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Abstract. The chive and ginger bulbs were extracted with ethanol 96%, 72%, and 48% within 5, 10, and 15 

days for each concentration (15, 30, and 45 days in total). The solidified extract was then used for 

antibacterial activity against E. coli and Salmonella spp. isolated from fecal of chickens with diarrhoea. The 

results show that both ginger and chive socked and leached for greater than 30 days give better 

antibacterial ability. The extracts of ginger and chive bulbs, diluted at concentrations of 5 µg/µL, 7.5 

µg/µL, and 10 µg/µL are resistant to both bacteria. However, chive extract is more resistant to Salmonella 

spp. The antibacterial activities of both herbs are superior to those of amoxicillin and tetracycline (for E. 

coli) and gentamicin and amoxicillin (for Salmonella spp.). The minimum inhibitory concentration of chives 

extract (30 days) is 16–63 (31–125) mg/mL, and that of ginger extract (30 days) is 16–80 (2–4) mg/mL; 

overall, both extracts have bacteriostatic/bactericidal effects on E. coli and Salmonella spp. 
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1 Introduction 

E. coli and Salmonella spp., belonging to the family Enterobacteriaceae, are considered as the 

major cause of diarrhea in humans and animals. These pathogens are widely distributed in the 

environment, and they not only cause economic losses but also affect public health [8]. 

Antibiotics are widely used in the prevention and treatment of bacterial diseases. However, 

antibiotic-resistant bacteria have been observed with increasing frequency over the past several 

decades. In addition, the use of antibiotics also has undesirable effects such as hypersensitivity, 

immunodeficiency, and antibiotic residues in animal products [9]. Therefore, herbal extracts 

have become a potential alternative solution to antibiotics in livestock. 

Ginger and chives are common agricultural products in mountainous areas and sandy 

soils in the central provinces of Vietnam. Ginger and chives were used as medicines for diarrhea 

treatment in animals [4] because they have antibacterial chemical compounds [11, 13]. 

This study evaluates the antimicrobial activity of chives and ginger bulbs against E. coli 

and Salmonella spp. isolated from fecal of the chicken with diarrhoea. The outcome of this study 
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contributes to the application of these herbs in the prevention and treatment of diarrhea on 

chickens. 

2 Material and methods 

Solidified herbal extract 

Fresh bulbs of ginger (12–14 months old from A Luoi, Thua Thien Hue) and fresh chives (4–5 

months old from Hai Lang, Quang Tri) were used in the study. The PCR (Polymerase Chain 

Reaction) product of ITS1-4 gene fragment from DNA from ginger and chive bulb samples was 

sent to Macrogen Korea (dna.macrogen.com) for sequencing with the Sanger method [3]. The 

sequencing results were processed using BioEdit software and Blast tool on the NCBI database 

(www.ncbi.nlm.nih.gov) to determine the species name. The results show that the ginger and 

compressed samples are in the same branch and closely related to Zingiber officinale and Allium 

scordoprasum.  

The bulbs were washed, crushed, and dried at 50 °C for 40 h. Ginger and chive extract 

was collected using the cool extraction method described by Kinh [10] (Figure 1). One hundred 

grams of the materials was immersed in ethanol (96%, 72%, and 48% continuously within 5, 10, 

and 15 days for each concentration) with the ratio of materials to solvents is 1/3 (gr/ml). The 

extract was mixed and solidified at 50 °C. Depending on the extraction time, three types of the 

solidified chive extract (SCE) are obtained, namely chives 15 days (15DC), 30 days (30DC), and 

45 days (45DC). Similarly, three types of solidified ginger extract (SGE) are 15DG, 30DG, and 

45DG. 

 

Figure 1. Schematic diagram of ethanol extraction process of chive and ginger bulb 
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Bacteria 

Bacteria (Institute of Biotechnology, Hue University) were isolated using the routine culture 

method: E. coli (TCVN 6846: 2007; ISO 7251: 2005), Salmonella (TCVN 4829: 2005; ISO 6579: 2002) 

from samples of 3F Vietnamese chickens with diarrhea on selective Macconkey (E. coli) and SS 

Agar media (Salmonella spp.). 

The PCR products of rDNA 16S gene fragments from DNA extracted from bacterial 

colonies were sent to Macrogen Korea company (dna.macrogen.com) for sequencing using the 

Sanger method [3]. The sequencing results were processed using BioEdit software and Blast tool 

on the NCBI database (www.ncbi.nlm.nih.gov) to determine the species name. The results show 

that colonies are closely related to Escherichia coli and Salmonella spp. 

Bacterial virulence was determined using the infectious model in white mice, as 

described by Picard et al. [12]. The results show that 100% of experimental mice died within 6 to 

18 h with typical lesions of E. coli and Salmonella spp. 

Antibacterial activity assay 

The antibacterial activity of the solidified herbal extract was examined according to Bakhiet et 

al. [1]. E. coli and Salmonella spp. were activated on the LB broth at 37 °C overnight. Bacterial cell 

density is determined as OD value (λ = 600 nm). Then, the bacterial cell density was adjusted at 

106 (CFU/mL) on LB agar. The solidified herbal extract was dissolved in dimethyl sulfoxide 10% 

(10 mg/mL). Paper discs were placed on LB agar plates. Then, 50, 75, and 100 µL of the 

dissolved herbal extract were dropped on the discs. The antibacterial activity was calculated as 

the difference between the diameter of the inhibitory zone and the diameter of the paper discs 

(D, mm). The sample is considered to have antibacterial activity if the difference is greater than 

8 mm [6]. 

The determination of antibiotic susceptibility by the method of diffusion on Kirby-Bauer 

Mueller agar [2] is based on the sterile ring diameter of antibiotic-resistant paper plates 

according to CLSI standards [5] (Table 1). 

Table 1. Antibiotics used in the research 

Antibiotic Producer Standard diameter (mm) 

Amoxicillin (10 µg) 

Nam Khoa Biotek Co. 

12–22 

Gentamycin (10 µg) 19–26 

Tetracycline (10 µg) 18–24 

 If D ≤ standard diameter, the bacteria are resistant to antibiotics, and if D > standard 

diameter, the bacteria are susceptible to antibiotics. 
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Antibacterial activity was tested by determining the minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration (MBC) using the micro-dilution method with 

resazurin [14]. The bacteria with a cell density of 106 CFU/mL were put into each well that has 

100 µL herbal extract diluted from 1000 mg/mL to 1/2048 mg/mL on 96 well plates containing 

Mueller-Hinton broth. The control wells contain bacteria in the Mueller-Hinton broth and 

dimethyl sulfoxide. The resazurin solution as an indicator of microbial growth was prepared by 

dissolving a 270 mg tablet in 40 mL of sterile distilled water. 10 µL of the resazurin indicator 

solution was added to each well. The plates were prepared in triplicates and placed in an 

incubator set at 37 °C for 24 h. MIC was defined as the lowest concentration of the tested 

compound that prevents resazurin color to change from blue to pink. MBC was determined by 

plating 10 µL of samples from wells, where no indicator color change was recorded on nutrient 

agar. The lowest concentration with no growth (no colony) is the minimum bactericidal 

concentration. Antibacterial activity is bactericidal or bacteriostatic if MBC/MIC < 4 or 

MBC/MIC ≥ 4, respectively [7]. 

Data were expressed as the mean ± SEM (Standard Error of the Mean). For comparison, 

the data were analyzed using a one-way analysis of variance. In all cases with p < 0.05, the 

difference is considered statistically significant. The statistical analysis was performed using 

SPSS v. 22 package. 

3 Results and discussion 

Antibacterial activity of the herbal extract against E. coli and Salmonella spp. compared with 

antibiotics 

The results show that the solidified herbal extract at 7.5 µg/µL in all treatment has antibacterial 

activity against E. coli and Salmonella spp. (d > 8 mm, Table 2). SCE has an effective antibacterial 

ability against both E. coli and Salmonella spp. Meanwhile, SGE is more effective against E. coli 

than against Salmonella spp. 

The antibacterial ability of SGE may be due to compounds such as sesquiterpenoid, 

zingiberene, bisabolene, farnesene, and monoterpenoid [11]; meanwhile, diallyl monosulfide, 

diallyl disulfide, diallyl trisulfide, and diallyl tetrasulfide are found in chive bulbs [13]. 

It is obvious that 30DC, 45DC, 30DG, and 45DG have higher antibacterial ability than 

15DG and 15DC. Therefore, 30DC and 30DG were used for subsequent experiments. 
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Table 2. Antibacterial zone of the extract (mm) 

Treatment E. coli Salmonella spp. 

15DC 13.3 ± 0.6a 14.3 ± 0.6a 

30DC 15.7 ± 0.6b 15.7 ± 0.6b 

45DC 16.0 ± 1.0b 16.7 ± 0.6b 

15DG 15.3 ± 0.6A 14.3 ± 0.6A 

30DG 16.3 ± 0.6A 16.0 ± 0.0B 

45DG 18.3 ± 0.6B 16.3 ± 0.6B 

* Different letters (a, b, A, B) in each herbal extract indicates a statistically significant difference among 

groups (p < 0.05) 

 

 

* Different letters a, b, c, d, e, f, A, B, C, D for each bacterium indicate a statistically significant difference 

among groups (p < 0.05) 

Figure 2. The antibacterial of herbal extract compared with antibiotics 

 Results of Figure 2 show that the herbal extract from SCE and SGE, with concentrations 

greater than 5 µg/µL, has an antibacterial ability (d > 8 mm). The bacteria are resistant to 

amoxicillin (E. coli and Salmonella spp.) and gentamicin (Salmonella spp.). In comparison with 

standard antibacterial indicators (CLSI, 2018), the antibacterial ability of gentamycin against E. 

coli is standardized (ATCC 25922, 19–26 mm). The 30DC has an antimicrobial zone and 

antibacterial active ingredients equivalent to gentamycin. Thus, the plant antibiotic content 

(phytocid) in 30DC (10 µg/µL) may be equivalent to gentamycin and used as a replacement in 

the treatment of E. coli in chicken. 
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MIC and MBC of the herbal extract  

Table 3. MIC (mg/mL) and MBC (mg/mL) of herbal extract on E. coli and Salmonella spp. 

Treatment 30DC 30DG 

MIC MBC MBC/MIC MIC MBC MBC/MIC 

E. coli 

Salmonella spp. 

63 125 1.98 16 80 5.00 

16 32 2.00 2 4 2.00 

It is showed on Table 3 that the antibacterial activity of SGE (MIC = 16-80 mg/mL, MBC = 

2-4 mg/mL) is 2–5 times higher than that of SCE (MIC = 16-63 mg/mL, MBC = 32-125 mg/mL). 

Both SGE and SCE have a bactericidal effect on E. coli and Salmonella spp. (MBC/MIC < 4). 

Meanwhile, the SGE has bacteriostatic effects (MBC/MIC > 4) on Salmonella spp. 

4  Conclusion 

Both ginger and chive bulbs have antibacterial activity against E. coli and Salmonella spp. 

However, SCE is more effective against Salmonella spp. than against E. coli. The antibacterial 

activity of SGE and SCE against E. coli is higher than that of amoxicillin and tetracycline. The 

antibacterial activity of SGE and SCE against Salmonella spp. is more effective than that of 

gentamicin and amoxicillin. The MIC (MBC) of 30 SCE and 30 SGE is 16–63 (31–125) mg/mL 

and 16–80 (2–4) mg/mL, respectively. This indicates that both SCE and SGE have 

bacteriostatic/bactericidal effects on E. coli and Salmonella spp. 
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