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Abstract
Nordihydroguaiaretic acid (NDGA) is a natural phenolic lignin of Larrea tridentata with
antifungal activity; this compound also delays the senescence of the fruits to provide further
quality and postharvest duration. The NDGA concentration depends on the part of the plant
where it is extracted. This study aimed to determine the concentration of NDGA in leaves and
seeds of Larrea tridentata from two localities using three solvents for its extraction. The
localities were: Mapimi Valley, Durango and La Sauceda, Ramos Arizpe, Coahuila; the
E extraction solvents used were: 10% vinegar, 10% methanol, and 10% ethanol in water. NDGA
extraction was performed following a 2x2x3 factorial arrangement with four completely
randomized repeats. HPLC performed NDGA quantification. No significant difference was
Article History found in the extraction solvent and vegetative parts; however, in the localities, the highest
! value was for Sauceda, with 224.85 mg kg™, compared to Mapimi, with 123.83 mg kg™ of
igg:g’t‘;‘;i igﬁggggg NDGA. In the interaction of extraction methods and vegetative part, no significant difference
R ey Was found; the interaction of extraction methods and localities was found a significant
difference with ethanol in Sauceda with 233.57 mg kg™ as the best, the interaction of
Vol - 3 Issue -10 vegetative part and localities with significance in leaf in the Sauceda with 231.70 mg kg™, the
PP: -46-52 interaction of extraction methods, vegetative part and localities was significant in leaf with
vinegar in La Sauceda with 245.83 mg kg™, these being the best responses. Vinegar and the
leaves of Larrea tridentata from La Sauceda were the best options for elaborating a
biorational product.
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stems without complete lignification, making it easy to obtain
from the plant.

INTRODUCTION

Larrea tridentata is a species endemic to the Chihuahuan
Desert, commonly known as Gobernadora, for its dominance
in the large areas of the arid zone of northern Mexico.
Gobernadora is located in the Sonoran Desert, including the
states of Baja California Norte, Baja California Sur, and
Sonora, and in the Chihuahuan Desert, including the states of
Chihuahua, Coahuila, Nuevo Leo6n, Zacatecas, San Luis
Potosi, and Durango (L6pez, 2017).

The effects of NDGA are known as antioxidant, anti-
carcinogenic, and anti-viral, which are most noticeable in
medicine (Mala et al., 2020). NDGA inhibits glyoxalase
which is an enzyme that contributes to the pathogenicity of
several diseases (Watanabe et al., 2022); it also has beneficial
effects in alleviating and inhibiting the formation of malignant
tumors due to its antioxidant capacity (Manciu et al., 2022).

The active principles of Gobernadora resin and its
phytochemical compounds are considered a biodegradable
product, which does not produce an imbalance in ecosystems

The leaves of L. tridentata have a thick layer of resin
produced by glandular trichomes during their development
and can form more than 20% of the dry weight of the plant

(Lira, 2003). From 16 to 21% of the dry weight of the resin in the control of pest insects and diseases (Zelaya et al.,
contains phenolic lignans, such as heminorisoguaiacin, 2022). Biological products, including NDGA, represent an
nordihydroguaiacin dihydroguaiaretic acid and attractive plant disease control alternative (Cervantes et al.,

2020). NADG inhibits the effect of abscisic acid on fruit
cracking because it reduces the osmotic pressure, water
absorption capacity, and turgor pressure of the fruit cuticle

nordihydroguaiaretic acid (NDGA), this represents almost
50% of the concentration of phenolic lignans (Rahman et al.,
2011, Aguirre et al., 2019). The resin is also found in new

*Corresponding Author: Juan Manuel Covarrubias-Ramirez. @ (® & | © Copyright 2026 GSAR Publishers All Rights Reserved

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. Page 46



https://gsarpublishers.com/journal-gjavs-home/

GSAR Journal of Agriculture and Veterinary Sciences ISSN: 3048-9075 (Online)

(Yu et al., 2020). The NDGA sprayed on jojoba reduces the
incidence of grasshoppers that feed on it and is considered
part of a plant defense mechanism (Nakano et al., 2022). Ge
et al. (2019) found that NDGA inhibits anthocyanin
accumulation, inhibits antioxidant activity, and inhibits the
content of other phenols at doses of 100 pmol/L (30.24
mg/ka) of NDGA in the strawberry crop when it comes to
disease. NADG is a natural Larrea lignin, which inhibits the
activity of the enzyme 9-cis-epoxycarotenoid dioxygenase
(NCED) and has an antagonistic effect with abscisic acid
(ABA), and NDGA can delay senescence, postharvest losses
and maintain fruit quality (Li et al., 2023).

Research Elaborations

To have three extraction methods, two localities from where
the sample was obtained and two vegetative parts, which are
leaves and stems with four repetitions for a factorial design
2x2x3 completely random with three factors. Three factors
were worked on: A) Extraction solvent, B) Locality, and C)
vegetative part. The extraction solventes were 1) 10% vinegar
in water, 2) 10% methanol in water, and 3) 10% ethanol in
water. The localities were a) Valle de Mapimi, State of
Durango, b) La Sauceda, Ramos Arizpe, Coahuila. The
vegetative parts were a) leaves and b) stems.

The extraction was carried out by weighing 20 g of each
vegetative part with its repetitions and was placed in an
Erlenmeyer flask of 250 mL, where the extraction solutions of
100 mL were applied; stirred for 24 hours in an INO orbital
incubator — 650 M at 36 °C and milled in a blender, the
ground mixture was placed in a Bichner funnel with a filter
No. 615 CMSLLC 3856 of 8 um and with a Chemker 300
vacuum pump towards a 500 mL Kitasato flask, where about
50 mL were collected, in this solution (Brown et al, 2015), in
each sample was diluted in 1:10 in a volumetric flask of 10
mL, and the dilution is passed to a beaker of 10 mL, and 2 mL
are taken, with a syringe of 5 mL then the water is changed. A
0.45 um Agilent filter is placed in the syringe, and the sample
is passed to a 9 mm, 2 mL Verex vial for analysis.

The analysis was performed with an HPLC brand Agilent
1200 with diode array detector at 280 nm. A SupelcoSil C18
column 150x4.6 mm; 5 um was used for analyte separation.
As mobile phase, a mixture of methanol and acetic acid at 5%
in relation to 70% methanol and 30% acetic acid was used,
with a flow of 0.6 mL min-1 and a maximum pressure of 400
bar; the injection was 10 uL and the analysis time was 20
minutes (Martins et al., 2011).

The calibration curve was performed with 50, 100, 200, 300,
and 400 ppm using a Nordihydroguaiaretic acid standard (=97
%, Sigma Aldrich).

Statistical analysis of treatments was performed with an error
p<0.05 and the difference between treatments with Tukey
(SAS 9.4, 2022).

Results and Discussion

Calibration
An NDGA calibration curve with a 0.8626 correlation
coefficient was obtained (Figure 1).
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Figure 1. Calibration curve of nordihydroguaiaretic acid.

From this calibration curve, the NDGA concentration, in ppm,
can be calculated by the following equation:

peak area — 1414.7

[NDGA], ppm = 1191

Individual effects

The analysis of the individual factors in the effect of the
extraction solvents did not find a significant difference
between the vegetative parts because the stem presented a
value of 169.21 mg kg™ and the leaves with 179.48 mg kg™ of
NDGA, nor was a significant difference found in the
extraction solvent since vinegar had 191.65 mg kg™, ethanol
presented a value of 170.30 mg kg™ and methanol with 161.09
mg kg™ of NDGA. This sequence with extractants disagrees
with the reported by Pérez et al. (2020), where ethanol and
methanol are the extractants used for L. tridentata.

For the locality, a significant difference was found (p < 0.05),
where the highest value was for Sauceda, with 224.85 mg kg
! compared to Mapimi, with 123.83 mg kg™ of NDGA.

Interactions

The individual effect does not express the relationship
between the factors evaluated; the interaction extraction
method and locality are shown in Table 1, where the Sauceda
with ethanol presented a value of 233.57 mg kg'%; it is already
observed that ethanol and methanol do have the effect
indicated by Pérez et al., (2020) for extraction and since they
are alcohols, once the extraction process is carried out, a part
is volatilized because they are volatile organic compounds
(Wade, 2016), but this volatilization should not be total,
because NDGA has low solubility in an aqueous medium that
is reduced by increasing ethanol concentration (Wikeley et al.,
2022).
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Table 1. Interaction of extraction methods and localities of Larrea tridentata in the concentration of nordihydroguaiaretic acid.
2. Nordihydroguaiaretic acid (mg kg

1. Solvent 3.  Sauceda 4. Mapimi X
5.
6. Ethanol 7. 233.57 ax 8. 107.02 by 9. 170.30 a
10.  Methanol 11. 226.16 ax 12, 96.01 by 13. 161.09a
14.  Vinegar 15. 214.82 ax 16. 168.47 ax 17. 191.65a
X 19.  224.85ax 20. 1283 y 21.
18.

a, b, ¢ = Values with different literals in a column, are
different Tukey (p < 0.05).

X, ¥, Z = Values with different literals in a row, are different
Tukey (p <0.05).

No significant difference was found for the extractant
interaction and vegetative part (Table 2). The similarity of the

values in both rows and columns indicates that using the
leaves or stems with any extractant evaluated in this study is
indistinct. The highest concentration of NDGA corresponds to
the interaction stem and vinegar with 194.33 mg kg™ but is
lower by 39.24 mg kg™ to the concentration of the interaction
Sauceda and ethanol; therefore, there is no significant
difference and a lower concentration.

Table 2. Interaction of extraction methods and vegetative part of L. tridentata in NDGA concentration.
2. Nordihydroguaiaretic acid (mg kg™

1. Solvent 3. Leaf 4. Stem X
5.
6. Ethanol 7. 175.27 ax 8. 165.32 ax 9. 170.30 a
10.  Methanol 11. 174.20 ax 12, 14797 ax 13. 161.09a
14.  Vinegar 15. 188.97 ax 16.  194.33 ax 17. 191.65a
By 19.  179.48 x 20. 169.21 x 21.
18.

a, b, ¢ = Values with different literals in a column, are
different Tukey (p < 0.05).

X, Y, z = Values with different literals in a row, are different
Tukey (p < 0.05).

In the interaction vegetative part and locality, there is a
significant difference between columns. For the locality La
Sauceda and the vegetative part, the leaf presented the highest

concentration of NADG with 231.7 mg kg™ (Table 3). NDGA
has an effect on Aspergillus flavus, Aspergillus niger,
Penicillium  chrysogenum, Penicillium expansum, and
Fusarium moniliforme under controlled conditions with the
low effect of prolonged toxicity (Herrera et al., 2021), a dose
of 231. mg kg™ can control these bacteria, but its effect in the
field was not determined.

Table 3. Interaction of vegetative part and localities of L. tridentata in the NDGA concentration.
2. Nordihydroguaiaretic acid (mg kg™)

1. Locality 3. Leaf 4. Stem X
5.

6. Sauceda 7. 231.70 8. 218.00 ax 9. 224.85 a
ax

10.  Mapimi 11.  127.20 12. 120.41 bx 13.  123.83b
bx

By 15. 179.48 16.  169.20 x 17.
14. X

a, b, ¢ = Values with different literals in a column, are
different Tukey (p < 0.05).

X, ¥, z = Values with different literals in a row, are different
Tukey Tukey (p < 0.05).

1. In the interaction vegetative part, extraction solvent
and locality, which is the triple interaction and which

was analyzed as treatments (Table 4) and the results
were different and significant (p < 0.05), the highest
value observed was 245.83 mg kg™ that corresponds to
the locality of Sauceda, in the leaf with the extraction
of vinegar, similar to the locality Sauceda in stem and
with the extraction of ethanol (239.64 mg kg?) and
methanol (230.55 mg kg'®), as the highest values in the
concentration of NDGA in the study.
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Table 4. Interaction of extraction methods, vegetative part, and localities of Larrea tridentata in the concentration of
nordihydroguaiaretic acid.

2. Nordihydroguaiaretic acid (mg kg™)

1 Solvent 3. Sauceda 4. Mapimi
5. Leaf 6. Stem 7. Leaf 8. Stem
9. Methanol 10. 221.78a 11. 23055a 12. 126.63 abc 13.  65.39¢c
14.  Ethanol 15. 22750a 16. 239.64a 17. 123.04 abc 18.  91.00 bc
19.  Vinegar 20. 245.83a 21. 18.82abc 22. 1321l1abc 23. 204.84ab

a, b, ¢ = Values with different literals in a column, are
different Tukey (p < 0.05).

Doses of 0.78 mg mL™ (780 mg kg™) of NDGA, inhibit the
concentration to the minimum of Clavibacter michiganensis
sbsp.  michiganensis,  Pseudomonas  syringae, and
Xanthomonas campestris (Morales et al., 2021). The highest
dose found in the study was 245.83 mg kg™, which does not
meet the indicated dose because it is lower by 534.17 mg kg ™.

NDGA alters the morphology and physiological state of plants
subjected to salt stress, because they become less sensitive to
salt stress (Ye et al., 2022). One of the advantages of NDGA
is to inhibit the effect of ABA, which is the response of plants
to frost through the modulation of the antioxidative system,
which improves cold tolerance (Li et al., 2021).
Lipoxygenases catalyze the hydro peroxidation of
polyunsaturated fatty acids, which is the first step in the
synthesis of fatty acid metabolites in plants due to stress, and
NDGA inhibits lipoxygenase activity (Hajdinak and Szarka,
2022).

A plant under drought water stress produces hydrogen
peroxide (H,0,), ABA, and jasmonic acid (JA) in its leaves.
NDGA reduces water content through the antioxidant
enzymatic capacity of plant biomass accumulation and the
MYC2 gene that reactivates the disease-resistance protein
RPML1 (Li etal., 2019, Wang et al., 2021, Liu et al., 2022).

In the ripening of jujube or red date (Ziziphus jujuba), NADG
at doses of 50 mg kg, regulates secondary photosynthesis,
lipid metabolic processes, cell wall arrangement, and
concentration of starch and sugar because NADG is an
inhibitor of the effect of ABA because it reduces the
respiration activity of the fruit and the concentration of
ethylene that induce fruit ripening (Zhang et al., 2019).

In the problem of abscission, transport and postharvest storage
of grapes (Vitis vinifera L.), NADG at doses of 100 umol L™
(30.24 mg kg'®), reduces the activity of ABA and ethylene by
decreasing the expression of VVNCED1 and VVACO1 genes
that reduce their synthesis, also reduces the activity of
pectinesterase, polygalacturonase, and cellulase, the content
of malondialdehyde and relative conductivity in the cell wall,
additionally decreases the content of total soluble solids,
titratable acids, vitamin C and weight loss (Zhu et al., 2022).

NDGA is an inhibitor of ABA synthesis in peach ripening
(Prunus armeniaca L.); peach ripening is related to the

PaPYL9 gene by inhibiting its expression reduces the color
index for grapes, the content of total soluble solids, titratable
acids, and firmness and delays the ripening process (Jia et al.,
2022). For Japanese peach (Prunus mume Sieb. et Zucc.) the
same effect is had with NDGA with 100 pM L™ (Tomiyama
etal., 2021).

For the Japanese cherry tree (Prunus serrulata Lindl), when it
has full foliage coverage, 10 mg L™ of NDGA was applied by
sprinkling and decreases the color intensity and increases the
fruit size in late ripening varieties; this effect is inverse in
early ripening varieties (Time et al., 2021).

Blueberry (Vaccinium corymbosum), applying 300 mg L™ of
NDGA decreased the concentration of ABA, but did not affect
the harvest time or the evolution of ethylene; hence it follows
that for this fruit, ethylene is the promoter of maturity
(Watanabe et al., 2021).

In flower buds of LilyDay (Hemerocallis citrina) the enzyme
B-1,3-glucanase acts during the fungal pathogenic and plant
process; when the fungus infects the plant, the enzyme is
completely inhibited by NDGA at concentrations of 25 uM
(7.6 mg kg™), so it is considered as an antifungal agent in crop
protection (Vargas et al. 2009). NDGA has been evaluated for
the control of Alternaria alternata, Fusarium oxysporum,
Colletotrichum gloeosporioides and Botrytis cinerea having a
positive effect on control. However, its most significant effect
was on Fusarium oxysporum (Aguirre et al., 2018).

The use of heterodimers such as quercetin/NDGA 5'— 5, have
greater antimicrobial activity against L. monocytogenes, S.
aureus, Escherichia coli and Enterobacter cloacae (Ngubane
et al., 2022). Fatty hydroxy acids have the function of
maintaining the stability of the membranes and cell walls of
fungi and bacteria, the enzyme that catalyzes the reactions of
linoleate with fatty acids and oxygen to form hydroxy acids is
12-lipoxygenase (12LOXcd), NDGA, at doses of 2.5 uM (0.7
mg kg?) inhibits the catalytic domain of the enzyme
12LOXcd (Xu et al., 2022), with which, in microorganisms
such as fungi and pathogenic bacteria, their cell membranes
are denatured causing lysis and death of these pathogens.

The effect of climate change and the increase in direct
radiation (Stamatis et al., 2024), produces a stomatal closure
causing temporary wilting in the crops, photosynthesis is
modified, CO, ingress is reduced, and O, concentration in
cells is increased, this increase the reactive oxygen species
(ROS) such hydrogen peroxide (H,0,), superoxide (O,), and
singlet oxygen (O,) are produced to initiate signaling
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pathways (Martin et al., 2022). The stomatal closure with
increase the ABA concentration in cells guards in the stomata.
The NDGA reduce the concentration of H,0,, in cells, excess
H,0,, at 10 nM can damage the membrane cell in the leaves
and kill the cells of leaves (Ruiz-Saenz et al., 2025), NDGA
regulate the concentration of ROS molecules and use them to
control pathogenic viruses and fungi.

Pathogens such as the fungus Fusarium oxysporum f. sp.
Vasinfectum also utilize H.O: during the infection process;
through the rapid production of ROS via membrane-bound
NADPH oxidases, successful fungal pathogens employ
strategies to increase cellular damage to healthy crop tissue
during infection (Wang et al., 2021). This raises the question
of whether a biopesticide containing NDGA exerts a greater
effect on the pathogen than the pathogen does on the crop;
consequently, organic and sustainable biopesticides
demonstrate effectiveness rates ranging from 62% to 75%, the
NDGA concentration in one organic product, It must be
greater than that of the pathogen, and its effect must be faster,
in order to control the pathogen, this is an alternative to
protect plants from diseases and drought stress damage
(Covarrubias et al., 2025).

Conclusions

The best extractant for NDGA is 10% vinegar, the vegetative
part with the highest concentration was the leaves and the best
locality was Sauceda, demonstrating that these would be the
best conditions for obtaining NDGA.

The higher concentration of NDGA (245.83 mg kg™®) is useful
to delay senescence and postharvest losses and maintain fruit
quality. It also has beneficial effects by avoiding the water
stress of plants and demonstrating frost tolerance.

The NDGA showed that it is a good controller of pathogens
such as fungi and bacteria, inhibiting the enzymatic activity of
protection, and is a sustainable product with application in
agriculture, although it is also used in medical situations.
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