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The use of spices in the treatment of health prob-
lems has been a tradition in the world since early 

ages. As consumer preferences shift to natural pro-
ducts, the use of spices and natural aromatic plants as 
antioxidants and antimicrobials instead of synthetic 
food additives has been back on the agenda recently. 
The importance of spices and aromatic plants has 
increased due to the side effects of synthetic drugs 
and the fact that bacteria can easily develop resistan-
ce to these synthetic drugs [1-4].

Alpinia officinarum Hance (galangal) and Zingi-
ber officinale Roscoe (ginger) are aromatic plants, both 
belong to Zingiberaceae family, rhizomes of which are 
used as spice [5]. Galangal is enriched with bioactive 
components providing the usage as medicine mostly in 
Far East countries in many diseases such as cold, bronc-
hitis, stomach ache, diabetes, ulcer, abdominal swelling, 
diarrhea, vertigo, neupathia, rheumatoid arthritis and 
inflammatory bowel diseases etc. [6, 7]. Ginger is well 
known for its bioactive constituents, revealing antimic-
robial, antifungal and antioxidant effects. It is widely 
used for its anti-inflammatory and anti-tumorigenic 
functions in addition to aiding properties of cholesterol 
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lowering and digestive problems [8-10].

These therapeutic properties of spices derive from 
their chemical compounds that lead to have antioxidant 
and antimicrobial effects. Antimicrobial activity varies 
depending on the type and concentration of the spice 
as well as microbial density and diversity. Antimicrobi-
al effect is mostly provided by phenolic and terpenoid 
compounds containing hydroxyl group which has the 
inhibitory effect via destroying the phospholipid layer of 
cell membrane. Thus, the increased permeability of cell 
membrane causes all the cell content comes out. Spi-
ces are effective at all stages of microbial growth such 
as lengthening the lag phase or decreasing the growth 
rate in exponential phase and the total reduction in cell 
count [5, 11]. The antimicrobial activity of ginger was 
studied on some microorganisms such as Pseudomonas 
aeruginosa, Staphylococcus aureus,  Salmonella Typhi-
murium and Listeria monocytogenes; whereas Bacillus 
subtilis, Candida albicans, Enterococcus faecalis, Ente-
robacter aerogenes, Enterococcus durans, Enterococcus 
faecium, Escherichia coli, Klebsiella pneumoniae, Lis-
teria innocua, Pseudomonas   fluorescence, Salmonella 
enteritidis, Salmonella infantis, Salmonella kentucky 

A B S T R A C T

The use of spices in the treatment of health problems has been a tradition in the world 
since early ages. Alpinia officinarum Hance (galangal) and Zingiber officinale Roscoe 

(ginger) are aromatic plants, enriched with bioactive compounds providing the usage for 
their therapeutic properties. In this study, the ethanol and water (ultra-pure) extracts of 
galangal and ginger are used to determine the antimicrobial and antioxidant properties. 
Antioxidant effect was evaluated based on total antioxidant status performed by auto-
mated colorimetric measurement method and DPPH free radicals scavenging effects done 
by spectrophotometric method; whilst antimicrobial effect was observed on Enterecoccus 
faecalis, Escherichia coli, Staphylococcus aureus, Pseudomonas aeroginosa and Candida albi-
cans. The results indicate that, both ginger and galangal extracts demonstrated effective 
antimicrobial and antioxidant properties. Their consumption may restrain the oxidation 
and prevent or delay the degenerative diseases as well as their extracts can be used as anti-
microbial agents.
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grown at 37oC for 24 h and C. albicans was grown at 25°C 
for 48 h. Suspensions were adjusted according to McFar-
land 0.5 standard. 100 μl microbial cultures added with 
Mueller-Hinton Agar (MHA) in Petri plates. 6-mm agar-
well opened or disc prepared using paper (Watmann no. 
4) placed on MHA. Extracts (15 μL) were inoculated in
wells or on discs. Then, plates were incubated for 24-48
hours. After incubation, diameter of the inhibition zone
was measured.

Determination of Antioxidant Activity

DPPH Radical Scavenging Assay

Radical scavenging activity was determined by a spect-
rophotometric method developed by Blois (1958) and 
Khalaf et al. (2008) [18, 19]. Tests were repeated three 
times. Ascorbic acid was used as positive control. Inhibi-
tion ratio (%) of free radical was calculated according to 
formula given below where IDA is the inhibition of DPPH 
activity:

IDA
Ablank Asample

Ablank
x%( ) = −( )
100 (1)

Total Antioxidant Status assay

The extracts were examined in terms of total antioxidant 

and Staphylococcus epidermidis were the microorganisms 
studied for galangal antimicrobial activity [10, 12, 13].

Oxidation is a chemical reaction that can produce free 
radicals and thus leads to chain reactions that can damage 
the cells of organism. Antioxidant substances prevent de-
generative diseases via restraining oxidation. The oxidation 
blocking path of spices is provided by phenolic compounds 
whereby free radical scavenging, compounding with metal 
ions and preventing the formation of singlet oxygen. It was 
observed that the higher the number of hydroxyl groups in 
the aromatic ring are, the higher antioxidant activity of the 
spice is [5, 14-16]. It has been proposed to use free radical 
scavenging, one of the antioxidant mechanisms, for thera-
peutic purposes. Radical scavengers may directly affect pe-
roxide radicals and end the oxidation chain reactions [16].

It was shown by the studies that the extractive value of 
the spices shows difference according to the solvent used [9, 
16]. In this study, the ethanol, and water (ultra-pure) extracts 
of Alpinia officinarum Hance (galangal) and Zingiber offi-
cinale Roscoe (ginger) are used to determine the antimicro-
bial and antioxidant properties based on total antioxidant 
status and DPPH free radicals scavenging effects.

MATERIAL AND METHODS

Samples

Zingiber officinale (Ginger) and Alpinia officinarum 
(Galangal) samples were obtained commercially.

Preparation of Extracts

The preparation of extracts is schematized in Fig. 1. 
After extraction procedure samples were stored at 4°C.

Determination of Antimicrobial Activity

Microorganisms 

Antimicrobial activities of extracts prepared with ethanol 
and water were used against five microorganisms. In or-
der to represent gram positive bacteria, S. aureus ATCC 
25923 and E. faecalis ATCC 29212 are used; whereas E. 
coli ATCC 25922 and P. aeroginosa (ATCC 27853) were 
used to represent gram negative bacteria. In addition, one 
fungus C. albicans ATCC 10231 were also used to deter-
mine the antimicrobial and antioxidant effects.

Agar-well and Disc Diffusion Method

The antimicrobial activity was determined by diffusion 
methods (disc and agar-well). Bacterial cultures were Figure 1. Extracts’ preparation.
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status (TAS) by a colorimetric method developed by Erel 
(2004). In this method, Fenton reaction is used to produ-
ce hydroxyl radical and bright yellowish-brown dianisyl 
radical is produced by reacting with colorless substrate 
o-dianisidine. Results were expressed as micromolar Tro-
lox equivalents per liter (μmol Trolox Eq/L).

Statistical analysis

Statistical analysis of this study was performed on the 
data by SPSS 22.0 (SPSS Inc., Chicago). The statistical sig-
nificance determined at p < 0.05 in this study. All results 
were expressed as means ± standard deviations (SD).

RESULTS AND DISCUSSION

Determination of antimicrobial and antifungal 
activity

Looking at the data observed in Table 1 and Fig. 2, it is 
avowable that ginger had slightly higher antimicrobial 
effect on all species than galangal (P<0.05). The antimic-
robial effect is considered as week (< 12 mm), moderate 
(12 to ≤ 20 mm) and strong (≥ 20 mm) according to Pil-
lai et al [20]. Ethanol extracts of the plants frankly made 
higher antimicrobial effect than distilled water extracts. 
Ethanol extracts showed significant antibacterial acti-

Figure 2. Antimicrobial effects on some pathogen strains of Z. officinale and A.officinarum by diffusion method.

Table 1. Antimicrobial activities of Ginger and Galangal extracts by Disc diffusion method and Agar diffusion method.

Strains (Inhibition zone diameter, mm)

Zingiber officinale (Ginger) Alpinia officinarum (Galangal)

Disc diffusion method

S. aureus 13.5±1.5 11.0±1.0 12.5±2.0 10.4±2.2

E. faecalis 13.2±2.8 10.2±1.8 12.0±1.5 9.7±1.6

P. aeruginosa 15.8±1.2 11.6±1.4 14.1±1.9 11.2±1.5

E. coli 8.4±0.6 ND 7.1±0.9 ND

C. albicans 11.2±1.3 9.4±0.6 10.8±1.2 8.8±0.7

Agar diffusion method

S. aureus 15.2±1.0 12.0±1.0 13.2±1.8 11.4±1.6

E. faecalis 14.8±0.5 11.6±1.5 13.5±1.5 10.8±1.2

P. aeruginosa 18.5±2.8 14.0±2.0 16.6±2.6 13.7±2.7

E. coli 10.2±1.4 6.0±1.5 9.1±0.6 ND

C. albicans 13.2±2.2 11.6±1.4 12.1±1.8 10.2±0.8

DW, Distilled water; ND, not determined.
Values are expressed as mean ± standard deviation.
Ethanol extracts showed significant antibacterial activity (P < 0.05) against all tested bacterial strains
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vity against all tested bacterial strains (P<0.05). Ginger 
and galangal extracts showed week antimicrobial effect 
on E. coli whereas the ethanol extracts of both plants 
showed moderate antimicrobial effect on S. aureus, E. 
faecalis and P. aeruginosa (P<0.05). E. coli was the most 
durable strain whilst P. aeruginosa is the most unstable 
one. The antifungal activity of both ginger and galan-
gal extracts were found to be week against C. albicans 
in disc diffusion; moderate in agar diffusion method.

The inhibition zones were found larger in agar diffusi-
on method than those in disc diffusion method. The diffe-
rence can easily be explained by the reason that the extracts 
are not absorbed well in discs as in agar diffusion method. 
However, standards are available for disc diffusion method, 
such as the type of media used, agar percentage, and thick-
ness of media, which lead no ambiguity. 

Srividya et al. [21] made experiments on hydro alco-
holic extract by hot and cold maceration and methanol 
extract by percolation process of galangal antimicrobial 
effect. They found that all three extracts showed mode-
rate antimicrobial activity against the B. cereus, S. aureus, 
P. aeuroginosa, E. coli but no antifungal activity against A.
niger and C. albicans. This can be concluded by the rea-
son that extraction method can show an alteration in the
result because in the present study antifungal activity was
observed. Sharef et al. [22] studied the antimicrobial effect
of ginger methanolic extract comparing with the standard

antibiotics on Escherichia coli, Pseudomonas aerogenosa, 
Proteus mirabilis, Staphylococcus aureus and Klebsiella 
pneumonia by using the agar diffusion method. They have 
revealed that methanolic extracts of ginger showed stronger 
antimicrobial effect compared to Streptomycin, Rifambin 
and Cefotoxime. This study can clearly help interpreting 
the present results of ginger and galangal extracts have 
effective antimicrobial properties than the standard anti-
biotics, though their moderate and week inhibition zones.

Determination of Antioxidant Activity as DPPH 
Radical Scavenging and Total Antioxidant Status

The antioxidant properties were determined based on 
DPPH free radicals scavenging effects and total antio-
xidant status. DPPH radical scavenging and antioxidant 
activities of ginger and galangal ethanol extracts are pre-
sented in Fig. 3 and Fig. 4. The effect of antioxidants on 
DPPH derives from their hydrogen donating ability [23]. 
The results obtained showed that the ethanol extracts 
of ginger and galangal radical scavenging abilities were 
nearly the same when compared to ascorbic acid. The lo-
wer IC50 value is, the higher radical scavenging effect is; 
therefore, galangal was found to have higher scavenging 
ability than ginger. Khalaf et al. [18] found similar results 
in their own study when comparing the radical scaven-
ging effect of Zingiber officinale Roscoe with ascorbic 
acid. These results can be interpreted as ginger and ga-
langal have antioxidant effect as much as ascorbic acid 
has. Scavenging free radicals are proposed to be used for 
therapeutic expectations [16]. Ghasemzadeh et al [23] fo-
und in their study that methanol extracts of ginger have 
good free radical scavenging ability comparing with alp-
ha-tocopherol. Köse et al. [24] found high but different 
DPPH radical scavenging values of water, water-ethanol 
and ethanol extracts of galangal comparing with BHA, 
BHT, trolox and alpha-tocopherol. These studies indicate 
that the extract chemical as well as the compared materi-
al makes disparate effect on the results. 

In this study, the total antioxidant status was found to 
be higher in ginger than galangal in contrast with the sca-
venging effect. Çiftçi et al. [25] expressed their study results 
in beneficial usage of ginger on total antioxidant status 
which they used the Erel [19] method to analyse. No total 
antioxidant status essays of galangal has been recorded in 
researches, hence, our study is expected to have contribu-
tion to literature.

CONCLUSION

The present study demonstrated that both ginger and 
galangal extracts have effective antimicrobial and anti-
oxidant properties. Their consumption may restrain the Figure 4. The antioxidant activities of Ginger and Galangal ethanol 

extracts.

Figure 3. DPPH radical scavenging of Ginger and Galangal ethanol 
extracts.
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oxidation and prevent or delay the degenerative diseases. 
Discovering novel antimicrobial agents have become 
important against the microbial infections. This study 
shows that ginger and galangal extracts can be used as 
antimicrobial agents.
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