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Importance of the work: Elicitor treatment has been widely used to improve bioactive
compounds in plants. However, very few studies have reported the use of an elicitor
treatment in the germination process to improve peanut quality.

Objectives: To evaluate the stilbene compounds and bioactivity of peanut sprouts after
seed priming using different elicitors.

Materials & Methods: Peanut seeds were primed using various elicitors: chitosan
(CHT), methyl jasmonate (MeJA), methyl-f-cyclodextrin (CD) or a combination of all
three (CHT+MeJA+CD). Germination was carried out for 3 d. The antioxidant activity,
total phenolic compound, stilbene content and the biochemical profiles in the peanut
sprouts were investigated.

Results: After germinating for 1-3 d, the antioxidant activities of all elicitor-treated
peanut samples exhibited 1.46-2.12-fold increases compared to the untreated control.
The highest contents of trans-resveratrol were produced by the peanuts treated with CHT
and CHT+MeJA+CD, with 7.72 and 11.48-fold increases, respectively, compared to
the untreated control. The highest contents of trans-arachidin-1 and trans-arachidin-3
were in the peanuts treated with CHT, MeJA and CHT+MeJA+CD on day 3 of
germination. The sodium dodecyl sulfate-polyacrylamide gel electrophoresis profile
indicated the protein pattern transformed from a high molecular weight (MW) to a low
MW during germination.

Main finding: Combining elicitor priming and germination approaches proved to be
an effective strategy that improved the phytochemical profile of peanut sprouts for
functional food applications.
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Introduction

The peanut (Arachis hypogaea) is an important source
of beneficial nutrients such as carbohydrates, proteins and
various vitamins (Arya et al., 2016). In addition, the peanut is
an efficient nutraceutical agent with a wide variety of bioactive
compounds, such as flavonoids, stilbene compounds, phenolic
acids and phytosterols (Lopes et al., 2011). One of the most
studied stilbene compounds is trans-resveratrol, which has
been associated with multiple health benefits, such as the
prevention of cancer (Aluyen et al., 2012), inflammation,
cardiovascular and neurodegenerative diseases (Hung et al.,
2000). In addition to frans-resveratrol, prenylated forms of
stilbenoids, such as trans-arachidin-1, and trans-arachidin-3,
have been investigated in sliced germinated peanuts incubated
using artificial aeration. The prenylated stilbenoids can lead to
an increase in the lipophilic property of the stilbene molecule,
thereby enhancing membrane permeability, resulting in
a higher cellular uptake than the non-prenylated form (Valletta
et al., 2021). Trans-arachidin-1 and trans-arachidin-3 have
shown favorable bioactivity compared to trans-resveratrol,
with trans-arachidin-1 reported to promote anti-inflammatory
activity in endothelial cells by reducing the tumor necrosis
factor and increasing the expression of phase I detoxifying
enzymes (Chen et al., 2018). Trans-arachidin-1, isolated from
germinating peanut kernels, exhibits anti-cancer properties by
inducing programmed cell death in human leukemia HL-60
cells through both caspase-dependent and caspase-independent
pathways (Huang et al., 2010).

The phytoalexin stilbene compound has been reported to
provide a defensive response against biotic and abiotic stress
(Séketal.,2021). Peanuts treated with ultraviolet (UV) light and
ultrasound had increased resveratrol, piceid and total stilbene
compounds compared to the untreated control group (Sales
and Resurreccion, 2009). In addition to investigating stilbene
compounds directly from peanut plants, their production was
achieved through the elicitation of peanut tissue culture, such
as callus, cell suspension and peanut hairy root systems, with
chitin being used as an elicitor to induce frans-resveratrol and
trans-piceatannol in peanut callus culture, with the results
demonstrating that it could induce a higher amount of trans-
resveratrol compared to sterilized fungi (Yang et al., 2010).
The enhancement of frans-resveratrol, trans-arachidin-1 and
trans-arachidin-3 was reported in peanut hairy root culture
co-treatment with methyl jasmonate (MeJA) and methyl--
-cyclodextrin (CD) (Pilaisangsuree et al., 2018). MeJA is

a phytohormone-like compound and generally considered as
a signal transduction for mediating the physiological processes
of plants involved in responses against environmental stress
(Cheong and Choi, 2003). CD has reported to be an effective
elicitor for trans-resveratrol production in Vitis vinifera cell
culture (Bru et al., 2006). This was probably due to its cyclic
oligosaccharide structure which resembles a fungal cell wall
component and could play a key role in plant elicitation
(Bru et al., 2006).

A strategy involving elicitor treatment is considered
a powerful tool for increasing the bioactive phytochemical
content in germinated seeds. Seed priming by pre-treating
seeds with various elicitors, such as MeJA or other stressors,
is a promising approach for improving plant adaptation
and inducing secondary metabolites in response to stress.
For example, rice seed priming using MeJA resulted in a greater
increase in total phenolic content, antioxidant activity and rice
drought-responsive gene expression compared to unprimed
seeds (Samota et al., 2017). Several studies have provided
evidence indicating that the germination process facilitates the
activation of diverse plant metabolites in kernels (Idowu et al.,
2019; Nuiez-Gastélum et al., 2023). Sufficient water content
is essential for triggering plant phytoalexin production
(Paparella et al., 2015). The trans-resveratrol content in peanut
sprout was reported to significantly increase with an extended
germination time (Wang et al., 2005). Limmongkon et al. (2017)
investigated the trans-resveratrol content in different peanut
cultivars, with their results indicating that the antioxidant
activity, total phenolic compounds and trans-resveratrol
content increased with an extended germination period.
Liquid chromatography-mass spectrometry/mass spectrometry
results indicated the presence of stilbene compounds, such as
trans-resveratrol, trans-arachidin-1 and trans-arachidin-3 in
peanut kernels germinated during 2 d (Limmongkon et al.,
2018).

To date, the enhancement has been reported of bioactive
compounds in peanut seed using the germination process (Yang
et al., 2019). However, very few studies have reported the use
of elicitor treatment in the germination process to improve
peanut quality. Therefore, the purpose of the current study
was to investigate the possible use of various elicitors in the
priming treatment to improve stilbene compounds, especially
trans-arachidin-1 and trans-arachidin-3 of peanut sprouts.
The exogenous elicitors CHT, MeJA, CD and a combination
of all three (CHT+MeJA+CD) improved the stilbene
compounds in peanut hairy root culture (Chayjarung et al.,
2021), when applied as priming substances in the peanut
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germination process. The current study investigated the
antioxidant activity, total phenolic compounds, stilbene content
and the relevant biochemical substance profiles in peanut sprout
crude extract to provide a perspective on the nutritional benefits
and improvement of peanut sprouts as potent functional food.

Materials and Methods
Peanut sprout and elicitation

The peanut cultivar Kalasin2 was provided by Mrs
Nuntaporn Suksamrahn (Rai Suksamrahn, Kampaeng Phet,
Thailand). The surface of the seeds was sterilized using 0.3%
Clorox solution for 10 min and subsequently washed with
water three times. The seeds were divided into five treatment
groups with a total of 600 seeds in each group. All seeds in
each treatment group were primed in the following solutions
for 10 hr: 1) control group with water; 2) CHT group with
150 mg/L chitosan; 3) MeJA group with 100 uM methyl
jasmonate; 4) CD group with 6.87 mM cyclodextrin; and
5) simultaneous combination of CHT+MeJA+CD group.
After priming for 10 hr, a total of 50 seeds were collected
on day 0. The germination process was performed in the
dark by covering the seeds with a moistened paper towel,
followed by irrigation with water for 1 d, 2 d or 3 d of
germination. In total, 50 seeds were collected at each time
point for every treatment group. All experiments were
performed in triplicate. The germinated peanut sprouts were
collected, the seed coats peeled off and the radicle length
measured. Subsequently, all seeds in each group were dried in
an oven at 60C and pulverized to obtain peanut sprout powder.
For each treatment group, 1.5 g of peanut sprout powder
was pre-processed by defatting. This was achieved by
soaking the powder in 7.5 mL of hexane for 3 hr, followed
by filtration to remove the hexane. The defatting process
was repeated twice. Then, the filtered peanut cake was
extracted using a mixture of ethyl acetate-to-acetone (4:1).
The extraction process was repeated three times and the
solvent was evaporated using a rotary evaporator at 40°C to
obtain the crude peanut extract.

Total soluble sugar assay
The total soluble sugar was determined according to

the anthrone method described by Haldar et al. (2017).
A 1 mL sample was mixed with 4 mL of anthrone reagent.

The absorbance was measured at 620 nm and the soluble
sugar content was calculated against the glucose standard.
The soluble sugar content was expressed as milligrams per
gram dry weight of sample.

Protein solubility

Soluble proteins in the peanut sprout samples were
extracted using the alkaline extraction method by adding 0.1M
NaOH to peanut sprout powders (1:20 weight per volume;
w/v) and incubating at 60°C with continuous shaking for 2 hr.
The soluble protein was determined using the Bio-Rad protein
dye reagent (Bio-Rad Laboratories; Hercules, CA, USA). The
protein molecular mass was determined using sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) with
Coomassie Blue staining used to visualize the abundance of the
major soluble protein in all samples.

2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid antioxidant
assay

The 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid
(ABTS) assay was performed by mixing crude extract with 7
mM ABTS"* and incubating at room temperature in the dark
for 6 min. The absorbance was measured at 734 nm and the
antioxidant capacity was expressed as TEAC (micro moles of
Trolox per gram dry weight of crude extract).

Total phenolic compound assay

The Folin-Ciocalteu method was used to determine the total
phenolic compounds. The reaction mixture, containing the Folin
reagent, 20% w/v sodium carbonate and peanut crude extract,
was incubated in the dark for 30 min. The absorbance was measured
at 765 nm and the total phenolic content was expressed as GAE
(micrograms gallic acid per gram dry weight of crude extract).

High-performance liquid chromatography

The stilbene compounds were analyzed using high-
performance liquid chromatography (HPLC), as described by
Somboon et al. (2019). A reverse phase C18 (2) 100 A column,
4.6x250 mm, 5 pm (Phenomenex; Torrance, CA, USA) was
used for peanut crude extract separation. The frans-resveratrol
was detected using a UV detector at a wavelength of 306 nm,
while the prenylated forms of trans-arachidin-1 and trans-
arachidin-3 were detected at the longer wavelength of 340 nm.
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Statistical analysis

All experiments were performed in triplicate and data were
presented as mean + SD. Statistical analysis was performed
employing one-way analysis of variance. Significant differences
were tested at p < 0.05 based on Fisher’s least significant
difference (LSD) test. The analyses were conducted employing
the SPSS software (version 23.0; SPSS Inc.; Chicago, IL,
USA).

Results

Seed germination rate and root length

After priming the peanut seeds with water, CHT, MeJA,
CD or the combination of all three (CHT+MeJA+CD) for
10 hr, they were then germinated and samples were collected
at 1 d, 2 d and 3 d, as shown in Fig. 1. The percentage of seed
germination in all treatment groups was not significantly
different from the control group during 1-2 d. However,
the treatment involving a combination of CHT+MeJA+CD
significantly reduced the germination percentage to 57.33 = 7.57
after 3 d compared to the control group (Fig. S1). Growth
was evaluation based on root length measurement. After 3 d
of germination, the root lengths decreased by 13.8% and 12%
for the MeJA and CHT treatments, respectively, with a marked
decrease of 42.4% after treatment with the combination of
CHT+MeJA+CD compared to the control group (Fig. S1).

0 day 1 day

Total soluble sugar

The sprouting process tended to decrease the total soluble
sugar in the control and the treatment groups, except for
the MeJA group, where the soluble sugar content remained
constant throughout the entire germination period. The total
soluble sugar decreased significantly from 0.91+£0.20 mg/g dry
weight to 0.54+0.17 mg/g dry weight in the CHT+MeJA+CD
group after germination for 3 d. There were no significant
differences between the control and treatment groups in each
germination period (Fig. 2A).

Soluble protein

Soluble proteins tended to increase during the germination
process. As shown in Fig. 2B, there was a significant
increase in soluble protein in the control group on the second
germination day, rising from 120.52+36.00 mg/g dry weight
to 210.85+75.49 mg/g dry weight. For all treatment groups,
the soluble protein significantly increased after germination
for 3 d in the range 152.24-200.68 mg/g dry weight
compared to day 0. After the seeds had been pre-soaked with
elicitors for 10 hr (day 0), the soluble protein detected in
the treatment group was lower than for the untreated control
group. However, there were no significant differences between
the control and treatment groups during each germination
period.
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Fig. 1 Seeds and sprouts of peanut cultivar Kalasin2 primed using different elicitors, where seeds in each treatment group were primed for 10 hr using

solutions of control group (with water) or with chitosan (CHT), methyl jasmonate (MeJA), methyl-f-cyclodextrin (CD) or a combination of all three
(CHT+MeJA+CD), followed by sampling on day 0 and subsequently germinated for 1 d,2 d or 3 d
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Fig. 2 Peanuts treated with chitosan (CHT), methyl jasmonate (MeJA), methyl-S-cyclodextrin (CD) or a combination of CHT+MeJA+CD compared to
the control group for 0-3 d germination: (A) total soluble sugar; (B) total soluble protein, where data represented as mean £+ SD (n = 3) and error bars with

different lowercase letters are significantly (p < 0.05) different between germination days within same treatment group.

Protein profile based on sodium dodecyl sulfate-polyacrylamide
gel electrophoresis

The profiles were investigated of the crude protein extracts
from the various treatments during the different germination
periods using SDS-PAGE, as illustrated in Fig 3. Protein
bands with high molecular weights, approximately 45 kDa,
55 kDa, and 82 kDa, were detected in both the control and
treatment groups on day 0 and day 1. These bands gradually
lightened over 2—3 d germination. The 82 kDa protein band had
almost disappeared after 3 d germination in both the control
and treatment groups. The high-intensity protein molecular
weight of approximately 12 kDa and 26 kDa substantially
increased with germination time. On day 2 of germination, an
approximate 47 kDa band was clearly visible in all treatment

samples but not in the control group. Additionally, a band
with a molecular weight close to 55 kDa was clearly present
in the CHT, CD and CHT+MeJA+CD groups on day 2
of germination. On day 3 of germination, the band with
a molecular weight close to 62 kDa had almost disappeared
in the CHT+MeJA+CD group compared to the other samples.

Antioxidant activity and total phenolic compounds

The ABTS antioxidant activity of the untreated control showed
a decreasing trend after 2 d of germination, while most of the
elicitor-treated groups showed an increasing tendency toward
ABTS antioxidant activity with increasing germination time
(Fig. 4A). The highest ABTS antioxidant activity was on day 3 of
germination in the peanut sprouts that had been treated with CHT,

LABEEIIE
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Fig. 3 Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) profiles of crude protein extracts from peanuts treated with chitosan
(CHT), methyl jasmonate (MeJA), methyl-#-cyclodextrin (CD) or a combination of CHT+MeJA+CD compared to control group for 0-3 d germination,
where lane 1 = untreated control group, lane 2 = CHT group, lane 3 = MeJA group, lane 4 = CD group, lane 5 = combination of CHT+MeJA+CD group,
M = molecular weight of protein marker and red arrows indicate different protein band patterns among the treatment group in SDS-PAGE.
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MeJA, CD and CHT+MeJA+CD with values of 0.52+0.03 pmol
Trolox/g dry weight, 0.36£0.14 pmol Trolox/g dry weight,
0.44+0.07 umol Trolox/g dry weight and 0.49+0.05 pmol
Trolox/g dry weight, respectively, representing 1.46-2.12-fold
increases compared to the untreated control during the same
germination period.

The total phenolic content of the untreated peanut sprouts
increased on day 2 of germination to 738.22+27.88 pg gallic
acid/g dry weight, decreasing slightly thereafter (Fig. 4B).
The phenolic content of all treated peanuts increased with
within the range 635.89+£171.35 pg gallic acid/g dry weight
to 662.48+95.02 ng gallic acid/g dry weight; however, the
increased values were not significantly different from the
ungerminated control group on day 3 of germination.

Stilbene compound determination

The major stilbene compounds (¢frans-resveratrol, trans-
arachidin-1 and frans-arachidin-3) were in the control and treated
peanut groups during days 0-3 of germination, as demonstrated
by HPLC chromatograms of the control and CHT+MeJA+CD
treatments in Fig. 5. The HPLC chromatogram of the individual
treatments using CHT, MeJA and CD are provided in
Figs. 2S-5S. As can be observed from Fig. 6, the detected
stilbene content was lower for all stilbene compounds on
day 0 (pre-soaked), with all samples increasing after
germination. The frans-resveratrol detected in the untreated
control group on the first day of germination increased
from 0.19+0.05 pg/g dry weight to the highest level of
3.09 £ 0.32 pg/g dry weight and significantly decreased after
2-3 d germination. Notably, the trans-resveratrol content
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gradually increased with germination time in the peanuts
treated with CHT and CHT+MeJA+CD. The highest trans-
resveratrol contents of 10.74+1.71 nug/g dry weight and
15.97+41.26 pg/g dry weight were recorded for the peanuts
treated with CHT and CHT+MeJA+CD, respectively, on day 3
of germination, representing a significant increase in the range
7.72—11.48-folds compared to the untreated control group
(Fig. 6A).
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Fig. 5 High-performance liquid chromatograms of K2-K599 peanut crude
extracts for 0-3 d germination following treatments with: (A) chitosan
(CHT)+methyl jasmonate (MeJA)+methyl-g-cyclodextrin (CD) at 0 d;
(B) CHT+MeJA+CD at 1 d; (C) CHT+MeJA+CD at 2 d; (D) CHT+MeJA+CD
at3d
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Fig. 4 Peanuts treated with chitosan (CHT), methyl jasmonate (MeJA), methyl-$-cyclodextrin (CD) or a combination of CHT+MeJA+CD compared to
control group for 0-3 d germination: (A) 2,2-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid antioxidant activity; (B) total phenolic content, where data
represented as mean + SD (n = 3) and error bars with different lowercase letters are significantly (p < 0.05) different between germination days within
same treatment group.
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As indicated by the results in Fig. 6B, trans-arachidin-1
rapidly increased on day 1 of germination and slightly
decreased on the second germination day in both the control and
treatment groups. The highest trans-arachidin-1 content in the
CD-treated peanuts was detected on the first day of germination
with a values of 16.46+1.05 pg/g dry weight, while for CHT,
MeJA and CD the maximum was on day 3 of germination with
values of 13.07£2.34 ng/ g dry weight, 17.77+12.59 pg/ g dry
weight and 13.41+5.96 pg/ g dry weight, respectively.
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Fig. 6 Peanuts treated with chitosan (CHT), methyl jasmonate (MeJA),
methyl-f-cyclodextrin (CD) or a combination of CHT+MeJA+CD
compared to control group for 0-3 d germination: (A) trans-resveratrol
content; (B) trans-arachidin-1content; and (C) frans-arachidin-3 content,
where data represented as mean = SD (n = 3) and error bars with different
lowercase letters are significantly (p < 0.05) different between germination
days within same treatment group.

Most of the trans-arachidin-3 was expressed at high
levels on day 3 of germination after elicitor treatment
(Fig. 6C). There were significant increases in the CHT, MeJA
and CHT+MeJA+CD groups with values of 8.54+0.81 pg/g dry
weight, 6.1343.67 ng/ g dry weight and 11.59+£0.98 pg/g dry
weight, respectively. These values were 4.20-fold, 3.01-fold
and 5.70-fold higher than for the control group during the same
germination period.

Discussion

This study investigated the use of different priming
substances and germination periods to enhance the stilbene
compounds and bioactivity of peanut sprouts. The results
showed that there was slight decreases in the seed germination
percentage and root length following treatment with CHT
and MelJA, and a significant reduction when treated with
CHT+MeJA+CD on day 3 of germination compared to
the untreated control group. Plant growth and development
were correlated with various types and doses of regulators
(Kanto et al., 2014). The application of a high concentration
of polymeric chitosan/tripolyphosphate nanoparticles had
a negative effect on maize and inhibited the germination
process (Nakasato et al., 2017). A decrease in Brassica oleracea
L. var. italica shoot length was observed following treatment
with 1 uM exogenous MeJA, while an increase in shoot
length was detected using 1 pM diluted MeJA compared to
the control group (Sirhindi et al., 2020). The results of the
current study were in agreement with Ke¢pczynska and
Kroél (2012) who demonstrated the negative effect of a high
concentration of MeJA on seed germination and seedling
emergence.

Anin vivo study conducted on Sprague-Dawley rats revealed
no apparent growth hazards or health toxicities associated with
the consumption of peanut sprouts. Furthermore, the dietary
supplementation of peanut sprouts was observed to lead to
areduction in serum triglyceride levels, indicating the potential
advantages of utilizing peanut sprouts for the development
of functional food (Lin et al., 2008). Chiou et al. (1997)
demonstrated the changes in the composition of peanut kernels
after germination for various durations. The sucrose content
and lipoxygenase activity decreased during the initial stages of
germination, whereas the total free amino acid and free fatty
acid contents increased over time. Germination is a complex
process, involving physiological and biochemical changes in
seeds and contributing to the development of young seedlings
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(Wolny et al., 2018). A decrease in the total soluble sugar was
observed in the control and treatment groups in the current
study, particularly for the CHT+MeJA+CD treatment. The
breakdown of storage protein and carbohydrate during seed
germination can supply energy for seedling growth and
development. It has been suggested that the germination process
leads to an increase in protein and carbohydrate digestibility
that improves the nutritional quality of seeds (Mikola et al.,
2001; You et al., 2016). By increasing the germination time, the
current results demonstrated an increase in the soluble protein
in both the control and elicitor-treated groups. These results
were in accordance with Elkhalifa and Bernhardt (2010),
who reported higher protein solubility in germinated sorghum
compared to the control group. This increase in protein
solubility could have been due to an increase in the proteolytic
enzyme activity that broke down storage proteins into more
soluble proteins during the germination process. Notably,
the soluble protein levels in the treated peanuts were lower
than for the untreated control group, although there were no
significant differences at each time point. The lower soluble
protein content could have been due to the inhibition of
proteolytic enzymes after elicitor treatment, thus slowing
the process of proteolytic cleavage from the storage protein.
In the plant defense mechanism, MeJA has been reported to
induce pepper proteinase inhibitor proteins which function
as insect or microbial proteolytic enzyme inhibitors (Moura
and Ryan, 2001). In the current study, the protein profile
was investigated using SDS-PAGE electrophoresis. During
germination, the high molecular weight protein pattern
changed considerably, resulting in a low molecular weight
in the range of approximately 12-26 kDa, thereby indicating
that the proteins had been broken down into short chain, more
soluble components. The diversity of the seed storage protein
profile, including the high molecular weight of albumins and
globulins and the changing patterns of SDS-PAGE protein
were in agreement with the findings reported by Wang et al.
(20095).

The treatment of peanuts with CHT, MeJA, CD or
CHT+MeJA+CD improved the antioxidant capacity, based on
the increase in the germination time compared to the control
group. The exogenous application of 100 uM MeJA on Stevia
plants increased their antioxidant capacity and phenolic
compounds (Lucho et al., 2019). Pre-soaking of chickpea
seeds with 30 mM H,O, for 24 hr prior to germination revealed
that after 72 hr, there were higher levels of total phenolic
compounds and antioxidant activity compared to the control
group (Ledn-Lopez et al., 2020). The current results were

consistent another report on elicitor treatment in peanut hairy
root culture that demonstrated an increase in ABTS antioxidant
activity following CHT, MeJA, CD or CHT+MeJA+CD
treatments (Chayjarung et al., 2021). However, the antioxidant
activity detected in the treated peanut sprouts was much lower
than in the hairy root culture system.

The effect of elicitation on stilbene compounds was
evaluated. After pre-soaking on day 0, a small number of stilbene
compounds, such as trans-resveratrol, trans-arachidin-1 and
trans-arachidin-3, were detected in all the treated and untreated
samples. These results for the untreated peanut sprouts were
in accordance with another report showing an increase in
trans-resveratrol during the early stage of germination
that decreased with an increase in the germination period
(Limmongkon et al., 2017). Notably, the elicitation of peanuts
resulted in increases in trans-resveratrol, trans-arachidin-1
and trans-arachidin-3 throughout the 3 d after germination.
The highest content of frans-resveratrol and trans-arachidin-3
was in the CHT+MeJA+CD treatment on day 3 of germination,
with the highest amount of trans-arachidin-3 detected on
day 3 of germination in the MeJA treatment. Several strategies
have been applied to increase the nutritional ingredients for
functional food improvement (Na nakorn and Kaewsorn, 2021).
A combination of elicitor treatment and germination could
provide an effective approach for stimulating higher bioactive
compounds in plants. Soybean seeds soaked in 0.01% of chito-
oligosaccharide and germinated for 3 d showed increases in
the vitamin C content, total phenolic compounds, flavonoid
contents and antioxidant activity, effectively improving the
nutritional value of the soybean sprouts (Tang et al., 2021).
The soaking of peanut seeds with a ZnCl, solution throughout
the germination process improved the antioxidant and vitamin
contents (Zhao et al., 2020). Treatment with a combination
of 2 mM mannitol and 40 uM jasmonic acid significantly
increased trans-resveratrol biosynthesis in Vitis vinifera
callus culture (Mihai et al., 2011). Batch-fed V. vinifera
cell suspension culture treated with 50 mg/L of chitosan
increased mono-glucosylated stilbene production (Ferri
et al., 2011). Another study on hairy root peanut culture
demonstrated the promising outcome of enhancing
trans-resveratrol, trans-arachidin-1 and trans-arachidin-3
with high antioxidant activity using elicitor treatments
of CHT, MeJA, CD and simultaneously CHT + MeJA+CD
(Chayjarung et al., 2021). The use of an external elicitor
treatment could be a promising strategy for increasing the
production of phytochemicals and bioactive compounds in
plants.
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Conclusions

Peanut sprouts were a better source of stilbene compounds
compared to ungerminated peanut seeds. This was the first
known report to apply a combination of elicitors during seed
priming to enhance the quality of peanut sprouts. Pre-soaking
peanut seeds with different elicitors for subsequent germination
increased the antioxidant activity and the stilbene compounds
(trans-resveratrol, trans-arachidin-1 and trans-arachidin-3)
with increased germination time compared to the untreated
control group. Adversely, the germination profile (root length,
germination rate, soluble protein and total soluble sugar) of
the group receiving the elicitor treatment tended to be lower
than for the untreated control group during each germination
period. The profiles of these biochemical substances could
be related to the germination process and the response
against elicitor treatment. Accordingly, a combination of
elicitor treatment and germination strategies could provide
an effective approach for improving the nutritional value
and phytochemical profiles of peanuts. However, before
considering the application of elicited peanut sprouts as
a functional vegetable, further investigations are needed
involving in vitro and in vivo toxicological assessments to
address food safety concerns.
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