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ABSTRACT. lodine is an essential micronutrient for human health, particularly due to its critical role in thyroid metabolism.
Its deficiency can lead to goiter, hypothyroidism, and neurological disorders in children. This study evaluates and compares the
effects of iodine on photosynthetic pigments and bioactive compounds in the peanut plant (Arachis hypogaea L.). Five iodine
concentrations (0.000, 0.050, 0.100, 0.150, and 0.200 mM L-') were examined across four treatments and one control through foliar
spraying 90 days after transplanting. The response variables included photosynthetic pigments (chlorophyll a, chlorophyll b,
total chlorophyll, and carotenoids) and bioactive compounds (total carbohydrates, total anthocyanins, and antioxidant capacity).
The results show that the 0.200 mM L concentration produced significant effects in bioactive compounds and performance,
surpassing values reported in studies. These findings indicate that iodine application can serve as an effective strategy to
enhance the nutritional quality of crops and contribute to mitigating micronutrient deficiencies in human populations.
Furthermore, inoculation with nitrogen-fixing bacteria supports greater agricultural productivity while reducing dependence
on inorganic fertilizers. Overall, this research provides valuable insights for strengthening food security.

Keywords: Biofortification, bioactive compounds, potassium Iodide, peanut.

RESUMEN. El yodo es un micronutriente esencial para la salud humana, especialmente por su funcién en el metabolismo
tiroideo. Su deficiencia puede provocar bocio, hipotiroidismo y alteraciones neuroldgicas en la infancia. En este estudio se
evaltian y comparan los efectos del yodo sobre los pigmentos fotosintéticos y los compuestos bioactivos en la planta de cacahuate
(Arachis hypogeaea L.). La investigacién contempla cinco concentraciones de yodo (0.000; 0.050; 0.100; 0.150 y 0.200 mM L),
distribuidas en cuatro tratamientos y un control mediante aspersion foliar a los 90 dias después del trasplante. Las variables de
respuesta incluyen pigmentos fotosintéticos (clorofila a, clorofila b, clorofila total y carotenoides) y compuestos bioactivos
(antocianinas totales y capacidad antioxidante), ademds de carbohidratos totales. Los resultados indican que la concentracién
de 0.200 mM L genera efectos significativos en los compuestos bioactivos y rendimiento, superando valores reportados en
estudios. Estos hallazgos sugieren que el yodo puede ser una herramienta eficaz para mejorar la calidad nutricional de los
cultivos y contribuir a mitigar la deficiencia de micronutrientes en la poblaciéon. Ademads, la inoculacion con bacterias fijadoras
de nitrégeno favorece el rendimiento agricola y reduce la dependencia de fertilizantes inorganicos. En conjunto, estos resultados
ofrecen perspectivas relevantes para fortalecer la seguridad alimentaria.

Palabras clave: Biofortificacion, compuestos bioactivos, yoduro de potasio, cacahuate.
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INTRODUCTION

Peanuts (Arachis hypogaea L.) contain high levels of fiber, proteins, fats, carbohydrates and vitamins
(Montero-Torres 2020). Their inclusion in the daily diet, especially in regions of Africa and Asia,
helps prevent chronic diseases thanks to their antioxidant properties and their rich content of
omega-6 (linoleic acid) and omega-3 fatty acids (Gutierres et al. 2025). Despite the agronomic and
nutritional benefits of peanut cultivation in Mexico, the planted area of this oilseed has decreased
by nearly 40% over the last decade. Currently, peanut cultivation covers approximately 60 000
hectares, with yields of 2.8 t ha irrigated and 1.3 t ha"! non-irrigated (Franca et al. 2021). In general,
the application of iodine in agricultural crops aims to enhance key nutritional processes by
improving the availability and uptake of macro and micronutrients such as nitrogen, phosphorus,
potassium, and calcium (Budke et al. 2021). These improvements contribute to increase plant
biomass and more efficient fruit and crop development, without altering the physicochemical
characteristics that confer resistance to environmental stress and ensure high-quality production
(Dixit et al. 2018).

Peanuts contain valuable biochemical constituents, including fats, proteins, carbohydrates, crude
fiber, ash, and moisture (Wang 2016). From a nutritional standpoint, the synthesis of
photosynthetic pigments, anthocyanins, and proteins plays a crucial role in promoting the
assimilation and fixation of nitrogen, phosphorus, and potassium in legume pod crops (Sanchez et
al. 2018). Iodine can induce the synthesis of ascorbate, 3-carotene, and cysteine-rich polypeptides,
which facilitate the intestinal absorption of essential mineral elements and inhibit polyphenolic
polypeptides, among other metabolites (Sanchez-Acosta et al. 2025). Likewise, iodine applications-
particularly in the form of iodide-have been shown to enhance and improve the availability of key
macronutrients required for fruit production (Li et al. 2017). Foliar iodine supplementation is
considered an efficient strategy in plants, especially when addressing iodine deficiencies that must
ultimately be compensated for in the human diet (Weng et al. 2014, Ortega-Ramirez et al. 2025).

The application of iodine through inorganic salts such as potassium iodide has been shown to
enhance plant tolerance to abiotic stress (Gupta et al. 2015). Although iodine is not naturally present
in most crops—largely because plants are unable to absorb it efficiently —and irrigation through
drip systems does not ensure its availability (Leija-Martinez et al. 2016), its supplementation can
still influence several physiological and biochemical traits. In peanuts, for example, the reddish
protective skin (red shell) is often discarded, despite containing bioactive compounds such as
luteolin, a flavonoid with recognized antioxidant, anti-inflammatory, and antimutagenic
properties (San-Martin et al. 2017). However, the percentage of free radical inhibition associated
with this antioxidant capacity remains insufficiently documented. The generation of knowledge in
this study addresses this gap by examining the response of photosynthetic pigments and bioactive
compounds to iodine supplementation. Consequently, the primary objective of this research was
to evaluate the antioxidant activity, the profile of bioactive compounds and photosynthetic
pigment dynamics in peanut plants biofortified with potassium iodide.
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MATERIALS AND METHODS

This research took place on the experimental field of the Tecnoldgico Nacional de México-Instituto
Tecnologico del Valle del Guadiana, located on the Durango-Mexico Highway, at Km 22.5, in the
Ejido Villa Montemorelos, Durango. Its geographical coordinates are 24.0100° LN and 104.4445°
LW. The soil is predominantly clay, with an average moisture retention capacity of 0 to 7%. Rainfall
occurs from June to September with an average of 490 mm (Medina et al. 2005). For this research,
similar treatment with nitrogen-fixing bacteria were used to demonstrate changes in the
physicochemical properties of the peanut crop through organic fertilization based on amino acids.

Agronomic management in experimental area

Approximately 2 kg of Virginia peanut seeds were purchased from Héroes de México, located in
Rodeo, Durango. The shells were removed, leaving only the clean kernels for direct sowing. Before
sowing, the seeds were inoculated with nitrogen-fixing bacteria (Biokomplet) from Agribest® (2 g)
in a 19 L container. A 1:2 ratio was used, and subsequently, 50% of the surface was moistened with
drip tape. The seeds were sown directly in the soil of the experimental area at a density of 24 plants
per row, for a total of 120 plants in the entire plot. The distance between rows was 2 m, and between
plants, 30 cm. Plant nutrition consisted of organic fertilization with NitroBac Plus from Agribest®,
which was applied by spraying every 8 days in all treatments. Potassium iodide was also applied
via foliar spray (Silva-Marrufo et al. 2020).

All applications were prepared for each pre-printed trigger sprayer (TOLCO, Mexico) (10 mL), with
a volume and frequency of 0.2 mL per plant. Doses were administered according to plant
assimilation, expressed in millimoles per liter (mM L), and weighed using a Scout® Pro SP202
portable electronic scale (Ohaus, Parsippany-Troy Hills, USA). The solution was prepared with 1
L of water and mixed with 1 mL of AgriBest® dispersant in four sprayers labeled according to each
treatment. Regarding the minerals, three applications were made in the morning every 15 days to
promote plant stimulation, foliar absorption, and pod and grain formation. The growing cycle
lasted five months, and the time from planting to analysis was 2.5 months.

Experimental design

Potassium iodide was adapted and applied at different concentrations (0.000, 0.050, 0.100, 0.150,
and 0.200-mM L) by foliar spraying and supported by fertigation using organic fertilizers enriched
with minerals. The statistical design consisted of a completely randomized approach using five
plants per treatment, selecting a total of 25 plants to compare photosynthetic pigments and
bioactive compounds in the peanut shell and kernel. Data analysis was performed using SPSS
software version 2020® for Windows, following the methodology of Rivadeneira-Pacheco et al.
(2020). Mean comparisons were carried out using Tukey’s test at a 0.05 significance level.

Plant sampling

For each evaluated variable, potassium iodide concentrations (0.000, 0.050, 0.100, 0.150, and 0.200
mM L) were applied by foliar spraying. Each application included five replicates, resulting in a
total of 25 experimental units (each plant represented one experimental unit). Beginning two
months after planting, all treatments were applied for 10 days using a spray bottle with a 1 L
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capacity and 1 mL of Agribest® adherent-dispersant. In the treatments (potassium iodide
concentrations), photosynthetic pigments, percentage of free radical inhibition (antioxidant
capacity), and bioactive compounds were subsequently compared.

Variables evaluated

Pod quality and yield

Nine plants per treatment were considered for the evaluation of pod quality and yield. Pod length
was estimated using 10 pods per plant. A digital caliper (500-192-30 Mitutoyo Co.) was used, and
the measurement was recorded for each sample to determine pole length. Results were expressed
in centimeters (cm). The total number of grains per plant, the weight of 100 seeds per plant, and
the final yield per plant were quantified using the same pods. These results were reported in grams
(g) and grams per plant (g/plant™). Finally, yield per unit area was calculated considering the total
plant density and the yield per plant. The final results were expressed in kilograms per hectare

(kg/ha').

Photosynthetic pigments

These measurements were performed following the methodology of Wellburn (1994), with
minimal modifications. Eight days after the application of iodine by foliar spray, chlorophylls a, b,
total chlorophyll and total carotenoids were determined. Sixty milligrams of fresh crushed leaf
tissue were placed in a screw-top test tube, to which 10 ml of 98% methanol were added. The
samples were kept at room temperature, in darkness, for 24 h. Absorbance readings were then
quantified using a Genesys 30sV spectrophotometer (Thermo Scientific, Waltham, Massachusetts,
USA) at wavelengths of 666, 653, and 470 nm. Finally, the corresponding equations were used to
calculate pigment concentrations, expressed in milligrams per gram of fresh weight (mg g FW),

in the following formulas.
Chla = [1565(A666) - 734(‘4653)]

Chl totals = [(Chl a)(Chl b)]

[1000(A,,0) — 2.86(Chl a) — 129.2(Chl b)]
221

Carotenoids =

Quantification of total carbohydrate

For quantifying total carbohydrates, the methodology of Albalasmeh et al. (2013) was used with
minor modifications. One gram of peanut shell and kernel sample was weighed, ground using a
ceramic mortar, and mixed with 4 mL of 97 % sulfuric acid. The mixture was allowed to stand for
24 h, after which the aliquot was removed and analyzed at a wavelength of 320 nm. For equipment
calibration, a cuvette containing only sulfuric acid at low temperature was used as a blank (Itagaki
1994). The samples were quantified using a Genesys 30sV spectrophotometer (Thermo Scientific,
Waltham, Massachusetts, USA), and the results were reported in grams.
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Quantification of total anthocyanins

Regarding total anthocyanins as bioactive compounds, the methodology of Bursac et al. (2015) was
followed to prepare two buffer solutions: the first with potassium chloride (KCl) adjusted to pH
1.0, and the second with sodium acetate adjusted to pH 4.5.

Subsequently, 25 uL of buffer solution 1, 0.5 mL of buffer solution 2, and 0.5 mL of the methanolic
extract from each sample (peanut shell and kernel) were transferred into 10 mL test tubes with
caps. To homogenize the mixtures, the tubes were placed on a digital vortex mixer (Datamed, USA)
for 15 min at 100 rpm and then centrifuged for approximately 15 min at 2 500 rpm (Garcia-Cruz et
al. 2021). For each treatment, 100 uL aliquots were transferred to cuvettes and subjected to readings
at wavelengths of 520 nm and 700 nm using a Genesys 30sV spectrophotometer (Thermo Scientific,
Waltham, Massachusetts, USA) (Alavarsa-Cascales ef al. 2022).

Anthocyanin concentrations were calculated using Formula and expressed as milligram
equivalents of anthocyanins per milliliter (mg EA mL™). In this formula, A represents absorbance
derived from Formula; MW is the molecular weight of cyanidin-3-glucoside (449.2 g mol); DF is
the dilution factor; and ¢ is the molar extinction coefficient of cyanidin-3-glucoside (26 900 L mol™!
cm™). The constant 0.38 corresponds to the optical path length (cm), and 10° is the conversion factor

from grams to milligrams.
(AMW DF 103)

(£0.38)
A = (Asz20 — A700) Phyo — (As20 — A700) Phys

Anthocyanin =

Antioxidant capacity under the ABTS method

The antioxidant capacity was quantified following the methodology of Enciso-Gutiérrez et al.
(2010). A 10 mL test tube was used to place 1 g of each sample (peanut shell, reddish skin, and
peanut grain), 20 mL of ethyl alcohol, and 6 mL of distilled water, obtaining a 1:3 ratio. At the end
of the procedure, the mixture was covered and stored for 72 hours in the absence of light. According
to the methodology of Martysiak-Zurowska and Wenta (2012), 100 uL of the hydroalcoholic extract
of each sample and 1 mL of the ABTS radical solution were used. The ABTS* solution was prepared
by mixing 5 mL of a 7 mM ABTS solution with 88 uL of a 140 mM potassium persulfate solution.
This preparation was then diluted in an ascorbic acid buffer to reach a pH of 5.0 and an absorbance
of 0.7 nm.

All measurements were taken at a wavelength of 734 nm after 3 minutes of reaction at room
temperature. The results were expressed using a standard curve prepared with TROLOX (0-200
umol L) as the antioxidant reference. The samples were left to react for 15 minutes and then
introduced into a Genesys 30sV spectrophotometer (Thermo Scientific, Waltham, Massachusetts,
USA) at a wavelength of 414 nm, reaching an R? value of 0.9886. The data were reported as the
percentage of free radical inhibition. Finally, the values were calculated using formula (Repo-de-
Carrasco and Encina 2008). In this formula, Ai represents the absorbance of the sample (with the
free radical), Aois the blank absorbance (with added ethanol), and RA corresponds to the reference
absorbance (containing the radical and the sample solvent).
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o (4; — 4o)
Inhibition percentage = 1 — —RA x 100

Experimental design and data analisis

The data were analyzed using a comparison of means between treatments. The data obtained were
subjected to the statistical program IBM SPSS® version 2020. The database was configured in
Microsoft Excel 10 (x64). Comparisons between means were performed, and a Tukey test was
conducted with a significance level of (p < 0.05) and respecting one standard deviation between
treatments.

RESULTS

Physical quality of pods and yield

All peanut plants produced under conventional systems (without potassium iodide) yielded seeds
weighing 0.35 g each, with an average of 2.90 kernels per pod. The evaluated pods measured 3.20
cm in length, and an average of 20 pods per plant was recorded. The incorporation of potassium
iodide into the plants resulted in seeds weighing 8-16% more, and the number of kernels per pod
increased by 19-36%. Pod size also increased by 0.90 cm when 42 kg ha' of potassium iodide was
applied (Table 1).

Table 1. Comparison of yield and physical quality of peanut seed in plants treated with potassium iodide.

Potazs;uMmLﬂ(;dide Weight(lg())ﬂ seeds Grains/Pod Shea:ilnie):ngth Pods/Plant-! Yieh(ig’lant (k\:;:;l_l)
0.000 35.00 £ 0.22¢ 2.90 +0.04¢ 3.20 +0.04> 20.00+0.41c 2244 +0.28c 2255.00 + 28.85¢
0.050 40.09 +1.17° 3.88 + 0.06° 3.44 +0.05> 21.03+0.40> 2522 +0.25> 2422.00 + 24.00°
0.100 41.77 +0.09° 3.80 + 0.00° 3.57 +0.04> 22.89+0.41>  26.99+0.25> 2620.00 + 24.00°
0.150 42.89 +0.08° 4.00 = 0.05 420+0.05>  24.12+040° 27.00+0.25* 2710.00 +25.00°
0.200 43.43 £0.27 4.66 = 0.06 455+0.05>  24.08+041s 28.54+0.28* 2889.00+28.70°

Different letters between columns indicate a significant difference between treatments (Tukey p =>0.05). n
=9 + standard error.

Photosynthetic pigments in peanut (Arachis hypogaea L.) leaves

Table 2 shows the results for chlorophyll a, chlorophyll b, total chlorophyll, and total carotenoids
according to the Tukey test at the 0.05% confidence level. The 0.200 mM L potassium iodide
treatment was significant, with a value of 0.136 mg g FW, followed by the control treatment at
0.095 mg g FW. The remaining treatments (0.050, 0.100 and 0.150 mM L) showed stabilized values
of 0.070, 0.073 and 0.074 mg g FW, respectively. Organic fertilization based on amino acids was
used to obtain these results.

Observing the total carotenoids, the control treatment (0.000 mM L) obtained 2.544 mg g' FW,
showing minimal absorption, while the 0.050 mM L and 0.100 mM L treatments reached 0.032
mg g' FW and 0.495 mg g! FW, respectively. The 0.150 mM L and 0.200 mM L treatments
stabilized at 2.451 mg g' FW and 2.408 mg g' FW.
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Table 2. Average values of chlorophyll a, chlorophyll b, and total carotenoids
resulting from the application of potassium iodide at different concentrations.

Chlorophylla  Chlorophyll b Total Total carotenoids
Potassium iodide chlorophylls
(mM L) mg g FW
Leaves
0.000 0.095 £ 0.0012 0.080 + 0.0012 0.175 + 0.0062 2.544 +0.0102
0.050 0.070 + 0.001> 0.071+0.0022>  0.141 + 0.0042> 0.032 + 0.00a>
0.100 0.073 + 0.002> 0.070 +£0.0022>  0.143 +£0.004®>  0.495 + 0.0082>
0.150 0.074 + 0.002° 0.063 + 0.00220 0.137 + 0.0042> 2.451 +0.0102
0.200 0.136 + 0.0052 0.036 + 0.001> 0.172 + 0.0062 2.408 £ 0.0102

mM L = Millimoles per liter. mg g-! FW = Milligrams per gram of fresh weight.
Values with the same letters in a column are statistically similar (Tukey; p <0.05),
n=9.

Total carbohydrates

The results at potassium iodide concentrations of 0.050 and 0.200 mM L' significantly increased
total carbohydrates in 1 g of sample. In contrast, this study obtained 10.00 g of carbohydrates in the
control and in the 0.100 mM L potassium iodide treatment. Additionally, in peanut shells, the
concentrations of 0.050 mM L and 0.200 mM L resulted in increased carbohydrate content, as
shown in Table 3. These outcomes were achieved using organic fertilization based on amino acids.

Table 3. Quantification of total carbohydrates in peanut shells and grain

Potassium iodide Total carbohydrates (g)
(mM L) Shell Reddish skin Grain
0.000 10.00 + 0.222 10.00 + 0.23 10.00 + 0.222
0.050 10.00 + 0.25 4.89 +0.07b 1.05 +0.012
0.100 3.80 +0.08° 0.07 + 0.00° 10.00 + 0.222
0.150 2.31 +0.06 2.69 + 0.06% 2.97 +0.08
0.200 10.00 + 0.25 0.12 +0.01> 1.67 +0.020

mM L-!= Millimoles per liter. g = Grams. Values with the same letters in a
column are statistically similar (Tukey; p < 0.05). n = 9, + desviation
estandar.

Total anthocyanins

The results for anthocyanins in peanut shells showed that high concentrations of potassium iodide,
applied in salt form, produced substantial increases, reaching 16.443 mg g' FW and 17.172 mg g-!
FW. In contrast, the peanut grain accumulated 0.998 mg g' FW of anthocyanins, which still
represents a significant value, as shown in Table 4. These results were obtained using organic
fertilization based on amino acids. In contrast, the highest potassium iodide dosage in this research
(0.200 mM L-1) resulted in 17.172 mg EA mL FW in red peanut shells-a lower uptake than that
reported for the crops mentioned above.
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Table 4. Quantification of total anthocyanins in peanut shells and grain.
Total anthocyanins

Potassium iodide

(mg EA mL FW)

(mML? Shell Reddish skin Grain
0.000 0.205 + 0.002¢ 0.697 +0.001¢ 0.522 +0.0032>
0.050 2.091 + 0.000P 1.584 +0.022> 0.269 + 0.009»
0.100 0.174 + 0.000¢ 0.142 +0.003¢ 0.570 + 0.0052>
0.150 0.649 £ 0.001¢ 0.586 + 0.004¢ 0.427 + 0.00620
0.200 16.443 + 0.0222 17.172 + 0.0302 0.998 + 0.0062

mM L= Millimoles per liter. mg EA mL FW = Equivalent milligrams of
Anthocyanins per milliliter of fresh weight. Values with the same letters
in a column are statistically similar (Tukey; p <0.05). n =9, + desviation
estandar.

Antioxidant activity quantification (ABTS+)

The data show that the absolute control achieved the highest percentage of free radical inhibition
(96.52%), followed by the 0.050 mM L+ KI treatment, which reached 93.20%. The remaining
treatments showed lower percentages of inhibition, which is attributed to the high saturation and
accumulation of salts on the leaf surface, as shown in Table 5. Organic fertilization based on amino
acids was used to generate these results.

Table 5. Percent of inhibition of the free radical under the ABTS method
in shell, reddish skin and peanut grain
ABTS free radical inhibition percent (%)

Potassium iodide

(mM L) Shell Reddish skin Grain
0.000 92.03 +1.009 96.52 +2.000 98.04 +2.012
0.050 90.39 + 1.050® 92.66 + 1.00b 96.56 + 2.00%
0.100 89.01 + 0.99° 93.20 + 1.00% 94.89 + 101
0.150 0 +0.00¢ 0 +0.00¢ 90.98 + 1.05
0.200 0+0.001¢ 0 +0.00¢ 90.02 + 1.05

mM L= Millimoles per liter. % = Percent. Values with the same letters
in a column are statistically similar (Tukey; p <0.05). n=9, + desviation
estandar.

The percentages of free radical inhibition were highest in the control treatment, reaching 96.52%,
while potassium iodide contributed to the development of the plants’ principal macronutrients.

DISCUSSION

Physical quality of pods and yield

IK fertilization in peanut plantations has shown positive results in both kernel and pod quality.
Studies by Ortega-Ramirez et al. (2025) and Silva-Marrufo et al. (2020) indicate that iodine
supplementation does not significantly affect leaf or fruit development; however, it does improve
fruit quality, playing a key role in the nutritional attributes of crops and promoting higher yields.
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Increasing iodine concentrations does not negatively affect crop production. However, grain
quality can be achieved through the agronomic management of these plants (Guerrero-Martin et
al. 2023).

Photosynthetic pigments in peanut (Arachis hypogaea L.) leaves

According to Jarma-Orozco et al. (2021), under different sunlight and nitrogen fertilization
conditions, S. rebaudiana Bert. plants exhibited chlorophyll a, b, and total chlorophyll variations
caused by solar radiation, but not by nitrogen levels. In contrast, Budke et al. (2021), reported that
foliar sprays did not cause physiological damage in apples or pears, as observed in peanut leaves,
this suggests that 0.200 mM L7 is the maximum concentration suitable for proper plant
development and fruit yield. The report by Silva-Marrufo et al. (2025) suggests that high doses of
minerals such as Fe and Zn provide chlorophylls up to 35% exposed foliarly.

Rakoczy-Lelek et al. (2021), reported carotenoid levels similar to those found in the present study,
noting that iodine toxicity was not observed in carrot crops and that no significant statistical
differences were detected in their analysis. These findings suggest that iodine applications can
enhance physiological activity and support plant development without altering plant morphology
or their inherent properties. They also identified several phenolic compounds, reducing sugars,
amino acids, tannins, and stable components such as vitamins C and E, carotenoids, and phenolic
acids (benzoic and hydroxybenzoic acids). The results at potassium iodide concentrations of 0.050
and 0.200 mM L significantly increased total carbohydrates in 1 gram of sample. According to the
United States Department of Agriculture (USDA, 2016), 1 gram of raw peanuts contains an average
of 16.54 mg EA mL" FW, dry-roasted peanuts contain 21.3 mg EA mL" FW, and toasted peanuts
contain 15.3 mg EA mL1 FW.

Grain consumption improves human dietary quality (Coe 2020). The intake of reddish peanut skin,
which has a high polyphenol content, can contribute to inhibiting carbohydrate pathways in certain
foods of interest (Tsujita et al. 2014). Compared with the studies by Chavez-Mendoza and Sanchez
(2023), who reported values between 51.21 and 61.53% in several bean varieties —where the ‘Pinto’
variety showed the highest carbohydrate content and the ‘Peruano’ variety the lowest —the present
results ranged between approximately 70 and 80%.

Total anthocyanins

Furthermore, Consentino et al. (2023) reported that iodine-biofortified crops present higher
anthocyanin and total carbohydrate contents, which differs from Sabatino et al. (2021), who
indicated that the application of 250 mg L' of iodine improves the nutritional quality of vegetables
and legumes. In the selected peanut shells, a variation was observed at 200 mM L' compared with
the absolute control and the corresponding treatment. Compared with the findings of Broa-Rojas
et al. (2019), the present study reported a coefficient of variation of 0.47, with a mean of 276 mg g
FW in pigmented native maize grain, which contains high sugar percentages and is therefore able
to generate substantial amounts of anthocyanins. Rabanal-Atalaya and Medina-Hoyo (2022), also
reported high anthocyanin values in maize cobs and bracts, with 7.90 mg g' FW and 4.53 mg g
FW, respectively —values higher than those obtained in the present research. Other studies have
reported concentrations greater than those found here; for instance, Consentino et al. (2023)
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documented a content of 127.5 mg cyanidin-3-glucoside per 100 g and an iodine dose of 600 mg L-
!in strawberries.

Antioxidant activity quantification (ABTS+)

However, several studies have demonstrated the feasibility of enhancing antioxidant capacity
through foliar iodine applications. Consequently, the results of the present study surpassed
inhibition percentages of 89% in the peel, 93% in the red peel, and 94% in the grain for free radicals
in 1 g of sample. Quispe-Herrera et al. (2022), reported 96% inhibition of free radicals in the pulp
and nectar of ungurahui.

The percentages of free radical inhibition were highest in the control treatment, reaching 96.52%,
while potassium iodide contributed to the development of the plants” principal macronutrients.
However, several studies have demonstrated the feasibility of enhancing antioxidant capacity
through foliar iodine applications. For example, Cortés-Flores et al. (2016) reported inhibition
values between 89 and 93% at concentrations of 0.015 mM L, 0.030 mM L, 0.045 mM L, and 0.050
mM L of iodine - a range associated with high foliar iodine doses that tend to reduce plant height.
Similarly, Gonnella et al. (2019) observed that exceeding 0.050 mM L' of potassium iodide can cause
toxicological damage in plants, affecting their development, as reported for Brassica spp. Medrano-
Macias et al. (2016) found that iodine additions at 0.100 mM L-! resulted in enzymatic activity levels
between 54 and 86% and non-enzymatic antioxidant levels between 22 and 85% in tomato
seedlings. Consequently, the results of the present study surpassed inhibition percentages of 89%
in the peel, 93% in the red peel, and 94% in the grain for free radicals in 1 gram of sample.

CONCLUSIONS

These effects, together with the use of organic fertilization based on amino acids, favored the
quality of the peanut shell and the reddish pigmentation of the skin. Enhancing its nutritional value
for human consumption. Furthermore, implementing this technique can reduce dependence on
chemical fertilizers promoted during the Green Revolution in Mexico, thereby improving
agricultural sustainability and diminishing environmental pollution. The evaluation of peanut
crops without nitrogen-fixing bacteria or additional elements becomes relevant, as this case study
introduces innovative and sustainable solutions for food production. The application of organic
fertilization modified most of the variables studied, however the antioxidant capacity maintained
a profile of 90 and 95% activity in peanut grain. Food security remains a global priority, as millions
of people still lack access to nutritious and sufficient food to meet their daily needs. In this context,
the application of iodine in plants, together with other sustainable agricultural practices, represents
a valuable strategy to address this challenge and improve overall quality of life. The findings
regarding the effects of iodine and its interaction with nitrogen-fixing bacteria offer a promising
starting point for developing innovative, sustainable solutions that can contribute to achieving this
goal.

e-ISSN: 2007-901X https://era.ujat.mx

@ose g


http://?

) Silva-Marrufo et al.
Ecosistemas Antioxidant activity and bioactive compounds in peanut
¥ Recursos . ,

Agropecuarios Ecosist. Recur. Agropec. Nim. Esp. VI: 5296, 2026

https://doi.org/10.19136/era.a13nVI1.5296

ACKNOWLEDGMENTS

To the Faculty of Animal Science and Medicine of the Juarez University of the State of Durango,
for the support of the protein analyses of the cabbage samples and to the National Technological
Institute of Mexico Campus Technological Institute of the Guadiana Valley, for the mineral
analyses of the study.

CONFLICT OF INTEREST

The authors declare no conflict of interest.

LITERATURE CITED

Albalasmeh A, Berhe AA, Ghezzehei T (2013) A new method for rapid determination of carbohydrate and
total carbon concentrations using UV spectrophotometry. Carbohydrater Polymeros 97(2): 253-261.
https://doi.org/10.1016/j.carbpol.2013.04.072.

Alavarsa-Cascales D, Aliafio-Gonzédlez MJ, Palma M. Barbero GF, Carrera C (2022) Optimization of an
enzyme-assisted extraction method for the anthocyanins present in Acai (Euterpe oleracea Mart.).
Agronomy 12: 2327. https:// doi.org/10.3390/agronomy12102327

Bursa¢ A, Kovacevi¢ D, Putnik P, Dragovi¢-Uzelac V, Vahci¢ N, Skendrovi¢-Babojeli¢c M, Levaj B (2015)
Influences of organically and conventionally grown strawberry cultivars on anthocyanins content
and color in purees and low-sugar jams. Food Chemistry 181:  94-100.
https://doi.org/10.1016/j.foodchem.2015.02.063

Budke C, Dierend W, Schon H, Hora K, Miihling K, Daum D (2021) Iodine biofortification of apples and
pears in an orchard using foliar sprays of different composition. Frontier in Plant Science 12: 638671.
https://doi.org/10.3389/fpls.2021.638671

Broa-Rojas E, Vazquez-Carrillo M, Estrella-Chulim N, Hernandez-Salgado J, Ramirez-Valverde B, Bahena-
Delgado G (2019) Caracteristicas fisicoquimicas y calidad de la proteina de maices nativos
pigmentados de Morelos en dos afios de cultivo. Revista Mexicana de Ciencias Agricolas 10(3): 683-
697. https://doi.org/10.29312/remexca.v10i3.481

Consentino B, Vultaggio L, Iacuzzi N, La Bella S, De Pasquale C, Rouphael Y, Ntatsi G, Virga G, Sabatino L
(2023) Iodine biofortification and seaweed extract-based biostimulant supply interactively drive the
yield, quality, and functional traits in strawberry fruits. Plants 12: 245,
https://doi.org/10.3390/plants12020245

Coe C (2020) Nuts in the diet and bodyweight: What's the relationship? Nutrition Bulletin 45(1).
https://doi.org/10.1111/nbu.12418

Cortés-Flores C, Rodriguez-Mendoza M, Benavides-Mendoza A, Garcia-Cué ], Tornero-Campante M,
Sanchez-Garcia P (2016) El yodo aumenta el crecimiento y la concentracién de minerales en plantulas
de pimiento morrén. Agrociencia 50(6): 747-758.

Chavez-Mendoza C, Sanchez E (2023) Antioxidant capacity and nutraceutical compounds content of six
common bean (Phaseolus vulgaris L.) varieties harvested in Morelos, Mexico. Notulae Scientia
Biologicae 15(1): 11353. https://doi.org/10.55779/nsb15111353

Dixit S, Shukla R, Sharma YK (2018) Biofortification of plant nutrients: Present scenario. In: Hasanuzzaman
M, Fujita M, Oku H, Nahar K, Hawrylak-Nowak B (eds) Plant nutrients and abiotic stress tolerance.
Springer Singapore. https://doi.org/10.1007/978-981-10-9044-8_4

e-ISSN: 2007-901X https://era.ujat.mx

@ose g


http://?

) Silva-Marrufo et al.
Ecosistemas Antioxidant activity and bioactive compounds in peanut
¥ Recursos . ,

Agropecuarios Ecosist. Recur. Agropec. Nim. Esp. VI: 5296, 2026

https://doi.org/10.19136/era.a13nVI1.5296

Enciso-Gutiérrez J, Amiel-Pérez J, Guija-Poma E, Fukusaki-Yoshizawa A, Reategui-Arévalo O, Amiel-Pefia
D, Enciso-Benavides N, Valdivia E, Rodriguez-Bayona R, Neyra-Landa K (2010) Actividad
antioxidante del extracto hidroalcohdlico de cuatro plantas medicinales y estimulacion de la
proliferacion de fibroblastos. Revista de la Sociedad Quimica del Pera 76(1): 73-79.

Franca P N de O, Faria R, Carrega WC, Coelho AP, Godoy 1IJ, Palaretti LF (2021) Peanut yield under irrigation
levels in off-season cultivation. Journal of the Faculty of Agricultural Sciences 53(1): 55-67.
https://doi.org/10.48162/rev.39.006

Garcia-Cruz L, Valle-Guadarrama S, Soto-Hernandez RM, Guerra-Ramirez D, Zuleta-Prada H, Martinez-
Damian MT, Ramirez-Valencia YD (2021) Separation of pitaya (Stenocereus pruinosus) betaxanthins,
betacyanins, and soluble phenols through multistage aqueous two-phase systems. Food and
Bioprocess Technology 14: 1791-1804. https://doi.org/10.1007/s11947-021-02676-1

Gonnella M, Renna M, D'Imperio M, Santamaria P, Serio F (2019) Iodine biofortification of four brassica
genotypes is effective already at low rates of potassium iodate. Nutrients 11(2): 451.
https://doi.org/10.3390/nu11020451

Gupta N, Bajpai MS, Majumdar RS, Mishra, PK (2015) Response of Iodine on antioxidant levels of Glycine
Max L. Grown under Cd Stress. Environmental Science 9(1): 40-48.
https://doi.org/10.5829/idosi.abr.2015.9.1.9183

Gutierres D, Pacheco R, Reis CP (2025) The role of omega-3 and omega-6 polyunsaturated fatty acid
supplementation in human health. Foods 14(19): 3299. https://doi.org/10.3390/foods14193299

Guerrero-Martin CA, Ortega-Ramirez AT, Silva-Marrufo O, Casallas-Martin BD, Cortés-Salazar N, Salinas-
Silva R, Camacho-Galindo S, Da Silva Fernandes FA, Guerrero-Martin LE, Paulo de Freitas P, DV,
Duarte E (2023) Biofortification of kidney bean (Phaseolus vulgaris L.) crops applying zinc sulfate and
ferric sulfate: pilot crop in Colombia. Molecules 28(5): 2004.
https://doi.org/10.3390/molecules28052004

Itagaki H (1994) Saccharification process of cellulose in 97% sulfuric monitored by sulfuric acid induced
ultraviolet absorption behaviour. Polymer 5(1): 50-52. http://doi.org/10.1016/0032-3861(94)90048-5

Jarma-Orozco A, Cordero-Cordero C, Cleves-Leguizamo ] (2021) Pigmentos fotosintéticos de Stevia
rebaudiana Bert en condiciones diferenciales de luz solar y fertilizacion nitrogenada en invernadero.
Revista de Investigacion Agraria y Ambiental 13(1): 75-88. https://doi.org/10.22490/21456453.4528

LiR, Liu HP, Hong CL, Dai ZX, Liu JW, Zhou ], Weng HX (2017) Iodide and iodate effects on the growth and
fruit quality of strawberry. Journal of the Science of Food and Agriculture 97(1): 230-235.
https://doi.org/10.1002/jsfa.7719

Leija-Martinez P, Benavides-Mendoza A, Rocha-Estrada A, Medrano-Macias JR (2016) Biofortificacién con
yodo en plantas para consumo humano. Revista Mexicana de Ciencias Agricolas 7(8): 2025-2036.

Martysiak-Zurowska D, Wenta, WA (2012) Comparison of ABTS and DPPH methods for assessing the total
antioxidant capacity of human milk. Acta Scientiarum Polonorum. Technologia Alimentaria 11(1):
83-89.

Medina G, Diaz G, Lopez ], Ruiz J, Marin M (2005) Estadisticas climatoldgicas basicos del estado de Durango
(Periodo 1961-2003). Libro técnico Num. 1. SAGARPA-INIFAP-CIRNOC-Campo Experimental Valle
del Guadiana. Durango, Dgo. México. 224p.

Medrano-Macias J, Leija-Martinez P, Juarez-Maldonado A, Rocha-Estrada A, Benavides-Mendoza A (2016)
Efecto de la aplicacion de yodo sobre antioxidantes en plantulas de jitomate. Revista Chapingo Serie
Horticultura 22(2): 133-143. https://doi.org/10.5154/r.rchsh.2015.12.025.

Montero-Torres ] (2020) Importancia nutricional y econémica del mani (Arachis hypogaea L.). Revista de
Investigacion e Innovacion Agropecuaria y de Recursos Naturales 7(2): 112-125.

Ortega-Ramirez AT, Silva-Marrufo O, Perez-Rubio YE, Alaniz-Villanueva OG, Herrera-Gamboa J, Marin-
Tinoco RI, Preciado-Rangel P, Sarifiana-Aldaco O (2025) Biostimulant effects of Iodine on the

e-ISSN: 2007-901X https://era.ujat.mx

@ose :


http://?

) Silva-Marrufo et al.
Ecosistemas Antioxidant activity and bioactive compounds in peanut
¥ Recursos . ,

Agropecuarios Ecosist. Recur. Agropec. Nim. Esp. VI: 5296, 2026

https://doi.org/10.19136/era.a13nVI1.5296

biomass, biomolecules, and nutritional profile of lettuce seedlings. Journal of Soil Science and Plant
Nutrition 25: 2763-2772. https://doi.org/10.1007/s42729-025-02296-0

Quispe-Herrera R, Belizario-Ferrel ], Quispe-Solis ], Quispe-Solis H, Paredes-Valverde Y, Cahuana-Mamani
P, Valles-Coral MA, Caviedes-Contreras W (2022) Capacidad antioxidante del néctar de ungurahui
(Oenocarpus bataua.). Nutricién Clinica y Dietética Hospitalaria 42(01).
https://doi.org/10.12873/421quispe

Rabanal-Atalaya M, Medina-Hoyo A (2022) Cultivares de maiz morado de alto rendimiento y contenido de
antocianinas en la region Cajamarca, Pert. Revista Mexicana de Ciencias Agricolas 13(3): 381-392.
https://doi.org/10.29312/remexca.v13i3.2850

Rakoczy-Lelek R, Smolen S, Grzanka M, Ambroziak K, Pitala ], Skoczylas E, Liszka-Skoczylas M, Kardasz H
(2021) Effectiveness of foliar biofortification of carrot with iodine and selenium in a field condition.
Frontiers in Plant Science 12: 656283. https://doi.org/10.3389/fpls.2021.656283

Rivadeneira-Pacheco ], Barrera-Argiiello MV, De-La-Hoz-Suédrez Al (2020) Analisis general del spss y su
utilidad en la estadistica. E-IDEA. Journal of Business Sciences 2(4): 17-25.

Repo-de-Carrasco R, Encina ZCR (2008) Determinacion de la capacidad antioxidante y compuestos
bioactivos de frutas nativas peruanas. Revista de la Sociedad de Quimica 74(2): 108-124.

Sabatino L, Di-Gaudio F, Consentino B, Rouphael Y, El-Nakhel C, La-Bella S, Vasto S, Mauro RP, D"Anna F,
Iapichino G, Caldarella R, De-Pasquale C (2021) La biofortificacion con yodo contrarresta la
deficiencia de micronutrientes y mejora la calidad funcional de la escarola rizada cultivada en campo
abierto. Horticulturae 7: 58. https://doi.org/10.3390/horticulturae7030058

Sanchez ER, Ruiz JM, Romero L, Preciado-Rangel P, Flores-Cérdova MA, Marquez-Quiroz C (2018) ;Son los
pigmentos fotosintéticos buenos indicadores de la relacion del nitrégeno, fésforo y potasio en frijol
ejotero? Ecosistemas y Recursos Agropecuarios 5(15): 387-398.
https://doi.org/10.19136/era.abn15.1757

Sanchez-Acosta ], Galindo-Guzman AP, Fortis-Hernandez M, Preciado-Rangel P, Sanchez-Estrada A,
Estrada-Arellano E (2025) Iodine biofortification impacts the nutraceutical compounds content and
agronomic characteristics of lettuce (Lactuca sativa L.). Notulae Botanicae Horti Agrobotanici Cluj-
Napoca 53(2): 14225. https://doi.org/10.15835/nbha53214225

San-Martin A, Chu-Gilberto S, Romero A, Acebey R, Blanco E, Flores Y, Almanza GR (2017) Luteolina en
cascaras de mani (Arachis Hypogaea) en cultivares de Bolivia. Revista Boliviana de Quimica 34(3): 79-
88.

Silva-Marrufo O, Marin-Tinoco RI, Castafieda-Venegas JA (2020) Effect of potassium iodide and salicylic acid
in the cultivation of hydroponic strawberries (Fragaria L.). Journal-Agrarian and Natural Resource
Economics 4(7): 17-23. http://doi.org/10.35429/JANRE.2020.7.4.17.23

Silva-Marrufo O, Ortega Ramirez AT, Sarifiana-Aldaco O, Marin-Tinoco RI (2025) Efecto de la biofortificacion
con hierro y zinc en la produccién, acumulacién de metales pesados y biomoléculas en lechuga.
Revista de la Facultad de Agronomia 124(1): e153. https://doi.org/10.24215/16699513e153

Tsujita T, Shintani T, Sato H (2014) Preparacion y caracterizacién de polifenoles de la piel de semilla de mani.
Quimica Alimentaria 151: 15-20.

USDA (2016) National nutrient database for standard reference version 28, basic report 16095, peanuts,
Virginia, Raw, in National Nutrient Database for Standard Reference Version 28 slightly revised May
2016. United States Department of Agriculture. http://www.ars.usda.gov/ba/bhnrc/ndl. Data
consulted: 03 of february, 2026).

Wang Q (2016) Peanuts: Processing technology and produce development. First edition. London, United
Kingdom. The sevier Science. London. 379p.

e-ISSN: 2007-901X https://era.ujat.mx

@ose


http://?
http://www.ars.usda.gov/ba/bhnrc/ndl

) Silva-Marrufo et al.
Ecosistemas Antioxidant activity and bioactive compounds in peanut
y Recursos . ,

Agropecuarios Ecosist. Recur. Agropec. Nim. Esp. VI: 5296, 2026
https://doi.org/10.19136/era.a13nVI1.5296

@ ERA

White PJ, Broadley MR (2009) Biofortificacion de cultivos con siete elementos minerales a menudo falta en
las dietas humanas: hierro, zinc, cobre, calcio, magnesio, selenio y yodo. New Phytologist 182: 48-84.
https://doi.org/10.1111/j.1469-8137.2008.02738.x5

Weng HX, Liu HP, Li D W, Ye M, Pan L, Xia TH (2014) An innovative approach for iodine supplementation
using iodine-rich  phytogenic food. Environ Geochem  Health 36(4): 815-828.
https://doi.org/10.1007/s10653-014-9597-4

Wellburn AR (1994) The spectral determination of chlorophylls an and b, as well as total carotenoids, using
various solvents with spectrophotometers of different resolution. Journal of Plant Physiology 144(3):
307-313. https://doi.org/10.1016/S0176-1617(11)81192-2

https://era.ujat.mx

e-ISSN: 2007-901X
14

@0:E0


http://?

