Figure 3. 2) Maximum force of rupture. b) Initial slope
of the first peak of dried A. vera gel foam with different
gum concentrations.
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The texture of the dried foams was strongly af-
tected by the sample pore structure. F1 had a density
of 0.19 g cm™ and was characterized by larger pores
and a limited number of smaller pores. F1 presented
a lower density structure and lower strength val-
ues with respect to F2, F3 and F4. The maximum
rupture forces of the samples were 2.52+0.23 N
for F1, 3.28+0.22 N for F2, 3.80+0.40 N for F3
and 4.26x0.44 N for F4. The statistical analysis
showed that the texture was significantly (P<0.05)
aftected by the gum concentration, as shown in
Fig. 3a. Regarding the crispness, the F3 and F4
samples were spongy and were not crispy. These
textural properties were similar to those reported
for freeze-dried apple chips, which have a very po-
rous structure (38). As shown in Fig. 3b, the gum
concentration influenced the hardness and spongy
textural features of the samples. Because the higher
gum concentration in the fresh foam reduced the
ability of water to act as a plasticizer in the dried
foams, it caused a significant increase in the T and
textural properties. This behavior was also observed
for mango gel with maltodextrin, immature West
Indian cherry with maltodextrin or gum Arabic
and date palm with maltodextrin (36).

Color sample after freeze-drying

The total color difference, AE, of the A. vera
foams before and after freeze-drying was obtained.
The AE between the fresh A. vera foam and the
freeze-dried samples were significantly different for
F1 (AE=20), F2 (AE=25.5), F3 (AE=28.7) and F4
(AE=32.1). The color foams significantly changed
with the freeze- drying process because the final
dehydrated foams had a significantly lower lumino-
sity than the fresh foam. The addition of the gum
into the foam formulation produced a yellowish
product whose intensity depended on the gum
concentration.

Microstructure analysis of the freeze-dried
foam tissue

Porosity measurement

The pore shapes of the A. vera gel foams before
drying were spherical (not shown here). When the
samples were freeze-dried, the pore shape changed.
The pore size is shown in Fig. 4a.
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Figure 4. a) ESEM microphotographs and b) Pore size
in the ESEM microphotographs of freeze-dried A. vera
gel foams with different gum concentrations (1000X
magnification, 20kV).

The pore diameter was estimated from the
known pore area by assuming the spherical shape
that was reported for F1. The foam density was
found to aftect the pore size of the A. vera gel foams.
The F1 sample had an initial foam density of 0.19 g
cm™and more large pores in the range of 15 -20 um
than the samples with higher gum concentrations
and higher foam densities. This large pore assembly
might be generated by the coalescence of adjacent
bubbles and the removal of ice crystals from the
foam structure. However, the number of small
pores that ranged from 5 — 10 um was lower com-
pared with the F3 and F4 samples. The pore size
of foams F1, F2, F3 and F4 were 27%+3.2, 20£2.5,
17+1.8 and 15%1.7um, respectively. As shown in
Fig. 4b, the F2 and F3 samples had few pores with
diameters larger than 20 um. The increases in the
void area fraction of the samples during freeze-
drying for F1, F2, F3 and F4 were 35.68, 33.06,
21.49 and 14.95%, respectively. As shown in Fig. 4a,
the pore structure was significantly different among
the samples with different gum concentrations.
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The roughness of the freeze-dried foam micros-
tructure (Fig. 5a), as described by the FD,,, va-
lues, represented the microscopic physical changes
of the samples during the freeze-drying process.
The foams without gum (F1) or with a low gum
concentration (F2) exhibited higher FD values
than the other samples (Fig. 5).

ESEM
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Figure 5. a) ESEM microphotographs of the freeze-
dried foam (250X, 5kV) and b)FD,.,, values of A.
vera foams during freeze-drying at different gum
concentrations

Under these conditions, the freeze-dried foam
microstructure became rougher as a consequence
of rapid water ice loss during freeze-drying, resul-
ting in microstructural deformation of the pores.
The maximum FD_,, values of the samples were
2.438 for F1, 2.361 for F2, 2.303 for F3 and 2.253
for F4. The multiple comparison analysis showed
that the gum concentration in the foam formula-
tions produced microstructural modifications with
significant differences in the FD_ ..,

The roughness of the freeze-dried foam sur-
face (Fig. 6a), as described by the FD .. values,
represented the macroscopic physical changes of
the samples and was correlated with changes in
the freeze-dried foam texture and microstructure,
which were described by the fractal dimension of
the ESEM microphotographs(FD

ESEM)'

Fig. 6b shows the variation of the FD . as a
tunction of the freeze-drying time for the foams
with different gum concentrations. The foam
surface was mostly porous at the beginning of
the freeze- drying with a FD . value of 2.220.
However, during freeze-drying, the macroporous
surface irregularity increased as a result of moisture
loss, which was reflected by the increase in the
FDy5- Two different stages were observed in this
curve. The first stage extended over the first 28 h of
drying (Fig. 2) and exhibited a significant increase
in the FD . . compared to the second stage. The
second stage lasted 12 h in which changes to the
freeze-dried foam macroporous surface were less
pronounced as the moisture content approached an
equilibrium value (Fig. 6b).

The FD ;. values from the images of the
dried freeze-dried foam were close to 2.24 to 2.35
during the last stage of drying, and neither further
dehydration nor deformation occurred for the F1
formulation. Samples F3 and F4 exhibited a lower
macroporous roughness and lower FD values
of the foam images (39).

Statistical analysis showed that the FD

SDBC

sppc value

was significantly (P<0.05) affected by the gum
concentration, as shown in Fig. 6b.
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Figure 6. a) Images of the freeze-dried foam with
different gum concentrations. b) FD. . values of
A. vera foams during freeze-drying at different gum
concentrations.
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DISCUSSION

The lowest density value for the F1 formulation
was attributed to the fact that the movement of the
foaming agent from the aqueous phase towards the
air—aqueous interface was limited (30), and it was
insufficient for a reduction in the surface tension,
which enhances foam formation. As shown in Fig.
1, an increase in the gum concentration from 0.0%
to 6.0% led to a greater than 50% increase in the
foam density. The foam density curves during the
whipping process presented a trend similar to those
of other foods, such as tomato paste foam (30); i.c.,
the foams had a low density during the first 3 min,
whereas there was an increase in the foam density
at 5 min.

The drying rate data presented in Fig. 2b show
that at the initiation of freeze-drying the sublima-
tion front (moving boundary) is situated at the outer
surface of the fresh foam sample.

During the freeze-drying process, the drying
rates decreased with decreasing moisture content,
signaling the beginning of the falling rate period
(second stage). At this time, the sublimation front
recedes from the outer surface of the foam towards
the center of the sample resulting in an increased
diffusion path for the sublimed moisture that was
originated at the sublimation (ice) front; this renders
an increased resistance to the internal diffusion of
water vapor inside the sample (40, 41). The shape
of the curves in Fig 2a and the drying rate in Fig 2b
indicate that the internal diffusion of water vapor
inside the sample is controlling the freeze-drying
process. These results demonstrate the importance
of the gum concentration on the moisture move-
ment. The diffusion of water through the low-den-
sity foam was less constrained in the F1 formulation
and decreased when the gum concentration in the
A. vera gel foam increased in F2, F3 and F4.

The ESEM microphotographs showed that the
freeze-dried foams exhibited a clearly deteriorated
microstructure in which the removal of water ice
was evident. At the high gum concentrations of F2,
F3 and F4, dense products were obtained in the
freeze-dried foam structure (Fig. 6a). F1 presented
a more irregular microstructure pattern compared
to the F2 and F3 foams in which the deformation
of the structures was less pronounced. A heteroge-
neous foam structure was observed during freeze-
drying in the absence of the gum.
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The highest gum concentration (6%) produced
the lowest irregularity in FD_ . and, consequently,
the lowest FD_ ;. . values. Under these conditions
(F4), the deformation of the freeze-dried foam
generated less roughness on the freeze-dried foam
macroporous surface. At the intermediate gum con-
centrations, the deformation process was assisted by
the high moisture transfer from the interior to the
exterior of the freeze-dried foam. The kinetics of
the variation of the deformation of the macroporous
freeze-dried foam (FD,.) was a function of the
gum concentration and density, which also aftected
the overall quality of the final product. The freeze-
dried foam without gum experienced a higher
deformation, and the FD . . values were higher
than those obtained at higher gum concentrations.

The roughness of the freeze-dried foam surface,
described by the FD .. value, represented the
macroscopic physical changes of the samples and
correlated with changes in the foam microstructure,
which were described by the fractal dimension of
the ESEM microphotographs(FD

ESEM)'

CONCLUSIONS

We obtained stable freeze-dried foams of Aloe
vera gel and guar gum. The porosity, density and
volume expansion factor of the fresh and freeze-
dried foams were affected by the addition of guar
gum. The microstructure of the dried foam samples
suggested a relationship between the gum con-
centration in prefoam A. vera gel mixture and the
physical properties before and after freeze-drying.
Digital analysis of the structure and porosity of the
freeze-dried foam was used to quantify the effect of
gum concentrations on the morphological features
of the foams during freeze-drying. The microstruc-
ture of the various samples suggested a relationship
between the gum concentration and the density
of the A. vera gel foams, which increased during
freeze-drying. A simple relationship between the
microstructural changes (FDg,,) of the freeze-
dried foams and their gum concentration during
freeze-drying was observed using combined fractal
techniques and image analysis.

The addition of guar gum at concentrations of
2%, 4% and 6% produced high-density Aloe vera
foams of 0.35, 0.60, and 0.68 g cm™, respectively, at
an optimum whipping time of 3 min. The freeze-
dried foams formed during the falling rate period
with higher drying rates. An increased amount of
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guar gum (6%) produced freeze-dried porous Aloe
vera foams with increased amounts of hardness
and crispness, low densities and smaller pore sizes.
The analysis of the SEM microphotographs of the
freeze-dried Aloe vera foams demonstrated that
the addition of guar gum produced a pronounced
a stable structure, which was also associated with
the low values of the FD,, .. To produce a stable
freeze-dried Aloe vera foam an addition of guar gum
at 6% concentration is recommended.
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ABBREVIATIONS

A = Volume of the liquid from which the foam
was made (cm’).

FDy,; = Fractal dimension texture of the foam
surface images during the freeze-drying process.

Dy = Fractal dimension texture of the foam
surface images prior to the freeze-drying pro-
cess.

FD = Fractal dimension texture of the freeze-

ESEM

dried foam determined from the ESEM pho-
tomicrographs.

FDyqp o = Fractal dimension texture of the fresh
foam determined from the ESEM photomi-
crographs.

M = Mass of a strictly determined volume of the
mixture before foaming (g).

m = Mass of the same volume of the mixture after
foaming (g).

t = Freeze-drying time (min).

T = The foam stability factor.

IV = Liquid leakage volume (cm?) obtained during
15 min of foam storage.

1 = Foam volume immediately after foam prepa-
ration (cm?).

1’1 = Foam volume of the solution (cm?) used for
foaming.

X= Foaming potential of the A. vera gel.

€(%)= Porosity of the fresh foams.

p, = Density of the sample after bubble acration
(g cm™).

p, = Density of the sample before bubble aeration
(g cm™).
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ABSTRACT

Background: Human milk is considered the best source of nutrition for young infants. However,
if mothers cannot provide adequate breast milk or if infants are premature or have a low birth weight,
breast-feeding must often be replaced or complemented with infant formulas (IFs). The interactions
between infant formula components (proteins, fats, carbohydrates, vitamin and minerals) mainly affect
carbohydrates and proteins (Maillard reaction, MR), but those involving proteins are especially important
in products used in infant feeding because of the high protein requirements of infants. On the other hand,
fatty acids (FAs) are considered important in infant development. Objectives: The aim of the present work
was to test the stability of IFs made with different ingredients, analyzing the available lysine losses (for
protein stability) and the FAs content and the peroxide value (for fat stability) during stored at normal and
adverse conditions and to propose a faster control of that stability. Methods: Available lysine analyzed by
high-performance liquid chromatography (HPLC), lipid oxidation by titrimetric method and FAs profile
by gas chromatography (GC) were determined in four types of IFs prepared with intact and partially
hydrolyzed proteins and different carbohydrates (lactose or maltodextrins) during storage at 4, 20 and 30
°C for 24 months at normal water activity (Aw=0.1-0.4), and at Aw of 0.65 at 20 and 30 °C for 4 weeks.
These IFs were prepared twice (IF, and IF,) in different batches by a Spanish dietary product company.
Results: At 30°C, available lysine losses were 40-50% in all IFs analyzed. The behavior and percentage
lysine loss between 1 and 4 weeks of storage at 30 °C with Aw=0.65 was similar to those obtained after
24 months of storage at 30 °C. No significant changes were observed in fatty acid profile during storage.
Oxidation was only observed in opened packs and after 4 weeks/30 °C/Aw=0.65. Conclusions: The
losses of available lysine increase to higher time and storage temperatures. The FAs shows a good stability
for any storage condition; however peroxide values prove more sensitive than FAs changes for evaluating
fat oxidation during the storage of IFs.
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RESUMEN

Antecedentes: La leche materna es la mejor fuente nutricional para ninos recién nacidos. Sin embargo,
cuando las madres no pueden proveer leche, o si los nifos son prematuros o tienen bajo peso al nacer, la
lactancia debe ser reemplazada o complementada con férmulas infantiles (IFs). La interaccién entre los
componentes de las IFs (proteinas, grasas, carbohidratos, vitaminas y minerales) principalmente afecta
carbohidratos y proteinas (Reaccién de Maillard, MR), pero los que implican proteinas son especialmente
importantes en alimentacién infantil debido a los altos requerimientos de proteina de los lactantes. Por
otra parte, los dcidos grasos (FAs) son considerados importantes en el desarrollo de los nifios. Objetivos:
El objetivo fue evaluar la estabilidad de IFs elaboradas con diferentes ingredientes, analizando lisina 1til
(para estabilidad de proteinas), contenido de FAs y valor de perdxidos (para estabilidad de grasas) durante
el almacenamiento bajo condiciones normales y adversas, y proponer un control mis ripido de la estabilidad.
Metodos: Los analisis de lisina ttil por cromatografia liquida de alta resolucién (HPLC), oxidacién lipidica
por el método de titulacién y el perfil de FAs por cromatografia de gases (GC) fueron determinados en
cuatro tipos de IFs preparadas con proteinas intactas y parcialmente hidrolizadas con diferentes carbo-
hidratos (lactosa y maltodextrinas) durante el almacenamiento a 4, 20 y 30 °C por 24 meses a actividad
de agua normal (Aw=0,1-0,4), y a Aw de 0,65 a 20 y 30 °C por 4 semanas. Estas IFs fueron preparadas
dos veces (IF, y IF,) en baches diferentes por una empresa Espanola de productos dietarios. Resultados:
A 30°C, las pérdidas de lisina ttil fueron de 40-50% en todas las IFs analizadas. El comportamiento y
porcentaje de pérdidas de lisina entre la 1y 4 semana de conservacién a 30 °C con Aw=0,65 fue similar
a las obtenidas tras 24 de almacenamiento a 30 °C. No se observaron cambios significativos en el perfil
de FAs durante el almacenamiento. Oxidacién solo se observo en los envases abiertos y después de 4
semanas/30 °C/Aw=0.65. Conclusiones: Las pérdidas de lisina ttil incrementan a mayor tiempo y tem-
peratura de almacenamiento. Los FAs muestran una buena estabilidad para cualquiera de las condiciones de
almacenamiento, sin embargo el valor de perdxidos evidencia mayor sensibilidad que los cambios en FAs
para evaluar la oxidacién de las grasas durante el almacenamiento de IFs.

Palabras clave: Formulas infantiles, lisina ttil, proteina lictea, dcidos grasos, peréxidos

INTRODUCTION important factors in the control of physico-chemical
properties and microbial quality of infant foods.
Several types of physico-chemical damage can oc-
cur during storage, e.g., lactose crystallization, the
Maillard reaction (MR), lipid peroxidation, caking,
and interactions and reactions between proteins
and polysaccharides, etc (1). The MR involves
amino acids and reducing carbohydrates and can
lead to loss of nutritional value (3). IFs containing
reducing carbohydrates (lactose or dextrinomaltose)
and proteins or free amino acids are prone to non-
enzymatic browning as a result of the MR.

Infant formulas (IFs) are designed as substitutes
for maternal milk when breast feeding is not pos-
sible. Generally, they contain a source of protein
such as milk protein, milk protein hydrolysate or
soybean protein. Lactose, starch, maltodextrins,
sucrose and triglycerides are used as energy sources
(1). There are two types of formula for normal
teeding, adapted formula suitable for infants under
4 months old and follow-up formula for those over
4—6 months old. IFs prepared with partially hydro-
lyzed proteins are also used in certain cases, e.g., to

o : Loss of lysine availability and decrease of protein
prevent or treat cow’s milk allergies (2)

digestibility are the main nutritional consequences
of the MR during the manufacture and storage of
IFs (4, 5). This nutritional damage is of particular
interest in IFs because they are frequently the only
protein source during early infancy. The nutritional

Production, handling and storage warrant
greater attention during the manufacture of IFs
compared with other food formulations, because
they are more subject to reactions and interactions

and their physical properties and nutrient availabil-
ity can undergo major changes during storage. The
storage temperature and relative humidity are two

requirement for lysine of babies aged 0 to 6 months
is around 107 mg/kg /day (6).
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On the other hand, fatty acids (FAs) are con-
sidered important in infant development. The
main FAs in human milk are palmitic (20%),
oleic (38%) and linoleic (15%) (7). Unsatured
FAs are highly susceptible to oxidation; lipid
oxidation is the main cause of deterioration
of lipid-containing IFs. The reaction between
atmospheric oxygen and unsaturated lipids
produces a wide range of hydroperoxides (8).
Lipid oxidation has received much attention be-
cause of its undesirable implications for human
health and its contribution to a decrease in the
nutritional value of foods. Thus, peroxide values
indicate the initial products of autoxidation and
can only be used to study peroxide formation in
the early stage of oxidation. During the course
of oxidation, peroxide value may reach a peak
and then decline (9).

There have been several studies on the lysine loss
caused by heat treatment and storage of powered
IFs (10-12) and on the influence of water activity
during storage of powdered milk-like systems (13).
However, there are no data on the effects of adverse
storage conditions (temperature and Aw) that usu-
ally occur in the European Mediterranean areas,
African, American, and Asian countries who con-
sume these products or on comparisons between
formulas made with different intact proteins and
those made with protein hydrolysates prepared
with different carbohydrates. Moreover, there are
no comparative studies available on products with
the same formulation but different batches of in-
gredients.

The purpose of this study was to determine the
loss of available lysine and assess lipid oxidation
by peroxide level and fatty acid profile during the
storage of IFs prepared by industry with intact or
hydrolyzed proteins under normal (with the origi-
nal product water content) and under abnormal hu-
midity conditions (water activity, Aw=0.65), using
different ingredients (protein and carbohydrates)
and using different batches of the same ingredients,
to discover whether the IFs still complied with es-
tablished requirements and European regulations
after storage and to propose a faster control of that
stability.

MATERIALS AND METHODS

Samples and reagents

The study was performed using four powdered
IFs prepared with different carbohydrates (maltose-
dextrin (dextrose equivalent (DE)=17), sucrose or
lactose) and milk proteins (calcium caseinate (90%
of protein), whey protein milk low in lactose (76%
of protein), whey protein milk (64% of protein),
and partially hydrolyzed (molecular weight of
8000-20,000 Da) whey protein milk low in lactose
(82% of protein)). Two IFs had intact protein (A and
B) and two had partially hydrolyzed whey protein
(Cand D) (Table 1). IFs A, C and D are adapted for-
mulas and infant formula B is a follow-up formula.
Each formula was prepared twice (IF, and IF,)
under the same conditions and their composition
was given by the Spanish dietary product company
(Table 1). Although the formulation was the same
in both plants, the ingredients were from difterent
batches. The infant formula D only was prepared
once, with the same batch protein ingredient used
in infant formula C2.

Ingredients were mixed with deionized water at
<60 °C under agitation to obtain 40% total solids
(approximately 3 hours). Oil was added at 90-95 °C
for 22 sec. Spray-drying was performed at 215-230
°C and the temperature of exit air was 85-95 °C.
There was a final amino acid addition stage in dry,
partially hydrolyzed formulas; the added amino ac-
ids were L-Arginine, L-Phenylanaline, L-Histidine,
L-Trytophan, and L Tyrosine. The final product
was packed under nitrogen atmosphere in a 400g
aluminium bottle.

Acetic acid, ethanol (HPLC grade), hexane,
methanol, sodium thiosulfate, starch sulphuric acid
and potassium iodide were obtained from Panreac
(Barcelona, Spain). N-g-2,4-DNP-L-lysine-HCI,
butyl hydroxy anisol (BHA), chloroform, FAs
methyl esters, sodium methylate, hexane, margaric
acid (C:17) and derivative reagent 1-Fluoro-2,4-
dinitrobenzene (FDNB) solution were purchased
from Sigma-Aldrich (Madrid, Spain).
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Table 1. Final composition of IFs.
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Formulas % Content
A Prepared 1 Prepared 2
Carbohydrates 54.9
Sucrose 247
Maltose-dextrin 30.2
Proteins 11.33 11.56
Whey protein milk low in lactose 5.38 5.49
Calcium caseinate 5.90 6.10
Fat 27.7
Linoleic acid 4.20
Minerals 3.1
Water content 33
B Prepared 1| Prepared 2
Carbohydrates 55.2
Lactose 55.2
Proteins 11.94 12.10
Whey protein milk 5.73 5.81
Calcium caseinate 6.21 6.29
Fat 27.3
Linoleic acid 5.50
Minerals 2.90
Water content 3.00
C Prepared 1 | Prepared 2
Carbohydrates 55.9
Sucrose 8.4
Maltose-dextrin 47.5
Proteins 13.14 13.29
Partially hydroly;ed whey protein 1314 13.29
milk low in lactose
Fat 25.35
Linoleic acid 4.10
Minerals 2.90
Water content 2.60
D Prepared 1
Carbohydrates 55.90
Sucrose 8.4
Lactose 47.5
Proteins 135
Partially hydrolyzed whey protein
milk low in lactose 135
Fat 25.35
Linoleic ccid 4.1
Minerals 29
Water content 2.6

Storage conditions

Formulas, packed under nitrogen atmosphere in
a 400g aluminum bottle were introduced into an
oven at 20 or 30 °C or cold chamber at 4 °C and
analyses were performed after 3, 6, 12, 15 and 24
months of storage (useful life of an IF). Storage at
4 °C was not performed at 3 months. A different
bottle was used for each storage time and tempera-
ture and was removed at the corresponding time.

J. Contreras C. et al.

Another study was realized at Aw=0.65, samples
of formula for each storage time and temperature
were placed in open Petri dishes in desiccators with
sodium nitrite saturate solution to obtain an Aw of’
0.65 (14), which were then placed in an oven at 20 or
30 °C during 1, 2, 3 and 4 weeks of storage. All IFs
were tested at baseline (month 0 at room temperature).
After the corresponding storage period, samples
were kept at -20 °C until their analysis.

Available lysine determination

e-NDP-lysine was determined by HPLC,
tollowing the method used for IFs by Contreras-
Calderén et al., 2009 (2). A sample containing
approximately 4 mg of protein was derivatized by
addition of FDNB solution in 3% v/v, ethanol. The
FDNB derivative was hydrolyzed with HCl. HPLC
was performed using a Perkin—Elmer Model 250
fitted with a Waters 717 automatic injector and a
Perkin—Elmer 235 UV diode array detector, using
a Model 1020 Perkin—Elmer Nelson integrator-
computer. Fifty microliters of filtered solution were
separated in a Novapack reverse-phase C, HPLC
column (4 u, 150x3.9 mm, Waters, Milford, MA)
operating at room temperature. e-DNP-lysine
was determined by the external standard method.
The stock standard solution was 100 mg/ml of N-
g-2.4-DNP-L-lysine-HCl in methanol:water (1:4).
Working standard solutions (2-10 mg/ml) were
prepared by diluting stock standard solutions in 0.01
M sodium acetate (pH 5). A regression coefficient
(") of 0.9903 was obtained. The linear regression
equation used was 'Y = 42082X + 2188, where Y'is
the peak area and X the e- NDP-lysine concentra-
tion (mg/1). Duplicate analyses of duplicate samples
were carried out (n = 4).

Fatty acid determination

Fat extraction was performed following the
method described by Folch etal., 1957 (15). Two ml
of IFs, (1.2 g/10 ml bi-distilled water) was added to
20 ml chloroform: methanol solution (2:1), 2 ml of
BHA 1500 mg/l and 200 ul of internal standard C ,
(20 mg/ml), shaking for 30 min in an amber Erlen-
meyer flask with rubber stopper, then centrifuging
the solution at 4500 rpm for 10 min to obtain three
layers. The chloroform layer was evaporated under
vacuum. Subsequently, 6 ml of sodium methylate
was added and then boiled for 5 min. Following
the method, 6 ml of a 3% (v/v) solution of sulphuric
acid in methanol was added and then boiled for a
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turther 5 min. Finally, after 5 min of cooling, 4
ml of hexane was added, shaken gently, and water
was added to bring the hexane layer to the neck of
the flask. Finally, 2 ul were injected into a Perkin
Elmer autosystem GC equipped with flame ioniza-
tion detector (FID) (16) coupled to a Perkin-Elmer
integrator. An SP-2330 capillary column (30 m x
0.75 mm) (Teknokroma, Barcelona, Spain) was
used. Operating conditions were: injector 250 °C,
detector 300 °C, oven at 50 °C heated at 15 °C/min
to 190 °C and held at 190 °C for 5 min and then
heated at 5 °C/min to 230 °C and held at 230 °C
for 5 min. Nitrogen at a flow rate of 1.43 ml/min
was utilized as carrier gas. The split used was 1:35.
Fatty acid methyl esters (FAMEs) were identified
by comparison with relative retention times of stan-
dards. FAs concentrations were calculated according
to the integrated peak area relative to the internal
standard using the following correction factors for
the individual FAMEs (two standard mixtures,
each injected 3 times): 1.0527(C8), 0.989(C10),
0.913(C12), 0.958(C14), 0.908(C16), 0.947(C18),
0.914(C18:1), 0.997(C18:2), 1.13(C18:3), 1.015(C20),
1.061(C22). Range of FAMEs concentrations was
0.00094 - 0.015 mg/ml for C12, C16 and C18 and
0.0005-0.008 mg/ml for C6, C10, C14, C18:1,
C18:2, C18:3, C20 and C22. Duplicate analyses of
duplicate samples were carried out (n = 4).

Peroxide value

Fat extraction was performed following the
method described by Folch et al., 1957 (15). Perox-
ide value was determined only in IFs, according to
the peroxide value of oils and fats (17); 4 ml acetic
acid-chloroform solution (3:1) was added to the fat
obtained (0.25 g approximately) and dissolved by
shaking. Subsequently, 1 ml of saturated potassium
iodine solution was added, swirled for one min and
stored in darkness for 5 min, followed by the ad-

dition of 10 ml of water. It was slowly titrated with
0.01 N sodium thiosulphate standard solution,
vigorously shaking until the yellow color almost
disappeared. Then, 0.5 ml of 1% starch solution was
added and titration by vigorous shaking continued
to release all iodine from the chloroform layer
until the blue disappeared. Samples were analyzed
in duplicate.

Statistical analysis

Statgraphics 5.1software was used for the statisti-
cal analysis. The two-Way ANOVA test was used
to compare the storage times and the temperatures
effect on available lysine (LSD test was used). The
one-way ANOVA test was used to compare the
storage times effect on FAs and peroxide value, and
level of significance was set at 95%.

RESULTS

Available lysine determination

Precision of the entire available lysine procedure,
including acid hydrolysis, sample preparation and
RP-HPLC analysis, was evaluated using a com-
mercial follow-up infant formula (n==8). The mean
available lysine was 3.69 mg/100g of protein with a
coefticient of variation of 4.6%. The detection limit
(LOD) (three times the signal-to-noise ratio) was
7.25 x 10* mg/100g of protein, and the quantifica-
tion limit (LOQ) (ten times the signal-to-noise
ratio) was 2.42 x 10~ g/100 mg of protein (2).

Normal storage

Available lysine contents during storage are
shown in Table 2. During storage at normal con-
ditions significant (p < 0.05) effects of time and
temperature on lysine losses were observed in all
IFs analyzed, except in the time for IFs B, and D.
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Table 2. Available lysine content (mg/100 g of protein, dry weight), and percentage (%) of loss, during normal
storage of IFs.

Time Formula A, Formula A,
(months) 4°C % 20°C % 30°C % 4°C % 20°C % 30°C %
0 4993133 0 4993133 0 4993+133* 0  5870x41.0° 0  5870%41.0° 0 5870%41.0° 0
3 - 4777£21.0° 4 4642%10.02 7 - 4977+20.0" 15 4940+124"" 16
6 4822200 3 4334x10.0% 13 4435+£7.00° 11  4998+165"" 15 4813+31.0° 18 4764+93.0" 19
15 4308+82.0 14 4282+41.0° 14 4032+93.02 19 4854+21.0" 17  4650+10.0 21  4143+155° 29
24 - - 2533+93.0° 49 - - 2817+0.00 52
Time Formula B, Formula B,
(months) 4°C % 20°C % 30°C % 4°C % 20°C % 30°C %
0 6438+183" 0 6438+183* 0  6438+183 0  5951£30.0° 0  5951+30.0° 0  5951%30.0° 0
3 - 5630143 13 5369+61.0 17 - 53874409 9 5267+901"" 11
6 5272143 18  5047x£41.02 22 4857+1952 25  5090+£162"' 14 4937+429*2 17 461242257 23
15 4761£82.0 26 4852+7.009 25  4437451.0% 31 46141930 22 43444820 27  4038+7.002 32
24 - - 3730+1332 42 - - 32384338 46
Time Formula C, Formula C,
(months) 4°C % 20°C % 30°C % 4°C % 20°C % 30°C %
0 569442350 0 56944235 0 56944235 0 5307492.0° 0  5307492.0' 0  5307492.0' 0
3 - 549147.00" 4 5307£10.0% 7 - 45974153 13 4568+113" 14
6 5568£9.00" 2 5501+21.0° 3 5100£9.00° 10  41744£31.0°° 21  4045192.09 24 40241107 24
15 436627.00° 23 4306493.0" 24  4198+1.00 26 4225+441.0" 20  3984+1022 25 3727+62.0° 30
24 - - - 33894218 40 - - - 2977421.0° 44
Time - Formula D
(months) - - - - - - 4 % 20 % 30 %
0 - - - - - - 52954173 0 52954173 0 5295#173° 0
3 - - - - - - - 5252492.0" 1 5331441.0" 0
6 - - - - - - 5206£6.00" 2 5283431.0" 0 5321421.0" 0
15 - - - - - - 5196£71.0 2 5008+41.0™ 5 5104+62.0"2 4
24 - - - - - - - - 33544238 37

n = 4. Different letters indicate significant differences between storage times (columns) and different numbers between temperatures (rows).

Formulas with intact proteins

Formula A. For the IFs A, showed significant
losses (p < 0.05) respect to the control sample (0
months of storage), from the third month for all
temperatures tested, and were higher at elevated
temperature and storage time. Available lysine losses
were between 3% after 6 months at 4°C for IF A,
and 52% after 24 months at 30 °C for IF A,

Formula B. Losses respects to the control sample
(0 months of storage) in IFs B were significant (p
< 0.05) after 3 months for all temperatures tested,
except in IF B, at 30°C. Available lysine loss after
24 months at 30 °C ranged between 42 and 46%
for IF B, and IF B, respectively (Table 2).

Formulas with partially hydrolyzed proteins

Formulas C and D. Losses in available lysine
respect to the control sample (0 months of storage)
in the IFs C samples were significant (p < 0.05)
from 3 months in all IFs, except in IF C, at 4 and
20°C. Available lysine losses were between 20 and
30% after 15 month for the three temperatures and
between 40 and 44% after 24 months at 30 °C for
IF C, and IF C, respectively (Table 2).

IF D (with lactose), with the same protein ingre-
dient as IF C,, and prepared only once, showed a
significant losses (p < 0.05) only after 15 months of
storage at 20 and 30 °C, with a loss of available lysine
at the end of the storage of around 37% (Table 2).
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Storage at Aw = 0.65

The available lysine contents during storage at 20
and 30 °C are shown in Table 3. Losses in available
lysine in all IFs were significant (p < 0.05) at the
two temperatures tested from the 1 week respect
to the control sample (0 weeks of storage). The ef-
fect of time and temperature on lysine losses was
significant (p < 0.05) in all IFs.

Formulas with intact proteins

Formulas A and B. Available lysine losses from
formulas A and B after 1 and 4 weeks of storage
were statistically significant (p < 0.05) at the two
temperatures tested (20 and 30 °C) (Table 3). At
30 °C, losses ranged from 42 to 62% after 4 weeks.
After 4 weeks of storage at 20 °C, losses of lysine
were almost the same as at 30 °C after 1 week for all
prepared product (A and B), except for IF B, where

losses were lower at 20 °C. For the same storage
times, significant losses (p < 0.05) were observed
between 20 and 30 °C except in IF B, after 4 weeks.

Formulas with partially hydrolyzed proteins

Formulas C and D. At both 20 and 30 °C, there
were significant lysine losses (p < 0.05) from these
IFs, prepared with hydrolyzed proteins, at 1 week
and from 1 to 4 weeks of storage, except for formula
C,and D at 30 °C between 1 and 4 weeks (Table 3).
After 4 weeks at 30 °C, losses were 42% and 34% for
IF C, and C, respectively, lower than those found
from the IFs prepared with intact proteins (42 to
62%). After 4 weeks of storage at 20 °C, available
lysine losses were almost the same as those at 30
°C after 1 week for both preparations (1 and 2) of
formulas C and D. For the same storage times,
significant losses (p < 0.05) were observed between
20 and 30 °C except in IFs C,and D after 4 weeks.

Table 3. Available lysine content (mg/100 g of protein, data expressed in dry weight) and percentage (%) of loss

during storage at Aw 0.65 of IFs.

Time A A,
(weeks) 20°C % 30°C % 20°C % 30°C %
0 4933+133 0 4933+133" 0 5870=41.0a 0 5870=41.0° 0
1 3091+42.0"" 38 2604200 48 4813x21.0" 18 3895+32,0 34
4 2640+31.0°" 47 1903+£11.0% 62 3837+42.0° 35 2541+53.07 57
Time B, B,
(weeks) 20°C % 30°C % 20°C % 30°C %
0 6438+183" 0 6438+183" 0 5951+30.0° 0 5951+30.0° 0
1 4642+42,0" 28 3833+41.0" 40 4391+51.0" 26 3542+10.0" 40
4 4313+63.0°" 33 3065+0.002 52 3523+41.0° 41 3461+31.07 42
Time G, G,
(weeks) 20°C % 30°C % 20°C % 30°C %
0 5694+235" 0 5694+235" 0 5307+92.0° 0 5307+92.0° 0
1 44124950 23 37404540 34 4590+63.0" 14 3715+43.0" 30
4 3549+42.0°" 38 3286%33.0% 42 3431+32.0° 35 3491+21.0" 34
Time - D
(weeks) - - - - 20°C % 30°C %
0 - - - - 5295+173 0 5295+173" 0
1 - - - - 4159320 21 3309+42.0" 38
4 - - - - 3306+21.0¢" 38 3308+5 .00" 38

n = 4. Different letters indicate significant differences between storage times (columns) and different numbers between temperatures (rows).

Fatty acid determination

The total Fatty acid content in IFs during storage
ranged between 18.2 and 23.4 g/100 g of sample,
being the oleic acid (C18:1 cis9) the major fatty acid

present in the IFs (Table 4). No significant (p <
0.05) changes were observed in fatty acid profile
during storage.
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Peroxide value

Table 5 shows the behavior of peroxide values,
expressed in meq O,/kg, during storage of IFs. No
oxidation was observed after 6 months of storage at
30 °C or after 15 months at 20 °C in closed retail
packs (Table 5).

No oxidation was observed after 1 week of
storage in opened pack at 30 °C/Aw=0.65%. The
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significant increases in the peroxide values were
significant (p < 0.05) from 12 months in opened
pack at 30 °C in all IFs and after 30°C/4weck
Aw=0.65% in IFs A and B respect to the control
sample (0 months and 0 weeks of storage respec-
tively). Peroxide values ranged from 10.6 to 12.6
meq O,/kg after 15 months in opened pack at 30
°C and from 0 to 4.89 meq O,/kg after 4 weeks in
opened pack at 30 °C/Aw=0.65.

Table 4. Fatty acid content in IFs during storage (g/100 g of sample).

Fatty Al
Acids Baseline 30°C/15 months 30°C/1week/Aw0.65% 30°C/4week/Aw0.65%
C8 0.63=0.00 0.62=0.01 0.64=0.05 0.64=0.09
C10 0.52+0.03 0.48+0.01 0.48+0.05 0.48+0.05
c12 3.22+0.06 3.22+0.05 3.20£0.51 3.23+0.17
Cl4 1.33%0.01 1.33+0.02 1.38=0.16 1.44+0.01
Cl16 1.86%0.01 1.75%0.01 1.75%0.06 1.84+0.06
C18:0 0.80=0.03 0.73%0.03 0.73=0.10 0.80=0.31
Cl18:1 9.73+0.02 8.98+0.32 8.990.12 9.86=0.40
C18:2 4.35+0.04 3.91+0.09 3.92+0.15 4.22+0.31
C18:3 0.43+0.02 0.37+0.01 0.42+0.03 0.43%0.03
C20 0.07=0.06 0.07=0.01 0.07=0.01 0.080.00
c22 0.15=0.03 0.14%0.02 0.13=0.03 0.16=0.02
Total 23.1+0.30 21.6%0.60 21.7+1.30 23.2+1.40
Fatty B1
Acids Baseline 30°C/15 months 30°C/1week/Aw0.65% 30°C/4week/Aw0.65%
c8 0.47%0.02 0.43%0.07 0.57=0.01 0.58+0.10
C10 0.34=0.01 0.41%0.01 0.42=0.00 0.40=0.06
C12 2.62+0.03 2.91+0.16 2.94+0.01 2.91+0.33
Cl4 1.29+0.06 1.320.07 1.32+0.01 1.29+0.13
Cl6 1.840.07 1.900.02 1.80+0.05 1.76+0.08
C18:0 0.86+0.03 0.84%0.01 0.83=0.05 0.81%0.01
C18:1 9.40=0.64 10.30.07 9.50+0.52 9.27+0.15
C18:2 4.37+0.29 4.56+0.09 4.45+0.23 4.25+0.08
C18:3 0.46+0.02 0.43+0.02 0.44=0.03 0.44+0.01
C20 0.11+0.06 0.090.00 0.07£0.01 0.09%0.00
Cc22 0.19%0.01 0.19%0.00 0.18+0.02 0.17+0.01
Total 22.0+1.20 23.4%0.50 22.5+1.00 22.0%0.90
Fatty C1
Acids Baseline 30°C/15 months 30°C/1week/Aw0.65% 30°C/4week/Aw0.65%
C8 2.01+0.07 2.26+0.10 2.43+0.25 2.41+0.21
C10 1.99+0.12 2.01+0.26 2.04+0.24 2.02+0.02
C12 1.85+0.21 2.18+0.17 2.18+0.30 2.20+0.01
Cl4 0.64£0.29 0.74+0.23 0.91%0.12 0.92+0.03
Cl16 1.210.09 1.41+0.08 1.38+0.02 1.42+0.13
C18:0 0.54%0.10 0.59%0.09 0.55%0.09 0.55%0.07
Ci18:1 5.87+0.36 6.60=0.19 6.04=0.37 6.21%0.56
C18:2 3.54%0.31 3.97+0.43 3.89+0.25 3.99+0.32
C18:3 0.37+0.02 0.41%0.06 0.42+0.02 0.43%0.03
C20 0.07%0.01 0.07%0.01 0.06%0.01 0.06=0.00
c22 0.11%0.10 0.12%0.03 0.11%0.01 0.09%0.00
Total 182+1.70 20.3+1.70 20.1%1.70 20.3+1.40

n=4
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Table 5. Peroxide value in IFs during storage (meq O,/kg).

A, B, C,
Pto 0 0.000.00° 0.000.00° 0.000.00°
30°C/6 month (closed pack ) 0.00%0.00° 0.00+0.00°* 0.000.00°
30°C/12 month (opened pack) 8.67+0.20 5.96%0.10 6.38%0.30"
30°C/15 month (opened pack) 12.1+0.1° 10.6+0.2° 12.6+0.10°
30°C/1week Aw 0.65% 0.00%0.00° 0.00%0.00° 0.00%0.00°
30°C/4week Aw 0.65% 4.89+0.10 4.23+0.30 0.00%0.00°

n = 2. Different letters indicate significant differences between storage times.

DISCUSSION

Available lysine determination

Normal storage

Formulas with intact proteins

Formula A. The results (Table 2) show that the
temperature and storage time had a significant
effect on lysine losses. Differences in lysine losses
between the two formulas (A, and A,) derived from
differences in the batches of proteins used, since
their treatments were identical. It was also observed
during the processing (2) that the initial content of

available lysine differed between the two formulas.
The linear inverse correlation between storage time
and available lysine content was > 0.93 () and
statistically significant (p < 0.05) at 30 °C storage
temperature for both formulas (Table 6).

Formula B. The linear inverse correlation ob-
tained between storage time and available lysine
content was > 0.92 () for formula B, at the three
temperatures (Table 6). The correlation was statisti-
cally significant (p < 0.05) for both B formulas at
30 °C but only for IF B, at 20 °C. No significant
differences in IF B, after 3 month at 30°C may be
due to the high standard deviation of this sample
(Table 2).

Table 6. Inverse linear correlations (r*) between normal storage time and available lysine.

Temperature (°C)  Time (months) Formulas
A, A, B, B, C, C, D

4 15 0.973 0.764 0.891 0.924 0.899 0.606 0.730
20 15 0.734 0.614 0.732 0.929% 0.927* 0.670 0.867
30 24 0.934* 0.949% 0.859* 0.939% 0.998* 0.895* 0.756

*p < 0.05

4°C.n=3

20°C.n =4

30°C.n=5

For both types of formula made with complete
proteins (A and B), losses were similar after 24
months of storage at 30 °C. These formulas were
prepared with different types of carbohydrate
(maltodextrins versus lactose), and with different
kinds of whey protein. These data are consistent
with lysine losses measured during the manufacture
of both formulas (2). While there was always loss of
lysine during storage at the temperatures studied,

losses were smallest at 4 °C, and it may be desirable
to keep the formulas routinely under refrigeration.
With long-term (15 months) storage, losses were
similar at 4 and 20 °C. The latter temperature
should certainly not be exceeded during storage,
because changes are much higher at 30 °C.
Guerra-Hernindez et al., 2002 (12) reported
available lysine losses of 8.9% in IF elaborated with
milk protein and lactose and stored for 3 months at
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20 °C and of 88.3% in IF stored for 3 months at 55
°C. The IF stored at 20 °C showed slightly lower
losses than those observed in the present study.
Ferrer etal., 2003 (4) stored adapted and follow-up
IFs elaborated with milk protein and lactose at 20
and 37 °C for 24 months. Initial available lysine
values were 8430 and 7900 mg/100 g of protein
respectively, and they found storage losses for
adapted IF of 20% at 20 °C and 24% at 37 °C and
tor follow-up IF of 48% and 49% at 20 and 37 °C,
respectively. In the present study, initial levels of
available lysine in the IFs were lower, but the losses
were similar. Chivez-Servin et al., 2008a (18) store
powder IF based on milk proteins and lactose at
20 and 37 °C for 12 months. The initial available
lysine values were ranged between 6010 and 6040
mg/100 g of protein, similar to obtained in the
present study and an average value accepted for
human milk (6.6 g/100 g of protein) (19), however
these authors only obtain losses when the storage
is at 37 °C. In dried milk, El and Kavas, 1997 (20)
found lysine losses of around 17% when skim milk
powder was stored for 18 months at room tem-
perature (20 — 30 °C). These same authors found
that the available lysine of milk powders decreases
during the drying process and storage (6 months)
around 14 and 15% respectively.

The nutritional requirements of lysine for ba-
bies aged 0 to 6 months are around 107 mg/kg/day
(6). A baby of 1-2 weeks weighing 3.3 kg therefore
requires 353 mg of lysine/day, and the daily con-
sumption of IF is 77.4 g (3 measures of 4.3 g per
bottle for 6 bottles in 24 h according to label recom-
mendations). For a baby aged 3 months weighing 5
kg, consumption of formula is around 150 g/day (7
measures of 4.3 g per bottle for 5 bottles in 24 h),
and the need for lysine is approximately 535 mg/
day. Lysine contents of IF A, and IF A, were 5000
and 5870 mg/100g of protein, respectively, exceed-
ing the minimum estimated needs of infants, who
require IF to provide a minimum of around 3200
myg of lysine per 100 g protein. This was the case
for all storage times and temperatures, except for 24
months at 30 °C (Table 2). Recommended dietary
allowances of lysine for infants aged 7 to 12 months
are around 89 mg/kg/day (6). For a baby aged 12
months weighing 9 kg, consumption of formula is
around 125 g/day (5 measures of 8.33 g per bottle
for 3 bottles in 24 h according to label recommen-
dations), and the need for lysine is approximately
801 mg/day. Lysine contents of IF B, and IF B,
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were 6440 and 5950 mg/100g of protein, respec-
tively, more than covering the needs of infants,
who require IF to provide a minimum of around
5300 mg of lysine per 100 g protein. Likewise, the
stored IF B samples would cover infant needs up to
3 months of storage at all three temperatures tested
(Table 2). However when children use follow—up
formulas must consume other foods that can pro-
vide lysine. At present, there is no legal maximum
content of blocked lysine; however, the European
Society of Pediatric Gastroenterology and Nutri-
tion (ESPGAN) recommend that the amount of
blocked lysine for preterm infants should be kept
to a minimum (21).

Formulas with partially hydrolyzed proteins

Formulas C and D. The loss of available lysine
with time was nearly linear (¥ = 0.90), and was
significant (p < 0.05) for IF C, at 20 and 30 °C and
for IF C, at 30 °C (Table 6). No significant differ-
ences in IF C, after 3 month at 4 and 30°C may be
due to the high standard deviation of the control
sample (0 months of storage) (Table 2).

In our study, the reduction of lysine in IF D was
not significantly time-dependent (Table 6). At 30
°C lysine losses were similar in IF D, containing
lactose, to those in IF C, with maltodextrins, as
observed during their processing (2).

Available lysine losses after storage for 24
months at 30 °C were slightly lower in IFs pre-
pared with hydrolyzed proteins (C and D) than
in those prepared with intact proteins (A and B),
probably more amino acids are available to react in
IFs made with partially hydrolyzed proteins (22),
proportionally reducing the amount of lysine that
reacts. Similar lysine losses were observed during
long-term IF storage at 4 and 20 °C, suggesting that
product refrigeration is unlikely to be beneficial in
these cases. These similar losses are due to the advance
of MR which decreases the amount of reactants (sug-
ars and amino acids) until the reaction is stabilized.

Storage at Aw = 0.65

It is important to study the stability of these
formulas under the non-optimal storage conditions
that can be found in some geographic areas, e.g., on
the Mediterranean coast, where relative humidity
is high and summer temperatures exceed 30 °C.
Additionally, it is also useful to provide the industry
with a tool for evaluating possible lysine losses after
shorter periods of storage.
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Formulas with intact proteins

Formula A and B.

At 30 °C and Aw=0.65, only 4 weeks were
needed to achieve the same available lysine losses as
those obtained after 24 months of storage at normal
Aw. The time-dependency of available lysine on
storage time was non-significant, probably due to
the small data numbers.

Malec et al., 2002 (13) found losses of around
60% 1n a lactose-casein model system stored at 37
°C for 800 hours (around 1 month) with Aw=0.69.
These losses were similar to those from IF A (pre-
pared with sucrose and maltose-dextrin) and higher
than those from IF B (prepared with lactose) after
4 weeks of storage at 30 °C/Aw = 0.65% (Table 4).
Gen Pen and Melton, 2007 (23) found losses of
around 4% in a lactose-sodium caseinate dry model
system heated at 60 °C for 96 hours with relative
humidity (RH) between 65 - 75%.

Formulas with partially hydrolyzed proteins

Formulas C and D.

The IFs prepared with hydrolyzates and stored
at 30 °C and Aw=0.65 only required between 1 and
4 weeks to achieve the same loss as that obtained
after 24 months of storage with normal Aw. IFs C,
and D, with the same proteins but different carbo-
hydrate (maltodextrins vs. lactose) had a similar
initial content of lysine and loss during storage.
No major difference in available lysine loss was
observed between weeks 1 and 4, with all formulas
showing the highest losses during the first week (30
- 48%), when humidity reached maximum values
(around 9% in some products) before stabilizing
(unpublished data).

The results show a clear dependence of time and
temperature of storage on the content of available ly-
sine in IFs. High temperature and long-term storage
periods increase the loss of available lysine.

Fatty acid determination

The major fatty acid present in the IFs in quanti-
tative terms was oleic acid (C18:1 cis9) with around
42% of total FAME in formulas elaborated with
intact protein and 32% in formulas elaborated with
hydrolyzed protein. Likewise the oleic acid content
reported for human milk is the range of 24-40%

(24). The level of saturated fatty acids (SFA) in
IFs was around 36% in formulas elaborated with
intact protein and 46% in formulas elaborated with
hydrolyzed protein (also within the range found in
human milk of 35-50%). The content in medium-
chain FAs (MCFA C10:0-C14:0) was around 20%
in IFs elaborated with intact protein and around
25% in formulas elaborated with hydrolyzed protein
and these contents were much higher than that in
human milk, especially due to the high content of
C12:0 (approximately 12% in all IFs vs. 3-8% in hu-
man milk). Linoleic acid (LA C18:2 cis9-cis12) was
the most abundant fatty acid of the PUFA fraction,
with values of approximately 4% (91% of PUFA),
which are lower than those present in human
milk (8-18%) but within the range established by
European regulations (25) (between 1.53 and 6.15)
(Table 7). The content of alpha linolenic acid (ALA)
(C18:3 cis9-cis12-cis15) account for approximately
0.4% and within that established by European regu-
lations (25) (> 0.25) (Table 7). The LA/ALA ratio
of the studied formulas range from 9.5-10.1, which
falls almost with the ratio in human milk and that
established by European regulations (25) (between
5 and 15) (Table 7). The FAs content were similar
to reports by other authors for IFs (26-29).

Table 7. Comparison between recommendations for
the fatty acid composition of IFs and values obtained.

FAs Recommendations* Vall.les
obtained
Lauric and myristic acids <20% of total FAs 13.7-19.7
Linoleic acid 13-615g/11008 554 437
of sample
a- linolenic acid Z025g108 57 0,46
of sample
Linoleic/ a- linolenic 5-15 9.5-10.1

* European Union: Commission Directive 2006/141/EC on infant
formulae and follow-on formulae and amending Directive 1999/21/
EC (25).

No significant changes (p < 0.05) in FAs
composition were observed during the storage
of any of the three IFs under study. The results
obtained by other authors are contradictors,
Roumeu-Nadal et al., 2007 (27) found significant
losses in supplemented formulas with LC-
PUFA stored at 25 ° C for 15 months but not
in unsupplemented formulas, as happens in our
case. However, Rodriguez-Alcala et al., 2007 (30)
found significant oleic and linolenic acid losses in
adapted and follow-up formulas stored at room
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temperature for 4 years. Chavez-Servin et al., 2009
(8) found significant linoleic losses in formulas
with LC-PUFA supplemented stored at 25 and
40 °C for 18 months, but did not find significant
losses for the same acid in the 55% of commercial
formulas stored in open package at 25°C for 70
days (31). Manglano et al., (2005) (32) also found
greatest significant loss of linoleic acid from storage
month 15 onwards in IFs at 22 and 37 °C. Neither,
Kus, Aued-Pimentel, & Mancini-Filho (2011b)
(33) found significant losses in PUFA in 20%
commercial formulas analyzed after 8 months of
storage at room temperature. Rufian-Henares et
al., 2005 (16) studied the FAs profile during storage
of liquid enteral formula prepared with similar
ingredients, and found statistically significant (p
< 0.01) losses in oleic (C18:1), linoleic (C18:2) and
linoleic (C18:3) acids after all time periods assayed
(1-4 weeks at 32 and 55 °C) but there were no
losses in the other FAs. A different behavior was
observed during long-term storage (36 weeks): at
20 and 30 °C, there were statistically significant (p
< 0.01) losses in all of the FAs analyzed, whereas
at 4 °C, significant losses were only observed in
the unsaturated FAs. The greater stability of infant
versus enteral formulas may be due to their different
states (powder vs. liquid), that is a different heat
treatment: pasteurization vs sterilization. These
results show that the analysis of FAs profiles can be
used to establish the composition of three IFs but
not to know the influence of storage conditions.
On the other hand, this analysis can lacks of the
sensitivity necessary for evaluating the stability
lipid in the IFs.

Peroxide value

Peroxide values were higher in formulas elabo-
rated with intact proteins (IF A, and IF B,) than
formula elaborated with hydrolyzed protein (IF
C1). The content of unsaturated FAs in formulas
A and B was higher than obtained in formula C
(64 vs 54%). The peroxide value is a good indica-
tor of the quality of fat. Freshly refined fats should
have hydroperoxide levels of less than 1 meq O,/kg
(34). The limiting peroxide value specified by Joint
FAO/WHO in 1989 (35) standards for refined oil
is 10 meq O,/kg. Roumeu-Nadal, Chavez-Servin,
Castellote, Rivero, and Lopez-Sabater (2007) (27)
studied the oxidation stability of the lipid fraction
in milk powder formulas and reported initial values
ot 0.52, 0.85 and 0.98 meq O,/kg, respectively, for
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non-supplemented formula (NSF) and supplement-
ed formulas (SFA and SFB) with difterent levels of
n-3 and n-6 LC-PUFA. After 15 months of storage
at 25 °C, NSF showed a hydroperoxide level of only
1.48 meq O,/kg. In contrast, these levels increased
slowly in SFA at 25 and 37 °C to be 4.5 and 10.5
fold higher than initial values, respectively. The
hydroperoxide value of formulas without supple-
mentary PUFA was very low or zero when stored at
room temperature (20 —25 °C) and in closed retail
packs, similar results to those obtained by us. These
same authors (Chdvez-Servin, Castellote, Martin,
Chifré, & Lopez-Sabater, 2009) (8) studied the
stability during storage of two IFs supplemented
with PUFA stored at 25° and 40 °C for 18 months,
the initial peroxide values ranged between 0.34 and
1.26 meq O,/kg and reached values between 48.56
and 54.97 meq O2/kg after 18 months of storage
at 40°C. In these IFs the oxidation occurred before
storage, different to observed in the IFs of the pres-
ent study where peroxides were not observed at the
beginning of storage. Manglano et al., (2005) (32)
also found no oxidation in all newly manufactured
IFs with values between 1.3 and 65.1 meq O2/kg
in IFs stored at 22 and 37 °C during 17 months.
This same authors found significant differences (p
= 0.000) with respect to storage time, though not
depending on the storage temperature.

The peroxide values in the IFs under study were
within permitted values for refined oils except for
IFs stored at 30 °C for 15 months in opened packs.
No oxidation was observed in formulas in closed
retail packs, and oxidation was only observed in
opened packs after > 6 months of storage at 30
°C. These small changes were not observed in the
FAs determination probably because this analysis
lacked the necessary sensitivity for evaluating lipid
stability in IFs. Therefore peroxide values can serve
as indicators of lipid oxidation and food damage.

CONCLUSIONS

Our study suggests that the losses of available
lysine increased with higher storage temperatures
up to 37 - 52%, according to the IF in question,
after storage at 30 °C for 24 months. Similar losses
are obtained when using maltodextrin instead of
lactose as a carbohydrate. Percentage losses between
1 and 4 weeks of storage at 30 °C with a water ac-
tivity of 0.65 were similar to those after 24 months
of storage at 30 °C at normal water activity. This
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may offer a useful method for rapidly estimating
possible lysine losses in long-term storage. The rate
of available lysine loss was higher in IFs prepared
with intact protein than in those prepared with
hydrolyzed proteins, which may be because other
amino acids besides lysine take part in the MR.
The lysine requirements of infants could be met by
IFs stored at 4, 20 and 30 °C for 15 months but not
by those stored at 30 °C for 24 months. The FAs
values obtained were within ranges established by
European regulations. FAs composition showed
no significant changes during storage for any time
period at any temperature or Aw. Peroxide values
proved more sensitive than FAs changes for evaluat-
ing fat oxidation during the storage of IFs.
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RESUMEN

Antecedentes: La carne de pollo mecinicamente deshuesada (CMD) o pasta de pollo es uno de los
ingredientes principales utilizado en la industria cirnica para aportar proteina en la formulacién de em-
butidos, normalmente se importa, pero se busca obtener extensores de esta materia prima con el fin de
contribuir al desarrollo de la industria nacional. Objetivos: El objetivo de este trabajo fue determinar la
mejor mezcla entre fibra, cuero y carragenina, mediante la evaluacién de las propiedades microbioldgicas,
bromatoldgicas, reoldgicas y sensoriales de un salchichén tipo estidndar fabricado con pasta de pollo y un
extensor que reemplaza un 35% y 50% de esta en la formulacién de la matriz cirnica. Métodos: Se realizé
un diseno experimental que contemplé la combinacién de tres extensores en diez puntos de mezcla, cada
uno compuesto por fibra, cuero de cerdo y carragenina respectivamente. Se llevé a cabo la experimentacién
para niveles de reemplazo de un 35% y 50%, cada uno de los salchichones fue sometido a evaluacién de
Andlisis de Perfil de Textura (TPA), elasticidad y firmeza en el campo instrumental y el respectivo analisis
sensorial. Resultados: La dureza y la masticabilidad en el anilisis instrumental de textura disminuyeron
con la aplicaciéon de los extensores, sin embargo no hay diferencias estadisticamente significativas entre
la aplicacion de los tres extensores para la dureza. Respecto al anilisis sensorial se encontré que la mezcla
entre fibra y cuero de cerdo favorece las propiedades sensoriales, adicionalmente una interaccién entre
fibra y cuero de cerdo mejord la masticabilidad, la elasticidad aument6 en los salchichones extendidos y
una interaccion entre los tres extensores para un reemplazo de 35% aumenta la elasticidad con respecto
al testigo. La firmeza, a un reemplazo del 35%, disminuye para cualquier salchichén extendido, pero se
encontrd una posible interaccién de los tres extensores, caso contrario para un reemplazo del 50%. Con-
clusion: Segtin el anilisis instrumental de textura, para reemplazos del 35% y 50%, no se encontré una
mezcla que exhibiera comportamientos similares al de la pasta de pollo en un salchichén estindar. Sin
embargo de acuerdo a los resultados sensoriales una combinacién entre fibra y cuero de cerdo da como
resultado salchichones extendidos con aceptabilidad entre los consumidores.

Palabras claves: Alimentos, dcidos grasos, Carragenina, Proteinas Musculares.
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ABSTRACT

Background: Mechanically separated chicken (MSC) or chicken paste, is a finely textured chicken
meat, and one of the principal ingredients used in the meat industry as a protein supplement in the pro-
duction of processed meats; normally, it is imported; nevertheless, other meat extenders are being used
in order to contribute to the development of the domestic industry. Objectives: This study aimed to
determine the best mixture of fiber, pig skin, and carragennan, through an evaluation of the microbio-
logical, bromatological, rheological and sensorial properties of standard sausages produced with chicken
paste and extenders that replaced 35% and 50% of the paste inside a meat matrix. Methods: An experi-
mental design that combined three extenders composed of fiber, pigskin, and carragennan in ten mixture
points was used. The experiment was carried out with 35% and 50% replacement levels. Each sausage
was subjected to a Texture Profile Analysis (TPA), elasticity, and firmness analysis, using instruments
and a sensorial evaluation. Results: The firmness and chew ability in the instrumental analysis of the
texture decreased with the application of the extenders; however, there were no statistically significant
differences between the applications of the three extenders for firmness. The sensory analysis showed
that the fiber and pigskin mixture favored the sensorial properties. Furthermore, the interaction between
the fiber and pigskin improved the chew ability. The elasticity increased in the sausages with the exten-
ders, and an interaction between the three extenders at the 35% replacement increased the elasticity, as
compared to the control. The firmness, at the 35% replacement, decreased in the extended sausages, but
there was a possible interaction between the three extenders that was not seen at the 50% replacement.
Conclusion: According to the instrumental analysis of the texture, at 35% and 50% replacements, there
was not a mixture that exhibited a behavior similar to that of chicken paste in a standard sausage. Howe-
ver, according to the sensory results, a combination of the fiber and pigskin resulted in a sausage with
extenders that was acceptable for consumers.

Keywords: Food, fatty acids, Carragennan, Muscular Proteins.

INTRODUCCION

Es un reto para la industria y para la investi-
gacién, desarrollar nuevos ingredientes que sean
competitivos y funcionales, que permitan disefiar
alimentos que sean menos costosos y cumplan
con los requerimientos de nutrientes basicos. En-
marcados en politicas ambientales, saludables, de
eficiencia del proceso y de reduccién de costos, la
basqueda esta orientada a ingredientes que satisfa-
gan los requerimientos de proteina en la nutricién
humana, que tengan propiedades funcionales como
capacidad de retencién de agua, capacidad de for-
mar geles, capacidad de formar emulsiones, que
en su proceso de obtencién generen el minimo de
residuos para el medio ambiente y que todo esto se
obtenga al minimo costo (1,2).

Dentro de las opciones de ingredientes funcio-
nales que podrian reemplazar la proteina cdrnica
en algtn porcentaje, se encuentran los derivados de
la soya, la protefna extraida del rumen del bovino
(3), los aislados, texturizados y concentrados de
proteinas de cereales, los hongos, las fibras de frutas
y hortalizas, entre otros (4-6).

Un extensor cirnico no es un ingrediente que
sustituye la carne o proteina de origen animal en un
100%, es un producto o combinacién de ingredien-
tes como las fibras, el plasma sanguineo, las gomas,
las carrageninas, el cuero de cerdo, los aceites de
origen vegetal, entre otros, que hacen parte de una
formulacién cdrnica, con el objetivo de disminuir
la grasa, la proteina y la sal, para obtener productos
mis econémicos y saludables. Adicionalmente el
extensor debe tener buenas propiedades funcionales
como, alta capacidad de retener agua, capacidad de
formar emulsiones y geles, entre otras; lo anterior
debido a que estas propiedades son las que confieren
la textura, la jugosidad y la aceptabilidad del pro-
ducto por parte de los consumidores (7-11).

El objetivo de este trabajo fue determinar la
mejor mezcla entre fibra, cuero y carragenina,
mediante la evaluacién de las propiedades micro-
biolégicas, bromatoldgicas, reoldgicas y sensoriales
de un salchichén tipo estindar fabricado con pasta
de pollo y un extensor que reemplaza un 35% y
50% de esta en la formulacién de la matriz cirnica



EVALUACION SENSORIAL E INSTRUMENTAL DE TEXTURA DE SALCHICHONES TIPO ESTANDAR...

MATERIALES Y METODOS

Materias primas

La carne de bovino (10 % de grasa), la grasa
de cerdo y la pasta de pollo fueron adquiridas en
mercados locales, y mantenidas en refrigeracién
(2 £2 °C) durante 24 horas para su utilizacién.
El resto de ingredientes de la formulacién como
almidén de papa, proteina aislada de soya, nitral
sal curante (mezcla comercial de nitrito de sodio y
cloruro de sodio), Condimento Completo Tecnas
(mezcla comercial de especias), Colorante Natural
y los extensores fibra, cuero de cerdo y carragenina
fueron suministrados por la empresa Tecnas S.A.

Disefio experimental

El trabajo experimental tuvo una duracién de 12
semanas. En la figura 1. Se puede observar la re-
gi6n experimental, la cual consiste en un disefio de
mezclas (12), a partir del cual se elaboraron veintitin
formulaciones de salchichén estindar siguiendo
lo establecido en la Norma Técnica Colombiana
NTC 1325 (13). Una formulacién sin extensién de
pasta de pollo (Testigo para todos los reemplazos —
0%), diez formulaciones obedecen a un reemplazo
del 35% de la pasta de pollo con los extensores y
las otras diez de acuerdo con un reemplazo del
50%. En las tablas 1y 2 se observan cada uno de
los tratamientos para los reemplazos del 35% y 50
% respectivamente, los cuales corresponden a la
forma como se distribuyen los tres ingredientes en
la totalidad del extensor cirnico mencionado en las
formulaciones de la tabla 3.

Ca rragenina =100%

A(66%, 17%, 179%)\

(50%, 50%, 0%) /. N, (50%, 0%, 50%)

(33%, 33%, 33%)

(17%, 66%, 17%) (17%, 17%, 66%) '\

Figura 1. Regién experimental, diseio mezclas
(Carragenina, Cuero y Fibra)
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Tabla 1. Disciio experimental reemplazo del 35%.

Reemplazo del 35%
% en extensor gramos
# A B C A B C
1 16,7 16,7 66,7 18,7 18,7 74,7
2| 333 333 333 37,3 37,3 37,3
3 | 100,0 0,0 0,0 112,0 0,0 0,0
4 0,0 100,0 0,0 0,0 112,0 0,0
5 0,0 0,0 100,0 0,0 0,0 112,0
6 | 500 50,0 0,0 56,0 56,0 0,0
7| 66,7 16,7 16,7 74,7 18,7 18,7
8 [ 50,0 0,0 50,0 56,0 0,0 56,0
9 0,0 50,0 50,0 0,0 56,0 56,0
10 [ 16,7 66,7 16,7 18,7 74,7 18,7

Tabla 2. Disefio experimental reemplazo del 50%.

Reemplazo del 50%
% en extensor Gramos
# A B C A B C
1 16,7 16,7 66,7 26,7 26,7 106,7
2 333 333 333 53,3 53,3 53,3
3 | 100,0 0,0 0,0 160,0 0,0 0,0
4 0,0 100,0 0,0 0,0 160,0 0,0
5 0,0 0,0 100,0 0,0 0,0 160,0
6 50,0 50,0 0,0 80,0 80,0 0,0
7 66,7 16,7 16,7 106,7 26,7 26,7
8 50,0 0,0 50,0 80,0 0,0 80,0
9 0,0 50,0 50,0 0,0 80,0 80,0
10 | 16,7 66,7 16,7 26,7 106,7 26,7

A: Fibra, B: Cuero de cerdo, C: Carragenina

Tabla 3. Formulaciones cirnicas para la elaboracién de
los salchichones.

g4kg

INGREDIENTE seguin la extensiéon

0% | 35% | 50%

Res 90/10 3MM 520 | 520 | 520

CDM 1920 | 1248 [ 960

Extensor cirnico (fibra, cuero, carragenina) | 0 112 160
Grasa de cerdo 320 420 | 464,8

Proteina Aislada de Soya 80 80 80
Almidén de papa 200 200 200

Sal Curante (Nitral al 6%) 13,2 13,2 13,2
Condimento completo tecnas 146 146 146

Colorante natural para embutidos 16 16 16
Agua 784,8 | 1244,8 | 1440
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Preparacion de los salchichones

La elaboracién de los salchichones se realizé con
base en la informacién expuesta en las tablas 1,2y
3, en la planta piloto de la Fundacién INTAL (Ins-
tituto de Ciencia y Tecnologia Alimentaria), bajo la
supervisién del equipo de innovacién y desarrollo
de Tecnas S.A (Itagiif, Colombia).

La carne y la grasa a temperatura de refrigeracién
fueron cortadas en trozos y luego pasadas
por un molino con discos de tamano 3mm
(Torrey®, Referencia M12FS), por separado, luego
fueron pesadas en las cantidades exactas de cada
formulacién y se llevaron a refrigeracién para su
posterior uso.

Se dispuso la pasta de pollo, la carne y el nitral
en un cutter (Mainca®, modelo CM-14) para co-
menzar con la etapa de homogenizacién, luego de
aproximadamente 1 minuto de mezclado se adi-
cioné la mitad del agua y el colorante, seguido de
las demas proteinas y la segunda porcién de agua
incluyendo el extensor, y por tdltimo se adiciond la
grasa, el almidén y los condimentos, todo el pro-
ceso llevado a cabo a una temperatura inferior de
5°C. Posteriormente se embutié la pasta obtenida
en una funda de PVC (cloruro de polivinilo) cero
mermas, impermeable al vapor de agua, obteniendo
salchichones de aproximadamente 400g. Luego se
llevaron a una marmita que contiene agua a una
temperatura de 80°C durante una hora, hasta que el
producto alcanzé una temperatura interna superior
alos 73°C. Cumplido el tiempo de coccidn se realizd
un proceso de enfriamiento de los salchichones con
agua a temperatura ambiente hasta que el producto
alcanzara una temperatura interna de minimo 30°C
y disponerlo posteriormente en un cuarto frio a
temperatura de refrigeracién entre 0y 4 °C para su
posterior andlisis.

Proteina y grasa

Para cuantificar el contenido de proteina y
grasa se seleccionaron las formulaciones con un
porcentaje de fibra superior al 20% y cantidad de
carragenina por debajo del 50%. El anilisis se realizé
para los salchichones que contenfan los extensores
fibra y cuero de cerdo en alguna combinacién o en
un porcentaje del 100% cada uno. Para cada uno
de estos se evaluaron los contenidos de proteina
y grasa, los cuales se determinaron por el método
Kjeldahl (NTC 4657(14)) y por extraccién soxhlet
(NTC 668(15)) respectivamente.
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Anilisis microbiolégico

Para el anilisis microbioldgico se evaluaron
salchichones en los tiempos 8 y 31 dfas después de
la elaboracién, almacenados a temperaturas entre
0 y 4°C. Para el anilisis de aerobios mesoéfilos
se siguid el procedimiento descrito en la norma
NTC 4519 (16), mientras que para el recuento de
coliformes fecales y totales, se utilizé el procedi-
miento establecido en la norma NTC 4516 (17).
Las determinaciones de Staphylococcus aureus, esporas
de Clostridium sulfito reductoras y Salmonella sp, se
llevaron a cabo siguiendo las NTC 4779(18), NTC
4834(19) y NTC 4574(20) respectivamente. Todos

estos analisis fueron realizados por duplicado.

Medicién instrumental de la textura

El anilisis de perfil de textura (TPA) fue rea-
lizado en un texturémetro TA-XT Plus (Stable
Micro Systems®). Tres muestras de salchichén por
tratamiento fueron analizadas, se tomaron bocados
de 20 mm de didmetro y 25 mm de alto, a tempe-
ratura ambiente fueron comprimidas axialmente
al 70% de su altura original. Las curvas fuerza de
deformacién-tiempo se obtuvieron utilizando una
celda de carga de 30 kg y una velocidad de preen-
sayo, ensayo y post ensayo de 2,0 mm/s. Durante el
analisis fueron determinados los parimetros dureza,
elasticidad, cohesividad, gomosidad, masticabilidad
y resilencia; los cuales se obtuvieron mediante el
uso de un Software Exponent Stable Micro System,
versién 3.0.5.0. Los valores registrados para cada
pardmetro corresponden a la media de 3 mediciones,
de los cuiles tnicamente se analizaron Dureza y
Masticabilidad. Con una metodologia desarrollada
por la empresa Tecnas, se evaluaron las propieda-
des de firmeza y elasticidad, siendo estas cuatro
variables de respuesta las de interés para el anilisis
instrumental de textura.

Evaluacidn sensorial

A partir de una evaluacién descriptiva se realizé
la evaluacién sensorial de los salchichones bajo las
normas NTC 3932(21) y NTC 5328(22). Se se-
leccionaron y evaluaron seis descriptores, dureza,
masticabilidad, cohesividad, sabor caracteristico,
aparienciay calidad general de los salchichones. Para
la prueba sensorial, las muestras fueron cortadas en
porciones de 20 mm de ancho y 10 mm de alto, e
identificadas con ntimeros aleatorios de tres cifras.
La evaluacién sensorial fue realizada por 5 jueces
pertenecientes al panel sensorial de la Fundacién
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INTAL (Instituto de Cienciay Tecnologia Alimen-
tarfa, Itagiii, Colombia) los jueces son entrenados
durante un mes siguiendo las metodologias esta-
blecidas en las referencias: GTC 245 (23), GTC
232 (24), NTC 4489 (25), NTC 3915 (26) y NTC
3929 (27); a quienes se les suministré un formato
con una escala de intensidad no estructurada de 10
puntos donde 0 = no hay percepcién y 10 = inten-
sidad fuerte. No se realizaron repeticiones, ya que
se tenfan datos de tres réplicas auténticas.

Analisis estadistico

Los datos de cada medicién en los diferentes
tratamientos fueron tratados mediante un andlisis
de varianza de una via (P<0,1) para el modelo de
regresion ctbico propuesto sin intercepto y restando
la media de la variable respuesta a la misma ya que
permite analizar la significancia de los efectos de los
tratamientos en la tabla Anova y para los pardmetros
estimados en el modelo de regresién. A partir de
estos modelos de regresion se realiza un anilisis de
superficie de respuesta Simplex {3,2} con 4 puntos
en el centro. Todos los andlisis fueron realizados
usando el programa estadistico R versién 2.15.1
(2012-06-22) - “RoastedMarshmallows” Copyright
(C) 2012.

RESULTADOS

Contenido de grasa y proteina

En la tabla 4, se observan los resultados del
contenido de grasay proteina, el # indica la mezcla
a la cual se le realizaron los anilisis, las cuales se
encuentran en la tabla 1y 2.

Tabla 4. Contenido de grasa y proteina

Nivel de reemplazo*
# 35% 50%
Grasa Proteina Grasa Proteina

Testigo 13,72d 12a 13,72¢ 12a

2 13,72d 10,5b 14,36b 10,8d

3 13,72d 10,5b 14,36b 10,8d

4 15,27a 10d 14,43a 10,7¢

6 14,68b 10,5b 13,14f 10,9¢

7 13,67¢ 10,4¢ 11,9¢ 11b

8 13,81¢ 10,4¢ 13,79d 11b

10 12,56f 10,5b 14,16¢ 10,8d

* En cada columna, valores con letra diferente indican que existen
diferencias estadisticamente significativas segiin la prueba de Tukey
(P=<0,05).

Anailisis microbiolégico.

Luego de analizar los salchichones pasados 8 y
31 dias de almacenamiento para determinar la pre-
sencia de diferentes microorganismos tales como
mesofilos, coliformes totales, Stapylococcus aureus,
Clostridium sulfito reductoras y Salmonella sp., se
encontr6 que los valores de los mismos no exceden
los limites permitidos en la normatividad.

Analisis instrumental de la textura.

En la tabla 5 se presentan los resultados de las
variables de respuesta dureza, masticabilidad, fir-
meza y elasticidad.

Tabla 5. Parimetros estudiados del Anilisis perfil de
textura (TPA) de salchichones tipo estindar elaborados
con diferentes extensores.

-—; Reemplazo del 35%*

20 Dureza Masticabilidad Firmeza Elasticidad
0] 4743 =70a 734 = 152a 289 +30a | 649=*=04a
1]3326 +628b | 482 =160 ab 241 =30ab | 644 £ 14a
2 (2897 £382b [ 404 = 134D 208+ 14b | 659 *14a
3 (3245 +438b [ 377 =102b 237 £16ab | 652+ 12a
413202 +392b | 492 +90ab 257 £40ab | 655=*1a

5| 3447 = 488b | 441 = 148ab 248 =36ab | 63,8%2a

6 | 3369 =564b | 614 = 154ab 272 +20ab | 649 £ 04a
713475 +=634b | 414 *=178b 241 =56ab | 65,1 £12a
8 | 3264 =424b | 455*=74ab 234 = 46ab | 63,8 = 14a
913073 =448b | 417 =128ab 279 =22ab | 639 *1,6a
102980 =498b | 410 £108b |[239 £162ab | 659 £ 0,62

Reemplazo del 50%

0 | 4424 £ 630a 834 £342a 282+50a | 643*=12a
1 (2425 £374b | 372+196b 190 =20b | 66,1 =12b
2 13018 = 194b 371 +50b 224 +18ab [ 66,8+ 1,2ab
3 [ 2381 +424b 371 =90b 224 = 56ab | 63,7 =22ab
412859 =650 b 302 +96b 246 = 46ab | 65+ 1,8ab
512656 +184b | 355=112b [215=*=112ab| 653 = 1ab
6 | 2754 +408b | 419 = 138b 228 =30ab | 67 =£22ab
7 12881 =310b 371 +£40b 245 +30ab | 66,4+ 1,8ab
8 | 2730 = 492b 393 +78b 227 = 54ab | 66,3 + 1ab
9 13095 +472b | 407 =120b 240 = 52ab [ 66,4 = 1,4ab
10 3013 =380b | 362 +100b 223 = 12ab 66,3 = 1,8ab

*En cada columna, valores con letra diferente indican que existen
diferencias estadisticamente significativas segtin la prueba de Tukey
(P=0,05).

Evaluacién Sensorial

En la tabla 6, se pueden observar los resultados
obtenidos para cada uno de los descriptores defini-
dos en el andlisis sensorial.
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Tabla 6. Valores obtenidos para las variables de respuesta en la evaluacién sensorial.

Variables de respuesta
Reemplazo 35%*
Dureza Masticabilidad Cohesividad g::,i(ei:; Apariencia Carascatl;:')irstico

Test 5,68 = 0,32 ab 6,01 £0,38a 592+=04a 6,53 £ 0,442 6,98 £0,82a 6,18 £0,72a
1 4,39 = 0,74 be 5,37 = 0,86 ab 526 = 1,062 4,43 = 0,26 be 552+ 04a 4,85 +0,54b
2 4,47 = 0,4 be 5,06 = 0,54 ab 4,510,622 4,64 = 0,36 be 6,08 £0,94a 5,39 ab = 0,3 ab
3 4,75 = 0,38 be 4,71 £ 0,24 b 4,97 £ 0,18 a 4,77 £ 0,22 be 5,96 £ 0,42 a 5,72 = 0,28 ab
4 4,47 = 0,44 be 458 +0,5b 4,77 £ 0,46 a 3,84 £0,72¢ 579 £ 0,86 a 471 +082b
5 418 £ 0,36 ¢ 4,65 = 0,38 b 4,61 =0,38a 4,68 = 0,04 be 6,02 £0,12a 5,08 = 0,74 ab
6 5,28 *+ 0,58 abc 5,10 £ 0,1 ab 4,95 £ 0,94 a 4,57 £ 0,22 be 6,35 +0,7a 4,77 £ 0,36 b
7 5,26 + 0,5 abc 5,02 £ 0,32 ab 54+02a 5= 0,1bc 6,55 * 0,362 5,79 = 0,44 ab
8 6,17 +0,5a 5,40 = 0,2 ab 513 +0,52a 5,32 + 0,86 ab 6,28 £0,38a 5,68 + 0,18 ab
9 5,08 = 0,3 abc 5,02 = 0,22 ab 479 £ 0,38a 4,72 + 0,4 be 6,41 £0,62a 487+0,1b
10 5,22 + 0,9 abc 5,23 = 0,54 ab 538+0,22a 4,89 = 0,58 be 598 = 0,64 a 5,56 = 0,58 ab

Reemplazo 50%

Test 5,82 £ 0,082 5,68 £0,34a 509 £0,16a 6,02 0,262 575 = 0,44 a 5,88 £0,14a
1 4,09 =0,48b 429 +0,14b 477 +0,1a 435+034b 577 0,38 a 498 0,54 a
2 4,64 £0,16b 4,85 = 0,78 ab 488+ 0,76 457 £036b 5,67 = 0,14 a 45+0,76a
3 429 +044b 442 +£0,04b 457 £0,48a 477 £0,78b 57+ 0,26a 5,03 £ 0,46 a
4 43 +£024b 427 £0,38b 4,05+ 0,56 a 476 £ 0,48b 539+ 0,26a 514 £ 0,44 a
5 4,68 =0,28b 45+04b 474+ 0,622 491 = 0,24 ab 5,59 0,282 495+ 042a
6 49 +0,88ab 443 =£0,7b 476 £ 0,52 5,07 = 0,42 ab 6,08 = 0,44 a 522*0,6a
7 4,74 = 0,4 ab 4,47 £034b 48+02a 4,48 £ 0,54b 5,61 = 1,062 481 +0,38a
8 51+05ab 4,83 = 0,14 ab 488+ 0,52a 4,92 £ 0,1ab 5,85+ 0,46 a 5+06a
9 5,19 + 0,54 ab 4,97 = 0,36 ab 512 £0,64a 4,95 = 0,54 ab 554+ 152a 51+092a
10 493 £ 0,22 ab 4,77 £ 0,14 ab 4,99 =0,2a 473 £04Db 6,05 = 0,36 a 487 +£0,58a

* En cada columna, valores con letra diferente indican que existen diferencias estadisticamente significativas segtin la prueba de Tukey (P<0,5).

A continuacién se encuentra el modelo empi-
rico que arrojé diferencias significativas entre los
diferentes tipos de reemplazo con un R*ajustado
de 0,0247.

-
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Figura 2. Superficie de respuesta general estimada para reemplazos del 35% (izquierda) y 50% (derecha) sensorial
respectivamente.
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Tabla 7. Regiones ptimas de la superficie de respuesta.

Evaluacién sensorial

Nivel de reemplazo

Modelo General

35% 50%

Optimo| Min. | Max |Optimo| Min. | Max
Fibra | 0237 | 0,040 | 2,240 | 0,095 | 0,004 | 6528
Cuero | 111,117 | 100,904 | 111,440 | 159,811 | 148,725 | 159,811
;;"::a 0,647 0 |10993| 0095 | 0,004 | 11,237

DISCUSION

Es importante resaltar que para ningtn reem-
plazo, el contenido de proteina se encontrd por
fuera de la norma, también se destaca el cumpli-
miento con la normatividad respecto a la ausencia
de microorganismos patégenos. Se encontré una
disminucién generalizada para las propiedades
texturales de dureza y masticabilidad, al igual que
un sabor a grasa marcado y una disminucién en el
sabor caracteristico.

Contenido de grasa y proteina

Para cuantificar el contenido de protefna y grasa
se seleccionaron las formulaciones con un porcen-
taje de fibra superior al 20% y cantidad de carra-
genina por debajo del 50%. Todos los salchichones
con reemplazo cumplen con el requerimiento de
proteina y grasa establecido en la norma NTC
1325, 10% y 28% respectivamente, para productos
carnicos cocidos estindar (13). El comportamiento
observado fue que la proteina disminuyé en las for-
mulaciones extendidas, con respecto al testigo, pero
nunca por debajo del limite permitido. Lo anterior
se debe a que se sustituy6 un 35% y 50% de proteina
originaria de la pasta de pollo respectivamente, y
dos de los extensores, fibra y carragenina, no son
de origen proteico. Sin embargo, en el contenido
de grasa se observé que las formulaciones 6, 7y 10
presentaron contenidos de grasa inferiores al testi-
go, las dos primeras para un reemplazo del 50%, y
las dos ultimas para un reemplazo del 35% (tabla
1, 2 y 4). Adicionalmente se puede observar que
la formulacién nimero 4, la cual representa una
formulacién de salchichén estindar que contiene
un extensor compuesto solo de cuero de cerdo y
carragenina, fue la que presentd los contenidos més
bajos de proteina y mds altos de grasa, para ambos
niveles de extension, este extensor aporta grasa y

107

coldgeno como proteina siendo la relacién grasa/
proteina mayor. Se conforman un grupo de formu-
laciones que no presentan diferencias significativas
entre si en sus contenidos de grasa y proteina, entre
los cuales no se puede generalizar ningtn patrén
de comportamiento. Choe et al. (28) encontraron
resultados similares donde se hacen diferentes re-
emplazos del contenido de grasa, manteniendo la
cantidad de proteina

Desde el punto de vista del alto contenido de
grasay la baja cantidad de proteina, reflejados en los
analisis se puede decir que la formulacién nimero
4 serd poco recomendable comparada con las demis

(tabla 1,2y 4).
Anilisis microbiolégico

Se puede observar que ninguno de los resul-
tados microbioldgicos, superd el limite miaximo
permitido establecido por la NTC 1325, 100,000
UFC/g para meséfilos, 500 UFC/g para colifor-
mes, <100 UFC/g para Staphylococcus aureus, <10
UFC/g para esporas de Clostridium sulfito reductor
y ausencia/25g para Salmonella sp (13). No hubo
diferencias significativas, ni cambios que puedan
atribuirse a la sustitucién de la pasta de pollo por los
extensores. Sin embargo, se observé un crecimiento
en los mesofilos, esto puede deberse a la naturaleza
de estos microorganismos, ya que crecen a tempera-
turas que rondan los 30 °C, y no necesitan condicio-
nes selectivas ni especificas para crecer, entre ellos
se pueden encontrar microorganismos patégenos
por lo cual se realizaron las pruebas para los otros
microorganismos mencionados. La refrigeracién
deberfa inhibir el crecimiento de meséfilos, pero
a temperaturas entre 0 y 10 °C pueden crecer mi-
croorganismos psicréfilos y psicrotolerantes. Los
microorganismos psicrotolerantes pueden crecer
entre los 0 °C - 40 °C luego de varias semanas de re-
frigeracién, por lo anterior en la prueba de meséfilos
los psicrotolerantes se recuperan con los meséfilos
(29, 30). Se percibieron olores desagradables en las
muestras después de los 31 dfas de almacenamiento.

Analisis instrumental de la textura.

Para las variables dureza, masticabilidad y fir-
meza se observo una disminucién estadisticamente
significativa con un p=<0,5 en las formulaciones
que tienen el extensor con respecto al testigo, lo
anterior sucede para los dos niveles de reemplazo
trabajados, caso contrario se presento para la variable
elasticidad. Autores reportan resultados contrarios
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realizados en salchichas: (28, 31, 32). La calidad
de la textura se afecta cuindo se disminuyen las
composiciones de proteina y grasa y se aumenta la
cantidad de agua, aunque la fibra, la carragenina y
el cuero de cerdo tienen la caracteristica de aumen-
tar la dureza, la masticabilidad y la firmeza, por la
caracteristica de los geles que forman (33, 34), es
posible que las concentraciones utilizadas no hayan
tenido los efectos esperados. Adicionalmente en los
estudios realizados, la cantidad de proteina cirnica
se ha mantenido constante, variando tinicamente el
contenido de grasa. En este estudio se quiso evaluar
la extensién de la proteina y no de la grasa, por lo
que es posible decir que los extensores que no son
de origen cirnico funcionan bien para extender la
grasa, manteniendo la cantidad de proteina animal
constante.

La disminucién en la dureza, masticabilidad y
firmeza que a su vez tienen una relacién directa
entre si, se debe a una variacién de las propiedades
como: capacidad de retencién de agua y capacidad
emulsificante de la matriz cirnica con reemplazo,
debida a la presencia del extensor y al aumento de
agua en la formulacién (35-37). Cuando se busca
reemplazar parte de las proteinas animales con pro-
tefnas vegetales o en su defecto con polisaciridos,
existen interacciones quimicas que se pierden como
la de los fosfatos con la proteina animal. Esta inte-
raccién que depende del pH y la carga, es causante
de una mayor o menor capacidad de retencién de
agua, capacidad emulsificante y capacidad de formar
geles. La baja cantidad de miosina y pocas interac-
ciones proteina—proteina generan la textura blanda
(38). Por ejemplo el cuero de cerdo que en su gran
mayoria es coligeno tiene propiedades bajas para
emulsificar grasas y buenas para ligar agua si tiene
condiciones adecuadas de temperatura, por ende
una posible explicacién de la interaccién entre el
cueroy la fibra es que la fibra tiene buena capacidad
de estabilizar la grasa evitando la separacién de fases,
exhibiendo propiedades positivas para la extension
(10), luego se complementa con el cuero de cerdo
en el momento de retener agua. Estudios como el
de Oliveira ef al. (39) muestran un aumento en las
propiedades texturales en salchichas extendidas
con geles provenientes de cuero de cerdo y celulosa
amorfa para reemplazar porcentajes de grasa del
embutido, con ventajas como la reduccién de dcidos
grasos insaturados.

Es de esperar que existan interacciones entre los
tres extensores, pero estas interacciones no alcanzan
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a ser lo suficientemente fuertes para retener el agua
de la formulacién y emulsificar las grasas. Lo ante-
rior, ya que la fibray la carragenina son polisaciridos
y el cuero de cerdo es en su gran mayorifa coldgeno
y grasa, siendo el coligeno una proteina de origen
animal del tejido conectivo, que proporciona otro
tipo de propiedades (40,41).

Evaluacién Sensorial

Para las 21 formulaciones establecidas en la tabla
1y 2 del disefio experimental, se evaluaron seis des-
criptores sensoriales. Se encontré que las variables,
cohesividad y apariencia, no presentaron diferencias
estadisticamente significativas, con respecto al tes-
tigo ni entre ellas (tabla 6). Por el contrario todas las
formulaciones, tanto para el reemplazo del 35% y
del 50%, mostraron disminuciones estadisticamente
significativas para un p<0,05 en la dureza, la masti-
cabilidad, la calidad general y el sabor caracteristico,
resaltindose entre ellas la formulacién ndmero 4
que presenté la menor calidad general para un re-
emplazo del 35%. Esta tiltima formulacién contiene
el extensor que tiene 100% cuero de cerdo. Sin
embargo; segtin el modelo estadistico presentado
graficamente en la figura 2, en la ecuacién 1 con
sus respectivos optimos en la tabla 7, muestra que
la mejor respuesta sensorial se encuentra cuando se
usa un 100% de cuero de cerdo.

Adicionalmente el panel registré texturas blan-
das y sabores a grasa mas marcados, como sensacio-
nes atipicas en todas las formulaciones. Resultados
similares reportaron algunos autores, que extendie-
ron sus formulaciones con aceites de origen vegetal,
registrando disminuciones en todas las propiedades
sensoriales (32). Otras investigaciones trabajaron en
reemplazos de grasa en salchichas, por fibra, cuero
de cerdo y carragenina, a lo cual no se registraron
cambios estadisticamente significativos, lo que llev
a los autores a concluir que estos ingredientes son
potenciales extensores de grasa, pero contrastando
con la presente investigacion no serfan potenciales
extensores de un extensor con relativo alto porcen-
taje de proteina de origen animal como lo es la pasta
de pollo (28,42).

Contrario a los resultados obtenidos en el
presente trabajo, estudios como el de Akweeted
et al. (43) demuestran que el uso de extensores en
rollos de carne con harina de frijol como fuente
de proteina, resultaron ser convenientes desde el
punto de vista sensorial y de textura, manteniendo
las propiedades del testigo, sin embargo a medida
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que aumentaron la cantidad de extensor también
aumentaron la cantidad de especias para mitigar el
cambio de sabor.

Con los resultados de esta investigacién podrian
recomendarse futuros estudios sobre el compor-
tamiento de un extensor que tenga una cantidad
alta de cuero de cerdo, buscando disminuir las
cantidades de grasa y conservar las cantidades de
proteina. Otro factor importante a estudiar serfa la
evaluacién de la incorporacién de diferentes espe-
cias que mitiguen la alteracién negativa en el sabor
caracteristico del salchichén. Adicionalmente es
recomendable realizar un estudio nutricional que
confirme la disminucién en los niveles de dcidos
grasos saturados.

CONCLUSIONES

La sustitucién de un porcentaje de pasta de pollo
en una formulacién de salchichén tipo estindar, por
un extensor conformado por fibra, cuero de cerdo
y carragenina disminuyé considerablemente las
propiedades de dureza, masticabilidad y firmeza,
y aumento la elasticidad, situacién que se mantu-
vo para reemplazos del 35% y 50%, sin embargo,
cualquiera de las mezclas evaluadas (fibra, cuero y
carragenina) como extensores de la pasta de pollo,
podrian ser utilizadas con este fin, dado que no se
encontraron diferencias estadisticamente signifi-
cativas en los resultados del anilisis instrumental
de textura. Asi mismo a nivel sensorial se observé
un decremento en la mayorfa de las propiedades
evaluadas, aunque se encontré un modelo empirico
general que predijo como mejor combinacién de
ingredientes, 0,23 gramos de fibra, 111,11 gramos
de cuero de cerdo y 0,64 gramos de carragenina,
dando como resultado que la formulacién confor-
mada en mayor proporcién por cuero de cerdo fue
la que obtuvo resultados mis cercanos al éptimo.

Finalmente la sustitucién de proteina de origen
animal por extensores obtenidos a partir de fibras,
otros polisaciridos y proteinas de tejido conectivo
en derivados cirnicos, cambia notablemente las
propiedades del producto, por ende, se convierte
en un reto tecnoldgico para la investigacion y la
industria de alimentos, lograr conseguir extensores
con capacidad de retencién de agua, y capacidad
de emulsificar, similares a las protefnas de origen
animal.
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ABSTRACT

Background: One of the aims of food packaging is to protect the product from environmental fac-
tors that can cause a reduction in quality. Surface growth of microorganism is one of the leading causes
of food spoilage. One option is to use antimicrobial packaging to provide an increased margin of safety
and quality. Objectives: The aim of this study was evaluate the effect of active packaging with eugenol
on growth of Pseudomonas and aerobic mesophilic bacteria in fresh chicken pieces. Methods: Three
batches of low-density polyethylene (LDPE) film, containing 0, 9.0 and 7.7, mg g eugenol (control,
AAF1 and AAF2, respectively), were extruded in a pilot-plant scale blown-extrusion machine. The
films with eugenol lost 42.7% and 36.8% (AAF1 and AAF2, respectively) of eugenol during processing
and absorbed UV-visible light at 300-261 nm. The kinetics of eugenol release from the AAF1 into the
air at 5°C and 25°C displayed Fick’s behavior, and a diffusion coefficient of 10 cm?s™ was calculated.
Results: Eugenol showed antimicrobial activity on in vitro, using paper discs with 1.74, 0.87 and 0.36
mg eugenol on 10* CFU mL™" of Pseudomonas fluorescens in Muller-Hinton agar. Chicken thighs were
wrapped in the AAF2 film, and the effects on the growth of Pseudomonas and aerobic mesophilic bacteria
(AMB) were evaluated after storage for 5 d at 5°C. The AAF2 showed a moderately antimicrobial effect
in reducing the growth of Pseudomonas (1.1 x 10° CFU g™) relative to growth in the control film (6.0 x
10° CFU g™) (P < 0.05). The film with eugenol was effective in reducing the growth of AMB (9.0 x 10°
CFU g) relative to growth in the control film (1.7 x 10° CFU g™) (P < 0.05). Conclusions: Despite
the high losses of eugenol during the extrusion of the films, they showed an antimicrobial effect during
contact with fresh chicken under commercial conditions. This study shows the potential use of eugenol
tor application in LDPE antimicrobial packaging film.

Keywords: Antimicrobial active packaging, diffusion of eugenol, Pseudomonas fluorescens.
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RESUMEN

Antecedentes: Uno de los principales objetivos del envasado de alimentos es protegerlo de factores que
puedan afectar y causar una reduccién en la calidad. El desarrollo de microorganismos en la superficie es uno
de las causas principales del deterioro de los alimentos. Una opcién es el empleo de envases con propiedades
antimicrobianas. Objetivos: El objetivo del presente estudio fue evaluar el efecto de un envase antimicrobiano
conteniendo eugenol en el desarrollo de Pseudomonas y bacterias mesofilicas aerobias (BMA) en piezas de
pollo. Métodos: Tres lotes de pelicula de polietileno de baja densidad (PEBD) conteniendo 0, 9.0 y 7.7 mg
g de eugenol (control, AAF1, AAF2, respectivamente) fueron obtenidas por extrusién-soplo utilizando
un extrusor a nivel planta piloto. Se calculd la cinética de liberacién del eugenol de la AAF1 hacia el aire a
5°C y 25°C. Se evalué la capacidad antimicrobiana in vitro del eugenol sobre 10* UFC mL™" de Pseudomona

Sfluorescens utilizando discos de papel conteniendo 1.74, 0.87 y 0.36 mg de eugenol en agar Muller-Hinton.

Las piezas de pollo fueron envueltas en la pelicula AAF2 y almacenadas a 5°C evaluando a los 5 dias el efecto
de la pelicula en el desarrollo de Pseudomonas y en BMA. Resultados: El eugenol mostré actividad antimi-
crobiana inhibiendo el crecimiento de P. fluorescens. Las peliculas conteniendo eugenol perdieron durante
el proceso de extrusion 42.7% y 36.8% (AAF1y AAF2 respectivamente) del total anadido mostrando un
comportamiento fickiano con un coeficiente de difusién de 10® cm?® s™'. Las AAF2 mostraron un efecto
moderado en la reduccién del desarrollo de Pseudomonas (1.1 x 10° CFU g') comparadas con el control (6.0
x 10° CFU g (P < 0.05). Las peliculas con eugenol (AAF2) fueron efectivas al reducir el desarrollo de las
BMA (9.0 x 10° CFU g") comparadas con la pelicula control (1.7 x 10° CFU g™) (P < 0.05). Conclusio-
nes: A pesar de las pérdidas del eugenol durante el proceso de extrusion para la obtencion de las peliculas,
estas mostraron un efecto antimicrobiano sobre las piezas de pollo. Por lo tanto, este estudio muestra el uso
potencial del eugenol para la aplicacién en envases antimicrobianos elaborados a base de PEBD.

Palabras clave: Envases activos antimicrobianos, coeficiente de difusion, eugenol, Pseudomonas fluorescens.

INTRODUCTION than 5 days from the time of slaughter [6]. Bacteria
from the genus Pseudomonas are considered the ma-
jor producers of the volatile compounds responsible
for altered flavors (aldehydes, ketones and esters) in
foods. Pseudomonas fluorescens (P. fluorescens) is one of
the most predominantly isolated bacteria associated
with the spoilage of fresh poultry [7].

In recent years, chicken consumption has main-
tained a steady growth trend, representing over
43% of meat consumption in México [1]. Global
consumption of chicken in American continent is
almost three times the global average. In the EU
consumption of meat per capita, which reached its
lowest level in 2013 in the last 11 years (64.7 kg),
it is expected to recover from this year. Thus, in
2023 it is expected that consumption per capita
will reach 66.1 kg and projecting a global growth
by about 2.8% annually from 2013 to 2022; this
growth trend is mainly influenced by an increased
demand for white meat, which is low in fat [2-4].
Fresh chicken is commonly consumed due to its
nutritional profile, versatility and low price. The
increased demand for fresh poultry and the need
for transportation to distant markets have increased
the necessity for extending the shelf life of poultry
products [5].

One of the aims of food packaging is to protect
the product from environmental factors that can
cause a reduction in quality [8]. Efforts have been
made to minimize food-package interactions,
such as migration, sorption and gas permeability
[9]. However, these interactions have also been
used in a positive way to improve the protection
capacity of the package, such as in active packag-
ing systems. Active packaging can be defined as a
type of container that includes additives that help to
extend the shelf life of the food by preserving the
quality longer than conventional packaging [10].
These materials provide additional functions that
in some way enable the package to interact with the
food to improve its quality, safety and convenience.
The release of volatile compounds from packaging
materials is a mass transfer process by which low
molecular mass substances initially present in the
package are released into the contained product.

Chicken is a highly perishable product even
when stored under chilled conditions. Chicken
products have a high number of spoilage microor-
ganisms and may contain pathogenic bacteria. The
normal refrigerated shelf life of fresh chicken is less
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The diftusion coefticient (D) measures the rate at
which the release process occurs, and it is described
by Fick’s second law [11].

Surface growth of microorganisms is one of the
leading causes of food spoilage [12] directly affect-
ing the quality and safety of the food. One option
for decreasing the surface spoilage of foods is to
incorporate antimicrobial agents into the packaging
material to provide an increased margin of safety
and quality. Antimicrobial food packaging acts to
reduce, inhibit or retard the growth of microor-
ganisms that may be present in the packaged food
[13]. A packaging system that allows for the slow
release of an antimicrobial agent into the food could
significantly increase the shelf life and retain the
quality of a variety of foods [14]. Several articles
have reported the use of antimicrobial agents to
formulate antimicrobial packaging [6, 13-18]. Es-
sential oils and their components have antimicro-
bial properties against microorganisms (including
Gram-positive and Gram-negative bacteria) [13, 14,
16, 19-24]. The use of essential oils (e.g., cinnamon,
oregano, clove, eucalyptus, lavender, lemongrass,
lemon, lime, orange, peppermint, basil, wintergreen
and thyme) as antimicrobial agents, in vitro and in
foodstufts, has been reported in several studies [13,
16, 20-26]. The FDA has categorized clove oil as
generally recognized as safe (GRAS) for use in den-
tal cement and as a food additive (CFR 184.1257).
Eugenol (4-allyl-2-methoxyphenol) is a naturally
occurring phenolic compound that is the major
essential oil component of cloves (90.1%). Eugenol
shows absorption of UV light with a maximum
absorption at 265 nm. It is a volatile liquid at room
temperature, with moderate water solubility (2.46
mg L at 25°C). It has shown antioxidant and anti-
microbial properties [27]. It has been reported that
clove oil and eugenol can affect P. fluorescens growth
[28]. Eugenol has shown great potential for use as
an active additive in food packaging applications.
The diffusion of pure eugenol into plastic films
has been previously tested [29], but its release as
an additive from packaging has not been evaluated.

When designing antimicrobial active packaging,
it is important to consider the effects of the package
fabrication process on the active additive. In the
case of chicken packaging, the effects of the film
extrusion process must be determined. The aim of
this work was to manufacture antimicrobial active
films (AAFs) using an extrusion-blow process, with
eugenol incorporated into the polymeric matrix. An
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AAF1 was manufactured to measure the kinetics
of the release of eugenol at 5°C and 25°C (AAF1).
Then, another batch was manufactured under the
same conditions as above (AAF2) to determine the
eftectiveness of the film on fresh chicken pieces
(thighs) by following the growth of Pseudomonas
spp. and aerobic mesophilic bacteria (AMB) during
storage at 5°C.

MATERIALS AND METHODS

Materials

Low-density polyethylene LDPE (Certene) was
obtained from Muelhstein (Houston, TX, USA)
with a 110°C of melting point, 2.3 g/10min of melt
index and 0.924 g cm™ of density. Eugenol was pur-
chased from Sigma-Aldrich (St. Louis, MO, USA).
HPLC-grade water and methanol were supplied
by JT Baker (Ecatepec, México). Fresh chicken
thighs were purchased from a local supermarket
in Hermosillo, México.

Organisms and media

P. fluorescens of American Type culture collection
(ATCC) 13525 (Manassas, VA, USA) was kept at
5°C in nutrient broth and agar. Mueller-Hinton
Agar, Pseudomonas Agar F and Plate Count Agar
were obtained from Difco (Becton Dickinson,
Franklin Lakes, NJ, USA). NaCl, phosphate bufter
(monobasic and dibasic sodium phosphate), Tween
80 and dimethyl sulfoxide (DMSO) were purchased
from Sigma-Aldrich (St. Louis, MO, USA).

Film manufacturing

The AAFs were produced on a pilot-plant scale
extruder. Two batches of pellets containing the an-
timicrobial agent were produced by mixing LDPE
with 9.0and 7.7 mg g of eugenol (AAF1 and AAF2,
respectively). A pilot-plant scale extrusion machine
with three heating zones at 130°C, equipped with
a filament die and coupled to a pelletizer (Beu-
tlespacher, México, D.F.), was used. Films were
obtained from the two formulations by using the
blow extrusion process with a pilot-plant sized
mono-spindle extruder with four heating zones at
130°C (Beutelspacher, México D.F., México) at the
Centro de Investigacién en Alimentacién y Desar-
rollo, A.C. campus Hermosillo, México. A control
film without eugenol was also prepared under the
same conditions. The thickness of the films was
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measured with a model DTT micrometer from
EJ. Cady & Co. (Wheeling, IL, USA). Ten film
specimens were measured, and data were expressed
in micrometers (um). The AAF1 was produced
to determine the kinetics of release, immediately
after obtaining the film. The AAF2 was produced
one month later under the same conditions than
AAF]1. This film was stored at -20°C until the in
vitro antimicrobial effect and packaging of chicken
pieces were performed.

Extraction and quantification of eugenol in
the films

AAF1, AAF2 and control films were extracted
using methanol with constant stirring at 40°C
for 24 h. The extraction was repeated to ensure
complete extraction of eugenol. The extracts were
filtered into amber vials with 0.22 um mem-
brane Durapore® filters (Millipore Corporation,
Bedford, MA, USA). The eugenol quantification
was performed by reverse-phase high-performance
liquid chromatography (HPLC) using a liquid
chromatograph (Varian 9012, México) coupled to
a fluorescence detector (Varian 9075, México) at an
excitation wavelength of 272 nm and an emission
wavelength of 298 nm. The liquid chromatograph
was equipped with a 150 x 4.6 mm C,; ChromSep
column (Varian, México) protected with a C g
guard column (50 mm). A 10 uL sample volume
was injected into the HPLC using a Rheodyne
7125 injector (Rheodyne, Bershire, UK) and was
eluted (isocratic flow) with 85:15 methanol:water
at 1 mL min™. Three replicates were performed for
each sample. A calibration curve for eugenol was
prepared by making solutions ranging from 0.5 to
9.0 ug mL™" of eugenol in methanol. The retention
time for eugenol was 2.6 min, and the limit of quan-
tification in methanol (LOQ) was 0.012 ug mL™".

Release of eugenol from the AAF1 at 5°C and
25°C

Fifty-four film samples of AAF1 (2.5 x 5 cm)
were exposed to the environment (both sides).
Thirty pieces were exposed at 5°C (recommended
temperature for storing fresh chicken), and
twenty-four pieces were exposed at 25°C (room
temperature). The release of eugenol was monitored
periodically by taking sets of three pieces of film
during the incubation periods of 20 h at 5°C and 8
h at 25°C. Eugenol was quantified in the films, as
described in the previous section.
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The release process can be described as the
kinetics of the diffusion of the volatile compound
in the film, and it is expressed as D (diffusion co-
efficient). An analytical solution for the equation
describing Fick’s second law, which describes dif-
tusion in two dimensions and at an infinite volume
(environment) [30, 31], was used to determine the
value of D.

M, R

? 72 Equation 1
M, 2 mzomexp{—D(Zmﬂ) z %2}( q )

where M, /M is the concentration of eugenol
released at time ¢ divided by the concentration of
eugenol released at equilibrium; and [ is the thick-
ness of the film (cm). D is the diffusion coefficient
(cm?s™), which was calculated using Eq. (1) by plot-
ting the ratio of t vs. M/M_. D was determined by
minimizing the sum of the squares of errors (SSE)
between the measured and estimated values. The
MATLAB program was used to find the best fit-
ting of the data to Eq. (1) by using the non-linear
regression (nlinfit) function in MATLAB R2008b
(MathWorks, Natick, MA, USA) [32].

In vitro antibacterial activity of eugenol on P.
fluorescens

The agar diffusion method was used to deter-
mine the antibacterial activity of eugenol. Sterile
paper discs (5 mm diameter) containing eugenol
were prepared for the in vitro antibacterial activity
test in accordance with the method of [33]. Over-
all, 10 uL of difterent eugenol solutions, which
were prepared at dilutions of 1:1, 1:5 and 1:10 with
Tween 80 (10%) and DMSO (0.5%), were loaded
on sterile paper discs. Sterile discs with phosphate
bufter and Tween 80 in DMSO (0.5%) were used
as negative controls.

The discs were set on the surface of Muller-
Hinton agar dishes freshly loaded with 10° CFU
mL™" of P. fluorescens, and the dishes were incubated
at 25°C for 24 h. The analysis was carried out using
three discs for each dilution, and the diameters of
inhibition zones around the discs were measured
(mm).

The minimal inhibitory concentration (MIC)
of eugenol was determined by the agar diffusion
method according the previously described
technique. The minimum concentration showing a
clear zone of 10 mm or less was taken as the MIC.
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The ANOVA test was performed for each
eugenol dilutions disc, and significant differences
between the mean diameters of inhibition zones
around the discs were determined by the Tukey-
Kramer test (P < 0.05) using Number Cruncher
Statistical Systems (NCSS) [34].

Antimicrobial effect of AAF2 on fresh chicken

Four pouches (17 x 8 cm) made of the AAF2
and control films were used for wrapping fresh
chicken thighs under hygienic conditions. All
treatments were stored for 5 days at 5°C. Samples
(duplicates) of all treatments were taken at 0 and 5
days of storage to evaluate Pseudomonas and AMB
survival. The counting of Pseudomonas and AMB
was performed in accordance with the procedure
established by NOM-092-SSA1-1994 [35], and
NOM-110-SSA1-1994 [36]. For Pseudomonas
counts, serial dilution of the samples was performed
in buftered phosphate, and 0.1 mL of each dilution
was spread on Pseudomonas Agar F. Incubation was
carried out at 26 * 1°C for 24-48 h, and values were
reported as CFU g

The ANOVA test was performed, and signifi-
cant differences between the means of the counts
obtained from the antimicrobial active packaging
and the control packaging were determined by the
Tukey-Kramer test (P < 0.05) using NSCC [34].

RESULTS

Thickness of the AAF1 with eugenol

The thicknesses of the AAF1, AAF2 and control
films were 27.9 + 1.85,26.4 £ 2.79 and 20.8 + 3.93
wm, respectively. Differences in the thicknesses val-
ues of films prepared due to variations in the output
(gap) of the extruder die. There were no significant
differences in the values of the film elaborated.

The effect of processing conditions on the
concentration of eugenol in the AAF and on
eugenol release.

The concentrations of eugenol in the AAF1 and
AAF2 were 5.16 + 0.06 mg g'and 4.87 + 1.02 mg
g, respectively. These values are 57.3% and 63.2%
of the eugenol originally added before processing
respectively.

Release of eugenol from the AAF1 at 5°C and
25°C
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Figure 1 shows the release of eugenol in the
AAF1 at different temperatures. At 5°C, the con-
centration of eugenol decreased from 5.16 + (.78
mgg't00.28 = 0.04 mgg” in 16 h, a time at which
equilibrium was reached. At 25 °C, the eugenol
decreased from 5.16 + 0.78 mg g™ to 0.26 + 0.01
mg g ', reaching equilibrium within 6 h, 10 hours
carlier than at 5°C.
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Figure 1. Changes in concentration of eugenol in the
AAF1 at 5°C (A) and 25°C (B). Results are means of 3
replicates. Bars indicate standard deviation.

DIFFUSION OF EUGENOL FROM
THE AAF1

Figure 2 shows the diffusion graphs, follow-
ing Fick’s second law, for the release experiments
carried out at 5°C and 25°C (AAF1). The D values
were determined according to Eq (1) as 2.04 = 0.12
x 10 cm?® s at 5°C and 7.89 + 0.39 x 10™®* cm®s™



116

at 25°C. These values are within the same order
of magnitude, but a higher D value was obtained
at 25°C.
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Figure 2. Diffusion of eugenol from AAF1 to the
environment at (A) 5°C and (B) 25°C. The y-axes
show the mass of eugenol diffused at time ¢, divided by
the mass of eugenol diffused at equilibrium (M/M).
Thickness of the films was 27.9+1.85 um.

In vitro antibacterial activity of eugenol on P.
fluorescens

Eugenol inhibited the growth of P. fluorescens at
all of the dilutions tested. The 1:1 dilution (1.74 mg
eugenol per disc) presented the largest inhibition
zone (21 mm), followed by 1:5 (0.87 mg eugenol
per disc; 16-15 mm) and 1:10 (0.36 mg eugenol per
disc; 10 mm considered the MIC). These results are
summarized in Figure 3.
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Figure 3. Antimicrobial activity of different dilutions
of eugenol in paper discs against P. fluorescens (inhibition
zones in mm). Bars indicate standard deviation of 2
replicates.

The control disc (without eugenol) presented no
inhibition zone. Statistically significant differences
(P < 0.05) were observed for the different dilutions.

The effect of the AAF2 on fresh chicken pieces

The AAF2 was tested directly on fresh chicken
pieces (thighs). The results of microbial counts of
Pseudomonas ssp. and AMB at 5°C are summarized
in Figure 4. The rationale for incorporating anti-
microbial compounds into packaging is to prevent
surface growth in foods where a high level of spoilage
and contamination occurs. The presence of eugenol
(4.87 mgg") in the AAF2, showed a small reduction
of the number of Pseudomonas (1.1 x 10° CFU g™
compared to the control film (6.0 x 10° CFU g™),
with statistically significant differences (P < 0.05)
(6.3 log CFU g" and 6.77 log CFU g respectively).
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Figure 4. Count of Pseudomonas and AMB in chicken
pieces packed in the AAF2 and control films for 5 days

at 5°C. Bars indicate standard deviation of 2 replicates.
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Thus, the presence of eugenol in the AAF2
caused it to be more effective than the control
film. These results are consistent with those of the
in vitro test, in which P. fluorescens was sensitive to
the presence of eugenol (at concentrations as low
as 0.36 mg cugenol per disc).

The eftect of the AAF2 on the growth of AMB
in fresh chicken thighs was better to reduce the
microflora, from 1.7 x 10° CFU g in the control
film and 9.0 x 10° CFU g in the film with eugenol
(P < 0.05) (5 days at 5°C) (6.2 log CFU g and 5.9
log CFU g respectively). These bacterial counts
found in the present work, are within the limits
established by NOM-034-SSA1-1993 for 5 x 10°
CFU ¢ in México [37].

DISCUSSION

The high losses of eugenol during the manu-
facture of films were due to the high processing
temperatures, which caused the rapid evaporation
or decomposition of the eugenol. In addition, the
losses may have been caused by the chemical insta-
bility of eugenol in the presence of air, light, oxygen
and other environmental factors. Suppakul ef al.,
[38] reported higher losses of antimicrobial agents,
such as linalool and methylchavicol from LDPE and
ethylene vinyl acetate (EVA) than those observed
in the present study; after the blowing process, the
authors observed a concentration of 0.34 g/100 g,
down from an initial concentration of 1.0 g/100 g.
Galloto et al., [39] reported that nearly 30% of the
thymol initially included in a formulation of anti-
microbial low density polyethylene (LDPE) film
remained after the extrusion process. Yuwono et
al. [27], reported that the vapor pressure of euge-
nol increases from 0.01 mm Hg at 20°C to 20 mm
Hg at 138.7°C; therefore, losses of eugenol were
influenced by evaporation into the environment
due to the high volatility of eugenol at processing
temperatures.

At the end of the diftusion experiments, close to
94% of eugenol had been released from both films.
As the temperature increased, the time needed to
cause the release of eugenol was diminished due to
the fact that an increased temperature favored the
evaporation of eugenol from the polymer matrix
into the environment. These results suggest that
the antimicrobial release began within the first
minutes of the exposure of the films to the environ-
ment and quickly reached equilibrium. The results
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agree with those reported by Dhoot et al. [32], who
reported that the steady state of the diffusion of
eugenol through a linear low-density polyethylene
(LLDPE) film was reached after 8.3 h at 16°C.
The release of eugenol from the AAFs depends on
factors such as temperature and polymer type. If
exposed to the air, a vapor pressure of 0.03 mm Hg
at 25°C [27] indicates that eugenol will exist solely
as a vapor in the ambient atmosphere. Vapor-phase
eugenol is degraded in the atmosphere by a reaction
with photochemically produced hydroxyl radicals;
the half-life for this reaction in air is estimated to
be 6 hours, a time that coincides with the release
observed at the temperature of this study (25°C).
The behavior of the AAFs shows that during their
application as food packaging they will release
eugenol under refrigerated conditions. In the case
of temperature increases, the release rate will rise,
increasing the antimicrobial activity, which will be
needed due to the increased growth rate of micro-
organisms at higher temperatures.

Regarding the diftusion of eugenol from the
AAF1, Kuorwel et al., [40], reported that increasing
the temperature from 15 °C to 35 °C, the diftu-
sion coefficient increased for carvacrol, linalool
and thymol. Piringer and Baner [41], reported a
D value of 1.3 x 10"’ cm® s for eugenol in LDPE
films that were in contact with methanol/ethanol
at 23°C. This value is lower than the values deter-
mined in the present work because they kept the
polymer phase in contact with a methanol/ethanol
liquid phase. The contact with organic liquids may
have decreased the release of eugenol from the
film. Diftusion of eugenol in LLDPE films was
also determined by Dhoot et al. [32], who found a
D value of 8.86 x 107! cm? s at 23°C. However,
these authors reported the diffusion, or penetration,
of pure liquid eugenol into the LLDPE matrix.
Therefore, it seems that pure eugenol penetrates
more slowly into a polymer matrix than it is released
at a low concentration from a polymer into the
environment. The fast migration of eugenol is due
to its ability to diffuse through the LDPE chains
to rapidly leave the system. It appears that there
are no chemical interactions between the eugenol
molecule and the non-polar chains of polyethylene.
The use of such films could increase the shelf life of
a foodstuft under refrigerated conditions by imple-
menting a system with a slow migration of the agent
from the packaging material onto the surface of the
foodstuft. Encapsulation of eugenol in materials
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like B-cyclodextrin before its incorporation into
the films is the next step in this research.

The control disc (without eugenol) presented no
inhibition zone. This result confirmed the in vitro
antimicrobial activity of eugenol, which showed a
high inhibitory effect on P. fluorescens. Girova et al.,
[28], reported that clove oil, which is composed
of 76.8% ecugenol, showed antimicrobial activity
against P. fluorescens. Ouattara et al. [29] reported
that P. fluorescens was atfected by a 1:100 dilution of
clove oil. In both cases, the antimicrobial effect was
attributed to the presence of eugenol. The mecha-
nism of action of the antimicrobial eftect of eugenol
remains unclear. An important characteristic of
eugenol is its hydrophobicity. This property allows
it to penetrate lipopolysaccharide layer in the Gram-
negative bacterial cell membrane and to disturb
cellular structures [25]. It has been suggested that
this activity is caused by the presence of phenolic
compounds and monoterpenes [20]. The phenolic
components weaken the phospholipid bilayer of
the cell membrane, causing an increase in perme-
ability and leakage of the intracellular components
[17]. Pandima et al., [42] reported that primary
mechanism of action of eugenol is disruption of
the cytoplasmic membrane, which increases its
non-specific permeability. This hyperpermeability
is followed by leakage of ions and extensive loss of
other cellular contents, including the intracellular
proteins and ultimately results in cell death.

Han and Floros [43], reported that during an
extrusion, the high temperature conditions in the
extruder affected the chemical stability of incorpo-
rated antimicrobial substances and reduced their
residual antimicrobial activity. The results of the
present study showed that the AAF2 films showed
moderately reduction of growth of Pseudomonas and
AMB when they were used to package chicken
thighs. Eugenol, by its nature, is highly soluble
in the fatty chicken skin, which promotes its dif-
tusion and action on the surface of the chicken
pieces. Another possible explanation is the effect
of differences between the diffusion rate of the
antimicrobial agent and the growth rate of the
microorganisms. The antimicrobial agent could be
depleted and lose the antimicrobial activity of the
film before the growth of the microorganisms in-
creases. Also due to the release of eugenol from the
AAF2, perhaps the remaining amount was actually
below the MIC, insufficient to inhibit growth of
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the bacteria studied. Based on P. fluorescens growth
curve (not shown), the log phase started after 7.5
hours of incubation (26°C). By that time, most of
the eugenol had already been released from the
AAF (25°C). Therefore, the antimicrobial activity
of AAF depends on the relationship between the
release rate of eugenol from the film and the growth
rate of bacteria.

Despite the losses of eugenol during the process-
ing of the AAF, and the rapid release from the film
at 5°C and 25°C, AAF2 was eftective in retarding
the growth of Pseudomonas and AMB in chicken
thighs. The release of the antimicrobial agent was
directed towards the food surface, which allowed
relatively low concentrations of eugenol in the
LDPE film to maintain the microbial quality of
chicken.

In order to minimize the losses of eugenol dur-
ing the production of the AAFs, research on the
encapsulation of eugenol in B-cyclodextrin and its
incorporation into multilayer films are currently
under way. Future studies will also evaluate the
effect of this antimicrobial agent on the sensory
properties of chicken.

CONCLUSIONS

LDPE films supplemented with 9.0 and
7.7 mg g eugenol were manufactured, and 42.6%
and 36.7% of the eugenol, respectively, were lost
during the production process. The release of
eugenol from the films into the environment
showed Fick’s behavior, with D values of 10™® cm?
s™ at 25°C and 5°C (same order of magnitude). At
25°C the equilibrium was reached within 6 h, 10
h earlier than 5°C. Despite the losses of eugenol
during the extrusion of the films, they showed
an antimicrobial effect during contact with fresh
chicken by reducing the growth of Pseudomonas and
AMB. Therefore, the addition of eugenol to LDPE
showed a potential to maintain the chicken quality
in food packaging applications.
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RESUMEN

Antecedentes: La etapa de clarificaciéon de hidrolizados de almidén para la produccién de jarabes de
glucosa es la principal causa de su produccién por lotes, ademds de acarrear altos costos al utilizar filtros
rotatorios al vacio, carbén activado y tierras diatomeas que aseguren la calidad del producto. Objetivos:
Evaluar la etapa de clarificacién de hidrolizados de almidén de yuca obtenidos por via enzimitica utili-
zando tecnologfa con membranas, a diferentes temperaturas, didmetros de poro de membrana y presiones
transmembrana. Métodos: La clarificacion se realizé utilizando un piloto compuesto por un tanque
enchaquetado, donde se llev a cabo la reaccién de hidrdlisis. La filtracién se realizaba conectando el
tanque a una bomba que permitia enviar el fluido al médulo membranario; la presion transmembrana fue
fijada con una vilvula a la salida del médulo. Los experimentos se llevaron a cabo usando membranas con
diferentes tamafios de poro en un disefio factorial 2%, evaluando dos niveles de temperatura (50 y 70°C)
y dos niveles de presiéon transmembrana (0,15 y 0,30 MPa). Se midieron los caudales obtenidos para el
retenido y el permeado. Las muestras obtenidas fueron analizadas para evaluar la calidad del permeado
(turbidez, cantidad de proteina retenida, contenido de materia seca y °Brix). El andlisis estadistico se llevd
a cabo con el software Statgraphic Centurion XVLI®. Resultados: Los resultados obtenidos mostraron
que las presiones transmembrana (0,15 y 0,30 MPa) y temperaturas (50 y 70 °C) evaluadas no influyen
significativamente sobre la permeabilidad ni calidad del permeado (p-valores > 0,05) permitiendo tra-
bajar con la menor presién tranmembrana (menor desgaste de equipos y menor gasto energético), y a la
temperatura de hidrdlisis, lo cual permitiria trabajar bajo condiciones de produccién en continuo. Ademis,
se observé que es posible utilizar membranas con didmetro de poro de hasta 0,8 wm; aumentado hasta
en 5 veces la productividad y disminuyendo la turbidez en un 99%. Conclusiones: Es posible utilizar
membranas cerdmicas de microfiltracion de hasta 0,8 um, en condiciones moderadas de presién trans-
membrana y a la temperatura de hidrélisis para la clarificacion de hidrolizados de almidén de yuca sin
disminuir la calidad del permeado.
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ABSTRACT

Background: Clarification step of starch hydrolysates for the production of glucose syrups is the
main responsible for batch production; in addition, it causes high costs when using rotary vacuum filters,
activated carbon and diatomaceous earth to ensure product quality. Objective: To evaluate the clarifica-
tion step of hydrolyzed cassava starch obtained enzymatically, using membrane technology at different
temperatures, membrane cut-off and transmembrane pressures. Methods: Clarification was conducted
using a pilot composed by a jacketed tank, where the hydrolysis reaction was carried out. The filtration
was performed by connecting the tank to a pump to send the fluid to the membrane carter; transmem-
brane pressure was fixed with a valve placed at the end of the module. The experiments were carried out
using membranes with different cut-off sizes in a factorial design 22, two temperatures (50 and 70°C)
and two transmembrane pressure levels (0.15 and 0.30 MPa) were evaluated. The flows obtained for the
retentate and permeate were measured. The obtained samples were analyzed to assess the permeate quality
(turbidity, amount of retained protein, dry matter content and °Brix). Statistical analysis was performed
with software Statgraphic Centurion XVLI®. Results: The results showed that the pressures (0.15 to 0.30
MPa) and temperatures (50 and 70°C) evaluated did not influence significantly the permeability, or the
quality of the permeate (p-values > 0.05), it can allow to work with lower pressure (less wear on equip-
ment and less energy), at hydrolysis temperature, it would allow to work under conditions of continuous
production. Moreover, the possibility to use membranes with pore diameters up to 0.8 wm was observed;
it allow to increase up to 5 times the productivity and decrease the turbidity by 99%. Conclusions: It is
possible to use ceramic microfiltration membranes up to 0.8 um in moderate transmembrane pressure,
at hydrolysis temperature for clarification of cassava starch hydrolysates without decreasing the quality
of the permeate flow.

Keywords: Filtration, membranes, hydrolysate, starch, cassava.

INTRODUCCION conteniendo hasta un 87,7% p/p en base seca; su-
perando en més del 10% a otras fuentes de almidén

Los jarabes de glucosa son soluciones liquidas .15 maiz papa y platano (7).

altamente viscosas de glucosa concentrada (2,140
cP a75% de materia seca; 53,7 equivalente dextrosa
y 26,7°C) que pueden contener maltodextrinas (1).
Su poder edulcorante esti entre 40 y 79; siendo 100
el poder de dulzura de la sacarosa (2). Estos jarabes
son muy apreciados en la industria de alimentos
ya que proporcionan dulzor, suavidad y brillo a

La produccién de jarabes de glucosa comienza
con la hidrdlisis, generalmente, enzimatica del
almidén que permite obtener ED (Equivalentes
Dextrosa) superiores a 95 (8). Consta de dos etapas:
licuefaccién y sacarificacién. En la etapa de licue-
faccion se produce una solucién de dextrinas por

I J Adermns 4 I f an d la accién de las a-amilasas que atacan los enlaces
0s productos. Ademas ayudan a fa lormacion de 4 4 de| almidén (9-12), obteniendo hidrolizados

cristales mis peq.ueﬁ.OS, facilitan .la_ masticacion 4. 15 >0 ED (6). En la etapa de sacarificacién, las
de las gomas, y disminuyen la actividad del agua glucoamilasas atacan los enlaces a-1,4 y a-1,6 para

rolongando la duracién del producto, entre otros . . .
p g p ’ transformar las dextrinas en azdcares de bajo peso

beneficios. Aparte son precursores para otros saca- molecular (glucosa, maltosa o mezclas) (9-13). Al

ridos cogz)o 112 é’rulf:tosa, cuyo po/def edulcor.?mte 5 terminar esta ctapa se puede obtener un hidrolizado
mayor ( -130). Estas caracterfsticas permiten su con un contenido final de 93-96 ED.
utilizacién en productos como: chocolates, helados

Una vez finalizada la sacarificacion, el hidroliza-
y dulces en general (3-6).

do es clarificado para remover sélidos suspendidos e
impurezas insolubles. Para ello, tradicionalmente se
utiliza carbén activado con el fin de remover color
y sabor, seguido de una filtracién frontal mediante
tiltros prensa o filtros rotatorios al vacio con tierras
diatomeas como auxiliar filtrante (9, 14-17). Estos
procesos toman mucho tiempo para alcanzar un

La materia prima para la produccién de jarabes
de glucosa es el almidén, polisacirido formado
por unidades de glucosa, que generalmente estd
compuesto aproximadamente por 80% p/p de
amilopectina y 20% p/p de amilosa en base seca. La
yuca es una de las principales fuentes de almidén
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6ptimo de calidad al pasar por varios “purificado-
res”. Ademds, no son econémicamente rentables al
utilizar varios auxiliares filtrantes por cochada, sin
mencionar el impacto medio ambiental al desechar,
por ¢jemplo, las tierras diatomeas. Una alternativa
mis eficiente para realizar la clarificacion es el uso
de membaranas. Con esta tecnologia se ahorraria
en otras operaciones unitarias para asegurar la
calidad del producto como intercambio i6nico,
decoloracién y uso de carbén activado para retirar
sabores. La incorporacién de membranas de micro
o ultrafiltracién permiten obtener una calidad su-
perior en términos de turbidez, color y contenido
microbiolégico (8). Uno de los grandes problemas
de los procesos con membranas es la colmatacion.
Este fendmeno tiene como efecto la pérdida del
rendimiento de la membrana; evidenciada en la
disminucién del flujo en el permeado. La colmata-
cién depende del tipo de fluido a tratar, del material
membranario y de las condiciones de operacién.
Varios autores han implementado membranas en
el proceso de produccién de jarabes de glucosa, la
mayorfa de ellos han trabajado con membranas de
ultrafiltracion entre 3y 15 kDa (17-21); por lo tan-
to, los bajos flujos de permeado alcanzados no son
econdémicamente rentables. Ademis, estos mismos
estudios han utilizado principalmente membranas
organicas de fibra hueca. Por el material utilizado,
estas membranas no pueden ser utilizadas bajo con-
diciones de temperatura de hidrdlisis del proceso,
lo cual redundarfa en tiempos de parada y mayores
costos (22,23). Igualmente, no se ha realizado a la
techa estudios comparativos que busquen analizar
el efecto del tamano de poro sobre la calidad del
permeado.

El objetivo de este trabajo fue evaluar la influen-
cia de la temperatura, la presion transmembrana y
el didmetro de poro de membranas cerdmicas de
microfiltracién y ultrafiltracién en el mejoramiento
de la productividad de la etapa de clarificacién, sin
disminuir la calidad del producto clarificado y bajo
condiciones que permitirfan el estudio del proceso
bajo una configuracién en continuo.

MATERIALES Y METODOS

Protocolo de limpieza de membranas

Al final de cada filtracién se llevé a cabo el pro-
tocolo de limpieza; en el cual se utiliza una solucién

de NaOH 0,5 N y 1% de NaClO, a 0,1 MPa y
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60°C y 1 h de filtracién. Posteriormente se realiza
un lavado con agua destilada hasta neutralidad y se
verifica la permeabilidad al agua de la membrana.

Materiales e insumos.

Almidén de yuca, Almiyuca® suministrado
por Almidones de Sucre S.A.S. Sucre, Colombia.
Enzimas o-amilasa (Liquozyme SC DS®) y glucoa-
milasa (Spirizyme Fuel®) suministradas por No-
vozymes, North America Inc, Franklinton, N.C.
United States. Membranas cerdmicas monocanal
de a-alumina con didmetro de 0,007 m, TAMI®,
Nyons, Francia. Bomba de desplazamiento positivo:
Bomba rotatoria SI-5009 Tuthill®, Burr Ridge, IL,
United States, acoplada con un motor Siemens de
1 HPy 1090 rpm con variador de frecuencia CFW-
08 (WEG®, Bogoti, Colombia). HCI al 37%, azul
de coomasie G-250, etanol al 99,9% y albimina de
suero bovino (BSA) Merck®, Bogot4, Colombia;
acido ortho fosférico al 85% suministrado por Ye-
quim Ltda. Bucaramanga, Colombia. Hipoclorito
de Sodio al 13% suministrado por Multiquimicos
Ltda. Bucaramanga, Colombia, y NaOH en esca-
mas suministrado por Suquin Ltda. Bucaramanga,
Colombia.

Produccién de hidrolizados de almidén de
yuca

Los hidrolizados de almidén utilizados en las
pruebas de ultrafiltracién y microfiltracion, se pre-
pararon a partir de 6 L de una solucién almidén de
yuca-agua al 20%p/v, bajo agitacién (30 rpm). Los
pardmetros de operacién de la reaccién de hidrdlisis
enzimdtica son los reportados por Ruiz (26) para
licuefaccién (pH 5, 80°C, tiempo de reaccién 15
min y relacién enzima/sustrato 0,028%p/p) y para
sacarificacién (pH 4,5 , 70°C, tiempo de reaccién
45 min y relacién enzima/sustrato 0,063%p/p). La
temperatura de hidrdlisis se controlé con un bafo
termostatado y el pH se regulé con NaOH y HCI
2N. Las reacciones de hidrdlisis se detuvieron ba-
jando el pH a 2,5 y manteniéndolo durante 1 h. Los
hidrolizados fueron almacenados a una temperatura

de -20°C.
Proceso de filtracion membranaria

La clarificacién de los hidrolizados se llevé a
cabo en un piloto de acero inoxidable con capacidad
de 10 L, representado en la Figura 1. Este consiste en
un tanque de almacenamiento enchaquetado, el cual
asegura la alimentacién del hidrolizado al sistema.
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Una bomba de desplazamiento positivo impulsa
la alimentacién hacia el mdédulo membranario,
en donde se lleva a cabo la filtracién. La presién
transmembrana (AP, ,) se fija con una vilvula globo
ubicada en la corriente del retenido a la salida del
moédulo membranario. El retenido es recirculado al
tanque de almacenamiento, mientras el permeado
se recupera. El caudal de permeado se midi6 cada
5 min; al final de las pruebas se midi6 el caudal del
retenido y se tomaron muestras de ambos para sus
posteriores anilisis fisicoquimicos. Las pruebas de
filtracién membranaria tuvieron una duracién de
30 min.

En la primera etapa de la experimentacién se
analizé el efecto de la temperatura y la presién trans-
membrana sobre la ultrafiltracién del hidrolizado
obtenido en la etapa de sacarificacion. Se trabajé con
una membrana de 15 kDa (membrana que aseguré
una retencién de enzima superior al 95%). El disefio
de experimentos fue de tipo factorial 2% (25). Los
niveles evaluados para la temperatura fueron: T .
de 70°C, y T . de 50°C. Los niveles de tempera-
tura se fijaron teniendo en cuenta tanto el rango
de actividad de la enzima glucoamilasa (24), como
el rendimiento de la bomba de desplazamiento
positivo: a menor temperatura, mayor viscosidad y
mejor rendimiento (17, 20, 27, 28). Para la presién
transmembrana los niveles evaluados fueron 1,5y
3 MPa. Es de esperar que a una mayor presion haya
una mayor permeabilidad debido a que la fuerza
impulsora es la diferencia de presién transmem-
brana; el nivel mdximo de presién evaluado estuvo
condicionado a la capacidad del piloto. La filtracién
del hidrolizado se realizé recirculando el retenido
al tanque de alimentacion.

En la segunda etapa de la experimentacion, se
evalug el efecto del didmetro de poro con el objetivo
de estudiar la posibilidad de aumentar la produc-
tividad del proceso de clarificacién, sin disminuir
por tanto, la calidad del producto clarificado. Para
esto se utilizaron membranas cerdmicas monocanal,
cada una con diferentes didmetros de poro: 150 y
300 kDa, y 0,3; 0,45; 0,8 y 1,4 um. La clarificacién
se realizé utilizando las mejores condiciones de
presién transmembrana y temperatura encontradas
en la etapa anterior.

Métodos experimentales.

El porcentaje de retencién de proteinas en las
membranas fue calculado al comparar la cantidad de
proteina medida en el permeado con la del retenido,
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Ecuacién 1; la cantidad de proteina en las muestras
fue determinada mediante el método de Bradford a
595 nm (24), usando un espectrofotémetro Genesys
20 ThermoSpectronic®.

1-cantidad de proteina en el permeado

%Retencion= *100

Cantidad de proteina en el alimento

Ecuacién 1. Cdlculo del porcentaje de retencién de enzima

La turbidez de los hidrolizados clarificados y
el retenido fue determinada utilizando un turbi-
dimetro Hach 2100Q® segtin USEPA 180.1. Los
caudales de permeado y retenido se determinaron
por gravimetria, pesando el permeado/retenido ob-
tenido en un tiempo determinado con una balanza
analitica OHAUS, la permeabilidad de la membrana
se calculé al dividir el caudal del permeado en el drea
superficial de la membrana (didmetro * longitud*mr)
(16), el porcentaje de pérdida de permeabilidad fue
calculado al comparar la permeabilidad a los 10 mi-
nutos y a los 30 minutos. El porcentaje de materia
seca fue determinado segtn la norma A.O.A.C.
1980. Para determinar los °Brix se utilizé un re-
fractometro Fisher No. 13 964 70C de 0-90%. El
analisis estadistico se llevo a cabo con el software
Statgraphic Centurion XVLI®. El disefio de expe-
rimentos fue de tipo factorial 2% (25).

No Elemento
] Tanque de alimentacion
enchaquetado
2 Valvula
3 Bomba de
2 3 desplazamiento positivo
4 Mobdulo membranario
Valvula reguladora de
L 5 5
— presion
5 4

Figura 1. Piloto de filtracion membranaria.

RESULTADOS

Efecto de la AP, y de la temperatura en la
filtracion del hidrolizado obtenido en la etapa
de sacarificacion.

La Figura 2 muestra los resultados obtenidos
para las permeabilidades de la membrana de 15
kDa a las condiciones de operacién propuestas para
sacarificacion. En esta figura se puede observar, que
para las dos temperaturas estudiadas (50 y 70 °C), el
cambio en la permeabilidad al inicio (10 min) y final
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(30 min) del proceso de filtracién, para la AP, de
0,3 MPa, provoca una caida en la permeabilidad de
la membrana del 29,4% a 50 °Cy del 27,7% a 70 °C.

Sin embargo, con el mismo procedimiento, a
0,15 MPa las pérdidas de permeabilidad estin por
debajo del 2,8 % Esto puede explicarse por la colma-
tacién de la membrana inducida en el sistema debido
a las condiciones de disefio del piloto utilizado; el
cual requiere el cierre de la vilvula para alcanzar
la AP, requerida, haciendo que disminuya la ve-
locidad del retenido, y por lo tanto la velocidad de
arrastre sobre la superficie membranaria.

80

= 7 58,6
£ 52,4
£ 100 J
= 475 482
‘j’ 50 .10 min; 0,15 MPa
T 0 410 min; 0,3 MPa
T
2 30 [H30 min; 0,15 MPa
47,0 46,8

g 2 37,0 424 | 730 min; 0.3MPa
= 10
&

0

50 70

Temperatura (°C)

Figura 2. Permeabilidades a los 10 y 30 min de filtracién
después de la etapa de sacarificacién con membrana de 15
kDa; hidrolizado de 17,2 °Brix; pH de 2,5; concentracién
de glucoamilasa de 0,063%p/p; AP, de 0,15y 0,3 MPa
y temperatura de 50 y 70°C.

La Figura 3 muestra los resultados del % de
materia seca y los °Brix obtenidos para esta etapa.
En la figura se observan valores menores para los
permeados con respecto al hidrolizado alimentado
en la filtracién, tanto para los °Brix (en promedio
9,9%) como para el % de materia seca (en promedio
28,2%). Esto muestra la capacidad de la membrana
para retener s6lidos (suspendidos y solubles) no de-
seados en el clarificado, permitiendo el paso de los
azucares solubles. Adicionalmente, se cuantificé la
cantidad de proteina, es decir, la cantidad de enzima
presente en los permeados obtenidos en esta etapa
con la membrana de 15 kDa, y se encontré que en
promedio el porcentaje de retencién de enzima fue
del 97,56% = 0,76%

Las mejores condiciones de operacién encon-
tradas, teniendo en cuenta las condiciones de
operacién del piloto, fueron AP, 0,15 MPa y
70°C puesto que permiten un menor desgaste de
la bomba, al no utilizar la maxima presién, ademds
de menores pérdidas de permeabilidad, y trabajar a
la temperatura de hidrdlisis.
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Figura 3. Resultados de los anilisis fisicoquimicos
realizados a los permeados obtenidos después de
sacarificacién, para: (a) °Brix. (b) %Materia seca. Con
membrana de 15 kDa; hidrolizado de 17,2 °Brix; pH de
2,5; concentracién de glucoamilasa de 0,063%p/p; AP,
de 0,15y 0,3 MPay temperatura de 50y 70°C. (a) °Brix.
(b) %Materia seca.

Efecto del diametro de poro en la calidad y
cantidad de permeado obtenido en la etapa
de sacarificacion.

La Figura 4 muestra los resultados de las per-
meabilidades obtenidas utilizando membranas con
diferentes didmetros de poro, evaluados a los 10 y
30 min para las mejores condiciones de operacién
encontradas previamente, AP, 0,15 MPay 70°C.

En la figura se pueden observar pérdidas de per-
meabilidad en todas las membranas. Los porcentajes
de pérdida de permeabilidad, calculados al comparar
la permeabilidad determinada del retenido con la
del concentrado, para las membranas de 150 kDa;
300 kDa; 0,2 um; 0,45 um; 0,8 um y 1,4 um, son
respectivamente 11,52%, 9,43%, 17,16%, 14,46%,
45,06% y 57,71%. Se observa una tendencia de
aumento de las pérdidas de permeabilidad con el
aumento del didmetro de poro, evidenciando una
mayor colmatacién de las membranas al aumentar
su didmetro de poro.
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Figura 4. Comparacién de las permeabilidades de
hidrolizados sacarificados a los 10 y 30 min para las
membranas con didmetros de poro de 150 y 300 kDa, y
0,2; 0,45; 0,8 y 1,4 um, realizadas a 70°C con AP, de
0,15 MPa, pH 2,5 y alimentacién a 17,2 °Brix.

La Figura 5 muestra los resultados obtenidos
al evaluar la turbidez de los permeados obtenidos
con diferentes didmetros de poro para las mismas
condiciones de la Figura 4. En esta figura se apre-
cia que la clarificacién obtenida con los diferentes
didmetros de poro es efectiva, pues se alcanzé
una disminucién de mas del 98,9% en todas las
membranas (excluyendo la de 1,4 um (89%)), con
respecto al alimento.

La Figura 6 muestra los resultados obtenidos al
evaluar el % de retencién de enzima para todas las
membranas evaluadas. En esta se evidencia un % de
retencién de enzima cercano al 90% (excepto para
la membrana de 1,4 um (7,58%)).
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Figura 5. Turbidez de muestras de alimento y de
permeado obtenidos con membranas de 150, 300 kDa
y0,2;0,45;0,8y 1,4 um a 70°C, con AP, de 0,15 MPa,
pH 2,5 y alimentacién a 17,2 °Brix.
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Figura 6. Porcentaje de retencién para los permeados
obtenidos con membranas de 150, 300 kDa y 0,2; 0,45;
0,8y 1,4 um a 70°C, con AP, de 0,15 MPa, pH 2,5y
alimentacién a 17,2 °Brix.

La Figura 7 muestra los andlisis fisicoquimicos
para los permeados obtenidos con las diferentes
membranas, para °Brix y % de materia seca. Se
observa que estas dos variables de respuesta no
presentan variacién significativa con el didmetro
de poro.
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Figura 7. Resultados de los anilisis fisicoquimicos
realizados para las muestras de alimento y permeado
de las membranas con didmetros de poro de 150 y 300
kDa, vy 0,2; 0,45; 0,8 y 1,4 um. (a)°Brix. (b) %Materia
seca. Experimentos realizados a 70°C, AP, 0,15 MPa,
pH 2,5 y alimentacién a 17,2 °Brix.
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DISCUSION

Los resultados encontrados indican que en las
condiciones de operacién evaluadas, el efecto de la
presién transmembrana y la temperatura no son
significativos (los promedios se encuentran dentro
de las desviaciones obtenidas); se podria decir, por
ejemplo, que a una temperatura de 80°C se puede
trabajar tanto con una presién de 0,15 MPa o 0,3
MPa sin obtener una mejora considerable en la per-
meabilidad. Esto se corroboré mediante un anilisis
estadistico con el Software Statgraphic Centurion
XVLI® en el cual los datos fueron tratados por
andlisis ANOVA mostrando valores p mayores a
0,05. Los resultados anteriormente sefialados in-
dican que es posible trabajar con condiciones mds
suaves de operacidn sin afectar el rendimiento del
proceso, lo cual redundaria en una reduccién de
costos y facilidad de operacién. Estos resultados
son contrarios a lo encontrado por Grzeskowiak-
Przywecka & Stominska (21), quienes trabajaron
con membranas cerdmicas Tami® tubulares de 3
canales y didmetros de porode 3, 5, 8 y 15 kDa para
producir jarabes de maltosa a partir de almidén de
papa sacarificado a 55°C y presién transmembrana
de 0,4-0,6 MPa. Ellos encontraron que la permea-
bilidad se incrementa linealmente con la presion, su
comportamiento lo describen mediante la ecuacién
y = 449x - 14,1 (x: presion transmembranaria, y:
flujo de permeado) en un rango de 0,4-0,7 MPa.
Sin embargo, la mixima permeabilidad que al-
canzaron (a 0,7 MPa) fue de 17 L/m*h, muy por
debajo del flujo de permeado alcanzado en el pre-
sente trabajo con la membrana de 15 kDa a 50°C
y 0,15 MPa (37 L/m* h). Igualmente, Gaouar et al.
(29) también obtuvieron mayores permeabilidades
a mayor presién. Ellos trabajaron con membranas
tubulares Carbosep® (ZrO, soportada en carbén
poroso) de 10, 50 y 150 kDa para producir jarabes
de maltosa a partir de almidén de yuca sacarificado.
Este trabajo muestra que para mantener un flujo
constante de permeado de 20 L/m*h durante 6 h,
con una membrana de 50 kDa y temperaturas de
operacién entre 60y 68°C, era necesario aumentar
la presién transmembrana de 0,2 a 0,44 MPa. Sin
embargo, Mameria et al. (18) encontraron que para
bajas velocidades lineales, el flujo de permeado es
independiente a la presién transmembrana aplica-
da (al trabajar con presiones mayores a 0,2 MPa a
50°C). Esto lo comprobaron usando una membrana
Carbosep M5® de 10 kDa (ZrO, soportada en car-
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bén poroso) en un biorreactor membranario para
sacarificar los residuos s6lidos de la produccién de
aceite de oliva. Los resultados de Mameria et al. (18)
concuerdan con los encontrados por Kazemi ef al.
(30, 31) quienes hallaron que la presién tiene un
punto miximo después del cual no se incrementa
el flujo de permeado. Estos resultados explican el
comportamiento de los encontrados en el presente
articulo.

Los datos obtenidos en este trabajo sefalan la
posibilidad de llevar a cabo el proceso de filtracién
bajo condiciones moderadas de presién transmem-
brana, que permitan un menor desgaste de los
equipos y menores gastos energéticos. Igualmente,
el andlisis estadistico muestra que las variables de
entrada, en los rangos utilizados, no afectan de for-
ma significativa los °Brix y el % de materia de seca
(valores p mayores a 0,05), indicadores de la calidad
del producto. Es decir que ni la presién transmem-
brana ni la temperatura afectan significativamente
las caracteristicas del permeado. Estos resultados
son esperados en cuanto a calidad, debido a que la
selectividad depende tinicamente del tipo de mem-
brana, en este caso la exclusién se realiza por tamano
de poro: solo se permite el paso de sustancias mis
pequenias que el poro de la membrana; por lo tanto,
estas dos variables no deberfan afectar la cantidad
de sdlidos retenidos por la membrana.

En las pruebas utilizando membranas de mi-
cro y ultrafiltracién, los resultados muestran una
tendencia general de aumento de la colmatacién
(ensuciamiento) al aumentar el didmetro de poro de
la membrana. Esto es debido a la mayor presencia de
particulas que pueden pasar parcialmente a través
de los poros, impidiendo el paso de otras sustancias.
Gaouar et al. (29) encontraron que en todos los
casos, después de un periodo transitorio inicial, el
flujo de permeado disminuye con el tiempo y esta
disminucién es mds importante cuanto mayor es el
tamafio de poro. La pérdida de permeabilidad fue
evaluada en tres de membranas 10, 50 y 150 kDa'y
sus pérdidas de flujo aproximadas son de 10%, 33%
y 53%, respectivamente.

En las pruebas de calidad de permeado con
membranas ceramicas de diferente tamano de poro,
los resultados obtenidos indican que es posible
mejorar la productividad de esta técnica al utilizar
una membrana con un didmetro de poro de hasta
0,8 um. Esto aumentaria el flujo de permeado hasta
en 5,2 veces lo obtenido con una membrana de 15
kDa, que es la membrana mds utilizada por varios
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autores (17, 19, 20, 21, 22), sin que ello conlleve a
una pérdida significativa de la calidad del permeado.
Sobre este tema trabajaron Singh & Cheryan (8)
utilizando membranas cerimicas Ceramem® de 0,2
wm a 0,17 MPa y 60°C. Ellos evaluaron el grado
de clarificacién de los hidrolizados sacarificados
de almidén de maiz comparando el color del
permeado y del retenido. Sus resultados coinciden
con lo obtenido en el presente trabajo y muestran
que el hidrolizado clarificado fue consistentemente
menor en color a través de todo el proceso; estos
resultados confirman que la microfiltracion puede
ser efectivamente usada para la clarificaciéon del
almidén hidrolizado.

CONCLUSIONES

Este trabajo permiti6 el anélisis de la influencia
de la temperatura y presion transmembrana en la
clarificacién de hidrolizados de almidén de yuca,
asi como la comparacién con respecto al flujo de
permeado y calidad del permeado utilizando mem-
branas con distintos didmetros de poro. Los resul-
tados de este estudio contribuyen al mejoramiento
del proceso de produccién de jarabes de glucosa en
cuanto a tiempos, calidad y costos.

Especificamente, se encontré que: la presién
transmembrana y la temperatura no tuvieron un
efecto significativo en la operacién de ultrafiltra-
cién (bajo las condiciones evaluadas), mostrando
que se pueden obtener permeabilidades similares
a 1,5y 3 MPa a 70°C; lo que permite trabajar la
hidrdlisis bajo condiciones de presiéon moderadas 'y
a la temperatura de hidroélisis.

Igualmente, los resultados obtenidos evidencian
la posibilidad de trabajar con membranas de micro-
filtracién con didmetro de poro de hasta 0,8 um,
sin reducir la calidad del permeado y aumentando
la productividad hasta en 5,2 veces; mejorando la
eficiencia del proceso de clarificacién. Este tra-
bajo permitié comprobar las ventajas del uso de
membranas cerdmicas de a-alimina en la etapa de
clarificacién de hidrolizados de almidén de yuca,
entre ellas: resistencia térmica, mecanica y quimica;
ya que las membranas pudieron ser utilizadas en
diferentes condiciones de temperatura y presion,
ademis de permitir el uso de hipoclorito de sodio
como agente limpiador, segtin el protocolo de lim-
pieza (32). Otras ventajas como baja colmatacién
y alta selectividad se ven reflejadas a través de las
variables permeabilidad en el tiempo, porcentaje
retencién y turbidez.

M.V. Acevedo E. et al.

Los resultados obtenidos evidencian la posi-
bilidad de configurar el sistema en continuo para
minimizar los tiempos de parada, maximizar los
volimenes producidos y la posible recuperacién
de enzimas retenidas que podrian ser usadas en
reacciones sucesivas, mientras se remueven conti-
nuamente los productos a través de la membrana,
al mismo tiempo que se clarifica el hidrolizado
obtenido.

Limitaciones y recomendaciones

En un trabajo posterior es importante aumentar
la superficie membranaria del piloto utilizado, con
el fin de establecer estudios para la produccién de
hidrolizados de almidén de yuca en continuo.
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RESUMEN

Antecedentes: En Colombia, el fruto de la uchuva (Physalis peruviana) esta identificado como un
fruto promisorio de exportacién, por lo que la mejora de su procesamiento representa contribuir a una
mayor competitividad de la cadena. Objetivos: el objetivo de este trabajo fue optimizar en funcién de
pardmetros fisicoquimicos y reoldgicos la formulacién de una suspensién a base de pulpa de uchuva
mezclada con los aditivos maltodextrina (MD) y goma aribiga (GA) con fines de ser utilizada en secado
por atomizacién. Métodos: La optimizacién se realizé aplicando un disefio experimental central com-
puesto mediante superficie de respuesta con dos factores (MD y GA) y variables de respuesta (densidad,
°Brix, a, pH, y parimetros reoldgicos). Resultados: La caracterizacion reoldgica de las suspensiones
mostré un comportamiento tipo adelgazante con esfuerzo de cedencia (Modelo de Hershel-Bulkley). La
suspension que mejor se ajustd a los criterios de optimizacion para fines de secado por atomizacién fue
para la formulacién basada en MD (24%) y GA (0%) con caracterizacién reoldgica de Herschel-Bulkley
tipo adelgazante con indice de consistencia (K= 0,119+0,017 Pa.s"), indice de potencia (n=0,75%+0,03) y
esfuerzo de cedencia (t,= 0,092%0,069 Pa). Los resultados para las propiedades fisicoquimicas en el punto
optimizado fueron densidad = 1,167£0,005 g/mL, °Brix = 35,5%0,5,a = 0,974+0,002. El pH y t_ no
fueron estadisticamente significativos (p>0,05) en la formulacién de las suspensiones. Conclusiones: La
optimizacién experimental representa una herramienta importante que permitié obtener una formulacién
de uchuva con MD y GA apta para secado por aspersion, representando un ahorro en tiempo y dinero
para el investigador y la industria.

Palabras clave: Physalis peruviana L., goma ardbiga, maltodextrina, reologia, optimizacién experimental.

ABSTRACT

Background: In Colombia, the Cape gooseberry fruit (Physalis peruviana) is identified as a promising
export fruit, so improving its processing is contributing to greater competitiveness of the chain. Objec-
tives: The aim of this study was to optimize suspension of cape gooseberry pulp mixed with gum arabic
(GA) and maltodextrin (MD) with the purpose of being used in spray drying. Methods: The optimi-
zation was performed using a central composite design with response surface of two factors (MD and
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GA) and response variables (density, ° Brix, water activity (a_), pH, and rheological parameters). Results:
The rheological characterization of the suspensions showed a shear thinning behavior with yield stress
(Herschel-Bulkley Model). The results indicated that best suspension to be used in spray drying would be
formulated with MD (24%) and GA (0%) showing a rheological response of Herschel-Bulkley fluid with
consistency index (K=0.119+0.017 Pa-s"), power index (n=0.75%0.03) and yield stress (t,=0,092%0,069
Pa). To the optimized condition, the results for the physicochemical properties were density (1.167 +
0.005 g/mL), °Brix (35.5%0.5), a  (0.974%0.002). Additionally, the pH and t_ of Herschel Bulkley model
was not statistically significant (p>0.05) in the suspension formulation. Conclusions: The experimental
optimization is an important tool that allowed us to obtain a formulation of gooseberry with MD and
GA suitable for spray drying, representing a saving in time and money for research and industry.

Keywords: Physalis peruviana L., gum arabic, maltodextrin, rheology, experimental optimization.

INTRODUCCION

Physalis es un importante género de la familia
Solanaceae contando con cerca de 120 especies que
se distribuyen a través de las regiones tropicales y
subtropicales del mundo, encontrindose princi-
palmente en América, con un pequefio ntimero de
especies en Europa y en los paises del suroriente y
centro de Asia. Physalis peruviana L., denominada
comtinmente en Colombia como uchuva (Cape
gooseberry) es una de las especies mis conocidas
de este género y es ampliamente utilizada en la
medicina tradicional como anticancerigeno, es cul-
tivada en zonas alpinas y subparamos, entre 2300y
3000 m.s.n.m y temperaturas entre 6 y 17°C, con
cacarteristicas fisicoquimicas como pH DE 3,5 A
3,7; °Brix entre 13 y 15 y acidez alrededor de 1,6 a
2,0% (1-7). La uchuva es unos de los frutos de mayor
tasa de exportacion desde Colombia con niveles de
exportacién alrededor de 28 millones de ddlares y
5.200 toneladas (8), siendo Europa el destino prin-
cipal, destacindose Alemania y Holanda con mis
del 60% de la demanda (9).

La técnica de secado por atomizacién es la mas
utilizada para obtener productos en polvo y micro-
particulas (10). Consiste en agregar el compuesto
que se requiere recuperar en una solucién de un
polimero que lo vehiculice y forme una cavidad
protectora. Para el secado de pulpas de frutas, el
polimero se mezcla con la pulpa, formando una
suspension, que luego es bombeada a una cimara
de atomizacién. El fluido es atomizado por un
disco rotatorio o boquilla de presién y mediante la
circulacion del aire a temperaturas de entrada supe-
riores a 100 °C e inferiores a 250 °C, se produce la
eliminacién del agua y la formacién de las micro-
particulas (10-11). Entre los materiales auxiliares de
secado mds frecuentemente usados para el secado

por atomizacién se encuentran las gomas (ardbiga,
carragenina); proteinas (gelatina, caseinato); almi-
dones modificados y maltodextrinas (12-16). La
goma arabiga (GA) es un biopolimero obtenido del
exudado del drbol acacia, de la familia Leguminosae,
originaria de Egipto de las especies senegal y seyal,
es uno de los materiales formadores de pelicula
mis efectivo para microencapsular; sin embargo, el
costo y su limitada disponibilidad comercial, han
restringido su uso a nivel industrial (13-16). Por su
parte, la maltodextrina (MD) es un polisacirido no
edulcorante, con un aporte nutricional de 4 calorias
por gramo, obtenido de la hidrdlisis parcial, dcida
y/o enzimdtica del almidén de papa, arroz o maiz
obteniendo entre 2 y 20 equivalentes de dextrosa
(DE). La aplicacién de la MD en el proceso de
encapsulacién estd asociada a la baja viscosidad, a
altos contenidos de sélidos, a la buena solubilidad,
a la capacidad de formar peliculas y a su bajo costo
(17-19).

La reologfa representa una ciencia de mucho
interés en el campo de los alimentos, ya que estudia
la deformacién y flujo de las materias primas sin
procesar, de los productos intermedios o semielabo-
rados y los productos finales de la industria alimen-
taria (20-21). Se ha encontrado que el aumento de
las concentraciones de MD conduce a la produccién
de tamanos de particulas mayores, si se mantiene
constante la presiéon de atomizacién o la velocidad
de rotacién del disco; esto puede estar relacionado
con laviscosidad de la alimentacidn, la cual aumenta
de manera exponencial con la concentracién de
MD. Algunos autores también encontraron que
a mayor viscosidad disminuye el rendimiento de
s6lidos cuando la presién de atomizacién o las RPM
del disco atomizador son constantes (22-24). Los
modelos reolégicos representan una relacién mate-
mitica que permite caracterizar la naturaleza fisica
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de un fluido, estudiando la viscosidad en funcién
de la deformacién y/o el tiempo. Para ello, se utili-
zan normalmente los modelos constitutivos donde
se relacionan el esfuerzo cortante con la razén de
deformacion y/o tiempo (25-27).

Actualmente el nivel de industrializacién de
la uchuva estd en ascenso concentrindose parti-
cularmente en el uso del producto fresco (fruta),
mermeladas, gelatinas, bocadillos, aromdticas, pro-
ducto liofilizados, pulpas concentradas o productos
minimamente procesados. Sin embargo, procesos
industriales de aprovechamiento de la pulpa usando
tecnologia de secado por aspersién con el objetivo
de desarrollar productos en polvo diferenciados
no se han reportado en Colombia, productos que
podrian generar expectativas a nivel industrial
con caracteristicas de comercializacién nacional o
internacional.

Asi, el objetivo de este trabajo fue optimizar la
formulacién de una suspension a base de pulpa de
uchuva mezclada con GA (1,14 - 13,86%) y MD
(9,51 - 26,49%), en funcién de parimetros reol6-
gicos y fisicoquimicos, y con fines de ser utilizada
en secado por atomizacion.

MATERIALES Y METODOS

Se utilizaron uchuvas frescas (UF) ecotipo
Colombia provenientes de fincas productoras del
municipio de la Unién, Departamento de Antioquia
(2.500 m.sn.m y temperatura promedio de 13°C).
Las uchuvas se seleccionaron libres de dafos ex-
ternos y con una madurez comercial en la escala
de color 3 a 4, segtin la norma técnica colombiana,
NTC 4580 (28). Frutos de uchuva fueron desinte-
grados inicialmente en una licuadora industrial a
3.500 rpm, luego esta pulpa desintegrada se despul-
pé mecinicamente a 3.500 rpm con un cedazo de
1000 w (despulpadora, Comek S.A.); y finalmente,
este producto se refind manualmente en una malla
de 500 w para obtener la pulpa final, que se almace-
né a 4°C. Se utilizé como aditivo MD (Shandong
Boalingbao Biotechnology Co Ltd®) con DE entre
19 a 20, solubilidad 98%, pureza 96,4%. Adicional-
mente, la GA (Caragun International — Additifs
Alimentaires®) de solubilidad 98% y pureza 96%. La
suspension de alimentacién al secador por aspersién
(pulpa mis aditivo) se homogeniz6 utilizando un
Ultraturrax T25, Janke & Kunkel IKA — Laborte-
chnik a 8000 rpm durante 2 minutos.

M. Cortés R. et al.

Analisis fisicoquimicos y reoldgicos.

Se determind la actividad de agua (a,) con un
higrémetro de punto de rocio a 25 °C AquaLAB
Decagon serie 3TE (AOAC 978.19B(c) 1998) (29),
sélidos solubles o °Brix con un refractémetro Leica
auto ABBE (AOAC 932.12, 1998) (29), pH con un
potenciémetro Schott CG840B (AOAC 981.12,
1998) (29) y la densidad del liquido por el método
del picnémetro a 20 °C (AOAC 945.06, 1998) (29).
Se utilizé un reémetro Brookfield modelo DV-III
Ultra y geometria cilindros concéntricos, con una
separacién de 0,9 mm, temperatura controlada de
20 °C, velocidad de deformacién de 1022 10°s™y
un tiempo total de ensayo de 1000 s. Las pruebas
reoldgicas rotacionales de las cuales se obtuvieron
las respectivas curvas de flujo y reogramas, se
realizaron aplicando una rampa de descenso y as-
censo, tomando esta dltima curva para determinar
el ajuste de los modelos reoldgicos independientes
del tiempo. Los datos experimentales se ajustaron
a los modelos de Bingham (ecuacién 1), Casson
(ecuacion 2), Herschel-Bulkley (ecuaciéon 3) y Ley
de potencia (ecuacién 4):

t=1,+Ky Ecuacion 1.

Ecuacion 2.

Vo=, ) + VK \G)

=1, +KF") Ecuacion 3.

T=Kqy" Ecuacion 4.

La viscosidad aparente (u,) en Pa.s., estd dada
por (20):

w="= Ecuacion 5.
a 7

En las expresiones anteriores T es el estuerzo
cortante aplicado en Pa, y es la tasa de deformacién
por cortante en s, K, T,y n son constantes prove-
nientes de la regresién para cada modelo respectivo.

Optimizacion de la suspension

Para el proceso de optimizacién de la suspen-
si6n se aplicé un disefio experimental de superficie
de respuesta central compuesto con dos factores

(%MD y %GA) y variables de respuesta (densidad,
°Brix, a, pH y parimetros reoldgicos), utilizando
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el software Design Expert 6.0. Los pardmetros reo-
légicos para la optimizacién fueron seleccionados
de acuerdo al mejor modelo segtin la bondad de
ajuste en la regresién. La region de anilisis se {1j6
para limites inferior y superior como sigue: MD
(9,51 — 26,49%) y GA (1,14 -13,86%).

La tabla 1 muestra los 11 experimentos (3 puntos
centrales y 8 no centrales) definidos por el disefio
experimental, generando el siguiente modelo:

Y= + a*MD + B*GA +
Y*MD*GA + §*MD’ + £¢*GA*. Ecuacién 6

Tabla 1. Disefio experimental para las suspensiones de
Uchuva.

Factores

N° MD (%) GA (%)
1 26,49 7,50
2 12,00 3,00
3 24,00 3,00
4 12,00 12,00
5 18,00 7,50
6 18,00 1,14
7 9,51 7,50
8 18,00 7,50
9 24,00 12,00
10 18,00 13,86
11 18,00 7,50

Las restricciones para el proceso de optimizacion
fueron establecidas maximizando los sélidos solu-
bles medidos en °Brix y la actividad de agua (a,) y
minimizando el pH, indice de consistencia (K) e
indice de flujo (n) (22-23).
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RESULTADOS

Caracterizacion reolégica

La figura 1 presenta las curvas de fluidez de las
11 formulaciones del disefio experimental para las
suspensiones de uchuva.

100,00
Ensayo 1
90,00
80,00 Ensayo 2
[
t 70,00 Ensayo 3
E 60,00 Ensayo 4
£
2 50,00 ==—=Ensayo 5
o
E 40,00 =—=Ensayo 6
=
:"-] 30,00 e Ensayo 7
20,00 ———Ensayo 8
10,00
Ensayo 9
0,00 *
0,00 50,00 100,00 150,00 ———Ensayo 10
Gradiente de deformacion 1/s Ensayo 11

Figura 1. Curva de fluidez, esfuerzo cortante vs
gradiente de deformacién.

La tabla 2, presenta los resultados para los mo-
delos reolégicos que presentaron la mejor bondad
de ajuste (Casson y Herschel-Bulkley) determinada
por un alto coeficiente de determinacién (R?). De
los modelos ajustados, fue el modelo de Bingham el
que presentd la menor bondad de ajuste (R*<0,7),
seguido por la ley de potencial (R°= 0,91). En
general, se puede observar un mejor ajuste con el
modelo de Herschel-Bulkley con relacién al modelo
de Casson, lo cual se puede explicar al hecho de
que el modelo de Casson no presenta la habilidad
de expresar la disminucién de la viscosidad con el
incremento tasa de corte (la viscosidad es constante
para este tipo de modelo), comportamiento tipico
presentado en las suspensiones preparadas a partir

de MD y GA

Tabla 2. Parimetros reolégicos para los Modelos de Casson y Herschel-Bulkley.

Casson Herschel Bulkley

Ensayo " 1 2 1 -1 2

K x10 n T .x10 R Kx10 n T x10 R
1 2,69x0,67 0,50 | 1,98+0,79 | 0,98 | 4,50%0,85 | 0,89+0,04 | 1,72+0,65 | 0,999
2 0,47x0,12 0,50 | 6,80x1,17 | 0,93 | 4,69%0,95 | 0,45+0,15 | 0,02+0,05 | 0,919
3 0,95+0,14 0,50 | 1,04=0,55 | 0,95 | 1,80%=0,45 | 0,88+0,07 | 1,22+0,72 | 0,983
4 1,67%0,26 0,50 | 4,07+1,47 | 0,96 | 503%0,76 | 0,81%£0,03 | 0,98%0,18 | 0,999
5 1,73%0,81 0,50 | 1,30+0,26 | 0,93 | 2,58+0,88 | 0,90+0,08 | 2,28+1,91 | 0,956
6 0,40+0,04 0,50 | 2,90+0,83 | 0,95 | 2,83%+0,98 | 0,57+0,09 | 0,04+0,02 | 0,906
7 0,71+0,07 0,50 | 4,20+£0,99 | 0,95 | 3,64+043 | 0,71%+0,02 | 0,20+0,16 | 0,959
8 1,37+0,83 0,50 | 1,94+0,59 | 0,96 | 3,02+0,34 | 0,86%0,04 | 1,46+0,77 | 0,998
9 5,87+1,16 0,50 | 2,67+£0,49 | 0,97 | 9,94+094 | 091%0,02 | 0,63+£0,24 | 0,998
10 3,76+1,00 0,50 | 4,48+0,51 | 0,97 | 8,56%0,32 | 0,86%0,01 | 0,75%0,14 | 0,999
11 1,44+1,01 0,50 | 1,56+0,79 | 0,94 | 2,94+0,15 | 0,87=0,02 | 0,88+0,25 | 0,951
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La tabla 3, presenta los efectos asociados a los
factores de estudio con sus interacciones, para las
variables respuesta indice de consistencia (K) e
indice de flyjo (n). El ANOVA usando un modelo
de regresién de segundo orden fue significativo
(p<0,05) mostrando que los factores %MD y %GA
con sus interacciones son influyentes en el rango de
formulacién, mientras la variable respuesta esfuerzo
de cedencia (t,) no fue significativa (p>0,05) en el
rango de estudio.

Tabla 3. Coeficientes del modelo estadistico para los
parimetros reolégicos de Hershel-Bulkley.

VITAE
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Caracterizacion fisicoquimica.

Las tablas 4 y 5, indican los pardmetros fisicoqui-
micos de densidad de suspensién, “Brix, a_ y pH, y
los efectos asociados a los factores de estudio con sus
interacciones, respectivamente. El ANOVA, mostré
efectos significativos (p>0,05) con los factores de
%MD y %GA excepto para el pH (p<0,05), siendo
su valor promedio 3,36 +0,03. Estos resultados son
similares a los reportados por Dak et al. (34-35).

Tabla 4. Caracterizacién fisicoquimica de las
suspensiones de uchuva.

e TIndice do Tndice de flujo Factores : Parametros fisicoquimicos
consistencia (Pa.s") (n) N© N:D (jA Densidad Brix a pH

L 028 0.88 (%) | (%) | (g/mL) ¥
; 0,040 0,098 1 ]2649 | 750 | 1,195£0,002 | 42204002 | 0969=0,002 | 3370, 01
5 021 0.10 2 [ 1200 | 3,00 |1,125+0,002 | 27.40+0,04 | 09780003 | 3350, 01
y 0.20 0,083 3 2400 | 3,00 | 1,170£0,001 | 37,00+0,02 | 0,973+0,002 | 3,380, 02
A 0,073 -0,037 4 | 1200 | 12,00 | 1,152£0,002 | 34,00+0,09 | 0974+0,004 | 3360, 01
P 0,15 -0,080 51800 | 750 |1,160+0002 | 3500007 | 0,973+0,001 | 3,380, 02
Modelo (p<0,05) 0,0001 0,0022 6 1800 | 1,14 | 1,1340,001 | 30,00£0,02 | 0,9770,002 | 3,320, 01
Falta de ajuste (p<0,05) 0,2343 0,1218 7 [ 951 | 750 [ 112320001 | 29002001 | 09780003 | 3330, 03
R 28,97 549 8 | 1800 | 750 |1,155+0,001 | 34,400,02 | 0,97420,002 | 3340, 01
La figura 2, muestra la superficie de respuesta | 9 | 2400 | 1200 | 1,187+0,003 | 42,00+£0,05 | 0,970+:0,004 | 34120, 02
para los parimetros reolégicos Ky n del modelode | 10 | 1800 | 1386 | 1,17120,005 | 39,60:£0,03 | 0973=0,002 | 3,410, 01
Herschel-Bulkley, en funcién del % MD'y %GA {11 [ 1500 | 750 | 1,156+0002 | 3500+002 | 097540001 | 330,04

utilizados en la suspension.

K (Pa.s™)

84

A: % Maltodextrina B: % Goma Arabiga

240 30

LA AT
RIS
AT A AT A AT

e R SIS,

120

"% A: % Maltodextrina

30 120

B: % Goma Arabiga

Figura 2. Superficie de respuesta de los pardmetros reolégicos de Herschel-Bulkley: indice de consistencia (2a);

indice de flujo (2b).
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Tabla 5. Anilisis de varianza para las variables fisicoquimicas de las suspensiones de uchuva.

Efecto Densidad (g/mL) °Brix a,
o 1,16 34,80 0,970
o 0,023 4,53 -0,0027
§ 0,012 3,15 -0,0016
Y -0,0025N% -0,40N8 0,00025™S
A 0,0016™° 0,38N% -0,00037"%
€ -0,0015™¢ -0,025M° 0,00037™S
Modelo (p<0,05) 0,0002 <0,0001 0,0031
Falta de ajuste (p<0,05) 0,2078 0,3756 0,5901
R? 98,22 99,64 94,81

NS: no significativo
La figura 3, presenta las superficies de respuesta de los pardmetros fisicoquimicos (densidad, *Brix y
a_) en funcién de los factores de estudio (%MD y %GA).
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Figura 3. Superficie de respuesta de los parimetros fisicoquimicos para suspensiones de uchuva: a) densidad; b)

“Brixyc)a,.

Optimizacion de la suspensién

Para la optimizacién del proceso, las varia-

Los resultados de la optimizacién se indican en la
tabla 6, en la cual la optimizacién I es dada tenien-

bles (pH=3,36+0,03) y esfuerzo de cedencia do presente la formulacién basada con MD y GA.
(t,=0,092%0,069 Pa) al no presentar efecto esta- Debido a que el % GA es en proporcion mucho
distico (p>0,05), no se tuvieron en cuenta en las  menor al % MD en la formulacién y que esta supera

restricciones del proceso de optimizacién. Adicio-
nalmente, el modelo seleccionado para la optimiza-

en costos a la MD en un relacién de 5 a 6 veces su
precio, se decidié generar una segunda optimizacién

cién fue el Herschel-Bulkley, ya que los pardimetros  de la suspensién considerando la ausencia de la GA
reoldgicos presentaron la mejor bondad de ajuste.  (Optimizacién II).



136

VITAE

M. Cortés R. et al.

Tabla 6. Resultados del proceso de optimizacién para suspensiones de uchuva.

Variables de respuesta optimizadas
Optimizacién | MD (%) | GA (%) K
Densidad (g/mL) [ oBrix aw n
(Pa.sn)
I 22,17 3,0 1,160x0,007 35,2+0,710,974%0,003 | 0,143%+0,012 | 0,83£0,08
1I 24,00 0 1,167+0,005 35,5%+0,510,974+0,002 1 0,119+£0,017  0,75%+0,03
DISCUSION producto y caracteristicas fisicoquimicas y estruc-

Caracterizacion reolégica

Los grificos de la figura 1 presentan una ten-
dencia no lineal a medida que crece el gradiente de
deformacién, lo cual identifica un comportamiento
no newtoniano, el cual se define como aquellas
sustancias cuyo indice de flujo (n) es menor o
mayor a 1 (21).

La tabla 2, muestra que los modelos de Casson
y Herschel-Bulkley, describen adecuadamente el
comportamiento de un fluido no newtoniano, tipo
adelgazante con esfuerzo de cedencia (n<1y t_>0).
Comportamiento reoldgico para concentraciones
acuosas entre 10-30 %GA han sido similares a los
encontrados en este trabajo (30) con lo que se refuerza
el efecto del nivel de concentracién de los sistemas
de alto peso molecular en la respuesta reoldgica
para las suspensiones acuosas. Para la mayorfa de
las matrices alimentarias y productos de naturaleza
bioldgica, los modelos de Casson y Herschel-Bulkley
generalmente presentan un mejor ajuste a los datos
experimentales con respecto a los modelos de ley de
potencia y Bingham (31). Estos modelos han sido
utilizado para describir el comportamiento reol6-
gico de diversos productos como pulpa de mango
(32-35), guayaba (36), cereza de las indias (37) jugo
de zanahoria pasteurizado (38) y miel de abeja (39).

Para el modelo de Herschel-Bulkley, el indice de
consistencia (K) presenté valores en el intervalo de
0,180 2 0,994 Pa.s", los cuales son menores con res-
pecto a otras pulpas como la de mango a 16,6°Brix
de 3,41 a 4,57 Pa.s", en el intervalo de 10 a 60 °C
(32) y en la pulpa de papaya de 12 a 51°Brix de 0,7 a
15,3 Pa.s", en el intervalo de 25 a 55 °C (40). Adicio-
nalmente, los valores del indice de comportamiento
de flujo (n) para las pulpas de mago y papaya (0,154
y 0,240 respectivamente), fueron menores a los
obtenidos para la pulpa de uchuva con MD y GA,
donde los aditivos no generaron efectos significati-
vos en la matriz alimenticias evaluada (32-35). Estas
diferencias son debidas a la diferente naturaleza del

turales de la pulpa y los aditivos estudiados (37-41).
Desde el punto de vista industrial, la disminucién
en los indices de consistencia, indice de flujo y la
baja magnitud del esfuerzo de cedencia facilitaria
el transporte por bombeo, el intercambio de calor
y de masa durante el procesamiento por secado por
aspersién disminuyendo también las pérdidas de
cabeza de presion durante el transporte de flujo,
resultando en poca demanda de energfa para el
proceso (27).

Los modelos descritos en la tabla 3, pueden ser
usados de forma predictiva (falta de ajuste no signi-
ficativa) para estimar los pardmetros reolégicos del
modelo Herschel-Bulkley en funcién del %MD y
9%GA. Para la variable respuesta indice de consisten-
cia (K), los efectos asociados a los factores de estudio
con sus interacciones son positivos, lo que muestra
que un incremento en los valores de formulacién
dard como resultado un mayor valor de K. En la
variable indice de flujo (n), el efecto individual de
cada factor es positivo, pero la combinacién de los
factores tiene un efecto negativo en el valor esperado
de la variable respuesta.

La figura 2a, muestra que altos %MD con bajos
%GA generan bajos valores de K, mientras que
altos %MD con altos %GA generan los mayores
valores para el indice de consistencia (K). Ademis,
se observa un efecto positivo de cdmo incrementa
el valor de K cuando €1 %MD es mayor y se aumen-
ta progresivamente con él %GA, lo que refuerza
el efecto que la adicién de sistemas de alto peso
molecular contribuyen a los efectos espesantes. Se
observa el efecto espesante con el incremento de la
concentracién de goma arabiga, situacién similar ha
sido encontrada en otros productos tales como sus-
pensiones de mango y pifia (25). Adicionalmente,
la tigura 2b, muestra la relacién entre los aditivos
usados y el indice de flujo (n) obtenido, indicando
que altos %MD y %GA incrementan su valor. Por
otro lado, menores valores de n se obtienen para
bajos %MD y %GAy con ello menor efecto viscoso.
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En las superficies de repuestas de la figura 2, se
nota la alta correlacién entre los aditivos, princi-
palmente en los parimetros reolégicos mostrando
puntos miximos y minimos, indicando que en estos
puntos se obtiene la maxima interaccién de la pulpa
de uchuva con la MD y GA (33-42). Esta interac-
cién pulpa-aditivo sobre los pardmetros reolégicos
es explicada por sus estructuras, donde los aditivos
empleados presentan amplia cantidad de puentes de
hidrégenos, y diferencias conformacionales, donde
la MD posee una conformacién de cadena lineal
a diferencia de la GA, que es ramificada (32-42).

Caracterizacion fisicoquimica.

Los resultados de las tablas 4 y 5, indicaron
una relacion lineal entre las variables de respuesta
con respecto alos %MD y %GA. Adicionalmente,
los altos coeficientes de regresién obtenidos
(R*>0,94) y falta de ajuste no significativa
(p>0,05), indican que los modelos obtenidos son
de naturaleza predictiva en el rango de los % de
aditivos estudiados.

Los valores de densidad y °Brix aumentaron con
los %MD y %GA y como consecuencia también
aumentaron el indice de consistencia, aunque laa
mostré tendencia a disminuir con el porcentaje de
los aditivos. Este comportamiento ha sido reportado
en diversos productos como pulpa de mango (32-
35), guayaba (36), cereza de las indias (37) jugo de
zanahoria pasteurizado (38) y miel de abeja (39).
La pulpa uchuva mezclada con MD y GA obtenida
presenté mayor contenido de solidos solubles a las
obtenidas en mango por Vidal et al. (32) (°Brix =
16,6, densidad = 1,112 g/mLya = 0,981); y que las
obtenidas en la pulpa de papaya por Telis ef al. (40)
(°Brix = 12, densidad = 1,232 g/mL en el intervalo
de 25°C a 55°Cya, = 0,973).

En la figura 3, se observan que los cambios son
mis apreciables en los °Brix, debido al aporte de
solidos solubles de la MD como un polisacirido
moderadamente dulce; mientras que la densidad
incrementa desde 1,123 2 1,195 g/mL debido al peso
molecular de ambos aditivos (19). Pedrozaet al. (16),
evidenciaron el efecto significativo de la MD y la
GA sobre la densidad, aunque sus interacciones
no fueron significativas, situaciéon evidenciada en
esta investigacién. Los °Brix para las suspensiones
estudiadas incrementaron de 27,4% a 42,2%, donde
el %MD tiene un efecto mayor que él %GA. Sin
embargo, la interaccién de estos componentes no
fue significativa, lo que es atribuible a que los °Brix
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son el mismo % de sélidos solubles, por lo que no
hay mis componentes sélidos en la mezcla que re-
fracten la luz en dngulo diferente a un azdcar. Este
aumento de los °Brix se considera benéfico, ya que
incrementa el tamano de particula (37-41). La a
presenta una tendencia a disminuir con respecto
a los %MD y %GA, siendo estos cambios obser-
vados minimos (0,969 a 0,978), aunque el modelo
consideré la incidencia del %MD y %GA como un
efecto significativo. Las interacciones para los adi-
tivos no presentaron efectos significativos; aun asf,
ambos hidrocoloides confirieron un ligero efecto
depresor de la a en la suspensién con respecto a
pulpa de uchuva (0,969 = 0,005 a 0,985 * 0,004,
respectivamente).

El pH no presenté diferencias significativas
con respecto a los aditivos empleados, siendo su
variacién en el rango de 3,32 a 3,41. No obstante,
se observa una mayor influencia por efecto del
incremento del %GA, ya que en solucién su pH
varfa entre 4y 6 (42), y que se hace sinérgico con el
incremento del %MD.

Optimizacion de la suspension.

Un anilisis entre las dos optimizaciones de la
tabla 6, no muestra diferencias apreciables entre
las variables evaluadas. En la optimizacién II los
valores de Ky n son menores con relacién a la Op-
timizacioén I, lo que favorece un menor consumo de
energfa de bombeo y atomizacién, un incremento
del rendimiento en la recuperacién de sélidos de la
pulpa mediante un procedimiento de secado por
atomizacién, y una disminucién de los costos, lo
cual es respaldado por Lopera et al. (42), Tonon et
al. (22) y Jinapong et al. (23).

Las restricciones consideradas se consideran im-
portantes, debido a que a mayor densidad y °Brix, se
obtiene un mayor tamano de particula en el polvo
y el proceso de secado se realiza a menores costos;
a menor a_se da mayor interaccién entre el aditi-
vo y el agua por lo que se requiere mayor energfa
para evaporar el agua, en el secado por aspersion.
Por otro lado, si la suspensién tienen un menor
indice de flujo (n<<1), requerird menor potencia
de bombeo y de atomizacién, y al ser relacionado
con un indice de consistencia menor, se facilita
una mejor transmisién de calor desde el aire hasta
la gota atomizada, generando un secado ripido,
obteniéndose un producto en polvo homogéneo y

estable (22-24) (44).
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CONCLUSIONES

Las suspensiones evaluadas presentaron un
comportamiento reoldgico de fluidos no new-
toniano y adelgazante con el esfuerzo, siendo los
modelos reolégicos de Hersey Bukley y Casson
los que presentaron el mejor ajuste de regresion.
El conocimiento de los factores reolégicos y fisico-
quimicos permitié obtener la combinacién 6ptima
de las materias primas que admitan aumentar al
maximo los sélidos, con una viscosidad apta para
alimentar al secador por aspersion. Este disefno lo-
gra, con pocas réplicas, optimizar las variables del
proceso, lo que significa ahorro en tiempo y dinero
para el investigador y la industria. La combinacién
de MDDy la pulpa de uchuva (°Brix = 35,5%=0,5),
sin GA y con pardmetros reolégicos de acuerdo al
modelo de Herschel-Bulkley (K = 0,119+0,017 y
n = 0,75+0,03), permitieron obtener una minima
viscosidad aparente logrando el equilibrio entre las
variables bisicas que permiten el bombeo de la sus-
pensién y favoreciendo el rendimiento del producto
en un proceso posterior de secado por aspersion.

Conflicto de intereses.

Los autores manifiestan que no se tiene ningin
interés comercial o asociativo que represente un
conflicto de intereses en relacién con el trabajo
presentado.

Limitaciones del presente estudio.

A pesar de que el esfuerzo de cedencia se obtuvo
por ajuste matemdtico (modelo de regresion), debié
de realizarse una validacién del valor encontrado
usando el método de aspas y/o dinimica oscilatoria,
técnicas instrumentales que no se tenfan disponi-
bles. Por lo tanto, se sugiere en fututos estudios
que impliquen un andlisis reolégico con esfuerzos
de cedencia su validacién experimental. Adicional-
mente, en este estudio se evalud la caracterizacién
reolégica y fisicoquimica a temperatura constante.
Sin embargo, seria importante evaluar el efecto de
la temperatura para las variables fisicoquimicas y
reoldgicas, ya que a nivel industrial para algunas
aplicaciones se debe de calentar la suspensién para
ser alimentada al secador por atomizacién.
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ABSTRACT

Background: The microbiological and chemical processes are the main responsible for deterioration
of fresh fish. Therefore, it is essential to avoid these processes by applying good manufacturing practices
during fish handling, distribution and storage. Objective: The aim of this paper was to evaluate the
physico-chemical and microbial changes in commercial tilapia (Oreochromis niloticus) during cold storage
in order to establish the shelf life since its arrival at the supermarket. Methods: 27 aquacultured tilapia
specimens were analyzed at 0, 2, 4, and 7 days of storage at 4°C. Measurements of texture, color, water
holding capacity, total volatile basic nitrogen (TVB-N), thiobarbituric acid index, ATP-related compounds,
as well as microbial analyses were carried out. Results: The TVB-N content was high at the beginning of
the study, remaining stable during the storage. Lipid oxidation of samples was minimum, so this process
did not contribute to the fish spoilage. It was observed the breakdown of inosine-5- monophosphate (IMP)
into Ino (inosine), and Ino into Hx (hypoxantine). The texture parameters and colour underwent changes
as a consequence of the fish spoilage. Low microbial counts were observed at day 0, but Enterobacteriaceae
and mesophilic counts gradually increased throughout storage. Conclusions: The K, -value showed the
progressive spoilage of the fish during the cold storage. The decrease of hardness and firmness confirmed
the loss of quality throughout the time of study. The low microbial counts at the beginning of the study
demonstrated the good quality of the tilapia; however, the increase of the mesophilic counts at the end
of the studied period showed that tilapia was not fit for human consumption at day 7.

Keywords: Tilapia, quality, shelf-life, cold storage.

RESUMEN

Antecedentes: Los procesos microbiolégicos y quimicos son los principales responsables del deterioro
del pescado fresco. Por tanto, es esencial evitar estos procesos aplicando buenas pricticas de fabricacién
durante la manipulacién, distribucién y almacenamiento del pescado. Objetivo: El objetivo de este trabajo
tue evaluar los cambios fisico-quimicos y microbiolégicos en tilapia comercial (Oreochromis niloticus) du-
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rante el almacenamiento refrigerado con el fin de establecer la vida atil desde su llegada al supermercado.
Métodos: 27 especimenes de tilapia fueron analizados a dfa 0, 2, 4 y 7 de almacenamiento a 4 °C. Se
llevaron a cabo medidas de textura, color, capacidad de retencién de agua, nitrégeno basico volatil total
(N-BVT), indice del dcido tiobarbitirico, compuestos relacionados con el ATP, asi como andlisis micro-
bianos. Resultados: El contenido en N-BVT fue alto al principio del estudio, siendo estable durante el
almacenamiento. La oxidacion lipidica de las muestras fue minima, por lo que este proceso no contribuyé
al deterioro del pescado. Se observé la degradacién de inosina-5’- monofosfato (IMP) a Ino (inosina), y
de Ino a Hx (hipoxantina). Los parimetros de textura y color sufrieron cambios como consecuencia del
deterioro del pescado. Se observaron bajos recuentos microbianos a dia 0, pero los recuentos de Enterobac-
teriaceae y de meséfilos aumentaron gradualmente durante el almacenamiento. Conclusiones: El valor K,
mostré el deterioro progresivo del pescado durante el almacenamiento en refrigeracién. La disminucién
de dureza y firmeza confirmé la pérdida de calidad a lo largo del tiempo de estudio. Los bajos recuentos
microbianos al principio del estudio demostraron la buena calidad de la tilapia; sin embargo, el aumento
de los recuentos de meséfilos al final del periodo estudiado mostraron que la tilapia no era adecuada para
el consumo humado a dfa 7.

Palabras clave: Tilapia, calidad, vida dtil, almacenamiento refrigerado.

INTRODUCTION Freshness is the most important attribute when
evaluating fish quality. When fish die, several post-
mortem changes take place. They are related to the
breakdown of the cellular structure and biochem-
istry, and also to the growth of microorganisms
that are either naturally associated with fish or
. / form part of the flora due to contamination during
creased dramatically in the last two decades, and handling (4). These modifications, which aftect fish
has been driven chiefly by the rapid development quality and shelf life, are changes in pH, texture,
of tilapia and other species. Tilapia is the third most =~ (. ¢or holding capacity and color, protein and ATP
cultured fish, after carps and salmonids, and the degradation, lipid oxidation, as well as production
global production of this fish rose to 3.5 million of ¢, hdesirable compounds such as molecular low

tons in 2010 (1). Tilapia ofters adequate biologic and weight volatile bases (TVB-N), which are produced
ecologic features, such as adaptability, fast growth, by bacterial or enzymatic action.

disease resistance and efficient feed conversion
capacity (2), and is one of the fish species with the
highest production and distribution worldwide.
Aquaculture tilapia production is located mainly in
Asia, with 72% of world production, followed by
Atrica (19%) and America (9%) (1). Itis believed that
imports of tilapia to Europe will increase signifi-
cantly in the near future because, owing to environ-
mental concerns, more consumers are looking for
suitable alternatives to white fish fillets. The main
markets in the European Union (EU) are big cities
where large communities of African, Chinese and
Asian citizens live. However, tilapia consumption
in non-ethnic markets has also increased recently.
China is the leading supplier of European countries,
and Poland, Spain and Germany are the largest
markets in the EU (3).

Aquaculture is expanding in all the continents
as far as new areas and species are concerned, and is
also intensitying and diversifying the product range
in species and product forms to meet consumer
requirements. Freshwater fish production has in-

The quality of fish products found in supermar-
kets is highly related to handling, transportation and
distribution conditions. Scientific shelf life studies
have been carried out to determine changes dur-
ing chilled storage (5, 6, 7). Some of these studies
start at the time of slaughter or capture; however,
the fish that usually arrive at retailers do not always
present the same freshness. Nowadays, consumers
are far away from fish production areas. Although
distribution channels have improved in the last few
decades, the long distance between producers and
consumers means that fish arrive at the supermar-
kets with different grades of freshness.

The aim of this work was to evaluate the physi-
co-chemical and microbial changes in commercial
tilapia (Oreochromis niloticus) during cold storage in
order to establish the shelf life from its arrival at
supermarket.
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MATERIALS AND METHODS

Materials

In this work, 27 aquacultured tilapia (Oreocrhomis
niloticus) specimens were used. Fish were purchased
from a local supermarket in Valencia (Spain) and
were transported to the laboratory in polystyrene
boxes with ice. There was no information available
about the background of the fish samples (feed
composition, handling or transport conditions) or
slaughter dates. Fish were wrapped in plastic film to
minimize dehydration and any contact with oxygen
during cold storage. Samples were analyzed at 0, 2,
4, and 7 days of storage at 4°C.

Before the analyses, fish were headed, gutted
and filleted, and two fillets per fish were obtained.
Samples were taken from the dorsal muscle of the
two fillets, except for the compression test, which
was the analysis performed on the whole fish.

Analytical Methods

Proximate composition: Moisture, lipid, protein
and ash contents were assayed by AOAC methods
950.46, 991.36, 928.08, and 920.153, respectively

(8)-
Physico-chemical parameters

Measurements of pH were carried out according
the method described by Rizo et al. (2015) (9). Water
holding capacity (WHC) was determined according
to the technique described by Garcia et al. (2006)
(10). For this determination, a portion of 0.3 g of
sample was placed between two dry filter papers
and two acrylic plates on which a 10 kg pressure
was applied for 15 min. The sample was weighed
before and after being compressed, as well as the dry
and wet filter papers. WHC was expressed as g of
water held per 100 g of total water in the fish sample.
The total volatile basic nitrogen (TVB-IN) content
was determined by steam distillation following the
method described by Malle and Tao (1987) (11), and
was expressed as mg N/100 g of muscle.

The TBA index was determined by a spectro-
photometric technique according to the method
described by Vyncke (1970) (12) and the results
were expressed as mg malonaldehyde (MDA)/kg
of fish muscle.

The ATP-related compounds, consisting of
inosine-5- monophosphate (IMP), inosine (Ino),
and hypoxantine (Hx), were determined by HPLC
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according to the method described by Barat et al.
(2008) (13), with minor modifications. The analysis
was conducted in a Hitachi LaChrom Elite liquid
chromatography (Hitachi Ltd., Tokyo, Japan®) with
a pump (model L-2130), an auto-sampler (model
L-2200) and a UV detector (model L-2400). Data
acquisition was performed with the EZChrom Elite
software (Agillent Technologies, Palo Alto, CA,
USA®). Separations were done on a reverse-phase
Ultrabase C18 250 x 4.6 mm, internal particle di-
ameter of 5 mm (Andlisis Vinicos, S.L., Tomelloso,
Spain®). Compounds were identified using reten-
tion time comparison of unknowns with those of
standards and by standard addition or “spiking”.
IMP, Ino, and Hx were quantified according to
the external standard method, using calibration
curves of the peak area of compound vs concentra-
tion of compound under identical chromatographic
conditions. K,-values were calculated according to
Equation (1):

_ [Ino] + [Hx]
[IMP]+ [Ino]+[Hx]

x100 Equationl

K,(%)

Where IMP is inosine 5-monophosphate; Ino,
inosine; Hx, hypoxanthine. All chemical reagents
were provided by Sigma-Aldrich (St. Louis, MO,
USA®).

Texture profile analysis (TPA) and compres-
sion test were performed on tilapia using a Tex-
ture Analyser TA.XT2® (Stable Micro Systems,
Surrey, UK) equipped with a load cell of 250 N.
For the TPA analysis, samples were obtained by
cutting parallelepiped pieces (40 X 30 mm) from
the dorsal muscle of the fillet. In this test, a flat-
ended cylindrical plunger (7.5 mm diameter) was
employed. The plunger was pressed into the sample
at a constant speed of 0.8 mm/s until 50% of the
sample height was achieved. Force-distance curves
were processed to obtain seven texture parameters:
hardness, adhesiveness, springiness, cohesiveness,
gumminess, chewiness, and resilience.

For the compression study, the texture analyzer
was equipped with a 24.5 mm-diameter flat-ended
cylindrical plunger. The plunger was pressed down
ata constant speed of 5 mm/s into the sample until
compressing 7 mm (14). This analysis was perfor-
med on the whole fish behind the dorsal fin.

Instrumental color analyses were performed
with a Minolta Chroma Meter CM-3600d
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(Minolta, Osaka, Japan®) with a D65 light source
and a 10° observer. Data were expressed using the
CIE L*a*b* system to represent lightness (L*),
redness (a*), and yellowness (b*). Furthermore, the
values of chroma (C*ab), which defines saturation
of color, and the angle of hue (h*ab) were obtained.

Microbial analyses. Mesophilic counts were
done according to the method provided in standard
UNE-EN ISO 4833:2003 (15). Enterobacteriaceae
were enumerated according to the method descri-
bed by Pascual and Calderén (2000) (16). All the
culture media were provided by Scharlau Chemie,
S.A. (Barcelona, Spain). All the analyses were per-
formed in duplicate and the results were expressed
as log CFU/g.

Statistical analysis. Statistical treatment of the
data was performed using the Statgraphics Cen-
turion (Statpoint Technologies, Inc., Warrenton,
VA, USA®). An analysis of variance (One-Way
ANOVA), in which storage time was the factor,
was conducted for each parameter evaluated to
test whether there were significant differences
throughout cold storage. The LSD procedure (least
significant difference) was used to test for differ-
ences between averages at the 5% significance level.

RESULTS

Proximate composition. The proximate com-
position of fresh tilapia is shown in Table 1. These
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values agree with the data presented by Yanar ef al.
(2006) (17). Regarding the fat content, our results
agree with the data reported by Suloma ez al. (2008)
(18); however, lipid content was higher, and subse-
quently moisture was lower, than those provided
in other studies. The protein content data are in
accordance with those obtained by other authors for
the same fish species (17, 19, 20). The crude protein
content in fish muscle can range from11to 24% (wet
weight), depending on specie, state of nutrition, the
reproductive cycle of the animals, etc. (20).

Table 1. Proximate composition of tilapia (means and
standard deviations, n = 9).

Moisture g/100g 74.6 = 1.3
Protein g/100g 191+ 1.0
Lipid g/100g 2.8 +09
Ash g/100g 15+ 0.4

Table 2 shows the values of moisture content,
pH, WHC, TVB-N and TBA index of tilapia dur-
ing cold storage. The initial value of pH was 6.06,
increasing progressively during the storage time.
These results are in accordance with the results
obtained by Tome et al. (2000) (21) and Khalafalla
etal. (2015) (22) for the same fish species. Fresh fish
pH oscillates between 6.0 and 6.5 (23), depending
on different factors such as fish species, season,
diet, level of activity or stress during capture, and
storage conditions ( 24).

Table 2. Physico-chemical parameters of tilapia during cold storage (Mean = Sd. n = 6).

Day 0 2 4 7

Moisture (g/100 g) 73.12 £ 1.32* | 73.90 = 1.77* | 75.59 = 1.01% | 75.75 = 1.03
pH 6.06 % 0.09 | 612+ 0.06% | 627 = 0.05% | 6.25% 0.06°
WHC (g water held/100 g total water) | 61.93 + 0.03* | 56.58 = 1.85" | 54.40 = 1.61° | 52.28 + 1.23¢
TVBN (g N/100 g fish) 2875 = 1.69" | 28.08 £ 3.84° | 27.41 = 1.41* | 31.14 = 0.35°
TBA (mg MDA/Kg fish) 036 % 0.02° | 033 £0.04 | 0.43 = 004> | 0.42 = 0.01°

WHC: water holding capacity; TVB-N: total volatile basic nitrogen; TBA: thiobarbituric acid index.

Same letters in the same row indicate homogeneous group membership (p<0.05)

The WHC values significantly decreased during
storage (Table 2), which agree with other studies
(10, 25). The decrease in the WHC can be due to a
gradual denaturation of proteins because of the mi-
crobial activity and pH changes during the storage.

The TVB-N content was high at the beginning
of the study (Table 2). The changes of this parame-

ter throughout the storage were non-significant.
The TVB-N r is commonly considered a quality
index for unprocessed fish products as its increase
is related to the activity of spoilage bacteria and
endogenous enzymes (26, 27, 28). The action of
such enzymes results in the formation of com-
pounds, including ammonia, monoethylamine,
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dimethylamine, etc. which give fish a characteristic
oft-flavour (29).

The TBA index remained low and constant
throughout the study, ranging between 0.33 and
0.43 mg MDA/kg (Table 2), which is in accordance
with other studies with tilapia (17). Difterent limit
of acceptability values have been reported for this
index. According to Connell (1995) (30), TBA values
of 1-2 mg MDA/kg of fish flesh are usually regarded
as the limit beyond which fish normally develop an
objectionable odor. Ruiz-Capillas and Moral (2001)
(31) established that the minimum TBA index value
detectable by panellists was 1.44 mg MDA/kg.

ATP-related compounds. Figure 1 depicts
the changes of inosine 5-monophosphate (IMP),
inosine (Ino), hypoxanthine (Hx) and the K,-value
during cold storage. The evolution of major adenine
nucleotides and their related compounds can pro-
vide information about biochemical changes dur-
ing storage. The ATP catabolism to IMP has been
reported to be essentially caused by endogenous
enzymes. Nevertheless, the hydrolysis of Ino and
Hx formation may also result from bacterial en-
zymes (32, 33). In addition, several authors have
found that loss of sensory quality correlates with
increases in the Hx level during storage (34).

In this study, ATP, ADP and AMP were not
analyzed because the conversion of ATP into IMP
is usually completed in 1 day, is presumed totally
autolytic (35), and the main changes during storage
occur in IMP, Ino and Hx (9).

The IMP levels decreased from 9.5 to 0.5
wmol/g. The Ino contents remained low during
the 7 days of study with a maximum value of 2.0
wmol/g at the end of storage. The initial Hx contents
were low but increased during the storage period
to reach 12.3 umol/g.
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Figure 1. (A) Inosine 5’-monophosphate (IMP), inosine
(Ino), and hypoxanthine (Hx) (umol/g), and (B) K-
value of fresh tilapia (day 0) and samples in cold storage
for 2, 4 and 7 days (Mean and Sd, n=6).

Ehira and Uchiyama (1987) (4) have demon-
strated that the K -value, which measures the exten-
sion of IMP degradation, is a good freshness index
for a large number of fish species. In this study the
initial values of K, were over 20%, increasing during
the storage period.

Texture. Firmness, hardness, adhesiveness and
gumminess significantly changed during storage
(Table 3). It is important to note the decrease of
firmness and hardness observed throughout the
studied period, which indicates changes in the
structure of fish.

Table 3. Textural parameters evolution of tilapia during cold storage (Mean + Sd., n = 6).

Time (Days) | 0 | 2 | 4 | 7
Compression test (whole fish)

Firmness (N) | 2385+x046 |  1938+224 | 1737201 | 1660+ 175
TPA (fish fillet)

Hardness (N) 40.70 + 2.76° 30.76 + 6.16% 26.02 + 262" 19.44= 6.20°
Adhesiveness (g's) -0.58 + 0.03° -0.27 + 003" -0.33 + 0.03" -0.45 + 0.14"
Springiness (ratio) 0.51 = 0.16 0.46 = 0.03" 0.54 = 0.05° 0.42 = 0.01°
Cohesiveness (ratio) 0.36 = 0.02 0.33 + 0.04* 0.43 + 0.04* 0.42 + 0.01°
Gumminess (N) 14.85 = 1.72° 10.19 = 0.88" 11.33 2,27 7.67 + 1.23
Chewiness (N) 7.67 * 3.22° 470 + 038" 616 + 1.79° 3.19 = 0.41°
Resilence (ratio) 0.13 + 0.02° 0.12 + 0,02° 0.13 + 0.01° 0.12 + 0.03°

Same letters in the same row indicate homogeneous group membership (p<0.05)
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Color. Lightness of tilapia muscle slightly
decreased with storage time, while a* and b* pa-
rameters progressively increased (p<0.05) (Table
4). The mechanism which leads to color changes
in tilapia is unclear, although some authors have
reported that one or the causes is the oxidation of
muscle myoglobin (36).

Table 4. Color parameters evolution of tilapia during
cold storage.(Mean * Sd. n = 6).

(;F)‘;‘;; 0 2 4 7
L* | 4442 %042 | 4477 = 147" | 43.68 = 035" | 4260 + 034°
a* | -346+024° | 325+0.16" | 233 014" | 213 +026°
b* | 359+139" | 429+057* | 615=060" | 599+ 032"
C*, | 505+109° | 539+049" | 657061 | 636+031°
h, |-077+019" [ 091=006* | 120002 | -122 % 0.04®
AE . 2024098 | 315119 | 138%036

Same letters in the same row indicate homogeneous group member-
ship (p<0.05)

Microbial analyses. The evolution of mesophi-
lic bacteria and Enterobacteriaceae counts are shown
in Figure 2. Mesophilic counts gradually increased
throughout storage. Limits of 6-7 log CFU/g for
mesophilic bacteria have been established for fresh
water and marine species fit for human consump-
tion (16). Samples reached this limit of acceptability
at day 7 of the study. No Enterobacteriaceae were
found on days 0 and 2 of storage, but they increased
to 1.6 log CFU/g at the end of storage.
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Figure 2. Counts of mesophilic bacteria and
Enterobacteriaceae (log CFU/g) of fresh tilapia (day 0)
and samples in cold storage for 2, 4 and 7 days (Mean
and Sd, n=6). Upper areas of the horizontal lines are
unacceptable (dashed line for mesophilic).

DISCUSSION

Proximate composition. The chemical com-
position of tilapia is highly affected by: season,

145

environmental conditions, water quality, state of
maturity, feeding conditions or sex (37, 38). Regar-
ding the fat content, Puwasatien ef al. (1999) (19)
reported that tilapia muscle contained 1.8% of fat.
Visentainer ef al. (2005) (39) and Chaijan (2011)
(20) reported even lower lipid contents (1.09 and
1.10%, respectively), Younis et al. (2015) (38) repor-
ted values lower than 1% of fat. According to these
results, tilapia can be classified as a lean fish because
its fat content is below 2 g fat/100 g. However, in
the present study tilapia showed a lipid content of
2.8% and should, therefore, be classified as low-fat
tish (total lipid content from 2% to 4%) (40). The
protein content found in this study (19.1%) was
higher than the values reported in other studies
on tilapia (38). However, the moisture content in
this work was lower than those found by Younis et
al. (2015) (38) and Fonseca et al., (2013) (41), which
could explain the differences found in in lipid and
protein contents.

Physico-chemical parameters. The behavior
of the TVB-N (high initial value with no signifi-
cant increase throughout the storage) could not be
related to the quality changes of tilapia during the
study. Several works have shown a poor correlation
of TVB-N with storage time and sensory fish qua-
lity (42). Variation in TVB-N of a particular fish
species depends on the fish non-protein nitrogen
content, which in turn depends on the type of fish
feeding, catching season, fish size, and also on other
environmental factors (29).

The TBA index remained between 0.33 and
0.43 mg MDA/kg, which can be considered low
in comparison with other studies on tilapia, where
values about 1 mg MDA/kg were reached at 6 days
of storage. Therefore, it can be concluded that in this
study lipid oxidation of samples was minimum, so
this parameter did not contribute to the fish spoilage.

The changes observed in the IMP, Ino and Hx
contents throughout the storage indicate the break-
down of IMP into Ino, and Ino into Hx. Therefore,
the K,-value increased during the storage period.
Ehira and Uchiyama (1987) (4) established that in
recently captured fish K -value should not exceed
10%, a fish of excellent quality should not exceed
20%, and values between 20% and 45% indicate
fish of acceptable quality, while values greater than
60% indicate spoiled fish. Based on these categories,
at the beginning of the study tilapia fish could be
considered moderately fresh and spoiled from day
4 of cold storage.
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Fish death triggers autolytic and microbiological
processes that make muscle softer and less elastic.
Hernindez et al., (2009) (43) found that hardness
values highly correlated with storage time and
microbial counts. In this study, noticeable changes
were observed especially in hardness and firmness,
which underwent an important decrease during
the storage time, which agree with other studies
on tilapia (44). The decrease in the hardness and
firmness could be due to the protein denaturation.

Regarding color changes, it is important to
highlight the variability of data found in different
studies on tilapia. Oliveira et al., (2014) (44) repor-
ted higher values of L* and b*, while Fonseca et al.
(2013) (41) found lower values of L* and higher of
a*, compared with this study. The differences in
the color could be due to the different environment
and different diets, which directly aftect the color
muscle.

Microbial analyses. Enterobacteriaceae was not
reached the acceptability limit of 3 log CFU/g
established in other studies (26). Enterobacteriaceae
in the flora of fish appears when fish are obtained
from polluted water, or if there is a delay in chilling
after capture. Furthermore, Enterobacteriaceae may
occur due to cross contaminations during post-
processing; e.g., filleting. In this sense, aquaculture
fish are expected to be of good hygienic quality
since they live in a controlled environment and
are slaughtered through good practices. Moreover
handling, distribution and storage conditions are
usually more controlled than in wild fish.

Mesophilic bacteria counts reached the accep-
tability limit (6-7 log CFU/g) at day 7 of the study.
Taking into account this limit, the shelf life of tilapia
used in this study would be lower than 7 days. In
other studies on tilapia (38, 41, 44), this limit has
been reached after a longer period of time. This is
due to that in this work the day 0 of study was not
the slaughter day, but the day of purchase in the
supermarket.

In order to establish properly the shelf life pe-
riod, a sensory analysis is needed to confirm the
results obtained by physico-chemical and microbial
analyses.

CONCLUSIONS

The results of the physico-chemical and micro-
bial analyses showed the spoilage of tilapia during
cold storage. TVB-N was not a good indicator of
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the fish spoilage. No oxidation could be observed
in the tilapia during the 7 days of storage. The ATP-
related compounds and K, -value showed the pro-
gressive spoilage of the fish during the cold storage.
The decrease of hardness and firmness confirmed
the loss of quality throughout the time of study.
The low microbial counts at the beginning of the
study demonstrated the good quality of the tilapia;
however, the increase of the mesophilic counts at
the end of the studied period showed that tilapia
was not fit for human consumption at day 7.

It is important to consider that the distance
between producers and consumers decisively de-
termines degree of fish freshness in the destination
market, for this reason it is essential to apply good
manufacturing practices to ensure a good quality
of fish when reaching consumers.
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ABSTRACT

Background: One of the main water contaminants are Hg, Cd, Pb and As. The chain of contamination
of these metals and metalloid follows a cyclical order: Industry, atmosphere, land, water, phytoplankton,
zooplankton, fish, and humans. Currently, Hg, Cd, Pb and As researches are of interest because con-
sumption of fish with high toxic metal and metalloid concentrations affects human health. Objective:
Provide information on the characteristics of Hg, Cd, Pb and As in the problematic of fishing resource
contamination, their implications on human health, and international evidence on studies conducted
on Caranx, Scomberomorus, Epinephelus, Euthynnus, Lutjanus, thunnus and Megalops fish genera. Methods:
Database, Science Direct, Pub Med, Escopus, Springer Link, and Scopus, available information was re-
viewed using the keywords: Heavy metals, water pollution, fish, mercury, cadmium, lead, arsenic, health
risk, regulations, biomagnification, and bioaccumulation. Results: The metals that pose the highest
risks for human health are mercury, cadmium, lead, and arsenic which cause important complications in
the nervous system, kidneys, bones, lungs, and cardiovascular system due to their toxicity and possible
carcinogenic effect. Fish contents of Hg, Cd, Pb and As varies depending on the zone, environmental
conditions, the contamination level of the fishing site, and the characteristics of the fish, being some fish
more prone to accumulating higher concentrations of these metals in their muscles; among the species,
the metal that showed the highest risk was mercury, being in high concentrations in the largest, most
enduring predatory fish. Conclusions: Studies submitted in this review, may be used as the base for
future comparisons with Hg, Cd, Pb and As concentration values in different fish studies for the Caranx,
Scomberomorus, Epinephelus, Euthynnus, Lutjanus, and Megalops genera in order to be able to determine
consumption recommendations and warnings.

Key words: Fishes, Water pollution, Mercury, Cadmium, Lead, Arsenic

RESUMEN

Antecedentes: Uno de los principales agentes contaminantes en las aguas son Hg, Cd, Pb y As.
La cadena de contaminacién de estos metales sigue un orden ciclico: industria, atmésfera, suelo, agua,
fitoplancton, zooplancton, peces y humanos. Las investigaciones en Hg, Cd, Pb y As son de interés en la
actualidad ya que el consumo de pescado con altas concentraciones de estos metales y metaloides toxicos
afecta la salud humana. Objetivo: Ofrecer informacién de las caracteristicas del Hg, Cd, Pb y As en
la problemitica de contaminacién de los recursos pesqueros, sus implicaciones para la salud humana y
evidencias internacionales de los estudios realizados en los peces de los generos Caranx, Scomberomorus,
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Epinephelus, Euthynnus, Lutjanus y Megalops. Métodos: Se revisé informacién disponible en las bases de
datos, Science Direct, Pub Med, Escopus, Springer Link, Scopus, utilizando las palabras clave: heavy
metals, water, fish, mercury, cadmium, lead, arsenic, health risk, regulations, biomagnification, bioacu-
mulation. Resultados: Los metales con mayor riesgo para la salud humana son mercurio, cadmio, plomo
y arsénico, los cuales causan complicaciones importantes en el sistema nervioso, renal, 6seo, pulmonar,
cardiovascular debido a su toxicidad y posible efecto carcinogénico. El contenido de Hg, Cd, Pby Asenel
pescado varia dependiendo de la zona, las condiciones medioambientales, el grado de contaminacién del
lugar de pesca y las caracteristicas del pez, siendo algunos peces mds propensos a acumular concentracio-
nes mds clevadas de estos metales en el musculo, entre las especies de peces, el metal que mostro mayor
riesgo fue el mercurio, estando en altas concentraciones en los peces mis grandes, de mayor longevidad
y depredadores. Conclusiones: Los estudios presentados en esta revisién pueden servir como base para
futuras comparaciones con valores de concentracién de metales pesados en diferentes estudios de peces
para los géneros Caranx, Scomberomorus, Epinephelus, Euthynnus, Lutjanus y Megalops, con la finalidad de

poder establecer recomendaciones y advertencias sobre su consumo.

Palabras Claves: Peces, contaminacién del agua; mercurio; cadmio; plomo; arsénico

INTRODUCTION

Currently, chemical products coming from
sources like industrial, urban, and agricultural
waste discharges are contaminants of the surfaces
and sediments of the waters in the world(1). One
of the main contaminant agents in the waters are
Mercury (Hg), Cadmium (Cd), Lead (Pb), and
Arsenic (As). The chain of contamination of these
metals and metalloid follows a cyclical order: In-
dustry, atmosphere, land, water, phytoplankton,
zooplankton, fish, and humans (2). In some fish
species, contamination levels are so high, they may
cause adverse effects on human health. Some coun-
tries issue alerts on the risk of contaminated fish
consumption; however, they are ignored by public
at large who continue consuming without taking
into account the serious health consequences (3).

Trace elements are present in every ecosystem
in the world (4); nevertheless, the increase of these
metals and metalloids in marine systems has be-
come a risk to human health due to their toxic
eftects (5). The main Hg, Cd, Pb and As contamina-
tion factors in fluvial and marine sources are indus-
trial and municipal wastewater discharge, mining,
combustion of fossil fuels, deforestation and fertil-
izers used in agriculture (6—8). Also natural sources
such as soil weathering and volcanic activity pollute
the environment significantly (9). Trace elements
can be soluble in water and react with organic mat-
ter forming complexes and chelates, which increase
its solubility, availability and dispersal (10).

Once trace elements are released into the waters,
they bioaccumulate into aquatic sediments de-

pending on environmental conditions water cycle,
seasonal variations, pH, microorganisms, sediment
reduction and oxidation potential (11-15); in the
sediments takes place the migration of metal com-
pounds from the abiotic environment into aquatic
organisms and the subsequent introduction and bio-
accumulation in marine food chains (16), predators
exhibit highest concentrations (17). Accumulation
of metal in the tissues organism depends mainly
on water concentrations, bioavailability and fish
trophic position (18, 19).

The main metal threats to human health have
been mainly associated to Hg, Cd, Pb, and As
exposure (20, 21); they get into humans through
diet, which poses a risk for populations with fish
consumption over 8 — 12 ounces per week, exceed-
ing the United States Environmental Protection
Agency (U.S. EPA) recommendations (22, 23).

Hg has a series of chemical transformations in the
environment, appearing as zero oxidation state (Hg"),
mercurous state (Hg"), and mercuric state (Hg*?);
additionally, it may form organic compounds, being
methylmercury (MeHg), the most important form
in terms of toxicity and effects on health (5). MeHg
causes damages at the central nervous system level
and its neurotoxic effect is attributed to mitochondrial
damage via glutathione reduction (GSH), which re-
duces ATP synthesis and increases lipid, protein, and
DNA peroxidation; MeHg, due to its high affinity
with the sulthydryl group, it forms complexes with
N-acetylcysteine and cysteyne, important precur-
sors of GSH, which increases free radical production
and reduces the oxidation defense systems and the
imbalance between both processes produces the un-
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controlled release of calcium from the mitochondrion,
disturbing intracellular calcium levels (24, 25).

Cd accumulates in the human body for long peri-
ods of time causing damages to the nervous system,
kidneys, bones, lungs, and cardiovascular system (26,
27), Cd cytotoxicity induces cellular dysfunctions,
including cell death, reducing DNA breathing, and
increasing mutagenesis. It has been classified as carci-
nogenic for humans (Group 1) (28), in spite of it not
being directly mutagenic. DNA damages that take
place after exposure to cadmium seem to be mainly
mediated by the indirect production of free radicals,
partly due to the inhibition of cellular antioxidants
and oxidative stress increase (29).

Pb is neurotoxic and, due to its capacity to join
erythrocytes, it may be widely distributed to the
human body organs where it concentrates and
generates damage. Lead toxicity is due to its abil-
ity to substitute itself with other divalent cations,
specially calcium and zinc, affecting their functions
into the cell, mainly in the cellular organelles like
the mitochondrion, where its concentration affects
the energetic metabolism and favors the generation
of free radicals. One of the reasons why lead may
substitute itself with diverse cations in the cell is
its ability to form stable interactions with oxy-
gen and sulfur, common components in the sites
where proteins join the metal, and, besides, due to
its longer ionic range and higher electronegativity
lead is more related to these proteins than other
cations like calcium and zinc; however, lead charge
distribution is irregular due to the presence of two
inert electrons in its electron cloud, which alters
the structure and function of the joined protein,
inhibiting its functionality (30, 31).

Chronical exposure to As, has been associated
to skin injury, peripheral neuropathy, encephalopa-
thy, hepatomegaly, cirrhosis, hematite metabolic
alterations, bone marrow depression, diabetes, and
renal failure. The action mechanisms of this metal
depend on the way they present. In its pentavalent
form, as arsenate (As*?), it may replace phosphorus
in multiple biochemical reactions having as the
main consequence ATP depletion. In its trivalent
form, arsenite (As™), it has a great affinity with
the thiol groups, turning it into a powerful GHS
inhibitor, and thioredoxin reductase, which may
alter the cellular oxide reduction mechanisms
generating cytotoxicity. As™ it is also a pyruvate
dehydrogenase (PDH) inhibitor, which ultimately
reduces ATP production (32, 33).
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There are important precedents on the serious
consequences of Hg, Cd, Pb and As contaminated
fish consumption has on human health, being
worth mentioning: Minamata (Japan) tragedy,
where over 900 people lost their lives and two
million suffered health problems as a consequence
of having eaten Hg contaminated fish, Minamata
disease (34), and the event at Jinzu River basin, at
Toyama prefecture, where one of the most serious
Cd prolonged intake intoxication cases takes place
following the mining extractions that contaminated
those waters (35). In South America, an anthro-
pogenic source contamination increase has been
evidenced in high concentrations of trace elements
on fish tissues (36). In Colombia, there are studies
on biota metal concentration determination studies,
such as those conducted by Olivero and Johnson at
Ciénaga Grande de Achi, located on Caribona River
basin, Cauca River sub-basin; Ciénaga de Simiti,
cast of San Lucas mountain range, on Magdalena
River; and south of Bolivar, Magdalena and Cauca
lowland swamps, on species characteristic of these
regions (37). However, there are no reports of
importance on the Colombian Caribbean, on Hg,
Cd, Pb and As contamination fishing resources,
like porgy, coastal trevally, jack mackerel, wahoo,
skipjack tuna, mud sucker, grouper, tuna and grop-
ers, among others, belonging to the genera Caranx,
Scomberomorus, Epinephelus, Euthynnus, Lutjanus,
thunnus and Megalops (38); which are of commercial
importance in the market of this region (39). There-
fore, it is required to conduct studies to determine
fish Hg, Cd, Pb and As content in this region. The
objective of this work was to submit a review of the
characteristics of Hg, Cd, Pb and As in the con-
tamination problematic of fishing resources, their
implications on human health, and international
evidence of studies conducted on fish belonging to
genera (Caranx, Scomberomorus, Epinephelus, Euthyn-
nus, Lutjanus, Thunnus and Megalops).

MATERIALS AND METHODS

Abibliographical review of information between
2001 and 2015 was performed along some classical
articles about Mercury, Cadmium, Lead, and Arse-
nic contents in Caranx, Scomberomorus, Epinephelus,
Euthynnus, Lutjanus, Thunnus and Megalops genera
that share characteristics with the fish of the same
genera found in theColombian Caribbean ; those
researches that quantified wet weight (mg/kg o ug
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Hg /g wet weight) or if this information was pos-
sible to be extracted from the article were selected.
These metals were also characterized and articles
about the implication of consumption on health
were taken into account. The regulations stipulated
by Codex Alimentarius and Joint FAO/WHO
Expert Committee on Food Additives (JECFA)
were considered to analyze the maximum metal
content allowable limits in fish and fish existing
tolerable provisional intake recommendations to
guarantee safe consumption. Documents were
selected from databases, Science Direct, Pub Med,
Escopus, Springer Link, and Scopus using the fol-
lowing keywords for the search: Heavy metals,
water contamination, fish, mercury, cadmium, lead,
arsenic, health risk, regulations, biomagnification,
and bioaccumulation.

The terms heavy metals, water contamination, fish, mercury,
cadmium, lead, arsenic, health risk, regulations, biomagnification,
and bioaccumulation were used to perform the information search

| 4

4,380 registers between 2001 and 2014, with the inclusion of
some classical articles, were used to search the information

) 4

Considered aspects:

1. Heavy metal content in fish
2. Heavy metal toxicity

3. Recommendations and warnings

[ 4

95 registers included in the review

Figure 1. Search flowchart.

RESULTS

Mercury

Hg is a transition element of Group 12 (II B),
with an atomic mass of 200.59 amu and it is one
of the most toxic metals in aquatic ecosystems. A
series of complex chemical transformations allows
mercury to be present in the environment in its
three oxidation states (5). Atmospheric Hg in the
form of mercury vapor (Hg"), is derived from soil
weathering, volcanic activity and ocean evapora-
tion. Also anthropogenic sources like refining and
combustion of fossil fuels, gold mining, chlor alkali
industry, cement, steel and phosphate production;
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the release of Hg in the world are estimated in 6000
tons per year, in Colombia it is estimated that each
year around 31.26 tons are released into the water
(40). In the environment Mercury vapor it is oxi-
dized to a water-soluble inorganic form (Hg*?), the
metal may then be reduced back to Hg’, or it may
be methylated by microorganisms present in the
freshwater and oceanic sediments, this biomethyl-
ation reaction produces MeHg, the mainly form of
mercury in aquatic organism. MeHg into aquatic
food chains follows the cycle, plankton, herbivorous
fish and carnivorous fish (5,41).

Gastrointestinal absorption of Hg** form
compounds in food is around 15%, while MeHg
absorption is 90 to 95%; generally, about 80 to 100%
of Hg found in fish muscle corresponds to MeHg
(41). The biological average life of Hg is estimated
at about 44 days (5).

The toxicological profile of Hg varies depending
on its form. Exposure to Hg” and MeHg produce
symptoms in the central nervous system, while Hg
mono and divalent forms act mainly in the kidney.
MeHg corresponds to the most toxic organic form
of Hg (25). It is neurotoxic due to its accumula-
tion in the central nervous system, deteriorating
physiological functions through the interruption
of the endocrine glands (42). MeHg is classified as
carcinogenic for humans, group 2B, mainly related
to liver and esophagus cancer (28). In addition,
methylmercury can cross the placenta causing neu-
rotoxic effects during human brain development,
probably permanent (43, 44).

Some authors have reported the content of Hg in
tish (Scomberomorus cavalla, Caranx ignobilis, Caranx
melampygus, Lutjanus bohar, Euthynnus affinis, Lutjanus
russelli, Thunnus albacores, Thunnus alalunga, Thun-
nus obesus, Thunnus Thynnus and Megalops cyprinoids,
Table), in the Gulf of México, Queensland, Austra-
lia, southeast of Taiwan, western and central Pacific
Ocean, Mediterranean Sea and southwest coast of
India (45-49) finding Hg levels in muscle over 0.5
ug Hg/g wet weight for the largest, most enduring
predatory fish (Scomberomorus cavalla 1.085ug Hg/g
wet weight, Caranx melampygus 0.681 + 0,174 ug
Hg/g wet weight, see table). According to what
has been reported in Queensland, the highest Hg
levels are mainly due to biomagnification of the
food chain of this metal (46). These findings are
congruent with data reported by other researchers
on these fish species that have similar characteristics
(50-52).
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An epidemiologic study conducted in San Fran-
cisco was able to demonstrate that the consumption
of predatory fish, which may have high Hg levels in
its MeHg form entails adverse health effects. The
study determined a significant correlation of high
levels of mercury on subjects who consumed sword-
fish 1.94 times a month, in average, using as refer-
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ence, 150- 277 gram portions. This research analyzed
blood Hg levels on 89 participants who consumed
more than 30 species of fish and 82 of them showed
levels over 5 ug Hg/L in the blood and 16 showed
levels over 20 ug Hg/L in the blood (US EPA and the
National Academy of Sciences recommend keeping
blood mercury levels under 5 ug/L) (53).

Table 1. Hg, Cd, Pb and As content in fish of Caranx, Scomberomorus, Epinephelus, Euthynnus, Lutianus, Thunnus

and Megalops genera.
Common Means *+ SD (mg/kg wet weight or ug/g wet weight)
Region Species n Reference
name Hg cd As Pb
Er_ren River, Megalops Indo-Pacific 31 | 0.081 + 0.026 <0.0125 0.683+ 0175 Chen et al (2004)
Taiwan cyprinoids tarpon (54)
Southwest Coast Lutjanus Serra Thiyagarajan et al
ourtwest -oast Hyani Spanish | 18 | 0.09 £0.11 | 0.04 = 0.03 021 = 0.13 yagarajan et a
India russelli (2012) (55)
mackerel
Lutjanus Mangrove
. . 65 0.03 = 0.02 0.39+ 0.25 0.03 = 0.01
Pearl River delta, griseus Snapper Leung ct al (2014)
Chi 1 56
e Lugianus 1 g, ¢ Snapper | 68 0.07+0.04 | 1.53 =099 | 0.04 =001 (56)
stellatus
Rio de Janciro, Caranx crysos | Blue runner | 12 001002 | 06+02 | 0303 |Mederosetal 2012)
Brazil (57)
Ploetz et al (2007)
9 0.206 += 0.08 0,421
Gulf of México Scomberomorus Sierra an
cavalla
385 1,085 EPA (2003) (45)
Scomberomorus Spanish 6 0,078 0.048 0223+0.135 _ _
Bandar Abbas, conmerson mackerel Saci-Dehkordi and
1 Persian Gul i Fallah (2011) (58
ran (Persian Gulf) |- Epinephelus | oo | 6 0.076+0.023 02070.111 | Tah 011 (58)
Coioides
Caranx Lowly 4 1 0234 = 0,250
ignobilis trevally
Caranx Blue-fined
Queen§land, melampygus trevally 2 10.681 0,174 Denton and Burdon
Australia - (1986) (46)
Lutjanus bohar | Red bass 2 10.223 = 0.037
Buthynnus 1 ponito | 30,075 £ 0053
affinis
Thunnus Yellowfin El-Mosclhy et al
Shalateen, Egypt albacares cuna 4 0,06 = 0,01 0,32 = 0,03 (2014) (47)
Baja Cahfomla Thunnus Yellowfin 37 | 015+ 010 Ordiano et al (2012)
Sur, Mexico albacares tuna (48)
Thunnus
3 Alb. 1151 0.444 = 0.148
Western an_d alalunga acore Chen et al (2014)
central Pacific py 49)
Ocean WIS Bigeve tuna | 75 | 0.929 * 0.668
obesus
Mediterrancan Sea | 275 | Blucfin tuna | 73 | 020 £0.07 | 002001 | 261 %147 | 0.10 = 0,03 | Storellictal (2005
Thynnus (59)

In Colombia, Hg contamination is mainly as-
sociated to mining activity, combustion of fossil
fuels, waste incineration, waste disposal, waste
water, where the metal is released into the water
and atmosphere contaminating fish living in those
areas (60). A study conducted on hair samples of
1,328 individuals, located along Cauca and Mag-
dalena rivers, where most mining activities take

place, showed that individual hair Hg average was
1.560 + 0.060 ug/g, with values oscillating between
0.010 and 20.140 ug Hg/g in hair; 52.0% of the
studied population exceeded the 1.0 ug Hg/g in
hair recommendation determined by USEPA. The
habitants located closer to the mining areas were
those who showed the highest Hg level in hair; in
this study, 99.8% consumed fish at least once a day
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and in some cases the intake was three times a day
(61). Another study conducted at Caimito, a town
near San Jorge River, located in the northwestern
region of Colombia, apparently free from mining
activities, hair mercury levels were measured to 94
participants between 15 to 65 year-old, finding an
average Hg concentration of 4.910 + 0.550 ug Hg
/g in hair; no significant differences were found on
Hg levels in hair by sex or age but, however, a small
but significant correlation was found between fish
consumption frequency and Hg levels in hair (62).

Due to Hg intake consequences on health,
the Codex Alimentarius determines maximum
allowed levels of MeHg in fishing products and
tish meat of 0.5 ug MeHg/ g, excepting predatory
tish, where the maximum allowed level is 1.0 ug
MeHg/ g; additionally, the Codex also counts on an
inorganic Hg Provisional Tolerable Weekly Intake
of 4 ug/ kg of body weight for humans and MeHg
of 1.6ug/ kg of body weight (63). In 2007, JECFA
reaffirmed the existing PTWI of 1.6 ug/kg of body
weight for MeHg, based on the toxicological critical
point (neurotoxicity development) in the human
species (64).

Cadmium

Cd is an element of the Group 12 (II B), with an
atomic weight of 112.40 amu and it is issued to the
ground, water, and air through mining, non-ferrous
metal refining, manufacturing and application of
phosphate fertilizers, fossil fuel burning, and waste
incineration and disposal. There is evidence that
about 30,000 tons of cadmium are released into the
environment every year with an estimated 4,000-
13,000 tons from human activities affecting aquatic
organisms,The average level of cadmium in ocean
water has been reported between <5 and 110 ng/L
(65). The nutrient-like profiles of Cd and correla-
tion whit the phosphate in the ocean indicate its
uptake by phytoplankton. Cd is then transferred to
zooplankton and upper trophic levels through food
chain webs; however the exact mechanisms of Cd
uptake and the relationship with phosphates and
other nutrients remain unknown (66—68). Human
beings absorb Cd 5 to 8%, factor that is favored with
low iron, calcium, and protein diets. Cd is trans-
ported by blood and distributed mainly to the liver
and kidney (5) where it is long-term stored in the
organism, having an average biological life of 17 to
30 years in human beings. Cd negatively aftects the
kidney, inducing tubular kidney failure and chronic
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kidney failure; in the lungs, it causes fibrosis (65),
cardiovascular system risks due to the increment of
cholesterol and free fatty acids in the blood, increas-
ing the risk of aortic and coronary atherosclerosis
(69), although the mechanisms and Cd relation to
dyslipidemia have not been elucidated yet; studies
suggest it is mainly due to the reduction of the
High Density Lipoproteins (HDL) and to the high
triglyceride and HDL proportion. Furthermore,
Cd also affects children central nervous system
causing neurological disorders, learning problems,
and hyperactivity (70, 71). Some studies on adults
and children’s exposed to cadmium have suggested
abnormal behavior and decreased intelligence,
however because to the blood- barrier protection
the direct toxic effect to occur only with cadmium
exposure prior to blood-brain barrier formation
or with blood-brain barrier dysfunction (5). It has
been classified as carcinogen for group 1 humans
and it has been mainly related to lung, prostate,
pancreas, kidney, and bladder cancer (28). Several
studies conducted in the US, Trinidad, Brazil,
China, Iran, India, Egypt, Mediterranean Sea and
Taiwan, demonstrated that the Cd concentrations in
tish muscle were usually low. Among S. Commerson,
E. Coioides, C. crysos, L. griseus, L. stellatus, T alba-
cares, T thynnus and M. cyprinoids species, cadmium
in muscle was generally lower than 0.1 ug Cd/g of
wet weight (46,54-56,58), excepting the Gulf of
Mexico, where Cd content in muscle was 0.206 +
0.08 ug Cd/g of wet weight in S. cavalla, although
this study found a significant correlation between
the size of S. cavalla and liver Cd levels; a correla-
tion between the size of S. cavalla and muscle Cd
content was not found (11). The study conducted
by Saei-Dehkordi and Fallah (58) in the Persian
Gulf, found differences between the muscle Cd
concentrations in S. Commerson during summer
and winter seasons, 0.053 + 0.035 and 0.102 +
0.048 ug Cd/g of wet weight, respectively; the high
Cd muscle levels during the winter are attributed
to metal precipitation in the water due to the rainy
season (58, 72).

Due to health consequences of Cd intake, Co-
dex Alimentarius and JECFA determined a human
Provisional Tolerable Monthly Intake (PTMI) of
25 ug Cd/kg of body weight (63, 73).

Lead

Pb is a Group 14 element (IV A), with an atomic
weight of 207.2 amuy; it exists in the Pb’, Pb*?, and
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Pb** oxidation states, generally in combination
with two or more elements to form compounds
(7); it gets to the aquatic system due to the ground
superficial erosion and atmospheric deposition (74).
Environmental levels have increased over 1,000
times in the last three centuries as result of hu-
man activity; the highest increase has taken place
between 1950 and 2000 (7). Speciation of lead in
marine waters is largely influenced by carbonates,
chlorates and organic natural ligands. The propor-
tion of inorganic complexes of lead is largely deter-
mined by the pH of the water, the concentration of
these complex gradually increase with increasing
total metal loading in sediments which suggest a
potential threat to benthic organisms and aquatic
biota in the marine system (75-77). Once absorbed,
it is transported in the bloodstream to other tissues
and it is accumulated in high concentrations in
bones, teeth, liver, lung, kidney, brain, and spleen
going through the blood-brain and placental barrier
(5). Pb average biological life may be considerable
higher in children than in adults; in the blood, it
has an estimated average life of 35 days; in soft tis-
sue, of 40 days; and in bones, 20 — 30 years (78).
The main way of absorbed Pb excretion is the
urinary tract, in general, with glomerular kidney
filtration; it is also excreted with the bile through
the gastrointestinal tract (5). The most affected
systems by Pb are the nervous, the cardiovascular,
hematologic, and renal. Lead poisoning symptoms
are headaches, irritability, abdominal pain, and oth-
ers related to the nervous system (20). Pb chronic
toxicity in humans frequently produces apathy,
irritability, low attentional capacity, epigastric
pain, constipation, vomit, convulsions, coma, and
death. In children, it may present encephalopathy
with lethargy, mental dullness, vomit, irritability,
and anorexia; in the most serious cases, prolonged
exposure to Pb may reduce the cognitive function
and cause conduct disorders, especially aggression,
psychosis, confusion, and mental deficit (7). Pb is
one of the contaminants consumed in diet that has
been clearly identified as a risk for human health
(79), it has been classified as carcinogenic for 2B
Group humans while inorganic lead compounds
have been classified as carcinogenic for 2A Group
humans, mainly related to stomach cancer (28).
Often, high Pb concentrations in fish take place
in areas close to mining activities and in areas with
a high presence of this metal industry (80). Several
studies have examined Pb concentrations in fish
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in the Gulf of Mexico, Iran, Brazil, China, Egypt,
Mediterranean Sea and India; the highest levels
have been reported by Ploetz et al. (11) in the Gulf
of Mexico (0.421 ug Pb/g wet weight) in S. cavalla.
Saei-Dehkordi and Fallah (58) in the Persian Gulf
found lead concentrations in S. Commerson and E.
Coioides that oscillate between 0.158 and 0.367 ug
Pb/g wet weight; this study measured Pb concentra-
tions in fish both in the winter and in the summer.
Both species S. Commerson and E. Coioides, showed
higher lead levels during the winter, 0.289 and 0.367
ug Pb/g, respectively. Medeiros et. Al (57), reports
levels of 0.3 ug Pb/g wet weight in the species C.
crysos. The lowest Pb levels were found in fish in the
Pearl River delta (China) in the species L. griseus and
L. stellatu, with 0.03 and 0.04 ug Pb/g wet weight,
respectively, in spite of it being a highly contami-
nated area by human activities (56).

Due to health consequences of Pb intake, Codex
Alimentarius determines a maximum limit of Pb in
tish of 0.3 mg/kg of wet weight (63). The current
PTWI recommendation in humans of 25 ug Pb/
kg of wet weight determined by JECFA has been
withdrawn,; the same committee, after assessing it in
2011, set forth it is not possible to determine a new
PTWI that may be considered health protector (81).

Arsenic

As is a Group 15 element (V A), with an atomic
weight of 74.922 amu found highly distributed in a
natural way on the earth’s crust; it may exist in the
As*and As*’ oxidation states in a wide number of
inorganic and organic forms with different toxicity
levels (8). As anthropogenic sources include pesti-
cides, wood and industry preservatives, mining and
smelting wastes (32). As dissolves easily in marine
waters where is present in trivalent, pentavalent and
methylated forms. In anoxic conditions, Arsenate
(As™) is the dominant dissolved species, in surface
water the arsenate is uptake by phytoplankton to-
gether with phosphate and transferred to arsenite
(As’*) and methylarsenate and dimethylarsenate.
Other organoarsenic compounds of arsenate and
arsenite like monomethylarsonic acid (MMA)
dimethylarsinic acid (DMA), arsenobetaine (Ab)
are produced by microbiological processes in the
sediments (82,83). Arsenobetaine is considered the
dominant As form in acuatic organisms including
tish where Ab represents more than 95% of As
total (84,85).
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As compounds are absorbed by the gastrointes-
tinal tract. Ingested inorganic As average biological
life is about 10 hours and 50-80% is excreted in
about three days, while methylated As has an aver-
age life of 30 hours. Ingested As may go through
the placental barrier affecting the fetus, it is trans-
ported in the blood joined to the red cells and it is
distributed throughout the body; once absorbed,
it is oxidized and methylated in the liver to form
monomethylarsonic acid and dimethylarsinic; this
process may lead to the formation of dimethylated
As metabolites. Most As is readily excreted in urine
as MMA and DMA (5).

As has high affinity with the sulfhydryl groups,
rich in keratin and tend to concentrate on the
skin but it may be deposited also in bones, teeth,
hair, and fingernails, mostly when the exposure is
chronic (5). The evident signs of chronic As toxicity
are skin changes and wart or callus formation on
palms or soles, along interspersed hyperpigmenta-
tion areas on the face, neck, and back (86). Chronic
exposure may produce neurotoxicity of the central
and peripheral nervous system while the signs
of As acute toxicity are mainly: vomit, diarrhea,
cramps, salivation, fever, cardiovascular disorders,
and it may lead to death (5). Arsenic is carcino-
genic for group 1 humans and it is mainly related
with lung, kidney, bladder, and skin cancer (28).
Arsenic compounds affect human immune func-
tion. In environmentally exposed children, there is
not correlation between total arsenic in urine and
superoxide anion production and in adult smelter
workers, higher levels of urinary arsenic correlated
with increased lipid peroxidation and lower vitamin
E levels in blood (5).

According to researches conducted in Brazil,
China, Mediterranean Sea and Taiwan, among ana-
lyzed toxic metals As concentrations were the high-
est (54, 56, 59, 57). The highest and lowest observed
were 2.61 = 1.47 ug As/ g wet weight for T. thynuss
and 0.39+ 0.25 ug As/ g wet weight for L. griseus
in Mediterranean Sea and the Pearl River delta re-
gion (China) (56,59). Chen et al, reported that As
concentrations in fish muscles varied depending on
the capture place which are widely influenced by
human activities (54). As concentration reported in
Brazil and Taiwan were similar: 0.600 + 0.200 25
ug As/g wet weight for C. crysos and 0.683+ 0.175
for M. cyprinoids (54, 57) .

PTWTI for inorganic As previous recommenda-
tions of 2.1 ug As/Kg of body weight determined
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by JECFA have been withdrawn because they are
considered without protective effect (87).

DISCUSSION

This paper develops general and important
aspects of pollution of Hg, Cd, Pb and As in some
fisheries resources of commercial importance, give
an overview of each metal, their natural and anthro-
pogenic sources, cycles and speciations, toxicity and
health effects, state regulations and recommenda-
tions for tolerable intake. It is important to note that
the information shown here provide an overview of
the conditions that determine the concentration of
Hg, Cd, Pb and As in marine ecosystems.

In the global context, studies on trace elements
contents in fish and their health risks are related to
factors like the characteristics of the fish, according
to Denton et al. Chen et. Al. in their researches,
Hg contents in fish muscular tissue and liver tissue
are clearly dependent on trophic levels, observing
higher mercury levels in largest, most enduring,
and predatory fish (46, 54). However, not only
the species, the size, and the age of the fish are the
determining factors for a higher metal content, as
Ploetz et al. point out in their S. cavalla study which
did not find any correlation between the size of the
fish and its muscle cadmium content (11) and Chen
et al. did not observe difterences in the As concen-
trations according to the species of the fish (54).
Other characteristics are also determinant for biota
metalscontent, as pointed out by Velusamy et al in
their Mumbay Bay (India) findings, with higher
trace metal accumulation in demersal fish followed
by neritic and pelagic fish (88). Additionally, aquatic
ecosystem environmental conditions like the level
of contamination, increase metal concentrations
due to fish susceptibility to toxic substances present
in water, as stated by Thiyagarajan et al, on their
studies in different zones on the southwest coast
of India related to high populations and industrial
eftluents as the main metal contamination sources
in coastal waters (55).

Some studies have given importance to the
effects of the season on metal concentration in
tish, making comparisons between the winter
and summer seasons. Saei-Dehkordi and Fallah
refer in their Persian Gulf studies conditions as
water temperature, fish dietary factors, and the
growth as determinants in the fluctuation of metal
concentrations. Researchers have found higher
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mercury, arsenic, cadmium, and lead levels in fish
during the winter in comparison to the summer;
these significant differences may be attributed
to the precipitation of waste caused by rain (58,
72). In other findings, Marrugo et al. reported
contradictions in higher Hg values during the
dry season; however, it is mainly associated to the
increase of contaminated sources (mining activities)
during this season (60).

Trace elements content varies depending on the
zone, environmental conditions, the contamination
level of the fishingarea, and the characteristics of the
fish (size, endurance, and diet) constitute relevant
factors, being some fish more prone to accumulating
higher concentrations of these metals in the muscle.
Data taken from researches conducted in the Gulf of
Mexico, Iran, Brazil, Australia, China, India, Egypt,
western and central Pacific Ocean, Mediterranean
Sea and Taiwan, where Hg, Cd, Pb and As contents
in Caranx, Scomberomorus, Epinephelus, Euthynnus,
Lutjanus, Thunnus and Megalops fish genera were
determined, (Table 1), allows determining safe
consumption limits according to Hg, Cd, Pb and
As content in fish, using the method proposed by
Ikem and Egievor (89), when comparing these data
with allowed tolerable intake according to Codex
Alimentarius and JECFA international regulation
and using the fish consumption recommendation
used by FDA and U.S. EPA for 8-12 ounce weekly
consumption (23); for instance: If an average 70 Kg
adult is considered with an ingest of 360 g/weck of
C. melampygus fish in Queensland (Australia) with
a mercury content of 0.804 ug Hg /g wet weight
(Table 1) which corresponds to a value of 4.134 ug
Hg/kg of body weight per week (0.804 ug Hg/g
wet weight x 360 g/70 kg), this consumption would
represent possible risks given it is above the 4 ug Hg/
kg of body weight PTWI determined for humans by
CODEX and JECFA (63). Taking into account that
MeHg contribution to total mercury in fish generally
corresponds to between 80% and 100%, using the
same calculations for a 360 g/week consumption of
C. melampygus of the Queensland study, it would
represent a weekly ingest of 3.307 ug MeHg/kg of
body weight, exceeding the 1.6 ug/kg of body weight
PTWI for humans determined by CODEX and
JECFA (63, 64). Through this method it is possible
to estimate the risk of fish consumption according
to metal content in the Cd case data collected in the
US, Trinidad, Brazil, China, Iran, India, and Taiwan
for S. Commerson, E. Coioides, C. crysos, L. griseus,
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L. stellatus and M. cyprinoids species; none of them
represented a health risk because they did not exceed
the 25 ug Cd/ Kg of body weight PTMI determined
by CODEX and JECFA (63, 73). Currently, there are
no availed CODEX and JECFA criteria to determine
safe Pb and As ingests (63, 81, 87).

Usually in highly contaminated aquatic habitats
the concentrations of metals in the muscle of the
tish, particularly mercury, exceed the permissible
limits for human consumption and involve serious
health threats (46, 49), however some investigators
as Kehrig et al. Havelkovi et al. and Farkas et al.
have shown that metals concentration in fish muscle
can also be found in areas with low or absent sources
of pollution (90-92).

Levels of Hg, Cd, Pb and As in water bodies de-
termine significantly the content of these elements
in fish tissues (55, 93), therefore it’s not enough with
only know characteristics such as species, age and
size of the fish, but also take into account these met-
al releases from natural and anthropogenic sources
into marine ecosystems. Although exist reports of
the metals concentration in several oceans from the
world, more studies about their distribution in the
water bodies are required to understand the metals
behavior in marine currents, allow the development
of models for measuring the relationship between
emission sites and reception regions (94, 95).

The limitations of this review lie in the few in-
formation about the marine currents effects in the
distribution of trace elements across water bodies,
which makes it difficult assessing the relation- ship
between emission source and receptor region and
how this affect the distribution, accumulation and
concentration of metals in marine ecosystems, on
the other hand it is diftficult to conclude one specific
cause that determines the content of toxic metals
in fish species, since this is not only a single factor
but the whole of them . A future revision requires
more research that clearly concludes on the eco-
toxicology, cycles and speciation of some metals
and their effects on the human body, as well as
relations between water bodies and the distribution
of trace elements.

CONCLUSION

The Hg, Cd, Pb and As content in fish tissue are
determine by several aspects that includes both fish
characteristics and metal behavior in the marine
ecosystem, by which is important take in count
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cach of these, in any study of this field. Also in im-
portant note that metal content in fish represents a
public health risk in populations with frequent fish
consumption, due to the toxicity it may represent
to the different human body systems. Among these
metals, mercury outstands due to its high levels of
concentration in the muscular tissue in some fish
species and the capacity to form more toxic com-
pounds, as well as its high availability in aquatic
ecosystems due to constant industrial use, being,
particularly, gold mining in the South American
case. Some of the species studied in the present
paper are migratory fish, that is an important bio-
indicator of the increase contamination from the
research areas. Studies submitted in this review,
may be used as the base for future comparisons
with Hg, Cd, Pb and As concentration values in
different fish studies for the Caranx, Scomberomo-
rus, Epinephelus, Euthynnus, Lutjanus, Thunnus and
Megalops genera in order to be able to determine
consumption recommendations and warnings.

ACKNOWLEDGEMENTS

We would like to thank Antioquia Governor’s
Oftice Royalty General System, the financing en-
tity, and Universidad de Antioquia.

Conflict of interest: The authors declare no
conflict of interest.

REFERENCES

1. Patterson J. Introduction - Comparative dictary risk: Balance
the risk and benefits of fish consumption. Comments Toxicol.
2002;8(4-6):337-43.

2. KadarI, Koncz J, Fekete S. Experimental study of Cd, Hg, Mo,
Pb and Semovement in soil-plant-animal systems. krmiva.
2001;43(3):185-90.

3. Burger ], Gochfeld M. A framework and information needs for
the management of the risks from consumption of self-caught
fish. Environ Res. 2006;101(2):275-85.

4. Kojadinovic J, Potier M, Le Corre M, Cosson RP, Bustamante
P. Bioaccumulation of trace elements in pelagic fish from the
Western Indian Ocean. Environ Pollut. 2007;146(2):548-66.

5. Tokar EJ, Boyd WA, Freedman JH, Waalkes MP. Toxic effects of
metals. Casarett and Doull’s Toxicology. 8th ed. McGraw-HilL;
2015. p. 933-80.

6. ZhangL, Wong MH. Environmental mercury contamination in
China: Sources and impacts. Environ Int. 2007;33(1):108-21.

7. Agency for Toxic Substance and Disease Registry. Toxicologi-
cal Profile for Lead. Atlanta: U.S. Department of Health and
Humans Services, Public Health Service, Centres for Diseases
Control; 2007.

8. Agency for Toxic Substance and Disease Registry. Toxicological
Profile for Arsenic. Atlanta: U.S. Department of Health and
Humans Services, Public Health Service, Centres for Diseases
Control; 2007.

157

9. Henley RW, Berger BR. Nature’s refineries - Metals and meta-
lloids in arc volcanoes. Earth-Science Rev. 2013;125:146-70.

10. He ZL, Yang XE, Stoffella P]. Trace elements in agroecosys-
tems and impacts on the environment. ] Trace Elem Med Biol.
2005;19(2-3):125-40.

11. Ploetz DM, Fitts BE, Rice TM. Differential accumulation of
heavy metals in muscle and liver of a marine fish, (King Macke-
rel, Scomberomorus cavalla Cuvier) from the Northern Gulf of
Mexico, USA. Bull Environ Contam Toxicol. 2007;78(2):124-7.

12. Chandra Sekhar K, Chary NS, Kamala CT, Suman Raj DS,
Sreenivasa Rao A. Fractionation studies and bioaccumulation
of sediment-bound heavy metals in Kolleru lake by edible fish.
Environ Int. 2004;29(7):1001-8.

13. Cheng-xiu LU, Jie-min C. Speciation of Heavy Metals in the
Sediments from Different Eutrophic Lakes of China. Procedia
Eng. 2011;18:318-23.

14. Pempkowiak J, Sikora A, Biernacka E. Speciation of heavy me-
tals in marine sediments vs their bioaccumulation by mussels.
Chemosphere. 1999;39(2):313-21.

15. ZhangL, ShiZ, Zhang], Jiang Z, Wang F, Huang X. Spatial and
scasonal characteristics of dissolved heavy metals in the east and
west Guangdong coastal waters, South China. Mar Pollut Bull.
Elsevier Ltd; 2015;95(1):419-26.

16. Nfon E, Cousins IT, Jirvinen O, Mukherjee AB, Verta M, Bro-
man D. Trophodynamics of mercury and other trace elements
in a pelagic food chain from the Baltic Sea. Sci Total Environ.
Elsevier BV.; 2009;407(24):6267-74.

17. Olmedo P, Pla A, Hernindez a. F, Barbier F, Ayouni L, Gil F.
Determination of toxic elements (mercury, cadmium, lead, tin
and arsenic) in fish and shellfish samples. Risk assessment for
the consumers. Environ Int. Elsevier Ltd; 2013;59:63-72.

18. Qiu Y-W. Bioaccumulation of heavy metals both in wild and
mariculture food chains in Daya Bay, South China. Estuar Coast
Shelf Sci. Elsevier Ltd; 2015;163:7-14.

19. Gray]JS. Biomagnification in marine systems: the perspective of
an ecologist. Mar Pollut Bull. 2002;45:46-52.

20. Jarup L. Hazards of heavy metal contamination. Br Med Bull.
2003;68:167-82.

21. Agency for Toxic Substance and Discase Registry. Substance
Priority List. Department of Health and Humans Services, Public
Health Service,Centres for Diseases Control, Atlanta, GA.; 2013.

22. Castro-Gonzilez MI, Méndez-Armenta M. Heavy metals:
Implications associated to fish consumption. Environ Toxicol
Pharmacol. 2008;26(3):263-71.

23. United States Environmental Protection Agency. Fish: what
pregnant women and parents should know [Internet]. 2014
[cited 2014 Sep 6]. Available from: http:/www.fda.gov/Food/
FoodbornelllnessContaminants/Metals/ucm393070.htm

24. Ceccatelli S, Daré E, Moors M. Methylmercury-induced neuro-
toxicity and apoptosis. Chem Biol Interact. 2010;188(2):301-8.

25. Carocci A, Rovito N, Sinicropi MS, Genchi G. Mercury toxic-
ity and neurodegenerative effects. Reviews of Environmental
Contamination and Toxicology. 2014. p. 1-18.

26. Zhang W-L, Du'Y, Zhai M-M, Shang Q. Cadmium exposure
and its health effects: A 19-year follow-up study of a polluted
area in China. Sci Total Environ. 2014;470-471:224-8.

27. Méndez-Armenta M, Rios C. Cadmium neurotoxicity. Environ
Toxicol Pharmacol. 2007;23(3):350-8.

28. International Agency for Research in Cancer. Monographs on
the evaluation on carcinogenics risks to humans [Internet]. 2014
[cited 2014 Sep 11]. Available from: http:/monographs.iarc.ft/
ENG/Classification/

29. Bertin G, Averbeck D. Cadmium: cellular effects, modifications
of biomolecules, modulation of DNA repair and genotoxic con-
sequences (a review). Biochimie. 2006;88(11):1549-59.

30. Gwaltney-Brant SM, Haschek WM, Rousscaux CG, Wallig MA.
Chapter 41 - Heavy Metals. Haschek and Rousseaux’s Handbook



158

31.

32.
33.
34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

of Toxicologic Pathology (Third Edition). Boston: Academic
Press; 2013. p. 1315-47.

Garza A, Vega R, Soto E. Cellular mechanisms of lead neurotoxic-
ity. Med Sci Monit. 2006/02/28 ed. Instituto de Fisiologia, Uni-
versidad Autonoma de Puebla, Pue, Mexico.; 2006;12(3):57-65.
Abernathy CO, Thomas DJ, Calderon RL. Health effects and risk
assessment of arsenic. ] Nutr. 2003;133((5 Suppl 1)):1536s — 8s.
Hughes MF. Arsenic toxicity and potential mechanisms of action.
Toxicol Lett. 2002;133(1):1-16.

McCurry J. Japan remembers Minamata. Lancet. England; 2006.
p. 99-100.

Inaba T, Kobayashi E, Suwazono Y, Uetani M, Oishi M, Naka-
gawa H, etal. Estimation of cumulative cadmium intake causing
Itai—itai disease. Toxicol Lett. 2005;159(2):192-201.

De Jesus IS, da Silva Medeiros RL, Cestari MM, de Almeida
Bezerra M, de Mello Affonso PRA. Analysis of Metal Con-
tamination and Bioindicator Potential of Predatory Fish Species
Along Contas River Basin in Northeastern Brazil. Bull Environ
Contam Toxicol. 2014;1-6.

Olivero J, Johnson B. El lado gris de la minerfa del oro: la con-
taminacién con mercurio en el norte de Colombia. Colombia:
Universidad de Cartagena; 2002.

Bustamante C, Olivares F, Jimenez W. Calderos de mayor
importancia en la pesca artesanal de Golfo de Urab4. Autoridad
nacional de acuicultura y pesca; 2012.

SEPEC.

Ministerio de Ambiente Vivienda y Desarrollo territorial.
Cuantificacién de liberaciones antropogénicas de mercurio en
colombia. Republica de Colombia; 2010. p. 0-82.

EFSA Panel on Contaminants in the Food Chain (CONTAM).
Scientific Opinion on the risk for public health related to the
presence of mercury and methylmercury in food. EFSA Journal .
2012;10:241.

Tan SW, Meiller JC, Mahaffey KR. The endocrine effects of mer-
cury in humans and wildlife. Crit Rev Toxicol. 2009;39(3):228—
69.

Debes F, Weihe P, Grandjean P. Cognitive deficits at age 22 years
associated with prenatal exposure to methylmercury. Cortex.
2015 Jun;

Karagas MR, Choi AL, Oken E, Horvat M, Schoeny R, Kamai
E. Review Evidence on the Human Health Effects of Low-Level
Methylmercury Exposure. Env Heal Perspect. 2012;120(6):799—
806.

Enviromental Protection Agency (EPA). Mercury in Marine Life
Database. U.S. Office of Wetlands, Oceans, and Wathersheds.
Washington, DC; 2003.

Denton GRW, Burdon-Jones C. Trace metals in fish from the
Great Barrier Reef. Mar Pollut Bull. 1986;17:201-9.
El-Moselhy KM, Othman Al, Abd El-Azem H, El-Metwally
ME a. Bioaccumulation of heavy metals in some tissues of fish
in the Red Sea, Egypt. Egypt J Basic Appl Sci. Elsevier Ltd,;
2014;1(2):1-9.

Ordiano-Flores A, Rosiles-Martinez R, Galvin-Magana F. Bio-
magnification of mercury and its antagonistic interaction with
selenium in yellowfin tuna Thunnus albacares in the trophic
web of Baja California Sur, Mexico. Ecotoxicol Environ Saf.
2012;86:182-7.

Chen CY, Lai CC, Chen KS, Hsu CC, Hung CC, Chen MH.
Total and organic mercury concentrations in the muscles of
Pacific albacore (Thunnus alalunga) and bigeye tuna (Thunnus
obesus). Mar Pollut Bull. Elsevier Ltd; 2014;85(2):606—-12.
Lima APS, Sarkis JES, Shihomatsu HM, Miiller RCS. Mer-
cury and selenium concentrations in fish samples from Ca-
choeira do PiridMunicipality, PariState, Brazil. Environ Res.
2005;97(3):236—44.

VITAE

J. Zuluaga R. et al.

51. Dabeka R, McKenzie AD, Forsyth DS, Conacher HB. Survey of

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

total mercury in some edible fish and shellfish species collected
in Canada in 2002. Food Addit Contam. 2004;21(5):434-40.
Mendez E, Giudice H, Pereira A, Inocente G, Medina D. Total
Mercury Content—Fish Weight Relationship in Swordfish (Xi-
phias gladius) Caught in the Southwest Atlantic Ocean. ] Food
Compos Anal. 2001;14(5):453-60.

Hightower JM, Moore D. Mercury levels in high-end consumers
of fish. Env Heal Perspect. 2003;111(4):604-8.

ChenYC, Chen CY, Hwang HJ, Chang WB, Yeh W], Chen MH.
Comparison of the metal concentrations in muscle and liver tis-
sues of fishes from the Erren River, Southwestern Taiwan, after
the restoration in 2000. ] Food Drug Anal. 2004;12(4):358—66.
Thiyagarajan D, Dhaneesh K V, Kumar TTA, Kumaresan S,
Balasubramanian T. Metals in fish along the southeast coast of
India. Bull Environ Contam Toxicol. 2012;88(4):582-8.
Leung HM, Leung AOW, Wang HS, Ma KK, Liang Y, Ho KC, et
al. Assessment of heavy metals/metalloid (As, Pb, Cd, Ni, Zn, Cr,
Cu, Mn) concentrations in edible fish species tissue in the Pearl
River Delta (PRD), China. Mar Pollut Bull. 2014;78:235-45.
Medeiros RJ, dos Santos LMG, Freire AS, Santelli RE, Braga
AMCB, Krauss TM, et al. Determination of inorganic trace
clements in edible marine fish from Rio de Janeiro State, Brazil.
Food Control. 2012;23(2):535-41.

Saei-Dehkordi SS, Fallah AA. Determination of copper, lead,
cadmium and zinc content in commercially valuable fish species
from the Persian Gulf using derivative potentiometric stripping
analysis. Microchem J. 2011;98:156-62.

Storelli MM, Storelli MM, Storelli A, Storelli A, Marcotrigiano
GO, Marcotrigiano GO. Accumulation of mercury, cadmium,
lead and arsenic in sword sh and blue n tuna from the Mediterra-
nean Sea: A comparative study. Mar Pollut Bull. 2005;50:1004-7.
Marrugo-Negrete J, Benitez LN, Olivero-Verbel J. Distribution
of mercury in several environmental compartments in an aquatic
ecosystem impacted by gold mining in northern Colombia. Arch
Env Contam Toxicol. 2008;55(2):305-16.

Olivero-Verbel J, Caballero-Gallardo K, Marrugo Negrete J.
Relationship between localization of gold mining areas and hair
mercury levels in people from Bolivar, north of Colombia. Biol
Trace Elem Res. 2011;144:118-32.

Olivero J, Johnson B, Arguello E. Human exposure to mercury
in San Jorge river basin, Colombia (South America). Sci Total
Environ. 2002;289:41-7.

Codex Alimentarius Commission. Joint FAO/WHO food stan-
dards programme Codex Committee on contaminants in foods
sixth session [Internet]. 2012 [cited 2014 Jun 10]. Available from:
ftp:/ftp.fao.org/codex/mectings/ccct/cccf6/ct06_INFe.pdf.
FAO/WHO Expert Commite on Food Additives. Methyl-
mercury [Internet]. 2011 [cited 2014 Nov 20]. Available from:
http://apps.who.int/food-additives-contaminants-jecfa-database/
chemical.aspx?chemID=3083

Agency for Toxic Substance and Disease Registry. Toxicological
Profile for Cadmium. Atlanta: U.S. Department of Health and
Humans Services, Public Health Service, Centres for Diseases
Control; 2012.

Auger P a., Machu E, Gorgues T, Grima N, Waeles M. Compa-
rative study of potential transfer of natural and anthropogenic
cadmium to plankton communities in the North-West African
upwelling. Sci Total Environ. Elsevier B.V.; 2015;505:870-88.
Horner TJ, Lee RBY, Henderson GM, Rickaby REM. Nonspe-
cific uptake and homeostasis drive the oceanic cadmium cycle.
Proc Natl Acad Sci U S A. 2013;110(7):2500-5.

Hendry KR, Rickaby REM, de Hoog JCM, Weston K, Rehkim-
per M. Cadmium and phosphate in coastal Antarctic seawater:
Implications for Southern Ocean nutrient cycling. Mar Chem.
Elsevier B.V.; 2008;112(3-4):149-57.



CoNTENT OF Hg, Cd, Pb AND AS IN FISH SPECIES: A REVIEW

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Houston MC. The role of mercury and cadmium heavy metals
in vascular disease, hypertension, coronary heart disease, and-
myocardial infraction. Altern Ther Heal Med. 13:128-33.

Kim K. Blood cadmium concentration and lipid profile in Korean
adults. Environ Res. 2012;112:225-9.

Thatcher RW, Lester ML, McAlester R, Horts R. Effects of low
levels of cadmium and lead on cognitive functions in children .
Arch Environ Heal. 37:159-66.

Saei-Dehkordi SS, Fallah AA, Nematollahi A. Arsenic and
mercury in commercially valuable fish species from the Persian
Gulf: Influence of season and habitat. Food Chem Toxicol.
2010;48(10):2945-50.

FAO/WHO Expert Committe on Food Additives. Cadmium
[Internet]. 2013 [cited 2014 Nov 20]. Available from: http://apps.
who.int/food-additives-contaminants-jecfa-database/chemical.
aspx?chemID=1376

Sepe A, Ciaralli L, Ciprotti M, Giordano R, Fumari E, Costantini
S. Determination of cadmium, chromium, lead and vanadium
in six fish species from the Adriatic Sea . Food Addit Contam.
2003;20:543-52.

Chakraborty P, Babu PVR, Sarma V V. A study of lead and
cadmium speciation in some estuarine and coastal sediments.
Chem Geol. Elsevier BV.; 2012;294-295:217-25.

Woosley RJ, Millero FJ. Pitzer model for the speciation of lead
chloride and carbonate complexes in natural waters. Mar Chem.
Elsevier BV.; 2013;149:1-7.

Heier LS, Lien IB, Stremseng AE, Ljones M, Rosseland BO,
Tollefsen KE, etal. Speciation of lead, copper, zinc and antimony
in water draining a shooting range-Time dependant metal accu-
mulation and biomarker responses in brown trout (Salmo trutta
L.). Sci Total Environ. Elsevier B.V.; 2009;407(13):4047-55.
Papanikolaou CN, Hatzidaki GE, Belivanis S, Tzanakakis GN,
Tsatsakis MA. Lead toxicity update, A brief review. Med Sci
Monit. 2005;11:329-36.

Liu P, Wang C-N, Song X-Y, Wu Y-N. Dietary intake of lead and
cadmium by children and adults — Result calculated from dietary
recall and available lead/cadmium level in food in comparison
to result from food duplicate diet method. Int J] Hyg Environ
Health. 2010;213(6):450-7.

Eisler R. Compendium of Trace Metals and Marine Biota.
Compendium of Trace Metals and Marine Biota. 2010.
FAO/WHO Expert Committe on Food Additives. Lead [In-
ternet]. 2011 [cited 2014 Nov 20]. Available from: http://apps.
who.int/food-additives-contaminants-jecfa-database/chemical.
aspx2chemID=3511

Matschullat J. Arsenic in the geosphere--a review. Sci Total
Environ. 2000;249:297-312.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

159

Marlborough SJ, Wilson VL. Arsenic speciation driving risk
based corrective action. Sci Total Environ. Elsevier B.V.;
2015;520:253-9.

Ruttens a., Blanpain a. C, De Temmerman L, Waegeneers N.
Arsenic speciation in food in Belgium. Part 1: Fish, molluscs and
crustaceans. ] Geochemical Explor. Elsevier B.V.; 2012;121:55—
61.

Amlund H, Ingebrigtsen K, Hylland K, Ruus A, Eriksen D@,
Berntssen MHG. Disposition of arsenobetaine in two marine fish
species following administration of a single oral dose of [14C]
arsenobetaine. Comp Biochem Physiol - C Toxicol Pharmacol.
2006;143(2):171-8.

Kakkar P, Jaffery NF. Biological markers for metal toxicity.
Environ Toxicol Pharmacol. 2005;19(2):335-49.

FAO/WHO Expert Commite on Food Aditives. Arsenic [In-
ternet]. 2011 [cited 2014 Nov 20]. Available from: http:/apps.
who.int/food-additives-contaminants-jecfa-database/chemical.
aspx?chemID=1863

Velusamy A, Satheesh Kumar P, Ram A, Chinnadurai S.
Bioaccumulation of heavy metals in commercially important
marine fishes from Mumbai Harbor, India. Mar Pollut Bull.
2014;81:218-24.

Tkem A, Egicbor NO. Assessment of trace elements in canned
fishes (mackerel, tuna, salmon, sardines and herrings) marketed
in Georgia and Alabama (United States of America). ] Food
Compos Anal. 2005;18(8):771-87.

Kehrig H a., Malm O, Moreira I. Mercury in a widely consumed
fish Micropogonias furnieri (Demarest, 1823) from four main
Brazilian estuaries. Sci Total Environ. 1998;213:263-71.
Havelkovia M, Dusek L, Némethova D, Poleszczuk G, Svobodova
Z. Comparison of mercury distribution between liver and muscle
- A biomonitoring of fish from lightly and heavily contaminated
localities. Sensors. 2008;8(7):4095-109.

Farkas A, SalinkiJ, Speczidr A. Age- and size-specific patterns of
heavy metals in the organs of freshwater fish Abramis brama L.
populating a low-contaminated site. Water Res. 2003;37(5):959—
64.

Franca S, Vinagre C, Cagador I, Cabral HN. Heavy metal con-
centrations in sediment, benthic invertebrates and fish in three
salt marsh areas subjected to different pollution loads in the Tagus
Estuary (Portugal). Mar Pollut Bull. 2005;50(9):998-1003.
Aparicio-Gonzilez A, Duarte CM, Tovar-Sinchez A. Trace
metals in deep ocean waters: A review. ] Mar Syst. Elsevier B.V,;
2012;100-101:26-33.

Kocman D, Horvat M, Pirrone N, Cinnirella S. Contribution of
contaminated sites to the global mercury budget. Environ Res.
Elsevier; 2013;125:160-70.



EVALUADORES / REVIEWERS

El comité Editorial expresa sus agradecimientos a todas las personas que colaboraron en la evaluacién
de los manuscritos puestos a consideracion para ser publicados en la Revista Vitae Volumen 22 No. 2.

Editorial Board expresses gratitude to reviewers who cooperated with the evaluation process of all the
manuscripts published in this volume 22 N°2 of Revista Vitae.

Amparo Alegria Toran
University of Valencia
Madrid - Espaiia

Martha Mesias

Instituto de Ciencia y Tecnologia de Alimentos y

Nutricién (ICTAN)
Madrid -Espana

Juan Torres
Nutresa
Medellin -Colombia

William Albarracin Hernandez
Universidad de Narifio
Narifio — Colombia

Eduardo Rodriguez Sandoval
Universidad Nacional de Colombia
Medellin — Colombia

Raquel Rodriguez Raposo
Universidad de la Laguna
Santa Cruz de Tenerife - Espana

Dario Tellez
Instituto Politécnico Nacional
Mexico

Gustavo Fidel Gutiérrez Lopez
Instituto Politécnico Nacional
Mexico

John Rojas
Universidad de Antioquia
Medellin - Colombia

Héctor Suarez Mahecha
Universidad Nacional de Colombia
Medellin — Colombia

Paulo Roberto Campagnoli de Oliveira Filho

Universidade Estadual Paulista
Sao Paulo - Brasil

Claudia Ramirez Botero
Universidad de Antioquia
Medellin - Colombia

Claudio Jiménez Cartagena
Universidad de Antioquia
Medellin - Colombia

Hermes Rafael Santis

Politécnico Colombiano Jaime Isaza Cadavid
Medellin - Colombia

Edwin Moncada Acevedo

Instituto Tecnoldégico Metropolitano
Medellin - Colombia

Marina Arrieta
Universidad Politécnica de Valencia
Valencia - Espana

Lida Andrea Quinchia Bustamante
Fresenius Kabi Deutschland GMBH
Bad Homburg - Germany

Oscar Vega
Universidad de Antioquia
Medellin - Colombia



161

INSTRUCCIONES A LOS AUTORES®

ALCANCE Y POLITICA DE REVISION

La Revista VITAE es una publicacién
cientifica de la Facultad de Quimica
Farmacéutica de la Universidad de Antio-
quia, con una periodicidad cuatrimestral,
que tiene como misién la divulgaciéon
del desarrollo y los avances académicos ¢
investigativos en los diversos campos de
las ciencias farmacéuticas, alimentarias y
afines. Publica manuscritos originales ¢
inéditos, los cuales son seleccionados por
el Comité Editorial y evaluados por pares
nacionales e internacionales. La responsa-
bilidad por los juicios, opiniones y puntos
de vista expresados en los manuscritos
publicados corresponde exclusivamente a
los autores. La posicién de la Facultad se
consigna en la seccién Editorial.

RESERVA DE DERECHOS

El estudio y la seleccién de los ma-
nuscritos enviados por los colaboradores
estdn a cargo del Comité Editorial. La
recepcién de un manuscrito no implica
la aceptacién ni publicacién del mismo.
En los manuscritos aceptados, el Comité
Editorial se reserva el derecho de realizar
las modificaciones editoriales necesarias
para su publicacién, al igual que su fecha
de aparicién en la Revista.

Tr1ros Y CLASIFICACION DE LOS
MANUSCRITOS

La Revista VITAE publica los
siguientes tipos de manuscritos:

 Articulos Resultado de Investigacién
* Articulos Cortos
* Revisiones Estructuradas
¢ Editorial y Comentarios Editoriales
* Cartas al Editor
Los articulos son clasificados en
una de las siguientes secciones:
* Alimentos: Ciencia, Tecnologia e
Ingenieria
¢ Atencién Farmacéutica
¢ Biotecnologia
*  Farmacologia y Toxicologia
* Industrial Farmacéutica

*  Productos Naturales
PRESENTACION DE MANUSCRITOS

La Revista VITAE acepta para eva-
luacién manuscritos en espanol y/o
en inglés. El envio del manuscrito se
debe realizar a través de la plataforma
Open Journal System, donde la Revista
administra los procesos de evaluacién y

Acta 22 de Junio de 2012

publicacién. Para ello, se debe dirigir a
la pagina web: www.udea.edu.co/vitae.
De igual manera, se debe adjuntar los
documentos solicitados por el equipo
editorial, tal como se especifica en
la informacién consignada en dicha
pagina: los formatos (informacién del
manuscrito y de los autores) y la licencia
de acceso abierto. En esta pigina web
encontrard una versiéon amplia de estas
instrucciones, donde podrad consultar
todo lo relacionado a los parimetros de
presentacién del manuscrito e informa-
ci6én completa acerca de la estructura de
cada uno de los tipos de manuscrito y las
normas de estilos de los mismos.

REVISION PREVIA AL
CUMPLIMIENTO DE LAS NORMAS
Y POLITICAS EDITORIALES:

Verificacion del cumplimiento
de las normas editoriales. El Equipo
Editorial realiza una revisién en la que se
verifica que el manuscrito cumpla con las
normas estipuladas en este documento:
entrega de la informacién solicitada,
licenciamiento de la obra, estructura com-
pletay adecuada del manuscritoy citacién
de acuerdo alas normas Vancouver. El au-
tor puede verificar el cumplimiento de los
requisitos antes de enviar el manuscrito
utilizando la Lista de Verificacion que sc
encuentra disponible en la pigina web, en
Author’s forms and guidelines.

Revisiéon Editorial. Posterior a la
verificacién del cumplimiento de las nor-
mas editoriales, antes de ser enviados a la
evaluacién por pares, el Comité Editorial
realiza una evaluacién previa de todos los
manuscritos que cumplen las normas edi-
toriales. El propésito de esta pre-revision es
garantizar que la estructura del manuscrito
y los contenidos sean claros, pertinentes y
reportados adecuadamente, con el fin de
facilitar la evaluacion por parte de los pares.
Como resultado, el manuscrito puede ser
enviado a revisién por pares, devuelto a
los autores para correcciones o rechazado.

REVISION POR PARES
(PEER-REVIEW):

Una vez el Comité Editorial verifica
que el manuscrito cumple con todos los
pardmetros establecidos por la Revista
envia el manuscrito a dos pares, como
minimo, quienes deben emitir su concepto
por escrito en el formato establecido para
ello, a través de la plataforma Open Journal

System. El Equipo Editorial revisa y valora
las evaluaciones, si es necesario se asesora de
personas idéneas y como resultado, acepta
la publicacién del manuscrito, lo de-
vuelve a los autores para correcciones,
o lo rechaza de forma definitiva.

En los casos en que se solicitan correc-
ciones, los autores deben enviar la nueva
version a través de la misma plataforma en
un plazo miximo de catorce dias calenda-
rio a partir de la fecha de notificacién. Enla
correccién de pruebas de impresién final,
s6lo se permite cambios de forma relativos
aredaccién o estilo.

El manuscrito se publica en linca y
de forma impresa, de la cual se envia tres
¢jemplares al autor principal.

CO0STOS DE PUBLICACION

El valor a pagar por manuscrito,
exceptuando las cartas al editor y los
comentarios editoriales, es de trescien-
tos cincuenta mil pesos colombianos
($440.000 COP), para transacciones
nacionales, o doscientos délares ($220
USD), para transacciones internaciona-
les. Este valor se paga cuando se notifica
la aceptacién para la publicacién de la
versién definitiva del manuscrito. La
impresién de grificos, figuras o foto-
graffas en color es opcional y tiene un
costo adicional por pigina necesaria de
cien mil pesos colombianos ($100.000
COP) para transacciones nacionales o
sesenta y cinco délares ($65 USD) para
transacciones internacionales.

LICENCIAMIENTO DEL
MANUSCRITO

Los manuscritos publicados en la
Revista VITAE quedan disponibles gra-
tuitamente para la consulta publica, tanto
en el sitio web como en los diferentes
sistemas de indexacién y bases de datos
a los que estd suscrita la Revista, bajo
la Licencia Creative Commons, en el
modo Attribution-Noncommercial-No
Derivative Works aprobada en Colombia
y por tanto son de acceso abierto (Open
Access). Por tanto, los autores ceden, sin
derecho a retribuciones econdémicas, a
la Universidad de Antioquia, Revista VI-
TAE, los Derechos sobre la publicacién
y reproduccién en diferentes medios de
difusién por el tiempo que establezca la
normatividad vigente, mediante el do-
cumento de Licencia de Acceso Abierto
a la Publicacién propuesto para tal fin.
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The Journal VITAE is a four-
monthly scientific publication of the
Pharmaceutical Chemistry Faculty of
the University of Antioquia, which has
the mission of spreading the voice about
the development and the academic and
research advances in the various fields of
pharmaceutical, food and related scien-
ces. The Journal publishes original and
novel manuscripts, which are selected
by the Editorial Board and evaluated by
national and international peers. The
responsibility over judgments, opinions
and points of view expressed in the pu-
blished manuscripts lies exclusively on
the authors. The statement of the Fa-
culty is recorded in the Editorial section.

RESERVATION OF RIGHTS

The evaluation and selection of the
manuscripts submitted by the colla-
borators are in charge of the Editorial
Board. The reception of a manuscript
does not imply neither its approval nor
publication. For the accepted manus-
cripts, the Editorial Board reserves the
right to perform the necessary editorial
modifications for its publication, as well
as its release date in the Journal.

TYPES AND CLASIFICATION OF
MANUSCRIPTS

The Journal Vitae publishes the
following types of manuscripts:
* Articles of research results
e Short articles
*  Structured Reviews
* Editorial section and Editorial com-
ments
e Letters to the Editor
The articles are classified in one of
the following sections:
* Foods: Science, technology and
engineering.
* Pharmaceutical care
* Biotechnology
*  Pharmacology and toxicology
* Pharmaceutical Industry
* Natural products

SUBMISSION OF MANUSCRIPTS

The Journal VITAE receives either
English or Spanish written articles for
evaluation. The submission of the article
must be done through the Open Journal

Minutes No. 22 of June, 2012

System platform, where the Journal
manages the evaluation and publication
processes. For this, the authors must go
to the web page: www.udea.edu.co/vitae.
Likewise, the requested documentation
by the Editorial team must be attached
asitis specified through the information
available in the web page: the forms
(information about the manuscript and
the authors) and the Open access license.
In this web page the authors will find
a larger version of these instructions,
where will be able to find everything
related to the submission parameters of
the manuscript and complete informa-
tion about the structure of every type of
manuscript and its style rules.

PREVIOUS REVISION TO THE
FULFILLMENT OF THE NORMS AND
EDITORIAL POLICIES

Verification of the fulfillment
of the editorial norms. The Editorial
Team performs a revision in which is
verified that the manuscript meets the
stipulated norms in this document: sub-
mission of the requested information,
licensing of the work, complete and
proper structure of the manuscript and
quotation in accordance with the Van-
couver rules. The author may verify the
fulfillment of the requirements before
submitting the manuscript by using the
List of verification, which is available in
the web page in the Author’s forms and
guidelines sections.

Editorial revision. After the verifi-
cation of the fulfillment of the editorial
norms, and before being sent to the
peers for evaluation, the Editorial Board
performs a previous evaluation of all ma-
nuscripts that meet the editorial norms.
The purpose of this previous revision
is to guarantee that the structure of the
manuscript and its contents are clear,
relevant and properly reported, in order
to facilitate the evaluation performed
by the peers. As a result, the manuscript
could be sent for peer review, returned
to authors for corrections or rejected.

PEER REVIEW

Once the Editorial Board verifies
that the manuscript meets all the esta-
blished parameters by the Journal, the
manuscript is sent to two peers, at least,
who must give a written concept in the

established format for this, through the
platform Open Journal System. The
Editorial Team reviews and assesses
the evaluations, taking advice from
qualified people if necessary, and as a
result may approve the publication of
the manuscript, return it to the authors
for corrections, of reject it definitively.

In those cases that corrections are
requested, the authors must send the
new version using the platform within 14
(fourteen) calendar days since the date of
notification. In the correction of tests of
final printing, only form changes related
to redaction and style are allowed.

The manuscript is published online
and in printed version, which is sent 3
(three) copies to the main author.

PUBLICATION CHARGES

The amount payable for a manus-
cript, excluding the letters to editor and
the editorial comments, is three hundred
and fifty thousand Colombian Pesos
($440.000 COP) for national transac-
tions, or two hundred dollars ($220
USD) for international transactions.
This amount is paid when the approval
for the publication of the manuscript’s
final version is notified. The printing of
graphics, figures or color photographs is
optional and applies extra charge of one
hundred Colombian Pesos ($100.000
COP) per required page, for national
transactions, or sixty five dollars ($65
USD) for international transactions.

LICENSING OF THE WORK

The manuscripts published in The
Journal VITAE remain freely available
for public consultation on the web
site as on the different indexing sys-
tems and data bases that the Journal is
subscribed, under the license Creative
Commons, in the mode Attribution-
Noncommercial-No Derivative Works,
adopted in Colombia, and therefore
are of Open Access. Hence the authors
give, without right to economical retri-
butions, to the University of Antioquia,
Journal VITAE, the copyrights on the
publication and reproduction through
different diffusion media by the time set
in the current regulations, by filling the
document of Open Access License to the
publication proposed for this purpose.

Requested documentation for the submission of manuscripts: forms, verification list, and the Open access license to the publication. A copy of
these instructions can be downloaded from the web site: www.udea.edu.co/vitae



INFORMACION GRUPOS DE INVESTIGACION
Facultad de Quimica Farmaceéutica / Universidad de Antioquia

Grupos clasificados
en convocatoria
COLCIENCIAS 2013

Coordinador

Objetivo del Grupo

Grupo de Investigacion
en Sustancias Bioactivas
(A1)

Prof. Edison Osorio. Magister en Ciencias
Farmacéuticas. Doctor en Farmacia. Profesor
area de Fitoquimica. ejosorio48@gmail.com
edison.osorio@udea.edu.co

Busqueda de nuevas alternativas terapéuticas con compuestos activos a partir de fuentes
naturales. Investigacion en alimentos funcionales y materias primas funcionales utiles para la
industria alimentaria, cosmética y farmacéutica.

Productos Naturales
Marinos (A)

Prof. Diana Margarita Marquez Fernandez
Magister en Ciencias Quimicas

Doctora en Ciencias Quimicas
diana.marquez@udea.edu.co

Investigar la biodiversidad colombiana haciendo especial énfasis en los productos naturales
marinos y busqueda de productos naturales funcionales. Ademas hemisintetizar compuestos
bioactivos, realizar marchas fitoquimicas, estandarizar y validar metodologias de analisis y
control de calidad de medicamentos y productos afines.

Programa de Ofidismo y
Escorpionismo (A1)

Prof. Sebastian Estrada.

Magister en investigacién y desarrollo de
medicamentos.
Sebastian.estrada@siu.udea.edu.co

Fortalecer la investigacién interdisciplinaria en el campo de la toxinologia.

« Adelantar investigaciones relacionadas con la clinica, epidemiologia y tratamiento especifico
de las intoxicaciones causados por animales venenosos, plantas y microorganismos.

« Realizar proyectos de investigacion orientados a la busqueda de moléculas o productos con
aplicacion farmacéutica, alimentaria o agricola.

« Evaluar el uso de los venenos de origen natural con potencial aplicacion en los campos: farma-
céutico, alimentario, cosmético y agricola.

« Consolidar y ampliar las estrategias educativas en el area de la toxinologia para beneficio de la
sociedad.

+ Formar estudiantes de pregrado y posgrado en las areas misionales del programa vy facilitar
los intercambios colaborativos con sectores productivos y grupos de investigacion nacionales e
internacionales..

Biodegradacion y
Bioconversion de
Polimeros - BIOPOLIMER
(A)

Freimar Segura Sanchez.

Magister en Ciencias Farmacéuticas. Doctor
en Farmacotecnia y Biofarmacia de la
Universidad de Paris Sud-Francia.
Profesor del Area Industrial Farmacéutica.
Freimar.segura@udea.edu.co
freimars@gmail.com

Biodegradar y/o bioconvertir residuos agroindustriales a productos de valor agregado como
enzimas, compuestos aromaticos u otros con actividad biolégica, utilizando hongos basi-
diomicetos o sus enzimas ligninoliticas aisladas, para obtener biocombustibles, productos
farmacéuticos, alimentos para animales, o nutrientes humanos y estabilizarlos utilizando
técnicas de inmovilizacion.

Por medio de nanotecnologia desarrollar transportadores inteligentes para medicamentos,
cosméticos y alimentos que permitan utilizarlos de forma mas segura, eficiente y eficaz.

Disefio y Formulacién de
Medicamentos,
Cosméticos

y Afines (A1)

Prof. Oscar Flérez Acosta.

Doctor en Ciencias Farmacéuticas y
Alimentarias. Profesor Area Industrial
Farmacéutica. Oscar.florez@udea.edu.co

Disefio, formulacién y reformulacion de productos farmacéuticos, cosméticos y afines.

Estudios de estabilidad
de medicamentos,
cosméticos

y alimentos (Reconocido)

Cecilia Gallardo Cabrera.

Doctora en Ciencias Quimicas. Profesora
Area de Produccién Farmacéutica.
cecilia.gallardo@udea.edu.co,

Contribuir al desarrollo de la industria y al mejoramiento de la salud publica, a través de la
investigacion e implementacion de estudios de estabilidad en medicamentos, cosméticos y
alimentos, de acuerdo a consideraciones cientificas y regulaciones nacionales e internacionales.
Desarrollo de tecnologias viables para la estabilizacion de dichas matrices.

Promocion y Prevencion
Farmacéutica (A1)

Prof. Pedro Amariles Mufioz.

Magister en Farmacia Clinica y Farmacotera-
pia. Doctor en Farmacologia. Profesor Area
de Atencion Farmacéutica.
grupoppf@udea.edu.co
www.udea.edu.co/pypfarmaceutica

Evidenciar laimportancia y la contribucién del profesional farmacéutico a la utilizacion, efectiva,
segura y econémica de los medicamentos, al igual que al mejoramiento de las condiciones
de salud de la comunidad en contexto del Sistema General de Seguridad Social de Colombia.
En este sentido, el grupo se orienta a: (1) disefar y realizar trabajos de investigacién relacio-
nados con la implementacién y valoracién del efecto en salud de los servicios de Atencién
Farmacéutica: Seguimiento Farmacoterapéutico, Dispensacion, Indicaciéon Farmacéutica,
Farmacovigilancia, Farmacoeconomia y Educacién en Salud; (2) disefiar, desarrollar y valorar
el efecto de herramientas informaticas sobre la eficacia y eficiencia en la realizacion de los
servicios de Atencion Farmacéutica; y (3) realizar labores de extension y asesoria relacionadas
con intervenciones en promocién de la salud; prevencion de la enfermedad; y orientacion al
uso efectivo, seguro y econémico de los medicamentos.

Grupo de Nutriciony
Tecnologia de Alimentos
(A1)

Prof. José Edgar Zapata Montoya.

Doctor en Biotecnologia. Profesor Area de
Ingenieria Aplicada
edgar.zapata@udea.edu.co
jedgar_4@yahoo.com

Desarrollar nuevas propuestas alimentarias basadas en métodos de conservacién no térmi-
cos y en procesos biotecnolédgicos. Revalorar subproductos proteicos por medio de hidrolisis
enzimatica, modelar biorreactores enzimaticos y fermentativos. Aprovechar excedentes de
cosecha de frutas y hortalizas por medio de deshidratacién osmética, secado en lecho fluidizado
y secado convectivo. Elucidar rutas metabolicas de microorganismo de interés alimentario
y farmacéutico. Evaluar nuevas sustancias de origen natural con actividad antioxidantes.

Biotecnologia Alimentaria
—BIOALI (A)

Prof. José Contreras Calderén.

Doctor en Ciencia y Tecnologia de Alimentos.
Profesor Area de Ingenieria Aplicada.
jose.contrerasc@udea.edu.co
jccc78@hotmail.com

Bioconvertir materias primas y residuos agroindustriales en productos de interés alimentario
mediante microorganismos. Desarrollar e implementar indicadores que permitan a la industria
evaluar, controlar y mejorar la calidad de productos frescos y procesados. Disefiar, formular
y estandarizar nuevos productos innovadores, funcionales y con alto valor afiadido. Innovar
en el desarrollo de empaques alimentarios inteligentes, funcionales y amigables con el medio
ambiente. Brindar herramientas a comunidades de bajos recursos para que amplien sus op-
ciones y tengan acceso a alimentos saludables de bajo costo.

Grupo de Investigacionen
Analisis Sensorial (B)

Grupos sin categoria
en convocatoria
COLCIENCIAS 2013

Grupo de Estudio
e Investigaciones
Biofarmacéuticas

Prof. Olga Lucia Martinez. Alvarez. M.Sc. Salud
Publica. Especialista en Ciencia y Tecnologia
de Alimentos. Profesora Area de Ingenieria
Aplicada. gruposensorial@udea.edu.co;
grupsensorial@gmail.com

Coordinador

Prof. Adriana Maria Ruiz Correa. MSc Ciencias
Basicas Biomédicas (énfasis biodisponibilidad
y bioequivalencia). Doctora en Ciencias Far-
macéuticas. Profesora area Industrial Farma-
céutica. amaria.ruiz@udea.edu.co

Investigar los factores que intervienen en la calidad organoléptica de alimentos, bebidas, cosméti-
cos, productos naturales, farmacéuticos y afines en las etapas de |+D+i . Realizar investigaciones
sobre caracterizacion sensorial de materias primas y productos, incluyendo denominaciones de
origen. Investigacion y desarrollo ingenieril de sistemas tecnolégicos de produccion para el sector
agroindustrial. Estudiar la correlacion fisicoquimica, instrumental y sensorial.

Objetivo del Grupo

Profundizar en todos aquellos aspectos que afectan la absorcion de los principios activos
desde su forma de dosificacion y desarrollar las metodologias necesarias para determinar
estos efectos.

Realizar estudios biofarmacéuticos, tanto in vivo como in vitro, para verificar si la sustancia
activa llega al sitio de accion y de esta manera garantizar la eficacia terapéutica.

Grupo de Investigacion en
Tecnologia en Regenciaen
Farmacia (creado en 2012)

Prof. Carlos Catafio Rocha. Magister en Cien-
cias Quimicas. Profesor del area de Ciencias
Farmacéuticas. Carlos.catano@udea.edu.co

Fortalecer la investigacion en el campo de accién del Tecnélogo en Regencia de Farmacia
con énfasis en Programas de Atencion Primaria en Salud (APS) y en Temas de Terapias
Alternativas y/o Complementarias

Grupo de Investigacion
en Alimentos Saludables
-GIAS

Prof. Maria Orfilia Roman Morales. Magister
en Quimica. Profesora Area de Ingenieria
Aplicada. mroman897@gmail.com
grupogias@udea.edu.co

Disefar, desarrollar y evaluar alimentos de alta aceptabilidad, nutritivos e inocuos, acorde con
latendencia actual del desarrollo de la industria alimentaria, adicionados de fibra dietaria, com-
puestos bioactivos y/o ingredientes funcionales, con el fin de ofrecer a la poblacién colombiana
nuevos productos alimentarios con efectos saludables y/o funcionales.
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