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Abstract: Peanut sprout is one of the potential natural sources of bioactive 

substances. In this study, five different peanut cultivars were conducted to 

germination, the change in total phenolic compounds, resveratrol content, 

antioxidant and antimicrobial activity were investigated. The sprouts of five 

peanut cultivars (Fuhua, Silihong, Dabaisha, Xiaobaisha and Huayu) were 

extracted using 75% ethanol for 3 h and the crude extracts were collected. 

When the five peanut kernels were germinated at 25C for 5 days, the total 

phenolic compounds increased significantly from range of 0.55 to 0.96 (μg 

Gallic acid/g) up to the range of 1.97 to 2.44 (μg Gallic acid/g) and the 

resveratrol contents showed similar trend, from range of 8.94 to 15.62 μg/g 

up to the range of 31.74 to 46.49 μg/g depending upon peanut cultivar. 
Among the five cultivars, Xiaobaisha showed the highest phenolic content 

[2.44 (μg Gallic acid/g)], expressed the highest 2,2-diphenyl-1-picrylhydrazyl 

scavenging value [(84.86±4.02) mmol/L TE/g dry weight] and ferric ion 

reducing antioxidant power scavenging value [(92.98±3.71) mmol/L TE/g 

dry weight] on the fifth day. In the antimicrobial evaluation the five sprout 

extracts were highly effective in inhibitory zone assay followed by Minimum 

Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration 

(MBC) analysis against five pathogen microbial. In comparison with other 

peanut cultivars, the inhibitory effects were strongest in Silihong, the 

average MIC and MBC values against 5 spoilage bacteria were 10.66 and 

28.52 mg/mL, respectively. In summary, this work provides evidences that 

Xiaobaisha and Silihong might be applied as antioxidant and antibacterial 
agent in food and pharmaceutical industries.  
 
Keywords: Peanut Sprout, Resveratrol, Phenolic Compound, Antioxidant 

Activity, Antimicrobial Activity 
 

Introduction 

Under oxidative stress condition, free radicals that 

generated via metabolic process plays a key role in the 
onset of various pathophysiological disorders including 

cancer, proliferative diseases, diabetes mellitus and early 

aging (Manoharan et al., 2019). Numerous synthetic 

drugs have been used to inhibit the interaction of free 

radicals and pathogenic microbes which could worsen 

the severity of a disease. Unfortunately, selective 

resistance of bacteria toward traditional and synthetic 

drugs have emerged as a new challenge. As the synthetic 

drugs are non-specific and carries side effects, the 
demand for natural alternatives by consumers are 

increasing (Verraes et al., 2013; EFSA, 2017). Thus, 

many studies are being carried out to look for natural 

alternative for antioxidant and antimicrobial agents.  

Peanut (Arachis hypogaea) is an annual herbaceous 

plant which belongs to the Fabaceae family. In China, 

peanuts are common food and one of the most important 

oilseeds and the annual production of peanuts exceeds 

14 million tons (Zhang, 2016). In recent years, peanut 
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sprout has been attracted extensive interests of the 

public due to its benefits to human health. The sprouts 

are rich in phytochemicals, proteins, vitamins and 

minerals (Kim et al., 2011). Many studies have revealed 

that varieties of phenolic substances such as resveratrol, 
arachidin-1 and piceatannol have been found in peanut 

sprout (Ahn et al., 2012; Santos et al., 2013; Xiong et al., 

2014). Reports found that the phenolic compounds in 

peanut sprouts, especially the resveratrol, have the capacity 

of anti-aging (Park et al., 2012), anticancer (Whitlock and 

Baek, 2012), anti-inflammatory (Ghanim et al., 2011) and 

the prevention of cardiovascular disease (Nakata and 

Inoue, 2014). And it was indicated that the resveratrol 

biosynthesis was enhanced by subjecting peanut to 

germination (Wang et al., 2005).  
With the backdrop information the present study was 

intended and carried out to determine the total resveratrol 
and phenolic compound, antioxidant and antimicrobial 
activity of the spouts extracts of five cultivars (Fuhua, 
Silihong, Dabaisha, Xiaobaisha and Huayu) growing in 
China. The resveratrol content, antioxidant and 
antimicrobial activity studies of these five germinated 
peanuts by far have not been reported yet. The five 
cultivars were subjected to germination for 5 days and the 
ethanol extraction was conducted. The total resveratrol 
and phenolic content were then investigated and compared 
each other among different cultivars and germination 
time. The relationship of total phenolic compounds and 
antioxidant and antimicrobial assay was also studied. 

Materials and Methods 

Materials 

The five sound and mature peanut kernels: Fuhua, 

Silihong, Dabaisha, Xiaobaisha and Huayu used in this 

study were kindly provided by Professor Tian Tian 

(Beijing University of Chinese Medicine, China). 

Chemicals, Reagents and Baterial Strains 

 Standard compounds used for content determination 
and antioxidant evaluation including resveratrol, ascorbic 
acid, gallic acid, 2,2-Diphenyl-1-Picrylhydrazyl (DPPH), 3-
ethylbenzothiazoline-6-sulfonic acid (ABTS) and Folin-
Ciocalteu reagent were purchased from Sigma-Aldrich. 6-
Hydroxy-2,5,7,8-tet-ramethylchroman-2-carboxylic acid 
(Trolox) was purchased from Fluka (Buchs, Germany). 
HPLC grade solvents including ethanol, methanol, 
acetonitrile and formic acid were purchased from Tedia 
Company Inc. (OH, USA). Other reagents an solvents with 
analytical grade such as Pyrogallol, ferrous oxide and 
salicylic acid were purchased from Sinopharm Chemical 
Reagent Co., Ltd (shanghai, China). The water used in the 
experiment was produced by a Milli-Q system (MA, USA).  

All the bacterial strains including Escherichia coli 

(CMCC 44102), Bacillus Subtilis (CCTCCAB206681), 

Salmonella enterica (BNCC132287), Staphylococcus 

aureus subsp. aureus (CMCC26003) and Pseudomonas 

aeruginosa (BNCC 125486) were purchased from BeNa 

Culture Collection (Beijing, China) used for 

Antimicrobial test in vitro. 

Peanut Germination  

For each batch, 100 visibly sound kernels were 
sorted, weighted and soaked into water overnight at the 
ambient temperature (24-26C). The kernels were placed 
on a plastic net tray and germinaed under dark in BE-801 
growth chamber (Bovoee, China) at 25C and 85% 
relative humidity. The kernels were under 10 min of 
spray tap water with pauses of 20 min for 5 days. After 3 
days of incubation, the ungerminated kernels (without 
emergence of germ tube) were discarded to eliminate 
molding. The total germination time was 5 days. For 
each day, the numbers and weights of five cultivar 
sprouts were counted and weighed, respectively. 

Peanut Sprout Preparation and Extraction 

The germinated peanut sprouts were harvested and 
weighed and followed by lyophilization (Labconco, 
USA). After lyophilization and weight determination, the 
dried materials were grinded into sprout powders and 
sieved to 60-mesh. The powders were sealed in 
polyethylene ziplock bags and stored under -20C for 
resveratrol and phnolic extraction. Peanut sprout powders 
were extracted with 75% ethanol for 3 h. The extract 
evaporation was carried out using a rotary evaporator 
(EYELA N1000, Japan) at 45C under a vaccum pressure. 
The crude extract was collected and transformed into a 50 
mL volumetric flask, thereafter, the volume was adjusted 
by adding 75% ethanol to meet the scale line. 

Scavenging Ability Measured by the DPPH Radical 

Assay 

Radical scavenging activity was performed using a 

method developed by Akharaiyi et al. (2019). 2 mL of 
crude extract was added to 2 mL of 0.2 mmol/L DPPH 

radical. For making standard curve, extra ethanol was 
added, to provide a total reaction volume of 4 mL. 

Ethanol was used as a blank and the reaction mixture 
was vigorously shaken and incubated in the dark for 30 

min. The reduction of DPPH radical absorption was 
measued at optical density of 517 nm at room 

temperatue. A calibation curve was prepared by 
measuring the reduction in absorbance of the DPPH 

solution in the presence of different concentrations of 
Trolox. Results were expressed as Trolox equivalents 

antioxidant capacity (mmol/L TE/g dry weight). All 
determinations were performed in triplicate. 

Scavenging Ability Measured by Stable ABTS 

Radical Action 

ABTS assays were performed as described by Lee et al. 

(2016), with some modifications. ABTS was dissolved in 



Qing Liu et al. / American Journal of Biochemistry and Biotechnology 2020, 16 (1): 51.59 

DOI: 10.3844/ajbbsp.2020.51.59 

 

53 

water to obtain a 7 mM stock solution. ABTS radical cation 

solution was prepared by diluting ABTS stock solution with 

2.4 mM potassium persulfate 1:1 (v/v), followed by 

incubation for 16 h at room temperature and in the dark. 

ABTS redical solution was adjusted with phosphated-
buffered saline (pH 7.4) to an absorbance between 0.75-0.8 

at 734 nm. 180 μL of the ABTS reagent was mixed with 20 

μL of each test sample. The absorbance was measured at 

734 nm. The scavenging capacity of the extracts was 

compared with that of trolox. The antioxidant activity was 

expressed as mmol of TE/g of dry weight. All 

determinations were performed in triplicate. 

Ferric Reducing Antioxidant Power Assay (FRAP) 

Reducing power was determined according to the 
method of Ożarowski et al. (2016) with slight 

modifications. FRAP reagent was prepared by mixing 10 

mM 2,4,6-tripyidyl-s-triazine (TPTZ) in 40 mM HCl, 

20 mM ferric chloride and 300 mM acetate buffer (pH 

3.4) using the ratio 1:1:10 (v/v/v). 10 μL of each test 

sample solution was well mixed with 300 μL FRAP 

reagent and it was allowed to react for 5 min in a water 

bath (37C). The absrbance was measured at 593 nm in 

three replicate experiments. Trolox was used as a 

standard and the antioxidant activity was exptressed as 

mmol of TE/g of day weight. 

Total Phenolic Content Determination 

 Total phenolic content of the five peanut sprout 

extracts was conducted using the Folin-Ciocalteu reagent 

method according to Hameed et al. (2017) with minor 

modification. The reaction was carried out by mixing 

200 μL sample extract with 300 μL 10% (v/v) Folin-

Ciocaleu reagent and then adding 500 μL sodium 

carbonate (20%, w/v) solution. The reaction was 

incubated at room temperature for 20 min in the dark and 

the absorbance was measured at 765 nm. Gallic acid was 

used as the standard and the concentration of total 
phenolic was expressed as Gallic Acid Equivalent (GAE) 

(μg gallic acid/g dry weight). All determinations were 

carried out in triplicates. 

Resveratrol Concentration Determination  

The qualification and quantification of resveratrol 

was performed using HPLC method described by 

Zhang et al. (2015), with some modification. The 

peanut sprout crude extract was filtered through a 0.22 

μm microfilter before injection into HPLC. The 

separation was carried out by Poroshell120 EC-C18 

column (4.6×150 mm i.d., Agilent, USA). The mobile 

phase consisted of acetonitrile: water (45: 55, v/v) and 

was run at a constant flow rate of 1 mL/min. The 

ingection volume was 10 μL and the column temperature 

was set at 25C. The chromatograms were detected using 

a DAD detector at 306 nm.  

Anti-Microbiological Activity Assay  

 Five pathogenic and spoilage organisms’viz. 
Escherichia coli, Bacillus Subtilis, Salmonella enterica, 

Staphylococcus aureus subsp. aureus and Pseudomonas 

aeruginosa were used in assay protocol. The freeze dried 

cultures were activated and cultures were maintained at 

refrigetation temperature by sub culturing. The required 

bacterial population was obtained by serial dilution using 

sterile peptone water. The dose rate of the inoculums was 

standardized on the basis of cell number in the inoculums. 

The dose rate of the above mentioned microbial cultures 

was optimized in the range of 104-105 cfu/mL. Pour plate 

technique was used for inoculation and media solidification. 

1 mL of the test culture (104-105 cfu/mL) were uniformly 
distributed by pouring 15-20 mL of pre-sterilized media and 

allowed for solidification. In each plate 4 wells (8 mm 

diameter) were made using sterile borer. About 100 μL of 

each extracts were poured into well onto solid media in 

nutrient agar for all the test organisms and incubated at 

37C for 24 h. The diameters of inhibitory zone surounding 

the wells were measured using digital vernier calipers. 

Minimum Inhibitory Concentration (MIC) and 

Minimum Bactericidal Concentration (MBC) Assay 

Ninety-six well plates (SPL Co. Ltd, Pocheon, 

Korea) were used. Each 100 mL of 1:1 (v:v) LB broth 

(2x) and 2% antimicrobial stock solution were mixed in 

96-well plates to give final concentrations of 1%. Serial 

2-fold dilutions were then performed using 100 mL of 

LB broth. Next, each well plate was inoculated with 20 

μL of the cultured strains of spoilage bacteria and were 

incubated at 37C for 24 h. Optical densities of the 

cultures at 595 nm were measured after 24 h incubation, 

following adjustment to 0 by dilution in fresh media. The 

MIC and MBC values were determined at the lowest 

concentration based on the turbidity of two subjects at the 

same concentration at which Optical densities at 595 nm 

were less than 0.5 and 0.1, respectively (Ji et al., 2008). 

Statistical Analysis 

 All the experiments were repeated three times and 
parameters were analysed in triplicate (n = 9). Statistical 

One-way ANOVA was calculated using SPSS software 

version 22.0. Differences were considered statistically 

significant at the P < 0.05 level. 

Results and Discussion 

Total Phenolic Content  

The five peanut cultivars (Fuhua, Silihong, Dabaisha, 
Xiaobaisha and Huayu) were germinated for 1-5 days 
and the total phenolic contents were evaluated using the 
Folin-Ciocalteau method. The results are as shown in 
Fig. 1, the total phenolic contents of five peanut cultivars 
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were mainly increased from one to five days germination. 
From the result, Fuhua, Silihong, Xiaobaisha and Huayu 
all showed gradually increasing trends of phenolic content 
during the five-days germination. Among them, 
Xiaobaisha showed higher phenolic content than the 
others at the extended germination time and reached the 
highest value (2.44±0.06 μg gallic acid/g) on the fifth 
day. In contrast to these four cultivars, a significant 
decrease in the total phenolic content on the second day 
of germination (0.79±0.05 μg gallic acid/g) was 
observed for the Dabaisha cultivar. Later, the phenolic 
content increased to 2.20±0.04 μg gallic acid/g on the 
fifth day of germination. 

Resveratrol Content 

Resveratrol is a natural stilbene phytoalexin with 
benefits to human health. The results in Fig. 2 
demonstrated the total resveratrol content of five peanut 
cultivars measured by the HPLC method. Five cultivars 
indicated a similar pattern, producing the lowest 
resveratrol content on the first day of germination and 
steadily increase in germination time. The highest 
resveratrol content on the fifth day of germination was 
46.49±1.60 μg/g, 34.65±0.48 μg/g, 31.74±0.60 μg/g, 
38.22±0.96 μg/g and 31.94±1.28 μg/g for Fuhua, 
Silihong, Dabaisha, Xiaobaisha and Huayu, respectively. 

 

 
 

Fig. 1: Total phenolic content of five cultivars of peanut sprout germinated during 1-5 days 
 

 
 

Fig. 2: Total resveratrol content of five cultivars of peanut sprout germinated during 1-5 days 
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Antioxidant Activity  

In general, becasuse the antioxidant compounds in 
plant extracts and chemically diverse and structurally 

complex, no single assay is suitable to accurately 

determine the antioxidant activity for all compounds 

present in a sample (Prior et al., 2005); the use of 

multple assays is therefore prefrable. In our study, 

antioxidant activity was determined using three different 

in vitro methods. The ABTS assay is based on the 

electron transfer mechanism involving ABTS radicals 

while for the DPPH assay, an reaction between DPPH 

radicals and anioxidants achieved through hydrogen 

atom and electron transfer mechanisms (Huang et al., 
2005). On the other hand, the FRAP assay is based on 

electron trasfer mechanism without the involvement of 

free radcals (Huang et al., 2005). 
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(C) 

 
Fig. 3: Antioxidant capacity of five cultivars of peanut sprout germinated over 1-5 days was expressed as Trolox equivalent. All 

values are mean ± SD (n = 3). A: DPPH assay B: ABTS assay C: FRAP assay 
 

Figure 3 shows the antioxidant activity of the 5 

peanut sprouts during germination period. All sprouts 

showed a similar pattern of all antioxidant activity 

analysis during seed germination. The antioxidant 

activity significantly increased to its highest level on 

the fifth day of germination time. In particular, 

Xiaobaishan demonstrated the highest level of DPPH 

[(84.86±4.02) mmol/L TE/g dry weight] and FRAP 

[(92.98±3.71) mmol/L TE/g dry weight] antioxidant 

activity, followed by Silihong, Huayu, Fuhua and 

Dabaisha. On the other hand, Silihong exhibited the 
strongest antioxidant activity [(127.49±7.42) mmol/L 

TE/g dry weight] on ABTS analysis, expressed as 

approximately two and a half times compared to 

(50.37±3.54) mmol/L TE/g dry weight on the first day 

of germination. This indicated that antioxidant 

compounds in Silihong cultivar expressing high 

reducing ability might be present at this germination 

stage. Accroding to the results of the total phenolic 

content and resveratrol content, the results suggested 

that most of the phenolic compounds and resveratrol 

determined in the five cultivars could be related to their 

antioxidant activity. This result was in accordance with 
the study by Limmongkon et al. (2017) which reported 

increased scavenging activity for the Tainan 9 cultivar 

with a shorter germination time. The difference in 

phenolic content, resveratrol content and antioxidant 

value between five peanut cultivar sprouts may be 

strongly influenced by peanut genotype, which 

produced different complicated structural compositions 

in each. A wide-ranging biochemical process occurred 

during seed germination, leading to plant changes during 

secondary metabolite production. 

Antiomicrobial Activity 

Antimicrobial effect of five peanut cultivar sprouts 

against five foodborne bacteria were tested by the 

inhibitory zone method and are shown in Table 1. All 

tested cultivars showed antibacterial effects against five 

spoilage bacteria. Fuhua showed the highest bactericidal 

activity against Bacillus subtilis. Silihong showed the 

strongest inhibitory effects on three Gram-negative 

bacterial including Escherichia coli, Salmonella enterica 
and Pseudomonas aeruginosa. Xiaobaisha showed the 

best antibacterial effect against Staphylococcus aureus 

subsp. aureus. No effects of extraction reagents were 

found in any of the strains at the tested concentration. 

MICs and MBCs of Five Peanut Cultivar Sprout 

Extract 

Figure 4 shows the MICs and MBCs of five peanut 
cultivar sprouts extract against five spoilage bacteria. In 
general, all peanut cultivars showed higher inhibitory 
effects against Bacillus subtilis than on other bacteria, 
with lower MIC and MBC levels. The average MIC and 
MBC of Silihong against 5 spoilage bacteria were10.7 and 
28.5 mg/mL, indicating a strong antimicrobial effect 
compared to that of Huayu, with the average MIC and 
MBC were 15.8 and 50.8 mg/mL, respectively. All 
sprouts had <10 mg/mL MICs on Bacillus subtilis, the 
lowest MIC was 6.3 mg/mL obtained from Fuhua. The 
average MICs of five sprouts against Bacillus subtilis and 
Staphylococcus aureus subsp. aureus were 7.7 mg/mL 
and 11.7 mg/mL, respectively, which were higher than 
these against Escherichia coli, Salmonella enterica and 
Pseudomonas aeruginosa, with the average MICs of 13.9 
mg/mL, 14.0 mg/mL and 15.7 mg/mL, respectively. 
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Among five peanut cultivars, the inhibitory effects 
were strongest in Silihong with the average MIC and 
MBC values of 10.66 and 28.52 mg/mL, respectively. 

These results indicated that all sprouts may exhibit 
more inhibitory effects on Gram-positive ones, which 
need to be further investigated in future. 

 

 
(A) 

 

 
(B) 

 
Fig. 4: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) (mg/mL) of five peanut cultivar 

sprouts against five foodborne bacteria. A: Minimum inhibitory concentration B: Minimum bactericidal concentration. MIC 
and MBC were determined as the minimum concentration which resulted in optical density at 595 nm, respectively 

 
Table 1: Zones of inhibition (mm)a around the wells loaded with five cultivar sprout extracts against five foodborne bacteria 

  Peanut cultivar sprouts 

 Gram positive/ ----------------------------------------------------------------------------------------------------------- 

Spoilage bacteria negative Fuhua Silihong Dabaisha Xiaobaisha Huayu  

E. coli  (-) 7.61±0.12 10.00±0.41 8.58±0.34 8.53±0.22 6.55±0.35 

B. subtilis (+) 10.57±0.12 8.49±0.30 7.34±0.37 7.68±0.33 9.00±0.41 

S. enterica  (-) 7.52±0.32 9.59±0.17 7.63±0.47 8.37±0.20 6.93±0.14 

S. subsp. aureus (+) 9.11±0.21 9.04±0.37 8.25±0.61 10.06±0.28 7.12±0.31 

P. aeruginosa (-) 8.03±0.25 10.32±0.20 7.91±0.56 8.45±0.16 6.31±0.26 
a Diameter (mm) of visual clear zone. 
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Conclusion 

The total phenolic compound, resveratrol content 

and antioxidative activities of five peanut cultivar 

sprouts were increased significantly with an increase of 

germination time. The antibacterial activity was 

evaluated with the inhibitory zone method using the 

extracts against five foodborne bacterial and all five 

peanut sprouts showed high antimicrobial activities. 

The difference in the phenolic content, resveratrol, 

antioxidant and antimicrobial value between five 

peanut cultivar sprouts may be strongly influenced by 
the complicated structural composition of each 

genotype. Therefore, further studies are required in 

order to isolate the compounds responsible for its active 

potential and structural elucidation to find the 

mechanism of biological activity. Furthermore, in 

accordance with the bioactive and chemopreventive 

significance of peanut sprout, it can be developed and 

consumed as food and medicine in a commercial scale. 
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