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Antimicrobial, Antioxidant, and Anticoagulation Activities of Salicornia europaea seeds
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This study was designed to develop a functional pharma-food using Salicornia europaea (SE). Tiny seeds
from the mature SE were collected, and their biological activities were evaluated. The extraction yield of
the seed in hot water was found to be 29.6% and the hot water extract (HWE) contained 25.7 mg/g total poly-
phenol (TP) and 11.5 mg/g total flavonoid (TF), which are similar to those contained in leaf and stem of SE.
Among the subsequent organic solvent fractions, the ethylacetate (EA) fraction exhibited the highest con-
tent of TP (158.3 mg/g), TF (136.2 mg/g), and total sugar (228.3 mg/g). The EA fraction exhibited broad-range
antibacterial activities against gram-positive bacteria, and the butanol fraction exhibited growth inhibi-
tory effect against only Staphylococcus epidermidis. An antioxidation activity assay of the HWE and its
fractions showed the EA fraction to have the highest radical scavenging activity with RC5o values of 57.0,
29.0, and 28.9 ug/ml against DPPH anion, ABTS cation, and nitrite, respectively. The RC5, values of vitamin
C against DPPH anion, ABTS cation, and nitrite were 10.7, 4.0, and 18.0 pg/ml, respectively, indicating that
the EA fraction of SE has potent antioxidant compounds. In an anticoagulation assay, the EA fraction
exhibited a 15-fold extended thrombin time at 5 mg/ml and activated partial thromboplastin time at 7 mg/
ml, which are comparable to the activities of aspirin. The HWE and its fractions had no hemolysis activities
against human RBCs at up to 1 mg/ml. These results suggest that the EA fraction from SE has a great poten-
tial as a new antibacterial and anticoagulation agent.
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specimen 2015-SE-SEED1~5).

St 24

dx AN FEE LY ZEEY FH BH27EY B

E T FASHA BobstTH14]. Bt BB 7HE %
% FAANH L ZE Staphylococcus aureus KCTC 1916,
Staphylococcus  epidermidis ATCC 12228, Listeria
monocytogenes KACC 10550, Bactllus subtilis KCTC 1924
E 1Y SAANHLE Escherichia coli KCTC 1682,
Pseudomonas aeruginosa KACC 10186, Proteus vulgaris
KCTC 2433, Salmonella Typhimurium KCTC 1926, Ao
S 2= Candida albicans KCTC 1940 X Saccharomyces
cerevisiae IF0 02335 AH&-SHATH @Al 24 B719) 3¢,
Nutrient broth (Difco Co., USA)9| —}'7—.}9—] NS HEsto
37CoNA 24A17F ¢k vjoFst & ZF FFE 0D.g 0.1 R
A3}4] Nutrient agar (Difco Co., USA) HiRX & Z3}st= 3
t petri dish (90 X 15 mm, Green Cross Co., Ltd., Korea)
o 100 wl =Fstar, Z-2+o] A& 5 uE B+t disc-paper (4]
£ 6.5 mm, Whatsman No.2)o|| 7}3}], 37°Co|A 24A]7F 5
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Nitrite Scavenging Activity) ¥ ¥8 =X o 2 H7514
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29 thrombin time (TT), prothrombin time (PT) %
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Technology Co., Ltd., China), PT reagent®} aPTT reagent=
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Fig. 1. Contents of total polyphenol (A), total flavonoid (B), total sugar (C) and reducing sugar (D) in the hot water extract (HWE)
and its solvent fractions of the Salicornia europaea seed. 1: HWE, 2: hexane fraction of HWE, 3: Ethylacetate fraction of HWE, 4: buta-

nol fraction of HWE, and 5: Water residue of HWE. Different letters within a figure differ significantly (p < 0.05).

Table 1. Anti-microbial activities of the hot water extract and its solvent fractions of the Salicornia europaea seed against patho-
genic and food-spoilage bacteria and fungi.

Growth inhibition zone (mm)

/Cssg]n:)ilfasls Gram positive bacteria Gram negative bacteria Fungi
SA? SE LM BS EC PA PV ST CA SC
Ampicillin 18.0 32.0 20.0 20.0 - - 30.0 9.0 - -
Miconazole b - - - - - - - 25.0 28.0
Hot water extract - - - - - - - - - -
Ethylacetate fr° 13.0 10.5 12.0 10.5 - - 8.0 - - -
Butanol fr - 18.0 - 8.0 - - 10.0 - - 10.0

Water residue

SA: Staphylococcus aureus, SE: Staphylococcus epidermidis, LM: Listeria monocytogenes, BS: Bacillus subtilis, EC: Escherichia coli, PA:
Pseudomonas aeruginosa, PV: Proteus vulgaris, ST: Salmonella Typhimurium, CA: Candida albicans, SC: Saccharomyces cerevisiae, b_: No
inhibition, and “fr: fraction.
The concentrations of the seed samples and antibiotics used were 500 pg/disc and 1 pg/disc, respectively. The growth inhibition
zone expressed was included size of disc-paper (6.5 mm of diameter). The data represent a classical result of three independent

determinations.
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Fig. 2. Photography of antibacterial activity of the hot water
extract (HWE) and its solvent fractions of the Salicornia euro-
paea seed. 1: ampicillin (1 pg/disc), 2: HWE, 3: ethylacetate frac-
tion of HWE, 4: butanol fraction of HWE, and 5: Water residue of
HWE.
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Fig. 3. Radical scavenging activities (A, B and C) and reducing power (D) of the hot water extract and its solvent fractions of
the Salicornia europaea seed. Different letters within a figure differ significantly (p < 0.05).
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T A AR et oA Ak B4S ST ¥
< v O 2 RCsox AXMSHATH 1 23, EA £ 9] DSA,
ASA I NSAY| 3t RCs2 THE EYERT GoF o=
mf & A el o, 22 57.0, 24.2 9 28.9 ug/mlE A
AbE] Yl th(Table 2). F4tstg o] L5ttt da{ X EEA}
A B39 DSA, ASA ¥ NSA9] T3t RCx0| 2+t 24.6,
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Table 2. The calculated RC;s, (the concentration required to
scavenger 50% of particular radical under the standard con-
ditions) of the hot water extract and its solvent fractions of
the Salicornia europaea seed.

RC /ml
Samples/Chemical so (ug/mi) —
DPPH ABTS Nitrite
Hot water extract ~ 449.9+23.29 189.0+32¢ 2500+25.1°

Hexene fr" 12104 £36.0° 5743 +1141F 1112+ 1249
Ethylacetate fr 57.0+46° 242+43° 289+18°
Butanol fr 205.1+£3.1¢  754+23¢ 553+ 1.6°
Water residue 8052+ 62.1° 3429+ 326° 3243 +465
Vitamin C 100+07° 39404 17.0+23?

'fr: fraction. Different letters within a column differ significantly
(p < 0.05).
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Fig. 4. Effect of the hot water extract and its solvent fractions
of the Salicornia europaea seed on blood coagulation. HW:
hot water extract, H Fr.: hexane faction of HWE, EA Fr.: Ethylace-
tate fraction of HWE, B Fr.: butanol fraction of HWE, and W: Water
residue of hot water extract prepared from Salicornia europaea
seed. Data are presented as relative clotting time of sample
based on solvent control. The thrombin time, prothrombin time
and activated partial thromboplastin time of solvent control
(dimethylsulfoxide) were 26.2 sec, 18.7 sec and 46.5 sec, respec-
tively. Aspirin was used as a positive control. Different letters
within a figure differ significantly (p < 0.05).
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Table 3. Platelet aggregation activities of the hot water extract and its solvent fractions of the Salicornia europaea seed.

Ciae’;fgs (nfg;‘rf;l) AT(E’A';")de Slope Lag;'cr)“e Area under PAR? (%)

DMSO - 19 4 30 142.5 99.1
- 20 3 26 145.1 100.9

Aspirin 0.50 7 1 102 354 24.6
0.25 11 1 46 66.0 45.9

0.125 15 2 32 98.8 68.7

Hot water ex®. 0.25 25 4 26 186.4 129.6
Hexane fr€. 0.25 20 6 2 182.8 127.1
Ethylacetate fr. 0.25 28 8 4 2753 1914
Butanol fr. 0.25 28 6 19 2354 163.7
Water residue 0.25 28 6 16 246.8 171.6

3PAR: Platelet Aggregation Ratio, Pex: extract, fr: fraction. Data are presented as a representative result relative of independent three
determinations. Amplitude is expressed as ohms by maximum extent of platelet aggregation, and slope (rate of reaction) is deter-
mined by drawing a tangent through the steepest part of curve. Area under is a calculated area in descent drawing during platelet

aggregation. Aspirin was used as a positive control.
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