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Abstract

This work aimed to evaluate the effect of xanthan gum and
ascorbic acid on the techno-functional properties of
bean/corn composite flour for producing and evaluating a
pound cake. The composite flours were formulated with
bean flour (80%) and nixtamalized corn flour (20%) using
xanthan gum and/or ascorbic acid in different
concentrations (0, 0.25 and 0.50%). The different flours
composed of beans/corn were evaluated for their water
absorption capacity (2.68 to 3.84 g/g), oil absorption
capacity (1.14 to 1.43 g/mL) and swelling capacity (10.57
to 10.98 mL/g). The different flours composed of
beans/corn were used for the production of pound cakes.
As the content of xanthan gum and/or ascorbic acid
increased, the different pound cakes presented better
weight, volume and volume index. Likewise, the
nutritional quality of the pound cake is improved,
compared to the flour used individually.

Water absorption, Food innovation, Compound flour,
Techno-functional properties

Resumen

El objetivo de este trabajo fue evaluar el efecto de goma
Xantana y 4&cido ascorbico sobre las propiedades
tecnofuncionales de harina compuesta de frijol/maiz para
la produccion y evaluacion de un panqué. Las harinas
compuestas fueron formuladas con harina de frijol (80%) y
harina de maiz nixtamalizada (20%) usando goma xantana
y/o &cido ascérbico en diferentes concentraciones (0, 0.25
y 0.50%). A las diferentes harinas compuestas de
frijol/maiz se les evalud la capacidad de absorcion de agua
(2.68 a 3.84 g/g), capacidad de absorcién de aceite (1.14 a
1.43 g/mL) y capacidad de hinchamiento (10.57 a 10.98
mL/g). Las diferentes harinas compuestas de frijol/maiz
fueron utilizadas para la produccion de panqué. Conforme
se incrementd el contenido de goma xantana y/o acido
ascorbico los diferentes panqués presentaron mejor peso,
volumen e indice de volumen. Asimismo, la calidad
nutricional en el panqué se ve mejorada, en comparacion
con las harinas utilizadas de manera individual.

Absorcién de agua, Innovacion de alimentos,
Propiedades tecnofuncionales
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Introduction

Bread is a staple in the diet of a large segment of
the world's population. Baking products are well-
established throughout the world due to their low
cost and ease of preparation, in addition, there is
a wide variety of products with desirable sensory
attributes and different nutritional properties
(Alkandari et al., 2019). The production and
consumption of this product have increased with
the growth of the population. The per capita
consumption of bread is related to the culture of
different countries (Kheiralipour and Sheikhi,
2021). For example, in Mexico, the per capita
consumption per person per year of bread is 33.5
kg. From 70 to 75% of the population consumes
the presentation of white bread and the rest
consume sweet bread, cookies, and cakes
(Secretaria de Economia, 2022). Native flour
from cereals and legumes is the basis of the
baking industry since they are relatively cheap
compared to purified products, such as starches,
protein isolates and concentrates, and chemically
or physically modified flours. The techniques are
used to improve the flours' techno-functional
properties and nutritional quality. On the other
hand, the incorporation of legume flours in
traditional cereal-based foods (bread, pasta,
cookies, etc) improves the nutritional quality of
the products, this combination is increasingly
recurrent and gives rise to new products with
techno-functional properties. different (Stone et
al., 2019). The functional properties of a food
material affect the way it interacts with other food
components and determine its application and
end use. Therefore, foods with good functional
properties can be easily incorporated into other
foods and will produce good quality and
acceptable final products (Ocheme et al., 2018).

The absence of gluten in legume flours
causes water solubility problems, and differences
in the primary structure and particle size
distribution, in flour, dough and final product, in
contrast to the viscoelastic properties of wheat
gluten.

When combining both flours there are
problems of contrasting differences between the
proteins.
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The addition of legume proteins that do
not form gluten networks causes the dilution and
subsequent weakening of the wheat dough. Weak
interactions between legume and wheat proteins
reduce the viscoelasticity of the dough and affect
air entrainment and gas retention during
fermentation, resulting in bread with poor crumb
structure and texture (Bojnanska et al., 2021).

Xanthan gum (XG) and ascorbic acid
(AA) can be used to improve the properties of the
bread dough. The addition of XG results in a
significant improvement in color, appearance,
flavor and general acceptability (Salehi, 2019), in
addition, it strengthens the dough by forming a
strong interaction with gluten proteins (Wu et al.,
2022). AA has been widely used to strengthen the
gluten network, it contributes to maintaining the
stability and strength between gluten proteins,
due to the generation of new disulfide bonds.
When AA is mixed with the dough, in the
presence of oxygen it is modified to its oxidizing
form, dehydro-L-ascorbic acid, which makes it
possible to produce bread with a greater volume
and structure with a finer and more uniform
crumb (Franco et al., 2022).

The development of new bakery products
partially or completely substituting wheat flour is
a great technological challenge that is still under
investigation, with the aim of generating greater
added value to legumes, which are rich in protein
and which, being mixed with cereals, such as
corn, it can balance the nutrient content.

Under this context, the objective of this
work was to evaluate the effect of xanthan gum
and ascorbic acid on the techno-functional
properties of bean/corn flour for the production
and evaluation of a pound cake.

Materials and methods

The present investigation was carried out in the
National Institute of Forestry, Agriculture and
Livestock Research (INIFAP) food laboratory,
Zacatecas Experimental Field (22°54' N, 102° 39
W) with an altitude of 2 197 masl. Three levels
of xanthan gum (XG) (Sigma Aldrich catalog
G1253) and three levels of food-grade ascorbic
acid (AA) (Sigma Aldrich catalog A5960) were
evaluated, added to a mixture of corn and bean
flour at a ratio of 80/20, respectively.

FIGUEROA-GONZALEZ, Juan José, SERVIN-PALESTINA,
Miguel and CID-RIOS, José Angel. Evaluation of xanthan gum
and ascorbic acid in the physicochemical properties of bean/corn
flour and pound cake. Journal of Environmental Sciences and
Natural Resources. 2023



Article

3

Journal of Environmental Sciences and Natural Resources

The experiment was arranged in a 32
factorial design (Table 1) and the water
absorption capacity (WAC) and oil (OAC) and
swelling capacity (SC) were determined in
triplicate in the flours. Subsequently, with the
flours of each of the treatments, a pound cake was
prepared and characterized by a physical-
chemical analysis.

Treatment of Xanthan | Ascorbic acid
flours composed of  gum (%) (%)
beans/corn
T1 0 0
T2 0 0.25
T3 0 0.50
T4 0.25 0
T5 0.25 0.25
T6 0.25 0.50
T7 0.50 0
T8 0.50 0.25
T9 0.50 0.50

Table 1 Xanthan gum (XG) and ascorbic acid (AA)
treatments for incorporation into bean/corn flour (B/C)

Obtaining flour

Commercial nixtamalized corn flour (M)
(Maseca®) was purchased in the local market.
The bean grain flour was obtained from the Pinto
Saltillo variety (Figueroa-Gonzalez et al., 2015).
Impurities were removed from the grain, washed
with drinking water, and dried in a drying oven
(Drying oven DHG-9145% Lab Drying
Equipment, Zhejiang, China) at 30 £ 2 oC until
reaching a humidity between 10 and 12 %.
Subsequently, it was ground in a food processor
(NutribulletTM, NB-101B, Hong Kong, Ltd.,
Guandong, China) and sieved with a No. 50 mesh
(Industrial and Commercial Supplies
Manufacturers, St. Louis, MO, USA). USA).
Finally, the flour was packed in plastic bags and
stored until its use.

The mixture was prepared by
incorporating 80% bean flour and 20% corn
flour. Subsequently, the percentage of GX and
AA was added according to each treatment
(Table 1) and mixed until a homogeneous
mixture was obtained. These mixtures were
analyzed to obtain their techno-functional
characteristics and were used for the production
of the pound cake.

ISSN: 2444-4936
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Techno-functional properties in flours

To determine the water absorption of the meals
(WAC) of each treatment, Du et al. (2014)
described the centrifugation method. 3 g of flour
was diluted in 25 ml of distilled water. The
solution was shaken in a vortex (Vortex-Genie 2
Model, Scientific Industries, INC. Made in USA)
for 1 min and left to rest for 5 min. The process
was repeated 6 times until a homogeneous
mixture was reached (approximately 30 min).
Subsequently, the solution was placed in
previously tared 50 ml centrifuge tubes and the
weight of the sample of each tube was obtained
with a balance (AND Model, HR-200. Made in
Japan). The tubes were placed in a centrifuge
(Eppendorf AG, 5702R. Made in Germany) at
3000 xg for 30 min at 20 °C. Finally, the
supernatant was decanted, excess moisture was
removed by drainage for 25 min at 50 °C, and the
sample was weighed again.

For oil absorption (OAC) 2.5 g of flour
was used and mixed with 30 ml of soybean oil
placed in centrifuge tubes, previously weighed. It
was shaken in a vortex for one minute and left to
rest for 30 min. After 30 min, the tubes were
centrifuged at 3000 xg for 30 min at 20 °C. The
oil was then removed with a pipette; the tubes
were inverted for 25 min to drain the oil before
reweighing.

Determinations were made in triplicate
and WAC and OAC were expressed in grams of
water per gram of sample on a dry basis (g g?)
and milliliters of oil per gram of sample on a dry
basis (mL g?), respectively.

Swelling capacity (SC) in flours, that is,
the capacity of the product to increase its volume
in the presence of an excess of water, was
determined with the method described by Umaria
et al. (2013). 2.5 g of sample was weighed in a
graduated cylinder and 30 ml of water was added
and shaken manually. It was left to rest for 24 h
at room temperature and then the final volume
(V) of the sample in ml was measured. The SC
was determined by relating the V¢ between the
weight of the sample expressed in ml g2, it was
obtained by applying the following formulation:
SC = (Vs (ml)/sample weight g).

FIGUEROA-GONZALEZ, Juan José, SERVIN-PALESTINA,
Miguel and CID-RIOS, José Angel. Evaluation of xanthan gum
and ascorbic acid in the physicochemical properties of bean/corn
flour and pound cake. Journal of Environmental Sciences and
Natural Resources. 2023
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Pound cake formulation

Pound cakes were made using each of the nine
flour mixtures, added with GX and AA that
corresponded to each treatment, they were made
according to the protocol of Figueroa-Gonzalez
et al. (2015). First, canola vegetable oil (7.9%)
was added to a container and mixed with sugar
(7.9%) for 2 min and then egg yolk (4.7%) was
added and mixed for 1 min. Then the flour
mixture (Table 1), sodium bicarbonate (0.8%)
and salt (0.1%) were added and all the ingredients
were incorporated, mixing for 1 min.

Afterward, milk (15.7%) and vanilla
(0.5%) were added and mixed for 1 more min,
then egg white (10.0%) was added and beaten
until a homogeneous mixture was obtained.
Finally, the mixture was poured into molds and
baked in a home stove (Bosch gas stove Mod. P4,
Mexico) at 250 °C for 40 min. The molds were
previously prepared, greased and covered with
bean flour to prevent the dough from adhering to
the walls during baking. After the pancake was
baked, it was left to rest in the oven for 15 min,
unmolded and packed in cellophane bags for
further analysis.

Physicochemical analysis of pound cake

Three-pound cakes were taken from each
treatment, and the weight of each pound cake
(PP; g) was measured with an analytical balance
and volume (VP; cm?®) by the seed displacement
method (Tan et al., 2011). With a vernier, the
height of the pound cake was measured at 3
different points (B, C and D). Where C is the
height of the center point of the pound cake and
points B and D are the height of the pound cake
2.5 cm always to the left and right of the center
point (C) of the pound cake, respectively. It was
estimated in specific volume, which is the VP
relationship between PP expressed in (cm®/g) and
volume index, which is the average of points B,
C and D (Turabi et al., 2008). A proximal
chemical analysis was also performed, which
included: moisture content, ash, fat, protein, and
dietary fiber, determined by the methods
described by the AOAC (2002). Carbohydrate
content was calculated by difference.

ISSN: 2444-4936
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Statistic analysis

All the determinations were carried out in
triplicate and were analyzed using a 32 factorial
design, where factor 1 was the concentration of
XG, factor 2 was the concentration of ascorbic
acid, both factors with three levels. Significance
was set at p<0.05 (SAS version 9.4, SAS Institute
Inc., NC, USA).

Results and discussion
Techno-functional characteristics of flours

The simple effects of both factors studied on the
water absorption capacity (WAC), oil absorption
capacity (OAC) and swelling capacity (SC) were
linearly proportional to the concertation of GX
and AA, that is, a increase in the values of the
three variables studied by increasing the
percentage of GX and AA in the flours. In WAC,
there was a significant difference (p<0.05) when
adding separately the GX or the AA to the
different flours. When the GX was mixed with
AA, the WAC for the different B/C did not
present significant differences (p>0.05). The
maximum value of WAC was observed at T9,
although there was no significant difference
(Table 2). Du et al. (2014) reported for different
bean flours 1.12 to 1.89 g/g of WAC. In pea flour
with different particle sizes, WAC values of 1.75
to 2.12 g/g were presented (Bala et al., 2020).
Furthermore, =~ WAC increases as the
concentration of AA in rice flour increases. When
WAC increases, this can be attributed to the AA
removing some proteins around the starch
granules of the rice flour. This makes
amylopectin molecules absorb more water and
amylose molecules easily dilute in solutions
(Trithavisup and Charoenrein, 2016). WAC is a
function of flour components capable of
hydration and their specific water retention
capacity (Fu et al., 2017). Therefore, millers and
bakers invariably prefer flours that possess high
water absorption and good dough strength
(Sapirstein et al., 2018).

The OAC presented a highly significant
interaction (p>0.05) in the different B/C (Table
2). The OAC in the different flours increases as
the concentration of AA and/or GX increases,
observing a greater increase when the GX
increases.

FIGUEROA-GONZALEZ, Juan José, SERVIN-PALESTINA,
Miguel and CID-RIOS, José Angel. Evaluation of xanthan gum
and ascorbic acid in the physicochemical properties of bean/corn
flour and pound cake. Journal of Environmental Sciences and
Natural Resources. 2023
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The increase in OAC in the different B/C
flours, mainly in T8 and T9 flours can be
attributed to the presence of a non-polar side
chain, which could join the oil hydrocarbon side
chain between the different flours (Chandraetal.,
2015). In chickpea and lentil flours, values of
0.71t0 0.81 and 0.91 to 1.02 g/mL of OAC were
presented, respectively (Aguilera et al., 2009).

The ability of flours to bind with oil
makes them useful in food applications where
optimal oil absorption is desired, giving flours
potential functional applications in foods such as
the production of cakes, and sausages (Awuchi et
al., 2019). The oil provides a smooth texture and
good flavor to foods. Therefore, OAC by food
products improves mouthfeel and flavor
retention. A high OAC is valuable in ground meat
formulations, meat substitutes and extenders,
donuts, muffins, and soups (Amandikwa et al.,
2015). Likewise, excellent properties of OAC
also allow, not only the formulation of compound
flours but also, to reduce the amount of fat in the
processing of different foods.

Swellability capacity is considered a
measure of quality in some food products, such
as bakery products. It is an indication of the non-
covalent bond between the molecules of the
starch granules and also one of the factors of the
ratios of a-amylose and amylopectin (Awuchi et
al., 2019). The SC of starch depends on the
ability of starch molecules to form hydrogen
bonds with water. The eating quality of food is
often related to the retention of water in the
swollen starch granules, which is called SC
(Kemashalini et al., 2018). The analysis of
variance detected a significant interaction
(p<0.05) between the levels of GX and AA
concerning SC (Table 2). The highest SC was in
the T9 mix (GX/AAoson50) and the lowest SC
was present in the T1 (GX/AAqn). SC increased
as GX concentration increased. In bean flour, a
swelling capacity of 3.7 mL/g (Umafia et al.,
2013) and 2.90 mL/g (Pedrosa et al., 2020) was
presented.

The addition of hydrocolloids can
considerably increase the shear forces exerted on
the swollen granules in the centrifuged phase
compared to the forces present in water and
starch suspensions. These increased forces can
increase SC, granule breakdown, and the amount
of exuded material in the continuous phase
(Belorio et al., 2020).
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Structural changes inside the starch
granules may be responsible for the increase in S.
C. When starch gelatinizes at a certain
temperature, the molecular organization is
disrupted within the granules and interactions
between starch molecules and water molecules
increase, resulting in a considerable increase in
SC (Ngoma et al., 2019).

Factor/interaction WAC OAC SC(mL
XG concentration
XGo 2.68¢ 1.21b 10.57¢
XGo.25 3.21b 1.30a 10.76b
XGo 50 3.56a 1.31a 10.89a
MSD 0.0672 0.036 0.0364
p>F <.0001 | <.0001 | <.0001
AA concentration
AAy 2.97b 1.16b 10.64c
AAo s 3.01a 1.31a 10.76b
AAo 50 3.47a 1.34a 10.82a
MSD 0.0672 | 0.0360 0.0364
p>F <.0001 | <.0001 | <.0001
XG x AA interaction
T1 2.47a 1.14e 10.4g
T2 2.53a 1.21d 10.60f
T3 3.04a 1.29c 10.73e
T4 3.04a 1.27c | 10.74de
T5 3.04a 1.34b | 10.78cd
T6 3.54a 1.29b | 10.76cd
T7 3.41a 1.09e 10.81c
T8 3.45a 1.38b 10.90b
T9 3.84a 1.43a 10.98a
MSD 0.0958 | 0.0514 0.0519
p>F 0.2849 | <.0001 | <.0001

Table 2 Techno-functional properties in flours composed
of beans/corn (B/C) added with xanthan gum (XG) and
ascorbic acid (AA). Mean values with different letters are
statistically different based on the minimum significant
difference (MSD) of Fisher's test with p<0.05

Physicochemical properties of pound cake
Physical analysis on B/C pound cake

The analysis of variance detected a significant
interaction (p<0.05) between the levels of XG
and AA for the weight of the different B/C pound
cakes. The weight was 90.1 + 1.65, 89.7 + 0.23
and 86.9 £ 0.14 g for T8, T9 and T7, respectively.
The T1 presented 77. 4 £ 2.05 g of weight (Figure
1a). The increase in weight of the pound cake is
observed when a higher concentration of XG is
used and when the same quantity of XG and AA
is used. In bread made with wheat flour, 340.3 £
1.84 g have been reported, while in bread added
with AA, 336.9 = 0.85 g of weight was reported
(\Vartolomei and Turtoi, 2021).
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The volume in cakes indicates the amount
of air that can be retained in the final product after
baking. Higher gas concentration and higher
product expansion lead to higher volume. The
total volume of cakes made with taro-wheat
composite flour presented a volume of 222 to 351
ml (Kumar et al., 2015). The total volume of the
pound cake increased when the highest
concentration of XG was used, this clearly
indicates that the XG allows greater air retention
in the pound cake flour, compared to the use of
AA (Figure 1b).

The pound cake volume index (Figure 1c)
increased when the highest concentration of XG
was used, as well as when the concentration of
XGIAA0 251025 (T5) was used, indicating a higher
gas retention capacity when using these
concentrations of XG and AA. Segundo et al.
(2017) made cakes with wheat flour and
substituted 20 and 40% with banana flour,
reporting specific volume values of 4.27, 3.93
and 3.89 cm3/g for the control (wheat flour),
banana flour 20 and 40%, respectively.

The weight, volume and volume index
increase as the value of the techno-functional
properties of the different B/C flours increases, in
this way, the physical properties of the final
product after baking are improved. In pieces of
bread made from wheat flour and added with AA
(0.01%), both the weight and the specific volume
increase. This has been attributed to the
strengthening of the gluten network and its better
ability to retain the gas formed (Franco et al.,
2022).

Figure 1 Physical properties of bean pound cake with corn
(B/C) added with xanthan gum (XG) and ascorbic acid
(AA). 1a) weight of the pound cake, 1b) total volume of the
pound cake and 1c) index of the volume of the pound cake.
The wvertical bars indicate the minimum significant
difference (MSD) of the Fisher test with p<0.05. Similar
letters are not significantly different
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Proximal chemical analysis in B/C pound cake

The bean flour presented an ash content of 3.9%,
fat 1.5%, protein 21.9%, dietary fiber 22.5% and
carbohydrates 50.2%. The corn flour presented
1.5% ash, 4.6% fat, 8.3% protein, 0.6% dietary
fiber and 75.0% carbohydrates.

The analysis of variance detected a
significant interaction (p<.0005) between the
levels of XG/AA with respect to the ash, fat and
dietary fiber content of the different B/C pound
cakes (Table 3). The amount of ash ranged
between 2.2 and 3.5%. The ash content refers to
the general content of minerals present in the
different B/C pound cakes. The different types of
B/C pound cakes had fat and carbohydrate
content of 17 to 18.7% and 47.6 to 49.4%,
respectively. Ramirez-Jiménez et al. (2018)
reported 3.89% ash, 14.82% lipids, and 20.84%
total dietary fiber for snack bars made with
bean/oat flour. Adeyeye et al., (2017) reported in
corn flour 1.36% ash, 1.58% fat and 1.33% crude
fiber. In corn meal and soy protein isolate (70:30)
they reported 0.69, 0.59 and 0.54% ash, fat and
crude fiber, respectively. Flours composed of
corn and non-toxic jatropha were used for the
production of tortillas, which presented from 0.70
to 2.08% ash, 3.14 to 3.95% fat and 0.8 to 1.98%
fiber (Arguello-Garcia et al., 2017).

Factor/interaction Ash Fat Dietary
fiber

XG concentration

XGy 2.6a 17.7a 15.3¢
XGoso 2.7a 17.8a 15.7a
MSD 0.23 0.39 0.25
p>F 0.02 0.48 0.0037
AA concentration

AAy 2.4b 17.5a 15.7a
AAo s 2.4b 17.7a 15.5b
AAoso 2.8a 17.9a 15.4b
MSD 0.2269 0.3984 0.2526
p>F 0.0012 0.0557 0.0431
T1 2.8b 17.0e 15.8a
T2 2.5bcd 17.5cde 15.0a
T3 2.6bc 18.7a 15.2a
T4 2.4cd 17.9bc 15.4a
T5 2.4cd 17.3de 15.6a
T6 2.5bcd 17.5cde 15.5a
T7 2.2d 17.6bcd 15.8a
T8 2.5bcd 18.2ab 15.8a
T9 3.3a 17.5cde 15.5a
MSD 0.3235 0.5680 0.3601
p>F 0.00 0.0001 0.0054

Table 3 Chemical composition (% 100 g sample) in B/C
pound cake (80/20%) with different concentration of
XG/AA. Mean values with different letters are statistically
different based on the minimum significant difference
(MSD) of Fisher's test with p<0.05
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The analysis of variance did not detect a
significant interaction (p>.0.0005) between the
levels of XG/AA to protein and carbohydrate
content (Table 4). The protein presented values
from 15.5 to 16.2% and the carbohydrate content
was from 47.6 to 49.4% in the different samples
of B/C pound cakes. Figueroa-Gonzéalez et al.
(2015) reported a protein value of 15.1% and
36.4% carbohydrates in Bayo Zacatecas bean
pound cake (80%) mixed with wheat flour (20%).

Factor/interaction | Protein  Carbohydrates |
XG concentration 15.6a 48.8a
GXo
GXo.25 15.9a 48.6a
GXo.50 16.0a 47 .8a
MSD 0.6178 0.9098
p>F 0.2885 0.0708
AA concentration
AAo 15.8a 48.6a
AAo.2s 15.8a 48.6a
AAos0 15.9a 48.0a
MSD 0.6178 0.9098
p>F 0.9575 0.2151
T1 15.5a 48.9a
T2 15.6a 49.4a
T3 15.8a 47.7a
T4 15.8a 48.5a
T5 16.2a 48.5a
T6 15.8a 48.7a
T7 16.2a 48.2a
T8 15.7a 47.8a
T9 16.1a 47.6a
MSD 0.8809 1.2972
p>F 0.5384 0.1898

Table 4 Chemical composition (% 100 g* sample) in B/C
pound cake (80/20%) with different concentration of
XG/AA. Mean values with different letters are statistically
different based on the minimum significant difference
(MSD) of Fisher's test with p<0.05

Conclusions

The use of hydrocolloids such as xanthan gum
and ascorbic acid can be used in the preparation
of these products to replace and reduce the
content of sugars or fats, which, in turn, allow the
production of bread with the appropriate sensory
and physical characteristics for the consumer.
Flours made from beans and corn can be an
option for the development of foods and even for
the production of gluten-free pound cakes, with
the purpose of increasing the protein quality and
dietary fiber in this type of food.

Acknowledgments

This study was financed in part by Fundacion
Produce Zacatecas, A.C., through the project

with  SIGI  number: 101641753 called
"Development of bean  agro-industrial
processes".

ISSN: 2444-4936
ECORFAN® All rights reserved.

June 2023, Vol.9 No.23 1-9
References

Adeyeye, S. A. O., Adebayo-Oyetoro, A. O., &
Omoniyi, S. A. 2017. Quality and sensory
properties of maize flour cookies enriched with
soy  protein  isolate. Cogent Food &
Agriculture, 3(1), 1278827.
https://doi.org/10.1080/23311932.2017.1278827

Aguilera, Y., Esteban, R. M., Benitez, V., Molla,
E., & Martin-Cabrejas, M. A. 2009. Starch,
functional properties, and microstructural
characteristics in chickpea and lentil as affected
by thermal processing. Journal of agricultural
and food chemistry, 57(22), 10682-10688.
https://doi.org/10.1021/jf902042r

Alkandari, D., Sarfraz, H., & Sidhu, J. S. 2019.
Amla fruit powder addition influences objective
color and instrumental texture of pan
bread. Journal of food science  and
technology, 56, 2750-2757.
https://doi.org/10.1007/s13197-019-03766-X

Amandikwa, C., lwe, M. O., Uzomah, A., &
Olawuni, A. 1. 2015. Physico-chemical properties
of wheat-yam flour composite bread. Nigerian
Food Journal, 33(1), 12-17.
https://doi.org/10.1016/j.nifoj.2015.04.011

Arglello-Garcia, E., Martinez-Herrera, J.,
Cérdova-Téllez, L., Sanchez-Sanchez, O., &
Corona-Torres, T. 2017. Textural, chemical and
sensorial properties of maize tortillas fortified
with nontoxic Jatropha curcas L. flour. CyTA-
Journal of Food, 15(2), 301-306.
https://doi.org/10.1080/19476337.2016.1255915

Association of Official Analytical Chemists
[AOAC]. 2002. Official methods of analysis.
17th ed. Arlington, Va.: AOAC.

Awuchi, C. G., Igwe, V. S., & Echeta, C. K.
2019. The functional properties of foods and
flours. International Journal of Advanced
Academic Research, 5(11), 139-160.
https://www.researchgate.net/publication/33740
3804_The_Functional_Properties_of Foods_an
d_Flours

Bala, M., Handa, S., Mridula, D., & Singh, R. K.
2020.  Physicochemical,  functional and
rheological properties of grass pea (Lathyrus
sativus L.) flour as influenced by particle
size. Heliyon, 6(11), e05471.
https://doi.org/10.1016/j.heliyon.2020.e05471

FIGUEROA-GONZALEZ, Juan José, SERVIN-PALESTINA,
Miguel and CID-RIOS, José Angel. Evaluation of xanthan gum
and ascorbic acid in the physicochemical properties of bean/corn
flour and pound cake. Journal of Environmental Sciences and
Natural Resources. 2023



Article

8

Journal of Environmental Sciences and Natural Resources

Belorio, M., Marcondes, G., & Gémez, M. 2020.
Influence of psyllium versus xanthan gum in
starch  properties. Food Hydrocolloids, 105,
105843.
https://doi.org/10.1016/j.foodhyd.2020.105843

Bojnanska, T., Musilova, J., & Vollmannova, A.
2021. Effects of adding legume flours on the
rheological and breadmaking properties of
dough. Foods, 10 (5), 1087.
https://doi.org/10.3390/foods10051087

Chandra, S., Singh, S., & Kumari, D. 2015.
Evaluation of functional properties of composite
flours and sensorial attributes of composite flour
biscuits. Journal of food science and
technology, 52, 3681-3688.
https://doi.org/10.1007/s13197-014-1427-2

Du, S. K., Jiang, H., Yu, X., & Jane, J. L. 2014.
Physicochemical and functional properties of
whole legume flour. LWT-Food Science and
Technology, 55(1), 308-313.
https://doi.org/10.1016/j.Iwt.2013.06.001

Figueroa-Gonzélez, J. J., Guzman-Maldonado, S.
H., & Herrera-Hernandez, M. G. 2015. Atributo
nutricional y nutracéutica de panqué y barritas a
base de harina de frijol (Phaseolus vulgaris
L.)/Nutritional and nutraceutical attribute of loaf
and bars made of bean (Phaseolus vulgaris L.)
flour. Biotecnia, 17(3), 9-14.
https://doi.org/10.18633/bt.v17i3.231

Franco, M., Belorio, M., & Gomez, M. 2022.
Assessing acerola powder as substitute for
ascorbic acid as a bread improver. Foods, 11(9),
1366. https://doi.org/10.3390/foods11091366

Fu, B. X., Wang, K., & Dupuis, B. 2017.
Predicting water absorption of wheat flour using
high shear-based GlutoPeak test. Journal of
Cereal Science, 76, 116-121.
https://doi.org/10.1016/j.jcs.2017.05.017

Kemashalini, K., Prasantha, B. R., & Chandrasiri,
K. A. K. L. 2018. Physico-chemical properties of
high and low amylose rice flour. 2 (4), 115-124.
http://repo.lib.jfn.ac.lk/ujrr/handle/123456789/5

383

Kheiralipour, K., & Sheikhi, N. 2021. Material
and energy flow in different bread baking
types. Environment, development and
sustainability, 23, 10512-10527.
https://doi.org/10.1007/s10668-020-01069-2

ISSN: 2444-4936
ECORFAN® All rights reserved.

June 2023, Vol.9 No.23 1-9

Kumar, V., Sharma, H. K., Kaushal, P., & Singh,
K. 2015. Optimization of taro—wheat composite
flour cake using Taguchi technique. Journal of
Food Measurement and Characterization, 9, 35-
51. https://doi.org/10.1007/s11694-014-9208-1

Ngoma, K., Mashau, M. E., & Silungwe, H.
2019. Physicochemical and functional properties
of chemically pretreated Ndou sweet potato
flour. International Journal of Food
Science, 2019.
https://doi.org/10.1155/2019/4158213

Ocheme, O. B., Adedeji, O. E., Chinma, C. E.,
Yakubu, C. M., & Ajibo, U. H. 2018. Proximate
composition, functional, and pasting properties
of wheat and groundnut protein concentrate flour
blends. Food Science & Nutrition, 6(5), 1173-
1178. https://doi.org/10.1002/fsn3.670

Pedrosa, M. M., Varela, A., Dominguez-Timon,
F., Tovar, C. A., Moreno, H. M., Borderias, A. J.,
& Diaz, M. T. 2020. Comparison of bioactive
compounds content and techno-functional
properties of pea and bean flours and their protein
isolates. Plant Foods for Human Nutrition, 75(4),
642-650.  https://doi.org/10.1007/s11130-020-
00866-4

Ramirez-Jiménez, A. K., Gaytan-Martinez, M.,
Morales-Sanchez, E., & Loarca-Pifia, G. 2018.
Functional properties and sensory value of snack
bars added with common bean flour as a source
of bioactive compounds. LWT, 89, 674-680.
https://doi.org/10.1016/j.lwt.2017.11.043

Salehi, F. 2019. Improvement of gluten-free
bread and cake properties using natural
hydrocolloids: A review. Food science &
nutrition, 7(11), 3391-3402.
https://doi.org/10.1002/fsn3.1245

Sapirstein, H., Wu, Y., Koksel, F., & Graf, R.
2018. A study of factors influencing the water
absorption capacity of Canadian hard red winter
wheat flour. Journal of Cereal Science, 81, 52-
59. https://doi.org/10.1016/j.jcs.2018.01.012

Secretaria de Economia. 2022. Camara Nacional
de la Industria Panificadora. Disponible en la
Secretaria de Economia:
https://www.gob.mx/se/articulos/conoce-mas-sobre-
la-industria-panificadora-en-
mexico?idiom=es#:~:text=De%20acuerdo%20con%
201a%20C%C3%Almara,pan%20dulce%2C%20gall
etas%20y%20pasteles. Consultado el 15 de enero
de 2023.

FIGUEROA-GONZALEZ, Juan José, SERVIN-PALESTINA,
Miguel and CID-RIOS, José Angel. Evaluation of xanthan gum
and ascorbic acid in the physicochemical properties of bean/corn
flour and pound cake. Journal of Environmental Sciences and
Natural Resources. 2023



9
Article Journal of Environmental Sciences and Natural Resources
June 2023, Vol.9 No.23 1-9

Segundo, C., Roman, L., Lobo, M., Martinez, M.
M., & Gomez, M. 2017. Ripe banana flour as a
source of antioxidants in layer and sponge
cakes. Plant Foods for Human Nutrition, 72, 365-
371. https://doi.org/10.1007/s11130-017-0630-5

Stone, A. K., Nosworthy, M. G., Chiremba, C.,
House, J. D., & Nickerson, M. T. 2019. A
comparative study of the functionality and
protein quality of a variety of legume and cereal
flours. Cereal Chemistry, 96(6), 1159-1169.
https://doi.org/10.1002/cche.10226https://doi.or
9/10.1002/cche.10226

Tan, M. C., Chin, N. L., y Yusof, Y. A. 2011.
Power ultrasound aided batter mixing for sponge
cake batter. Journal of Food Engineering. 104:
430-437.
https://doi.org/10.1016/j.jfoodeng.2011.01.006

Trithavisup, K., & Charoenrein, S. 2016.
Influence of acid treatment on physicochemical
properties of aged rice flour. International
Journal of Food Properties, 19(9), 2074-2086.
https://doi.org/10.1080/10942912.2015.1104510

Turabi, E., Sumnu, G., y Sahin, S. 2008.
Rheological properties and quality of rice cakes
formulated with different gums and an emulsifier
blend. Food Hydrocolloids. 22: 305-312.
https://doi.org/10.1016/j.foodhyd.2006.11.016

Umafa, J., Lopera, S., & Gallardo, C. 2013.
Caracterizacion de harinas alternativas de origen
vegetal con potencial aplicacion en la
formulacién. Alimentos  Hoy, 22(29), 33-46.
https://alimentoshoy.acta.org.co/index.php/hoy/a
rticle/view/230

Vartolomeli, N., & Turtoi, M. 2021. The influence
of the addition of rosehip powder to wheat flour
on the dough farinographic properties and bread
physico-chemical characteristics. Applied
Sciences, 11(24), 12035.
https://doi.org/10.3390/app112412035

Wu, G., Liu, X,, Hu, Z., Wang, K., & Zhao, L.
2022. Impact of xanthan gum on gluten
microstructure and bread quality during the
freeze-thaw storage. Lwt, 162, 113450.
https://doi.org/10.1016/j.Iwt.2022.113450.

ISSN: 2444-4936 FIGUEROA-GONZALEZ, Juan José, SERVIN-PALESTINA,

ECORFAN® All rights reserved. Miguel and CID-RIOS, José Angel. Evaluation of xanthan gum
and ascorbic acid in the physicochemical properties of bean/corn
flour and pound cake. Journal of Environmental Sciences and
Natural Resources. 2023



10

Article Journal of Environmental Sciences and Natural Resources

June 2023, VVol.9 No.23 10-14

Comparative study of the antimicrobial activity of silver nanoparticles obtained
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Abstract

Nanomaterials’ application can provide solutions to technological
and environmental challenges, in the areas of solar energy
conversion, catalysis, medicine and water treatment. Silver
nanoparticles (Ag-Np's) stand out for their potential and
versatility, due to their optical, electrical, mechanical, and
structural properties, their photoactivity promotes them as an
antimicrobial agent (bactericide-fungicide). The effect caused by
Ag ions in microorganisms is already known, however, the
mechanism of action is still not entirely clear. In the present study,
silver nanoparticles were synthesized using the Cempasuchil
flower (Tagetes erecta) extract as a reducer by a simple and
ecological route. Aqueous silver ions exposed to the flower
extract were reduced, leading to silver nanoparticles’ biological
synthesis. The silver nanoparticles were characterized by UV-
visible spectroscopy, where it showed a maximum peak from 410
nm to 425 nm. The silver nanoparticles’ synergistic antimicrobial
potential was evaluated with the following microorganisms:
Escherichia coli and Aspergillus niger, through the Kirby-Bauer
method, where inhibition halos of 2 to 2.2 cm were obtained,
showing the antimicrobial activity of the Ag-Np's.

Nanoparticles, Antimicrobial Effect, Extract

Resumen

La aplicacion de nanomateriales puede aportar soluciones a los
desafios tecnoldgicos y ambientales, en las areas de conversion de
energia solar, catalisis, medicina y tratamiento de agua. Las
nanoparticulas de plata (Ag-Np’s) destacan por su potencial y
versatilidad, debido a sus propiedades Opticas, eléctricas,
mecanicas y estructurales, su fotoactividad las promueve como
agente antimicrobiano (bactericida-fungicida). El efecto que
provoca los iones Ag en los microorganismos es conocido, sin
embargo, el mecanismo de accién aun no esta del todo claro. En
el presente estudio se sintetizaron nanoparticulas de plata
utilizando el extracto de flor de Cempasuchil (Tagetes erecta)
como reductor por una via sencilla y ecolégica. Los iones de plata
acuosos expuestos al extracto de las flores se redujeron y dieron
lugar a la sintesis bioldgica de nanoparticulas de plata. Las
nanoparticulas de plata se caracterizaron por espectroscopia UV-
visible, donde mostrd un pico méximo de 410 nm a 425 nm. Se
evalud el potencial antimicrobiano sinérgico de las nanoparticulas
de plata con los siguientes microorganismos Escherichia coli y
Aspergillus niger, a través del método de Kirby-Bauer donde se
obtuvieron halos de inhibicion de 2 a 2.2 cm mostrando la
actividad antimicrobiana de las Ag-Np’s.
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Introduction

Biotechnology and nanotechnology involve the
fabrication of nanoscale particles and create new
products that improve a wide range of properties,
including physicochemical properties which
include durability, strength, reactivity, and
conductivity (Baishya, 2012).

It is known that silver metal has
antimicrobial activities since ancient times (Pal et
al., 2007) and silver nanoparticles (Ag-Np's) are
of particular interest due to their peculiar and
wide applications. Silver nanoparticles are used
to treat infections in open wounds and chronic
ulcers (Parashar et al., 2009).

Recently, resistance to commercially
available antimicrobial agents by pathogenic
bacteria and fungi is increasing at an alarmingly
rapid rate and has become a global threat. Day by
day the treatment of bacterial infections is
becoming more complicated due to the ability of
pathogens to develop considerable resistance to
available antimicrobial agents and existing
antibiotics (Stevanovic et al., 2012).

To avoid it, novel methods or strategies
are needed. The approach that has been
successful is the use of natural antimicrobial
agents, combined or synergistic therapy and,
more recently, the use of metallic nanoparticles,
where numerous methodologies have been
invented to synthesize Np's with certain
characteristics such as the size and shape of these
(Lietal., 2010; Tahiretal., 2023; Venkatachalam
et al., 2023).

Many methods have been used for the
synthesis of silver nanoparticles such as chemical
and photochemical reduction, however most of
the methods use hazardous chemicals, low
material ~ conversion and  high  energy
requirements used for their preparation
(Sathyavathi et al., 2010). Therefore, it is
necessary to develop high-yield, low-cost, non-
toxic, and ecological processes that are respectful
of the environment. In such a situation, the
biological approach is very appropriate, using
natural materials such as plants, bacteria, fungi,
and yeasts are used to obtain silver nanoparticles
(Rangnekar et al., 2007).
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The Mexican Marigold flower (Tagetes
erecta) is an ornamental plant of the Asteraceae
family. The flowers of this plant are used in
garlands for social and religious purposes in most
countries. It is native to Mexico, the flowers are
bright brownish yellow or orange, different parts
of this plant, including the flower, are used in folk
medicine. It is used for skin conditions, wounds,
burns, varicose veins, hemorrhoids, duodenal
ulcers, etc. (Witchl, 1994).

In this paper we have tried to synthesize
silver nanoparticles using aqueous floral extract
of the Mexican Marigold flower (Tagetes erecta)
(Fig. 1) for use as an antimicrobial agent.

Figure 1 Mexican Marigold flower (Tagetes erecta)
planted in the facilities of the UPCI

Methodology
Materials and method

The synthesis of silver nanoparticles is carried
out by biological synthesis based on silver nitrate
as starting material and the extract of the Mexican
Marigold flower (Tagetes erecta) as a reducing
agent, in this way stable colloidal silver
dispersions are obtained in brown and transparent
tones.

GRANADOS-OLVERA, Jorge Alberto, RANGEL-RUIZ, Karelia
Liliana, VARGAS-SOLANO, Zaira and GARCIA-CERON, Victor
Hugo. Comparative study of the antimicrobial activity of silver
nanoparticles obtained from Tagetes erecta (Cempastchil) by green
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Preparation of the Mexican marigold (Tagetes
erecta) flower extract

Fresh Mexican Marigold flower leaves were
collected and dried with the help of an infrared
light bulb. Subsequently, the dry leaves of
Mexican Marigold were taken to a grinding
process to improve our process, 1 g of the sample
was weighed and with the help of a Soxhlet
equipment the extraction of the compound was
generated (Figure 2), until the color of the
solution shows a change in color to orange, the
extract was allowed to cool to room temperature
and then filtered.

>

Figure 2 Extraction process of the Mexican Marigold
flower (Tagetes erecta)

Biological synthesis of silver nanoparticles

For the synthesis of silver nanoparticles, a 1 Mm
AgNO:s solution was prepared, which was added
dropwise to the marigold flower extract at a
temperature of 5°C. When adding the silver salt,
continuous agitation must be guaranteed since
with this process the formation of particle
aggregates begins, which is manifested through
a brown coloration (Figure 3).
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Figure 3 Silver nanoparticles

The presence of the Mexican Marigold flower
extract provides the solution with greater surface
stability.

Microbiologic analisis

An analysis of the antimicrobial effect was
carried out using the Kirby Bauer method, the
sensidiscs were impregnated with 1, 2 and 3
drops of the nanoparticles obtained respectively.
McConkey agar was used and tested in triplicate
with E. colli and A. niger cultures, which were
incubated for 24 and 96 hours at 37°C, in addition
a control box was cultured to verify the correct
growth of the bacteria.

Once the time had elapsed, the growth of
the microorganisms was verified in the case of
the control, while for the antimicrobial tests the
diameter of the inhibition halos was measured
with a vernier’s help.

Results

Adding the light-yellow flower extract to the
silver nitrate solution produced the formation of
Ag-Np's, which showed a color change due to the
presence of surface plasmon resonance.

UV-Vis spectroscopy

Figure 4 shows the UV-Vis spectrum of the silver
nanoparticles synthesized by this route, which
shows a similar behavior according to that
reported by Sally D. Solomon (2007), the
absorbance is between 395-430 nm attributable to
a particle size between 15-30 nm
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Figure 4 UV-Vis spectrum of the AgNOs-Mexican
Marigold flower solution.

The general amplitude of the spectra and
the change in the absorbance peak indicate that
the silver nanoparticles require more time to
stabilize, which means that the reaction is not yet
complete and may take time to complete. These
particles are affected, the size grows slightly
compared to the initial stage of the reaction
during the process of mixing the extract, so it is
evident that as the reaction time increases, the
concentration and size of the synthesized silver
nanoparticles from the Mexican Marigold flower
extract increase as well.

Tests with microorganisms

Once the incubation time had elapsed, the boxes
were verified with the tests and, if applicable, the
measurements of the corresponding inhibition
halos were made, which for both E. colli (Figure
5) and A. niger (Figure 5). 6) had diameters
between 2 cm and 2.2 cm.

Figure 5 Inhibition halos for Escherichia coli
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Figure 6 Inhibition halos for Aspergillus niger

As it can be seen in Table 1, there were
no significant differences in the diameters of the
inhibition halos with the different amounts of
AgNP's, however, for both E. colli and A. niger
the size of the halos indicates that both
microorganisms are sensitive to these Np's.

Number of drops = E. colli = A. niger

1 2 2.1
2 2.2 2.2
3 2.2 2.2

Table 1 Average size of the inhibition halos in each of the
sensidiscs impregnated with different amounts of Ag NP's,
in E. colli and A. niger

Conclusions

The use and potential health impact of silver
nanoparticles should include a multidisciplinary
approach. The debates that exist about the
adverse effects caused by Ag-Np's species in the
environment are varied. Although it is generally
accepted to consider that the dissolution of Ag-
Np's produces at least some degree of toxicity
upon exposure to them, the effects cannot be
totally attributed to the measured fraction of
dissolved silver.

Based on the results obtained, the UV-vis
spectrum confirms the formation of Ag Np's by
the methodology proposed for biological
synthesis using the Mexican Marigold extract.
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In the same way, according to the results
previously shown, it can be observed that the
silver Np's synthesized from T. erecta present
antimicrobial activity against E. colli and A.
niger, further studies are required to expand the
knowledge about the interaction between the
Np's and these microorganisms, as well as their
possible therapeutic use in the treatment of their
respective infections in humans.
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Abstract

Creole maize races have economic and socio-cultural
importance in the Mexican population. However, due to
climate change, the presence of pests and the urbanization
of the land, make it difficult to conserve this plant
germplasm. The objective of this study was to evaluate the
physiological quality of landrace seeds treated and not
treated with a biofilm and frozen for 30 days under in vitro
conditions. The variables evaluated were: imbibition rate,
standard germination, germination speed index and the
percentage of humidity and the statistical significance was
analyzed by means of a Tukey test. The results of the
imbibition rate, in the seeds treated and frozen at -85°C
presented higher absorption percentages with respect to the
other treatments, with no statistical difference. A tendency
was found in the reduction in the germination of the native
corn grains treated and frozen at temperatures of -20°C and
-84°C. No increase in quality was found in the seeds treated
with the cactus-based biofilm.

Germination, Imbibition, Maize, Biofilm
Resumen

Las razas de maiz criollo tienen una importancia
econdmica y socio-cultural en la poblacion mexicana. Sin
embargo, debido al cambio climatico, la presencia de
plagas y a la urbanizacién de las tierras, hacen dificil la
conservacién de este germoplasma vegetal. El objetivo del
presente estudio fue evaluar la calidad fisiologica en
semillas de maiz criollo tratadas y no tratadas con una
biopelicula y congeladas durante 30 dias en condiciones in
vitro. Las variables que se evaluaron fueron: tasa de
imbibicion, germinacién estandar, indice de velocidad de
germinacion y el porcentaje de humedad vy la significancia
estadistica se analizd6 mediante una prueba Tukey. Los
resultados de la tasa de imbibicidn, en las semillas tratadas
y congeladas a -85°C presentaron mayores porcentajes de
absorcion respecto a los demas tratamientos, pero sin
diferencia estadistica. Se encontré una tendencia en la
reduccion en la germinacion de los granos de maiz criollo
tratados y congelados a las temperaturas de -20°C y de -
84°C. No se encontro un aumento de la calidad en las
semillas tratadas con la biopelicula a base de nopal.

Germinacion, Imbibicion, Maiz criollo, Biopelicula
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Introduction

Zea mays L. is a plant species that is grown with
greater commercial importance in tropical and
subtropical regions of Mexico and Latin America
(Erenstein et al., 2020). In addition, there is a
wide genetic diversity of approximately 150
breeds of Mexican creole corn; which are
appreciated as a source of high-yielding genes,
for the creation of hybrids of commercial interest
(Kato-Yamakake et al., 1996; CIMMYT, 2022).

An example is Teocintle, a wild, ancestral
and biologically close maize breed to the species
Zae mays L. All maize breeds are considered a
priority for socio-commercial programs and for
the Maize Criollo Conservation Program
(PROMAC, 2016). However, climate change and
land use change as a consequence of
urbanization, weeds and pests; are factors that
have caused a considerable decrease in criollo
maize yields and in the decrease of maize genetic
diversity (CIMMYT, 2022; Ramirez-Quilon et
al., 2008).

Therefore, it is imperative to establish
strategies for the management and conservation
of criollo maize seeds, for the preservation of this
genetic resource in germplasm banks and to
supply the growing demand for seeds for
PROMAC's plantation programs (CIMMYT,
2022; Ramirez-Quildn et al., 2008).

Cryopreservation (application of cold
technology) is an in vitro technique that allows
the use of low temperatures (generally -3°C and
up to -196°C) to structurally preserve cells,
tissues and organisms (Mazur, 2004). In this
context, several contemporary studies, which
have reported the application of low temperatures
(-196°C) for the successful preservation of
agricultural, forest and ornamental species
(Michalak et al., 2015; Acosta et al., 2020;
Hirano et al., 2009).

In the case of the use of cold technology
in corn grains, and according to Woltz and
collaborators in 2005 and 2006; they state that the
impact of exposure to freezing temperatures on
germination and seed vigor of six hybrid corn;
was influenced by: 1) seed maturity; 2) genotype
and 3) by the severity of exposure to freezing
conditions. But not by freezing rate, nor by
endosperm composition (sugary or starchy).
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Hybrid corn kernels show two freezing
points of -4.5°C in the embryo and -9.2°C in the
endosperm at 225 min frozen at -11°C (Woltz et
al., 2005).

One of the strategies for the management
and conservation of Criollo corn kernels can be
the use of cold technology and the treatment of
seeds with a natural coating based on native
cactus mucilage (Opuntia ficus-indica). The
objective of the present study was to evaluate the
physiological quality of criollo corn seeds treated
and frozen for 30 days under in vitro conditions.

Methodology to be developed
a) Elaboration of the biofilm.
1. Sesame protein extraction.

The extraction of sesame protein was carried out
according to the methodology proposed by
Thompson, 1977 with slight modifications. Two
hundred g of sesame seeds were pulverized to
obtain the flour. Two hundred ml of sterile
distilled water were added until a homogeneous
mixture was obtained. A solution of 900 ml of
distilled water with 5 g of bicarbonate was added
to this mixture to increase the pH. It was then kept
under gentle agitation (=60 rpm) for 30 min.
Afterwards, it was filtered with a sky blanket and
the pH was lowered to 4.5. It was allowed to
stand refrigerated at 4 °C for 24 hr. The serum
was removed with a syringe and the mixture was
centrifuged for 10 min at 3500 rpm. The sediment
is separated from the aqueous part and finally, it
is kept refrigerated at 4 °C (Thompson, 1977).

2. Protein quantification.

Sesame protein quantification was performed
according to the method of Bradford, 1976. One
ul of sesame protein was taken and diluted in 9
ul of water. One ml of Bradford's reagent was
added to the vials, and left at room temperature
for 5 min. Subsequently, the absorption at 595 nm
was determined. Bovine serum albumin (BSA)
protein (Bradford, 1976) was taken as a
reference.
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3. Obtaining cladodes and extraction of cactus
mucilage

Opuntia cladodes were obtained from the
municipality of Apan, Hgo. They were harvested
between 07:00 and 08:00 am. A clean knife was
used to cut the base of the cladodes, which were
previously selected according to their size (25 to
35 cm) and free of any apparent physical or
microbiological damage. Mucilage extraction
was performed following the method described
by Contreras-Padilla et al. (2012) with some
modifications.

Opuntia cladodes were washed and
disinfected in a solution of sodium hypochlorite
at 100 ppm for 10 minutes, then cut into 3x4 cm
pieces. 500 g of cladodes were weighed and
placed in a beaker, where 500 ml of distilled
water was added and then taken to a heating grill.
It was heated at 65 °C for 45 minutes, and once at
room temperature, it was stored under
refrigeration for 18 hours.

Finally, it was filtered with the help of a
strainer and with a sky blanket until obtaining the
mucilage without apparent pieces of cladode. It
was centrifuged twice at 4000 rpm for 10 minutes
(Eppendorf®, Model 5804 R), and stored
refrigerated at 5°C until use. With this mucilage,
the mixture was prepared with a concentration of
0.5% sesame protein, glycerol and grenetin.

b) Application of the biofilm treatment and
freezing of seeds.

1. Maize genetic material.

Criollo corn seeds were used, which were
acquired from the municipality of Tlanalapa,
Hgo. from a local farmer. Seeds were selected
without physical damage or evidence of
contamination by pests or diseases.

2. Seed treatment and freezing.

The seed treatment was placed in a mixture based
on native nopal (Opuntia ficus-indica) mucilage,
0.5% sesame protein, glycerol and grenetin. They
were then blast-dried for 15 minutes at room
temperature.

Seeds were frozen at -20°C and -84°C for
30 days. Thawing was carried out at room
temperature and then the physiological quality
was evaluated.
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3. Imbibition rate.

One hundred seeds were used in triplicate for
each treatment and non-treatment, and
disinfected in a 4% chlorine solution for 5 min.
The protocol established by Mapula-Larreta et
al., 2008 was used. The initial weight was
recorded with an analytical balance and
subsequently, the seeds were immersed in
distilled water until they were completely
submerged. The weight reading was recorded
every two hours for 36 hours.

4. Seed moisture determination.

It was determined using an electronic grain
moisture tester (Jhon Deere Moisture Chek Plus
72543) and was calibrated at low humidity
considering 100 corn seeds in triplicate.

5. Standard germination test.

One hundred treated and untreated seeds were
selected. Subsequently, they were placed in a
"Clamshell" or transparent container and a layer
of cotton, wet with distilled water until
saturation, was placed inside the germination
chamber with an ambient temperature of 25 +2
°C. The count was done visually, starting on the
first day and the germination percentage was
calculated by dividing the total number of
seedlings by the total number of seeds per
hundred (Escobar et al., 2021).

PG (%) = % + 100 1)

Where: PG = germination percentage, ni
= total seeds germinated and N = total seeds in
the sample.

6. Germination speed index.

It was obtained by visual daily counting of
germinated seeds considering the seeds with
sprouted radicle, from the first day, which were
set to germinate. For the determination, the
equation proposed by Maguire (1962) was used):

V=3 )

Where: IVG = Germination rate index, ti
= Time in hours elapsed between the start of the
test and the end of the interval and ni = Number
of seeds germinated within the consecutive time
intervals.
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7. Statistical analysis.

Analysis of variance was performed and a
comparison of means was made with Tukey's test
(P < 0.05) for all the variables evaluated. The
Prism-GraphPad statistical package was used.

Results and Discussion
Biofilm processing

It was possible to extract 100 ml of native cactus
mucilage (Opuntia ficus-indica) and a
concentration of 0.027 mg/ml of sesame protein
was obtained. The physical and thermal
properties of the biofilm were analyzed with
different protein concentrations: 0.5 %, 1% and
2% (data not shown). A percentage of
transparency was found, which was 78.34% and
the solubility of the film in water decreases with
the addition of protein, indicating the existence of
greater cohesion in the polymeric matrix (data
not shown). The concentration with the best
physical and thermal properties was 0.5% protein
and was the one used in the mixture.

1. Imbibition rate.

Water absorption at 36 hours after immersion in
water was 63% with treatment and untreated was
56% frozen at -84°C. For seeds frozen at -20°C it
was 46% with treatment and without treatment it
was 55%. Only when subjected to freezing at -
20°C similar behavior can be observed with the
results of Escobar-Alvarez et al., 2021 with four
varieties of creole corn. In addition, it can be
shown that seeds treated and frozen at -84°C have
a 64% water absorption rate at 8 hours. Similar to
a study on carboxin-treated seeds, untreated corn
showed irregular absorption (Méndez-Natera et
al., 2008). The application of the biofilm
substantially increases water imbibition time.
During imbibition, there is a movement of water
from the seed due to the action of diffusion and
capillarity, with the movement of water from a
region with a higher water potential to one with a
lower water potential (Sousa et al., 2006).

2. Moisture content.

Moisture without treatment and frozen at -20°C
in the test marks its percentage point of 16.5 and
the seeds with treatment and frozen at the same
temperature was 18.1% (Graph 1). Statistically,
there were no significant differences (P=0.076).
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In the case of the moisture content of the
seeds without treatment and frozen at -84°C, it
was 15.9% and for the corn treated and frozen at
the same temperature it was 18.9% (P=0.450)
(Figure 1). Therefore, it could be said that there
are no significant differences between the two
treatments. This is similar to the research of
Montoya et al., 2021. Which consists of a biofilm
design, formed by starch, protein and glycerol to
be applied to peanut seeds, where the seeds that
were not covered with respect to those covered
were not found to have a great difference.

25+ 20

20

1

15

-
o
1

10

Percentage
Percentage

3]
1

1 1
Control Treatment Control Treatment

Graphic 1 Moisture content of seeds treated with the
biofilm and frozen at -84°C (a) and -20°C (b)
Source: Own elaboration

3. Standard germination test.

Germination began on the third day in all treated
and untreated and frozen groups. It was observed
that 100% of the seeds of the control group
(untreated and frozen at -20°C) germinated and
90% of the seeds treated with the biofilm and
frozen at the same temperature, with no statistical
difference (P=0.999). Table 1 shows that the
germination percentage of seeds treated and
frozen at -84°C was 96% and untreated seeds was
100% and statistically showed no significant
difference (P=0.615). Several authors have
reported differences in the germination
percentages of maize seeds, due to factors such
as: genetic diversity, nutritional resources
available to the grain, its sanitary quality and the
exposure temperature of the seed (Valle-Moysén
etal., 2017).
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The problem of the decrease in the
germination of corn seeds when subjected to low
temperatures has been studied by several authors.
In which a significant decrease in the germination
percentage of corn and hybrids with humidity
>300g kg-1 and placed at temperatures from -2 to
-12°C was observed (Neal, 1961; Judd et al.,
1982). However, there is also no change in
germination of seed flash frozen at temperatures
of -3°C (Rossman, 1949). Thus, it is suggested
that three factors: maturation, temperature, and
the rate of seed cooling are directly involved in
chilling injury.

4. Germination speed index

The seeds that showed the fastest average
germination were the untreated and frozen groups
at -20°C and -84°C (1.08 and 1.56 days,
respectively). Seeds treated and frozen at -20°C
presented 1.78 days and those treated and frozen
at -84°C 1.51 days on average (Table 1). The
results of seeds not treated and frozen at -20°C
and treated at -84°C coincide with those reported
by Escobar et al. in 2021 using four breeds of
Mexican creole corn.

Standard Speed
germination index
Untreated and frozen | 100 £ 0.002 1.08 +
at -20°C 0.04?
With treatment and | 90 + 1.822 1.78 +
frozen at -20°C 0.172
Untreated and frozen | 100 £ 0.002 156 +
at -84°C 0.082
With treatment and | 96 £0.172 151 +
frozen at -84°C 0.34°

Table 1 Germination parameters in criollo corn treated
with the biofilm and frozen at different temperatures.
Means + standard deviation. Means that do not share a
literal are statistically different (Tukey, P< 0.05)

Source: Own elaboration
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Conclusions

It was possible to synthesize a biofilm with high
cohesion in the polymeric matrix, which allowed
adherence to creole corn seeds. A tendency was
found in the reduction of germination of the
treated and frozen criollo corn Kkernels at
temperatures of -20°C and -84°C.
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Abstract

In recent years, the effect on health of the bioactive
compounds present in rosemary (Rosmarinus officinalis)
has been studied, as well as their functional, medicinal
and/or toxicological properties. The objective of this work
was to describe the properties of the chemical compounds
found in rosemary, as well as their uses in traditional
medicine. Studies have shown that rosemary and rosemary
essential oil have great antioxidant capacity derived from
their flavonoid compounds and phenolic acids. In addition,
it has been observed that these compounds have activity
improving conditions of the nervous, digestive, circulatory,
cardiac and bone systems. It has been used as an
antirheumatic, since it improves pain. In addition, it has
been attributed great antioxidant and anti-inflammatory
power.

Rosemary, Essential oil of rosemary, Traditional
medicine

Resumen

En los ultimos afios se ha estudiado el efecto en la salud de
los compuestos bioactivos presentes en el romero
(Rosmarinus officinalis), asi como sus propiedades
funcionales, medicinales y/ o toxicoldgicas. El objetivo de
este trabajo fue describir las propiedades de los compuestos
guimicos que se encuentran en el romero, asi como los usos
en la medicina tradicional. Los estudios han demostrado
que el romero y el aceite escencial de romero tiene una gran
capacidad antioxidante y antiinflamatorio derivado de sus
compuestos flavonoides y de acidos fendlicos. Ademas, se
ha observado que estos compuestos tienen actividad
mejorando condiciones del sistema nervioso, digestivo,
circulatorio, cardiaco y 6seo. Se ha utilizado como
antirreumatico, ya que mejora el dolor.

Romero, Aceite escencial de Romero, Medicina
tradicional
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Introduction

In recent years, the health effects of bioactive
compounds present in plants, as well as their
functional, medicinal and/or toxicological
properties, have been studied (Shahidi F et al.,
1992). Rosemary (Rosmarinus officinalis) is a
Mediterranean plant. It is found wild in rocky and
sandy areas near the sea, but also in domestic
households due to its adaptability and low
cultivation requirements. Rosemary belongs to
the Lamiaceae family; it is a shrubby plant 0.5 to
1 m tall with prismatic stems, narrow, acute and
small leaves in the form of bright green spikes
with revolute margins and woody, branched
stems (Alonso JR, 2004; Sardans J et al., 2005).
The main chemical compounds of the rosemary
plant are phenolic acids, flavonoids, essential oil,
triterpenic acids and triterpenic alcohols (Atti-
Santos AC, 2005). Rosemary essential oil is the
most qualitatively studied component (Al-Sereiti
MR et al., 1999). At least 20 substances have
been identified, among which phenolic acids, on
which the antioxidant properties attributed to
rosemary depend, various flavones and diterpenic
derivatives, triterpenic acids and triterpenic
alcohols (Mahmoud et al., 2005). The objective
of this work was to describe the properties of the
chemical compounds found in rosemary, as well
as its uses in traditional medicine.

Antioxidant capacity of Rosemary

The first research on the antioxidant activity of
plants appeared in the 1950's (Bracco U et al.,
1981; Zheng W et al., 2001). Rosemary proved to
be a plant with a higher content of antioxidants,
among which phenolic acids, flavonoids, natural
pigments (capsaicin and curcumin) and terpenes
(rosmanol, carnosic acid, carnosol, epirosmanol
and isorosmanol) can be found (Cuvelier M et al.,
1994; Arouma et al., 1996). Phenolic acids and
flavonoids act as antioxidants, due to the
neutralization and entrainment of free radicals
thus breaking the prooxidant chain reaction of
these radicals (Zea Linares AE, 2013).

Rosemary extracts possess antioxidant
activity (Avila-Sosa, R et al., 2013), this is
particularly due to caffeic and rosmarinic acids,
the latter have a dual function, as antioxidant and
stimulant of prostaglandin E2 production and
inhibitor of leukotriene B4 production in
polymorphonuclear leukocytes (Mestanza M,
2017).
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It has also been demonstrated the
presence of substances with antioxidant
properties, such as polyphenols and flavones,
phenolics, flavonoids, natural  pigments:
capsaicin and curcumin, and terpenes: rosmanol,
carnosic acid, carnosol, isorosmanol and
epirosmanol  (Mierlici 1D, 2009). Natural
phenolic compounds contribute to the prevention
of inflammatory diseases (Creus EG, 2004).
Caffeic acid and rosmarinic acid, present in
essential oil, affect monoamine uptake and
monoamine oxidase (MAO) activity (Tsuji M et
al., 2008). MAO activity has been linked to
cardiovascular and metabolic diseases where
oxidative stress plays an important role (Sturza,
2019).

Tinctures of this plant showed that
rosemary possesses polyphenols such as
rosmarinic acid, caffeic acid and carnosic acid.
Carnosic acid is an excellent peroxide radical
inactivator, that is, it is a primary antioxidant, and
not only inhibits the formation of
hydroperoxides, but also prevents their
decomposition (Chang et al., 1977; Bracco,
1981).

A characteristic of rosemary extract is
that its antioxidant activity increases as pH
decreases, possibly because both carnosic acid
and carnosol are more stable and their protective
effect may last longer during oxidation
(Contreras CR et al., 2006; Genena AK et al.,
2008). There are several applications of
rosemary-derived compounds in food science
(Genena AK et al. 2008). Its bioactive
compounds, such as oleoresin, have been tested
as sources of natural antioxidants in the food
industry (Rojas M et al., 2007; Sebrabnek JG et
al., 2005; Sebrabnek JG et al., 2005).

Effects of rosemary oil

Many in vivo and in vitro studies have
demonstrated the effects of the pharmacological
use of rosemary essential oil in traditional
medicine, where the bioactive principles have
important biological properties. Rosemary oil has
been shown to exhibit antioxidant and
anticarcinogenic activity. In addition, it improves
cognition and has the potential to influence the
glucose level in patients with diabetes, modifies
ruminal microbial fermentation and improves
bone resorption (Bustanji A, 2010; Maistro EL et
al. 2010).
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Likewise, the essential oil has shown
effects on the circulation of the extremities
improving the condition of baricose veins.
Antirheumatic effects and relief of neuralgic and
muscular pains have been observed (Waggas
AM, 2008; Miresmailli S, 2006). Ursolic acid and
carnosine, contained in the essential oil, enhance
dopamine release in the brain (Sozio P et al.,
2008).

The oil has cytoprotective effects at the
cell membrane level, particularly in erythrocytes,
protecting them from oxidative damage caused
by free radicals (Gholamreza K et al., 2005).

In general, rosemary essential oil contains
active flavonoid compounds, phenolic acids,
which generate a tonic and stimulating action on
the nervous and cardiac systems, as well as being
choleretic, cholagogue, antispasmodic, diuretic
and antigodanotropic (Musa OM et al., 2008;
Miranda BM et al.,, 2004). The infusion of
rosemary leaves is used in gastrointestinal
ailments and pains for its stomachic,
antispasmodic, carminative, cholagogue and
emmenagogue properties, which gives it a tonic
and stimulating action on the digestive and
circulatory system (Botsaris AS, 1995).

The essential oil is attributed with
antiseptic, healing and  scalp-stimulating
properties, and is also used to combat exhaustion,
nervousness, asthenia, aerophagia and flatulence,
rheumatism and migraines (Miranda, 2004;
Emmanuel V et al., 2010).

However, it does not enhance the immune
response and there are reports of adverse effects
on fertility (Bustanji Y et al., 2010; Maistro EL et
al., 2010).

Effects of rosemary extract

Rosemary extract is used in folk medicine as a
memory stimulant (Burnett KM et al., 2004; Peng
Cletal., 2007).

Clinical uses of Rosemary

Rosemary is one of the most studied plants from
an experimental point of view. However, the
plant and its derivatives lack clinical studies that
would allow its routine application in daily
clinical practice.

ISSN: 2444-4936
ECORFAN® All rights reserved.

June 2023, VVol.9 No.23 22-27

From the results of experimental studies,
it appears that the plant possesses extensive
therapeutic potential, especially the caffeic acid
derivatives, such as rosmarinic acid, which could
range from the prevention and treatment of
bronchial asthma, spasmodic disorders, peptic
ulcer, inflammatory diseases, liver toxicity,
coronary ischemic disease, and cataracts (Al-
Sereiti MR et al.,1999). Rosemary has been
characterized for its cholagogue, choleretic and
hepatoprotective action. It also has an important
tonic, digestive and antispasmodic effect (Beltran
MD et al., 2005).

The relaxing effect of rosemary volatile
oil on tracheal smooth muscle is potentially due
to the calcium antagonist properties of this
component (Agel MB, 1991).

Some experimental work indicates that
rosemary has hepatoprotective properties by
blocking the plasma elevation of transaminases
and toxicant-induced necrosis (Amin A et al.,
2005). The protective effect could reside in
phenolic compounds (Fahim F et al., 1999).
Possibly responsible for this effect would be
carnosol, because it has protective activity by
increasing the activity of glutathione-S-
transferase, a critical enzyme in the defense
against free radicals (Sotelo-Felix et al., 2002).

In Mexico, different preparations based
on rosemary or rosemary alcohol are marketed,
most of them for local application. The most
frequent adverse reaction after local or oral
application of rosemary is the appearance of
contact dermatitis (Gonzélez-Mahave 1 et al.,
2006).

Potential toxic effects of Rosemary

Possible harmful side effects of rosemary oil use
have been described (Lemonica IP et al., 1996).
It has been observed that rosemary oil
administration can produce genotoxicity and has
mutagenic potential, as it increases the number of
micronucleated cells and the migration of DNA
to other cells (Maistro EL et al., 2010; Barni MV
et al., 2009).
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Toxicity at the embryonic level has been
reported, since an increased incidence of
abnormal embryos has been observed in murine
models treated with the ethanolic extract of
rosemary. At higher doses of 1040 mg/ Kg,
genotoxic and mutagenic effects were observed,
as it breaks chromosomes and is responsible for
abortion in humans and animals (Avila-Sosa R et
al., 2011).

Toxicity from the use of rosemary oil has
also been reported in peripheral blood and liver
of mice (Waggas AM et al., 2008).

Ingestion of the oil can trigger seizures in
epileptic patients, as well as in hypersensitive
individuals (Maistro EL et al., 2010).

Therefore, the use of any rosemary
derivative is not recommended in people with
acute gastritis, gastroduodenal ulcer,
hepatopathies, epilepsy and Parkinson's disease.
It should be avoided during pregnancy and
lactation. Rosemary extracts, including the
essential oil, are generally well tolerated in
animals and humans. Rosmarinic acid has shown
low toxicity.

Conclusions

Rosemary is a plant rich in active principles that
has been used as a memory stimulant, reduces
oxidative stress, has digestive properties,
improves circulation, has antirheumatic effects,
among many others. In addition, it improves the
condition of various metabolic, digestive or
nervous diseases.

In conclusion, due to its efficacy and
therapeutic potential, the use of rosemary has
evolved over the years from its traditional use to
its potential therapeutic use in the clinic.
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