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The demand for minimally processed vegetables is

increasing as customers prefer fresh vegetables, such as red

mustard leaves, containing high levels of micronutrients

[1]. However, the outbreak frequency of foodborne pathogens

increases proportionately with increasing consumption of

fresh-cut vegetables [2]. Therefore, sanitization processes

are utilized to decrease the incidence of foodborne diseases.

Currently, various sanitizers, such as chlorine, chlorine

dioxide, hydrogen peroxide, and electrolyzed water, are

widely used to reduce the level of pathogens in fresh

vegetables [3, 4-6]. Although use of these chemical sanitizers

is popular, there are increasing concerns about any residue

and carcinogenic potential. 

As an alternative to chemical sanitizers, plant extracts

containing bioactive compounds have been studied as

natural antimicrobials [7, 8]. In particular, food processing

by-products contain beneficial components such as phenolic

compounds [9]. Thus, the use of food processing by-

products containing phenolic compounds can have many

advantages such as low cost, environmental friendliness,

and reduced waste [10].

Flaxseed (Linum usitatissimum L.) is considered to be a

functional food owing to its abundant bioactive compounds,

such as fatty acid, polysaccharide, and lignan [11, 12]. The

antimicrobial activity of flaxseed against food pathogens

has been reported [13, 14]. Flaxseed meal, which is a by-

product of flaxseed oil extraction, contains a considerable

amount of protein, soluble fiber, polyphenols, and lignin

[15]. However, the antimicrobial activity of flaxseed meal

extract (FME) has never been studied as a vegetable

sanitizer. Therefore, the objective of this study was to

examine the antimicrobial activity of FME and to examine

the combined effect of FME with mild heat for the

inactivation of food pathogens inoculated on red mustard

leaves. 

Dried flaxseed meal was ground in a blender, and the

ground samples were extracted with 20 volumes of 70%

ethanol at 70°C for 3 h. The extracts (FME) were filtered

using Whatman No. 2 filter paper, concentrated in a rotary

evaporator at 50°C, and used for the experiments. 

The antimicrobial activity of the FME against Staphylococcus

aureus, Listeria monocytogenes, Salmonella typhimurium, and

Escherichia coli O157:H7 was evaluated using the disc diffusion

test [16]. S. aureus (KCTC 1621) and L. monocytogenes

(KCTC 13064, ATCC 19111) were cultured in 25 ml of Brain

Heart Infusion (BHI; Difco, USA) at 37°C for 24 h, and

S. typhimurium (ATCC 14028, KCTC 2514) and E. coli

O157:H7 (NCTC 12079, ATCC 43889) were cultured in

25 ml of Tryptic Soy Broth (TSB, Difco) at 37°C for 24 h.

Enriched cultures were subsequently centrifuged at 3,000 ×g
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This study examined the antimicrobial activity of flaxseed meal extract (FME) against

Staphylococcus aureus and Escherichia coli O157:H7 inoculated on red mustard. With the

treatment of 0.7% FME for 3 min, the reduction levels of S. aureus and E. coli O157:H7

populations were 1.23 and 1.83 log CFU/g, respectively. In addition, the combined treatment

of 0.7% FME at 50°C for 3 min reduced the populations of the pathogenic bacteria by 2.28 and

2.41 log CFU/g, respectively. The color and the vitamin C content were not significantly

different between treatments. Thus, FME can be used as a novel antimicrobial agent in fresh-

cut vegetables.
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at 4°C for 15 min, washed three times with 25 ml of 0.1%

peptone water (Difco), and resuspended in 0.1% peptone

water. A suspension of each microorganism (approximately

108 CFU/ml) was spread on the surface of Mueller Hinton

Agar (Difco). Filter paper discs (8 mm in diameter) were

impregnated with 80 µl of FME (0.5 g/ml) and directly

placed onto the inoculated plates. After storage at 4°C

for 1 h, the plates were incubated at 37°C for 24 h. The

diameter of the growth inhibition zone was measured. The

results of the disc diffusion test exhibited inhibition zones

of S. aureus, L. monocytogenes, S. typhimurium, and E. coli

O157:H7 of 12.04, 11.59, 11.12, and 12.03 mm, respectively.

The antimicrobial activity of FME was also evaluated using

the viable cell count method. The cultured broths were

centrifuged at 3,000 ×g for 15 min, and 100 ml of sterile TSB

or BHI broth was added to the pellet. The broth was then

diluted with sterile peptone water to achieve 106 CFU/ml,

and 50 ml of the diluted broth was added to a flask. FME

(1.0%) was added to the flask and the cultures were incubated

at 37°C for 12 h. After 0, 4, 8, and 12 h of incubation,

aliquots of 1 ml were taken out and serially diluted, and

then 0.1 ml of each diluent was plated onto selective media;

MacConkey sorbitol agar (Difco) for E. coli O157:H7, xylose

lysine desoxycholate agar (Difco) for S. typhimurium, Oxford

medium base (Difco) for L. monocytogenes, and Baird-Parker

agar with egg yolk tellurite emulsion for S. aureus. 

The initial inoculated populations of S. aureus,

L. monocytogenes, S. typhimurium, and E. coli O157:H7 were

6.90, 6.68, 5.81, and 5.85 log CFU/g, respectively. The bacterial

populations without FME increased with culture time,

whereas the bacteria treated with FME showed reduced

population growth (Fig. 1). In particular, after 12 h, the

populations of S. aureus, L. monocytogenes, S. typhimurium,

and E. coli O157:H7 in the control were 8.90, 8.58, 8.01, and

8.02 log CFU/g, respectively, whereas they were 6.28, 6.87,

6.96, and 5.50 log CFU/g for the bacteria treated with FME,

Fig. 1. Antimicrobial activity of flaxseed meal extract (1.0%) against foodborne pathogens.

(A) S. aureus, (B) L. monocytogenes, (C) S. typhimurium, and (D) E. coli O157:H7. ● , Control; ○ , Flaxseed meal extract treatment.
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representing reductions of 2.62, 1.71, 1.05, and 2.52 log CFU/g,

respectively. These results indicate a greater antibacterial

effect of FME against S. aureus and E. coli O157:H7 than the

other pathogens. Similarly, Gaafar et al. [14] reported the

antimicrobial activity of lignin flaxseed extract against

S. aureus and E. coli O157:H7. According to the report of

Rajesha et al. [17], the ethanol extract from hull, endosperm,

and flaxseed flour had higher antimicrobial activity against

S. aureus and E. coli O157:H7 among the pathogens tested.

Barbary et al. [18] also reported high antibacterial effects of

flaxseed extract against E. coli O157:H7 and S. aureus based

on minimum inhibitory concentration test. The antimicrobial

activity of flaxseed is mainly due to phenolic acid, flavonoids,

and lignans [14]. Flaxseed contains a considerable amount

of lignans and secoisolariciresinol diglucoside [19]. The

antimicrobial activity of these phenolic compounds is

attributed to various mechanisms, such as inhibition of cell

wall synthesis and chelation of essential metals [10]. It was

also reported that lignans inhibit microbial growth by

destabilizing the cell membranes [14, 18]. Thus, these results

clearly indicate that FME has antibacterial effect.

To apply FME as a natural sanitizer for enhancing the

microbial safety of fresh-cut vegetables, FME treatment        at

various concentrations was performed to inactivate S. aureus

and E. coli O157:H7 inoculated on red mustard. Red mustard

leaves were placed on sterile aluminum foil on a clean

bench and treated with UV-C for 5 min on each side of the

samples to inactivate naturally existing microorganisms.

For inoculation, 1 ml of each pathogen cocktail diluted to

approximately 106 CFU/ml was applied to 10 g of the

samples by spreading on the surface using a sterile glass

rod. Samples were dried for 30 min at 22°C to allow

attachment of the bacteria. Inoculated samples (20 g) were

treated by dipping into different concentrations (0.1%,

0.4%, 0.7%, and 1.0%) of FME (1 L) for 1, 3, and 5 min. In

addition, for the combined treatment of FME and mild

heat, inoculated samples (20 g) were treated by dipping

into 0.7% FME (1 L) at mild heat (50°C) for 1, 3, and 5 min,

based on a preliminary experiment. After the treatment, red

mustard leaves (10 g) were transferred into a sterile stomach

bag containing 90 ml of 0.1% peptone water, for microbial

enumeration, and homogenized with a stomacher (MIX 2;

AES Laboratoire, France) for 3 min. After serial dilution,

the diluents were plated onto Baird-Parker agar with egg

yolk tellurite emulsion and MacConkey sorbitol agar and

incubated at 37°C for 48 h before counting viable colonies.

Fig. 2 shows the efficacy of FME to inactivate the foodborne

pathogens S. aureus and E. coli O157:H7 inoculated on red

mustard leaves according to different concentration (0.1%,

0.4%, 0.7%, and 1.0%) and treatment times (1, 3, and 5 min).

Initial populations of S. aureus and E. coli O157:H7 on the

samples were 6.52 and 5.39 log CFU/g, respectively. The

treatment of the samples with distilled water resulted in

less than 0.5 log CFU/g reduction for both pathogens. In

contrast, the treatment with FME significantly reduced the

populations of the bacteria. In addition, increasing the

Fig. 2. Change in the populations of (A) S. aureus and (B) E. coli O157:H7 inoculated on red mustard leaves treated with different

concentrations of FME.

Means with different letters (A-G) among treatments are significantly different (p < 0.05) by Duncan’s multiple range test.



70 Son and Song

J. Microbiol. Biotechnol.

length of treatment to 3 or 5 min was more effective than

1 min washing, regardless of FME concentration, whereas

there was no difference between 3 and 5 min. Therefore,

treatment for 3 min appears to be sufficient to decrease

bacterial populations.

Following FME treatment (0.7%, 3 min), the respective

populations of S. aureus and E. coli O157:H7 were 5.29 and

3.56 log CFU/g, representing reductions of 1.23 and

1.83 log CFU/g, respectively, compared with the control.

Because there was no significant difference between 0.7%

and 1.0% FME in terms of microbial reduction, 0.7% FME

was the chosen concentration for the combined treatment.

Similarly, according to the report of Sagong et al. [20],

when lettuce inoculated with E. coli O157:H7 was treated

with 0.7% organic acids for 5 min, the population of E. coli

O157:H7 was reduced by 0.91-1.23 log CFU/g. Therefore,

these results suggest that 0.7% FME treatment is similar to

chemical sanitizers such as organic acids in terms of

antimicrobial activity. The antimicrobial effect of FME may

be attributable to its hydrophobicity, which inactivates

microbial adhesion and transport proteins, resulting in

disruption of the bacterial cell membrane [21, 22].

The combined effect of FME (0.7%) and mild heat at 50°C

was also determined (Fig. 3). Similar to FME treatment

alone, there was no significant difference between the 3

and 5 min treatment conditions. Compared with the control,

the combined treatment of 0.7% FME and mild heat

reduced the populations of S. aureus and E. coli O157:H7 by

2.28 and 2.41 log CFU/g, respectively. In particular, a

synergistic effect of the combined treatment was observed.

According to the report of Huang and Chen [4], when baby

spinach inoculated with E. coli O157:H7 was treated with

1% organic acid and hydrogen peroxide at 50°C, the

population of E. coli O157:H7 was further reduced by 0.4-

0.9 log CFU/g compared with the treatment at 22°C.

Similarly, citric acid treatment at 50°C for 5 min has been

reported to cause approximately 0.7 log CFU/g greater

reductions in total aerobic bacteria on cabbage [23]. It

appears that mild heat treatment reduces bacterial

membrane stability, resulting in enhanced antimicrobial

activity of sanitizers [24]. Therefore, these results suggest

that FME treatment with mild heat can be used as an

alternative treatment to chemical sanitizers, such as

chlorinated water.

To quantify changes induced in red mustard by the

combined treatment, the color and the vitamin C content

were measured (data not shown). The color of the sample

was evaluated with a colorimeter (CR-300 Minolta Chroma

Meter; Minolta Camera Co., Japan) and expressed as a

Hunter value (L, a, and b). The vitamin C content of the

sample was analyzed using HPLC (Waters, USA). The

results indicate that there was no significant difference

regarding the Hunter value (L, a, and b) or vitamin C

content between the treatment conditions, indicating that

the combined treatment did not affect the quality of red

mustard.

Fig. 3. Change in the populations of (A) S. aureus and (B) E. coli O157:H7 inoculated on red mustard leaves treated with combined

treatment of FME and mild heat at 50°C.

Means with different letters (A-E) among treatments are significantly different (p < 0.05) by Duncan’s multiple range test.
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In conclusion, this study demonstrated the antimicrobial

activity of FME against foodborne pathogens. In particular,

the combined treatment with FME and mild heat at 50°C

was most effective in reducing the populations of S. aureus

and E. coli O157:H7 inoculated on red mustard leaves. In

addition, the treatment did not alter the qualities of red

mustard, such as vitamin C content and color. Therefore,

these results suggest that FME can be used as a natural

sanitizer and that the combined treatment of FME and mild

heat enhances the microbial safety of fresh-cut vegetables

such as red mustard leaves.

References

1. Patrignani F, Siroli L, Serrazanetti DI, Gardini F, Lanciotti

R. 2015. Innovative strategies based on the use of essential

oils and their components to improve safety, shelf-life and

quality of minimally processed fruits and vegetables. Trends

Food Sci. Technol. 46: 311-319.

2. Siroli L, Patrignani F, Serrazanetti DI, Vannini L, Salvetti E,

Torriani S, et al. 2016. Use of a nisin-producing Lactococcus

lactis strain, combined with natural antimicrobials, to

improve the safety and shelf-life of minimally processed

sliced apples. Food Microbiol. 54: 11-19.

3. Alexandre EM, Brandão TR, Silva CL. 2012. Assessment of

the impact of hydrogen peroxide solutions on microbial

loads and quality factors of red bell peppers, strawberries

and watercress. Food Control 27: 362-368. 

4. Huang Y, Chen H. 2011. Effect of organic acids, hydrogen

peroxide and mild heat on inactivation of Escherichia coli

O157: H7 on baby spinach. Food Control 22: 1178-1183.

5. Keskinen LA, Burke A, Annous BA. 2009. Efficacy of chlorine,

acidic electrolyzed water and aqueous chlorine dioxide

solutions to decontaminate Escherichia coli O157:H7 from

lettuce leaves. Int. J. Food Microbiol. 132: 134-140.

6. Kim YJ, Kim MH, Song KB. 2009. Efficacy of aqueous chlorine

dioxide and fumaric acid for inactivating pre-existing

microorganisms and Escherichia coli O157:H7, Salmonella

typhimurium, and Listeria monocytogenes on broccoli sprouts.

Food Control 20: 1002-1005.

7. Cowan MM. 1999. Plant products as antimicrobial agents.

Clin. Microbiol. Rev. 12: 564-582.

8. Del Carmen Villalobos M, Serradilla MJ, Martín A, Ruiz-

Moyano S, Pereira C, de Guía Córdoba M. 2016. Synergism

of defatted soybean meal extract and modified atmosphere

packaging to preserve the quality of figs (Ficus carica L.).

Postharvest Biol. Technol. 111: 264-273.

9. Gyawali R, Ibrahim SA. 2014. Natural products as

antimicrobial agents. Food Control 46: 412-429. 

10. García-Lomillo J, González-SanJosé ML, Del Pino-García R,

Rivero-Pérez MD, Muñiz-Rodríguez P. 2014. Antioxidant

and antimicrobial properties of wine byproducts and their

potential uses in the food industry. J. Agric. Food Chem. 62:

12595-12602.

11. Goyal A, Sharma V, Upadhyay N, Gill S, Sihag M. 2014. Flax

and flaxseed oil: an ancient medicine & modern functional

food. J. Food Sci. Technol. 51: 1633-1653.

12. Mercier S, Mondor M, Villeneuve S, Marcos B, Moresoli C.

2015. Assessment of the oxidative stability of flaxseed-

enriched lasagna using the rancimat method. J. Food Process.

Preserv. 39: 1729-1734.

13. Amin T, Thakur M. 2014. A comparative study on proximate

composition, phytochemical screening, antioxidant and

antimicrobial activities of Linum usitatisimum L. (flaxseeds).

Int. J. Curr. Microbiol. Appl. Sci. 3: 465-481.

14. Gaafar AA, Salama ZA, Askar MS, El-Hariri DM, Bakry BA.

2013. In vitro antioxidant and antimicrobial activities of

lignan flax seed extract (Linum usitatissimum, L.). Int. J.

Pharm. Sci. Rev. Res. 47: 291-297.

15. Gutiérrez C, Rubilar M, Jara C, Verdugo M, Sineiro J, Shene C.

2010. Flaxseed and flaxseed cake as a source of compounds

for food industry. J. Soil Sci. Plant Nutr. 10: 454-463. 

16. Sayago JE, Ordoñez RM, Kovacevich LN, Torres S, Isla MI.

2012. Antifungal activity of extracts of extremophile plants

from the Argentine Puna to control citrus postharvest

pathogens and green mold. Postharvest Biol. Technol. 67: 19-24.

17. Rajesha J, Rao AR, Madhusudhan B, Karunakumar M. 2010.

Antibacterial properties of secoisolariciresinol diglucoside

isolated from Indian flaxseed cultivars. Curr. Trends Biotechnol.

Pharm. 4: 551-560. 

18. Barbary OM, El-Sohaimy SA, El-Saadani MA, Zeitoun AMA.

2010. Antioxidant, antimicrobial and anti-HCV activities of

lignan extracted from flaxseed. Res. J. Agric. Biol. Sci. 6: 247-256.

19. Pag AI, Radu DG, Draganescu D, Popa MI, Sirghie C. 2014.

Flaxseed cake — a sustainable source of antioxidant and

antibacterial extracts. Cellulose Chem. Technol. 48: 265-273.

20. Sagong HG, Lee SY, Chang PS, Heu S, Ryu S, Choi YJ,

Kang DH. 2011. Combined effect of ultrasound and organic

acids to reduce Escherichia coli O157:H7, Salmonella Typhimurium,

and Listeria monocytogenes on organic fresh lettuce. Int. J.

Food Microbiol. 145: 287-292.

21. Saleem M, Nazir M, Ali MS, Hussain H, Lee YS, Riaz N,

Jabbar A. 2010. Antimicrobial natural products: an update on

future antibiotic drug candidates. Nat. Prod. Rep. 27: 238-254.

22. Upadhyay A, Upadhyaya I, Kollanoor-Johny A, Baskaran

SA, Mooyottu S, Karumathil D, Venkitanarayanan K. 2013.

Inactivation of Listeria monocytogenes on frankfurters by

plant-derived antimicrobials alone or in combination with

hydrogen peroxide. Int. J. Food Microbiol. 163: 114-118.

23. Rahman SME, Jin YG, Oh DH. 2010. Combined effects of

alkaline electrolyzed water and citric acid with mild heat to

control microorganisms on cabbage. J. Food Sci. 75: 111-115.

24. Tango CN, Mansur AR, Oh DH. 2015. Fumaric acid and

slighly acidic electrolyzed water inactivate gram positive and

gram negative foodborne pathogens. Microorganisms 3: 34-46.


