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Abstract

The presence of aflatoxin is a major risk factor in peanut processing and consumption. It has been found that 
resveratrol, which is known to have numerous health benefits, plays a crucial role in resisting aflatoxin. However, 
the distribution of resveratrol in peanuts is not clearly understood. To address this issue, a peanut recombinant 
inbred line (RIL) population consisting of 240 lines was used to investigate the distribution of resveratrol and 
examine its correlation with aflatoxin resistance. We found that resveratrol is controlled by multiple genes, with 
a significantly higher maximum content (867.0 µg/kg) in the recombinant inbred population compared to the 
parental population. Resveratrol content in peanuts showed a significant negative correlation with both aflatoxin 
B1 levels and total aflatoxin content when it exceeded 300 µg/kg (correlation coefficients: −0.61 and −0.62, respec-
tively). Exceeding 300 µg/kg of resveratrol in peanuts effectively inhibited aflatoxin production, suggesting that 
peanut varieties enriched with resveratrol have resistance against aflatoxin pollution.
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Introduction

Resveratrol (3,5,4’-trihydroxy-trans-stilbene) is a naturally 
occurring stilbene phytoalexin phenolic compound in 
grape skins, peanuts, and red wine (Frémont, 2000). 
Resveratrol is beneficial for human health due to its anti-
oxidant, cardioprotective, chemopreventative, anti-inflam-
matory, and estrogenic properties, as well as its interaction 
with signal transduction pathways (Bian et al., 2022; King 
et  al., 2006; Luo et  al., 2022; Mingrou et  al., 2022; Ros 
2010; Toomer 2018; Wu et  al., 2022). It is also involved 

in resistance or tolerance to various biotical and abiotic 
stresses (Chung et al., 2003; Galiniak et al., 2019; Guo et al., 
2022; Jeandet et al., 2002; Mwakinyali et al., 2019; Qin-fei 
et al., 2015). Peanut (Arachis hypogaea L.) is a key source 
of resveratrol (Chung et  al., 2003; Sales & Resurreccion, 
2014), with significantly different content levels reported 
(Chen Hai-wen, 2021; Lee et  al., 2004; Ogaki & Sagawa, 
2003; Wang & Pittman, 2009). Nevertheless, peanuts are 
vulnerable to aflatoxin contamination. Aflatoxins are 
highly toxic, carcinogenic, immunogenic, and teratogenic 
(Marshall et al., 2020; Meneely et al., 2023).

mailto:zwzhang@whu.edu.cn
mailto:peiwuli%40oilcrops.cn?subject=


Quality Assurance and Safety of  Crops & Foods 17 (3)� 17

Resveratrol and aflatoxin resistance in peanuts

extraction column, and immunoaffinity column were pro-
cured from Sigma-Aldrich (USA). Acetonitrile, metha-
nol, Tween-80, potato, agar, glucose, ethanol, alumina, 
and sodium chloride were sourced from Wuhan Aolaite 
Biotechnology Co., Ltd. (China). Ultrapure water was 
obtained from a Millipore Milli-Q system. All the chem-
icals were of analytical grade unless otherwise specified.

A high-performance liquid chromatography (HPLC) sys-
tem with a fluorescence detector (Agilent 1200, USA) 
was employed to detect the content of AFB1, AFB2, 
AFG1, and AFG2, while resveratrol content was detected 
using an HPLC with a UV detector (Shimadzu LC-20A, 
Japan). The biosafety cabinet was purchased from Esco 
Micro Pte. Ltd. (Singapore).

Experimental material

The experimental materials consisted of a recombi-
nant inbred line population of 240 lines derived from 
the maternal parent Xuhua 13 and the paternal parent 
Zhonghua 6. Both peanut varieties have distinct charac-
teristics, Xuhua 13 was developed by Xuzhou Academy 
of Agricultural Sciences, China, while Zhonghua 6 was 
home-produced for its resistance to Aspergillus flavus. 
The F6 generation and the two parents were planted in 
Wuhan, China. Field management followed standard 
agricultural practices (Li et al., 2022).

Resveratrol is a potential candidate for resisting biologi-
cal stresses such as Aspergillus flavus, thereby reducing 
the production of aflatoxins. A resveratrol concentration 
exceeding 3.0 μg/mL significantly reduced aflatoxin pro-
duction and accumulation (Wang et al., 2013), suggesting 
the capability of resveratrol to inhibit aflatoxin production.

In this study, we investigated the genetic distribution of 
peanut resveratrol and its impact on resistance against 
aflatoxin contamination. The peanut variety Xuhua 13 was 
selected as the maternal parent (P1), while Zhonghua 6 was 
chosen as the paternal parent (P2) (Yu et al., 2023). A total 
of 240 lines from its F6-generation recombinant inbred line 
population were used as experimental materials to analyze 
the resveratrol content in P1, P2, and F6. Additionally, the 
distribution of peanut resveratrol content in the recombi-
nant inbred line population was investigated. We examined 
aflatoxin production and infection index in peanuts inoc-
ulated with Aspergillus flavus at different levels of resver-
atrol content. This work could provide useful information 
on resistance to aflatoxin contamination (Figure 1).

Materials and Methods

Reagents and instruments

Resveratrol, aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), 
aflatoxin G1 (AFG1), and aflatoxin G2 (AFG2), solid phase 
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Figure 1.  Scheme of resveratrol resistance to aflatoxin accumulation.
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the peanut seeds were mixed with 0.5 mL Aspergillus 
flavus conidial suspension for the inoculation. 
Inoculated peanut seeds were incubated at 29±1°C and 
relative humidity of 80%~90% for 7 days in the dark 
before being sterilized at 121°C for 30 min. Finally, 
after cooling down, AFB1, AFB2, AFG1, and AFG2 
content were determined through three repetitions per 
sample.

Peanut infection index

The infection index was categorized into four levels: level 
0 (spore coverage rate of 0), level 1 (spore coverage rate of 
0%–25%), level 2 (spore coverage rate of 25%–50%), and 
level 3 (spore coverage rate >50%). The peanut infection 
index = (0×N0 + 1×N1 + 2×N2 + 3×N3) / (3N), where 
N0, N1, N2, and N3 represented the number of peanut 
seeds at levels 0, 1, 2, and 3 in the population, respec-
tively. “N” represents the sample size (Jing Dan, 2021).

Aflatoxin detection

The aflatoxin concentration was determined after inocu-
lation with Aspergillus flavus. An amount of 5 g crushed 
peanuts was shaken with 1 g NaCl and 50 mL 70% metha-
nol for 20 min, before being centrifuged at 6000 r/min for 
10  min. A 1 mL initial extract was diluted with 49.0  mL 
50% methanol solution. After cleanup using an immu-
noaffinity column, the dilution was injected into an HPLC 
with fluorescence detection on a C18 column (250 mm × 
46 mm, particle size: 5.0 μm). Chromatographic conditions 
included an excitation wavelength of 360 nm and an emis-
sion wavelength of 440 nm with photochemical post-de-
rivative treatment; the mobile phase consisted of methanol 
(55 mL) and water (45 mL), iso-degree elution, and a flow 
rate set at 0.8 mL/min. The column temperature was main-
tained at 40°C, while the sample size used was 10.0 µL.

Statistical analysis

We analyzed the resveratrol content distribution in 
F6-generation peanuts and its correlation with resis-
tance to aflatoxin accumulation and Aspergillus flavus 
infection.

Results and Discussion

Resveratrol content

T﻿﻿he resveratrol content in Xuhua 13 variety and the 
paternal Zhonghua 6 was 44 and 116 µg/kg, respec-
tively. Among the 240 recombinant inbred populations, 

A highly infective and toxigenic strain AF2202 (Wang 
et al., 2016) of Aspergillus flavus was isolated and puri-
fied from peanut pods, and stored at −80°C before use. 
The experimental materials were divided into two parts. 
One part was used to determine resveratrol content and 
study its genetic regulation in peanuts, while the other 
part was inoculated with the Aspergillus flavus strain to 
investigate the correlation between resveratrol content 
and aflatoxin production.

Resveratrol determination

Resveratrol was determined according to a previous 
study, with some modifications (Chen Hai-wen, 2021). A 
5-gram crushed peanut sample was mixed with 40 mL of 
85% ethanol solution and heated at 80°C for 45 min. An 
aliquot of 8 mL was cleaned using a solid phase extraction 
column. The filtrate was concentrated to 1 mL and fil-
tered through a membrane with a pore size of 0.22 μm. 
To prevent the conversion of resveratrol isomers under 
light conditions, the entire experiment was conducted in 
darkness (Chen Hai-wen, 2021). Resveratrol content was 
determined by HPLC analysis with triplicate repeats. The 
HPLC conditions were as follows: C18 column (4.6 mm × 
250 mm, particle size: 5 μm), gradient elution, flow rate: 
0.8 mL/min, column temperature: 40°C, detection wave-
length: 306 nm, and injection volume: 10 μL.

Activation of Aspergillus flavus strain and preparation of 
inoculated bacteria solution

T﻿he Aspergillus flavus strain was activated, and an inoc-
ulated bacterial solution was prepared using AF2202 
conidia mixed with 0.05% Tween, resulting in a concen-
tration of 4.0×10⁶ CFU/mL. A 10 μL aliquot of AF2202 
conidial liquid (4.0×10⁶ CFU/mL) on a PDA plate was 
incubated at 29±1°C, 80%~90% humidity, in the dark 
for 7 days to obtain fresh AF2202 conidial liquid with 
the same level of activity and vigor. Fresh conidia were 
washed with 0.05% Tween in a biosafety cabinet to obtain 
a sufficient conidia solution. The conidial solution was 
then diluted with 0.05% Tween solution to prepare a 
conidial suspension at 4.0×10⁶ CFU/mL (validated via 
the blood cell counting plate) for inoculating peanuts 
with Aspergillus flavus.

Inoculation and culture of Aspergillus flavus in peanut

Twenty mature, plump, healthy peanuts with normal 
color and uniform size were selected. The surface of 
peanut seeds was disinfected using a 70% ethanol solu-
tion for 1.0 min in a biosafety cabinet, followed by 
washing with sterile dd H2O 3 times. After cleaning, 
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resveratrol content ranged from 37.3 to 867.0 µg/kg, 
with values at the 5 %, 50 %, and 95 % levels, as well 
as an average value of 52.9, 96.7, 270, and 127.31µg/kg  
(Table  1). Both Wang et al (2013) and Sanders et al 
(2000) reported that resveratrol in peanuts is trans-res-
veratrol, which is consistent with the results of this 
experimental study.

In the F6 recombinant inbreeding population, 3 individ-
uals had lower resveratrol contents than the maternal 
Xuhua 13 variety (44 µg/kg). A total of 155 individuals 
showed intermediate contents between those of their 
parent varieties, and 82 individuals displayed higher 
resveratrol contents than that of the paternal Zhonghua 
6 variety (116 µg/kg). The highest resveratrol level 
reached 867.0 µg/kg, which was 7.5 times greater than 
that in its father and 20 times more abundant than in 
its mother.

Aflatoxin concentration

There is a correlation between aflatoxins and peanut vari-
eties, as different varieties can influence aflatoxin pro-
duction and contamination levels. Varieties with good 
disease resistance tend to have a lower risk of aflatoxin 
contamination, whereas those with poor disease resis-
tance are more susceptible. Our study focused on exam-
ining the relationship between aflatoxin levels and peanut 
species. AF2202 infection experiments resulted in pre-
dominant AFB1, accounting for 89.13% to 96.89% of total 
aflatoxins. AFB1, AFB2, and total aflatoxins (AFT) in 
the Xuhua 13 variety were 52.03, 4.74, and 56.78 mg/kg, 
while those in the Zhonghua 6 variety were 30.68, 2, and 
32.68 mg/kg, respectively. Among the 240 recombinant 
inbred populations, AFB1, AFB2, and AFT concentra-
tions were 17.04–325.40, 0.70–31.95, and 17.74–357.35 
mg/kg, respectively. The 5%, 50%, and 95% quantile val-
ues of AFB1 were 60.06, 107.42, and 198.19 mg/kg, with 
an average value of 112.93 mg/kg. The 5%, 50%, and 95% 
quantile values of AFB2 were 3.58, 8.06, and 15.65 mg/kg, 
with an average value of 8.57 mg/kg. AFT’s 5%, 50%, and 
95% quantile values were 63.48, 115.37, and 215.09 mg/
kg, averaging 121.50 mg/kg (Table 1).

AFB1 exhibited a positive correlation with AFT (correla-
tion coefficient = 0.9998). A significant positive correla-
tion was also found between AFB1 and AFB2 (correlation 
coefficient = 0.9687) (Figure 2).

Infection index

The infection index is a metric utilized to assess the 
severity of plant diseases, indicating the level of patho-
gen infection in plants. Certain peanut varieties exhibit Ta
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Figure 2.  Correlation analysis of AFT with AFB1 and AFB2 of Xuhua 13 and Zhonghua 6.

strong disease resistance, which helps reduce the infec-
tion index by preventing pathogen attacks. Conversely, 
peanut varieties with low disease resistance are more vul-
nerable to disease infections, leading to a higher infection 
index. The infection index of the Xuhua 13 variety inoc-
ulated with AF2202 (0.91) was higher than that of the 
Zhonghua 6 variety (0.89). Among the 240 recombinant 
inbred populations, the infection index varied from 0.52 
to 0.98, with significance values (5%, 50%, and 95%) and 
average values at 0.68, 0.84, 0.96, and 0.83, respectively 
(Table 1). The distribution of the infection index exhib-
ited a left-skewed pattern (Figure 3).

Resveratrol distribution in peanuts RIL population

Analyzing the distribution of resveratrol in RIL peanut 
populations holds significant importance for disease 
resistance breeding, product development, and the effi-
cient utilization of planting resources. Such analysis can 
enhance the peanut’s disease resistance, yield, and qual-
ity, offering substantial support for peanut production. 
The distribution of resveratrol, AFB1, AFB2, and the 
infection index in 240 family materials of the Xuhua 13/
Zhonghua 6 recombinant inbred line F6 population is 
shown in Figure 4. 

Resveratrol content exhibited a skewed distribution 
(Figure 5). Gaussian fitting results suggested that it was 
controlled by multiple genes. A total of 34% (82/240) of 
RIL individuals had higher resveratrol content than their 
male and female parents. The maximum resveratrol con-
tent in the RIL population was 867 μg/kg, 7.5 times higher 
than the male parent’s resveratrol content of 116  μg/kg 
and 19.7 times higher than the female parent’s resveratrol 
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Figure 3.  The distribution frequency diagram of Xuhua 13 
and Zhonghua 6 infection index.

content of 44 μg/kg. Increased resveratrol content in pea-
nuts can be achieved through hybrid breeding or molec-
ular design breeding.

Peanut resveratrol and its resistance to aflatoxin 
accumulation

Exploring the correlation between resveratrol and 
aflatoxin accumulation in peanuts has the potential 
to enhance the development of peanut varieties with 
increased resistance to aflatoxin accumulation, decrease 
aflatoxin levels in peanut products, and improve both the 
safety and yield of peanuts. When the resveratrol content 
in peanuts fell below 300 μg/kg, no significant correlation 
was observed between the resveratrol and AFB1 con-
tent (Figure 6A). However, when the resveratrol content 
exceeded 300 μg/kg (Figure 6B), a substantial negative 
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different levels of resveratrol (Figure 7), indicating that 
resveratrol did not inhibit the infection of Aspergillus 
flavus on peanuts (Wang et  al., 2013). However, the 
high concentration of resveratrol exhibited an inhibi-
tory effect on aflatoxin production. The CYP450 enzyme 
system is crucial in activating AFB1, which can induce 
and enhance the genotoxic effects of AFB1. Studies have 
shown that the mRNA expression of CYP genes was sig-
nificantly reduced by resveratrol (Yang et al., 2022).

Conclusions

This study addresses the issue of aflatoxin contamination 
in peanuts, aiming to enhance the quality and safety of 
this popular legume. The research utilized a peanut RIL 
population comprising 240 recombinant inbred lines to 
investigate the distribution of resveratrol in peanuts and 
its correlation with aflatoxin resistance. Findings indi-
cate that resveratrol levels are influenced by multiple 
genes, with the highest content (867.0 µg/kg) observed 
in the recombinant inbred line population, surpassing 
that of the parent population. Notably, resveratrol con-
tent exceeding 300 µg/kg exhibited a significant negative 
association with aflatoxin B1 levels and total aflatoxin 
content, effectively inhibiting production. This suggests 
that peanut varieties rich in resveratrol possess resistance 
to aflatoxin contamination. The study advocates for the 
proactive development of aflatoxin-resistant peanut vari-
eties, leveraging genetic enhancement techniques to bol-
ster peanut disease resistance and mitigate aflatoxin risks. 
Furthermore, measures are recommended to suppress 
aflatoxin production during peanut harvesting, storage, 
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correlation with AFB1 and total aflatoxin contents was 
observed. This negative correlation is evident in the cor-
relation coefficients of −0.61 and −0.62, respectively. In 
other words, higher levels of resveratrol in peanuts (>300 
μg/kg) led to lower levels of AFB1 produced by peanut 
mildew. Some research suggests that resveratrol was effi-
cacious in reducing and/or reversing the ZEA-induced 
toxicity (Virk et al., 2020).

Peanut resveratrol and its resistance to Aspergillus flavus 
infection 

Little difference in the infection index of Aspergillus 
flavus was found among the 240 RIL populations with 
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and processing. These measures include improving stor-
age conditions and optimizing processing techniques to 
uphold the quality and safety of peanut products.
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