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This study was performed to evaluate the antioxidant and antimicrobial activities from the

methanol extracts of the root and stem of Hippophae rhamnoides and their further partitioned

fractions including hexane, ethyl acetate, butanol, and water. Antioxidant activities of the plant

parts were measured by 1,1-dephenyl-2-picryl-hydrazyl (DPPH), superoxide dismutase (SOD)-like

activity, and ferric thiocyanate (FTC) assays, and compared to standard antioxidants of butylated

hydroxyl anisole, butylated hydroxyl toluene, α-tocopherol, and ascorbic acid. Antimicrobial

activity of the plant extracts and fractions were evaluated by determining the minimum inhibitory

concentration values. DPPH assay showed that the overall strong antioxidant activities from the

methanol extracts and fractions. The values of SOD-like activities in hexane fractions of the root

and stem were close to the measurement of a reference, ascorbic acid at 1,000 ppm. The methanol

extract of the root in FTC assay showed a remarkable antioxidant and free radical scavenging

activity. The extracts and fractions of the root and stem showed better antimicrobial activity than

compared antimicrobial agents, (+)-catechin, ketoconazol, and mycostantin. This study indicates

that the plant root and stem contain a variety of compounds contributing to antioxidant and

antimicrobial activity, which could be used for food additives and the development of useful

natural compounds.
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Reactive oxygen species (ROS) such as superoxide

anion radical (O2•-), hydrogen peroxide (H2O2) and

hydroxyl radicals (•OH) are produced during physiological

process in aerobic organisms. ROS are very toxic and

reactive, causing severe damage to proteins, lipids

(membranes), and nucleic acids. The inappropriate

regulation of ROS has dire consequences to an organism,

which is highly implicated with diseases. These include

cancer, diabetes, atherosclerosis, liver chirrhosis, and

aging process [Brownlee, 2001; Serafini et al., 2002; Di

Matteo and Esposito, 2003; Behera et al., 2006].

Evidence shows that patients with markers of ROS-

induced damage also reveal a reduction in their

antioxidant defense systems [Coppey et al., 2003;

Martin-Gallan et al., 2003]. In addition to harmful effects

of abnormal ROS production in organisms, ROS can be

also produced in food products via their auto oxidation or

microbial spoilage during prolonged storage [Yildirim et

al., 2000]. Consequently, ROS-induced lipid peroxidation

leads not only to a loss in food quality, but also to

associated heath risks [Ladikos and Lougovois, 1990;

Heo et al., 2005]. Thus, synthetic antioxidants such as

butylated hydroxyl anisole (BHA) and butylated hydroxyl

toluene (BHT), or antimicrobial agents (calcium benzoate,

sodium benzoate, sorbate) can be used as food additives

to protect the human body against oxidative damage by
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free radicals and ROS [Sherwin, 1990]. However, the fact

that the synthetic agents can cause liver damage or

carcinogenesis, drives search for biological compounds

from natural resources, which are more effective and

safer [Branen, 1975; Grice, 1988].

Plants possess a variety of beneficial factors that can be

used to control human diseases. For examples, evidence

supports that polyphenols derived from plants have

potential health benefits with anticancer, antimicrobial,

and antioxidant activities [Yamamoto and Gaynor, 2001;

Cushnie and Lamb, 2005]. Sea buckthorn, Hippophae

rhamnoides (H. rhamnoides) is a medicinal plant, grown

in wide areas of Europe and Asia [Rousi, 1971]. Different

parts of the plant have long been used for the treatments

of many health problems including colds, pain, and

rheumatoid arthritis [Yao and Tigerstedt, 1992; Guliyeva

et al., 2004]. H. rhamnoides possesses a wide variety of

phytochemicals, many of which have potential applications

for human health [Beveridge et al., 1999; Zeb, 2004a].

Consistent with the importance of H. rhamnoides, several

studies revealed that its fruits, seeds and leaves contain

high amounts of beneficial compounds such as vitamins,

carotenoids, flavonides, and phenolic compounds with

antioxidant and antimicrobial activities [Shipulina et al.,

1995; Zeb, 2004b; Chauhan et al., 2007]. However, there

is limited information on the activities of biological

compounds from H. rhamnoides stems and roots against

oxidative stress and microbe. Hence, this study

investigates antioxidant and antimicrobial activities of

extracts and fractions of H. rhamnoides stems and roots.

Materials and Methods

Plant materials and extraction. The root and stem of

H. rhamnoides were obtained from Samsung herb

medicine Co. (Chuncheon, Korea) and dried at room

temperature for 7 days. The ground materials were used

for methanol extraction. After the evaporation of MeOH

using a rotary vacuum evaporator (NE-2001 & AC-

1112A, Eyela Co., Tokyo, Japan), the crude extracts of

the root and stem were partitioned using purified water

and organic solvents (Sigma-Aldrich, Strinheim, Germany)

including n-hexane, EtOAc, and BuOH. All the processes

were triplicated. 

DPPH assay. Radical scavenging activity was measured

using DPPH as previously described [Xiong et al., 1996].

The methanolic extracts were resolved in MeOH and

various concentrations of each extract were used. The

assay mixture contained in total volume of 5 mL, 3 mL

MeOH, 1 mL extract, and 1 mL DPPH (0.15 mM in

MeOH). After 30 min incubation at 25oC, the decrease in

absorbance was spectrophotometrically measured at

517 nm. BHA, BHT, and α-tocopherol were used as

references. The RC50 value indicates the concentration of

tested sample required for 50% reduction of the free

radical concentration. The experiment was performed in

triplicate.

Assay for SOD-like activity. SOD-like activity was

measured by the method of Marklund and Marklund

[1974]. The reaction mixture contained 0.2 mL of the

sample, 2.6 mL of tris buffer (50 mM tris, 10 mM EDTA,

pH 8.5), and 0.2 mL of 7.2 mM pyrogallol, and incubated

at 25oC for 10 min. After adding 0.1 mL of 1 N HCl, the

oxidized pyrogallol was measured at 420 nm using a

spectrophotometer (V530, Jasco Co., Tokyo, Japan). The

SOD-like activity was expressed as reduction rate of

absorbance according to the following equation: SOD-

like activity (%)=[1−(absorbance value of sample/

absorbance value of control)]×100. The experiment was

performed in triplicate. 

Ferric thiocyanate (FTC) method. The test for

antioxidant activity was performed using FTC as

previously described [Inatani et al., 1983]. The reaction

mixture containing 0.5 mg of the methanol extract in

4 mL of ethanol, 2 mL of 2.5% linolenic acid in ethanol,

4 mL of 0.05 M phosphate buffer (pH 7.0), 1.9 mL of

water, and 0.1 mL of 10% tween 20 were prepared in a

vial and placed in a dark incubator at 40oC. To 0.1 mL of

this mixture, 9.7 mL of 75% ethanol and 0.1 mL of 30%

ammonium thiocyanate were added. Three minutes after

the addition of 0.1 mL of 0.02 M ferrous chloride in 3.5%

HCl to the reaction mixture, the absorbance was

measured at 500 nm every 48 h. BHA was used as a

positive control and a mixture without a plant extract was

used as a negative control. The experiment was

performed in triplicate. 

Antimicrobial assay. Microorganisms used for

antimicrobial assay contain bacteria, Bacillus subtilis (B.

subtilis), Escherichia coli (E. coli), Salmonella typhimurium

(S. typhimurium), and Staphylococcus aureus (S. aureus),

and yeasts, Candida albicans (C. albicans) and Pichia

jadinii (P. jadinii). Bacteria and yeasts were grown in

yeast and malt extract broth (Difco, Franklin Lakes, NJ)

at 37 and 30oC, respectively. The MIC values were

determined using a 96-well microtiter plate [Kobayashi et

al., 1996]. The minimum inhibitory concentration (MIC)

was defined as the lowest concentration able to inhibit the

visible growth of microorganisms. The inoculum suspensions

were freshly prepared from overnight cultures. Serial

two-fold dilutions of the extract, sterilized by 0.45-μm

Millipore filters were added to an inoculum suspension in

the broth medium containing a microbe, and incubated

for 24 h. MIC values for (+)-catechin, ketoconazol,

mycostantin, and tetracycline were determined.
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Results and Discussion

DPPH free radical scavenging activity. The scavenging

activity of DPPH free radicals by the plant extracts was

determined. The extracts and fractions obtained from the

plant root and stem overall exhibited a remarkable

antioxidant effect at low concentrations, compared to the

commercial antioxidants BHA, BHT, and α-tocopherol

(Table 1). The lower the RC50, higher the antioxidant

potential. The EtOAc fraction both from the root and

stem showed the highest antioxidant activity among the

tested extracts and fractions. Next higher activity was

found in the BuOH fractions. Although the water fractions

exhibited the weakest activity among the samples, they

showed higher activities than the controls. This study

suggests that the plant roots and stems possess various

phytochemical components with different properties,

which have a strong antioxidant activity. Polyphenolic

components including flavonoids are very important

plant constituents because of their scavenging activity of

ROS [Puangpronpitag et al., 2008]. Polyphenolic

antioxidants are rich in EtOAc and BuOH fractions of

plant extracts [Pyo et al., 2004; Rao et al., 2008]. This

suggests that polyphenolic constituents in the EtOAc and

BuOH fractions from H. rhamnoides root and stem may

contribute to the highest antioxidant activities in the

DPPH assay.

SOD-like activity. To investigate whether the plant

extracts have superoxide-scavenging factors, we measured

the ability of plant extracts to scavenge superoxide

radicals that lead to pyrogallol autoxidation, as previously

studied [Kim et al., 1995]. As concentration of the root

and stem extracts increases, SOD-like activity were also

increased (Table 2). Considerable increase in SOD-like

activity was particularly found from the hexane fraction

of the root and stems at 1,000 ppm, which is 65.7±0.12%

and 73.4±1.0%, respectively. This is a similar value to

ascorbic acid used as a reference. Relatively higher SOD-

like activity was shown in hexane fractions reaching over

92% at 5,000 ppm, compared to other fractions. The

SOD-like activities of root and stem at 5,000 ppm

followed the order hexane>EtOAc>MeOH>BuOH>

water, and hexane>MeOH>BuOH>EtOAc>water,

respectively. This study supports that the plant root and

stem have active compounds scavenging superoxide

radicals, dominantly present in the hexane fractions.

Antioxidant defense mechanisms in cells against oxidative

damage include various enzymatic and non-enzymatic

antioxidants. SOD is a primary enzyme in enzymatic

antioxidant defenses. Removal of superoxide anion

radicals is considered important because they serve as

precursors of other activated oxygen including H2O2 and

•OH. Therefore, the presence of factors having strong

SOD-like activity in H. rhamnoides could effectively

eliminate the toxic effects of ROS.

Antioxidant activity of the MeOH extracts. Free

radical formed under oxidative stress causes lipid

oxidation, which can be prevented by natural compounds

present in plants. Natural antioxidants are found in

various parts of plants including root and stem [Pratt and

Table 2. SOD-like activity of the extracts of H. rhamnoides

Plant parts
Concentration

(ppm)

SOD-like activities of various fractions (%)

MeOH Hexane EtOAc BuOH Water Ascorbic acid

Root

100 03.4±0.1 07.3±0.2 02.9±0.3 01.1±0.3 00.5±0.3 32.5±0.5

1,000 12.8±1.0 65.7±0.1 25.7±1.4 11.7±0.4 11.3±2.0 68.5±0.5

5,000 44.3±2.0 92.4±0.3 67.9±2.0 41.1±2.0 24.1±1.5 >99.0

10,000 66.6±0.1 95.1±0.1 80.4±2.0 58.7±2.0 33.7±2.0 >99.0

Stem

100 02.1±0.4 09.1±1.4 02.2±0.5 08.0±0.5 2.6±0.4 32.5±0.5

1,000 25.4±1.5 73.4±1.0 31.4±1.5 21.3±2.0 21.8±0.4 68.5±0.5

5,000 69.8±1.4 92.9±0.2. 54.0±0.3 58.5±0.5 39.7±1.7 >99.0

10,000 72.6±1.4 94.6±0.3 58.0±2.0 61.2±0.5 48.5±1.2 >99.0

Table 1. DPPH radical scavenging activity of the extracts
of H. rhamnoides

Plant extract & 
fractions

RC50 (µg/mL)

Root Stem

MeOH extract

Hexane fraction

EtOAc fraction

BuOH fraction

Water fraction

5.0±0.50

3.0±1.00

1.5±0.29

2.5±0.58

9.5±0.20

2.7±0.50

3.2±0.23

1.0±0.35

1.4±0.20

3.0±0.20

BHT

BHA

α-Tocopherol

34±0.58

14±0.50

12±1.15

The RC50 value indicates the concentration of tested

sample required for 50% reduction of the free radical

concentration. Data were represented as the mean ± SD of

triplicates.
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Hudson, 1992]. In this study, the antioxidant activity of

the root and stem extracts of H. rhamnoides was

measured every 2 days over a period of 18 days, using

FTC. The FTC method was used to measure the amount

of peroxide during the initial stage of lipid oxidation. Low

absorbance values indicate high levels of antioxidant

activity. The MeOH extracts of the root and stem showed

higher antioxidant activities compared to the control (Fig.

1). There is a similarity between antioxidant activities of

the root extract and BHA, while the antioxidant activities

of the stem extract was up to 3-fold less than those of the

root. The study suggests that the medicine plant contains

constituents able to protect from lipid oxidation by

scavenging free radicals. 

Antimicrobial activity of H. rhamnoides extracts.

There is a growing interest in searching for natural

products as safer and effective alternatives to pesticides,

and a source of new medicines. Plants produce a variety

of antimicrobial compounds to protect themselves from

biotic attack [Veluri et al., 2004]. In this study, we studied

the antimicrobial properties of H. rhamnoides extracts

against microorganisms causing serious food poisoning

or infections [Chickering and Park, 1919; Bodey, 1984;

Pothakamurya et al., 1995; Tsolis et al., 1999; Hauge,

2008]. The antimicrobial activity of the extracts was

assessed by determining the MIC as indicated in the

materials and methods. The MeOH extracts and other

fractions of the root and stem showed a higher antifungal

activity against yeasts C. albicans and P. jadinii,

compared to the antifungal drugs ketoconazol and

mycostantin (Table 3). The MeOH extract of the stem

showed 2-fold higher antimicriobial activity than that of

the root against tested Gram (+) bacteria, B. subtilis and S.

aureus, and yeast C. albicans. The root and stem extracts

and fractions exhibited a higher antimicrobial activity

than (+)-catechin that is a well-known plant bioflavonoid

having marked antimicrobial and antioxidant activities,

although they are much less effective than a microbe-

driven antibacterial agent tetracycline. This result is

consistent with previous reports that extract from the

other parts of sea buckthorn plant, such as leaves, fruits,

and seeds exhibits antioxidant and antimicrobial activities

(Geetha et al., 2002; Chauhan et al., 2007). Taken

Fig. 1. Antioxidant activity of the methanol extract of
the root and stem of H. rhamnoides as measured by the
FTC method. Mean values from triplicates were shown;
error bar was omitted for the clarity.

Table 3. Antimicrobial activity of the extracts of Hippophae rhamnoides

Plant parts
Extract & 
fractions

MIC (μg/mL)

Bacteria Fungi yeasts

B. subtilis S. aureus E. coli S. typhimurium P. jadinii C. albicans

Root

MeOH 1000 500 500 10000 125 125

Hexane 1000 10000 500 10000 125 125

EtOAc 0500 250 250 500 125 125

BuOH 0500 125 500 500 125 125

Water 0500 10000 500 500 125 125

Stem

MeOH 0500 250 500 10000 125 062

Hexane 1000 250 500 500 062 062

EtOAc 1000 125 250 500 062 062

BuOH 0125 500 500 500 125 125

Water 0500 500 500 500 125 125

(+)-Catechin >1000 >1000 >1000 >1000 500 500

Ketoconazol - - - - 250 250

Mycostantin - - - - 500 500

Tetracycline 8 8 8 8 - -

The MIC was defined as the lowest concentration able to inhibit the visible growth of microorganisms.
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together, our results indicate the potential high-value of

H. rhamnoides in the development of natural antimicrobial

and antioxidant agents.
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