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Research article

Estimation of fat nutritional parameters of fish by FTMIR spectroscopy and multivariate analysis
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Eduardo2, Hernández-Botello Mayuric Teresa1
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2
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Abstract. Fish is appreciated for its fatty acid profile rich in omega-3 fatty acids; their consumption prevents
mental and cardiovascular diseases. The aim of this investigation was to obtain a multivariate model, based
on Fourier transform mid-infrared (FT-MIR) spectroscopy, for estimation of fat nutritional parameters. The
parameters modeled were the content of omega-3 fatty acids per 100 g fish, the fish lipid quality index (%
FLQ), the atherogenicity index (AI), the thrombogenicity index (TI), and the ratio of hypocholesterolemic
to hypercholesterolemic fatty acids (HH) of chilled fillets of three fish species. One hundred eight samples
of Atlantic Spanish mackerel (Scomberomorus maculatus), crevalle jack (Caranx hippos) and Atlantic
bluefin tuna (Thunnus thynnus) were characterized by FT-MIR spectroscopy, the fatty acids profile was
obtained by gas chromatography, and the nutritional parameters calculated based on the fatty acids content.
The performance of the chemometric model was evaluated according to residual predictive deviation of
cross-validation (RPDcv), coefficients of determination (R2), and percentage relative difference (% RD).
Chemometric model showed successful and simultaneous estimation of omega-3 fatty acids (R2 =0.964,
RPDcv =3.4), % FLQ (R2 = 0.995, RPDcv = 8.35), AI (R2= 0.992, RPDcv= 6.36), TI (R2= 0.990, RPDcv=
7.22), and HH (R2 =0.993, RPDcv=6.79) of three fish species.
Resumen. El pescado es apreciado por su perfil de ácidos grasos, en particular por los ácidos grasos omega-3,
su consumo previene enfermedades mentales y cardiovasculares. El objetivo de este estudio fue obtener un
modelo multivariante, basado en espectroscopía infrarroja media por transformada de Fourier (FT-MIR),
para la estimación de índices nutricionales. Los parámetros modelados fueron el contenido de ácidos grasos
omega-3 por 100 g de filete, el índice de la calidad de los lípidos del pescado (% FLQ), el índice de
aterogenicidad (AI), el índice de trombogenicidad (TI) y la relación de ácidos grasos hipocolesterolemicos
a hipercolesterolemicos (HH). Ciento ocho muestras de sierra (Scomberomorus maculatus), jurel (Caranx
hippos) y atún aleta azul (Thunnus thynnus) fueron caracterizadas por espectroscopía FT-MIR, el perfil de
ácidos grasos fue obtenido por cromatografía de gases y los índices nutricionales calculados a partir del
contenido de ácidos grasos. El desempeño del modelo quimiométrico fue evaluado con la desviación residual
de predicción de la validación cruzada (RPDcv), el coeficiente de determinación (R2) y el porcentaje de
diferencia relativa (%RD). El modelo quimiométrico mostró estimaciones simultaneas y exitosas para el %
FLQ (R2 = 0.995, RPDcv = 8.35), ácidos grasos omega-3 (R2 =0.964, RPDcv =3.4), AI (R2= 0.992, RPDcv=
6.36), TI (R2= 0.990, RPDcv= 7.22) y HH (R2 =0.993, RPDcv=6.79) de las tres especies de pescado.
Keywords. Nutritional health indices, omega-3 fatty acids, chemometrics, Atlantic Spanish mackerel,
crevalle jack, Atlantic bluefin tuna.
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INTRODUCTION

Fish consumption is suggested because it is
an excellent source of protein. Besides, fish is
a significative source of polyunsaturated fatty
acids (PUFA) such as omega-3 fatty acids (ω-3
FA). The ω-3 FA are essential components of
the diet that contribute to human health, prevent
cardiovascular and coronary heart diseases,
promote the stabilization of atherosclerotic
plaque, the decrease in thrombosis, the prevention
of cardiac arrhythmias, the reduction of blood
pressure.1 Additionally, stimulate immune
functions, help brain development and prevent the
development of cancer.2 Indeed, fish contains more
amount of ω-3 FA than other protein sources that
have more saturated fatty acids (SFA) or omega-6
fatty acids (ω-6 FA). Several studies suggesting
the replacement of SFA with PUFA in the diet to
decreases cardiovascular disease risk.3
However, each fish species has a specific fatty
acid profile and offers different health benefits.
The changes in nutritional quality arise from the
relationship between the groups of fatty acids (FA)
such as monounsaturated fatty acids (MUFA),
PUFA, SFA, ω-3 FA, and ω-6 FA. Moreover, fish
lipid composition depends on season capture, diet,
age, or gender.4
Thus, some nutritional indices have been calculated
to characterize the fat nutritional attributes of fish in
different seasons,5 and as parameters to evaluate the
effect of fish’ diet on the fatty acid profile of raw
and cooked fillets.6
For that reason, it is desirable to obtain a reliable
and straightforward method for calculating fat
nutritional parameters in different fish species
without the conventional and time-consuming
procedure of gas chromatography. Fourier
transform mid-infrared (FT-MIR) spectroscopy
coupled to multivariate analysis (chemometrics)
is an alternative to predict properties in foods.7

2
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Chemometric estimation models are speed
and environmental-friendly. However, few
applications have been reported for fish flesh
using FT-MIR spectroscopy, and the estimation
of fat nutritional parameters in fish have not been
published so far by other authors.
The objective of the present study was to
developed a chemometric model, based on FTMIR spectroscopy, for simultaneous estimation
of five fat nutritional parameters in chilled fillets
of Atlantic Spanish mackerel, crevalle jack, and
Atlantic bluefin tuna. The model parameters were
the grams of ω-3 FA per 100 g fillet, the fish lipid
quality index (% FLQ), the atherogenicity index
(AI), the thrombogenicity index (TI), and the ratio
of hypocholesterolemic to hypercholesterolemic
fatty acids (HH).
Crevalle jack is a coastal species, Atlantic
bluefin tuna, and Atlantic Spanish mackerel
are pelagic species. The three species have a
different chemical composition and different
commercial price.
MATERIALS AND METHODS

Samples
Atlantic Spanish mackerel (Scomberomorus
maculatus), crevalle jack (Caranx hippos), and
Atlantic bluefin tuna (Thunnus thynnus) were
acquired at “La Nueva Viga” market, in Mexico
City. The samples were collected in summer,
autumn, and winter to achieve a high variability.
A total of 108 samples were analyzed (12 fillets
per species per season).
Lipid extraction
The total lipid content (% total fat) from ground
fillets was obtained in triplicate according to Folch et
al.8 using a chloroform-methanol solution (2:1 v/v).
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Fatty acid analysis by Gas Chromatography
Fatty acid methyl esters (FAME) of each
sample were prepared with 350 mg of the lipid
extract using the method 2.301 of IUPAC.9
The FA composition was obtained in triplicate
according to Hernández-Martínez et al.10 using
a PerkinElmer Clarus 500 Gas ChromatographyFlame Ionization Detector and an Rtx®-2330
capillary column (Restek, Bellefonte, USA).
FAME were identified using a standard mixture
(Restek 35066) and quantified as fatty acids
according to the conversion factors of the AOAC
996.06 method.11
Fat nutritional parameters
The FA amounts were used to calculated grams
of ω-3 FA/100 g fillet and four fat nutritional
indices. The % FLQ was calculated according to
Senso et al.12 The IA and the IT were calculated
according to Ulbricht and Southgate,13 and the
HH ratio according to Santos-Silva et al.14 using
the following formulae, where FA and total fat
were expressed as mg per 100 g fillet.
g Omega-3
=DHA+EPA+C18:3+C20:3
100 g
%FLQ=

AI=

TI=

HH=

C20:5+C22:6
Total Fat

*100

[ C120:0 + (4*C14:0) + C16:0 ]
MUFA + PUFA w-6+PUFA w-3

( C14:0 + C16:0 + C18:0 )
[(0.5*MUFA) + (0.5*PUFA w-6)+(3*PUFA w-3)+(PUFA w-3/PUFA w-6)]

(C18:1c w-9 + C18:2 w-6 + C20:4 w-6+C18:3 w-3+C20 w-3 +C22:6 w-3)

(C14:0+C16:0)

accessory. A background air spectrum was
considered. The spectra were obtained using a
resolution of 4 cm-1, averaging 64 scans, over
the wavenumber range of 4000-800 cm-1.
Chemometric model
The model was developed through the
Spectrum Quant+ software version 4.51.02
(PerkinElmer, Inc.). The Partial Least
Squares (PLS1) algorithm was used to
correlated FT-MIR spectrum and the fat
nutritional parameters. For the regression
model, ninety-six averaged spectra were
used for both the calibration set and crossvalidation set. The pretreatments SavitzkyGolay filter with five smoothing points,
standard normal variate with de-trending
and first derivative with five smoothing
points were applied to the FT-MIR spectra.
The coefficient of determination (R 2), the
standard error of calibration (SEC), the
standard error of cross-validation (SECV),
and the residual predictive deviation of crossvalidation (RPDcv = standard deviation
of data/SECV) was calculated for each
parameter to assess the model estimations.
Additionally, the calibration model was later
validated by twelve external samples, and
the percentage of relative difference was
calculated between real and predicted values
(% RD = (real value - predicted value) / (real
value) × 100).
RESULTS

FT-MIR spectroscopic analysis

Fat nutritional parameters

The spectra were collected in quadruplicate
using an FT-MIR spectrometer (Spectrum
GX, PerkinElmer). Two grams of ground
fillet were spread onto the attenuated total
reflectance accessory and press with a press

Table 1 summarizes the results of % total fat,
grams of ω-3 FA per 100 g fillet, and four fat
nutritional parameters of one hundred eight fillets
of Atlantic Spanish mackerel (ASM), crevalle
jack (CJ) and Atlantic bluefin tuna (ABT).

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS
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Table 1. Total fat and fat nutritional parameters in three fish species.

ASM

CJ

ABT

% Total
fat

6.70±1.65a

3.27±1.11b

3.32±1.44b

ω-3 FA/
100 g
fillet

1.70±0.60a

0.84±0.31b

1.50±0.66a

% FLQ

21.58±6.06b

22.29±2.95b

39.92±5.16a

AI

0.64±0.09a

0.66±0.08a

0.41±0.09b

TI

0.41±0.11a

0.43±0.05a

0.23±0.04b

HH

1.67±0.37b

1.51±0.19b

2.47±0.38a

1568-1535 cm-1, 1513-1499 cm-1, 1190-1175 cm-1,
828-800 cm-1. These regions showed extremely high
or extremely low spectral variation.
Chemometric model
From a preliminary data exploring six outliers, or
atypical samples, were removed from the calibration
data set resulting in 90 samples.
Table 2 shows the factors and the statistical indicators
of the chemometric model. Table 3 shows the
validation results.

N=36 samples per species. Values are expressed as means ± SD; Means
with different letters, in the same row, differ significantly (P<0.05).

Table 2. Calibration results for PLS1 chemometric model.

No significant difference (p<0.05) was found
between % total fat of ABT and CJ; the ASM was
the species with the highest fat content. Regarding
the content of omega-3, there is no difference
between ASM and ABT. Moreover, no significant
difference was observed between CJ and ASM
considered % FLQ, AI, TI, and HH.
FT-MIR spectroscopic analysis

Parameter

Factors

Rc2 a

slopeb

SECc

SECVd

ω-3 FA/
100 g fillet

13

0.964

0.946

0.132

0.171

% FLQ

17

0.995

0.999

0.729

1.178

AI

17

0.992

0.996

0.013

0.022

TI

13

0.990

1.032

0.013

0.018

HH

18

0.993

1.072

0.044

0.078

Rc2, the coefficient of determination of calibration; bslope of the

a

calibration; cSEC, standard error of calibration; dSECV, standard error

In the FT-MIR spectra, the three species show similar
bands absorption among them. These correspond
to the vibrations of functional groups belonging to
proteins (e.g., N-H, C=O, C-N), lipids (e.g., -CH2-,
-CH3, C-O) and water (O-H). It is worth mentioning
that some bands differ in the intensities since each
species has a different composition. On the other
hand, a region that is characteristic of each species is
the so-called fingerprint region (1500-800 cm-1). This
region shows complex vibration of the molecules.
Bands take into account in calibration were selected
with the Spectrum Quant+ software (PerkinElmer
Inc.) which display the variable leverage graph.
The regions avoided from the spectra (blanks) were
4000-3050 cm-1, 2929-2916 cm-1, 2800-1800 cm-1,
1748-1732 cm-1, 1711-1690 cm-1, 1661-1630 cm-1,

4
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of cross-validation.

Table 3. Validation results for PLS1 chemometric model
obtained using external validation.

Parameter

Rv2 a

slopeb

RPDc

Estimation
ranged

ω-3 FA/
100 g fillet

0.975

0.946

3.40

0.30-2.77

%FLQ

0.978

1.052

8.35

16.4446.62

AI

0.964

0.996

6.36

0.33-0.80

TI

0.955

1.032

7.22

0.19-0.54

HH

0.970

1.072

6.79

1.21-2.97

Rv2, the coefficient of determination of external validation; bslope

a

of the validation; cRPD, residual predictive deviation of crossvalidation; dAccording to the units of the parameter.
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Figures 1 and 2 show the estimation of twelve external
validations samples of Atlantic bluefin tuna ( ),
crevalle jack ( ), and Atlantic Spanish mackerel ( ).

low possibility of promoting the atherogenic
or thrombogenic process. Low values of AI
and TI (0.4–0.6) were recommended for a
healthy diet. 15

DISCUSSION

Fat nutritional parameters

The knowledge of grams of ω-3 FA / 100
g fillet is an important parameter since the
World Health Organization (WHO) suggests
the consumption of 0.5 g of EPA + DHA
per day to improve human.
The knowledge of grams of ω-3 FA / 100
g fillet is an important parameter since the
World Health Organization (WHO) suggests
the consumption of 0.5 g of EPA + DHA per
day to improve human health. The higher %
FLQ, the greater the quality of the dietary
lipid source. The higher values of HH are
desirable, it represents a low effect of FA in
the increase of blood cholesterol.
The AI and TI are related to atherogenic
FA and thrombogenic FA, respectively, the
lower values of both indices indicate that
the frequent consumption of the food has a

Predicted value w3 FA/100 g filllet)

1.8

a

1.6

1.4
1.2

+10 %

1
0.8

- 10 %

0.6
0.4
0.2

0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
Actual value (w3 FA/100 g ﬁlllet)

Predicted value (% FLQ)

In Table 1, ABT and ASM showed statically
the same values of ω-3 FA per 100 g fillet.
The last statement can be explained because
of the higher fat content in ASM, the
greater omega-3 per 100 g fillet. Excellent
nutritional indices for ABT was obtained
with the highest % FLQ and HH, and the
lowest AI and Tl values stood out. However,
CJ showed an acceptable amount of ω-3 FA
per 100 g fillet and fat nutritional parameters
being an economic species. ABT has a cost
of $15.49 USA per kg fillet, whereas ASM
has a cost of $6.94 USA per kg fillet, and CJ
a cost of $3.20 USA per kg fillet.

2

41
39
37
35
33
31
29
27
25
23
21
19
17
15

b
+10 %

- 10 %

15 17 19 21 23 25 27 29 31 33 35 37 39 41

Actual value (% FLQ)

Figure 1. Predicted versus actual values for a) grams of
omega-3 fatty acids (FA) /100 g fillet, b) fish lipid quality
index (% FLQ). The dashed lines represent the percentage
relative difference (% RD).

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS
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0.7

Chemometric model

a

Predicted value (TI)

0.6
0.5

+10 %

0.4
- 10 %

0.3

0.2
0.1
0.1

0.2

0.3

0.4

0.5

0.6

0.7

Actual value (thrombogenicity index, TI)

1

Predicted value (AI)

0.9

b

0.8
+8 %

0.7
0.6

-8%

0.5
0.4
0.3

0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Actual value (atherogenicity index, AI)
2.6
2.4

Predicted value ( HH ratio)

2.2
2

c
+10 %

1.8

1.6
1.4

- 10 %

1.2
1

0.8
0.8 1 1.2 1.4 1.6 1.8 2 2.2 2.4 2.6
Actual value ( HH ratio)

The algorithm PLS1 correlates FT-MIR
spectra and analytical data (ω-3 FA per
100 g fillet, and fat nutritional indices)
to calculate factors. Factors are used for
describe parameter of interest since each
factor represents a significant variation in the
spectra. Thus, with the adequate number of
factors, a robust chemometric model can be
developed. In the present work, the optimum
number of factors of each parameter was
determined by the lowest number of factors
that gave the minimum SECV (Table 2).
Tables 2 and 3 showed that the R2 and slope
values were close to 1. The R2 values are
considered excellent above 0.91.16 Therefore, the
predicted and actual values in the model showed
an excellent linear correlation. Moreover, the
slope values complement the R2 information
due to indicate the rate of change in “y” as “x”
changes, it is desirable a similar rate (x=y).
On the other hand, the SEC and SECV are
statistical values that represent the error in the
calibration or cross-validation steps, respectively.
Low values are desirable for SEC and SECV
considering the magnitude of the parameter.10
Table 2 demonstrates that the SEC and SECV
values for the five parameters were low.
Furthermore, the RPD values between 3.1 and
4.9 are considered acceptable, between 5 and 6.4
are good, and between 6.5 and 8 are very good
for analytical purposes.17 Thus, ω-3 FA/100 g
fillet estimations are acceptable, the AI is good,
and % FLQ, TI, and HH are very good (Table 3).

Figure 2. Predicted versus actual values for a) the
atherogenicity index, b) the thrombogenicity index,
c) the ratio of hypocholesterolemic fatty acids to
hypercholesterolemic fatty acids. The dashed lines
represent the percentage relative difference (% RD).
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Regarding the twelve external validations
samples, the Figures 1 and 2 showed successful
estimations since the % RD values were lower
than 10% in the five parameters.
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CONCLUSIONS

The results confirmed that the chemometric model
was successful in the simultaneous estimation
of five fat nutritional parameters of fillets from
three fish species. Moreover, the model is a
tool that allows obtaining rapid estimations (10
min) without the generation of toxic residues or
the longtime of analysis (2.5 hrs) as occurred
with the pretreatment of the sample and the gas
chromatography. The effortless knowledge of
the parameters through the chemometric model
improves the decision making of the nutritional
quality of fish species.
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Abstract. Nanoparticles (Nps) made from chitosan have been widely used for the encapsulation and delivery of
bioactive compounds due to their bio-adhesive properties, helping to prolong the residence time of the compounds
in the intestine. Nps can be exploits through different methods, including intravenous and oral administration
because of their nanometer size. Nps may exhibit higher antibacterial activity due to their higher charge density.
Therefore, in the present work the effect of the main factors involved during the formation of chitosan Nps was
study, in order to determine the best conditions, conducing a reduction in particle size and polydispersity index
(PDI), and an increase in charge density. The Nps were prepared by ionic gelation, using a factorial design
to evaluate the effect of chitosan concentration (X1), chitosan/tripolyphosphate ratio (X2), pH (X3), agitation
time (X4) and ultrasound using (X5), over the Z potential, the particle size and PDI. A variance analysis of the
factorial design indicated a significant effect for the three response variables (p <0.05). The best conditions for
Nps formation were: X1: 0.2%, X2:3/1, X3:4.5, X4: 1 h and X5: with ultrasound application. The ionic gelation
technology allowed the formation of particles in order of nanometers (91.1 to 251.1 nm) with positive charge
density (16.1 at 37.9 mV) and acceptable PDI (0.152 to 0.454). These characteristics showed a strong dependence
of all the variables studied.
Resumen. Las nanopartículas (Nps) de quitosano han sido ampliamente utilizadas para la encapsulación y
liberación de compuestos bioactivos debido a sus propiedades de bio-adhesividad, ayudando a prolongar el
tiempo de residencia de los compuestos en el intestino. Las Nps pueden explotarse a través de la administración
intravenosa y oral, debido a sus tamaños nanométricos, además de exhibir una mayor actividad antibacteriana
debido a su mayor densidad de carga. Por lo tanto, en el presente trabajo se estudió el efecto de los principales
factores involucrados durante la formación de Nps de quitosano, para determinar las mejores condiciones,
conduciendo a una reducción en el tamaño e índice de polidispersidad (PDI), y un aumento en la densidad de
carga. Las Nps fueron preparadas por gelificación iónica, utilizando un diseño factorial para evaluar el efecto de
la concentración de quitosano (X1), la relación quitosano/TPP (X2), el pH (X3), el tiempo de agitación (X4) y el
uso de ultrasonido (X5), sobre el potencial Z, tamaño de partícula y PDI. Los resultados del análisis de varianza
del diseño factorial indicaron un efecto significativo para las tres variables de respuesta (p <0.05). Las mejores
condiciones de formación de Nps fueron: X1: 0.2%, X2:3/1, X3:4.5, X4: 1 h y X5: uso de ultrasonido. La tecnología
de gelificación iónica permitió la formación de partículas en orden de nanómetros (91.1 a 251.1 nm) con densidad
de carga positiva (16.1 a 37.9 mV) y PDI aceptable (0.152 a 0.454). Estas características mostraron una fuerte
dependencia de todas las variables estudiadas.
Keywords. Ionic gelation, encapsulation, Z potential, polydispersity index, ultrasound assistance.
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INTRODUCTION

Nanoparticles (Nps) have been widely used as
a protection system for bioactive compounds
and as a mechanism to improve their solubility,
through the interaction of bioactive compounds
with the hydrophobic sites of Nps. In addition,
Nps decrease the risk of oxidation/degradation in
the gastrointestinal tract. Nano-encapsulation also
allows to significantly increasing the absorption
and bioavailability of the bioactive compounds,
because of the ability of the epithelial cells to
capture Nps due to its sizes in the order of 10 to
1000 nm.1 The Nps made from polysaccharides
stand out, because of their bio-adhesive properties,
especially on mucosal surfaces, helping to prolong
the residence time of the compounds in the
intestine. Chitosan is an excellent alternative for
encapsulation, thanks to its high biocompatibility,
biodegradability and biological potential.2
The cationic behavior of chitosan in acidic
conditions simplifies the manufacture of various
encapsulation systems such as Nps.3
Nps formation technologies include ionic
gelation, which consists of a physicalchemical crosslinking where the interactions
are carried out by electrostatic interaction
between the polycationic chains of chitosan
and the polyanions used as crosslinking agents.
The main advantage of this method is that it
allows the use of low toxicity agents, as well
as being a simple, convenient and controllable
process. Important variables involved in the
ionic gelation process include: (I) The chitosan
concentration and the crosslinking agent, (II)
the volume ratio between the chitosan and the
crosslinker, (III) the weight ratio of chitosan
and the crosslinking agent, (IV) the pH, (V)
the ionic strength and (VI) temperature of the
process. It is also important to consider intrinsic
factors such as molecular weight (MW) and
deacetylation degree of chitosan.4
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Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS

In the present work, the effect of the main
factors involved during the formation of
chitosan Nps was study, in order to determine
the best formation conditions, conducing a
reduction in particle size and polydispersity
index, and an increase in density of charge
of Nps. Besides, characterization of the Nps
formed from the best condition was carried out,
trough X-ray diffraction, Infrared Spectroscopy
and Scanning Electron Microscopy analysis
to show the interaction between chitosan and
cross-linked agent.
MATERIALS AND METHODS

Chemicals
Commercial chitosan of low molecular weight,
Sodium Tripolyphosphate (TPP) and acetic
acid used were analytical grade purchase from
SIGMA.
Analytical methods
Formation of Nps
The effect of the chitosan concentration (X1),
ratio with TPP (X2), pH (X3), time of agitation
(X4) and ultrasound use (X5) were studied by
a factorial design 2,5-1 in order to determine
the best conditions of chitosan Nps formation
according to Z potential, particle size and PDI.
The five factors were evaluated in two levels:
X1 at 0.1-0.2%, X2 at 3/1 and 7/1), X3 at 4.55.5, X4 at 1-2 h and X5: yes-no. The number of
total experiments were 16 (Table 1). The target
of analysis was a reduction in particle size and
PDI, and an increase in Z potential of chitosan
Nps. The response variables were estimated
using a Z-Sizer Nano (ZEN3690, Malvern
Instrument, UK). For analysis, prior index
of refraction of Nps was determined, using a
digital refractometer (Atago, USA).
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Nps were prepared through the ionic gelation
technique described by De Pinho Neves et al.,5
mixing at room temperature the solution of
chitosan with a solution of TPP, according the
conditions fixed by factorial design (Table 1).
For treatments where the effect of sonication
was evaluated, a 130W Ultrasonic Liquid
Processor (GEX130PB, Newtown, USA)
with a 13 mm diameter probe at a constant
frequency of 20 kHz was used. Time extraction
and amplitude of the sonicator probe were
controlled from the panel of the instrument.
Characterization of the Nps
FTIR
Commercial chitosan and Nps were analyzed
by Infrared-Transformed Fourier (FTIR)
spectroscopy using a spectrometer (Cary 630,
Agilent Technologies, USA), in attenuated total
reflectance mode. The analysis was performed
in a wavelength range of 600 to 4000 cm.1
X-ray diffraction
The analysis of commercial chitosan and
Nps were carried out in a Diffractometer
(D8 Advance, Bruker, USA) equipped with a
Lynxeye detector, using Cu radiation (Ka =
1.5418 Å), in the range of 5–50° at scan rate
5°/min. The operating voltage was 40 kV at a
current of 40 mA.
Scanning Electron Microscopy
The characterization of the morphology was
analyzed by means of an Electronic Scanning
Microscope SEM-FEG-FEI (Quanta 250, Thermo
Scientific, USA). The dehydrated samples were
subjected to vacuum at a pressure of 1 Torr, operated
at a voltage of 15 kV.

Statistical analysis
All experiments were conducted in triplicate
and the data is reported as the mean ± standard
deviation. The results obtained by factorial
design was analyzed by a Multifactorial
Analysis of Variance (ANOVA). The Pareto
Charts was generated using Statgraphics
Centurion (version XVI.I) package.
RESULTS

Formation of Nps
The results obtained for the study of the effect
of the main factors involved in the ionic gelation
process are present in Table 1.
Table 1. Z Potential, particle size and PDI of the chitosan
Nps prepared by ionic gelation using a factorial design 2.5-1
The data are average values ± SD (n = 3).
Factors

Response variables

X1

X2

X3

X4

X5

Z Potential
(mV)

Size
(d nm)

0.2

7:1

4.5

1

No

37.9±2.75

251.1±10.68

0.454±0.1

0.1

3:1

4.5

1

No

21.7±0.35

123.3±3.07

0.221±0.02

0.1

7:1

5.5

2

Yes

19.1±0.50

136.3±1.95

0.196±0.01

0.2

3:1

4.5

1

Yes

35.3±3.79

117.5±0.40

0.312±0.05

0.2

7:1

4.5

2

Yes

31.8±3.41

161.1±5.37

0.439±0.02

0.2

7:1

5.5

1

Yes

24.8±4.34

216.7±7.31

0.210±0

0.1

7:1

4.5

2

No

34.5±0.70

158.0±6.46

0.329±0.04

0.2

3:1

4.5

2

No

36.0±2.40

193.7±8.92

0.404±0.02

0.1

7:1

5.5

1

No

22.2±1.15

124.9±4.04

0.218±0

0.2

7:1

5.5

2

No

28.2±1.85

197.4±3.95

0.303±0.02

0.2

3:1

5.5

2

Yes

21.8±0.79

161.2±2.87

0.440±0.01

0.1

3:1

4.5

2

Yes

29.0±2.46

91.1±1.64

0.233±0.01

0.1

3:1

5.5

1

Yes

16.1±2.11

99.1±2.19

0.197±0.02

0.1

7:1

4.5

1

Yes

27.7±1.50

117.3±2.67

0.301±0.01

0.2

3:1

5.5

1

No

19.3±1.85

104.7±0.97

0.224±0.01

0.1

3:1

5.5

2

No

15.6±0.87

143.8±0

0.152±0

PDI

*X1: chitosan concentration, X2: ratio of chitosan/TPP, X3: pH of
the medium, X4: time agitation, X5: ultrasound using.
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Table 1 shows values reported for the
particle size, which ranged from 91.1±1.64
to 251.1±10.68 nm. On the other hand, Z
potential interval ranged from 16.1±2.11 to
37.9±2.75, while values reported for PDI
ranged from 0.152±0 to 0.454 ±0.01. According
to the desirability criterion established for the
response variables, the best conditions for
Nps formation corresponding at following
conditions: X1 at 0.2%, X2 at 3/1, X3 at 4.5, X4
at 1 h and ultrasound assistance.
The results of the analysis of variance of
the factorial design are present in Table 2. A
significant effect of the three response variables
was observed (p <0.05). Adjustments greater
than 90% for all three models were obtained
considering them such as acceptable.
Table 2. Analysis of variance of the results obtained by
Figure 1. Standardized Pareto Chart for (a) particle size, (b) Z

ionic gelation.

Potential, and (c) PDI obtained by factorial design to chitosan Nps
Size
(d nm)

PDI

P-value

0.0000

0.0000

0.0000

R-square

99.23

95.91

91.39

Adj. R-square

98.91

94.35

88.76

The influence of each evaluated factor on
variable response can be observed from Pareto
Charts from Figure 1.
In Figure 1a, the Pareto Chart indicates that all
evaluated factors presented a significant effect
on particle size, of which chitosan/TPP and
sonication caused a greater influence on the
analyzed variable. Pareto Chart of figure 1b
indicates that the factors that caused the greatest
effect on Z potential were pH and chitosan
concentration. Finally, Pareto Chart of PDI
(figure 1c) shows that the mainly significant
factors were pH, chitosan concentration and
Sonication (p> 0.05).
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formation.

Characterization of the Nps
Nps obtained whit the best formation conditions
(minor particle size and PDI, and mayor Z potential)
were characterized by FTIR, X-ray diffraction and
SEM microscopy. The results obtained are present
in figures 2, 3 and 4 respectively.
105
100
95
Transmittance (%)

Model

Z Potential
(mV)

90
85

885

1558

80
75
70

Chitosan
Chitosan Nps

1565

65
60
4000

3500

3000

2500

2000

1500

1000

Wavenumber

Fig. 2. Chitosan IR-FT spectrum compared to chitosan Nps
obtained using a spectrometer Agilent Cary 630
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linked particles, however, these can also resulted
in the formation of agglomerated (clusters),
responsible for reporting a larger global particle
size, which could explain the observed trend. 7

Figure 3. Chitosan X-ray diffraction patterns compared to
chitosan Nps obtained using a diffractometer Bruker Advance.

Figure 4. SEM image obtained for dried chitosan Nps.

Ultrasound had a positive effect in reducing
particle size, these results are similar to the
study conducted by Li & Huang,8 who evaluated
the effect of cavitation on the chitosan Nps
obtained by ionic gelation. According to
Floris et al.,9 the ultrasound allows breaking
the formed aggregates, which reduces the size
and PDI of the Nps. These authors also point
out that even the effect of ultrasound can carry
out different mechanisms of degradation of
molecules caused by cavitation effect, resulting
in smaller fragments.
Sipoli et al., 10 reported that at low pH values,
the chitosan chains present an extended
conformation due to the complete protonation
of the amino groups, which favors the ionic
crosslinking leading to the formation of more
compact structures. The above can explain
the reduction in particle size as a function of
the pH decrease.

DISCUSSION

Formation of Nps
A) Analysis of particle size
The size of the Nps is one of the most important
parameters, since it determines the application
and destination of the formulated bio-composite. 6
The results of Pareto Chart (figure 1a) indicated
a decrease in the response by increasing the
chitosan/TPP ratio (decreasing the amount of
TPP), such as reported by De Pinho Neves et al.5
Chitosan/TPP ratio is a crucial factor during ionic
gelation, since a greater amount of TPP can result
in the formation of a greater number of cross-

B) Analysis of Z potential:
The Z potential is defined as the degree of
repulsion between adjacent particles in a
dispersion,11 therefore the reduction in the Z
potential of the Nps could be associated with
the neutralization of the electronic density of
the chitosan when interacting with the anionic
ions of TPP. 12
The Z potential trend indicating that all Nps
analyzed had a positive overall load. According to
O’Callaghan K & Kerry,13 Nps with a Z potential
higher than ± 30 mV are considered stable,
because there is enough repulsive force present
to avoid aggregation between the particles.

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS

13

JOURNAL OF BIOENGINEERING AND BIOMEDICINE RESEARCH (2018) VOL.2 No.2:9-16

The above suggests that the nanoparticles
showed stability of moderate (<30 mv) to
highly stable (> 30).
The greater Z potential observed at high
concentrations of chitosan can be attributed to the
greater number of NH+3 groups in the system, which
are directly related to the positive charge density of
the Nps. This may explain why an increase in the
chitosan/TPP ratio also reports high Z-potential
values, due to the lower neutralization of the NH+3
groups by the TPP anionic groups.14 Likewise, it
was observed that low pH values induce an increase
in the Z potential. This dependence is attributed to
the fact that in an acid medium, the amino groups
of the chitosan are positively charged, conferring a
high charge density to the polysaccharide, favoring
that chitosan interacts with TPP through an inter
and intra-molecular cross-linking.15
C) Analysis of PDI:
The PDI is an indicator of the distribution of the
molecules. The distribution is considered broad
when the PDI ≥ 0.5, whereas when the PDI value
is ≤ 0.3, the solutions were considered monodispersed, so the treatments where the PDI value
was higher than 0.3 were discarded as ideal
formulation conditions.13
Several authors have found ultrasound useful
since it allows the undoing of aggregates, reducing
the size and the PDI by the excision of the chains
of the 1,4-glycosidic bonds without affecting the
degree of deacetylation of the biopolymer. 16
Characterization of the Nps
FTIR
FTIR analysis (Figure 2) was used to prove
interactions between chitosan and TPP, trough
changes in the characteristic spectral bands of

14
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each of them, such as displacements of the
bands corresponding to the amide functional
groups I and II.17 When compared the spectrum
of the Nps chitosan, with uncross-linked
chitosan, a shift in the peak corresponding
to the secondary amide (-NH2) of 1565 cm1
(spectrum of chitosan without crosslinking)
to 1558 cm1 was observed.18 The appearance
of a new peak at 885 cm1 is associated with
the presence of phosphate groups (P-O, P=O),
which could be an indication of the electrostatic
interaction between the ammonium ions of
chitosan and the phosphoric ions of TPP. 19
X-ray diffraction
The analysis of the diffraction patterns of Figure
3, suggests changes in the crystallinity of the
chitosan after the cross-linked Nps formation,
since the diffractogram corresponding to the
Nps presented a large number of peaks in the
range of 2Θ = 10-30◦, indicating an increase
in crystallinity. This trend has also been
previously reported in the study conducted by
S. Tripathi et al,20 who reported that the crosslinking of chitosan-PVA with glutaraldehyde
leads to a more crystalline structure with
respect to uncrosslinked chitosan, which they
attributed to the rearrangement of the chitosan
chains.
Scanning Electron Microscopy
From the analysis of SEM image (Figure 4),
it was observed that the dried chitosan Nps
presented geometry forms close to a polyhedron,
forming aggregates of individual particles.
The formation of these structures, instead of
spheres, suggests a nucleation through the ionic
gelation followed by the crystalline formation
of the particle,6 which coincides with the
diffractogram obtained for chitosan Nps, which
indicate to be highly crystalline.
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On the other hand, the formation of aggregates can
be attributed to the dehydration process to which
the samples were subjected, which could induce the
formation of larger particles due to the aggregation
of intra and intra-molecular hydrogen bonds,15
which could explain the observed agglomeration.11
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The results obtained demonstrated the effect of
chitosan concentration, chitosan/TPP ratio, pH,
agitation time and ultrasound using, over the Z
potential, the particle size and PDI.
The main contribution of the present study was the
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is due to the particle of nanometer size could
increase the absorption and bioavailability of
bioactive compounds, because Nps could be easily
captured by the epithelial cells. On the other hand,
the high charge density (>30 mV) indicated a good
stability, and suggest to a high antibacterial activity.
Therefore, the chitosan Nps development
could be an excellent alternative for the
encapsulation and delivery of bioactive
compounds, particularly in the food industry,
because of the use of low toxicity agents.
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Abstract. Strawberry extracts (Fragaria x ananassa Duch.), rich in flavonoids and anthocyanins, are an
alternative for obtaining natural ingredients of functional foods, medicinal compounds or pharmaceuticals,
due to their bioactive properties. The antibacterial potential of extracts of the strawberry anthocyanin
fraction of the Festival and Zamorana varieties against enteropathogenic bacteria was investigated.
In addition, partially purified fractions of phenolic compounds with greater antimicrobial activity were
detected. The anthocyanin extract of the Festival variety significantly inhibited Escherichia coli, whereas
the extract of the Zamorana variety inhibited Shigella flexneri. None of the extracts had a significant effect
on Salmonella choleraesuis. Interestingly, certain fractions of the anthocyanin extract of the Zamorana
variety, showed greater inhibitory effect against S. choleraesuis and S. flexneri than the total extract and the
control of antibiotic. These results showed that the antimicrobial activity of phenolic compounds present
in the anthocyanin extracts was dependent on the crop variety. Additionally, fractions of anthocyanin
extracts of both varieties differentially inhibited S. choleraesuis, S. flexneri and E. coli, suggesting that they
contain synergistic or neutralizing combinations of anthocyanins and other flavonoids that can modulate the
inhibition of enteropathogenic bacteria.
Resumen. Los extractos de fresa (Fragaria x ananassa Duch.), ricos en flavonoides y antocianinas,
constituyen una altrnativa para la obtención de ingredients naturales de alimentos funcionales,
compuestos medicinales o fármacos, debido a sus propiedades bioactivas. El potencial antibacteriano de
extractos de la fracción de antocianinas de fresa de las variedades Festival y Zamorana contra bacterias
enteropatógenas, fue investigado. Además, las fracciones parcialmente purificadas de compuestos fenólicos
de mayor actividad antimicrobiana fueron detectadas. El extracto de antocianinas de la variedad Festival
inhibió significativamente a Escherichia coli, mientras que el extracto de la variedad Zamorana inhibió
a Shigella flexneri. Ninguno de los extractos tuvo efecto significativo sobre Salmonella choleraesuis.
Interesantemente, ciertas fracciones del extracto de antocianinas de la variedad Zamorana mostraron mayor
efecto inihibitorio contra S. choleraesuis y S. flexneri que el extracto total y el antibiótico control. Estos
resultados demostraron que la actividad antimicrobiana de compuestos fenólicos presentes en los extractos
antociánicos fue dependiente de la variedad del cultivo. Adicionalmente, las fracciones de los extractos
de antocianinas de ambas variedades inhibieron diferencialmente a S. choleraesuis, S. flexneri y E. coli,
sugiriendo que contienen combinaciones sinérgicas o neutralizantes de antocianinas y otros flavonoides que
pueden modular la inhibición de bacterias enteropatógenas.
Keywords. Strawberry, antibacterial activity, anthocyanins, flavonoids, polyphenolic compounds.
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INTRODUCTION

The antimicrobial activity of phenolic
compounds of vegetable origin has been studied
intensively, and recently, its activity against
human pathogens has been investigated, in order
to characterize and develop new ingredients
of functional foods, medical compounds and
pharmaceuticals.1 Several studies have attributed
the antimicrobial activity in plants to secondary
metabolites of phenolic nature, such as alkaloids,
flavonoids, tannins, among others.2, 3
It has been reported that crude extracts of
cranberry fruits (Vaccinium myrtillus L.),
raspberries (Rubus idaeus L.) and strawberries
(Fragaria x ananassa Duch.), have antimicrobial
activity against human pathogens such as
Salmonella, Staphylococcus, Helycobacter and
Bacillus. Similarly, the growth inhibition by these
extracts has been documented for Escherichia,
Clostridium and Campylobacter species, 4, 5 and
the antimicrobial activity has been attributed
mainly to ellagitannins, organic and phenolic
acids, flavonoids, among others.5 Flavonoids are
hydroxylated from phenolic substances widely
distributed in the plant kingdom, which constitute
most of the yellow, red and blue pigments, they
are important as protectors against UV light,
and against infections caused by different
microorganisms.6 The largest subgroup of
flavonoids in nature, are anthocyanins, which
confer the color of red to blue of berries;7 being
in the strawberry (Fragaria x ananassa Duch.)
the glycosides of cyanidin and pelargonidin the
most abundant.8
The antimicrobial activity of anthocyanins
has been suggested in extracts of pomegranate
(Punica granatum L.), against Gram positive
and negative bacteria such as Bacillus cereus, S.
aureus, E. coli, S. typhimorium, among others;9
as well as extracts of purple cabbage (Brassica
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oleracea L. var. Capitata) against methicillinresistant S. aureus (MRSA), P. aeruginosa,
enterohemorrhagic E. coli, among others.10
Recent studies revealed the antimicrobial
potential of anthocyanins extracted from fruits
of different varieties of black currant, against
a wide variety of pathogenic microorganisms,
such as E. coli, S. aureus, Candida albicans,
Fusarium oxysporium and others.11 However,
little is known about the antimicrobial activity
of strawberry anthocyanin extracts, one of the
most popular berries in the world due to its
flavor, color, nutritional content and bioactive
compounds that promote health.12 Recently, the
antimicrobial activity of strawberries against
pathogenic microorganisms has been of scientific
interest due to the great antibacterial potential of
the phenolic compounds they contain.4,5
On the other hand, given the growing demand for
strawberry consumption around the world, the need
has arisen to develop varieties that offer resistance
to diseases and different types of stress.13, 14, 15
In addition, the new varieties developed must
offer multiple benefits to local producers, such as
reducing costs and increasing production.16 Another
criterion to be considered during the development
of new strawberry varieties for acceptance in the
international market, is the nutraceutical quality
of the fruits, or their biological activities (e.g.
antioxidant, antimicrobial) directly related to their
content of phenolic compounds.14
Based on the above, the objective of this work
was to investigate the antibacterial potential
against enteropathogenic bacteria of extracts of
the anthocyanin fraction from strawberry fruits
of the Festival and Zamorana (recently developed
in Mexico) varieties. Besides, the detection
of partially purified fractions of phenolic
compounds with higher activity, for subsequent
studies and identification of the compounds with
greater bioactivity.
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MATERIALS AND METHODS

Reagents
Ethyl acetate, glacial acetic acid and formic acid
were HPLC grade and were purchased from
Sigma-Aldrich® (USA). Ethanol and hydrochloric
acid (1N) were supplied by J. T. Baker® (New
Jersey, USA). The Müller-Hinton culture medium
and Chloramphenicol® antibiotic were purchased
from Sigma-Aldrich® (Missouri, USA).

on a UV/VIS spectrophotometer (Optizen POP,
MECASYS, Daejeon, Korea), using acidified
ethanol as reference. The total anthocyanin
amount present in the extract were estimated
applying the following equation:17
C = (A / E) × (vol / 1000) × MW ×
(1 / (sample weight)) × 100

Strawberry fruits (F. × ananassa Duch.) Festival
and Zamorana varieties, in a state of red ripeness,
were supplied by producers from Tangancícuaro,
Michoacán, México.

where C = concentration of total anthocyanins
(expressed as milligrams of cyanidin-3-glucoside
equivalents per 100 g of fresh fruit (mg C3G/100
g FW); A = absorbance at 535 nm; E = molar
absorbance of cyanidin-3-glucoside = 25.965 cm-1
M-1; Vol = total volume of anthocyanin extract and
MW = molecular weight of cyanidin-3-glucoside =
449. The anthocyanins extracts were stored at -20°
C until further analysis.

Pathogenic bacteria of human

In vitro inhibition assays

The
certified
enteropathogenic
strains
Salmonella choleraesuis ATCC 10708, Shigella
flexneri ATCC 12022 and Escherichia coli
ATCC 12792 were used.

For the anthocyanins extraction, the method
of Abdel-Al and Hucl17 was followed, which
consisted in mixing one g of fresh fruit and 5 mL
of acidified ethanol (ethanol and 1N HCl, 85:15
v/v). The mixture was macerated, the pH was
adjusted to 1 with 1N HCl and agitated at 250 rpm
in an orbital shaker (UNIMAX 1010, Heidolph,
Germany), for 16 h at 25°C. The extract was
centrifuged (IEC HN-SII, USA) at 6,000 rpm
for 15 min, the supernatant was recovered and
brought to 25 mL with acidified ethanol.

The disk diffusion method was used for antimicrobial
sensitivity tests, with some modifications.18 100 μL
of bacterial suspension adjusted to an inoculum
density of 1x108 CFU mL-1, were distributed with
the aid of a sterile glass handle, on Muller Hinton
solid medium contained in a petri dish. Sterile discs
of 6 mm in diameter (Whatman No.1 paper) were
saturated with the corresponding volumes to each
concentration of total anthocyanin extract: 100,
250, 500 and 1,000 μg = 5, 12.5, 25 and 50 μL / disk,
respectively. The discs were dried in a laminar flow
hood (CHC Biolus, CHC LAB, Daejeon, Korea)
for 1 h and placed on the surface of each plate.
Acidified ethanol was used as negative control
(5, 12.5, 25 and 50 μL / disc) and the antibiotic
Chloramphenicol® was used as a positive control,
at a concentration of 34 mg / mL (10 μL / disc). The
plates were incubated for 24 h at 37° C.

For the quantification of total anthocyanins,
the standard pigment cyanidin-3-glucoside was
used, and the absorbance at 535 nm was read

Afterwards, the halo inhibition diameter for each
treatment was measured with a digital Vernier
(Caliper, SURTEK, California, USA) without

Biological material

Anthocyanins extracts
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considering the disc. All tests were performed
by triplicate. The diameter of the inhibition halo
was expressed as the percentage of inhibition
of the extract which was calculated by the
following formula:19
% inhibition = ((extract halo diameter) /
(positive control halo diameter)) × 100
Column Chromatography
Strawberry anthocyanin extracts were fractionated
by Column Chromatography using the technique
reported by Tabber and Hoerrner (1991)20 with some
modifications. A mixture of pure ethyl acetate and
silica gel 60-200 Mesh (J.T Baker®) was prepared
in order to hydrate the silica gel for 24 h at 10-12
°C. The mixture was then carefully packed in a 50
cm high glass column. The extract was deposited in
the stationary phase and eluted with the necessary
volume of solvent system for anthocyanins21 (ethyl
acetate / glacial acetic acid / formic acid / water,
100: 11: 11: 26 v /v /v /v). Fractions of 50 mL
were collected, and concentrated by low pressure
evaporation in a Rotavapor (Büchi RII with vacuum
control V-850, Switzerland) and recovered in 1 mL
of acidified ethanol to perform the in vitro inhibition
tests with the method described above, using the
following concentrations: 1, 2 and 3 mg.

two varieties evaluated, and in all treatments, an
effect dependent on the applied dose was observed.
The strain with the highest susceptibility to the
total extracts was E. coli, thus the total anthocyanin
extract of the Festival variety (1000 μg) significantly
exceeded the% inhibition of the antibiotic (Table 1).
The extract of anthocyanins of the variety Zamorana
(1000 μg), reached the growth inhibition of S.
flexneri exerted by the antibiotic (Table 2), while
none of the anthocyanins extracts in the quantities
tested, exceeded the performance of the antibiotic
against S. choleraesuis (Table 3),
Table 1. Inhibition of Escherichia coli ATCC 12792 by
strawberry anthocyanins extracts.
% inhibition

Treatment (µg)
Festival
100

Zamorana

3.5 ± 0.8

e

2.05 ± 0.7

f

250

9.5 ± 0.9

500

17.1 ± 0.7

d

4.2 ± 0.1

e

c

13.3 ± 0.2

c
b

1,000

24.6 ± 0.5

a

17.9 ± 0.3

(+) control *

20.2 ± 0.6

b

20.2 ± 0.6

a

(-) control **

9.5 ± 0.3

d

9.5 ± 0.3

d

*Chloramphenicol ® (34 µg), ** Acidified ethanol. Different
letters within each column are significantly different based on
Tukey test (p≤0.05) (n=3).

Table 2. Inhibition of Shigella flexneri ATCC 12022 by

Statistical analysis
Statistical significance of the data was determined
using analysis of variance (ANOVA). Mean
separation was tested by Tukey test (p≤0.05) using
the SAS® version 9.0 program.
RESULTS

The content of total anthocyanins were: Festival,
594.86 ± 0.18 b and Zamorana, 637.71 ± 0.9 a
(mg C3G/100 g FW). The enteropathogenic strains
presented different sensitivity to the extracts of the
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strawberry anthocyanins extracts.

Treatment (µg)

% inhibition
Festival

Zamorana

100

2.2 ± 0.2

d

3.4 ± 0.4

c

250

3.6 ± 0.4

d

7.5 ± 0.9

c

500

16.4 ± 0.3

c

18.4 ± 0.5

b

1,000

25.9 ± 0.9

b

33.2 ± 0.8

a

(+) control *

33.1 ± 0.6

a

33.1 ± 0.6

a

(-) control **

3.5 ± 0.8

d

3.5 ± 0.8

c

*Chloramphenicol ® (34 µg), ** Acidified ethanol. Different
letters within each column are significantly different based on
Tukey test (p≤0.05) (n=3).
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Table 3. Inhibition of Salmonella choleraesuis ATCC
10708 by strawberry anthocyanins extract.
% inhibition

Treatment (µg)

Festival

Zamorana

100

5.3 ± 0.3

e

1.3 ± 0.9

d

250

9.8 ± 0.7

d

3.9 ± 0.1

d

500

15.8 ± 0.1

c

8.4 ± 0.7

c

1,000

24.6 ± 0.7

b

17.2 ± 0.5

b

(+) control *

30.2 ± 0.4

a

30.2 ± 0.4

a

(-) control **

4.5 ± 0.9

e

4.5 ± 0.9

cd

*Chloramphenicol ® (34 µg), ** Acidified ethanol. Different letters within
each column are significantly different based on Tukey test (p≤0.05) (n=3).

Seven fractions of 50 ml each one, were
obtained from the CC of the extracts of both,
Festival and Zamorana varieties. The in vitro
inhibition assays performed with each of these
fractions, showed that the antimicrobial activity
against the enteropathogenic bacteria was
enhanced. In addition, the variety of the fruit
was a factor that influenced the bacterial strains
growth inhibition (Table 4).

Fractions 4, 5 and 7 of the fruit extract var.
Zamorana showed a percentage of inhibition
significantly higher (> 30%) than that showed
by the antibiotic on S. choleraesuis, while the
fraction 5 of the fruit extract var. Festival
was the most active against this strain (20%
inhibition). On the other hand, fractions 5 and
6 of the fruit extract var. Zamorana inhibited
S. flexneri growth by more than 35%, while
fraction 2 was the most active of the extract
form Festival variety, showing a inhibition
greater than 20%. Although the separation of
fractions of the fruit extracts of the Zamorana
variety increased the antimicrobial activity
on S. choleraesuis and S. flexneri, for E. coli
it was negative, since the growth inhibition
was reduced with respect to that exerted by
the total anthocyanin extract, which in the
case of the Festival variety exceeded the
performance of the antibiotic.
DISCUSSION

Table 4. Inhibition of human enteropathogenic bacteria by
fractions from strawberry anthocyanins extracts.

ZAMORANA

FESTIVAL

Fruit
variety

Fraction

Strain
S. choleraesuis
ATCC 10708

E. coli
ATCC 12792

S. flexneri
ATCC 12022

1

6.4 ± 0.4

h

4.1 ± 0.3

hi

13.9 ± 0.6

g

2

11.5 ± 0.8

f

6.9 ± 0.9

ef

24.1 ± 0.4

d

3

0±0

j

20.3 ± 0.7

b

21.4 ± 0.9

e

4

0±0

j

1.7 ± 0.1

j

8.3 ± 0.6

ij

5

20.7 ± 0.5

e

1.9 ± 0.2

j

9.1 ± 0.1

ij

6

3.8 ± 0.5

i

0.4 ± 0.6

k

10.9 ± 0.6

hi

7

7.8 ± 0.7

gh

0±0

k

11.8 ± 0.7

hg

1

8.4 ± 0.5

gh

5.9 ± 0.2

fg

7.2 ± 0.4

j

2

6.5 ± 0.24

h

8.6 ± 0.7

d

12.1 ± 0.6

gh

3

7.3 ± 0.01

gh

11.3 ± 0.1

c

22.8 ± 0.9

de

4

48.6 ± 0.8

a

5.1 ± 0.7

hg

23.7 ± 0.7

de

5

31.7 ± 0.9

c

7.9 ± 0.5

de

42.8 ± 0.7

a

6

9.1 ± 0.2

g

2.4 ± 0.2

ij

35.9 ± 0.6

b

7

e

33.9 ± 0.5

b

8.3 ± 0.6

de

17.3 ± 0.7

(+) control **

25.5 ± 0.6

d

42.1 ± 0.3

a

33.1 ± 0.6

c

(-) control ***

4.3 ± 0.5

i

0±0

k

3.5 ± 0.8

ij

*Treatment (at 3 mg), **Chloramphenicol ® (34 µg),
***Acidified ethanol. Different letters within each column
significantly different based on Tukey test (p≤0.05) (n=3).

The differences in the content of anthocyanins
in strawberry from the Zamorana and Festival
varieties, agreed with previous studies that
have shown that the accumulation of phenolic
compounds, flavonoids and anthocyanins in berries
was influenced by the variety of the crop.12 , 22, 23, 24
Additionally, the anthocyanin content of
strawberry fruits var. Zamorana, coincided with
the one reported by Fernández-Lara (2015) for
the Mexican varieties Zamorana and Jacona
in a range from 494 to 772 (mg C3G / 100 g
FW). While in the Festival variety, the content
of anthocyanins in fruits was higher than that
reported by Abountiolas (2016) (88-157 mg
C3G / 100 g FW), these differences could be
attributed to factors such as climatic conditions,
agricultural management and the variety of the
crop24 as well as the location or year of harvest,
according to Vagiri (2013), who stated that not
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only the concentration of phenolic compounds
but their antimicrobial potential is affected by the
crop genotype. This, could explain the different
levels of sensitivity shown by the enteropathogenic
strains to the anthocyanins extracts of the two
strawberry varieties. It was determined that there
is a difference in the antibacterial effect exerted
by extracts from different strawberry varieties,
since the anthocyanins extract of fruit var. Festival
inhibited E. coli growth to a greater extent than the
control antibiotic, while the anthocyanins extract
of fruit var. Zamorana achieved the same level of
inhibition of S. flexneri as the antibiotic. However,
none of the extracts achieved the inhibition of S.
choleraesuis that exerted the antibiotic. These
results agreed with that reported by Paunovic et al.
(2017), 11 who evaluated the antimicrobial activity
of extracts rich in anthocyanins from black currant
(Ribes nigrus L.) of seven different varieties,
against multiple pathogenic microorganisms (e.g.
E. coli, Aspergillus niger). The authors showed that
the growth pathogen inhibition was significantly
different between varieties. Likewise, Lantzouraki
et al., (2015), 9 reported the effect of the crop variety
on the antimicrobial activity of pomegranate
(Punica granatum L.) anthocyanins extracts.
Although the methodology of phenolic
compounds extraction and quantification in this
research was oriented to anthocyanins; it was
possible that other compounds of flavonoid nature
were present in the extracts and their fractions.
Therefore, the results obtained with respect to the
antimicrobial activity agreed with several studies
that have attributed their biological activities to
their pigment content, among which are flavonoids
and anthocyanins.27, 28 However, there are few
studies focused on the antimicrobial activity of
flavonoid and anthocyanin compounds present
in strawberry. Puupponen et al., (2001),5
analyzed the content of phenolic compounds
of different methanolic extracts of Finnish
berries, including strawberry; and evaluated the

22

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS

antimicrobial activity of both extracts and pure
phenolic compounds (pelargonidin, cyanidin-3glucoside, quercetin and kaempferol), against E.
coli, S. enterica and Enterococcus faecalis. The
authors attributed the antimicrobial activity of
the strawberry extract to the synergistic effect
of several phenolic compounds present in it (e.g
ellagitannins), which could act in combination
with other bioactive compounds not yet
identified.
In this work, the phenolic compounds present in
strawberry anthocyanins extracts were not identified,
however, the CC of the extracts from fruit of the
Zamorana variety allowed the detection of more
effective fractions than the control antibiotic against
S. choleraesuis and S. flexneri. Additionally, the
separation of extracts in fractions, reduced the growth
inhibition of E. coli. In this sense, recent studies
have shown that the complex mixture of bioactive
compounds in plants, fruits and vegetables provides
a greater protective effect on health than the same
compounds separately.10 Thus, the reduction of the
antimicrobial activity of the extracts of anthocyanins
against E. coli, derived from fractionation by CC,
could be explained by the separation of compounds
that together exert a synergistic effect. Similarly, it
could be speculated that the magnified inhibitory
effect of certain fractions obtained from extracts of
strawberry anthocyanins, on S. choleraesuis and S.
flexneri, is due to the separation of compounds that
neutralize the synergism, as well as to a concentration
effect. Due to the complex interactions that are
generated among the wide variety of compounds
that constitute the fractions and the extracts, they
must be studied in depth and idetified using sensitive
and appropriate techniques, in order to find the most
convenient mixture of bioactive compounds with
antibacterial potential.
Although the antimicrobial effect of phenolic
compounds has been demonstrated in numerous
studies, the mechanisms of action are not yet clear.
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Ibrahim et al. (2013) 29 suggested that one of the
mechanisms of action could be the alteration in
cellular permeability, as well as the interaction with
membrane proteins, causing deformation in their
structure and damage in functionality. This could
explain the antimicrobial activity of these compounds
in general, however, further investigation should be
carried out to know the mechanisms of action of
the flavonoid and anthocyanin compounds present
in strawberry, which cause the growth inhibition of
enteropathogenic bacteria.

4)

5)

CONCLUSIONS

The results obtained here, showed that the
antimicrobial activity of strawberry phenolic
compounds against enteropathogenic bacteria
is dependent on the variety or genotype of the
evaluated fruit. Additionally, the fractions of the
strawberry anthocyanins extracts of the Festival
and Zamorana varieties, differentially inhibited S.
choleraesuis, S. flexneri and E. coli, suggesting that
there are synergistic or neutralizing combinations
of flavonoids and / or anthocyanins in the extracts,
that can modulate the growth inhibition of
enteropathogenic bacteria. However, subsequent
studies must be done to elucidate it.

6)

7)

8)
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Abstract. Thirteen microorganisms were isolated from soil sample collected in surrounding areas from
Zahuapan river, one of the most contaminated rivers of Tlaxcala, Mexico. Isolated microorganisms can use
phenol as unique carbon source at 800 mg L-1. Five strains were identified through mass spectrometry:
Pseudomonas aeruginosa, Bifidobacterium sp., Candida famata, C. tropicalis and C. asahii. Pseudomonas
citronellolis and Arthrobacter atrocyaneus were only identified by amplification of a 526 bp DNA fragment
of the 16S rDNA gene. Only one strain was not identified with an acceptable confidence level. We identified
in Pseudomonas strains the catA, catB and catC genes, encoding the catechol 1,2-dioxygenase, cis-cis
muconate cycloisomerase and muconolactone delta-isomerase, respectively, involved in the ortho cleavage
pathway.
Resumen. Trece microorganismos fueron aislados de una muestra de suelo del río Zahuapan, uno de los
ríos más contaminados del estado de Tlaxcala, en México. Los microorganismos aislados fueron capaces de
utilizar fenol como única fuente de carbono hasta 800 mg L-1. Cinco cepas fueron identificadas mediante
espectrometría de masas: Pseudomonas aeruginosa, Bifidobacterium sp., Candida famata, C. tropicalis y C.
asahii; mientras que la identificación de Pseudomonas citronellolis y Arthrobacter atrocyaneus se confirmó
por amplificación de un fragmento del gen 16S rDNA. Solamente uno de los trece microrganismos no fue
identificado con un nivel de confianza aceptable mediante ambos métodos. Se identificaron en las cepas
de Pseudomonas los genes catA, catB y catC que codifican las enzimas catecol 1,2-dioxigenasa, cis-cis
muconato cicloisomerasa y muconolactona delta isomerasa, respectivamente, involucradas en la ruta de
degradación orto del fenol.
Keywords. Bioremediation, catechol 1,2-dyoxygenase, mass spectrometry, PCR
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INTRODUCTION
Environmental pollutants as a result of industrial
and agricultural activities, have been increasing in
recent years worldwide. Mexico produces 640 Ton
per year of phenol contaminants and its derivatives
like Bisphenol A.33 These contaminants are mainly
related with the usage of phenol in chemical and
resin manufacturing industries.34

compounds is especially relevant. A lot of
information is accumulated on bacterial species
from the Pseudomonas genus, which are known
for their ability to utilize diverse aromatic
compounds like phenol as single carbon source;
there have been implemented bioreactors of
immobilized cells in continuous or batch cultures
to efficiently remove phenol from contaminated
residual water.22

Due to the high toxicity of phenol and its
derivatives, it is a necessity in the effective
elimination of phenolic compounds in nature
to protect the environment and safe guard of
humans, plants, microorganisms and animals.11
For such purpose, several alternatives have been
proposed for phenol removal, including chemical
and physical methods. However, bioremediation
is a sustainable and effective option to remove
pollutants. Microbial degradation using a variety
of fungi and bacteria, such as Pseudomonas,
Candida, and Penicillium, have been described
and showed capability to degrade phenol.30
Microbial aerobic degradation of phenol is initiated
by the formation of catechol, protocatechuate
or gentisate, which are then metabolized to
intermediate molecules of tricarboxylic acid
pathway (TCA). Phenol is oxidized to catechol
through the ortho cleavage and meta cleavage.6
The ortho pathway involves three main
enzymes: catechol 1,2-dyoxygenase, cis-cis
muconate cycloisomerase and muconolactone
delta-isomerase, which are encoded by the catA,
catB and catC genes, respectively (Figure 1).
These genes are located in bacterial genophore
and they are part of an inducible and repressed
by catabolite operon; it is regulated by R protein
encoded by the catR gene.18,19,23
The biodegradation activity of microorganisms
has become a central issue and the search of
potential microorganisms to transform toxic

Figure 1 Phenol ortho cleavage pathway.

Identification of microorganisms can be
carried out by molecular methods which
include amplification and sequencing of highly
conserved 16S or 18S ribosomal RNA encoding
gene for bacteria and eukaryotes, respectively,
and current methods as MALDI-TOF technique.
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Identification of ribosomal proteins using
the MALDI-TOF (Matrix Assisted Laser
Desorption Ionization- Time of Flight) VITEK
MS Plus mass spectrometer system is a rapid
and reliable technique. It is based on fingerprint
analysis of primarily ribosomal proteins, which
are synthetized under all growth conditions and
the most abundant cell proteins. As a result,
generated spectra from ionized ribosomal
proteins are compared with a SpectraBank
available according to software.10
In this work, we isolated microorganisms
from environmental samples with previous
contamination reports,29 capable of using
phenol as a sole carbon source. According to
identification with molecular and conventional
methods, we identified the catABC genes in
each isolated through bioinformatics analysis.
Pseudomonas was the most common genus
identified in samples, and consequently, it was
selected for the experimental identification
of catABC genes by Polymerase Chain
Reaction (PCR). Designed oligonucleotides
could be useful as a tool for the analysis of
hydrocarbons biodegradation.
MATERIALS AND METHODS

Strain isolation
Strains were isolated from a soil sample
collected in Zahuapan river of Tlaxcala using
the classical enrichment technique with phenol
as a selection factor. Minimum medium used
in this study consisted of 0.25 g L-1 K2HPO4,
0.5 g L-1 (NH4)2SO4, 0.075 g L-1 MgSO4·5H2O,
0.0075 g L-1 CaCl2. For agar plates, 15 g L-1
bacteriologic agar were added. Medium was
autoclaved at 121°C for 20 min before use.
Phenol was supplemented in the media as sole
carbon source at 400 mg L-1 to 1000 mg L-1.
Growing conditions were 120 rpm at room

28
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temperature (RT) for 7 days. Isolated strains
were characterized through colony morphology
and optical microscopy.
Microorganism identification
Selected microorganisms were identified by
mass spectrometry using MALDI-TOF of
BioMérieux® in the Medical Bacteriology
Laboratory of Escuela Nacional de Ciencias
Biológicas, IPN. Non identified isolates were
then identified through sequencing of the 16S
rDNA gene fragment (526 pb) using the universal
primers 27F 5’AGAGTTTGATCCTGGCTCAG
3’ and 534 RV 5’ ATTACCGCGGCTGCTGGC
3’8,32. Amplification was carried out through an
initial denaturalization at 94° C for 5 minutes,
35 cycles at 94° C for 30 s, 60° C for 30 s, 72°
C for 45 s, and a final elongation cycle at 72° C
for 5 minutes. PCR products were purified with
the Promega Wizard® SV kit and sequenced
in Cellular Physiology Institute at UNAM.
Finally, sequences obtained were analyzed with
the Blastn program at NCBI.
Identification of catABC genes
Primers were designed for microorganisms
identified by mass spectrometry in the work group.
The catA, catB and catC sequences were identified
in silico in the NCBI database for Pseudomonas
aeruginosa,
Raoultella
ornithinolytica,
Escherichia coli and Burkholderia gladioli. Then,
sequences (20-35) for these genes from several
species were downloaded and aligned with the
SeaView 4.6.1 Manolo Gouy program to identify
conserved regions, which were then used to design
the oligonucleotides specific for each strain using
the PrimerQuest program in the Integrated DNA
Technologies (IDT) web page. Characteristics
of these primers were analyzed with the Oligo
Analyzer 31 program as well. Primers data are
described in Table 1.
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Table 1. Primers designed for microorganisms
identified by Mass Spectrometry
Microorganism

Gen
catA

Pseudomonas
aeruginosa

catB

catC

catA

Raoultella ornithinolytica

catB

catC

catA

Burkholderia
gladioli

catB

catC

catA

Escherichia coli

catB

catC

Primer sequence
F

5’-CGACC TGTGGCACGCCAACAC-3’

R

5’-CAGGTTGATCTGCGTGGTCAGGTG-3’

F

5’-CATCGCCCTGATCGAACAGCCCAT-3’

R

5’-AGCATGGTCCCGCCGTACAGG-3’

F

5’-ATGCTGTTCCACGTGAAGATGACC-3’

R

5’-CGAACAGGCTGTAGTTGGCGTA-3’

F

5’-ATGAAAAATTCTTTCGTACAACAAGAAGCC-3’

R

5’-TCTGGTCGAAGAACGAATAGTTCC-3’

F

5’-ACCGTAGAACGCATTGAAAGCT-3’

R

5’-CCT TTG ATG GCG CTG TTG ATA C-3’

F

5’-ATGCTGTTTAAAGTGGATATGACCGT-3’

R

5’-TATAACGGCAGAGCCATTAATATCTGG-3’

F

5’-CAACCATCTCGGGAACTATTCCTAC-3’

R

5’-TCGATATTGATCTGCGTGGTCAG-3’

F

5’-TGTTCCAGGGCAACCGCTTC-3’

R

5’-CCGATCTTGAGCTTGAACACGCG-3’

F

5’-ATGCTGTTCCATGTGGAAATGACCG-3’

R

5’-AACAGCGGCAACTGGCTCA-3’

F

5’-CACGCTCATCGACGACTATAAC-3’

R

5’-CAGATCGAGGAAATGCTCCAG-3’

F

5’-CTTGAGCTATGGCGTTGAGAG-3’

R

5’-GGTCAGCGCATTCAGGTTAT-3’

F

5’-GACGTTAAAGACGCCGAAGAA-3’

R

5’-TGAAGAAGGATGACGGCAAAG-3’

Length
263

251

L-1. During screening, morphological changes
were observed in isolated strains. Differences
were evident in colony morphology, as well as
microscopic morphology (Figure 2). In some
cases, microscopic morphology in minimum
medium looks like short cocci, however, in
enrichment medium it was bacillus.

169

505

286

221

251

222

221

133

106

Fig 2. Morphological changes in isolated strains. Pseudomonas
102

aeruginosa strain in: A) Minimum medium with phenol at 800
mg L-1.B) Microscopic morphology in minimum medium with

Pseudomonas aeruginosa was selected as
model for gene amplification, because it was
the prevailing identified bacterium in this
study. Amplification was achieved under the
following conditions: initial denaturalization
at 94° C for 5 minutes, 35 cycles at 94° C
for 30 s; primers 70° C during 30 s (for catA
gene), 64°C for 30 s (catB gene) or 62° C for
30s (for catC gene), 72° C for 45 s, and a final
elongation cycle at 72° C for 5 minutes in the
PCR machine Thermo Fisher Scientific.
RESULTS

Carbon source utilization
Microorganisms were isolated in minimum
medium with phenol at 400, 800 and 1000 mg

phenol at 800 mg L-1. C) Enrichment medium of Trypticase Soy
Agar. D) Microscopic morphology in minimum medium with
Trypticase Soy Agar enrichment medium.

Microorganisms isolation and identification
Thirteen microorganisms were isolated,
correspond to ten bacteria and to three yeasts.
Bacteria could grow on a phenol concentration
range of 400 to 800 mg L-1,however, up to 800
mg L -1 growth was inhibited. Furthermore,
yeasts showed cell growth up to 1000 mg L-1
phenol concentrations.
Seven bacteria and three yeasts were identified
by mass spectrometry with a confidence level
of 70% or higher (Table 2). Pseudomonas was
found to be the most predominant genus isolated.
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Table 2. Identification of isolated microorganisms
by mass spectrometry analysis.
Code

Confidence
level (%)

Strain

GD01

Pseudomonas aeruginosa A1

99.9

GD03

Raoultella ornithinolytica

82.0

GD04

Pseudomonas alcaligenes
Pseudomonas aeruginosa
Streptococcus pneumoniae

33.3
33.3
33.3

GD05

Pseudomonas aeruginosa A2

74.5

GD06

Bifidobacterium sp.

99.9

GD07

Pseudomonas aeruginosa A3

99.9

GD08

Pseudomonas aeruginosa A4

99.8

GD10

Pseudomonas aeruginosa A5

99.9
39.7

GD11

Clavibacter michiganensis ssp insidiosus
Corynebacterium striatum
Stenotrophomonas maltophilia

GD12

Non-identified

-

GL01

Candida asahii

99.9

GL02

Candida tropicalis

99.9

GL03

Candida famata

98.1

30.5
29.7

Oligonucleotides design
Oligonucleotides were designed for microorganisms
isolated and identified by mass spectrometry in the
workgroup. Genera were Pseudomonas, Raoultella,
Burkholderia and Escherichia. First, catABC genes
were identified in silico in their genomes and then
specific oligonucleotides were designed. During
the process, the high guanine and cytosine content
was evident, and it was the main problem which
influenced primer design.
Identification of the catABC genes
The identification of structural genes for the cat
operon was performed by PCR amplification.
The amplicon size of the catA gene was 263
bp, 251 bp for catBg ene and 169 bp for catC.
The presence of these genes was demonstrated
in Pseudomonas aeruginosa and P. citronellolis
strains (Figures 3-5).

Amplification of a 16S rDNA fragment was
obtained for strains GD04, GD11 and GD12,
with the expected amplicon size (526 bp); it was
sequenced and analyzed with the Blastn program at
the NCBI web page. GD11 strain was not identified
because the 16S rDNA gene sequence is identical
in Xanthomonas and Stenotrophomonas (Table 3).
Figure. 3 PCR amplification of the catA gene. M) 100 bp Ladder, 1) P.

Table 3. Identification of strains by 16S rDNA fragment

aeruginosa A1, 2) P. aeruginosa A2, 3) P. aeruginosa A3, 4) P. aeruginosa

gene sequencing.

A4, 5) P. aeruginosa A5, 6) P. citronellolis, 7) negative control.

Species a
Pseudomonas citronellolis (GD04)
Xanthomonas sp.
Stenotrophomonas
sp.
(GD11)
Arthrobacter atrocyaneus
(GD12)

E value

Accession
number b

100%
99%

0.0
0.0

CP015878.1
AB905605.1

99%

0.0

EU140962.1

100%

0.0

AY605543.1

Ident

a. Strain code of each isolated is in parenthesis.

Figure 4 PCR amplification of the catB gene. M) 100 bp Ladder, 1) P.

b. Accession numbers correspond to 16S rDNA genes in

aeruginosa A1, 2) P. aeruginosa A2, 3) P. aeruginosa A3, 4) P. aeruginosa

GenBank at NCBI.

A4, 5) P. aeruginosa A5, 6) P. citronellolis, 7) negative control.
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some species of Candida have oxidative stress
responses, such as production of extracellular
antioxidant enzymes and transcriptional factors,
as well as cell wall repair systems.7, 13

Figure 5 PCR amplification of the catC gene. M) 100
bp Ladder, 1) P. aeruginosa A1, 2) P. aeruginosa A2, 3) P.
aeruginosa A3, 4) P. aeruginosa A4, 5) P. aeruginosa A5,
6) P. citronellolis, 7) negative control.

DISCUSSION

One of the main problems in Mexico is
hydrocarbon pollution in environment and,
because it is the principal hazardous pollutant,
its removal or elimination is obligated.11, 28, 33
Bioremediation is an efficient, cheaper and with
few side effects option to remove this type of
compounds from nature. In this study, thirteen
microorganisms were isolated from soil samples
of Zahuapan river located in Tlaxcala, Mexico.
The diversity of isolated microorganisms can
be referenced for chemical composition of soil
sample, its elevated content of clay.3 Clay can
adsorb organic compounds with ammonium
ions, as well as glycol and glycerol, which they
have a key role in microorganism nutrition.2
All strains showed differences in colony
and microscopy morphology when grown in
minimum and enrichment medium. These
changes can be attributed to defense mechanisms
that include support membrane rigidity as a
consequence of cis to trans isomerization,
synthesis of cyclopropane rings and saturated
fatty acids. For this reason, there is an energy
expenditure and limited growth.24
Isolated yeast cells were identified as Candida
famata, C. tropicalis and C. asahii. They were able
to grow in phenol at 1000 mg L-1. It is known that

In the case of bacteria, Pseudomonas was the
main genus isolated. This can be attributed
to its capacity to form biofilm, which is a
mechanism developed by microorganisms
to protect themselves from harmful
environmental conditions. P. aeruginosa is a
negative Gram bacterium widely isolated from
different environmental samples.20 Although
some Pseudomonas species are pathogen,
they are important in bioremediation due to its
ability to remove several pollutants, such as
hydrocarbons and heavy metals [Pb (II, IV),
Cr (VI) and Zn(II).25
Raoultella ornithinolytica was recently identified
as part of Enterobacteriaceae family.10 R.
ornithinolytica, with species of Pseudomonas and
Serratia have been previously isolated from soil
samples from polycyclic aromatic polluted areas
in South Africa, where Raoultella ornithinolytica
was able to degrade acenaphthylene and fluorene
with 98.5% and 96% efficiency, respectively.1
Finally, Bifidobacterium sp. was identified by
mass spectrometry. It is a bacterium commonly
found in the intestinal microbiota.27 The big
capacity of this isolated strain to use phenol as
carbon source could indicate a gene horizontal
transfer between multi-species biofilm in
environmental conditions.
Identity of three microorganisms was confirmed
by sequencing of the 16S rDNA fragment.
Pseudomonas citronellolis was one of them. It is
a bacterium with capacity to metabolize alkanes
as 2,6-dimethyl-2-octene to form citronellol, an
isoprenoid, that can be subsequently transformed
to acetyl-CoA, an intermediate of the TCA
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cycle.9,12 The presence of P. citronellolis has
been reported in oil contaminated fields in
India; in this case, this bacterium was able to
remove 38% of aromatic compounds.5
Arthrobacter atrocyaneus has not been
described as a phenol degrader. A. citreus
strain could remove up to 470 mg L-1 of phenol
in 24 hours, and it could tolerate up to 2000
mg L-1. Moreover, it could degrade other
aromatic compounds like cresol (C7H8O) and
naphtol (C10H9O).17 Arthrobacter genus has
other applications in biological remediation.
Lei and cols. 004) developed a biosensor for
determination of p-nitrophenol, 4-nitrocatechol
and
1,2,4-bencenitriol
intermediates.21
Furthermore, A. atrocyaneus can be carried out
pesticide removal; it was documented in the
cities of Maharashtra and Jalna in India, where
a strain could use 90% of monocrotophos, an
organophosphate broad-spectrum pesticide, at
500 g L-1 in 48 hours.4,26,31
GD11 isolated was not reliably identified by
mass spectrometry nor 16S rDNA sequencing.
Just there was a coincidence between
Stentrophomonas sp. and Xanthomonas
sp., however, strain was identified in both
methods as Stenotrophomonas. Due to
similarity before mentioned, strain was
defined as Stenotrophomonas until now.
Nevertheless, it is important to do the correct
identification through using other specific
molecular markers for this strain, such as rpoB
(coding the β subunit of RNA polymerase)
or complete sequencing of 16S rDNA
gene. Stenotrophomonas is a wide studied
bacterium and it is known its capacity to use
toxic compounds as hydrocarbons and heavy
metals. S. maltophilia strain was isolated from
activated sludge of a wastewater treatment
plant in Bytom, Polonia, and it showed
activity of three kind of enzymes: catechol
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1,2-dyoxygenase, catechol 2,3-dyoxygenase
and
protocatechuate
3,4-dioxygenase
involved in pollutants degradation.15 A strain
of Stenotrophomonas sp., which was isolated
from a tannery, could reduce Cr(VI) to Cr(III)
until 81.27% and degrade 100% of phenol,
simultaneously.14
Finally, genes encoding the catechol
1,2-dyoxygenase,
cis-cis
muconate
cycloisomerase and muconolactone deltaisomerase were identified in Pseudomonas
strains. Identification of these genes suggest
they have the capacity to degrade phenol
through the ortho pathway, however, it is
proposed to confirm their expression using the
designed primers in this work. Additionally,
in silico analyses of catABC genes indicates
these microorganisms could remove phenol
and other complex compounds like polycyclic
aromatic hydrocarbons (PAH’s), inasmuch
it is possible to remove PAH’s by oxidation
with oxygenases and dehydrogenases and its
final mineralization through ortho pathway.16
CONCLUSIONS

Identified microorganisms able to use phenol as
a unique carbon source show a new application
of them in bioremediation areas. Mass
spectrometry was a rapid and high-throughput
microbial identification technology, although
16S rDNA gene sequencing have been
demonstrated to be a complementary tool. The
diversity of microorganisms found in analyzed
samples could indicate communications
between them as a consortium or mutualism.
On the other hand, new strains reported in
this study as phenol degraders are a preamble
about microbial consortium behavior in
contaminated environment. It means that
microorganisms, in the presence of pollutants,
induce mechanisms for survival.
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Abstract. The Campincerán (Dalbergia congestiflora), is a native tree from Michoacán State, Mexico, and
it is used by the native people for doing musical instruments and handicrafts. Only a few studies have been
made on the antimicrobial activity of the extract of its heartwood.In the present work the antibacterial and
antifungal activity of the ethanolic extract was evaluated from the wood waste of D. congestiflora, against
the bacterium Xanthomonas campestris and the fungi Botrytis cinerea, Colletotrichum gloeosporioides,
Curvularia sp., Fusarium sp., Fusarium verticillioides and Helminthosporium sp., microorganisms that
attack mainly the grape, tomato, mango, orange, rice and sorghum crops, causing great economic losses to
the producers. According to the obtained, the ethanolic extract revealed a remarkable antimicrobial effect
against the phytopathogenic bacterium with inhibition halos until 2.0 cm inhibition. While in the case of
fungi growth inhibition it was observed in almost of the strains, with the exception of Helminthosporium sp.
The percentage of growth inhibition for the fungus Curvularia sp. was higher than 80%.The results provide
useful information on the activity of the Campincerán extract against phytopathogenic microorganisms,
concluding that those extracts have the potential to become a natural antimicrobial.
Resumen. El Campincerán (Dalbergia congestiflora), es un árbol nativo del estado de Michoacán, México
y es utilizado por las personas del lugar para elaborar instrumentos musicales y artesanías. Actualmente, se
han realizado pocos estudios sobre la actividad antimicrobiana del extracto de su duramen.En el presente
trabajo se evaluó la actividad antibacteriana y antifúngica del extracto etanólico a partir de los residuos de
la madera de Dalbergia congestiflora, contra la bacteria Xanthomonas campestris y los hongos B. cinerea, C.
gloeosporioides, Curvularia sp., Fusarium sp., F. verticillioides y Helminthosporium sp., microorganismos
que atacan principalmente a los cultivos de uva, jitomate, mango, naranja, arroz y sorgo, causando grandes
pérdidas económicas a los productores.De acuerdo a los datos obtenidos, el extracto reveló un efecto
antimicrobiano notable contra la bacteria fitopatógena con halos de inhibición de hasta 2.0 cm. Mientras
en el caso de los hongos se observó inhibición del crecimiento de la mayoría de las cepas, a excepción
de Helminthosporium sp. El porcentaje de inhibición para el hongo Curvularia sp. fue mayor del 80%.
Los resultados nos proporcionan información evidente de la actividad del extracto del Campincerán contra
microorganismos fitopatógenos, concluyendo que dicho extracto tiene el potencial para convertirse en un
antimicrobiano natural.
Keywords. Antibacterial; Antifungal; Heartwood, Dalbergia congestiflora
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INTRODUCTION

Fruits and vegetables are highly perishable, mainly
because of microorganisms called phytopathogens
that affect their quality and reduce their nutritional
value,1 this is due to the loss of their natural resistance
and their high water content and nutrients,2 which
causes great losses of the harvest, which is why
the need arises to look for new alternatives for its
conservation.3
In the sawmill operations for the manufacture of
furniture, musical instruments or handicrafts, great
amounts of forest waste are generated without a
subsequent treatment; however they could be used
for the development of applied technologies within
the area of food conservation, due to its composition
and functional properties.4
The genus Dalbergia is characteristic for having
very valuable wood trees, where the most studied
part of the plant is its heartwood, where various
bioactive compounds have been found. They are
mostly phenolic, which are responsible of various
biological activities such as: analgesics, antiallergic, anticancer, antidiabetic, anti-inflammatory,
antioxidants and antimicrobials.5,6
The Dalbergia congestiflora tree is endemic to
Michoacán State, Mexico and it is distributed in
the caducifolea forest. Its wood has been highly
valued, transforming itself for specific purposes,
such as furniture making, shipbuilding and the
elaboration of musical instruments.7 One of
extractive compounds present in the heartwood
of this tree is the pigment called Neocandenatona,
which has been studied and is responsible for the
purple pigmentation of the wood.8 Currently,
that pigment has been applied to dye fabrics,
paint crafts in combination with resins and even
has been proposed as an additive in foods and
cosmetics. In addition, inhibitory activity on
the growth of the fungus Trametes versicolor of

the hexanic extract of its wood has been studied
and reported, as well as the identification of the
antifungal compound Medicarpin.9
The objective of this study is to evaluate the
antimicrobial effect of the ethanolic extract of
the heartwood of D. congestiflora, against the
bacterium X. campestris and the fungi: B. cinerea,
C. gloeosporioides, Curvularia sp., Fusarium sp.,
F. verticillioides and Helminthosporium sp.
MATERIALS AND METHODS

Ethanolic extraction
The wood of D. congestiflora used for this
investigation was provided by Abel García-Lopez
from Paracho, Michoacán State, Mexico.
The heartwood of D. congestiflora was sawn into a
fine powder and then sieved through US standard
testing sieve #45 to #100. Particles retained in
mesh #100 (355 mm < particle size > 150 mm)
were used to obtain the extract. The extraction
procedure was carried out with 50:50 liquidsolid ratio and 90% ethanol using a reflux system
in a water bath at 70 ° C for 40 minutes.9 After
the reflux time, the extract was filtered through
medium pore filter paper.
Subsequently, the extract was concentrated in
a rotatory evaporator at 40 ° C with vacuum to
dryness and the yield of the extract was determined
using the Equation 1:
Eq.1 Extractyield =
weight of extract (g)
weight of sample (g)

*100

The solid extract was reconstituted with propylene
glycol according to the concentration used for
each determination (mg of extract/mL). Propylene
glycol was used because of this solvent did not
provide antimicrobial activity.
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Reactivation and preparation of inoculum of
the strains
The microorganisms used in this investigation
were the bacterium: X. campestris (ATCC
13951) and the fungus: B. cinerea (NRRL 1650),
acquired from the collection of microorganisms
of the Center for Research and Advanced
Studies of the National Polytechnic Institute
(CINVESTAV), México.
The fungus F. verticillioides AT100 isolated
and identified in the Laboratory of the Hazardous
Waste of the National School of Biological
Sciences, IPN, Mexico and the wild-type strains
of C. gloeosporioides, Curvularia sp., Fusarium
sp. provided by the Laboratory of Phytopathology
of National School of Biological Sciences, IPN,
Mexico were used.
13

For the conservation of the bacterium X.
campestris, the YDC medium (yeast extractdextrose-CaCO2) was used at 4 °C and they
used fresh cultures of 24 h before any analysis.10
The inoculum was prepared by performing a
bacterial suspension in a sterile isotonic solution
(0.85% NaCl). Using a spectrophotometer, the
absorbance of the sample was measured at 600
nm until an absorbance of 0.5 was obtained,
corresponding to a concentration of 106 CFU.12
Fungal strains were maintained on potato dextrose
(PDA) agar at 4 ° C. Plates of 5 days of growth
of each of the fungi were used for the study and
the number of conidia per mL of a culture was
determined using a Neubauer chamber.13
Bioassay of the bacterial inhibition by crude extract
The antibacterial activity was carried out using
the agar diffusion method.14 Plates with medium
were prepared and sterilized; with the help of a
bacteriological loop, 5 μL of the inoculum was
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expanded and holes (7 cm) were made with
small metallic cylinders. Then two volumes
25 and 50 μL of extract dissolved in sterile
propylene glycol (2 mg/mL) were tested. The
cylinders were removed and the plates were
incubated at 28 ° C for 24 hours. Propylene
glycol was used as negative control and
streptomycin (0.5 mg/mL) as a positive
control.
Bioassay of the antifungal inhibition of the
ethanolic extract
A volume of 200 μL of extract dissolved in
propylene glycol (2.5 mg/mL) was added to
the sterile PDA plates, which were inoculated
with a portion of the mycelium of each of the
fungi and incubated for 5 days at 28 ° C.
Propylene glycol (200 μL) was used as a
negative control and nystatin (2.5 mg/mL)
as a positive control. The radial growth was
measured and the percentage of inhibition
was obtained based on the Equation 2:9
Eq.2 % inhibition =
growthcontrol(cm ) - growthtreatment(cm )
2

growthcontrol(cm2)

2

*100

RESULTS

The yield of the ethanolic extract of D.
congestiflora obtained was 270 mg/g wood which
represented 27% of the heartwood on a dry basis.
The results of the antibacterial activity are
Figure 1. The extract produced inhibition halos
when applying both volumes tested. The greater
diameter of inhibition halo (2 cm) was observed
when the aliquot of 50 μL of extract was applied.
Our results demonstrated that the natural extract
has a high growth inhibitory activity on this
strain, while the halo diameter for the positive
control (synthetic antibiotic) was slightly
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higher (2.5 cm). This fact demonstrate the good
activity the extract of D. congestiflora against X.
campestris.

B. cinerea
C. gloeosporioides
Curvularia sp.
F. verticillioides
Fusarium sp.
Helminthosporiumsp.

100
a

inhibition, %

80

b

c

60
d
40
e
20

0

f
phytopathogenic fungi

Figure 3. Percentage of grown inhibition by the ethanolic extract
of D. congestiflora on pathogenic fungi. The means that share a
Figure 1. Representative image of the effect of the extract of D.

letter do not have significant differences between them (α = 0.05).

congestiflora (2.5 mg/mL) against the bacterium X. campestris.
The measurement of the inhibition zones of each test is observed.

DISCUSSION

The Figure 2 shows qualitative effect of the
extract on Fusarium sp. and Curvularia sp., the
reduction of radial growth was observed after the
application of the extract.

Currently, the research has been directed towards
the search for new compounds with activity
against phytopathogenic microorganisms in
agriculture for the production of disease-free
food. Plant extracts are complex systems of
compounds that act by inhibiting microbial
growth or eliminate microorganisms,15 so some
components can be exploited to control the
growth of bacteria and fungi pathogens of plants.

congestiflora on fungi. A: Fusarium sp.; B: Curvularia sp.

Extracts from several plants have been used to
inhibit the growth of the fungi strains similar
to the ones used in the study. In this context,
the antifungal activity of the Juniperus extract
was checked against the growth of Curvularia
lunata,16 reporting an inhibition of 88.42% after
the application of a concentration of 0.3 mg/mL,
this percentage is comparable to that obtained for
Curvularia sp. in the present work.

To evaluate the antifungal activity, a comparison
was made of the effect of the extract of D.
congestiflora for each strain. The percentage of
inhibition of radial growth of the six fungi is
shown in a bar graph in Figure 3.

In addition, the results of the activity of the same
extract against B. cinerea showed the potential to
inhibit the growth of this fungus, which is widely
studied by developing resistance to the chemical
fungicides, limiting protection to crops.17

Figure 2. Qualitative effect of the ethanolic extract of D.
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In the literature some authors have reported that
plant extracts can be effective antifungal. In this
work, the result showed that the crude extract
from the residues of D. congestiflora exhibited
excellent antifungal properties for the most
of the phytopathogenic fungi strain tested. As
is shown in Figure 2, a notable percentage of
inhibition is observed for the fungus Fusarium sp.
(59.91%) and an moderate effect on the growth
of Fusarium verticillioides (26% inhibition) at
2.5 mg/mL. Those pathogens are able to destroy
important crops such as corn, wheat and other
grains, causing their discoloration, increase of
fatty acids18 and enormous economic loss.19
In addition, F. verticillioides is a fungus that
produces mycotoxins called fumonisins that cause
diseases in animals such as damage nephrotoxic,
hepatotoxic, leukoencephalomalacia, pulmonary
edema and esophageal cancer.20, 21 Thus, based on
our results it is possible to can see the effectiveness
of the metabolites present in the extract to inhibit
Fusarium. Comparing with other studies, the
antifungal activity of ginger essential oil was
evaluated, and it was determined that to inhibit
to F. verticillioides concentrations above 2.5 mg/
mL were required.22
Regarding the crude extract of D. congestiflora,
significant differences in growth inhibition were
observed, showing excellent antifungal properties
for almost of the observed phytopathogenic
fungi, except for Helminthosporium sp strain.
On the other hand, the antibacterial effect of the
ethanolic extract against the phytopathogenic
strains revealed an important antimicrobial
effect, this corroborates the results of some
studies that have focused on the analysis of the
effect of extracts obtained from natural sources
against X. campestris.23
The data obtained confirmed that the extract
of D. congestiflora possesses an antimicrobial
activity, reported in the literature9, since it
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exhibits excellent inhibitory properties against
the phytopathogenic microorganisms examined,
however, it should be noted that this contribution
is on the not reported inhibition on growth of X.
campestris, as well as that of fungi B. cinerea,
C. gloeosporioides, Curvularia sp. and Fusarium
sp., microorganisms that attack mainly the
grape,17 mango,24 rice, corn and sorghum crops,19
causing great losses to producers, processors,
merchants and consumers.25
CONCLUSIONS

The results indicate that the extract is capable of
controlling the growth of microorganisms that
attack fruits and vegetables. Thus, the waste of
Campincerán, could be applied in place of the
synthesized antimicrobials, which have had a
negative impact mainly on the health of people
and on the contamination of the environment.
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