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Abstract. The aim of this work was to evaluate the effect of anthocyanins from strawberry extracts on the
growth of the fungus B. cinerea in vitro. Two doses of the extract were tested, 300 µL and 600 µL (0.321
and 0.642 µg 100 g-1 fresh fruit, respectively), which were placed on sterile filter paper disks 10 mm on
Petri dishes with Potato Dextrose Agar (PDA). In the center of the plates were placed 1 cm3 of PDA with
B. cinerea. As control plates with the pathogen and 96% ethanol and Mancozeb (5 g L-1) were used. Three
plates were used per treatment, were incubated at 25 °C and were checked daily for 10 days to determine the
inhibition percentage of pathogen using the formule reported by Singh (2003). Two doses evaluated permited the 100% inhibition of mycelial growth of B. cinerea, showing its potential for application in agriculture.
Resumen. El objetivo de este trabajo fue evaluar el efecto de antocianinas de extractos de fresa en el crecimiento del hongo B. cinerea in vitro. Se probaron dos dosis del extracto, 300 μL y 600 μL (0,31 y 0,642 μg
100 g-1 de fruta fresca, respectivamente), que se colocaron en discos de papel filtro estériles de 10 mm en
placas de Petri con Agar Papa Dextrosa (ADP). En el centro de las placas se colocaron 1 cm3 de ADP con
B. cinerea. Como control se usaron placas con patógeno, etanol al 96% y Mancozeb (5 g L-1). Se utilizaron
tres placas por tratamiento, se incubaron a 25 °C y se analizaron diariamente durante 10 días para determinar el porcentaje de inhibición del patógeno utilizando la fórmula de Singh (2003). Las dos dosis evaluadas
permitieron la inhibición del 100% del crecimiento micelial de B. cinerea, mostrando su potencial para la
aplicación en la agricultura.
Keywords. antifungal activity; gray mold; flavonoids.

INTRODUCTION

Botrytis cinerea is a ubiquitous pathogen
that infects leaves, stems, flowers and fruits
of various crops, is the cause of the disease
commonly known as gray mold or dusty mold and
responsible for great loss of fruit, vegetable and
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ornamental crops ornamentals.1 The conventional
control of the disease is with synthetic chemicals
but in some countries it already has low control
efficacy 2 and new strains of B. cinerea resistant
to fungicides have emerged. 3,4 At present, it is
resorting to more friendly control alternatives
for ecosystems and human being. Such is the
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case of control based on the use of antagonistic
microorganisms to various pathogens, such as
Gliocladium roseum or Trichoderma harzianum
to control the disease of gray mold in strawberry
cultivation.5,6
Pseudomona
chlororaphis
ChPhzS24 controlled mycelium of several strains
of B. cinerea and reduced its radial growth to a
71.5±0.9%. When strains of B. cinerea were
applied to P. chlororaphis tomato leaves, control
was obtained between 97.1% y 100%.7 Chitosan
has also controlled this pathogen in grapes.8 In the
same context, the use of plant extracts has recently
gained popularity and scientific interest for its
antifungal and antibacterial activity (Santas et al.,
2010). Gatto et al., (2011),9,10 found that Orobanche
crenata extract reduce strongly the disease caused
by B. cinerea in grapes, the effectiveness of the
extract was attributed to the presence of some
caffeic acid derivatives and flavonoids.
The ethanolic extract of Quillaja saponaria
reduced the germination and mycelial growth
of B. cinerea; this antifungal activity was due to
the presence, in part, of saponins and phenolic
compounds.11 In this sense, it has been reported
that the antibacterial activity of some plant
extracts has been attributed to the presence of
phenolic compounds.12 Within the group of
flavonoids are anthocyanins which are a group
of water soluble natural pigments of many fruits,
vegetables and cereals.13 The role of anthocyanins
in plants is to make it attractive for pollinators to
disperse their seeds; they also act as endogenous
antioxidants and increase the resistance of the
plant to insect attack. Specifically in strawberries
are some anthocyanins such as pelargonidin
3-O-glucoside and cyanidin 3-Oglucoside. 14
The antimicrobial activity of flavonoids for
the control of human pathogens has been little
studied 15,16 and in the specific case of the use
of anthocyanins for control of phytopathogens,
no reports have been found. Therefore, the

2
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aim of this work was to evaluate the effect of
anthocyanins from strawberry extracts on the
growth of the fungus B. cinerea in vitro.
MATERIALS AND METHODS

Extraction and quantification of total
anthocyanins of strawberry fruits
The extraction of total anthocyanins from the
strawberry fruits was carried out according
to the method of Abdel-Aal and Hucl,17 using
acidified etanol like extractant solution. To
quantify the anthocyanins, the absorbance of the
sample at 535 nm was obtained in a UV-Visible
spectrophotometer (CARY 3E brand). The
sample was stored at -20 °C until its use. Acidified
ethanol was used as the target and triplicated
from each processed sample. For quantification,
the standard pigment cyanidin 3-glucoside was
used. The calculation of the total anthocyanins
was made applying the following equation:
C = (A/E) x (vol/1 000) x MW x (1/ Sample
weight) x 106
Where:
C = total concentration of anthocyanins (mg kg-1).
A = the absorbance at 535 nm.
E = the molar absorbance of cyanidin 3-glucoside
= 25 965 cm-1 M-1.
Vol = the total volume of anthocyanin extract.
MW= the weight of cyanidin 3-glucoside = 449g
mol-1.
Microorganism and medium
The Botrytis cinerea fungus was provided by the
Institute of Biological Chemistry Research of the
Michoacán University of San Nicolás de Hidalgo
(UMSNH). For its cultivation, Papa Dextrose
Agar (PDA) was used at a temperature of 25 °C.
The fungus was kept at refrigeration temperature
(4 °C) until it was used.
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The bioassays were carried out using the
methodology established by Álvarez, (2012) 18
for this, 1 cm3 of PDA medium with mycelial
growth of B. cinerea was placed in the center
of a Petri dish with PDA. In the same box, 3
discs of 10 mm sterile filter paper were placed
around the piece with mycelium. The doses
of extract evaluated were 300 μL and 600 μL,
which in a previous experiment were the doses
that inhibited B. cinerea qualitatively. The plates
were incubated at temperatures of 25 °C until
appearance of inhibition produced by the extract
of anthocyanins to the fungus of B. cinerea. For a
period of 10 days the radial growth of B. cinerea
was measured. The bioassays were placed
completely at random and 3 repetitions were
performed for each treatment. The treatments
used were: A) 600 μL of anthocyanin extract +
B. cinerea, B) 300 μL extract of anthocyanins
+ B. cinerea, and as control were used: C) B.
cinerea, D) 96% ethanol and E) Mancozeb at
a dose of 5 g L-1. The percentage of inhibition
of the fungus was determined with the formula
reported by Singh (2003):19
𝑅𝑅1−𝑅𝑅2
×100
𝑅𝑅1

% 𝑖𝑖𝑖𝑖ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖=

Where:
R1= Radial growth of B. cinerea.
R2= Radial growth of the pathogen with
anthocyanin extract.

RESULTS

Extraction and quantification of total
anthocyanins of strawberry fruits
The total anthocyanin concentration of the extract
used was 32.10 mg cyanidin-3-glucoside 100 g-1
fresh fruit which, in comparison with other works,
was low since anthocyanin concentrations 8.5 to
65.9 100 g-1 were found in different strawberry
varieties of fresh weight.21
Inhibition of
anthocyanins

Botrytis

cinerea

with

total

The in vitro test showed that anthocyanin
extract at 300 μL (0.32 μg 100 g-1 fresh fruit)
and 600 μL (0.64 μg 100 g-1 fresh fruit) was
able to inhibit mycelial growth 100% of the
pathogen. This controlling effect was similar to
that observed in the treatment with the synthetic
fungicide mancozeb at the dose recommended
by the manufacturer, which shows the promising
antifungal effect of the extracts tested preferably
at the lower dose (300 µl) (figure 1).
Percentage of
mycelial growth
inhibition (%)

Inhibition of
anthocyanins
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Figure 1: Percentage of inhibition of B. cinerea with
anthocyanin extract of strawberry fruits at doses of 300μL

Statistical analysis

and 600μL

The data obtained were transformed to arcsine and
then, subjected to an analysis of variance (ANOVA).
The means were compared with the Tukey test
using statistical software SAS (Statistical Analysis
System) version 9.1 20 with a confidence level of 95
and level of significance (α = 0.05).

DISCUSSION
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The percentages of growth inhibition of B.
cinerea observed in this work coincide with
that reported in other studies, such as the use
of methanol extract of Stellera chamaejasme,
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which managed to control B. cinerea 61.78%
and umbelliferone, a natural product of the
family of the coumarianas, was the predominant
antifungal found in the extract. 22 The ethanolic
extract of Quillaja saponaria, managed to
inhibit in vitro the growth of the mycelium
of B. cinerea up to 75%, antifungal activity
was attributed to the presence of saponins and
phenolic compounds 11 Rivera et al. 2012 used
an extract of Piper septuplinervium for the in
vitro control B. cinerea. They obtained MIC with
100 μg of extract and the control was attributed
to the presence of two flavonoid compounds:
uvangoletina and chrysina. In another work, 23
the extract of Euonymus japonicus was used,
with a dose of 300 ppm, and a 90% inhibition
of B. cinerea was obtained. The extract of E.
japonicus in combination with the fungicide
methyl tolclofos (10 ppm) gave better percentage
of inhibition (98.8%). The chromatographic
analysis performed on the extract of E. Japonicus
resulted in high concentrations of fatty acids and
their derivatives. 23 It should be noted that in all
the previous studies, the nature of the compounds
located as responsible for the antibacterial
activity is different from the anthocyanins, so far,
in the reviews that have been made, no reports of
antimicrobial activity of anthocyanins have been
found towards phytopathogens, although some
works have reported that phenolic compounds
control human pathogens such was the case of
phenolics such as raspberry ellagitannins for
the control of Staphylococcus aureus 15 or the
Brassica oleracea phenolics for the control
of Staphylococcus aureus, Escherichia coli,
Klebsiella pneumoniae as well as Trichophyton
rubrum and Aspergillus terreus, which suppose
that anthocyanins could be responsible for control
because they are abundant in Brassica oleracea
but it is not clear that it was an effect for them. 16
As it could be observed, the application of total
anthocyanins, allowed to inhibit the growth of
B. cinerea in a 100%, result comparable to that

4
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obtained with the synthetic chemical fungicide in
a strong way and with greater effect even with
a dose of 300 μL, which results very interesting
and highlights the role of these compounds as
controllers of B cinerea in vitro. However, it
is necessary to conduct a greater number of
experiments to confirm their effectiveness at the
greenhouse level, at the same time to perform tests
to identify the compounds with the antimicrobial
activity in a specific way, in addition to begin to
elucidate their mechanisms of action.
CONCLUSIONS

Strawberry anthocyanin extract at doses of
0.64 and 0.33 μg 100 g-1 fresh fruit was able to
inhibit the growth of Botrytis cinerea 100% with
effectiveness like that obtained by the synthetic
fungicide evaluated.
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Abstract. The antifungal activity of the ethanol extract of nurite (S. macrostema) was determined on four
phytopathogenic fungi, which caused of important diseases in various crops in the region. Ethanolic extract
of nurite leaves with 80% ethanol was used in an amber colored container at 25 ᵒC for 24 h. Potato Dextrose
Agar (PDA) culture medium was made with three different treatments: fungus control (Fcontrol), fungus plus
extract (F + Ext) and fungus plus solvent (F + S). They were incubated at 25 ᵒC for 5 days and the inhibition
zones were recorded. The results by percentage of inhibition were of 20% Botrytis sp, 45% Colletotricum
sp, 27% Rhizoctonia sp and 18% Rhizopus sp. It was concluded that the nurite has antifungal activity to
control these four phytopathogenic fungi.
Resumen. Se determinó la actividad antifúngica del extracto etanólico de nurite (S. macrostema) sobre
cuatro hongos fitopatógenos causales de importantes enfermedades en diversos cultivos de la región. Se
utilizó un extracto etanólico de hojas de nurite con etanol al 80% en un recipiente de color ámbar a 25 ᵒC
por 24 h. Se realizo un medio de cultivo Papa Dextrosa Agar (PDA) con tres tratamientos diferentes: hongo
control (Fcontrol), hongo más extracto (F + Ext) y hongo más solvente (F + S). Se incubaron a 25 ᵒC durante
5 días y se registraron los halos de inhibición. Los resultados por porcentaje de inhibición fueron de un 20%
Botrytis sp, un 45% Colletotricum sp, un 27% Rhizoctonia sp y un 18% Rhizopus sp. Se concluyo que el
nurite tiene actividad antifúngica para controlar estos cuatro hongos fitopatogenos.

Keywords. Antifungal activity, Ethnobotanical, functional properties
INTRODUCTION

S. macrostema is one of the most important
medicinal plants for the purépechas. Among its
various uses and customs the plant represents
the intimate relationship that has always existed
between man and nature with all its mysticism
associated with a deity of high importance, the
goddess nurite, female deity in relation to fertility

6

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS

whose worship is found in the Pátzcuaro region,
Mich.1 Ethnobotanical studies assume that the
use given to plants by indigenous people can offer
strong signals about their biological activity.2
These studies have focused mainly on the search
of plants with pharmacological potentials.3 The
nurite has traditionally been used as a functional
food.4 Currently it is only used for culinary and
medicinal purposes due to the little information
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generated about the various biological activities,
functional properties and various uses that have
traditionally been attributed to it. Indeed, it has
other characteristics that make it pleasant with
its flavor of mint. Which is only found in the
states of Mexico. Among the Michoacán region
is located in the towns of Quinceo, Cherán,
Paracho, San Juan Nuevo Parangaricuaro and
San Lorenzo Narheni because it is an Endemic
plant.1 An investigation was carried out by
gas chromatographies and mass spectrometry
which found in the nurite plant major volatile
compounds such as linalool, limonene,
menthone and the main volatile component is
terpene pulegone.5 Part, it has been found that
S. macrostema has a potent antioxidant activity.
In addition, they identified six new flavonoid
glycosides that have significant radical and
hepatoprotective activity by chromatographic
gas chromatography. So there are few reports
from the nurite plant, reports on this plant
have only focused on research related to
molecular characterization, embryogenesis,
phenolic protection activities, antioxidant and
hepatoprotectors.4,6,7 There is documentation of
the plants, in their evolution they have developed
defense mechanisms against insects, fungi,
bacterium and other harmful organisms. The
plants are responsible for producing metabolites
such as flavonoids, diterpenes and triterpenes.
The Flavonoids, are known to confer resistance
against the attack of microorganism.8
Botrytis sp, Colletotrichum sp, Rhizoctonia sp,
and Rhizopus sp. they are the causal agents of
the main diseases that cause losses in different
crops in the world, being the use of chemical
products one of the most common methods for
their control. 9,10,11,12 The indiscriminate use of
this method of control has led to resistance to
fungicides, there is also an increasing concern
for residues in agriculture products and the
effects on human health and environmental.13,14
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Due to this, alternatives to this practice
begin to emerge, which include a series of
biotic and abiotic treatments that induce plant
resistance, as well as applications of biological
control agents.13 It is necessary to study the
biological activities of native plants with
potential for use in agriculture. The nurite
extract can be an option for the application
in agriculture specifically with respect to
the inhibition of phytopathogenic fungi,
nevertheless a lot of information is needed.
For the foregoing, the antifungal activity of
the ethanolic extract of S. macrostema was
determined on the phytopathogenic fungi
Botrytis sp, Colletotrichum sp, Rhizoctonia
sp, and Rhizopus sp. which could be used as a
biofungicide alternative, in order to reduce the
use of chemicals that pollute the environment
MATERIALS AND METHODS

Plant material
Nurite plant was collected from the
surrounding communities of the municipality
of Cherán, Michoacán, México. After the plant
was cleaned up and left free from infection,
damage and parasites. Fungi strains of
Botrytis sp, Colletotrichum sp, Rhizoctonia
sp, and Rhizopus sp were provided by the
phytopathology strain of CIIDIR-IPN Unidad
Michoacán, fungi isolated from diseased crops
in the region.
Preparation of extracts
Extracts were elaborated through solid-liquid
extractions 10 g of sample were taken and
macerated in a mortar and added 90 mL of
aqueous ethanol (80:20 v / v), the extracts were
kept at 25 °C for 24 h. Then, a filtration was
carried out with Whatman 40 paper and stored
in an amber colored container until its use.
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Antifungal activity.
The treatments applied were: fungus (control),
fungus + ethanolic extract and fungus + solvent.
The fungi were planted in Papa PDA, 10% solvent
aqueous ethanol and ethanolic extract respectively
for each treatment were added in the PDA medium.
They were sown with the help of a punch in the
center of petri dishes, they were grown for 5 days
and the average diameter was recorded on the
equatorial part. To calculate the percentage of total
inhibition, the effect of the solvent was taken into
account and calculated according to Equation 1.

% 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑖𝑖𝑖𝑖ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =

𝐷𝐷𝐷𝐷 − 𝐷𝐷𝐷𝐷
100
𝐷𝐷𝐷𝐷

DS = Diameter of the fungus with the solvent
DE = Diameter of the fungus with the extract
DH = Diameter of the fungus control

The extract of nurite inhibited 20% to Botrytis sp,
45% to Colletotrichum sp, 27% to Rhizoctonia
sp and one to 18% and Rhizopus sp (figure II).

Figure 1. Diameter of inhibition of the four fungi with
the extract of the nurite. Different letters show significant
differences between treatments in each of the fungi (p≤0,05).

Statistical analysis
There were 3 trials with 3 repetitions for each one.
The results obtained were applied an ANOVA
with a tukey test for the comparison of means.
Using the SAS® System for Windows version
9.0 program. The differences between the means
were considered significant when p≤0.05.
RESULTS

The radial growth results of the four fungi (Botrytis
sp, Colletotrichum sp, Rhizoctonia sp, and Rhizopus
sp) are shown in figure I. The case of Rhizoctonia
sp can be observed a great growth speed with
respect to the rest of the fungi. The fungus with
less radial growth was that of Colletrotichum sp.
When treated with the nurite extract as shown in
figure I. In all cases it is observed that there is a
percentage of inhibition by the solvent but through
the equation /1/ can be discarded to calculate the
total percentage of inhibition.

8
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Figure 2. Percentage of inhibition of four phytopathogenic
fungi with the ethanol extract of nurite. Different letters
among fungi show significant differences (p≤0.05)

DISCUSSION

In this work the extract of the nurite was used
at 10% and was incorporated into the agar and
then emptied into the Petri dishes, this form
of application of the extract could cause less
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contact with the fungal compounds present in
the extract compared to adding it sprinkled.
In another investigation they used extracts of
fresh leaves of Flourensia cernua and obtained
85.8% inhibition of C. gloesporioides using
PDA medium poisoned at 500 mg / L. However,
the extract was fungistatic that compared with
this work the nurite extract had a fungicidal
effect.15 They also obtained that the ethanolic
vegetable extract was more efficient to inhibit
mycelium and affect the production of conidia
of C. gloesporioides. In another work with the
extract of Larrea tridentata the inhibition of the
radial growth of Rhizopus oryzae was 100%,
they indicate that L. tridentata contains around
10-15% in dry weight of saponins.16 In other
researches it has been found that the rich content
of saponins in plant extracts for the control of
fruit rot by Rhizopus sp. Shows favorable results
in comparison with chemical agents that are used
for this purpose.17 In another work found that the
extract of Orobanche crenata strongly reduced
the disease caused by B. cinerea in grapes, the
effectiveness of the extract was attributed to the
presence of some caffeic acid derivatives and
flavonoids.18 On the other hand, the ethanolic
extract of Quillaja saponaria reduced the
germination and mycelial growth of B. cinerea;
said antifungal activity was attributed to the
presence, in part, of saponins and phenolic.16 In
other studies, it has been shown that the extracts
from oregano and the screw possess terpenes
carcacrol and thymol.19 These compounds
showed antimicrobial activity of different
important microorganisms in foods such as
Fusuarium spp, Escherichia coli, Salmonella,
Bacilluscereus among and others.19 Terpenes
in the microorganisms caused the permeability
of the cytoplasmic membrane provoking the
exit of intracellular material and consequently
causing death.19 In comparison with this
investigation, it is observed both plants share
certain compounds. Therefore, it is possible that
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the interaction of the terpene compound and
the cytoplasmic membrane would be the same.
On the other hand, other studies elaborated
extracts from Acacia farnesiana and found that
they contain metabolites such as flavonoids,
tannins, phenols, alkaloids and saponins., This
extract was confused with the fungus Fusarium
oxysporum, which showed inhibition in more
than 90% and especially inhibition in mycelial
growth. It is even mentioned that the compounds
that the extract possesses are responsible
for the enzymatic inhibition by oxidation so
that the action of terpenes is the cause of the
decomposition of the cellular membranes of
the fungus.20 It could be compared with the
composition of S. macrostema possesses the
same mechanisms of interaction with the
phytopathogenic fungi. Therefore, the authors
concluded that the extract has antifungal
activity and it is mentioned that the phenolic
compounds are responsible for the enzymatic
inhibition by oxidation so that the action of
the terpenes are the cause of the breakdown
of the cellular membranes that act through the
lipophilic membrane compound.20 In another
investigation, it was reported that the species
Baccharis latifolia presents inhibitory activity
against the two phytopathogens Aspergillus
niger and Phytophthora palmivora. The results
showed that the BLE ethanolic extract at 20
mg/mL inhibited the two fungi by 65.8% and
98.8% respectively. In addition, it is mentioned
that the Baccharis species present metabolites
such as flavonoids, diterpenes and triterpenes.
They are known to confer resistance against the
attack of microorganisms.8
The control of fungi with nurite extract could
be attributed to the presence of compounds such
as the afore mentioned since it has been seen
that the nurite contains phenolic compounds.6,7
However, it is necessary to conduct the relevant
investigations to verify this.
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CONCLUSIONS

The nurite extract achieved control of the fungi
Botrytis sp, Colletotrichum sp, Rhizoctonia
sp. and Rhizopus sp. The greatest control that
occurred was for Colletotrichum sp. (45%).
Nurite extract is an innovative alternative under
study for its use in the integrated management of
diseases of some crops.
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Abstract. Due to the need to look for phytopathogenic control alternatives to the use of chemical products,
in this work the objective was to evaluate the effect of a plant extract of Moringa oleifera seed using as
ethanol solvent on Botrytis cinerea in vitro. Five concentrations of extract 0.01, 0.05, 0.1, 0.25 and 0.5
in mg/mL were evaluated, all had inhibition on B. cinerea. A percentage of 11.99% was registered for
the concentration of 0.01 mg/mL of extract, 37.94% for the concentration of 0.5 mg/mL of extract that is
for the lowest and highest concentration evaluated. Percentages of inhibition of B. cinerea obtained with
the ethanolic extract of moringa seeds showed a tendency of a higher concentration greater capacity of
inhibition or control of B. cinerea. The ethanolic extract of Moringa oleifera seeds has a high potential as a
biocontrol agent of B. cinerea.
Resumen. Debido a la necesidad de buscar alternativas de control de fitopatógenos al uso de productos
químicos, en este trabajo el objetivo fue evaluar el efecto de un extracto vegetal de semilla de Moringa
oleífera empleando como solvente etanol sobre Botrytis cinerea in vitro. Se evaluaron cinco concentraciones
de extracto 0.01, 0.05, 0.1, 0.25 y 0.5 en mg/mL, todas presentaron inhibición sobre B. cinerea. Se registró
un porcentaje de 11.99 % para la concentración de 0.01 mg/mL de extracto, un 37.94% para la concentración
de 0.5 mg/mL de extracto es decir para la menor y mayor concentración evaluadas. Los porcentajes de
inhibición de B. cinerea obtenidos con el extracto etanólico de semillas de moringa mostraron una tendencia
de a mayor concentración mayor capacidad de inhibición o control de B. cinerea. El extracto etanólico de
semillas de Moringa oleifera mostró potencial biocontrolador de B. cinerea.
Keywords. Inhibition, Moringa, Phytochemical, Phytopathogen.

INTRODUCTION

Botrytis cinerea is distributed throughout the
world and is characterized by causing necrosis
at different stages of plant development,
affecting more than 200 types of crops.1,2,3 Gray
mold, as it is known, is particularly harmful in
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the maturation of the fruits, giving rise to crop
alterations and economic losses both locally
and internationally.4,5 The losses caused by this
pathogen have been reason to develop different
methods of control, highlighting the chemical
methods as the most used. The intensive use of
chemical fungicides cause greater resistance and
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aggressiveness of the pathogen.5,6. Also the chemical
control can leave residues in the fruits, damage other
organisms present in the crop and environmental
problems, reasons why the interest in developing
new control alternatives has increased, as is the use
of plant phytochemicals through plant extracts with
antimicrobial or antifungal action. 7,8,9 In this field of
phytochemicals emerges Moringa oleifera Lam, which
is a plant native to the south of the Himalayas, belongs
to one of the thirteen identified species of the family
Morigaceae, It is characterized by pinnate leaves, long
woody pods containing winged seeds.10 In different
organs of the Moringa oleifera through extracts
obtained with different solvents phytochemicals
have been presented such as saponins, phenolics,
polyphenols, and flavonoids.11 Studies show that some of
these metabolites have anti-inflammatory, antioxidant,
antitumor, antibacterial and antifungal action,12,13 reason
why extracts prepared from moringa emerge as an
alternative for the control of B.cinerea damage. In this
sense the objective of this work was evaluate the effect
of a plant extract of Moringa oleifera Lam seed using as
ethanol solvent on Botrytis cinerea in vitro.

extract in chloroform at 2mg/mL was prepared, and
from this solution different concentrations (0.01, 0.05,
0.1, 0.25, 0.5 mg/ml) were obtained. One mL of the
concentrations on the surface of Petri dishes 80x15
were deposited with PDA medium and spread evenly,
later it was left to dry for 40 min and 6 mm diameter
disks of B. cinerea were placed in the center of the
Petri dishes and stored at room temperature (25±5°C).
As controls were used only fungus, chloroformfungus and a control with fungus-commercial
chemical fungicide at 0.2 mg/mL.
Percentage inhibition evaluation
The diameter was measured in mm for seven days
after inoculation. and the percentage of inhibition of
mycelial growth during the seven days was calculated.
The experiment was established under a completely
randomized model with nine repetitions per
treatment. The data were evaluated by means of an
analysis of variance (ANOVA) and Tukey’s mean
comparison test with a level of significance P≤0.05
with the statistical program The SAS® System 9 For
Windows, Copyright © 2002.

MATERIALS AND METHODS

Obtaining the extract
Moringa oleifera seed was collected from the
municipality of Villamar, Michoacán, México, 50 g of
ground seed were placed in an Erlenmeyer flask with
200 ml of ethanol, it was mixed and stand for 5 days.
Subsequently, the mixture was sonicated for 20 min and
stirred in a mechanical stirrer for 24 h, then filter and
concentrate by rotaevaporation, finally it was finished
drying in an oven at 40 ° C for 72 h. The dried extract
was placed in amber colored vials at 16 °C until use.
Evaluation of moringa seed extracts against Botrytis
cinerea in vitro

RESULTS

The ethanolic extract of Moringa oleifera seed
inhibited the mycelial growth of Botrytis cinerea
during the seven days evaluated (Figure 1).

Figure 1. Inhibition to the last day of the confrontation
extract vs. B. cinerea. The figure shows the inhibition of the
three controls and the extract at the concentration of 0.5 mg /

Botrytis cinerea was donated by the CIIDIR-IPN
Unidad Michoacán stock. A standard solution of dry
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ml, at day 7; where H is control fungus, S is the solvent, Q is
the chemical fungicide and E is the ethanolic extract.
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Inhibitions higher than 36% were presented for the
case of the last three concentrations of extract at
day seven (Table I). Concentrations four and five
had the highest percentages of inhibition greater
than 37% inhibition of mycelial growth, they
did not show significant statistical differences
among themselves, as it was assumed that there
was a significant difference of all the extract
concentrations with respect to the controls.
The extract concentrations evaluated showed an
increasing tendency, the higher the concentration
of the extract, the greater the percentage of
inhibition, presenting a 11.99% inhibition for the
concentration of 0.01mg/mL and 37.94% for the
concentration of 0.5 mg/mL (Table 1).

solani, Rhizoctonia solani, Rhizopus nigricans.
The authors reported that the two types of
extracts, both aqueous and ethanolic, inhibited
the pathogens studied in this report, the
concentrations evaluated were 50% and 100%
of the total concentration prepared. It can be
highlighted that the ethanolic extract was the
one that showed the greatest inhibition area, in
addition, in the two types of extracts, the highest
concentration was the one that presented the best
inhibitory or controlling effectiveness. These
results coincide with those observed in this work
because the highest concentrations (0.25, 0.5mg/
mL) of extract showed greater capacity to inhibit
B. cinerea than the lower concentrations (0.01,
0.05 mg/mL) during all evaluation days.

Table I: Percentages of Inhibition of the ethanol extract
of Moringa oleifera seeds on Botritys cinerea.
N

Treatment

% Inhibition

1

E-E (0.01 mg/ml)

11.99±0.00E

2

E-E (0.05 mg/ml)

28.62±1.18D

3

E-E (0.1 mg/ml)

36.41±1.75C

4

E-E (0.25 mg/ml)

37.26±0.95BC

5

E-E (0.5 mg/ml)

37.94±1.26B

6

Control-Fungus

0.00±0.00F

7

Control-Solvent

0.00±0.63F

8

Control-Chemical

100±0.00A

Average values±standard deviation. Difference between letters in

In other study realized by El-Mohamedy and
Abdalla (2014),15 elaborated aqueous extracts of
root, leaves and pods of Moringa oleifera against
seven fungal pathogens among these Alternaria,
Fusarium, Sclerotium, Macrophomina. The three
extracts inhibited in their different concentrations
and showed higher inhibitory capacity at the
higher concentrations evaluate; the extract
obtained from the root is highlighted as the
extract with the highest inhibitory capacity of
the fungal pathogens of this study, by generating
the highest percentages of inhibition at a lower
concentration than leaves and pods.

each column shows significant differences based on the Tukey test
(P≤0.05, n=72). * E-E (ethanolic extract) * Chloroform as solvent
* Percentage of solvent inhibition has already been subtracted from
the five concentrations of extract evaluated.

DISCUSSION

The results of inhibition obtained are similar to
those obtained by Sahab and Nawar (2015),14
who confronted aqueous and ethanolic extracts
of Moringa oleifera seed against 14 pathogens,
among which are Fusarium solani, Alternaria
alternata, Aspergillus candidus, Fusarium

14

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS

On the other hand, Ndhlala, Mulaudzi et al.
(2014), 16 evaluated leaf extracts of thirteen
cultivars of Moringa oleifera using water, ethanol
and acetone as solvents, to observe its inhibitory
effect against pathogens of human interest as
they are Klebsiella pneumoniae, Staphylococcus
aureus y Candida albicans. All the extracts
showed inhibitory activity, highlighting the
extract obtained with acetone and ethanol as
those with the highest inhibition. Besides the
extracts by colorimetric techniques showed
the presence of flavonoids and total phenolic
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compounds, that may be are involved with the
antimicrobial or antifungal capacity presented
against B. cinerea in this study. Interestingly,
the thirteen cultivars which belong to different
parts of the world acted differently both in the
presence of phytochemicals and in the inhibitory
capacity, so it can be inferred that the plant will
own its properties in greater or lesser amount
depending on the conditions and characteristics
of the place where it is grown.
CONCLUSIONS

The ethanol extract of Moringa oleifera Lam
seed presented potential as a biocontrol agent of
B. cinerea generating percentages of inhibition
higher than 37%. It is necessary to study the
phytochemicals present in the extract to infer
in the secondary metabolites or compounds
involved in said inhibition.
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Abstract. Phosphorus (P) is an essential macronutrient for the growth and development of all living beings.
This is a non-renewable resource and world reserves are depleted quickly, it’s estimated to be halved between
2040 and 2060, which, together with the fact that prices for phosphorus fertilizers are constantly increasing,
makes it necessary to seek sustainable forms of P. The availability of P in soil is low; is generally found in
complex forms that are insoluble such as tricalcium phosphate. Azotobacter sp., solubilize phosphate and
allow it’s availability. In this this work we evaluate Azotobacter nigricans for solubilization of P in Jiang
medium, with an initial concentration of tricalcium phosphate of 2 gL-1, with glucose there is a decrease
in pH at 168 hours of 4.83 with 14.2% P solubilization, due to the production of organic acids, however in
sucrose at 72 hours the pH of the medium is 4.28 with 26.05% solubilization.
Resumen. El fósforo (P) es un macronutriente esencial para el crecimiento y desarrollo de todos los seres
vivos. Este es un recurso no renovable y las reservas mundiales se agotan rápidamente, se estima que se
redujo a la mitad entre 2040 y 2060, lo que, junto con el hecho de que los precios de los fertilizantes fosfóricos
aumentan constantemente, hace que sea necesario buscar formas sostenibles de P. la disponibilidad de P
en el suelo es baja; generalmente se encuentra en formas complejas que son insolubles, como el fosfato
tricálcico. Azotobacter sp., Solubiliza el fosfato y permite su disponibilidad. En este trabajo evaluamos
Azotobacter nigricans para la solubilización de P en medio Jiang, con una concentración inicial de fosfato
tricálcico de 2 gL-1, con glucosa hay una disminución en el pH a las 168 horas de 4.83 con solubilización
de P 14.2%, debido a la producción de ácidos orgánicos, sin embargo en la sacarosa a las 72 horas, el pH del
medio es 4,28 con una solubilización del 26,05%.
Keywords. Azotobacter nigricans, Phosphate solubilization, Tricalcium phosphate, Liquid medium.

INTRODUCTION

The availability of Phosphorus (P) in soil is
low since it is easily converted into insoluble
complexes, such as Fe3+, Al 3+ or Mn 3+ and Ca 2+
or Mg 2+ in acid or alkaline soils respectively.12
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Phosphate solubilizing bacteria (PSB)
solubilize
organic
and
inorganic
2
phosphate. The most common mechanism
of solubilization of the mineral phosphate
is by the action of organic acids synthesized
by the PSB.13
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This solubilization is attributed to low molecular
weight organic acids such as: oxalic, citric,
malonic, succinic, malic, fumaric, acetic, glutamic,
gluconic originating from the metabolism of
high molecular weight compounds, such as
carbohydrates, peptides and lipids.1

RESULTS

In the first essay with glucose the inoculum,
whit a turbidity equivalent to 0.5 of McFarland
represents approximately 108 CFU/ml.

Liu et al. (1992) propose that the solubilization is
the result of the acidification of the periplasmic
space, due to the direct oxidation of glucose or
another aldose (non-phospholitic oxidation) by the
action of the quinoprotein glucose dehydrogenase.
MATERIALS AND METHODS
Fig.1. Phosphate solubilization by A. nigricans. (Carbon

Inoculum preparation

source: Glucose, T= 28 °C, 125rpm) (PO4– (●) pH (▲).

An Erlenmeyer flask containing 25 ml of complete
Rennie liquid medium was inoculated with A.
nigricans and incubated at 28 ° C, 125 rpm for
24 hours to achieve and inoculate 0.5 on the
McFarnland scale (108 CFU/ml)

Table1. Soluble Phosphate by A. nigricans, incubated at
28°C and 125 rpm, with glucose as a carbon source.
T (h)

PO4- (mg/L)

pH

0

0

6.89

24

98.45

6.05

48

248.5

5.45

Liquid medium

72

185.5

5.21

96

264.5

5.31

Jiang medium containing 2 gL-1 of (Ca3(PO4)2)
was used to evaluate two sources of carbon
sucrose and glucose.

120

262

5.03

144

251.5

4.90

168

282.5

4.83

Phosphate quantification
The supernatant was filtered through a nylon
membrane of 11 μm and a second filtration at
0.45 μm, at which the quantification of soluble
phosphate was carried out by the HACH Total
phosphate Method of digestion of molybdate with
acid persulfate No. 10127 (HACH Company, USA).

The second essay was carried out whit saccharose
as a sole carbon source. The inoculum, also had a
turbidity equivalent to 0.5 of McFarland.

Statistics
Data represent the mean and standard deviation
of two replicates. Excel software was used for
statistical analysis for standard deviation

18
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Fig.2. Phosphate solubilization by A. nigricans. (Carbon
source: saccharose, T= 28 °C, 125 rpm) (PO4– (●) pH (▲).
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Table 2. Soluble Phosphate by A. nigricans, incubated at
28°C and 125 rpm, with saccharose as a carbon source.
T (h)

pH

PO4- (mg/L)

acids, it was no possible to identify the organic acids
by means of HPLC.

Biomass mg/L

0

6.8

0

0

24

5.48

91

21.27

48

4.72

212

29.48

72

4.28

521

31.56

96

4.76

478

51.78

120

5.5

443

23.98

144

5.2

317

35.35

168

6.28

286

50.13

At 168 hrs pH drops to 4.83 and a solubilization of
14% was observed, this may be due of an increase in
the organic acids concentration.
However, in Figure 2, the pH of the medium tends to
drop the first 24 hours at 5.48, followed by a decrease
until 72 hours, obtaining the highest solubilization of
521 mg/L corresponding to 26.05%.
As for the biomass, (Figure 3) an interference occurs
when filtering with the nylon membranes since a
large part remains in the first remaining phosphate
filtrate.
CONCLUSIONS

Fig.3.

Biomass

production

and

phosphate

The growth of A. nigricans in the Jiang medium
confirms the ability of the strain to solubilize the
phosphate in liquid medium.

solubilization. (Carbon source: saccharose, T= 28 °C,

DISCUSSION

The decrease in pH in the medium is related to the
solubilization of tricalcium phosphate, due to the
possible production of organic acids.

To carry out the solubilization of tricalcium
phosphate (Ca3(PO4)2), one of the main factors is the
change of pH in the medium through the production
of organic acids.5

The carbon source has an important role in this
mechanism since depending on the selection the
solubilization index increases or decreases, this due
to the production of different organic acids

A nigricans best results was those carried on
with saccharose as sole carbon source reaching a
concentration of 521 mgL-1 of soluble phosphate,
equivalent to 26% of Ca3PO4 solubilization.

The lowest pH reached in the kinetics with the A.
nigricans strain is 4.16 obtaining a soluble phosphate
concentration of 500 mg/L and the best performance
is 26% of solubilization.

With glucose a concentration of 282.5 mgL-1 of
soluble phosphate was achieved.

REFERENCES

125 rpm) (PO 4 – (●) biomass (▲))

In figure 1, a decrease in pH and a solubilization
of 4.94% was observed. Due to a possible buffer
reaction between tricalcium phosphate and organic

21-23 March, 2018, Mérida, Yucatán, México

1) Baziramakenga, R., R. R. Simard, and G. D.
Leroux.1995. Determination of organic acids
in soil extracts by ion chromatography. Soil
Biol. Biochem. 27:349-356. doi: 10.1016/0038-

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS

19

XXI Biochemical Engineering National Congress
X Biochemical Engineering International Congress
XVI Biomedicine and Molecular Biotechnology Scientific Meetings
Proceedings

2)

3)

4)

5)

6)

7)

8)

20

0717(94)00178-4
Goldstein, A., T. Lester, and J. Brown.2003.
Research on the metabolic engineering of
the direct oxidation pathway for extraction
of phosphate from ore has generated
preliminary evidence for PQQ biosynthesis in
Escherichia coli as well as a possible role for
the highly conserved region of quinoprotein
dehydrogenases. Biochim. Biophys. Acta
Proteins and Proteomics.
1647:266-271.
doi:10.1016/S1570-9639(03)00067-0
Illmer P., Schinner F. 1994. Solubilization of
inorganic calcium phosphates- solubilization
mechanisms. Soil Biol. Biochem. Vol.27 No.3 pp.
257-263m doi:10.1016/0038-0717(94)00190-C
Liu, T. S., L. Y. Lee, C. Y. Tai, C. H. Hung, Y.
S. Chang, J. H. Wolfram, R. Rogers, and A. H.
Goldstein. 1992. Cloning of an Erwinia herbicola
gene necessary for gluconic acid production
and enhanced mineral phosphate solubilization
in Escherichia coli HB101: nucleotide sequence
and probable involvement in biosynthesis of
the coenzyme pyrroloquinoline quinone. J.
Bacteriol. 174: 5814-5819. doi:  10.1186/14712180-8-230
Mardad Ilham, Aurelio Serrano, Abdelaziz
Soukri. 2013. Solubilization of inorganic
phosphate and production of organic acids by
bacteria isolated from a Moroccan mineral
phosphate deposit, African Journal of
Microbiology Research Vol. 7(8), pp. 626-635.
doi: 10.5897/AJMR12.1431
Nautiyal C. Shekhar. 1999. An efficient
microbiological growth medium for screening
phosphate solubilizing microorganisms FEMS
Microbiology Letters 170.
265-270. doi:
10.1111/j.1574-6968.1999.tb13383.x
Rennie RJ. 1981 .A single medium for the
isolation of acetylenereducing (dinitrogenWxing) bacteria from soils. Can J Microbiol.
27:8–14
Restrepo Franco G. 2015. Bacterias
solubilizadoras de fosfato y sus potencialidades

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS

de uso en la promoción del crecimiento de
cultivos de importancia económica. Revista
CENIC Ciencias Biológicas. Vol. 46, No. 1, pp.
63-76.
9) Sagoe, C. I., T. Ando, K. Kouno, and
T. Nagaoka. 1998.Effects of organicacid treatment of phosphate rocks on the
phosphorus availability to Italian ryegrass.
Soil Sci. Plant Nutr. 1998. 43: 1067-1072. doi:
10.1080/00380768.1997.11863719
10) Stevenson, F. J. 1967. Organic acids in soil. Soil
biochemistry. Marcel Dekker. New York, NY,
USA. 119-146.
11) Strobel, B.W. 2001. Influence of vegetation on
low-molecular-weight carboxylic acids in soil
solution: A review. Geoderma. 99: 169-198.
doi: 10.1016/S0016-7061(00)00102-6
12) Torriani-Gorini, A. 1994. Regulation of
phosphate metabolism and transport. Phosphate
in microorganisms: Cellular and Molecular
Biology. ASM Press. Washington, DC, USA.1-4.
13) Wan, J. H. C. and M. H. Wong. 2004. Effects of
earthworm activity and P-solubilizing bacteria
on P availability in soil. J. Plant Nutr. Soil Sci.
167:209-213.Doi:10.1002/jpln.201100022
14) Water Analysis Handbook, Edition 1.
DOC316.53.01336. pp. 383-392, 537-543. 2013.

21-23 March, 2018, Mérida, Yucatán, México

XXI Biochemical Engineering National Congress
X Biochemical Engineering International Congress
XVI Biomedicine and Molecular Biotechnology Scientific Meetings
Proceedings

Identification of active volatile compounds in
Zarzamora (Rubus fruticosus) by GC-MS / SPME
S.M. Padilla-Jimenez1, M.V. Angoa-Perez1, H.G. Mena-Violante1, G. Oyoque-Salcedo1, Carlos Víctor Muñoz-Ruiz1, E. Oregel-Zamudio1*
Instituto Politécnico Nacional. CIIDIR IPN Unidad Michoacán, Justo Sierra 28, Centro, Jiquilpan, Michoacán,
C.P. 59510, México.
1

Correspondig autor: eoregel@ipn.mx

*

Abstract. Aroma and flavor are the most important standards used as selection characteristics by consumers to
determine quality in fruits. However, research on the compounds associated with aroma and flavor in ripe blackberry (Rubus fruticosus) is limited. The objective of this study was to analyze volatile compounds associated
with aroma and flavor in blackberry (Rubus fruticosus) from Zamora, Michoacán, Mexico. Chromatography
(GC) and mass spectrometry (MS) employ solid phase micro-extraction (SPME) was used for evaluation. 32 volatile compounds were identified: 9 alcohols (38.04%), 3 ketones (17.64%), 4 aldehydes (9.56%), 7 esters (21.14%),
6 aromatic compounds (11.53%) and 2 compounds from another chemical family (2.09%). Volatile compounds
we can highlight are: 1-Nonanol (11.17%), Formic acid, decyl ester (12.11%), 2-Nonanone (10.15) and ç-Terpinene
(9.88%), which showed to be characteristic of the fruit of blackberry in addition to granting diverse aromatic
notes sweet, herbaceous and frugalal, owner of this fruit.
Resumen. El aroma y el sabor son los estándares más importantes utilizados por los consumidores como características de selección para determinar la calidad en las frutas. Sin embargo, la investigación sobre los compuestos asociados con el aroma y el sabor en zarzamora (Rubus fruticosus) es limitada. El objetivo de este estudio
fue analizar compuestos volátiles asociados con aroma y sabor zarzamora (Rubus fruticosus) de Zamora, Michoacán, México. Se utilizó cromatografía (GC) y la espectrometría de masas (EM) empleando microextracción
en fase sólida (SPME). Se identificaron 32 compuestos: 9 alcoholes (38.04%), 3 cetonas (17.64%), 4 aldehídos
(9.56%), 7 ésteres (21.14%), 6 compuestos aromáticos (11.53%) y 2 compuestos de otra familia química (2.09
%). Los compuestos volátiles que podemos destacar son: 1-nonanol (11.17%), ácido fórmico, deciléster (12.11%),
2-nonanona (10.15) y ç-terpineno (9.88%), que mostraron ser característicos de la zarzamora además de otorgar
diversas notas aromáticas dulces, herbáceas y frutales, propias de esta fruta.
Keywords. aroma, blackberry, flavor, GC-MS / SPME, volatile compounds.
INTRODUCTION

Zarzamora (Rubus fruticosus) has positioned
itself, in recent years, as one of the crops of
interest in Mexico. From 2005 to 2008 the volume
of national production of this crop increased by
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500%. The largest producer of this berry is the
state of Michoacán, which contributed 95% of
national production in 20151. This large volume
of production is due to the increase in export
of this crop, the main export destinations
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of blackberry (R. fruticosus) are: United
States, United Kingdom, Italy, Belgium,
France, Canada, Germany and Chile, In the
last 5 years the export volume has increased
27% annually, of which 90% is a demand for
fresh blackberry (R. fruticosus) 2 .
The great demand of the fresh fruit
of blackberry (R. fruticosus) is due
to the nutraceutical properties that it
possesses, contains desirable organoleptic
characteristics on the part of the consumers,
as it is the color, f lavor and aroma; These
are considered as one of the most important
characteristics of the blackberry (R.
fruticosus). The aroma and f lavor are a
complex mixture of a large number of active
volatile compounds. Although different fruits
often share many aromatic characteristics.
Each fruit has a distinctive aroma and f lavor
that depends on the combination of volatiles.
The concentration and the threshold of
perception of the individual active volatile
compounds. The most important active
volatile compounds include compounds
derived from amino acids, lipids, phenolic
derivatives, mono and sesquiterpenos 3.
Among the techniques to analyze active
volatile compounds, the gas chromatography
coupling with mass spectrometry (GC-MS)
is the technique of choice for the analysis
of complex mixtures of volatile compounds
of different functionalities present at low
concentration in fruits. Solid Phase Micro
Extraction (SPME) is a fast, simple and
solvent-free technique that provides a
suitable fraction for GC-MS analysis. SPME
technique consists of a fused silica fiber
coated with a polymeric film that is exposed
to the headspace of the sample to fractionate
and concentrate volatile by partition,
adsorption or mixed mechanisms 4,5.

22
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Determining volatile aroma and f lavor
compounds is very important, since active
volatile compounds probably play a key role
in determining the acceptability of products by
consumers. The identification of the main volatile
metabolites that carry the unique character of the
fruit is essential, which provides the main sensory
identity and the characteristic flavor of the fruit.
Although the aroma and taste of fruits is widely
recognized as an important sensory attribute
and its study can be considered as a valuable
approach for its objective characterization,
a limited number of references refers to the
analysis of volatiles of blackberry, (R. fruticosus)
especially in ripe fruits ready to be harvested3,6.
The objective of this work was to analyze the
volatile active compounds in blackberry fruit
(R. fruticosus), in maturing stages suitable for
harvest, through GC-MS using SPME.
MATERIALS AND METHODS

Raw material
The fruits of blackberry (Rubus fruticosus)
cv. Tupi commercials were provided by
producers from Zamora, Michoacán, The
fruits were harvested at optimal maturity
stages of distribution, free from physical
and morphological damages. The fruits
were analyzed immediately after harvest.
Approximately 1 kg of blackberry (R.
fruticosus) was harvested at random; Special
care was taken in choosing fruits of similar
size. The fruits were placed in plastic boxes and
transported to the laboratory where they were
selected and washed. The fruits obtained were
stored at -23ºC until analysis.
Solid phase microextraction
Was used a 50/30 um capillary fiber (DVB/
CAR/PDMS,Supelco,Bellefonte,Pennsylvania,
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USA), analytic groups related to C3-20 aromas
(MW 40- 275). A pre-adjustment of the fiber
was carried out at a temperature of 230 ° C for
15 min. The fiber was inserted and exposed
in the headspace of the container, where the
blackberry samples. In all cases, the fiber was
inserted without directly touching the sample or
the walls of the container. The temperature of
the samples was 40 ° C with constant agitation;
the sample was taken with SPME in triplicate.

Table 1: Volatile compounds identified in blackberry fruit
(R. fruticosus) GC-MS and SPME.
Peak Compound

1
2
3
4
5
6
7
8
9

Gas chromatography and mass spectrometry
(GC-MS)

10
11
12

The technique was carried out with a gas
chromatograph (Clarus 680, Perkin-Elmer
Inc., Massachusetts, USA), with a capillary
phase column: 5% diphenyl 95% dimethyl
polysiloxane 30 m long, 0 , 32 mm ID, 0.25 μm
film thickness and temperature limits between
60 to 320 °C (Elite-5 MS, Perkin-Elmer Inc.,
Massachusetts, USA). Helium gas was used
at a f low rate of 1 ml / min to f low with a
waiting time of 0.5 minutes. The temperature
of the column was initially maintained at 30
°C for 2 minutes and then raised to 140 ° C
at 9 °C / min. The injector temperature went
230 °C. A mass spectrometer (Clarus SQ8T,
PerkinElmer Inc., Massachusetts, USA) was
used with an electronic impact ionization
source (70 eV) in scanning mode. The range of
analysis was 30- 400 m / z. The temperatures
of the transfer line and ionization source were
230 and 250 ° C, respectively.

13
14
15
16
17
18
19
20
21
22
23
24

25
26
27

RESULTS

32 volatile compounds were detected in
blackberry, which were: 9 alcohols (38.04%),
3 ketones (17.64%), 4 aldehydes (9.56%),
8 esters (21.14%), 6 aromatic compounds
(11.53%) and 2 compounds from another
family chemistry (2.09%).
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28
29
30
31
32
e

Alcohols
1-Butanol, 3-methyl
Cyclopentanol, 2-methyl
2-Hexen-1-ol
1-Hexanol
1-Butanol, 3-methyl-acetate
2-Heptanol
2-Octanol
1-Octanol
1-Nonanol
Ketones
2-Heptanone
2-Octanone
2-Nonanone
Aldehydes
3-Hexenal
Acetaldehyde, (3,3 dimethylcyclohexylidene)
Nonanal
Decanal
Esters
Propanoic acid, ethyl
ester
Butanoic acid, ethyl
ester
Butanoic acid, 2-methyl-ethyl ester
Formic acid, hexyl ester
Formic acid, heptyl
ester
Hexanoic acid, ethyl
ester
Formic acid, decyl ester
Propanoic acid,
2-methyl
3-hydroxy-2,2,4-trimethylpentyl ester
Aromatic compounds
Toluene
(1S)-2,6,6 Trimethylbicyclo[3.1.1]
hept-2-ene2-Methylbicyclo[4.3.0]non-1(6)
Bicyclo[3.1.1]hept-2ene, 3,6,6-trimethyl
Cyclohexene, 1-methyl-5-(1-methylethenyl)
Cyclopropane, pentyl
Butylated Hydroxytoluene
Others
Cyclofenchrene
ç-Terpinene

RT

% Rela- CAS number
tive Area
D

3.34

5.22

123-51-3

6.72

4.23

24070-77-7

6.73
6.81

1.48
6.70

928-95-0
111-27-3

6.97

1.10

123-92-2

7.46
9.11
10.03
11.17

7.27
3.28
1.73
7.03

543-49-7
5978-70-1
111-87-5
143-08-8

7.20
8.68
10.15

5.83
8.85
2.96

110-43-0
111-13-7
821-55-6

6.40

1.64

4440-65-7

9.22

7.92

26532-25-2

10.43
11.53

tr
tr

124-19-6
112-31-2

2.93

tr

105-37-3

4.95

6.08

105-54-4

6.34

0.71

7452-79-1

6.80

6.70

629-33-4

8.66

4.35

112-23-2

9.06

0.88

123-66-0

12.11

1.35

5451-52-5

13.09

1.07

74367-34-3

3.94

4.28

108-88-3

8.01

1.52

7785-26-4

8.03

1.52

4889-83-2

9.50

0.33

215-961-3

9.86

1.73

2511-91-3

14.26

2.15

128-37-0

8.02
9.88

1.52
0.57

488-97
99-85-4

blackberry in optimal maturation. nd= compound not

detected, tr=trace, relative area of peak<0.1.
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DISCUSSION

Alcohols were the chemical species with the
highest percentage of normalized area, with
38.04% of total, of the 9 alcohols found in
volatile analysis of blackberry (R. fruticosus)
we can highlight, 1-Octanol (10.03%) and
1-Nonanol ( 11.17%); In the work of Bonneau,
Boulanger7 1- Octanol was reported as one of
the volatile compounds in mango that cause
the aroma of fat, herbaceous, toasted, burnt and
chemical, this compound is characteristic of ripe
fruits, on the other hand, 1-Nonanol has been
found in volatile melon aroma, is described as a
compound characteristic of ripe fruits and gives
the herbaceous flavor to said fruits8.
Three ketones were identified with 17.64%
in the samples of blackberry (R. fruticosus),
2-Heptanone (7.20%), 2-Octanone (8.68%) and
2-Nonanone (10.15), in the research conducted
by Prat, Espinoza9 show that 2-Heptanone could
only be identified by the SPME method, besides
being considered a compound characteristic of
berries. After the alcohols, the esters (21.14%),
showed to be characteristic of the aroma of
blackberry (R. fruticosus) mature, it has been
demonstrated that the esters are the most
characteristic family of the ripe strawberries,
with almost 90% of the total number of the
volatile compounds, it has been found that
Formic acid, decyl ester (12.11%) is associated
with sweet and fruity fragrances in blueberries
and ripe strawberries3,10.
Finally, there are studies that reveal that the
aromatic volatile compounds (11.53%) and those
belonging to other chemical families (2.09%),
are specific to the different cultivars of the same
fruit species, in the work carried out by Plaza,
Marshall11 showed that many of the compounds
with low concentration were identified as specific
of 4 different cultivars of blueberry, it could be
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assumed that both the state of maturity and the
type of culture have a direct relationship with these
volatile compounds. In the samples of blackberry
(R. fruticosus) variety tupi in the optimum state of
maturation, we identified the ç- Terpinene (9.88%)
as a compound that could be characteristic of
this berry, not finding any record of this in other
identification work of volatiles in blackberry (R.
fruticosus), however it is characteristic of the
aroma of citrus fruits found in essential oils as
demonstrated in the work of Lou12.
CONCLUSIONS

Volatile compounds related to aroma and flavor
was identified in commercial blackberries var.
Tupi. The data obtained provide information
about the quality associated with aroma and
flavor in which the fruits of blackberry are being
harvested in the region of Zamora, Michoacán.
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Abstract. The honey produced by the stingless bees Melipona beecheii and Trigona nigra, is traditionally being
used in religious ceremonies and for healing. Its composition is determined by the floral origin and kind of
bee. Our aim was to correlate the total content of phenolic compounds (PC) with the floral origin of the honey
produced in Tenosique,Tabasco, Mexico. A total of four M. beecheii honey samples were analyzed: one from
Miguel Hidalgo and three from San Marcos. Only one T. nigra honey sample was collected (San Marcos). Total
PC was determined using Folin-Ciocalteu method and acetolysis method was followed for palynological analysis.
Three honey samples from M. beecheii were translucent yellow, two of them showed dominance of Eugenia
sp. and one sample registered abundant Lonchocarpus sp. pollen grains. Three pollen types with percentages ≥
10% were registered both in one of the M. beecheii samples, dark yellow, and in the T. nigra honey sample, dark
amber. PC concentration was related to both the color of the honey and the variety of flowers visited. In general,
honey samples with three taxa ≥ 10% are darker and contain a greater proportion of phenolic components than
those in which only one pollen type was abundant. Due to its richness in both floral species and bees, Tabasco
has the potential to produce different types of honey that may be highly accepted in the market, since in general
it is appropriate to make the floral origin known. When the honey is of monofloral origin, prices greatly increase.
Resumen. La miel producida por abejas sin aguijón, es tradicionalmente utilizada en ceremonias religiosas
y medicina tradicional, su composición está determinada por el origen floral y el tipo de abeja. El objetivo fue
determinar la concentración de compuestos fenólicos (PC) y el origen floral de la miel producida en Tenosique,
Tabasco, México. Se analizaron cuatro muestras de miel de M. beecheii: una de Miguel Hidalgo y tres de San Marcos
y una muestra de miel de T. nigra (San Marcos). La PC total se determinó por el método de Folin-Ciocalteu y el
análisis mesopalinológico por acetolisis. Tres muestras de miel de M. beecheii fueron de color amarillo translúcido,
en dos de ellas dominaba Eugenia sp. y en la otra había abundancia de Lonchocarpus sp. Se registraron tres tipos
de polen con porcentajes ≥ 10% en la muestra de miel de M. beecheii, amarillo oscuro y en la de T. nigra, ámbar
oscuro. La concentración de PC se relacionó con el color de la miel y las flores visitadas. En general, las muestras
de miel con tres taxa ≥ 10% son más oscuras y contienen mayor proporción de componentes fenólicos que aquellas
en las que domina un tipo de polen. Debido a su riqueza en especies florales y abejas, Tabasco tiene el potencial
de producir diferentes tipos de miel que pueden ser aceptados en el mercado, ya que en general es apropiado dar a
conocer el origen floral. Cuando la miel es de origen monofloral, los precios aumentan en gran medida.
Keywords. honey, floral origin, pollen, phenolic compounds, acetolysis
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INTRODUCTION

An extensive variety of bees has been identified
in the region of Los Ríos, Tabasco. In addition
to the genus Apis mellifera, the presence of
stingless bees such as Melipona beecheii
and Trigona nigra is strong.1 The existence
of these insects generally ensures ecosystem
conservation and food security, as well as
the generation of a permanent income for
producers who pack and market honey, royal
jelly, propolis and pollen extracted from hives,
honey is a product of the transformation of the
sugars found in flowers (nectar) and leaves of
plants (extrafloral secretions). The substances
that compose it are easily assimilated by man,
which is why it is a good source of energy. It
contains an important fraction of minerals,
vitamins, antioxidant compounds, enzymes
and organic acids, which confer the already
known therapeutic effects of honey.2 It should
be noted that floral and geographical origins
determine the composition of honey and that
both can be determined through palynological
means, as well as the bee species3. Honey
exhibits antioxidant properties related to
phenolic compounds such as phenolic acids
and flavonoids.4 Analytical procedures
involving studies of both phenolic compounds
and palynological analysis could evaluate
the quality of Mexican honeys produced by
native bees.5 The aim was to quantify the total
concentration of phenolic compounds and
to identify the floral origin of the honey of
Melipona beecheii and Trigona nigra collected
in Tenosique, Tabasco, México.
MATERIALS AND METHODS

A total of five honey samples of stingless bees were
collected in two towns within the municipality
of Tenosique, Tabasco. In the community of San
Marcos, three samples of honey were taken from
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different colonies of M. beecheii (SM1, SM2
and SM3) and one from T. nigra, while in the
community of Miguel Hidalgo (MH) only one
sample of M. beecheii was collected. All samples
were obtained from closed pots to ensure maturity
and extracted using a hypodermic syringe with
a stainless-steel needle (for veterinary use).
Immediately after extraction, they were stored in
a dry place and protected from light.
Determination of total phenolic compounds
The total concentration of phenolic compounds
was determined using the Folin-Ciocalteu
method adapted to microplates.6 Six independent
determinations were made per sample, and the
average EE and the averages were compared by
the Duncan test
Melittopalynologigical analysis
Melittopalynological analysis was made using
the Erdtman method.7 Recovered pollen grains
were described and identified using the reference
collection from the Laboratorio de Palinología:
Paleopalinología y Actuopalinología housed at
the Instituto de Geología, Universidad Nacional
Autónoma de México and by means of pollen
catalogs.8 Finally, 500 pollen grains were counted
in order to calculate percentages for each taxon.
RESULTS

The color of honey from M. beecheii colonies
was a characteristic translucent straw yellow
in samples MH, SM1 and SM2, respectively
registering 48.53, 43.54 and 50 mg / g of total
phenolic compounds. Honey labeled SM3 was a
darker color and recorded a higher concentration
of total phenolic compounds (79 mg / g), while
the color of honey from T. nigra was a translucent
dark amber registering 170.8 ± 9 mg / g of total
phenolic compounds (figure 1)
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According to palynological analysis, three of the M.
beecheii honey samples exhibited the dominance
of a certain pollen type. In two of them, Eugenia
sp. was registered with very high percentages
such as 68.3% (MH) and 72.8% (SM1), while
in honey sample SM3 Lonchocarpus sp. was
dominant with 64.4%. Sample SM3 registered
Mimosa pudica (20.4%), Mimosa sp. (42%) and
Lonchocarpus (30%) as important elements. On
the other hand, the honey of T. nigra highlights the
presence of pollen from Piper sp., aff. Brosimum
and pollen of the family Asteraceae.

Figure 1. Concentration of total phenolic compounds
in honey from stingless bees, different letters indicate
significant difference by Duncan’s method.
Table 1. Floral origin of M. beecheii honey from MH
(Miguel Hidalgo) and San Marcos (SM), Tenosique,
Tabasco, February 2017.
Flower

Pollen Percentage
MH

SM1

Eugenia sp.

68.3*

72.8*

Mimosa aff. pudica

9.6

4.3

SM3
20.4*

Fabaceae

3.1

5.1

Mimosa sp.

2.5

13.7

42*

Solanaceae

2.3
64.4*

30*

Lonchocarpus sp.

5.9

Indeterminado

8.8

Ziziphus sp.

2.3
2.4

cf. Saurauia
Psidium guajava
Others

28

SM2

14.1

5.9

3.7
10.7

2.6
5.1
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Table 2. Palynological composition of honey
produced by T. nigra.
Flower
Piper sp.
aff. Brosimum
Asteraceae
Ziziphus sp.
Hamatoxylum campechanum

Pollen percentage
31.9
19.0
12.9
7.2
6.9

DISCUSSION

Meliponiculture is an activity that had been
abandoned, among other factors due to habitat
loss, monocultures and the introduction of Apis
mellifera, a bee that produces a larger amount of
honey and therefore provides greater economic
gain. Although interest in the native stingless
species mentioned in this study has recently
grown, there are not many studies focused on
their honeys. The identification of the floral
origin of pollen recovered from honey samples
will be of use in the conservation of tropical
ecosystems such as high and mid-altitude
perennial rainforest, so that the quality of honey
can be maintained and the product can sell better.
Campone et al. 3 propose the palynological
study of honeys as a tool for quality control, the
authentication and characterization of botanical
origin, and nutraceutical research. In the case of
meliponins it is important to note that, because
honey extraction methods differ greatly from
those used for honey bees, we prefer to base
characterization solely on the dominant elements
without referring to honey as being monofloral
or multifloral (as it is commonly done for the
honey of A. mellifera).
In a recent melittopalynological study conducted
in the state of Tabasco by Cordova-Cordova
et al.,7 it was reported that A. mellifera honey
may be of monofloral origin, preferring species
such as Cocos nucifera, Mimosa orthocarpa
var. berlandieri and Psidium sp. It was
concluded that although Tabasco is not a large
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honey producer, when considering the total
annual volume of production it does have
the potential to produce monof loral honeys,
which are those most accepted by consumers.
On the other hand, an additional conclusion
was that polif loral honeys, although not as
highly valued, boast a higher composition
of phenolic compounds, perhaps due to
the variety of f lowers visited. They are
consequently of great value when exploiting
the therapeutic properties of honey. Of the
five honeys under study, three of them showed
dominance of one pollen type (Eugenia
sp. or Lonchocarpus sp.). In general, the
concentration of phenolic compounds was
related to both the color of the honey and
the variety of f lowers visited, so the color of
honeys in which three taxa were important
was darker; these also recorded a greater
proportion of total phenolic compounds than
those dominated by only one pollen type.
Honey from Mexican meliponids registered
pollen from the perennial tropical forest.
Likewise, the significant amount of total
phenolic compounds guarantees the honey’s
antioxidant and curative properties.9-11
CONCLUSIONS

The concentration of phenolic compounds is
related both to the color of meliponid honey
and to the variety of f lowers visited. In this
manner, the honey with several dominant
pollen types was darker and the total content
of phenolic compounds was higher than those
samples in which a single pollen type was
registered as important showed lighter colors
and lower contents of phenolic compounds.
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Abstract. According to the industry interested, the quality of oregano is measured by the concentration of
carvacrol and thymol (secondary metabolites). The objective of this work is to determine the presence of
thymol and carvacrol in commercial oregano essential oil through HPTLC. Were handled 8 different samples
of oregano essential oil. In an automatic sampler for TLC, a 10x20 cm plate of pre-dried 60G F254 silica
gel was placed on a heating plate. Ten bands were programmed in the sampler: 8 samples and 2 standards
(thymol and carvacrol). It was visualized at 3 wavelengths. It was transferred to an automatic development
chamber with a mixture of toluene and ethyl acetate, dried and visualized to pass to derivatization with
“natural product reagent”, dried and returned to visualize. The chromatograms were analyzed, demonstrating
the effectiveness of the method to quickly determine the presence of the metabolites of interest.
Resumen. Según la industria interesada, la calidad del orégano se mide por la concentración de carvacrol y
timol (metabolitos secundarios). El objetivo de este trabajo es determinar la presencia de timol y carvacrol
en aceite esencial de orégano a través de HPTLC. Se manejaron 8 muestras de aceite esencial. En un
muestreador automático para TLC se colocó una placa de 10x20 cm de gel de sílice 60G F254 pre-secada.
Se programó en el muestreador 10 bandas: 8 muestras y 2 estándares (timol y carvacrol). Se visualizó
a 3 longitudes de onda. Pasó a una cámara automática de desarrollo con tolueno y acetato de etilo, se
secó y visualizó, se derivatizó con “productos naturales”, se secó y volvió a visualizar. Se analizaron los
cromatogramas y se determinó la presencia de timol y carvacrol en el aceite analizado, demostrando la
eficacia del método para determinar rápidamente la presencia de timol y carvacrol.
Keywords. HPTLC; Oregano; Qualitative; Solvent system.

INTRODUCTION

The cultivation of oregano is one of the most
important forest resources in Mexico. Oregano
is grown in arid and semi-arid zones, in
Mexico this area comprises more than 50%
of the territory1. Mexico is the second largest
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producer of oregano in the world, surpassed
only by Turkey. Oregano production is
approximately 6,500 tons per year, of which
90% of production is exported 2,3. In Mexico,
more than 40 species of the Verbenaceae,
Lamiaceae, Compositae and Leguminoseae
families are known as oregano 4.
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The cultivation of oregano is important due to the
international demand for its essential oil, mainly
for its applications in the food, pharmaceutical
and cosmetic industries, however, it is also locally
consumed on a regular basis5. The quality of this
crop and the hallmark of the essential oil can be
measured based on the content and diversity of
metabolites present. Thymol and Carvacrol are
some examples of the most valuable components,
due to their antibacterial, antifungal, antioxidant
and anti-inflammatory properties.6,8
Due to the importance of the cultivation of
oregano internationally and the need to know the
quality of the oregano that is marketed locally, it
is necessary to explore analytical techniques that
allow to determine the distinctive quality of the
essential oil from the Ciénega region of Michoacán
México. The High Performance Thin Layer
Chromatography (HPTLC) allows us to quickly
observe the content and diversity of compounds,
that is the fingerprint of oregano essential oil,
generating more compact and sharp spots than
TLC and lower costs compared to HPLC.
MATERIALS AND METHODS

The samples of essential oil were prepared
at a ratio of 1:9 (essential oil-methanol), in
addition, thymol and carvacrol standards were
prepared in methanol at a concentration of 10
mg/ml, all solutions were placed in crimp-top
vials Amber color of 2 ml. 10×20 cm silica gel
plates (60G F254, Merk, New Jersey, USA)
previously dried at 100 °C for 15 min on a
heating plate (TLC Plate Heater 3, Camag,
Muttenz, Switzerland) were used.
For the application an automatic applicator was
used (ATS 4, Camag, Muttenz, Switzerland)
10 tracks of a length of 10.1 mm with a volume
of 1 μl and 3 μl were applied for samples and
standards respectively. It was applied 1 cm from

32

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS

the bottom edge and 9 mm from the side edges,
the distance between track was 9 mm. A flow of
N2 was used for application.
For the development an automatic development
chamber (ADC 2, Camag, Muttenz, Switzerland)
was used, as development solvent a 93:7 Tolueneethyl acetate mixture was used, the system was
unsaturated. The chamber was programmed with a
pre-drying of 5 minutes and Potassium thiocyanate
(KSCN) was used to maintain the relative humidity
at 47%. The system was developed up to 70% of
the plate. Subsequently the plate was dried on a
heating plate for 15 minutes at 100 °C.
For the derivatization an immersion device was
used (chromatogram immersion device, Camag,
Muttenz, Switzerland). A 0.5% solution of the
natural product reagent in methanol was used.
the speed and time of immersion were 4 and 5s
respectively. Subsequently, a documenter was used
(tlc visualizer 2, Camag, Muttenz, Switzerland),
the plate was observed at 3 wavelengths: with
white light, 254 nm and 366 nm. All images were
recorded and stored for further analysis.
The plates were analyzed and administered
with the help of visionCATS software (version
2.1, Camag, Muttenz, Switzerland). All the
experiments were performed in triplicate.
Chemicals
Were used 8 samples of essential oil of oregano
(Lippia graveolens) and 2 standards: essential
oil of local oregano point of: sale 1 (NAE1),
sale 2 (NAE2), sale 3 (NAE3), essential oil
of commercial: oregano 1 (AEC1), oregano
2 (AEC2), oregano 3 (AEC3), essential oil of
oregano fertilized at 50% (AEC50%), 100%
fertilized oregano essential oil (AEC100%),
thymol standard solution (SET) and standard
carvacrol solution (SEC).
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Reagents used were Toluene (C 6 H 5 CH 3,
HPLC, Sigma-Aldrich, Missouri, Unites
States) ethyl acetate (C 4H8 O 2, reagent,
J.T. Baker, New Jersey, United States),
2-Aminoethyl diphenyl borate natural
products reagent (TLC derivatization,
Sigma-Aldrich, Missouri, United States)
and methanol (CH 3OH, pesticide grade,
Thermo fisher scientific, Massachusetts,
United States). In addition, Carvacrol
(C10 H14 O, analytical standard, SigmaAldrich, Missouri, United States) and
thymol (C10 H14 O, analytical standard,
Sigma-Aldrich, Missouri, United States)
were used as standards.

Fig.1. Chromatogram at White light. Results of the
development of each sample, (NAE1), (NAE2), (NAE3),
(AEC1), (AEC2), (AEC3), (AEC50%), (AEC100%), (SET)
and (SEC) in that order, seen under white light.

RESULTS

A plate was obtained that was seen under
three different wavelengths: White light
(Figure 1), 254 nm (Figure 2) and 366 nm
(Figure 3). Figure 1, seen in white light,
appears similar between the richness of
the components of the different samples of
oregano, varying only in the concentration of
each spot, except tracks 7 and 8 where small
lines corresponding to more components of
the analyzed oil are perceptible. Figure 2
shows black bands due to the absorption of
light by the components at 254 nm while
the silica gel plate has f luorescence at this
wavelength, track 1 and 2, unlike Figure
1, show 3 bands marked with RF=0.22, 0.5
and 0.72 respectively, with the second band
belonging to thymol and carvacrol according
to the standards present in tracks 9 and 10
with RF=0.52 and 0.48 respectively. The
components of the oil in figure 3, contrary
to that seen at 254 nm, show f luorescence
at 366 nm showing a light blue color, at
this wavelength on track 1 it is possible to
visualize another band at an RF=0.11, the
which is also present in tracks 4 to 8.
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Fig.2. Chromatogram at 254 nm. Results of the development
of each sample, (NAE1), (NAE2), (NAE3), (AEC1),
(AEC2), (AEC3), (AEC50%), (AEC100%), (SET) and
(SEC) in that order, seen under light at 254 nm.

Fig.3. Chromatogram at 366 nm. Results of the development
of each sample, (NAE1), (NAE2), (NAE3), (AEC1),
(AEC2), (AEC3), (AEC50%), (AEC100%), (SET) and
(SEC) in that order, seen under light at 366 nm.
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DISCUSSION

FUNDING AND ACKNOWLEDGMENTS

The mobile phase chosen proved to be suitable
for chromatography with essential oils, since
it allowed the components of these to be
separated acceptably, showing clearly the
metabolites of interest. The content of thymol
and carvacrol in the problem samples showed
an apparent abundance of these, showing that
although they are secondary metabolites are the
most abundant components in the oil of oregano
analyzed, a result that agrees with that observed
in the Colombian oregano where thymol was
the main component occupying 67.51% of the
total of its essential oil9 or other cases where the
carvacrol as a main component occupies more
than 40% of the essential oil.10

Thanks to IPN, CIIDIR Michoacan for the
equipment and material for carrying out this work.

Each set of samples yielded similar results
to each other, as can be seen in the figures.
Tracks 1, 2 and 3 corresponding to samples
of oregano essential oil for local sale, are
similar when observed in white light, but at
a wavelength of 254 nm and 366 nm, track
1 shows the greatest richness of components.
On the other hand, samples of tracks 4, 5
and 6 belonging to commercial oregano oil
from different batch, showed to be apparently
equal to each other and relatively similar to
the 3 previous tracks. Finally, tracks 7 and
8 that come from oregano to two fertilizer
treatments, showed to be the ones that
presented the greatest discrepancy with the
rest when they were observed under white
light and at 254 nm, but they are very similar
to the other tracks seen under light at 366 nm.
CONCLUSIONS

The presence of thymol and carvacrol in the
oregano essential oil analyzed was determined.
The HPTLC efficiency was observed to identify
the variants caused by different treatments.
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Abstract. Thermocoagulation of bovine plasma was performed. Two alternatives were tested to obtain the
plasma from bovine blood: centrifugation and tangential microfiltration. Only the centrifugation provided the
expected results, that is, a protein content of 38 to 42 g / L, while the microfiltration only yielded a protein
content of 1 g / L. Subsequently, the thermoprecipitation of the plasma obtained by centrifugation was carried
out. This consisted of adding sodium caprylate, (for protection of bovine albumin), 96% ethanol and heated
to 65 ° C to precipitate contaminating proteins. After centrifugation the purified albumin was obtained in
the supernatant with a content of 9-10 g / L of protein. The volumetric yield was 225 to 250 mL of purified
albumin per liter of bovine blood. While the specific yield of albumin was 75-80% and a purity, determined
by densitometry, of 85-89%. The yellow solution of bovine albumin thus purified, was subsequently dried in
a spray dryer using a flow of 50 cm3 / min of hot air at 120-130 ° C, a feed flow of 0.1 L / h and a pressure in
the nozzle of atomization of 30 psi. The drying performance was 78% and the electrophoresis analysis did not
show a dispersion of the dried sample bands, indicating that there was no degradation of the albumin.
Resumen. Se realizó la termocoagulación de plasma bovino. Se probaron dos alternativas para obtener el plasma a partir de sangre bovina: centrifugación y microfiltración tangencial. Sólo la centrifugación proporcionó
los resultados esperados, es decir, un contenido de proteínas de 38 a 42 g/L, mientras que la microfiltración
sólo rindió un contenido proteico de 1 g/L. Posteriormente se realizó la termoprecipitación del plasma obtenido por centrifugación. El cual consistió en agregar caprilato de sodio, (para protección de la albúmina bovina),
etanol al 96% y se calentó a 65 °C para precipitar las proteínas contaminantes. Después de la centrifugación se
obtuvo la albúmina purificada en el sobrenadante con un contenido 9-10 g/L de proteína.
El rendimiento volumétrico fue de 225 a 250 mL de albúmina purificada por cada litro de sangre bovina.
Mientras que el rendimiento específico de albúmina fue de 75-80 % y una pureza, determinada por densitometría, de 85-89 %. La solución amarilla de albúmina bovina así purificada, posteriormente fue secada en
un secador por aspersión empleando un flujo de 50 cm3/min de aire caliente a 120-130 °C, un flujo de alimentación de 0.1 L/h y una presión en la boquilla de atomización de 30 psi. El rendimiento del secado fue de
78 % y el análisis de electroforesis no muestra una dispersión de las bandas de la muestra secada, lo que indica
que no hubo degradación de la albúmina.
Keywords. bovine plasma, thermoprecipitation, microfiltration, drying, albumin
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INTRODUCTION

Albumin is the most widely used plasma protein at
present, having therapeutic, veterinary applications
and as a component in cell culture media (3). In
the plasma, albumin constitutes 50 to 55% of the
total proteins, while the rest corresponds to the
globulins(1). Purification techniques have been
proposed, such as precipitation with ethanol at a
low temperature (-20 ° C), which offers good results
but is expensive. For several decades, new and
more economical purification variants have been
applied, such as thermoprecipitation but with lower
levels of purification(2, 4, 5).Thus, the present work
was intended to carry out the thermoprecipitation
of albumin using an additional step of precipitation
with ethanol at room temperature (to save cooling
costs) to obtain a higher degree of purity. At the end
of this work a purified albumin was obtained with a
yield of 77% and a purity of 88%.

The analysis of each step of the thermoprecipitation
was carried out in an HPLC-DAD Dionex Ultimate
3000 equipment, with automatic injector and
fraction collector, using a Zorbax 300SB-C3 column
(Agilent technogies Santa Clara CA) with a diameter
of 4.6 mm and length 250 mm, with particle size 5
μm and 100 A ° pore size; and 1% trifluoroacetic acid
in water was used as mobile phase A and as mobile
phase B 1% trifluoroacetic acid in acetonitrile.
With respect to the dry powder samples obtained
by spray drying, these were redissolved in milli Q
water and then injected to the HPLC. Figure 2 shows
the calibration curve obtained from the different
concentrations of commercial albumin.

MATERIALS AND METHODS

The thermoprecipitation of bovine plasma was carried
out according to the procedure shown in Figure 1.

Fig. 2. Calibration curve of commercial albumin.

RESULTS AND DISCUSSION

After carrying out the analysis of the different samples
by HPLC, different chromatograms were obtained and
the summary of the results is shown in Table 1.
Lot
1
2

3

4

Plasma

Concentration
(g/L)
1.741

Purity
(%)
61.6

Sn I: albumin
Plasma
Sn I: albumin

1.658
1.789
2.515

90.1
64.2
90.2

Dry powder
Plasma
Sn I: albumin

8.072
1.324
1.981

88.1
65.3
91.0

Dry powder
Plasma
Sn I: albumin

6.864
2.628
3.687

87.1
63.2
89.1

Pp II: albumin

3.560

96.2

Sample

Table 1. Results obtained by HPLC-RP of the different
Fig. 1. Termoprecipitation of bovine plasma
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It is observed that in all the batches the plasma had
an albumin concentration between 61 and 65%. For
lot 1, the bovine blood was processed according to
the thermoprecipitation process of figure 1 to obtain
the albumin in supernatant I, obtaining a purity of
90%; Similar results were obtained in the three
remaining lots. For batch 2, the liquid albumin
obtained in supernatant I was subsequently spraydried to obtain the product in solid form, obtaining
a purity of 88%, which indicates that there was a
degradation of albumin of 4%; the drying was
carried out with air at 120 ° C inlet and 70 °C outlet,
a sample feed flow of 100 mL / h and a pressure at
the atomization nozzle of 30 psi.

For batch 1, the chromatogram of the plasma in
which 49 peaks were detected before the albumin
peak was detected at 50 with a retention time of
24 minutes is shown in Figure 4. Once this time
has passed, another 11 peaks of other detected
proteins are observed. Here albumin represents
61.6% of proteins.
5.00 150316-BSAUPÎBI1 #12 [modified by HP]
mAU

150316-BSA-19PL1

UV_VIS_4
WVL:280 nm

50 - 24.327

4.00

3.00

2.00
47 - 22.520

57 - 32.490
56 - 31.520 58 - 33.367
59 - 34.250
55 - 30.567
51 - 27.024 54 - 29.704
52 - 5328.144
- 28.714

48 - 23.070
- 22.09749 - 23.674
45 -4621.564
42- 19.477
43-4419.854
- 20.180
- 20.397
- 19.094
3717.537
38- -18.070
18.237
3940- 4118.910
36- -17.210
-17.377
34-3516.890
- 16.607
-3316.404
28-29-15.354
15.450
30- 15.640
-3216.064
- 3115.817
-262714.890
1 - 5.567
24- 13.994
-2514.387
- 13.764
1920--11.594
11.687 2122-2313.530
1810.470
- 10.990
17--10.367
- 10.690
-15169.904
1314- 9.590
12- 8.670
- 8.930
11- 8.320
5 -66.850
9 -108.044
7-87.227
--7.454
7.580
23- -5.920
46.080
- 6.417

1.00

0.00

60 - 36.060
61 - 37.704

-1.00

Lot 3 was the repetition of the previous batch and
the results were very similar: dry powder with
87% albumin and an albumin degradation of 4%
during spray drying.
For batch 4, the albumin obtained in supernatant
I was precipitated with 96% alcohol added at -4 °
C, and allowed to rest for 24 hours according to
figure 1, precipitate II thus obtained now contains
albumin and the chromatography results show a
purity reached of 98%.

-2.00

min
0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

32.0

34.0

36.0

38.0

40.0

42.0

44.0

46.0

48.0

50.0

Fig. 4. Plasma chromatogram, lot 1.

Figure 5 shows the chromatogram of Sn I:
albumin of lot 1, in which 9 peaks were detected
before the albumin peak, this being peak 10 with
a retention time of 23,957 minutes; after this
time 5 peaks were detected; here the albumin is
purified up to 90%.
20.0 150316-BSAUPÎBI1 #13 [modified by HP]
mAU

150316-BSA-19SO1

UV_VIS_4
WVL:280 nm

10 - 23.957

15.0

The chromatograms of the four batches processed
for the recovery and purification of bovine albumin
are shown below. Figure 3 shows the chromatogram
obtained from commercial albumin, which is the
benchmark for comparison, with a retention time
of 24 minutes and a purity of 99%.
1 - 150316-BSAUPÎBI1 #1
2 - 150316-BSAUPÎBI1 #2 [modified by HP]
3 - 150316-BSAUPÎBI1 #3 [modified by HP]
4 - 150316-BSAUPÎBI1 #4 [modified by HP]
5 - 150316-BSAUPÎBI1 #5 [modified by HP]
6 - 150316-BSAUPÎBI1 #6 [modified by HP]
7 - 150316-BSAUPÎBI1 #7 [modified by HP]
350 8 - 150316-BSAUPÎBI1 #8 [modified by HP]
mAU

150316-BSAUPIBI1
150316-BSA-0.15625
150316-BSA-0.3125
150316-BSA-0.625
150316-BSA-1.25
150316-BSA-2.5
150316-BSA-5
150316-BSA-10

UV_VIS_4
UV_VIS_4
UV_VIS_4
UV_VIS_4
UV_VIS_4
UV_VIS_4
UV_VIS_4
UV_VIS_4
WVL:280 nm

1 - 23.913

200

100

87654321
-50

min
0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

32.0

34.0

36.0

38.0

40.0

42.0

44.0

46.0

48.0

50.0

Fig. 3. Commercial albumin chromatogram.

38

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS

10.0

5.0

2 - 5.940
1 - 5.317
-2.0

6 - 14.367

5 - 10.787
3 - 8.9344 - 10.210

9 - 22.540
8 - 21.977

7 - 16.767

11 - 25.570
12 -1326.117
- 26.577

14 - 36.067 15 - 37.720

min
0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

32.0

34.0

36.0

38.0

40.0

42.0

44.0

46.0

48.0

50.0

Fig. 5. Chromatogram of Sn I: albumin, lot 1.

The chromatogram of the plasma of lot 2 is shown
in Figure 6. Seven peaks are presented before the
retention time of albumin, this being the peak 8
obtained at 24.04 minutes. After the plasma albumin
peak, 13 more peaks with different retention times
are shown, it can be assumed that these peaks are
the other proteins contained in the plasma; here the
albumin is 64.2% of the total proteins detected.
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25.0 150316-BSAUPÎBI1 #9 [modified by HP]
mAU

150316-BSA-15PL1

20.0

UV_VIS_4
WVL:280 nm

8 - 24.040

15.0

The chromatogram of the plasma sample of lot 3
is shown in Figure 9. As it is the repetition lot, the
results are very similar to those obtained in lot 2:
recovery of albumin with a purity of 64.2%.

7 - 22.544

10.0

60.0 290316-BSA-UPÎBI-3 #9 [modified by HP]
mAU

5.0
3 -419.- 19.444824

2 - 7.107
-2.0

10 - 26.297
12 - 27.09414 - 28.487 16 - 30.560 18 - 32.4971920- 33.- 34.860227
21 - 36.070
17 - 31.627
22 - 37.460
9 - 25.61164 - 26.65413 - 28.17015 - 29.647

5 - 20.530

1 - 5.577

6 - 22.107

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

32.0

34.0

36.0

38.0

40.0

42.0

44.0

46.0

48.0

50.0

Fig. 6. Plasma chromatogram, lot 2.

25.0

3 - 22.940

12.5
6 - 24.997
1 - 19.774
2 - 20.277

0.0

Figure 7 shows the chromatogram obtained from Sn I:
albumin from batch 2, in which 11 peaks can be seen
before the albumin being the twelfth peak with a retention
time of 24,187 minutes; the albumin is purified to 90.2%.
180 170316-BSA-UPÎBI-2 #14 [modified by HP]
mAU

170316-BSA-UPIBI-2-15SO1

UV_VIS_4
WVL:280 nm

12 - 24.187

150

UV_VIS_4
WVL:280 nm

5 - 24.150

37.5

min
0.0

290316-BSA-UPIBI-3-21PL1

50.0

-20.0

4 - 23.640

10 - 28.634
18 - 34.510
7 - 26.644
8 - 27.414
14 - 31.020 17 - 33.610
12 -1329.910
- 30.34015 - 31.73716 - 33.100 19 - 35.844
9 - 28.01011 - 29.284

min
0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

32.0

34.0

36.0

38.0

40.0

42.0

44.0

46.0

48.0

50.0

Fig. 9. Chromatogram of plasma lot 3.

Figure 10 shows the chromatogram obtained from
Sn I: albumin. Being experimental replication
batch the results are similar to those of lot 2: it is
confirmed that the albumin is 91% purified.

100
120 170316-BSA-UPÎBI-2 #12 [modified by HP]
mAU

170316-BSA-UPIBI-2-21SO1

100

50

UV_VIS_4
WVL:280 nm

4 - 24.160

80

5 - 8.3036- 9.2707- 10.163

1 2- 5.- 5.303342- 835.- 5.710897

-20

11 - 22.953
10 - 21.817

8 - 13.2209- 14.253

13 -1425.-526.87080

60

min
0.0

2.0

4.0

6.0

8.0

10.0

12.0

14.0

16.0

18.0

20.0

22.0

24.0

26.0

28.0

30.0

32.0

34.0

36.0

38.0

40.0

42.0

44.0

46.0

48.0

50.0

40

20

Fig. 7. Chromatogram of Sn I: albumin, lot 2.
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Figure 8 shows the chromatogram of the spray
drying of batch 2, which is very similar to that of
figure 6 since the albumin was only spray dried,
but with a lower purity due to the degradation
suffered after the drying process.
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Fig. 10. Chromatogram of Sn I: albumin, lot 3.

In Figure 11 the chromatogram of the spray-drying
sample is shown. It is confirmed that the spray
drying degrades 4% to the albumin thus obtained.
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For lot 4, the plasma chromatogram is shown in
Figure 12. It corroborates the results obtained in
the 3 previous batches: the retention time of the
albumin is 24 minutes and its purity is 63.2%.
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Fig. 14. Chromatogram of Pp II: albumin, lot 4.
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Fig. 12. Plasma chromatogram, lot 4.

Figure 13 shows the chromatogram of Sn I:
albumin from lot 4. Again, albumin is purified up
to 89.1% and it is obtained in liquid form.
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Based on the results obtained in the present
work selective thermoprecipitation is a feasible
technique for the purification of albumin that
offers good results with relatively few resources
achieving a purification of 96%, and that,
if albumin powder is to be obtained, spray
drying is a feasible operation though a slight
degradation is to be expected.
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Abstract. The capacity of the equipment of 9 liters of water eliminated in 24 hours was established, an
amount of 10 kg of product to be lyophilized distributed in 5 trays with 2 kg each. The thickness of the product to be lyophilized at this time was 2.8 cm. The dimensions of the tray were 40 cm x 40 cm x 3 cm high,
and with these data the volumetric freeze drying space was 45 cm x 45 cm x 35 cm high. Subsequently, the
capacities of the refrigeration-freezing equipment were calculated, 0.75 HP to freeze the product at -15 ° C;
the vacuum pump, 0.25 HP for a vacuum of 0.13 mbar at 40 L / min; and the electrical resistance of 170 W.
Finally, the equipment designed resulted in a cost of 150 thousand pesos, which is 2 to 3 times less than the
cost of a commercial equipment.
Resumen. Se estableció la capacidad del equipo de 9 litros de agua eliminada en 24 horas, una cantidad de
10 kg de producto a liofilizar repartido en 5 charolas con 2 kg cada una. El espesor del producto para ser
liofilizado en este tiempo fue de 2.8 cm. Las dimensiones de la charola fueron 40 cm x 40 cm x 3 cm de alto,
y con estos datos el espacio volumétrico de liofilización fue 45 cm x 45 cm x 35 cm de alto. Posteriormente
se calcularon las capacidades del equipo de refrigeración-congelación, 0.75 HP para congelar el producto
a -15 °C; la bomba de vacío, 0.25 HP para un vacío de 0.13 mbar a 40 L/min; y la resistencia eléctrica de
170 W. Finalmente el equipo diseñado resultó de un costo de 150 mil pesos que es de 2 a 3 veces inferior al
costo de un equipo comercial.
Keywords. freeze-dried; lyophilization; freezing; vacuum.

INTRODUCTION
Freeze drying is a unitary process of wide

industrial application in the pharmaceutical, food
and biotechnology areas, for the conservation of
all types of biological products(4,5). The theoretical
and practical teaching of this operation is of
utmost importance for the training of higher level
students studying engineering, as it provides
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them with the knowledge and above all the
experimental experience of knowing, working
and operating the corresponding equipment.
On the other hand, the cost of a commercial or
didactic team that supports this teaching-learning
fluctuates between 300 thousand and 500
thousand pesos, a cost that is high for the federal
budget received by higher education schools.

21-23 March, 2018, Mérida, Yucatán, México

XXI Biochemical Engineering National Congress
X Biochemical Engineering International Congress
XVI Biomedicine and Molecular Biotechnology Scientific Meetings
Proceedings

Also the costs of maintenance and repair of
a commercial team are high and of the order
of 10-15 thousand pesos for the first and 1520 thousand pesos for repair. These are the
reasons that motivated the realization of the
present work, that is, to consider the objective
of designing a freeze-drying equipment at a
lower cost compared to a commercial one,
and that its design is such that it is completely
“open” for an understanding. clear of the
components and the unitary process. At the
same time, having the equipment built with
parts and components of national origin, the
costs of repair, maintenance and spare parts
delivery times will be significantly lower.
MATERIALS AND METHODS

In order to design and size the lyophilization
equipment, the DESIGN BASES were first
established, through an extensive literature
review of the different levels of freezing
and vacuum used in the literature for the
lyophilization of a whole series of biological
products such as fruits, legumes, meat, protein
solutions, polysaccharides, organic acids,
also suspensions of microorganisms, cellular
tissues, etc (4,5,7). With these bases, the next
step was the calculation of the lyophilization
time of the product for which the different
equations reported for that purpose were
investigated, and once the equation was
chosen it was found that the thickness of the
product layer is one of the main parameters
to consider; By establishing this thickness,
the lyophilization time could be estimated.
The following was to establish the total
amount of product to lyophilize based on the
different capacities and costs of commercial
lyophilization equipment reported in the
commercial literature, and since a semiprimary equipment was desired, a weight of
10 kg of product to be lyophilized was chosen.

21-23 March, 2018, Mérida, Yucatán, México

It was also decided to distribute this
quantity in five trays where the product was
distributed forming a bed of a height equal
to the thickness found through the first
calculation. The trays were stacked with a
proposed separation between them of 4 cm.
With these bases the dimensions of the trays
were calculated and finally the dimensions of
the lyophilization chamber. Subsequently, the
cooling time and freezing time of the product
were calculated using the equations reported
in the literature.
Taking these times and with the results
obtained from the amount of product,
number and dimensions of the trays,
dimensions of the lyophilization chamber
and considering the losses of heat from
the chamber to the environment, the total
refrigeration load was determined.
With this load, the capacity of the refrigerationfreezing equipment was calculated using the
equations reported for that purpose. With
the vacuum level established in the design
bases and the volume of the lyophilization
chamber, the capacity of the vacuum pump
was calculated to reach the desired level.
The capacity of the electrical resistances in
each tray was also determined, which will
provide the necessary heat for the sublimation
or drying of the product.
RESULTS AND DISCUSSION

The following is the sequence of calculation
of the equipment and devices that are
needed to have the complete lyophilizer.
Firstly, the design bases for the sizing of
the lyophilizer were established, which are
presented in Table 1.
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Table 1. Design bases
PARAMETER
1 a 9 liters of water
every 24 hours

Capacidad de sublimación
Freezing temperature of the product

-15 °C

Freezer temperature

-25 °C

Sublimate vapor condenser temperature

-35 °C

Vacuum level in the lyophilization chamber (at
-15 ° C)

1.87 mbar (187 Pa; 1.4
mm Hg)

Tray temperature to provide heat for sublimation

25 to 30 °C

Maximum amount of product to lyophilize (with
80-90% humidity)

10 kg

As observed in the table, a total of 10 kg of product was
lyophilized or dried in a time of 24 hours.

Sizing of the lyophilization chamber.
With these bases we proceeded to determine
the dimensions of the lyophilization or drying
chamber, for which the use of 5 stacked trays
was proposed, which will have a capacity to
contain 2 kg of product each. On the other hand,
the thickness of the product to be dried in about
25 hours was calculated through equation (1) (2.6):

With this result, a height of the tray of 3.0
cm was then proposed, and then a separation
between them of 4 cm was proposed at the
time of stacking.
With these data it was possible to obtain the
dimensions of each tray to contain 2 kg of product
as shown in Table 3, thus, 5 stacked trays of 0.4 x
0.4 x 0.03 m will be used.
While the dimensions of the lyophilization
chamber will be 0.45 x 0.45 x 0.45 m; It should
be noted that in the same table it is indicated
that this virtual volume will be satisfied
by being inscribed in a cylinder of 0.5 m in
diameter and a length exceeding 1.0 m (since
only 0.5 m is needed) for future expansion of
the capacity of the equipment.
Table 3. Dimensions of the lyophilization chamber
length of the tray

0.4

m

width of the tray

0.4

m

height of the tray

0.03

m

tray volume

4.8

L

In Table 2, the calculation of this thickness
or thickness of product in the tray results in a
value of 2.8 cm.

separation between trays

0.04

m

Table 2. Calculation of sublimation or drying time

tsublimation=

RTAL

2

8DMVW(p1-pa)2

R, cte. Gases

[

4D
1+ K L
m

]

(1)

8314.41

m3 Pa/Kg mol K

TA, sublimation temperature

-15

°C

P, ice vapor pressure=vacumm pressure

188

Pa

Condense temperatura
Pa, steam pressure at temp. of the condenser
M, molecular weight of wáter

-35

°C

30

Pa

18

Kg/Kg mol

Initial humidity of the product

0.9

Kg wáter/
Kg wáter solid

density of the dry solid
Vw, specific volumen of wáter

0.00049

D, diffusion coefficient

2.00E-03

Kg dry solid/m3
m3 dry solid/Kg
water
m2/s

1.5

Kg mol/s m2 Pa

0.028

M

25

h

Km, mass transfer coefficient
L, product thickness
t_secado

44
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number of stacked trays

5

height of the stack of trays

0.35

m

Product density

0.45

kg/L

Product thickness

0.028

m

amount of product on the tray

2.016

kg

total amount of product

10.08

kg

long

0.45

m

width

0.45

m

height

0.45

m

it is considered that this volume
will remain
inside a cylinder 0.5 m in diameter
and 1.0 m long for future expansion
cylinder volume

212

L

dimensions of the camera
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Determination of the capacity of the refrigerationfreezing equipment.
To start this calculation it was necessary to
estimate the time it takes to cool the product
from 25 ° C to -15 ° C, considering a thickness
or thickness of the product bed in the tray of
2.8 cm, and using a temperature of the cooling
medium (refrigerant in the refrigeration-freezing
equipment) of -25 ° C as established in the
design bases. Equation (2) was used to perform
this calculation (1, 6):
2

2

(

[2(-1) ]exp(-λn αt/D
λn
n

α
T= Ta+(Ti-Ta)Σn=0

Thermal conductivity; k =
0.3 W/m °C
density; ρ =
950 kg/m3
heat capacity; cp =
3.5 kJ/kg °C
thermal diffusivity; α = 9.023E-08 m2/s
h=
50 W/m2 °C
Biot number =
5

α=

0.2011

cooling time; t =

temperature of the cooling medium; Ta =
initial temperature of the product; Ti =
final temperature of the product; T =

6500 s
108 min
1.8 hr

𝑘
ρ 𝑐𝑝

Biot =

center; x =
0m
thickness; D =
0.028 m
Number of Fourier = 0.7480436

relationship between temperatures: rel =

[ Pahc + Rak ]
2

(3)

Based on the values presented in the design
bases, this calculation was carried out
and the sequence is presented in Table 5,
resulting in a freezing time of the product of
approximately 5 hours.
Table 5. Calculation of freezing time

Table 4. Calculation of cooling time

0

pH
tfreezing= T -TL
F
α

cos(λn x/D) (2)

For the resolution of the previous equation
it was necessary to establish the calculation
sequence presented in Table 4. As indicated
in this table, cooling time values are proposed
until the desired temperature is reached, thus,
it was found that 1.8 hours is required to cool
the product to a temperature of -15 ° C.

x/D=

Continuing with the calculation, once the
product cooled to -15 ° C, it was now necessary
to determine the time it takes to freeze the
moisture content. For this determination,
equation (3) was used. (3,2,6)

n
0
1
2
3
4
5
6
7
8
9
10

ℎ𝐷
𝑘

𝑁𝐹𝑜𝑢𝑟𝑖𝑒𝑟 =

ʎn
1.5707963
4.712389
7.8539816
10.995574
14.137167
17.27876
20.420352
23.561945
26.703538
29.84513
32.986723

𝛼𝑡
𝐷2

term_n
0.201058559
-2.5912E-08
2.32408E-21
-9.5945E-41
1.66754E-66
-1.1788E-98
3.3317E-137
-3.729E-182
1.6431E-233
-2.838E-291
0

propose a time until it
reach the desired temperature

-25 °C
25 °C
-14.95 °C
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ρ, product density
HL, latent heat of fusion
a, characteristic dimension

950 kg/m3
250 kJ/kg
0.028 m

Ti, initial temperature
TF, initial freezing temperature
T∞, cooling air temperature
hc, heat transfer coefficient
k, frozen product thermal conductivity
P, sphere
R, sphere

25 °C
-2 °C
-25 °C
10.0 W/m2 K
0.3 W/mK
0.5
0.125

t_freezing

17.83 kJ/W
4.95 h
297 min

Having calculated the cooling times, 1.8 hours,
and freezing of the product, 5 hours, we proceeded
to estimate the refrigeration loads of the product,
of the trays, walls of the lyophilization chamber
and the refrigeration load due to the losses to the
environment. Each of the calculation sequences
of these cooling loads are presented in Tables 6,
7, 8 and 9, respectively.
Table 6. Calculation of the cooling load by the product
PRODUCT
mass of product; M
heat capacity; cp
temperature difference (25 to -15 ° C); ΔT
time to cool down to -15 ° C; t_cooling
sensible heat to eliminate; qsp

latent heat of freezing; λ
product freezing time; t_freezing
latent heat to eliminate; qlp

10 kg
3.5 kJ/kg °C
39.95 °C
1.8 h
774 kJh
250 kJ/kg
4.95 h
505 kJ/h
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Table 7. Calculation of the cooling load by the trays
Trays
long
width
height
thickness
material volume to make the tray
steel density
weight of the tray; Pch
cp of steel
number of trays; Nch
temperature difference (25 to -25 ° C); ΔT
time to cool; t_cooling
heat to eliminate from the trays; q_trays

0.4 m
0.4 m
0.03 m
0.001 m
0.000208 m3
8030 kg/m3
1.7 kg
0.461 kJ/kg °C
5
50 °C
1.8 h
107 kJ/h

Table 8. Calculation of cooling load by walls
WALLS OF THE CHAMBER
long
width
height
thickness
material volume to make the camera
steel density
weight of the camera; P
cp of steel
temperature difference (25 to -25 ° C); ΔT
time to cool; t_cooling
heat to remove from the walls; q_walls

0.45 m
0.45 m
0.45 m
0.003 m
0.003645 m3
8030 kg/m3
29 kg
0.461 kJ/kg °C
50 °C
1.8 h
374 kJ/h

Table 9. Calculation of the cooling load due to

Determination of the capacity of the pump for
vacuum.
To carry out the elimination of the moisture of
the product, or drying, it is necessary to reach the
necessary vacuum to achieve the sublimation of
the product, this level of vacuum was established in
the design bases being 0.58 Torr (0.78 mbar at -25
°C). On the other hand, the power curve of different
pumps was consulted to reach this level of vacuum,
finding that a WELCH model 8905 pump, 0.25 HP,
is capable of achieving this vacuum operating at a
flow of 40 liters per minute. With this data, the time
needed to reach the vacuum which was 38 minutes.
Determination of the
electrical resistance.

capacity

of

the

Apart from the vacuum level, a heat source that
provides heat for sublimation is also needed, this source
is an electrical resistance that is placed in the base of the
trays which will work at 110 volts and 170 W.

environmental losses
LOSS OF HEAT TO THE ENVIRONMENT WITH INSULATION
room temperature
T1 =
25 °C
freezer temperature
T2=
-25 °C
long
width
total area
thickness of the wall
conductivity of steel

a= 0.45 m
b= 0.45 m
A = 1.215 m2
ΔX2 = 0.003 m
k2 = 13.8 W/m °C

insulator thickness

ΔX1 =

0.01 m

insulation conductivity
k1= 0.017 W/m °C
losses of heat to the environment; q_amb q_amb = 372 kJ/h

propose up
meet the loss
recommended: 100 to 500 W

The resulting cooling loads, in kJ/h, were 774
(sensible heat) + 505 (latent heat) for the product,
107 for the trays, 374 for the walls of the chamber
and 372 for losses to the environment, making a
total of 2131 kJ / h. With this result, the capacity
of the refrigeration equipment was calculated
considering the use of refrigerant R-404ª, finally
obtaining a capacity of 0.7 HP equivalent to 0.2
tons of refrigeration for lyophilization equipment.
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In Figure 1, the freeze-drying chamber is presented,
consisting of five stainless steel trays, stacked
inside a cylindrical stainless steel chamber 0.5 m in
diameter and 1.0 m in length with a torispheric lid
folding door; At the base of each tray the electrical
resistance that covers the surface is shown following
a “U” shape and each resistance is 34 W. The
cylindrical chamber will be on a stainless steel table
0.80 m wide x 1.5 m long and 5 cm thick, resting on
8 1.0-inch PTR supports placed equidistantly along
their longer length as shown in the figure.

Fig. 1. Freeze drying chamber, vacuum pump and freezer
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With these results it was possible to quote each
of the equipment with different commercial
suppliers and thus be able to estimate the total
cost of the lyophilization equipment designed, the
final cost is presented in Table 10.
Table 10. Cost of lyophilization equipment designed
Equipment

Cost
(PESOS)

Stainless steel lyophilization chamber

8,000

5 stainless steel trays

5,000

Stainless steel table

5,000

Cooling-freezing equipment

40,000

High vacuum pump

35,000

Instruments and controllers

57,000

Total

150,000

CONCLUSIONS

The design bases were established through
which the dimensions and capacity of each of
the components that make up the lyophilization
equipment were calculated and by means of the
preparation of the isometric diagram it was possible
to establish the arrangement and disposition of the
equipment designed to achieve lyophilization or
drying of biological products. It was determined
that the total cost of the designed equipment was
150 thousand pesos; this cost is two to three times
lower with respect to the cost of a commercial
lyophilization equipment of similar characteristics.

REFERENCES

1) Cengel, Y., Ghajar, A. (2011). Transferencia
de Calor y Masa. Capítulo IV. Tercera edición,
McGraw-Hill., México.
2) Ibarz Albert, Barbosa-Cánovas G.V., (2005).
Operaciones Unitarias en la Ingeniería de
Alimentos. Capítulos 17 y 18. Ediciones
Mundi-Prensa, Barcelona, España.
3) Perry, R., Chilton, C. (1987). Manual del
Ingeniero Químico. Capítulo X. Segunda
edición en español, McGraw-Hill, México.
4) Ramírez, J. (2006). Liofilización de alimentos.
Editorial ReciteIa. Universidad del Valle
Programa Doctoral en Ingeniería. Ingeniería
de Alimentos, Cali, Colombia.
5) Rey, L; May, J. (2009). Freeze Drying/
Lyophilization of Pharmaceutical and
Biological Products. Tercera edición.
Editorial Informa Heathcare. Pinehurst, North
Carolina.
6) Singh Paul, Heldman Dennis, (1997).
Introducción a la Ingeniería de los Alimentos.
Capítulos 4, 7, 8 y 12. Editorial Acribia, S. A.,
Zaragoza, España.
7) Wilhelm, G; Hasely, P. (2004). Freeze Drying.
2da. Edición. Editorial WILEY- VCH Verlag
GmbH & Co, Weinheim, Alemania.

The designed and low cost equipment can be offered
to all higher education schools that require this
type of equipment both for their teaching-learning
courses for the training of their engineering students,
and for their research laboratories that require
the conservation of biological products through
lyophilization in order to continue their research.
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Abstract. 8 and 100 kDa membranes were used. The 100 kDa membrane, with water, resulted in a flux of
180x10-6 m / s at 250 kPa, while at 8 kDa it was three times smaller. With milk the fluxes in both membranes
were of the same order: 4x10-6 m / s. With the 8 kDa membrane, milk was ultrafiltered, testing from 0 to 250
kPa and concentrating 3 to 5 times. The highest flux was reached at 175 kPa and the protein was 9-15%; in
the permeate the protein was null. With the 100 kDa membrane the results were: 10% protein in concentrate
and 1.5% in permeate. Yogurt was then made with ultrafiltered milk obtained with the two membranes and
fermented from 4 to 24 hours. Thus, yogurt was obtained without whey and cream, with 9-12% protein, 2830% of total solids, acidity 0.85-1.1% and viscosity of 3500 to 4000 cp.
Resumen. Se emplearon membranas de 8 y 100 kDa. La membrana de 100 kDa, con agua, resultó un flux
de 180x10-6 m/s a 250 kPa, mientras que a 8 kDa resultó tres veces menor. Con leche los fluxes en ambas
membranas fueron del mismo orden: 4x10-6 m/s. Con la membrana de 8 kDa se ultrafiltró leche, probando
de 0 a 250 kPa y concentrando 3 a 5 veces. El mayor flux se alcanzó a 175 kPa y la proteína fue 9-15%;
en el permeado la proteína fue nula. Con la membrana de 100 kDa los resultados fueron: 10% de proteína
en concentrado y 1.5% en permeado. Luego se elaboró yogur con leche ultrafiltrada obtenida con las dos
membranas y se fermentó de 4 a 24 horas. Así, se obtuvo un yogur sin suero y cremoso, 9-12% proteína,
28-30% de sólidos totales, acidez 0.85-1.1 % y viscosidad de 3500 a 4000 cp.
Keywords. ultrafiltration; greek yogurt; whey; viscosity.

INTRODUCTION

In Mexico, 8.5% of the population consumes
yogurt (5). In recent years the consumption of
Greek yogurt or Greek style has increased
due to the nutritional properties it has to
have a high protein content. In 2014, Greekstyle products accounted for 36.5% of retail
sales of yogurt.
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On the other hand, most research work on Greek
yogurt reports that it can be made from milk added
with milk powder and this mixture subjected to the
fermentation process, and the product thus obtained
is subsequently concentrated by ultrafiltration to
remove the whey from the product (1,2,4). They also
report that using a greater proportion of milk powder
to achieve the required level of protein (9-10%) and
avoiding the ultrafiltration operation would make
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the process uneconomic(6, 7). Since last decade,
new strategies have been studied to improve
ultrafiltration, such as the development of
new types of membranes, or try different pore
sizes, and the last strategy has been to first
ultrafiltrate the milk, and once concentrated,
add the lactic culture to carry out the
fermentation (3,8).
Thus, the present work was aimed at studying
the ultrafiltration of whole milk as a first step
in the preparation of Greek-style yogurt.

conditions were the same as those used in the
elaboration of traditional yoghurt but this time
using 125 rpm mechanical agitation with a
marine propeller type impeller. Samples were
taken at the beginning and at the end of the
fermentation for the determination of proteins,
sugars, ash, total solids and acidity. For the
fermentation kinetics samples were taken
every 30 minutes for a time of 4 to 6 hours,
which were determined acidity, pH, viscosity
(Brookfield viscometer) and microbial total
counts (Neubauer chamber).

MATERIALS AND METHODS

RESULTS AND DISCUSSION

Membranes of 8 and 100 kDa of pore size and
filtration area of 0.05 m2 were used for the
ultrafiltration of whole milk. The membranes
were characterized using water and then whole
milk. For the ultrafiltration of whole milk,
transmembrane pressures of 0 to 250 kPa were
tested, the pH was only registered so as not to
add any reagent that adulterated the milk and
the temperature was controlled from 30 to 35 ° C
in order to not affect the quality of the proteins.
An initial volume of 5 L of milk was processed
and it was concentrated 3 to 5 times. Flux was
determined by measuring the ultrafiltrate flow
each time and 100 mL of filtrate was obtained.
Samples were also taken at the beginning and
end of ultrafiltration for protein quantification
(Lowry method), sugars (DNS method), ash
(calcination method), total solids (dry weight
method) and acidity (titration method). The
yogurt was obtained in two ways. In the first
one, 0.5 L of whole milk, 40 g of milk powder
and 25 mL of commercial yogurt were mixed;
the fermentation was carried out at 40-42 °
C, without agitation and for 4-6 hours; this
form of elaboration was called traditional.
For the second form, 0.5 L of concentrated
milk was used by ultrafiltration, plus 25 mL
of the commercial yogurt; the fermentation

Characterization of ultrafiltration membranes

21-23 March, 2018, Mérida, Yucatán, México

Based on the literature, it was proposed to work
with 8 and 100 kDa membranes of molecular
cut. In Figure 1 the results of the filtering flux
at different transmembrane pressures using
distilled water and whole milk are shown. It
is clearly observed that the flux of water in the
100 kDa membrane is 3 to 5 times higher than
that of 8 kDa at any pressure that is compared.

Fig. 1. Characterization of 8 and 100 kDa membranes.

However, when milk is used, the fluxes are very
similar in both membranes, but fluxes are 10 to 20
times lower in comparison with water. It is also
observed that the flux of the membrane of 100 kDa
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(5 x10 -6 m / s) is double that of 8 kDa (2.5
x10 -6 m / s) when working milk. It is also
clear that when milk is used the f luxes reach
a maximum value at a pressure of 150 to 250
kPa, and at higher pressures the f lux can no
longer be increased.
Concentration of whole milk in 8 kDa membrane
In Figure 2 the results of three batches worked
at different pressures are shown. As can be
seen, the pressure with which a greater flux was
obtained was 175 kPa.

Table 1. Chemical analysis in the concentration of whole
milk in membrane of 8 kDa.
Lot

1

2

3

Fig. 2. Concentration of whole milk in 8 kDa membrane.

Whole milk has a protein content of 3.12%, and
to obtain a concentration of 10% milk must be
concentrated by a factor of 3.2, because Greekstyle yogurt is marketed at this concentration.
A chemical analysis was also carried out
both for the raw material and for each of the
samples obtained in the ultrafiltration of the
whole milk in 8 kDa membrane, these results
are shown in Table 1.
It can be observed that protein retention is
practically total since the percentage of these
in the permeate is minimal. Therefore, the
protein content in concentrated milk is 3 times
higher than in whole milk.
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Total
solids

Protein

Sugar

Ashes

(%)

(%)

(%)

Whole milk

3.29

3.59

0.15

11.86

0.12

Concentrated
milk

9.46

4.85

0.57

24.41

0.47

Permeate

0.01

3.92

0.13

3.99

0.08

Whole milk

3.32

4.08

0.62

11.39

0.18

Concentrated
milk

9.42

4.16

0.97

23.76

0.49

Permeate

0.04

3.82

0.52

3.69

0.08

Whole milk

3.23

3.77

0.64

12.05

0.10

Concentrated
milk

9.26

4.56

0.99

25.08

0.73

Permeate

0.03

3.22

0.21

3.57

0.06

Sample

(%)

Acidity
(%)

With respect to sugars, the content is very
similar in both the concentrate and the
permeate, indicating that the sugars have
free passage through the membrane due to
their low molecular weight with respect to
the pore size of the membrane. In the case
of ash content, it was higher in concentrated
milk due to the association of some ions
with proteins and other macromolecules that
are completely retained by the membrane.
Finally, the acidity results indicate that it
increases in concentrated milk.
Concentration of milk in 100 kDa membrane.
First, 3 batches of 100 kDa whole milk
concentration were carried out, testing
different transmembrane pressures obtaining
the results shown in Figure 3. It can be
observed that the pressure at which the best
flux was obtained was 175 kPa, and the flux
values a re practically the same even if 245 kPa
is applied, that is, the flux does not increase
even though the working pressure rises.
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Fig. 3. Concentration of whole milk in 100 kDa membrane.

With respect to the concentration factor it was
also possible to reach values of up to five; also,
the average flux obtained at 175 kPa (4x10-6 m /
s) is double compared to that obtained with the 8
kDa membrane because it is now a much larger
pore size. Several authors have reported the
retention of proteins and fats of the milk still in
membrane of 100 kDa and explain that this is due
to the formation of “large” mycelial bodies that
group proteins and fats of small size, and these
conglomerates do not they can pass through the
membrane 8. It can be seen in Table 2, that the
protein level in the concentrated milk is 10 times
higher with respect to the protein content in the
permeate; and through a balance it was obtained
that 25 to 30% of the milk proteins are present
in the permeate. The content of sugars is very
similar between concentrated milk and permeate,
as already explained in the paragraphs above.
The ash content is higher in the concentrate than
in the permeate, as explained previously. z

Working with the 100 kDa membrane had the
following advantages compared to that of 8 kDa: it
allows working with half the initial volume of whole
milk (from 4 to 2); as its flux is twice as high, the time
to concentrate five times the milk is only 3 hours (four
times less than that used in the 8 kDa membrane); the
only disadvantage is that 30% of the initial protein
remains in the permeate. For these reasons it was
decided to work only with the 100 kDa membrane.
Preparation of traditional Greek yogurt
Greek-style yogurt can be made through the mixture of
whole milk with milk powder, in sufficient proportion
to obtain a yogurt with a minimum of 5% protein
content, and a fermentation time necessary to reach an
acid value of 0.7 at 1.0%, at a temperature of 40-42 °
C and without agitation. With this base we proceeded
to the elaboration of yogurt making 3 batches and the
results obtained are presented in Table 3.
Table 3. Chemical analysis of traditional greek yogurt
Lot

Cultu
re (h)

0

A

4
12
24

Table 2. Chemical analysis in the concentration of whole
milk in membrane of 100 kDa. Concentration factor of 5.
Lot

1

2

3

Sample
Whole milk
Concentrated
milk
Permeate
Whole milk
Concentrated
milk
Permeate
Whole milk
Concentrated
milk
Permeate

Protein

Sugar

Ashes

(%)

(%)

(%)

3.29

3.59

9.46

4.85

0.01
3.32

Total
solids

Acidity
(%)

0.15

(%)
11.86

0.12

0.57

24.41

0.47

3.92
4.08

0.13
0.62

3.99
11.39

0.08
0.18

9.42

4.16

0.97

23.76

0.49

0.04
3.23

3.82
3.77

0.52
0.64

3.69
12.05

0.08
0.10

9.26

4.56

0.99

25.08

0.73

0.03

3.22

0.21

3.57

0.06
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0
B
8

0
C
6

Sample

Protein

Sugar Ashes

Total
solids

Acidity

(%)

(%)

(%)

Whole milk

3.29

3.59

0.15

(%)
11.86

0.12

Milk powder

24.07

9.68

1.01

91.93

0.14

commercial
cultivation

5.56

6.09

0.35

18.10

0.84

yogur
serum

5.94
1.35

4.90
3.51

1.19
-

21.14
9.22

0.86
0.54

yogur
serum
yogur
serum

5.58
1.23
5.26
1.55

4.78
3.45
5.03
3.82

1.10
1.13
-

21.10
8.10
22.81
7.41

1.11
0.50
1.13
0.44

Whole milk

3.63

4.08

0.62

12.39

0.18

Milk powder

23.4

8.67

0.85

92.05

0.09

commercial
cultivation

5.56

6.09

0.35

18.10

0.84

yogur
serum

5.54
1.21

4.35
3.29

-

21.91
8.58

0.99
0.39

Whole milk

3.63

3.77

0.64

13.05

0.10

Milk powder

21.86

8.19

0.94

93.52

0.12

commercial
cultivation

5.56

6.09

0.35

18.10

0.84

yogur
serum

5.31
1.31

4.55
3.29

-

20.83
8.10

0.92
0.29
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In the three batches, an amount of whey equivalent
to 10-20% of the total yogurt produced was
obtained, with a protein content five times lower
than that of yogurt, but with a percentage of sugars
similar to yogurt. On the other hand, the yogurt
obtained had a protein content of 5-6%, total
solids of 21-24% and an acidity of 0.86-0.97%. To
reach this last parameter it only took 4 to 6 hours
of fermentation, since if the fermentation is left for
8, 12 and 24 hours the acidity index is practically
the same as that obtained in less time. It is also
observed that the acidity no longer increases, 0.99
to 1.11%, although the fermentation continues for
8 or even 24 hours, which is probably indicative
that the lactic culture is inhibited when this level
of acidity is reached. It was also observed in
elaborated yoghurt that when the fermentation
is left for more than eight hours, the product
goes away to a greater extent and acquires a
more lumpy, pasty consistency similar to that of
cheese or “cottage cheese”, moving away from the
characteristics of an ideal yogurt.
Preparation of yogurt with milk concentrated in
100 kDa membrane
Yogurt was now made using milk concentrated
in the 100 kDa membrane. The fermentation
conditions were the same as those of traditional
yoghurt but now it was decided to use mechanical
agitation of 125 rpm and the results are
presented in Table 4. Unlike traditional yoghurt,
and the one elaborated in an 8 kDa membrane,
yogurt made with ultrafiltered milk in 100 kDa
membrane does not present whey formation,
which could have been due to the agitation
used during the fermentation time, since a good
mixing incorporates ideally the conglomerates
that are formed little by little and above all
when reaching an acidity index of 0.8 to 1.0%,
which is where the highest degree of coagulation
and viscosity is observed; in lot 2 there was no
agitation and there was little whey formation.
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Table 4. Chemical analysis of yogurt made with milk
concentrated in membrane of 100 kDa; lots 1, 2 and 4
Cul
ture
Lot
(h)

1

2

4

Sample

cocentrated
0 milk
commercial
cultivation
yogur
4
cocentrated
milk
0 commercial
cultivation
yogur
8 serum
cocentrated
0 milk
commercial
cultivation
yogur
6

Protein

Sugar

Ashes

Total
solids

Acidity

(%)

(%)

(%)

10.92

5.42

1.43

(%)
26.16

0.44

(%)

5.30

5.52

0.32

12.61

0.84

10.51
4.20
1.53
no serum was obtained

27.71

1.14

10.83

4.22

1.44

27.78

0.34

5.30

5.52

0.32

12.61

0.84

11.41

4.15

1.32

29.62

1.03

1.21

3.29

0.56

7.10

0.29

11.62

4.52

0.81

29.16

0.42

5.30

5.52

0.32

12.61

0.84

11.73

4.55

1.45

28.83

1.13

no serum was obtained

Fermentation kinetics
In addition to the chemical analysis,
parameters such as acidity, pH, viscosity and
microbial count were also quantified during
the fermentation kinetics, the results obtained
are shown in Figs. 4 and 5. The increase in
acidity during the fermentation of yogurt
(Figure 4) is mainly due to the growth of
Streptococcus thermophilus since the growth
of this bacterium occur after 4-5 hours
when the acidity is also maximum(6). As a
consequence of the increase in acidity, the pH
during fermentation decreases from 6.7 to 5.

Fig. 4. Acidity kinetics during the fermentation of greek
yogurt; 100 kDa
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The increase of the acidity and the reduction of
the pH, are practically of the same order, whether
the yogurt is elaborated in a traditional way or
from ultrafiltered milk, since the lactic culture has
enough substrate to grow properly; It should be
mentioned that a short fermentation time does not
allow enough growth of Lactobacillus bulgaricus,
which can produce more aroma when the time of
fermentation is greater than 6 hours(3).

times. It turned out that it is better to use the 100
kDa membrane because it halves the time to carry
out the concentration. The milk thus concentrated
was fermented with agitation at 125 rpm to obtain
Greek-style yoghurt with 28-30% of total solids,
acidity of 0.8 to 1.1% and viscosity of 3500 to 4000
cp, parameters that prevented the formation of whey
and provided characteristics of ideal creaminess and
shine to the final product.

It can be seen in Figure 5 that the viscosity increases
exponentially as the acid content increases, starting
at values of 50-100 cp for ultrafiltered milk and
then rising to values of
 3500-4000 cp. This increase
in viscosity is due to the “conglomeration” of the
proteins caused by the reduction of the acidity
forming a creamy product.

FUNDING AND ACKNOWLEDGMENTS

Fig. 5. Viscosity kinetics during the fermentation of greek
yogurt; 100 kDa

In turn, the initial lactic culture triples its
microbial population going from 4 x109 to 12
x109 CFU / mL and at 6 hours of fermentation
it seems to reach a stationary phase probably
due to the decrease in pH, since there is enough
substrate to keep growing (total solids).
CONCLUSIONS

The whole milk was concentrated by 8 and when
the 100 kDa membrane ultrafiltration was used, a
protein content of 10 to 12% could be reached. In
the 8 kDa membrane it was necessary to concentrate
3.2 times while in the 100 kDa it was required 5
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Abstract. Microorganisms are used to remove metal ions by different mechanisms, generating a microbial
alternative for the detoxification and recovery of precious or industrial interest metals present in wastewater.
Particularly, bacteria have genes associated with metallic resistance that allow them to reduce toxic effects,
ions such as Ag+, Cd2+ or CrO42+ generate oxidative stress in the cell, therefore, enzymatic complexes
involved in the oxidation, reduction, methylation and/or de-methylation of the ions are expressed. The
presence of thioredoxin and thioredoxin-reductase has been reported in enzymatic reduction processes of
Cr6+. In this work, the resistance to Cr6+ in the strain Pseudomonas stutzeri LRO was studied by the presence
of trxB gene. The metallic resistance was evaluated determining the minimum inhibitory concentration,
which rendered a value of 70 mg/L, and the detection of trxB gene by PCR, using specific primers for
Pseudomonas spp. This suggests that the strain could possess a resistance mechanism involving enzymatic
reduction of Cr6+, like response to the oxidative stress generated by metallic ion.
Resumen. Los microorganismos son utilizados para remover iones metálicos por diferentes mecanismos,
generando una alternativa microbiana para la desintoxicación y recuperación de metales preciosos o de
interés industrial presentes en las aguas residuales. Particularmente, las bacterias poseen genes asociados a
la resistencia metálica que les permiten abatir los efectos tóxicos, iones como la Ag+, Cd2+ o CrO42+ generan
estrés oxidativo en la célula, por lo que, complejos enzimáticos implicados en la oxidación, reducción,
metilación y/o des-metilación de los iones son expresados. La presencia de tiorredoxina y tiorredoxinareductasa ha sido reportada en procesos de reducción enzimática de Cr6+. En este trabajo se estudió la
resistencia a Cr6+ en la cepa Pseudomonas stutzeri LRO mediante la presencia del gen trxR. La capacidad
de resistencia metálica fue evaluada mediante la concentración mínima inhibitoria (70 mg/L) y la detección
del gen trxR vía PCR, utilizando cebadores específicos para Pseudomonas spp. Esto sugiere que, la cepa
pudiera tener un mecanismo de resistencia ligado a la reducción enzimática del Cr6+, como respuesta al estrés
oxidativo generado por el ion metálico.
Keywords. trxB gene, metallic resistance, oxidative stress.
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INTRODUCTION
The metallic toxicity to microorganisms is due

to different mechanisms, one they is oxidative
stress generate in Gram-negative bacteria.
This mechanism is provoked for the linking of
metal cations with two glutathione molecules,
producing bis-glutathione that reacts with
molecular oxygen to produce oxidized bisglutathione, a metal cation and hydrogen
peroxide, then oxidized bis-glutathione is
reduced using NADPH; but the metal cation
released on the process generate again the
oxidative stress and this imposes with the time,
that invariably damage the cells.1 However,
the microorganisms have developed metallic
resistance mechanisms, as part of their evolution,
to avoid the toxicity effects of heavy metals. An
example is the thioredoxin system dependent
of NADH/NADPH, composed of thioredoxin
reductase (TrxR) and thioredoxin (Trx); the
genes encode of this system are localized in mre
operon, which is widely distributed in nature,
and is key in electron transfer and in the defense
against oxidative stress. Some chromium
resistant bacteria have developed a similar
mechanism that involve an enzymatic reduction,
due to strong oxidizing potential of Cr6+.3 The
capacity to reduce U6+and Cr6+ of Desulfovibrio
desulfuricans G20 is relating at the action of the
thioredoxin, thioredoxin reductase and NADPH.4
For this reason, the resistance to chromium
in Pseudomonas stutzeri LRO is studied at
molecular level based on detection of trxR gene.

Detection of trxR gene by PCR as a response to
oxidative stress
Genomic DNA was extracted from the strain LRO
using standardized procedures in the lab. The
detection of the trxR gene was carried out using two
primers designed in this work, denominated: thioF
5´-AAYCTSAAGCCACTGMTGATCAC-3´ thioR
5´-GATGTGGCYGAYCACGTCTAT-3’. The PCR
was carried out in the MultiGene OptiMax (Thermal
Cycler thermocycler, Labnet International, Inc., USA)
under the following program: an initial denaturation
of 94°C for 5 min; 22 cycles: denaturation at 94°C
for 1 min, alignment at 57°C for 45 s, extension at
72°C for 1 min; and a final extension at 72°C for 5
minutes, maintaining at 4°C.
RESULTS

Growth of the LRO strain was observed in
concentrations of up to 70 mg/L for Cr6+. Moreover,
a PCR product to the trxR gene with an approximated
size of 800 bp was obtained, such as estimated in
according to the design of the primers (see figure 1).

MATERIALS AND METHODS
Minimum inhibitory concentration (MIC)
The minimum inhibitory concentration (MIC)
was determined in nutritive broth at different
concentrations of Cr6+. The culture was grown at
37°C and 150 rpm for 24 h.

56

Copyright ©2018 COLEGIO MEXICANO DE INGENIEROS BIOQUIMICOS

Figure 1. PCR amplification of trxR gene on Pseudomonas
stutzeri LRO. Lanes: 1) 1Kb Molecular Weight Marker
(Promega Corporation, USA) and 2) Amplified obtained for
the trxR gene with LRO.
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DISCUSSION

The lowest concentration of hexavalent
chromium that inhibited visibly the growth of P.
stutzeri LRO was of 70 mg/L. The resulted MIC
indicated a largest resistance to the hexavalent
chromium with respect to other species of
Pseudomonas, i. e. Pseudomonas aeruginosa S7
resists 40 mg/L.5 On the other hand, the detection
of trxR gene could suppose that P. stutzeri LRO
can to avoid the oxidative damage of hexavalent
chromium by thioredoxin system. In addition,
studies have showed the presence of reductases
related to oxidative stress provoked by Cr6+ in
Pseudomonas aeruginosa.6 This mechanism also
have been reported in Caulobacter crescentus and
Shewanella oneidensis MR-1 when are exposed
to chromium, as a response to oxidative stress.7
Also, the thioredoxin system has been detected
and characterized in methane-producing archaea,
although is not related to the metallic resistance.3

2)

3)

4)

5)

CONCLUSIONS

The large capacity of metallic resistance and
the detection of trxR gene could suppose that P.
stutzeri LRO, carries out a chromium resistance
mechanism by enzymatic reduction. This fact do
that the strain have an important potential on the
recovering of chromium in wastewater. Although
is necessary a complete characterization of
thioredoxin system from P. stutzeri LRO.
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Abstract. The enzyme superoxide dismutase (SOD), catalyzes the dismutation of superoxide into oxygen and hydrogen peroxide, it is an important antioxidant defense in most cells exposed to oxygen. A suitable method for enzyme
purification is the formation of histidine – nickel complex where it follows the principle of affinity chromatography.
The objective was to develop a method for obtaining the aptamer of the SOD protein that contain poly-histidine tag,
using activated agarose beads from the genetically modified (Escherichia coli) strain. The immobilization of SOD
protein onto CDI-Trisacril resin was monitored at different times and the concentration was determined by fluorescence. The initial concentration of SOD was 0.833 µmol/L and after 15 days of incubation the concentration was
remained constant; therefore the protein was immobilized by 99.8%. The advantage of using aptamers for biochemical and affinity detection is that there is not contamination with the peptide, which is very valuable for the analysis.
Resumen. La enzima superóxido dismutasa (SOD), cataliza la dismutación de superóxido en oxígeno y peróxido
de hidrógeno, es una importante defensa antioxidante en la mayoría de las células expuestas al oxígeno. La purificación de enzimas se lleva a cabo por la formación del complejo histidina-niquel que sigue el principio de la
cromatografía de afinidad. El objetivo fue desarrollar un método para obtener un aptámero de la proteína SOD
que contiene una cola de histidinas, usando perlas de agarosa activadas de la cepa modificada genéticamente
(Escherichia coli). La inmovilización de la SOD sobre la resina CDI-Trisacril fue monitoreada a diferentes tiempos y la concentración se determinó por fluorescencia. La concentración inicial de la SOD fue de 0.833 μmol/L y
después de 15 días de incubación la concentración se mantuvo constante; la proteína se inmovilizó en un 99.8%.
La ventaja de usar aptámeros para la detección bioquímica y de afinidad es que no hay contaminación con el
péptido, lo cual es muy valioso para el análisis.
Keywords. Immobilization, PCR, resin.

INTRODUCTION
The superoxide dismutase (SOD) is a metalloenzyme
that protects againts oxidative damage, catalyzing
the conversion of superoxide anion (O2-) to hydrogen
peroxide (H2O2) and molecular oxygen (O2). 1
58
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The purification process has several stages whose
objective is to achieve the concentration of the
protein. The addition of a label to the sequence
of a protein gives it a binding affinity that it did
not have before. The “labeled” recombinant
protein is usually the only protein in the mixture
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with this affinity, which aids in separation. The most
commonly used labels are histidines or polyhistidines
(His-tag). Allow recognition by a specific antibody
or by an aptamer; and they are easily immobilized
in different types of solid supports, which facilitates
purification. 2 For example, the CDI (carbonyl
diimidazole) resin is used as support; is a porous
agarose chromatography resin, with beads that is
activated with carbonyl diimidazole groups for
the covalent immobilization of proteins and other
N-nucleophilic containing molecules.
One of the chromatographies to purify a labeled
protein with His-tag is the affinity chromatography.
In the areas of affinity chromatography the aptamers
have been used as mobile phases, stationary
phases and with magnetic beads for the detection
of molecules, purification and chiral separations,
in addition for studies of binding interactions. 3
Aptamers are single-stranded nucleic acids, DNA or
RNA, with a specific three-dimensional structure
that allows them to bind with high affinity to the
target molecule. They are capable of forming stable
three-dimensional structures in aqueous solution
from single chain oligonucleotides.
The advantages of aptamers are: high
reproducibility, preservation since are stable at
room temperature, have a greater capacity for
tissue penetration and adhesion to target molecules.
The objective was to develop a method for
obtaining the aptamer the SOD protein using
activated agarose beads and purify the protein from
a genetically modified (Escherichia coli) strain.
MATERIALS AND METHODS

The cell mass was obtained from a modified
E. coli strain that produce SOD protein that
contain polyhistidine tag. The culture was
inoculated in the LB culture medium (Luria
Bertani) with the antibiotic Kanamycin.
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In the purification of the SOD His-Tag protein
was used HisPurTM Ni-NTA Spin Columns
protocol (Thermo Scientific No.88225), the
bacterial lysate was passed through the column
where SOD His-Tag protein was adsorbed,
afterward the protein was eluted by a imizadole
gradient for elution.
Pierce® CDI-Trisacryl resin was used to immobilize
the protein, which was used at room temperature.
The determination of protein concentration
was performed on a Nano Drop 3300
fluorospectrometer using Nano Orange 1X
with bovine serum albumin (BSA bovine seric
albumin) at 590 nm.
The method of determining the positive aptamerprotein selection was carried out using the
SOD protein and the mixture of anti-his oligos
(aptamer). The aptamers sequence that was used: 5’

GGTATTGAGGGTCGCATCN40
TGGCTCTAACTCTCCTCT-3'.
The polymerase chain reaction (PCR) was
carried out based on the PCR Phusion® HighFidelity DNA Polymerase protocol (M0530).
For the electrophoresis, a 3% agarose gel was
used with Tris Acetate-EDTA 1X buffer.
RESULTS AND DISCUSSION

The purification of the enzyme SOD was
performed by affinity chromatography using
nickel columns since it has a higher specificity
and selectivity for the protein. The protein SOD
His-tag labeled was obtained from the modified
E. coli strain and interacted with the metal ion
of the matrix and the remains of the protein
passed through where the protein was adhered
to the matrix. The support of the columns was
agarose with nitrilotriacetic acid that acted as
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a chelator of the divalent nickel ions (Ni2+). In
this way the Ni2+ ions were attached by four
bonds to the column, making it very difficult to
detach. Through the remaining two bonds, the
proteins were linked with the histidine tails for
purification. Equilibrium buffers were used to
maintain the pH of the protein, therefore, during
the purification was observed the decrease
absorbance from 0.489 to 0.094 at 280 nm
due to protein adsorbed. In the determination
of total protein concentration by fluorescence
the results obtained en RFU (relative units of
fluorescence) were interpolated in a standard
reference curve at 590 nm, made by the
protocol (NanoOrange® Protein Quantitation)
using a protein standardized as bovine serum
albumin (BSA). Then, a solution of lysozyme
with a known initial concentration of 0.4 g/L
was prepared and used as an immobilization
model. This test was performed to determine
the incubation time of the SOD protein.
The estimated time for the lysozyme to be
immobilized in the support was approximately
15 days obtaning values from 400 to 9.27 µg/
ml of protein, these values were decreasing
according to the time elapsed until the values
remained constant.

Finally, the molecules obtained electrophoresis
gel was performed to determine the amplification
of the oligonucleotides bound to the protein. As
shown in Figure 1, sample 4 showed a high degree
of purification compared to the positive control,
a clear band was observed with a molecular
weight of 100 bp. In the case of samples 1, 2, 3
several bands of different molecular weight were
showed, these samples were the resins washings,
therefore, there could be several factors for which
there was not presence of bound oligonucleotides.

Figure 1. Separation of anti His-Tag library oligonucleotidessuperoxide dismutase complex. Lane 1) DNA ladder (Invitrogen),
2) Oligonucleotide positive control PCR amplification, 3)
Oligonucleotide negative control PCR amplification, 4)
PCR amplification first wash of oligonucleotides unbound to

For the SOD His-tag protein it was carried
out taking samples at different times and the
concentration was determined by fluorescence.
The initial concentration was 0.833 μmol/L and
the final concentration at 15 days of incubation
where it remained constant was 0.01 μmol/L;
therefore the protein was immobilized by 99.8%.
The mixture of anti-His oligonucleotides were
incubated with SOD His-Tag immobilized onto
CDI Trisacril resin for 30 minutes, afterward
resin was washed 3 times with union buffer to
eliminate oligonucleotides unbound to the resin
and finally resin was washed with elution buffer
to elute oligonucleotides bound to the resin. The
solutions obtained were amplified by PCR.
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superoxide dismutase, 5) PCR amplification second wash of
oligonucleotides unbound to superoxide dismutase, 6) PCR
amplification third wash of oligonucleotides unbound to
superoxide dismutase, 7) PCR amplification with elution buffer
of oligonucleotides bound to superoxide dismutase.

CONCLUSIONS

The purification of the SOD protein was
carried out from the recombinant E. coli
strain. The immobilization of the SOD protein
was achieved. The procedure for obtaining the
aptamer from the SOD protein was developed.
This separation technique allows us to reduce
products cost in the future.
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Abstract. Products formulation with bio-insecticide activity must to preserve its virulence and viability by
long time. Our objective was to prepare products with bio-insecticide activity based on spores of Beauveria
bassiana and to evaluate its virulence, viability and adherence. The products were prepared using Beta vulgaris, Opuntia ficus-indica and Aloe vera. Beauveria bassiana spores were produced in solid substrate and
in submerged culture. All the ingredients in aqueous phase were mixed and dried in a tray drier at 35°C. The
virulence was probed on larvae of Galleria mellonella. The product´s spores was germinated in submerged
culture to evaluate the viability. The bio-insecticide product constituted by Beta vulgaris and Opuntia ficus-indica with spores obtained in submerged culture, had a virulence of 100% in seven days, a viability of
98% in two months and the adherence was 100% on glass slide and leaves of Ligustrum vulgare.
Resumen. La formulación de productos con actividad bioinsecticida debe preservar su virulencia y viabilidad por mucho tiempo. Nuestro objetivo fue preparar productos con actividad bioinsecticida a base de esporas de Beauveria bassiana y evaluar su virulencia, viabilidad y adherencia. Los productos se prepararon
utilizando Beta vulgaris, Opuntia ficus-indica y Aloe vera. Las esporas de Beauveria bassiana se produjeron en sustrato sólido y en cultivo sumergido. Todos los ingredientes en fase acuosa se mezclaron y secaron
en charolas a 35 ° C. La virulencia fue probada en larvas de Galleria mellonella. Las esporas del producto
se germinaron en cultivo sumergido para evaluar la viabilidad. El producto bioinsecticida constituido por
Beta vulgaris y Opuntia ficus-indica con esporas obtenidas en cultivo sumergido, tuvo una virulencia del
100% en siete días, una viabilidad del 98% en dos meses y la adherencia fue del 100% en portaobjetos de
vidrio y hojas de Ligustrum vulgare.
Keywords. Virulence, Viability, Galleria mellonella.
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INTRODUCTION

MATERIALS AND METHODS

Beauveria bassiana is an entomopathogenic
fungus that belongs to the class Deuteromycetes,
according to the morphology of the reproductive
structure and is commonly found infesting
a large number of species of insects, so it is
considered one of the most important insect
pathogens. Dead insects infected with Beauveria
species, have a very dense white coating formed
by the mycelium and sporulation of the fungus,
providing another source of inoculum to affect
other individuals.

CIIDIR Sinaloa IPN, México, proportionated
Beauveria bassiana BbPM. The strain was
cultivated and conserved in glass bottles of
approximately 2L with inclined PDA at room
temperature. These were the spores obtained
in solid substrate.

Beauveria bassiana is a facultative parasite,
which means that it can grow both in its host
and in culture media.1 The most common route
of penetration of the fungus is by the cuticle of
the insect, although it can occur by any part of
the insect, including the anus or mouth.2 After
the germination of the conidia in the cuticle
of the insect, the germinative tubes penetrate
the integument, by mechanical action and
enzymatic effects, passing to the haemolymph
where it attacks the tissues.3 The duration of the
different phases of the fungus cycle depends on
the species and the environmental conditions
present during the infection.4
Ultraviolet radiation and intense heat reduce
the viability of conidia in the field, being
major obstacles to the successful use of
entomopathogenic fungi in agriculture.5
Products formulation with bio-insecticide
activity has as a main purpose to preserve its
virulence and viability by long time, as well as to
maintain its easy application and to resist adverse
climatic conditions when it is applied. Therefore,
our objective was to develop a formulation of
a bio-insecticide product based on spores of
Beauveria bassiana, evaluating its virulence,
viability and adherence.
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The culture medium for obtaining spores in
submerged culture was the following: Glucose
24.8 g/L, soy flour 3.2 g/L, NaCl 0.1 g/L,
K 2HPO4 0.35 g/L, MgSO4 0 .2 g/L, ZnSO4 0
.014 g/L. The culture was carried out in 250 mL
shake flask at 150 rpm and pH 5. The spores was
counting using a Neubauer chamber in an optical
microscope at 40X.
Once the spore concentration was of 108 spores/
mL, all the culture media were centrifuged;
the solid phase was used to prepare the
bioinsecticide products.
The ingredients aggregated to the spores were
prepared as an infusion. Distilled water was
boiling during 5 minutes; then, the ingredients
were added in cubes of 2 cm on each side, left
to stand for 24 h.
The bioinsecticide products were elaborated
mixing all ingredients in equal proportions and
they were dried in a tray drier al 30°C during 24
h. A control was prepared containing only the
solids of the culture medium. Then, the dried
solids were packing in glass containers, where
the relative humidity was 30%.
Virulence tests were done washing the larvae
of Galleria mellonella with hot water at 50°C
for 3 minutes and rinse with cold water, then in
Petri dishes with moistened filter paper put the
larvae and inoculate them with a solution of the
bioinsecticide products and with the control.
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Viability tests were done using a solution of
bioinsecticide products as an inoculum of the
culture medium mentioned above. Adherence
tests were realized spraying a solution of
bioinsecticide products on glass slides and on
leaves of Ligustrum vulgare.

this is due to the formation of a very closed
matrix which prevents the passage of oxygen
to the conidia and these die, or it could be a
polymer that does not protect the conidia from
heat, causing almost total mortality.6
Packing

RESULTS

Recovery of spores
After being centrifuged the spores grown in
submerged culture are recovered as sediment, the
quantity of spores that is loosed in supernatant is
almost 1.7 x 102 spores per millilitre.
Formulation
The extract of O. ficus indica and A. vera
improved the adherence of spores in the leave´s
surface of Ligustrum vulgare
letting it to
handle (100%) drops up to 1.5 and 1 microliter
respectively, the formulation that contains
just pigment of B. vulgaris did not showed
any significant difference with the spores that
contained no additives (drops of 0.5 microliters)
had 100% of adherence.
The pigments extracted from B. vulgaris did not
showed any difference among the spores that
were covered and those who were not covered
against solar radiation (1180 luxes).

The humidity in the glass containers was 30%,
but due to the hygroscopic characteristics of
the product it acquired humidity each time
it was exposed to air, as result the powdery
presentation of the bio insecticide changed
into flakes and then into an agglomerate.
Viability
After being packed for two months the
product´s spores were cultivated in submerged
culture, the percentage of germinated spores
(viability) of each product is represented
in Figure 1. The product´s spores grown in
submerged culture had a higher viability
compared to those grown in solid substrate,
the most viable spores (98%) were those who
were covered by B. vulgaris and O. ficusindica. The formulations that contained A vera
had the lowest viability (under 40 %).

Drying
The formulations were dried and as result a
highly soluble hygroscopic powder was obtained.
The type of dried used in this work allows to
maintain the viability of the spores because they
are not exposed as high temperatures as if they
were in a spray dried, in spray dried the number
of viable conidia diminishes drastically if it is
taken into account the initial number of spores,
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Fig. 1. Viability after two months. The viability of bioinsecticide
products that contain spores of B.bassiana grown in solid
substrate are showed in blue and those made of spores of
B.bassiana grown in submerged culture are showed in red.
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Virulence
The Fig. 2 compares the virulence of the
different formulations. It shows that most of the
formulations had it 100% of effect in 10 days, but
the one formulated with spores of B. bassiana
grown in submerged culture and covered by O.
ficus-indica was the one who had the highest
virulence (100% in seven days). In the other hand,
the formulations covered by A. vera showed the
lowest virulence (100% in more than18 days),
moreover they did not develop a dense mycelium.

Fig. 2. Mortality of larvae of Galleria mellonella using
different bioinsecticide products:

spores of B. bassiana

grown in liquid medium, spores of B. bassiana grown
in solid medium, Spores of B. bassiana grown in liquid

from heat, causing almost total mortality.
In addition, the formation of a much closed
matrix which prevents the passage of oxygen
to the spore can to avoid its germination.6
Viability and virulence
The higher virulence and viability in
formulations with mucilage of O. ficus-indica
might be because it is rich in antioxidant
compounds and it has a clear protective
effect against UV-induced stress. The higher
viability of spores produced in submerged
culture, in comparison with those spores
produced in solid medium, may be because
the spores in liquid medium were used
immediately, while the spores of solid medium
were used 6 weeks after being produced.
In general, the virulence of the spores of
Beauveria bassiana alone or mixed with
some of the ingredients used in this work,
was higher than the corresponding
products prepared with spores from solid
medium. This result is in contradiction
with the known in the literature, since the
virulence of the spores produced in solid
substrate are higher than the spores produced
in submerged culture.

medium and covered by( B. vulgaris, B.vulgaris and O.
ficus-indica , X B. vulgaris and A. vera) and spores of B.
bassiana in solid medium covered by(B. vulgaris, -B.
vulgaris and O. ficus-indica , + B. vulgaris and A. vera)

DISCUSSION

Drying
The type of dried used in this work allows to
maintain the viability of the spores because they
are not exposed as high temperatures, as if they
were in a spray drying, where it could be
that a polymer does not protect the spore
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The virulence of the spores of B. bassiana
during its application on larvae for 5 days was
not affected by solar radiation at 1180 lux. In
similar way, the pigments of B. vulgaris did
not show any effect in favor of virulence of B.
bassiana at the same solar radiation.
The extract of O. ficus indica and A. vera
improved the adherence of spores in the leave´s
surface of Ligustrum vulgare letting it to handle
drops up to 1.5 and 1 microliter, respectively.
The adherence of bioinsecticide product
formulated just with pigments of B. vulgaris,
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as well as without any additive (drops of 0.5
microliters), also was of 100%. This adherence
can be attributed to the presence of solids
belonging to the mycelia of B. bassiana.
The formulations that contained extract of A.
vera had the lowest viability and virulence
because A. vera has antifungal activity
against mycelia growth.7

Tolerance to Heat and UV-B Radiation in
Metarhizium anisopliae conidia. Mycological
Research, 112, 1362-1372.
6) Rosas Ninfa. 1999. Desarrollo de formulados
asperjables de Beauveria bassiana (Balsamo
Vuillemin) utilizando diversos polímeros, Ed.
Universidad Autónoma de Nuevo León, 37 y 73.
7) Oana Rosca-Casian, Marcel Pavu, Laurian
Vlase, Mircea Tamas. 2006. Antifungal activity
of Aloe Vera leaves, Fitoterapia.78: 219-222.

CONCLUSIONS

The best bioinsecticide formulation was the one
composed by B. vulgaris and O. ficus-indica
and B. bassiana grown in submerged culture,
with the highest virulence (100% in seven
days), viability (98%) and adherence (100%
with drops of 1.5 microliters).
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Abstract. A bio-insecticide must to have high virulence and low cost to compete favorably with chemical
insecticides. Conidia and blastospores have different morphology and there are literature indicating that the
conidia are more virulent than the blastospores. However, there are literature that mentions that the virulence is similar. Therefore, our objective was to find some relation between morphology and virulence of
the infective propagules produced by Beauveria bassiana. Once the infective propagules were produced in
solid substrate and submerged culture, they were used at a concentration of 106 spores/mL, to infect larvae
of Galleria mellonella. Besides, the infective propagules were measured by means of digital image analysis.
The infective propagules more virulent were the conidia, which were smaller and more spherical than the
blastospores. The size and form, as the hydrophobic surface of the conidia can to explain a higher interaction with the larvae and therefore its higher virulence.
Resumen. Un bioinsecticida debe tener alta virulencia y bajo costo para competir favorablemente con insecticidas químicos. Los conidios y las blastosporas tienen una morfología diferente y hay literatura que indica
que los conidios son más virulentos que las blastosporas. Sin embargo, hay literatura que menciona que la
virulencia es similar. Por lo tanto, nuestro objetivo fue encontrar alguna relación entre la morfología y la
virulencia de los propágulos infecciosos producidos por Beauveria bassiana. Una vez que los propágulos
infecciosos se produjeron en sustrato sólido y cultivo sumergido, se usaron a una concentración de 106 esporas/mL para infectar a las larvas de Galleria mellonella. Además, los propágulos infecciosos se midieron
mediante análisis de imágenes digitales. Los propágulos infecciosos más virulentos fueron los conidios, que
eran más pequeños y más esféricos que las blastosporas. El tamaño y la forma, como la superficie hidrofóbica de los conidios pueden explicar una mayor interacción con las larvas y, por lo tanto, su mayor virulencia.
Keywords. Blastospores, Conidia, Bio-insecticides

INTRODUCTION

Beauveria bassiana is an Ascomycota fungus.
Nowadays, it is used as a bio-insecticide
due to the capability of infect a number of
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pests. It is a facultative parasite therefore the
development of this organism could be seen
in an artificial medium as a host organism.1
The life cycle of Beauveria bassiana consists
in two phases the pathogenic and the
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saprophytic phase. The first one involves the
adhesion that is the first contact between the
entomopathogenic fungus and the insect.

MATERIALS AND METHODS

When the spores are in the surface of the
host begins the germination development. In
addition, for correct germination the range
of relative humidity should be 92% and the
temperature between 23°C to 25°C.

CIIDIR Sinaloa, IPN, proportionated the
entomopathogen fungus Beauveria bassiana BbPM.

The spores pass to the haemolymph by
mechanical action and enzymatic effects and
attack the tissues. In appropriate conditions, the
mycelium and spores develop in the surface of
the insect. Moreover, this should be taken to
obtain an inoculum to infect other organisms.2
The infective propagules of Beauveria bassiana
can to be conidia and blastospores. The first
are produced when the fungus grows in solid
substrate and blastospores when the fungus
grows in submerged culture. Both, conidia and
blastospores have different morphology and
there are literature indicating that the conidia
are more virulent than the blastospores. In
another hand, there are literature that mentions
that virulence is similar.3
A bio-insecticide must have a high virulence
and a low cost to compete favourably with
chemical insecticides.4 The production of
blastospores of entomopathogen fungi in
a liquid medium is considered a suitable
biotechnological process from the point of
view of efficiency and profitability. Therefore,
to know the virulence of the blastospores
in relation to the conidia, is an important
factor to decide the better way to produce
it. Therefore, the objective was to find some
relation between morphology and virulence
of the infective propagules produced by
Beauveria basiana cultured in solid substrate
and submerged culture.
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Microorganism

Production of spores in PDA medium
The fungus was cultivated in potato dextrose
agar (PDA) at 22°C. The spores harvested were
extracted using Tween 80 solution at 0.5%.
Production of spores in liquid medium
The chemical composition of three liquid media is
shown in Table 1. The composition was determined
in previous experiments (data not shown), where the
size and morphology of the spores were different.
The cultures were done in shake flask at 150 rpm,
24°C during 7 days. The initial spore concentration
was 106 spores/mL. The spores were counted using
a Neubauer chamber and its size and morphology
were measured using AutoCAD software.
Virulence test
The infective propagules were used at a
concentration of spores/mL to infect larvae of
Galleria mellonella. The observation of the time
of infection in each bioassay where during 7 days.
Table 1. Components of liquid media.
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RESULTS

A bioinsecticide with high virulence is an
important factor to decide produce it, this lead
to attain a higher amount of active bioinsecticide
per unit of operating volume of a bioreactor. The
Fig. 1 shows the spore virulence, expressed as
mortality, obtained in different culture media.
Spores produced in PDA medium were more
virulent than spores produced in submerged
cultures, because the mortality of larvae was
100% in 5 days, while the spores produced in the
liquid medium 3 reach a mortality of 70% in 6
days and with the spores produced in the liquid
media 1 and 2, was 50% in 6 days.

Fig. 1. Mortality of larvae of Galleria mellonella. Larvae

Fig. 2. Length (A) and width (B) distributions of B.
bassiana spores produced in the liquid media 1 (●), 2 (●)
and 3 (●), as well as in the PDA medium (●). Lines are the
Log normal distribution of each culture.

In average, the spores produced in the liquid
medium 2 were the longest (Fig. 2A), while
the spores produced in the medium 3 were the
widest (Fig. 2B). The smallest area was of the
spores obtained in the PDA medium (Fig. 3A).
Spores produced in PDA medium also had a
lower dispersion in the fe and fa ratios (Figs. 3B
and 3C, respectively). fe is the length/width ratio
and fa is the spore area/ellipse area ratio.

infected with Beauveria bassiana spores produced in the
liquid media 1 (), 2 () and 3 (), as well as in PDA medium ().

In effect, the spores produced in different
culture media, have differences in their size and
morphology, as it is shown in the Log Normal
distributions of the Figs. 2 and 3.
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distributions and average values of length, width,
area, fe and fa ratios of these spores with those of
spores produced in PDA medium, were completely
different. In addition, the surface of spores produced
in submerged culture are hydrophilic. All these
factors explain the lower mortality occasioned by
spores produced in submerged cultures.
Fig. 3. Distributions of area (A), fe (B) and fa (C) ratios of B.
bassiana spores produced in the liquid media 1 (●), 2 (●) and
3 (●), as well as in the PDA medium (●). Lines are the Log
normal distribution of each culture.

Average values of length, width, area, fe and
fa ratios of B. bassiana spores produced in the
culture media are shown in table 2.

However, a study on larvicidal activity of
blastospores and conidiospores of Beauveria
bassiana (strain GK 2016) against age groups of
Aedes aegypti, showed that both blastospores and
conidiospores had a significant difference in their
respective larvicidal efficacy over the control.6 In
addition, significantly higher larval mortality was
observed with blastospores and conidiospores at 108
spores/mL over lower concentrations.6

Table 2. Average values of length, width, area, fe and fa
ratios el B. bassiana spores produced in the culture media.
Liquid media
1

2

3

4.783
3.901
14.69
1.347
1.026

7.570
3.956
23.42
2.012
1.000

5.122
4.310
17.33
1.156
1.027

Length (µm)
Width (µm)
Area (µm2)
fe (-)
fa (-)

PDA
medium
4.968
3.785
13.52
1.293
1.006

It is important to mention that the concentration of
spores used in bioassays can be from 105 spores/mL
to 108 spores/mL. In this work, the concentration was
106 spores/mL. This may be part of the reason that
the virulence of the spores produced in submerged
cultures, only reached 70% of larval mortality.

DISCUSSION

CONCLUSIONS

The spores of Beauveria bassiana produced in
PDA medium were more virulent than the spores
produced in submerged culture, because in 5 days
reached a 100% of mortality of larvae of Galleria
mellonella, while the spores produced in submerged
culture reached 70% of mortality in 5 days.

The infective propagules more virulent were the
conidia obtained in PDA medium. The smaller
size and morphology, as the hydrophobic surface
of the conidia can to explain a higher interaction
with the larvae and therefore its higher virulence
FUNDING AND ACKNOWLEDGMENTS

The greater virulence of the spores produced in PDA
medium is due to its hydrophobic surface,5 which
interacts with the hydrophobic surface of the larvae.
This interaction can be reinforced due to the average
smaller area of these spores (Fig. 3A).
The spores produced in the liquid medium 3, from
those produced in submerged culture, were the
most virulent, with 70% mortality at 5 days. The
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Abstract. Among the main factors determining the productivity of Beauveria bassiana spores are the composition of the culture medium and the operating conditions. Therefore, the objective of this work was to choose the
components of the culture medium and the operating conditions that influence on the spore productivity. The
selection was realized by means of a Plakett Burman experimental design, using lignocellulosic residues such
as corncob, rice husk, sugar cane bagasse, as well as wood powder, combined with rice, varying the temperature. The experiments were conducted in chambers were the relative humidity and temperature were controlled.
The software Excel was used for statistical analysis of the results. ANOVA and Pareto chart showed that the
rice concentration and the temperature had greater influence on the sporulation of the fungus. The maximum
concentration reached was 4.9 x 108 spores/g when the rice concentration was 0.2 g/g at 30°C. The maximum
productivity was 7 x 107 spores/g day.
Resumen. Entre los factores que determinan la productividad están la composición del medio de cultivo y las
condiciones de operación. El objetivo fue elegir componentes del medio de cultivo y las condiciones de operación
que influyen en la productividad de esporas. La selección se realizó mediante un diseño experimental de Plakett
Burman, utilizando residuos lignocelulósicos como mazorca de maíz, cáscara de arroz, bagazo de caña de azúcar, así como polvo de madera, combinados con arroz, variando la temperatura. Los experimentos se realizaron
en cámaras donde se controlaron la humedad relativa y la temperatura. El software Excel se usó para el análisis
estadístico de los resultados. ANOVA y gráfico de Pareto mostraron que concentración de arroz y temperatura
tuvieron mayor influencia en esporulación. La concentración máxima alcanzada fue 4.9 x 108 esporas/g cuando
la concentración de arroz fue 0.2 g/g a 30 °C. La productividad máxima fue 7 x 107 esporas/g día.
Keywords. Bioindecticide, Plakett Burman design, Conidia

INTRODUCTION

Beauveria bassiana is an entomopathogenic
fungus having the ability to cause disease and
death in insects, by means of its spores having
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unique invasion mechanisms, which adhering
to the cuticle of insects and germinating
directly through it. This action is specific
toward insects, which are agricultural pests1.
For said reasons, Beauveria bassiana is an
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excellent biological control agent. An important
purpose in any biotechnological process it is
to achieve maximum productivity. Among the
main factors determining the productivity are
the composition of the culture medium and the
operating conditions. 2
There are several methods for screening
the components of a culture medium, as
an example, is the selection of medium
components by Plackett–Burman design for
production of L (+) lactic acid by Lactobacillus
amylophilus.3 The objective in this work was
to evaluate the influence of the components
of the culture medium and the operating
conditions that have the most influence on the
spore productivity, with the purpose of select
them for optimization studies.

Table 1. Plackett-Burman array.
Exp

R

SCB

PE

T

W

CH

CC

(g/g)

(g/g)

(g/g)

(°C)

(g/g)

(g/g)

(g/g)

1

0.23

0.05

0.21

30

0.05

0.23

0.23

2

0.23

0.23

0.03

20

0.23

0.05

0.23

3

0.23

0.23

0.21

20

0.05

0.23

0.05

4

0.05

0.23

0.39

30

0.05

0.05

0.23

5

0.23

0.05

0.39

30

0.23

0.05

0.05

6

0.05

0.23

0.21

30

0.23

0.23

0.05

7

0.05

0.05

0.21

20

0.23

0.23

0.23

8

0.05

0.05

0.75

20

0.05

0.05

0.05

Exp: experiment, R: rice, SCB: sugar cane bagasse, PE: pomice
earth, T: temperature, W: wood, CH: cornhusk, CC: corn cob.

MATERIALS AND METHODS
RESULTS

There are many lignocellulose wastes to
use as substrate. The substrates used in this
work were reported in literature and mainly
for its availability.
The selection of components and operating
conditions was realized by means of a
Plakett Burman experimental design, using
lignocellulose wastes such as corncob, rice husk,
sugar cane bagasse, pumice earth, as well as
wood powder, combined with rice, varying the
temperature. The experiments were conducted
on glass slides placed inside chambers of relative
humidity and temperature controlled.
The table 1 shows the two levels, a high and a low,
for each one of the factors tested. It is important
to say that the relative humidity I all experiments
was maintained constant, at 95% +-2.5%. The
spores were counted using a Neubauer chamber.
The experiments were carried out by triplicade.
The software Excel was used for statistical
analysis of the results.

21-23 March, 2018, Mérida, Yucatán, México

The components of the culture medium that
were tested in this work were chosen according
to a literature review, where the sporulation
of the fungus was in solid substrate.
The concentrations of spores obtained in
the experiments of the Plackett Burman
arrangement, carried out in triplicate, are
shown in table II. The concentrations of
spores were of the order 10 8 spores/ml, in
experiments 1, 4 and 5, while in the other
experiments only orders of 10 7 spores/
ml were reached (Table II). The standard
deviation goes from 16% to 66%, with an
average of 42% variation with respect to the
average value.
The maximum spore concentration reached was
4.9 x 108 spores/g when the rice concentration
was 0.23 g/g at 30°C. The maximum productivity
was 7 x 107 spores/g day.
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Table 2. Spores produced in 7 days in the Plackett-Burman
experiment design.
Exp

R1

R2

R3

Mean

Std. D.

(x 107) Spores/mL
1

10

19

11

13

5

2

5

7

7

6

1

3

11

5

9

9

3

4

23

15

44

27

15

5

34

87

27

49

32

6

14

8

12

11

3

7

5

7

4

5

2

8

5

3

11

6

4

R: replicates, Std. D.: standard deviation.

The relationship between the concentration of
spores produced and the 6 components of the
tested culture medium and the temperature,
is described by the following multiple linear
regression model.

(Spores/g) = -1241162916+ 1415350827
*Rice+739880060.9*Sugar cane bagasse+
1031274438*Pumice earth+ 18669001.81
*Temperature+ 1271758563*Wood
+330679661.4*Cornhusk+703308785.5*Corncob.
With: r2 = 0.8044

This model had a prediction confidence level
of 80%, which indicates that there is a good
correlation obtained between the observed and
predicted values, as indicated by the r2 value of
0.8044.
In spite of the statistical t value was equal to
3.18, it can be see that the temperature and the
rice, at its high values, were the factors with
more influence on spore production (Figure 1).
In addition, all the other components, in its high
values, had influence on spore production too.
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Fig. 1. Pareto diagram of the standardized effects of culture
medium components and operating conditions on spore
production. t = 3.18.

DISCUSSION

The higher spore concentrations produced following
the Plackett-Burman design, were obtained in
experiments 1, 4 and 5, where the temperature was
30 °C and the rice concentration in the experiments
1 and 5 was 0.23 g/g.
The temperature of 30 °C is one of the higher
reported in literature for Beauveria bassiana, where
the spore concentration was 2x1010 spores/g. 4 This
concentration is 40 times higher than the spore
concentration obtained in this work.
In this work, the temperature of 30°C only indicated
that the temperature in its high value (30°C) influence
on the spore production, and it is not indicative that
the optimal temperature was 30°C.
It is important to take in account that the relative
humidity was maintained approximately constant,
from 94% to 97%. This relative humidity is similar
to the one that exists within the plastic bags used in
the cultivation of fungi. 5
CONCLUSIONS

The rice concentration and the temperature had
greater influence on the sporulation of the fungus.
The maximum concentration reached was 4.9 x
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108 spores/g when the rice concentration was
0.23 g/g at 30°C. The maximum productivity
was 7 x 107 spores/g day. Therefore, the rice
concentration and the temperature are the factors
selected for carry out optimization studies of the
cultivation of Beauveria bassiana.
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Abstract. Beauveria bassiana produces spores with bioinsecticide activity. The spore productivity must be high
to minimize production costs. There are several optimization methods, such as the full and fractional factorial
designs. These belong to the response surface methods that allow testing multiple independent variables in a
minimum number of experiments. In a previous work, the rice and the temperature were determined as the more
influencing factors on spore production. In this work, a 22 + star central composite design was used in order to
determine the optimal values of the rice concentration and the temperature for the spore production. The experiments were made inside chambers where the relative humidity and temperature were controlled. Excel and
Mathematica were used for the response surface analysis. The maximum concentration reached was 1.4 x 109
spores/g when the rice concentration was 0.99 g/g at 30°C. The maximum productivity was 2 x 108 spores/g day.
Resumen. Beauveria bassiana produce esporas con actividad bioinsecticida. La productividad de esporas debe
ser alta para minimizar costos de producción. Los métodos de optimización factoriales completos y fraccionados, pertenecen a métodos de superficie de respuesta, que prueban múltiples variables independientes en
un número mínimo de experimentos. En un trabajo previo, el arroz y la temperatura se determinaron como
factores influyentes en la producción de esporas. En este trabajo, se utilizó un diseño compuesto central de 22 +
estrella para determinar los valores óptimos de concentración de arroz y temperatura para producir de esporas.
Los experimentos se realizaron dentro de cámaras donde se controlaba humedad relativa y temperatura. Excel
y Mathematica se usaron para el análisis de superficie de respuesta. La concentración máxima alcanzada fue de
1.4 x 109 esporas/g cuando la concentración de arroz fue de 0,99 g/g a 30°C. La productividad máxima fue de 2
x 108 esporas/g día.
Keywords. Bioindecticide, Central composite design, Conidia.

INTRODUCTION

Beauveria bassiana is an entomopathogenic
fungus used in biologic control of insect
pest. The fungus produces spores, which
have bioinsecticide activity. The commercial
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production of Beauveria bassiana is carried
out in submerged culture and in solid
substrate. However, spores produced in
solid substrate are more virulent than those
produced in submerged culture are. In any
case, the spore productivity must be high
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to minimize the production costs. There are
several optimization methods, suchas the
full and fractional factorial designs. These
belong to the response surface methods that
allow testing multiple independent variables
in a minimumnumber of experiments.
The design can deal with several factors,
with two or more levels; and it has been
successful in optimizing culture media in
many fermentation processes. 1 Therefore,
the objective of this work was to determine
the optimal values of the temperature and
the rice concentration, to increase the
spore production of Beauveria bassiana, by
means of a central composite design.
MATERIALS AND METHODS

In a previous experiment, the temperature
and the rice were choosing as the operating
condition
andcomponent
that
more
inf luencing the spore production.
In this work, a 2 2 + star central composite
design, was used in order to determine
the optimal operating conditions and
rice concentration for fungus cultivation.
As it is shown in Table 1, each factor
(temperature and rice concentration) was
tested at two levels, four repetitions to the
center and α=1.4142.

Table 1. Encoded and real variables of the central
composite design.
E

Encoded variables
T
R

1
2
3
4
5
6
7
8
9
10
11
12

1
0
-1
-1
0
0
1
-α
+α
0
0
0

T: temperature, R: rice

Real variables
T (°C)
R (g/g)

-1
0
-1
1
+α
0
1
0
0
0
-α
0

35
30
25
25
30
30
35
21
38
30
30
30

0.23
0.51
0.23
0.8
0.99
0.51
0.8
0.51
0.51
0.51
0.03
0.51

RESULTS

The operating conditions and the component selected
to perform the optimization of the culture medium
were the temperature and the rice concentration.
The optimization was carried out using a response
surface methodology, specifically a central
composite design 22 with star and four center points.
As shown in Table 2, the spore concentration
varied from 2x107 (mean of experiments 9 and 11)
to 1.47x109 (mean of experiment 14) and the rest of
the results were distributed within this interval. The
standard deviation values were from 33% to 65% of
the mean value.
Table 2. Concentration of spores obtained in the experiments
of the central composite design.

The experiments were made in glass
slides placed inside chambers of relative
humidity and temperature controlled, as
it is indicating in Table I. The relative
humidity was maintaining from 94% to
98%. The sample was taken every 24
hours and the spores were counted with
Neubauer’s chamber. All experiments were
done in triplicate. The software Excel and
Mathematica were used for the response
surface analysis.
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Exp

R1

R2

R3

1
2
3
4
5
6
7
8
9
10
11
12

4
6
4
11
22
14
5
10
2
11
1
10

9
10
9
15
180
14
10
13
2
10
4
12

8
5
6
23
239
11
15
8
1
10
1
9

Mean
(x 107 Sporas/g)
7
7
6
17
147
13
10
10
2
10
2
10

SD
2
3
3
6
112
2
5
3
1
1
2
1

R: replica, SD: standard deviation.
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Figure 1 shows the response surface of the effect
of the temperature and rice concentration on
the production of spores. The higher the rice
concentration at temperature of 28°C, the higher
the concentration of spores produced.

Fig. 1- Response surface of the central composite design. Spore

DISCUSION
The difference in the concentration of spores
obtained in the central composite design, which
was almost 2 orders of magnitude, demonstrates the
strong influence of temperature and concentration
of rice on the production of spores, what agrees
with the work of Bhanu-Prakasha, et. al. 2
The values of the standard deviation of up to
60%, demonstrate the great heterogeneity of the
samples, which are typical of the cultures in solid
substrate, as the indicated by Jung Finkler, et al. 3

concentration as a function of temperature and rice concentration.

The model that describes the response surface is:
Spores/g = -1049297330+85315565.2x1344701923y-1389574.497x^211766193.77xy+2554059321y^2
Where:
x: temperature (°C), y: rice concentration (g/g)
Figure 2 shows the optimal temperature according
to the response surface of the central composite
design. There was an exponential relationship
of the spores produced as a function of the rice
concentration. The mathematical model between
these two variables is the following:
With: r2 = 0.9744
Where:
y: spore concentration (spores/g), x: rice
concentration (g/g)

The response surface shows that by increasing
the concentration of rice, the production of
spores increases exponentially. In fact, when
the substrate concentration is higher, a greater
number of spores is produced each time. This is
because a hypha produces more than one spore.
Then, the higher the growth, the greater the
number of spores. 4
CONCLUSIONS
The maximum concentration reached was 1.4
x 109 spores/g when the rice concentration was
0.99 g/g at 30°C. The maximum productivity
was 2 x 108 spores/g day.
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Abstract. Ultrafiltration process has been used to concentrate biological molecules like proteins, DNA
and others. Greek yogurt is a product with at least 9 % wet basis content of protein while traditional
yogurt has around 3 % of protein. High levels of protein in Greek yogurt can be reached by long time ultrafiltration or adding dry dairy solids in the culture medium. In this work, three different formulations
were developed for yogurt production. One liter of whole milk was supplemented with skimmed dehydrated milk obtaining yogurt with 0%, 8 % and 10 % of dairy solids. Yogurt obtained from fermentation
was concentrated with 8 kDa pore size ultrafiltration membrane. This pore size was used to retain 100
% of proteins and reach the protein level required for Greek yogurt.
Resumen. El proceso de ultrafiltración ha sido utilizado para concentrar moléculas biológicas como
ADN, proteínas y otros componentes. El yogurt griego es un producto con al menos 9% de proteínas en
base húmeda mientras que el yogurt tradicional contiene alrededor del 3% de proteínas en el producto
final. Los altos niveles de proteína que contiene el yogurt griego pueden ser alcanzados por un tiempo
largo de proceso de ultrafiltración o por la adición de solidos lácteos en la formulación del medio de
cultivo. En este trabajo se desarrollaron tres diferentes formulaciones para la producción de yogurt. Un
litro de leche entera fue suplementada con leche descremada en polvo obteniendo yogurts adicionados
con 0, 8 y 10% de sólidos lácteos. El yogurt obtenido fue sometido a un proceso de ultrafiltración con
una membrana de 8 kDa de tamaño de poro. Se utilizó este tamaño de poro para retener el 100% de las
proteínas contenidas en el yogurt y alcanzar los niveles de proteína para el yogurt griego.
Keywords. flux, retentate, permeate, MWCO, fermentation.
INTRODUCTION

Application of ultrafiltration (UF) in the dairy
industry has been reviewed by several authors.2
The use of UF to concentrate and separate
cow milk is widely recognized. Nowadays, the
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production of low sodium and low lactose milk
products has been increased.
During ultrafiltration process, molecules with
molecular size lower to MWCO (molecular
weight cutoff) pass through a semipermeable
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membrane, while molecules with molecular
size bigger to MWCO are retained by the
membrane. In the case of milk ultrafiltration,
non-protein nitrogen and soluble components,
such as lactose, salts and some vitamins pass
through the membrane, whereas milk fat,
proteins and colloidal salts are retained.

Where Pinlet, Poutlet are the inlet and outlet
pressures of the ultrafiltration module and P p
is permeate pressure.
The aim of this research was the production of
Greek yogurt by ultrafiltration membrane of 8 kDa.
MATERIALS AND METHODS

Ultrafiltration process is dominated by two
main factors: membrane characteristics and
operating conditions. The characteristics
of membrane help us to know parameters
like filtration area, MWCO and membrane
resistance. While operation conditions allow to
measure parameters as transmembrane pressure
and flux permeate.
The ultrafiltration model for batch process can be
described as follows:
𝑡𝑡

𝑉𝑉𝑓𝑓 = 𝑉𝑉𝑓𝑓,0 − ∫ 𝐽𝐽𝐽𝐽𝐽𝐽𝐽𝐽
0

Where Vf is the retentate, Vf,0 represents the feed
volume, J is the permeate flux, A the filtration
area and t refers to time.
Permeate flux J is described as follows:

𝐽𝐽 =

∆𝑃𝑃𝑇𝑇
𝑅𝑅𝑚𝑚 + 𝑅𝑅𝑐𝑐𝑐𝑐

Where is the transmembrane pressure, Rm the
membrane resistance and Rcp the concentration
polarization resistance.
Membranes are operated by crossflow,
transmembrane pressure and it is described as
follows:

∆𝑃𝑃𝑇𝑇 =

𝑃𝑃𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 − 𝑃𝑃𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
− 𝑃𝑃𝑝𝑝
2
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Chemical analysis
Raw material, concentrate and permeate
products were analyzed in triplicate according
to standard methods. 4 The total protein content
was calculated by determination of total nitrogen
according to Kjeldahl method. The fat content was
measured using the Gerber method. Total solids
were determined by weight difference, drying
the samples in an oven at 70 ± 1 °C during 24
h. Ash content was measured weighting samples
contained in porcelain crucibles and incinerated
in a muffle furnace at 520 °C. The determination
of yogurt syneresis was carried out after 12 h of
cold storage at 4 °C.
Fermentation process
For each culture of yogurt production, 1 L
of homogenized and pasteurized milk was
added with dehydrated milk to increase protein
concentration to reach 8 and 10 % of total
solids in the fermentation medium. The mix
of Lactobacillus bulgaricus and Streptococcus
thermophilus were grown in whole milk to 37°C
for 6 h. afterward the culture was refrigerated and
stored, the culture was used like inoculum. The
bioreactor was inoculated with 50 ml of the total
volume of milk. The reactor was set in a water
bath at 42°C as the optimum temperature for the
fermentation. Batch cultures were carried out
using two different concentrations of 8% and 10%
and without added dairy solids, each one tested at
three different fermentation times 4, 12 and 24 h.
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Ultrafiltration process
The Laboratory-scale UF system consisted in a
feed tank for yogurt, a Masterflex peristaltic pump
(Cole-Parmer Instrument Co., Chicago, IL, USA)
for yogurt recycling, two pressure gauges to monitor
inlet and outlet pressures as can be seen in Figure
1, a UF module with ceramic membrane of 8 kDa
molecular weight cut-off (MWCO) (Model L01-300)
purchased from Likuid Nanotek, San Sebastian,
Spain, and a container to collect and measure the
permeate. The UF process was started by pumping
the yogurt at 42°C through the membrane module
while maintaining inlet pressure around 220 kPa.
Permeate volume was monitored continuously to
determine reduction in yogurt volume.

to increase levels of protein. Protein content
in milk are mainly caseins with molecular size
around 360 kDa, while lactalbumin is around 16
kDa. These proteins constitute around 80% and
15% of total milk proteins, respectively. In this
work, 8 kDa MWCO membrane was selected to
retain 100% of the proteins in the concentrate to
achieve required levels of protein content in the
Greek yogurt product.
Fermentation process
Once the reactor was set, experiments were
carried out to determine optimum fermentation
time for yogurt production. Samples were taken
for triplicate at 4, 12 and 24 h. Lactic acid was
monitored to determinate cell growth. Results
obtained are shown in Figure 2.

Concentration (g lactic acid/L)

25

Figure 1. The laboratory-scale ultrafiltration system.
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The volume concentration ratio (VCR) was
calculated as follows:

𝑉𝑉𝑉𝑉𝑉𝑉 =

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣 𝑜𝑜𝑜𝑜 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 (𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟)𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣𝑣

RESULTS AND DISCUSSION

Greek yogurt production requires high level of
protein concentration by elimination of water or
addition of dairy solids in the fermentation process
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Figure 2. Kinetic of lactic acid production.
Figure 2 shows the results of lactic acid
production during the fermentation of yogurt.
Sample at 24 h shows the highest level of
lactic acid. A criterion to fermentation stop was
sensorial test. After 6 h the product has been
observed not suitable for consumption. Exactly
to 6 h was chose as the optimum fermentation
time for further ultrafiltration experiments.
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Ultrafiltration process

Table 1: Retentate and permeate composition with different
levels of dairy solids.

The first stage in ultrafiltration process was the
membrane characterization of 8 kDa pore size
to obtain values of membrane and concentration
polarization resistance. Membrane resistance
was obtained pumping water through the
membrane module whereas pressure drop and
permeate volume were monitored obtaining a
R m value of 2.5x105 kPa s/m.
Concentration polarization resistance was
determined pumping whole milk through the
membrane module until it reached null f lux
permeate and maximum operation pressure
of membrane 1000 kPa, obtaining a Rcp value
of 4.76x10 9 kPa s/m.
The ultrafiltration process was carried out
in a batch system using samples of yogurts
produced by fermentation with different
formulations. The yogurt was collocated
in a tank set in a water bath at 42°C to
keep the temperature during the process.
The temperature is an important parameter
because yogurt viscosity decreased when
process temperature is around 40 to 45°C.
Low viscosity values increased f lux of
permeate with transmembrane pressures
around 240 kPa.
Yogurt was concentrated by ultrafiltration
(UF) to volume concentration ratios (VCR)
of 1.33 to 0%, 1.42 to 8% and 1.53 to 10% of
dairy solids.
The retentates and permeates were analyzed
to determine chemical composition of fat,
protein, ash and lactose as shown in Table
1. Changes in the retentate composition
of some constituents of yogurt during UF
are expressed as %(w/w) of the CF for each
individual component as a function of the CR.
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As shown in Table 1. VCR values of yogurt
were increased by 1.33, 1.42 and 1.53 for
each different formulation. Protein, fat and
other constituents increased proportionally
in the retentate. In the case of yogurt without
dairy solids, CF for proteins was 86.11%,
lactose 47.61%, ashes 11.91% and fat 99.43%.
Yogurt with 8% of dairy solids showed a
CF for proteins of 59.72%, lactose 60.92%,
ashes 46.41% and fat 93.59%. Finally, using
yogurt with 10% of dairy solids CF value for
proteins was 97.47%, lactose 34.73%, ashes
49.15% and fat 94.76%
As shown in Table 1. fat content in retentate
was around 100% with different formulations.
However, in the case of proteins, values
between 59 and 97% of CF were obtained.
These values were low in comparison
with fat because proteins are required for
microbiological growth and amino acids
liberated pass through the membrane module.
CONCLUSIONS

The use of membranes with MWCO lower
than milk proteins decreased the quantity of
dairy solids added for yogurt elaboration.
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Control of temperature at 42°C in ultrafiltration
favored the process due to the decrease of yogurt
viscosity.
The optimum fermentation time was a 6 h
obtaining Greek yogurt with 9.1% of the protein
content.
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