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ABSTRACT 
 

Spoiled food is considered as that food which has been damaged or injured so as to make it undesirable for 
human consumption. The primary causative agents of microbial spoilage such as bacteria, yeast and molds, can 
be inhibited using plant derived products. This study aims to evaluate the antioxidant and antimicrobial 
activities of methanolic extracts from non-irradiated and irradiated galangal rhizomes powder at dose levels 3, 5 
and 7 kGy. The data revealed that, the methanolic extracts of galangal samples irradiated showed the highest 
antioxidant activity and phenolic compounds compared with those from non- irradiated samples. The major 
compounds of galangal methanol extract were analyzed by GC-MS before and after exposure of galangal to γ- 
irradiation. The main compound was  1/-acetoxychavicol acetate (ACA) (9.48 %) with non irradiated sample 
whereas, the percentage of this compound increases with exposure of spice to γ- irradiation to reach 14.44, 
13.46 and 11.12 % with 3, 5, and 7 kGy respectively. Also, the results concluded that, some compounds 
disappeared and others appeared after treatment with γ- irradiation. Antimicrobial activity of methanolic extracts 
from non-irradiated and irradiated galangal exposed to different doses of γ- irradiation against six pathogenic 
strains E. faecalis, S. aureus, S. faecalis. E. coli, Pseudomonas  aeruginosa and S. typhi by using disc diffusion 
assay has been evaluated. Methanolic extracts have been shown excellent activity towards all the pathogen 
under study. It is interesting to note that the extract from irradiated galangal powder at 3.0 kGy showed the 
significant strongest inhibitory activity (p<0.05) against all tested pathogen with zone of inhibition ranging from 
(12-29 mm).While other doses ranged from (10-20 mm) compared to non-irradiated galangal (8- 16 mm). In 
refrigerated minced chicken all the concentrations of irradiated galangal powder at 3 kGy (1, 3, 5, 7 mg/g) 
additives reduced significantly (p< 0.05) total bacterial, total mold-and- yeast counts. It is noticed that, all the 
concentrations used had considerable effectiveness in decreasing aerobic plate count (APC) of inoculated S. 
typhi, E. coli, E. fecalis and S. aureus. Also, the results indicated that, the bacterial counts, decrease as the 
concentration of the spice increases since the concentration (7 mg/g) gives the best effectiveness. The treated 
minced chicken samples extend the shelf life of the treated samples more than the control samples by 9 days. In 
conclusion, galangal can play an important role as antioxidant and antibacterial agents in refrigerated minced 
chicken. The irradiation treatment of galangal powder at 3.0 kGy ameliorates the effectiveness of its antioxidant 
and antimicrobial activity.  
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Introduction 
 

Pathogens are a major concern for a variety of industries—food, human, animal health and plant. Food 
borne illnesses are a continuous threat to public health. Scallan et al. (2011) estimated that the 31 major food 
borne pathogens account for nearly 9.4 million people becoming sick, more than 55,961 hospitalizations and 
1,351 deaths from foodborne illness each year in the United States with an estimated economic cost of $ 152 
billion annually. There are many methods of inhibiting, inactivating or eliminating microorganisms; however, 
interest in the use of natural plant-derived products versus chemicals as antimicrobials is increasing 
significantly, including their use in the protection crops, foods and pharmaceutical products. Further, various 
bacteria have developed resistance to certain antibiotics and thus, other forms of bactericidal agents are required. 
With the increased demand for more organic and naturally produced foods, researchers are looking to obtain 
novel, natural bioactive compounds from botanicals for use in a variety of commercial applications requiring 
elimination and/or inhibition of pathogenic and spoilage bacteria (Jirawan et al., 2006 and Scharff, 2010). 
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Natural preservatives have gained momentum in pharmaceutical as well as food industries owing to their 
ability to prolong the shelf life of products through antioxidant and antimicrobial activity. There are many herbs 
and spices that are known to possess antimicrobial activity with little or no harmful effect, therefore food and 
pharmaceutical industry are instead to use such herbs and species as natural preservatives. The concept of using 
natural preservatives to protect food and pharmaceutical products is gaining importance in recent years. This has 
paved the way for isolation, characterization, and standardization of application and methods of bio 
preservatives to evaluate their efficacy in extending the shelf life and improving the microbial safety of 
pharmaceutical and food products (Anupama et al., 2010). 

The problem of food preservation has grown more complex as new food products are frequently being 
introduced to the market, requiring longer shelf life and greater assurance of protection from microbial spoilage. 
Meanwhile, the chemical preservatives that can be used as antimicrobial agents require caution in handling since 
they are corrosive and toxic for consumption. The available reports indicate widespread use of modern 
preservative techniques with a renewed interest in the antimicrobial activities of spice in the last decade. Spices 
and herbs have been used to provide distinct flavours for food and beverages around the world. The function of 
spices and herbs as antimicrobial depends on various factors, including type, composition and concentration of 
the bioactive factors of spice and herbs. In addition to the chemical composition and concentration of the 
bioactive ingredients of species and herbs, the microbial genera and species, along side substrate composition 
and treatment and storage conditions (Souza, et al., 2005 and Ram & Pranay, 2010). 

Depending on their antimicrobial activities of spices and herbs, several workers have indicated with great 
success of using them to stop the growth of pathogens, particularly bacteria and molds, which produce bacterial 
toxins and mycotoxins causing food poisoning and spoilage. Their compounds have different modes of action 
on microbial cells. They could disrupt the cell membrane by increasing permeability and changing the bacterial 
metabolism, causing the pathogen to become susceptible to the antimicrobial effect of spices and subsequently 
reduce their food borne diseases risk and to extend the shelf life of foods and their products. (Meena, 1994 and 
Juntachotea et al., 2007).  

The emergence of bacterial super resistant strains is a result of the currently used antibiotic agents, failing to 
end many bacterial infections. Plants readily synthesize substances for defense against attack by insects, 
herbivores and microorganisms. The main advantage of natural agents is that, the crude extracts contain a 
mixture of compounds like phenols, organic acids, esters, aldehydes etc., for which it is difficult to develop 
resistance by bacteria unlike the synthetic antibiotics that contain a single compound (Rao et al., 2010). 

At present, food safety is a fundamental concern to both consumers and food industries in particular as there 
are an increasing number of reported cases of food associated infections. Most consumers prefer high quality, 
nutritious and long shelf-life food products with no preservative agents. Food preservation, however, is the basis 
of some of the largest and the most modern food industries in the world. Spices and their essential oils have 
been widely used as natural food preservatives to make the processed foodstuff safe for consumer (Brull and 
Coote, 1999 &Jirawan et al., 2006). 

Even though a number of antimicrobials have been isolated and studied, there is a growing need for the 
discovery of new antimicrobials as there is an ever increasing crisis of bacterial resistance towards the existing 
drugs. In recent years, several reports have been published concerning the composition and biological properties 
(antimicrobial, antioxidant, anticancer and the stimulated effect on the immune system) of Zingiberaceae 
extracts (Rao et al., 2010). 

Alpinia galanga commonly called greater galangal, belonging to the family Zingiberaceae is a rhizomatous 
herb distributed in various parts of India and throughout Southeast Asia. A. galanga has been used as food 
additive in Thailand and other countries in Asia for a long time. The rhizome is used against rheumatism, 
bronchial catarrh, bad breath and ulcers, whooping colds in children. It is known to contain various 
phytochemicals that have antimicrobial activity. Galangal has characteristic fragrance as well as pungency; 
hence, its rhizomes are widely used as a condiment for foods in Thailand. Galangal is also used as a medicine 
for curing stomachache in China and Thailand. It has been shown that essential oils from both fresh and dried 
rhizomes of galangal have antimicrobial activities against bacteria, fungi, yeast and parasite (Jirawan et al., 
2006: Juntachotea et al., 2007: Mahae and Siree 2009). 

The objective of the present investigation was carried out to explore the possible ameliorative effects of 
irradiation treatment on the efficiency of antimicrobial and antioxidant of methanolic extracts of irradiated 
galangal compared with non-irradiated one on different pathogenic bacterial strains in vitro. Then, investigate 
the antimicrobial effectiveness of galangal powder at various concentrations on the quality of fresh minced 
chicken meat during refrigerated storage (4oC). Changes in chemical constituents of methanolic extract of 
galangal as affected by gamma radiation at dose  level 0, 3, 5 and 7kGy were determined by gas 
chromatography–mass spectrometry (GC–MS), alongside  the total phenolic compounds were estimated.  
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Materials and Methods 
 
2.1. Preparation of galangal: 

 
Galangal powder (Alpinia galanga) were obtained from local retailer market, undamaged and disease-free 

berries was snippet from clusters. Galangal powder were packaged in tightly sealed polyethylene bags, (each 
bag weighing Ca.150 g) and stored in room temperature till irradiation treatments.   
 
2.2. Irradiation Treatments: 

 
For irradiation treatments, galangal powder samples were exposed to gamma irradiation at dose levels of 3, 

5 and 7 kGy using 60Co from unit Gamma Chamber 4000, at the National Center for Radiation Research and 
Technology (NCCRT), Atomic Energy Authority, Egypt. The dose rate at the time of experimentation was 2.8 
kGy/hr. 
 
2.3. Extraction of methanolic extracts from irradiated galangal: 

 
To obtain the methanolic extract from 25 g of non-irradiated or  irradiated dried galangal powder samples 

was extracted with 100mL methanol for 24 hours by maceration in darkness at room temperature. The extract 
was filtered and the residue was extracted again under the same conditions. The combined filtrate was 
evaporated to dryness in a rotary evaporator (Buchi R 110, Frawil, Switzerland) at 40°C to a final volume of 5 
ml (Mahae and Siree, 2009). 
 
2.4. Determination of polyphenols: 

 
The total phenolic compounds present in  methanolic extracts of non-irradiated and irradiated galangal 

powder samples at doses of 3, 5 and 7kGy were determined spectrophotometrically by using the Folin-Denis 
reagent according to Wolfe et al., 2003. The concentration of total phenolic compounds in the extracts of non-
irradiated or irradiated galangal powder samples were determined by comparison with the absorbance of the 
standard, catechin at different concentrations.  
 
2.5. Antioxidant activity study (DPPH free radical-scavenging assay): 

 
The scavenging effect on 2, 2-diphenyl-1- picrylhydrazyl (DPPH) radical was determined by modifying 

methods of  the extracts of non-irradiated and irradiated (3, 5 and 7kGy) galangal powder samples were 
separately mixed with ethanol to prepare test solution of 1 mg/ml sample. DPPH was dissolved in ethanol and 
mixed with the extracts of galangal. The solution was adjusted to a final DPPH concentration of 100 μM. The 
mixture was shaken vigorously and left to stand for (50 – 60) min in the darkness at room temperature. The 
amount of DPPH remaining in each period of stand was determined spectrophotometrically at 540 nm, using a 
microtiter plate reader (Biorad 680, USA). The extracts of RGS test solution was diluted to different 
concentrations (0.1- 1.0 mg/ml). After vigorous shake, the mixtures were left to stand for 30 min. Tert-
Butylhydroquinone (TBHQ) was used to compare the scavenging activity. The radical scavenging activity was 
calculated according to Brand-Williams,et al.,(1995) and Gamez,et al., (1998)  following equation:  

% inhibition as OD= {(ODsmple– ODblank) / ODblank} x 100. 
 
2.6. GC-MS analysis of the extract from galangal: 

 
The GC-MS analysis of the extracts from galangal samples were performed on a Hewlett-Packard model 

6890 Series. GC System equipped with a HP 5973 MS detector (EI mode, 70 eV). A column type HP-5 (5% 
phenyl dimethylsiloxane) with a length of 30 m, an inside diameter of 0.25 mm and a film thickness of 0.25μm, 
was used. The temperature of the column was programmed to increase after 5 min from 70 to 150°C at the rate 
of 2°C/min and then after 5 min from 150 to 250°C at the rate of 1°C/min. Helium was used as a carrier gas at a 
flow rate of 1 ml/min. The injector and detector temperatures were 250 and 280°C, respectively. The 
components in extract of samples under investigation were identified by comparing on the basis of gas 
chromatographic retention indices, mass spectra from Wiley MS Chemstation Libraries (6 th ed., G 1034, 
Rev.C.00.00, Hewlett-Packard, Palo Alto, CA). (Jayaprakasha et al., 2003). 
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2.7. Preparation of chicken Samples: 
 
Fresh chicken fillet steaks were freshly prepared from healthy chicken. Sample was washed several times 

with sterilized water and weight into 25 g each and transferred to separate polythene hags .Each sample was 
grounded and mixed well with the respective concentrations of irradiated dried powder of galangal at 3 kGy (1, 
3 and 5 mg/g) for 10 minutes. The treated chicken samples along with the untreated (control samples) were kept 
under aseptic conditions under chilled temperature (4oC) and plate count was done at regular intervals of 15 
days and evaluation was made for an interval of three days. 
 
2.8. Sensory evaluation: 

 
Sensory evaluation of chicken samples with added galangal powder were carried for their color, texture,, 

aroma and overall quality. Scores were obtained as described by Wierbicki, (1985) by rating the above quality 
characteristics using the following rating scale: 9= excellent, 8= very good, 7= good, 6= below good-above fair, 
5= fair, 4= below fair-above poor, 3= Poor, 2= extremely poor and 1= rejected.  
 
2.9. Bacterial cultures: 

 
Stock cultures of Gram+ve and Gram–ve pathogenic microorganisms were used for the present study. Gram 

positive bacteria: Enterococcus faecalis,Staphylococcus aureus and Streptococcus faecalis. Gram-negative 
bacteria: Escherichia coli, Pseudomonas aeruginosa and Salmonella typhimurium. The cultures were used 
throughout this study were kindly provided by the Laboratory of Microbiological Department at NCRRT and 
the tested microorganisms were collected as clinical isolates from Ain Shams Specialized  Hospital, Cairo, 
Egypt. The bacterial cultures were maintained on Tryptone Glucose Yeast extract agar (TGY, Difco, USA) 
slants at 4 °C with a subculture period of 15 days. Each bacterial strain was reactivated by transferring from 
these stored slants into TGY broth media and cultured overnight at 37 °C before the antimicrobial assay. 
 
2.10. Determination of Antibacterial Activity: 

 
Antimicrobial activity of methanolic extracts from non- and irradiated galangal at 3, 5 and 7 kGy was 

investigated by modified agar disc diffusion method (Lorian, 1995). Single colonies of the respective test 
bacteria were transferred into TGY broth and incubated overnight. One milliliters of each culture containing 
4x105cfu were mixed with 100 ml of melted Mueller Hinton Agar (MHA, Difco, USA) at about 45 oC and 
poured onto the surfaces of an agar plate containing 2 g agar/100 ml distilled water. Methanolic extracts of non-
irradiated and irradiated galangal at different applied radiation doses (15 µl from each culture) were loaded onto 
sterile filter paper discs (6mm, Advantec, Tokyo, Japan) . Control discs were similarly prepared using distilled 
water and 100% methanol. Each of the discs was placed on the aforementioned bacterial culture plates and 
incubated at 35 oC for 18–24 h. The sensitivity of the microbial species to the extracts of non – and irradiated 
galangal powder extracts was determined by measuring the diameter of the inhibitory zones around the discs 
(including the diameter of the disc). All the experiments were performed in triplicate. 

 
2.11. Total Plate Count for (bacteria and molds & yeasts): 

 
The total plate count was determined according to Cheah and Gan (2000). Samples of chicken meat (10) g 

were removed aseptically and placed into a sterile bottle containing 90 ml sterile saline solution. The samples 
were shaken for one minute and serial dilutions of sample were prepared. Nutrient Agar tempered at 40oC in a 
water bath was poured into petri dishes containing the serial dilutions. The medium in petri dishes were allowed 
to solidify, inverted and incubated at 37 oC for 24 hours.  In case of enumeration of molds and yeasts, Potato 
Dextrose Agar medium (PDA) Oxoid manual (1998) was used and cultures were incubated for 7 days at 28 oC. 
Numbers of the Colony forming units (cfu) were counted and reported as logl0 cfu/g. The total plate count of 
plant treated experimental samples was compared with that of untreated control in each case. 
 
2.12. Preparation and artificial inoculation of chicken minced meat: 

 
Five kilograms chicken meat was purchased from local market. The chicken meat samples were grounded 

and divided into two equal portions and packed in polyethylene bags and deep frozen at -20°C before 
irradiation. Two portions were treated with 10 kGy at frozen state to eliminate any natural non-sporeforming 
pathogens. Under aseptic conditions dried powder of irradiated galangal (3kGywas added to first portions in 
concentrations (3, 5and 7mg/g), second portion was untreated without any additives. Each of these portions 
were inoculated with one of the following pathogenic bacteria at the concentrations of approximately 103cfu//ml 
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for E. coli, S. aureus and S. typhi. And 104cfu/ml for E. fecalis. Each of these portions was divided into small 
portions of 10 g packed in polyethylene bags and kept under chilled temperature (4oC). The microbiological 
analysis for each inoculated strain was carried out at regular intervals of 12 days and evaluation was made for an 
interval of three days. 
 
2.13. Microbiological analysis (Oxoid, 1998): 

 
For the enumeration of E. coli in inoculated samples, 0.1 ml of every dilution were spread over the surface 

of Maconkey agar plates using sterile bent glass streaking rods. The plates were then incubated at 44±2oC for 48 
h. S. aureus was counted using Baird–Parker medium after incubated at 35oC for 24-48 h. The plates were 
subsequently examined for typical S. aureus colonies. E. faecalis was counted on kanamycin aesculine azide 
agar medium using surface plating technique and incubation at 35oC for 16 – 24 h. The detection of Salmonella 
was carried out using the most probable number technique. After enrichment at 37 oC for 24 h in selenite broth, 
the cultures were streaked on Brilliant green agar and incubated at 37 oC for 24 h. and then colonies were 
biochemically examined in triple sugar iron agar.  All analyses were carried out in triplicate. 
 
2.14. Statistical Analysis: 

 
The obtained data were subjected to a one- way analysis of variance. Differences between means were 

compared by Duncan's new multiple range test. The criteria for significantly was a probability of 0.05. The 
analysis was carried out using the PROC ANOVA procedure of Statistical Analysis System (SAS, 1996). 
 
Results and Discussion 

 
The use of naturally occurring preservatives has gain momentum in the pharmaceutical and food industries 

due to their ability in prolong the storage life of foods by preventing rancidity through their antioxidant or 
bacteriostatic activity (Sunilson et al., 2009). Developing countries are paying increased attention to food safety, 
because of growing recognition of its potential impact on public health, food security, and trade 
competitiveness. Increasing scientific understanding of the public health consequences of unsafe food, amplified 
by the rapid global transmission of information regarding the public health threats associated with food-borne 
and zoonotic diseases (e.g. E. coli and Salmonella) (Rao et al., 2010). 
 
3.1. Total phenolic compounds: 

 
Phenolic compounds are the most bioactive factors in plants. They are known to act as antioxidants not only 

because of their ability to donate hydrogen or electrons but also because they are stable radical intermediates 
(Nepote et al., 2000). Data in Table (1) displayed the amount of total phenolic compounds (mg/100g gallic acid) 
in methanolic extracts of irradiated and non-irradiated galangal powder at 3, 5 and 7 kGy . The results showed 
that the control samples of galangal posseses marked total phenol compound 55.5 .While, subjecting samples of 
galangal to gamma irradiation at doses of 3, 5 and 7 kGy increased the amount of phenolic compounds by 67.6, 
66.35, and 62.7 %, respectively compared with control samples. The data exhibited significant differences 
between control and irradiated samples at dose of 3, 5 kGy, while it was insignificant differences in irradiated 
sample at dose levels 7kGy. Several studies have been conducted on the antioxidant activities of galangal 
extracts. The antioxidant activity of a 1% (w/v) acetone extract of galangal in 99.5% ethanol was stronger than 
that of α-tocopherol (Jitoe et al., 1992). Zaeoung et al. (2005) found that, the new phenolic compound, p-
coumaryl-9-methyl ether, in the methanolic extract of fresh galangal. Moreover, two phenolic compounds, p-
hydroxy cinnamaldehyde and [di- (p-hydroxy-cis-styryl)] methane, were isolated from the chloroform extract of 
dry galangal. In food systems, research has mostly been carried out on the ethanolic extract ( Juntachote et al., 
2006). The ethanolic extract of galangal acted as a free radical scavenger, exhibiting strong superoxide,anion-
scavenging activity, Fe2+ chelating activity and reducing power in a concentration-dependent manner 
(Juntachote and Berghofer, 2005). This phenomenon was attributed to the immediate oxidation of the phenolic 
compounds, thus playing an antioxidant role by reducing the free radicals and the reactive oxygen species 
induced by irradiation. 
 
Table 1: Total phenolic compounds (mg/100g as Gallic acid) of methanolic extracts from  irradiated and non-irradiated dried galangal  
              powder.   

Total phenolic compounds control 
Gamma irradiation dose  (kGy) 
3 5 7 

galangal 55.5B± 0.21 67.6 A ± 0.13 66.35A± 0.36 62.7B±0.43 
Each values rejected of three determination (n=3) 
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Capital letters were used for comparing between means in the rows and means with the same letters are not 
significantly different (p>0.05). 

 
3.2. Radical-scavenging activity (DPPH): 

 
The DPPH radical is a widely used method to evaluate antioxidant activity in a relatively short time 

compared with other methods (Zaeoung et al., 2005).The scavenging activity (%) of the extracts of non- and 
irradiated galangal samples subjected to 3,5 and 7 kGy on the DPPH radical are presented in Table (2). The 
results indicated that, extract from non-irradiated galangal powder  posses a  marked scavenging ability from 
31.23% to 55.26% with increasing extract concentration from 50 to 100µg/ml respectively, on DPPH radical. 
The data revealed that the radiation processing samples of galangal powder at doses 3, 5 and 7 kGy significantly 
increased the antioxidant activity compared with control samples as a function of sample concentration at each 
radiation dose. Also, the results exhibited that increasing the efficiency of non-irradiated and irradiated extracts 
of galangal samples as antioxidant activity on DPPH radical was observed with increasing concentration of 
samples under investigation (25, 50 and 100mg sample/ml). In general, the results illustrated that the samples of 
non-irradiated galangal posses marked scavenging activity on DPHH radical compared to irradiated samples at 
dose levels 3, 5 and 7 kGy. Thus, the scavenging effect on DPPH radical of non-irradiated could be attributed to 
the phenolic content (Gülçin, et al., 2004).  Cheah and Abu Hasim (2000) found that, galangal extract exhibited 
the highest free radical scavenging activity compared to BHA and the antioxidant activity of different extracts 
may depend on the presence of polyphenols which may act as reductions. They also, reported that the galangal 
extract obtained with the different solvents exhibited various degrees of antioxidant capacity. 

  Chea et al. (2000) and Juntachote, et al., (2006) reported that, Alpinia galangal extract may be a possible 
natural antioxidant source for meat and meat products. (In raw beef, addition of Alpinia galangal extract was as 
effective as alpha- tocopherol and butylated hydroxytoluene in inhibiting / minimizing lipid oxidation). They 
also reported that, ethanolic extracts of Alpinia galanga showed higher antioxidative stability at neutral pH than 
that at acidic pH.  
 
Table 2: Scavenging activity (%) on DPPH radical of non-irradiated and irradiated    extracts of galangal powder.   

Concentration of 
samples (µg/ml) 

TBHQ 0 
Gamma irradiation doses  (kGy) 
3 5 7 

25 81.23A±1.9 18.41B±2.9 19.22C±1.3 14.86E±2.6 12.01D±2.6 
50 89.79A±2.3 31.23B±3.2 46.55C±1.9 30.03E±2.8 25.68D±2.4 
100 96.85A±2.4 55.26B±2.7 85.74C±2.3 68.02C±2.4 48.95D±2.1 

Capital letters were used for comparison between means in the rows.    
 Means with the same letters are not significantly different (p>0.05). 
TBHQ= Tert-Butylhydroquinone  

 
3.3. Identification of galangal methanol extract compound: 

 
The major compounds of galangal methanol extract was analyzed by GC-MS before and after exposure of 

galangal to 3, 5, 7 kGy of γ- irradiation (Table 3). The main compound of methanolic extract was essential oil: 
acctoxychavicol acetate (ACA) (9.48 %) with non irradiated sample whereas, the percentage increased as a 
function of irradiation dose.It increased by 52.3%,42% and 17.3%when samples were irradiated at 3, 5, and 7 
kGy respectively, Jirwan et al., (2006) observed that the major constituent derived from galangal rhizome and 
seed extract was D,L-1/-ACA, (which are defined as a group of odorous principles, of which found in some 
plants in the Zingiberaceae family, especially galangal. Moreover, he indicated that the galangal extract had the 
greatest inhibitory effect against some pathogenic bacteria (Jirawan et al., 2006). 

  Mahae and Siree (2009) reported that, there was a phenylpropanoid, namely 1´-acetoxychavicol acetate 
(ACA), which could have contributed to the antioxidant activity of the ethanolic extract of galangal, ACA was 
present at a high concentration and was found only in the volatile fraction of the ethanolic extract, the authors 
also conclude that,   It could be extrapolated that the highest antioxidant activities of the ethanolic extract were a 
result of its phenolic compounds and ACA. Other constituents were identified in methanolic extract of galangal 
which are 1, 8-cineole and  methylcinnamate among many others which could be responsible for the 
antimicrobial activity. The amounts of the two compounds were increase after exposure to γ irradiation 
especially at 3 kGy. However, it was obvious that the increasing irradiation dose up to 7 kGy masking their 
increase as a function of radiation dose. The activities of 1, 8-cineole, and methylcinnamate have already been 
analyzed in other studies by (Rao et al., 2010). 

Generally, subjecting samples of galangal to gamma radiation at dose levels of 3, 5 and 7 kGy induced 
many changes in the constituents (%) of these samples under investigation as seen in Table 3. But, it was 
noticed that some components were disappeared such as 2-ethyl-1-hexanol, Docosanoic acid, Indoland ∆ 5-
ergostenol in the extract of irradiated galangal at doses of 3, 5 and 7 kGy. While, some new components were 
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appeared as 2- methylacetophenone and,Tetradecamethylcycloheptasiloxane, n-tetradecoic acid,  ethyl oleate, 
Octadecanoic acid, Docosanoic acid, Indol and 2,6,10,14,18,22-tetracosahexaene in irradiated samples of extract 
galangal at doses of 3, 5 and 7 kGy. On the other hand, new components as 1,1-diethoxypropane, 1,1-
diethoxypropane, ethyl n-octadecanoate and ether,isopropyl2-benzyl-2-propenyl; Cycloheptasiloxane, 
tetradecamethyl, n-tetradecanoic acid and 4,4-dimethyloxazolidine-2-thione and,1,2,4-trimethylbenzene, 2-
ethoxypropionaldehyde diethyl acetal, Ethyl tridecanoate, Indolizine, 1,2-benzenedicarboxylic acid, docosanoic 
acid, cinnamylcinnamate, naphthalene, 22,23-dihydrobrassicasterol and squalene and 1,1-diethoxy-3-
methylbutane, 1,2,4-trimethylbenzene, 2-ethoxypropionaldehyde diethyl acetal, n-tetradecane, Ethyl 
tridecanoate, Cis-9-octadecenoic acid methyl ester, Indolizine, 1,2-benzenedicarboxylic acid, Docosanoic acid, , 
Naphthalene, 22,23-dihydrobrassicasterol and squalene   were appeared and others disappeared in irradiated 
samples of extract galangal at doses of 3,5 and 7 kGy. 

In summing up, Subjection galangal samples to gamma irradiation at dose levels  of 3,5  and 7 kGy 
generated  some new constitutes and reduced other as a result of interaction of gamma ray photons energy with 
certain constituents, compared with non- irradiated samples.  
 
Table 3: Effect of gamma irradiation on constituents (%) of methanolic extract of  galangal powder. 

   Compounds (%) RT* (min) Control 
Radiation dose( kGy) 
3 5 7 

1,1-diethoxy-3-methylbutane 5.51 2.40 1.51 1.35 1.10 
Isodecane 5.97 2.81 1.99 1.36 3.33 
Benzene  6.15 1.81 - - - 
1,2,4-trimethylbenzene 6.22 0.55 0.22 0.13 0.08 
2-ethyl-1-hexanol 7.01 0.64 - - - 
2-methylacetophenone 7.39- 7.91 7.42 5.13 4.91 
1,3,3-ethoxypropane 7.81 1.33 0.81 0.13 0.11 
Propionaldehyde diethyl acetal 7.93 8.73 7.96 6.00 5.62 
n-undecane 8.09 8.33 8.09 7.35 6.89 
n-dodecane 10.12 8.62 8.23 7.55 6.83 
n-tetradecane 13.55 0.19 0.15 0.07 - 
Tetradecamethyl cycloheptasiloxane 18.12 - - - 1.61 
Di-isobutyl phthalate 20.33 0.30 - - - 
n-tetradecoic acid 20.91 - - - 1.47 
n-hexadecanoic acid 21.44 1.93 1.42 1.25 1. 03 
1/-acetoxychavicol acetate (ACA)  22.95 9.48 14.44 13.46 11.12 
Ethyl 9,12-octadecadienoate 23.64 0.93 0.64 0.36 - 
Ethyl oleate 24.11 - - - 6.71 
Octadecanoic acid 25.35 - - - 1.47 
N-diphenylmethylene 26.10 - - - 1.28 
Indolizine 26.87 0.78 0.51 0,32 - 
1,2-benzenedicarboxylic acid  27.68 3.17 2.9 - - 
Docosanoic acid  27.94 0.22 - - - 
1-naphthalenol,1,2,3,4-tetrahydroacetate 28.31 3.1 2.87 2.60 2.15 
1,2-benzenedicarboxylic acid 28.51 2.9 2.70 2.21 2.60 
Cinnamic acid  28.57 0.45 0.32 - 2.18 
naphthalene 28.81 0.71 0.17 0.21 - 
Indole 29.24 - - - 1.36 
∆ 5-ergostenol 29.54 0.96 - - - 
Trans-squalen 30.59 1.69 0.57 0. 28 - 
2,6,10,14,18,22-tetracosahexaene 31.89 - - - 4.08 
γ -sitosterol 32.67 1.05 0.75 0.18 1.55 
1,1-diethoxy-3-methylbutane 35.51 0.40 0.51 0.35 - 
Isodecane 35.97 0.31 0.99 0.36 2.33 
Benzene methanol  36.22 0.55 0.22 0.13 0.01 
1,3-diethylbenzene 36.40 0.52 0.42 0.14 - 
1,2,4-trimethylbenzene 37.01 0.64 0.49 0.31 - 
2-ethyl-1-hexanol 37.81 0.33 0.25 0.21 - 
1,1-diethoxypropane 37.88 1.25 0.96 0.23 - 
2-ethoxypropionaldehyde diethyl acetal 37.93 0.73 - - - 
n 1,1-undecane 38.09 0.33 0.23 0.15 0.100 
Methylecinnmate 40.12 10.62 10.12 9.41 7.83 
n  1,2,3 -tetradecane 43.55 0.19 0.15 0.12 - 
Cycloheptasiloxane, tetradecamethyl 45.71 - - - 1.61 
1,2-benzenedicarboxylic acid  46.33 1.33 0.70 0.21 0.1 
n-tetradecanoic acid 47.0 - - - 1.47 
Hexadecanoic acid  48.44 1.93 4.42 5.25 5.30 
Ethyl tridecanoate 48.71 1.50 - - - 
Cis-9-octadecenoic acid methyl ester  48.95 1.44 1.46 1.12 - 
9,12-octadecadienoic acid  49.64 0.93 3.64 4. 63 4.48 
8-octadecenoic acid, methyl ester 50.26 - - 11.50 5.71 
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1-acetoxytetralin  51.22 - - 2.0 2.15 
Indolizine 52.87 0.78 - - - 
1,8- cineole 53.46 0.05 5.95 0.37 0.21 
1,2-benzenedicarboxylic acid 53.68 0.23 - - - 
Ether, isopropyl 2-benzyl-2-propenyl 53.87 0.92 0.87 2.60 - 
Docosanoic acid 53.94 0.22 0.19 0.91 - 
Cinnamylcinnamate 54.57 0.39 0.23 0.21 - 
4,4-dimethyloxazolidine-2-thione 54.77 - - - 1.18 
Naphthalene  54.81 0.71 - - - 
22,23-dihydrobrassicasterol 55.54 0.96 0.81 1.71 - 
squalene 55.59 1.69 1.0 3.98 - 
γ -sitosterol 55.67 2.05 1.75 2.71 1.55 
2,6,10,14,18,22- tetracosahexaene 56.0 - 0.59 0.82 0.08 
Unknown - 1.16 1.36 1.77 1.93 

*Retantion time  

 
3.4. Influence of using galangal powder as a flavoring agent on sensory characteristics of chicken: 

 
The use of natural antioxidants is more acceptable for consumer who may mistrust food products 

supplemented with synthetic antioxidant. Galangal, a natural food ingredient has phytochemical without any 
known toxic effects, may be applicable in meat processing, helping to prevent the formation of off-flavor in 
meat, chicken and their products and increasing shelf-life. The inhibition of lipid oxidation by the addition of 
galangal extracts would benefit fast food facilities serving precooked meat. In tropical countries, galangal 
extract has been used extensively as an essential spice in the cooking of beef and pork. Most consumers in these 
countries appreciate the benefits of using galangal as a flavouring agent. However, the application of these 
natural antioxidants at higher levels might be limited due to changes in the sensory quality of meat and meat 
products were affected (Juntachote et al., 2007). 

The sensory attributes of chicken samples formulated with different levels of galangal powder   are given in 
Table (4). Results showed that slight decrease in color chicken samples were recorded only 1%, then decreased 
significantly as it changed from creamish yellow to brown color in chicken samples of 20, 30 and 40% levels of 
galangal as compared with the control samples. Moreover, addition of galangal at replacement levels of 20, 30 
and 40% caused significantly decrease in texture chicken samples, but no significantly difference in the texture 
samples level 10% of chicken samples as compared with the control samples. These may be due to the chicken 
become harder with increasing levels of galangal.  On the other hand, the results showed that the taste of 
chicken  samples 10% more significantly acceptable than samples of control and 20, 30 and 40% levels of 
galangal while significantly decrease was observed in the scores of control samples as compared with samples 
of 10, 20, 30 and 40% replacement levels of galangal. Thus the scores of overall acceptability appeared 
significant difference between all samples under investigation, but the chicken samples of 10% galangal were 
recorded less significant as compared with the other replacing levels. So, 3 % adding level of galangal was the 
best replacing level in pane chicken samples. Therfore, it could be concentration that added 10% as flavoring 
agent to chicken meat enhanced their sensory characteristics as presented in Table 4.  
 
Table 4: the sensory attributes of minced chicken meat with different levels of galangal  

Quality attributes 
Sublimintation level (%) 
Control 10 20 30 40 

Color 8.7A 8.9B 9.2C 9.4D 9.7E 
Texture 8.5A 8.7B 8.9C 9.3D 9.5E 
Aroma 9.0C 9.3B 9.6A 9.6A 9.7A 
Over all acceptability 8.7A 9.0A 9.2B 9.4C 9.6D 

Capital letters were used for comparing between means in the rows.  
Means with the same letters are not significantly different (p>0.05)   

 
3.5. Antimicrobial activities of galangal extracts: 

 
The antibacterial activity of the methanolic extracts of non- and iiadiated galangal powder was 

quantitatively assessed by the presence or absence of inhibition zone and measuring the diameter of inhibition 
zone around the discs. The antimicrobial activity of methanolic extracts of non- irradiated  and irradiated 
galangal exposed to different doses of γ-irradiation (3, 5 and 7 kGy) against six pathogenic strains by using disc 
diffusion assay are represented in Table (5). The results revealed that, all the methanolic extracts showed 
antimicrobial activity against both Gram- positive and Gram -negative bacteria. The extracts have different 
degrees of inhibitory activity, depending on the strain and radiation dose. In general Gram- positive bacteria 
under study were the most susceptible to all extracts, the diameter of inhibition zones ranged from (14-29 mm). 
While the extracts were moderate antimicrobial activity against Gram negative bacteria S. typhi, whereas the 
extracts showed less activity towards E. coli and Ps. aeruginosa especially with non- irradiated spice. It is 
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interesting to note that the extract from irradiated galangal at 3.0 kGy showed the significant strongest inhibitory 
activity (p<0.05) against all tested pathogen with zone of inhibition ranging from (12-29 mm), while other doses 
exhibited their ability to induced inhibition ranged from (10-20 mm) compared to non- irradiated galangal where 
the inhibition  zone ranged from (8- 16 mm). 
 
Table 5: Antibacterial activity of methanolic extracts of galangal non-irradiated and   irradiated with γ-irradiation against pathogenic 

bacteria. 

Microorganisms

 
Control 
*Inhibition zone 
(mm)

Dose in kGy 
3.0 kGy 5.0 kGy 7.0 kGy

S. aureus 16c 29a 20b 17c

E. coli 08b 14a 10b 10b

E. fecalis   14c 20a 17b 15c

St. fecalis 15c 25a 17b 16b

S. typhi 10c 17a 13b 13b

Ps. aeruginosa 09a 12a 11a 10a

    * as Inhibition zone (mm) 
       Means with the different letters are significantly different (p<0.05) 

 
The above mentioned results showed that, the extracts from irradiated galangal powder had significant 

effect against Gram -positive than Gram- negative bacteria as similar to results from most studies investigating 
on the action of spice and essential oils against food spoilage organisms and food borne pathogens (Burt, 2004 
and Jirawan et al., 2006). 

El- Astal et al. (2005) have been reported that , Gram +ve bacteria were found to be more susceptible than 
Gram - ve bacteria , this could be due to the fact that the cell wall of Gram +ve bacteria is less complex and lack 
the natural sieve effect against large molecule due to the small pores in their cell envelop. Moreover, Gram 
negative organisms are less susceptible to the action of antibacterial agents, perhaps to be expected that they 
possess an outer membrane surrounding the cell wall. It was different in cell surface hydrophobicity between 
two groups of bacteria, Gram negative bacteria having more hydrophobic surfaces can be offset by the presence 
of its porin proteins in the outer membrane The extracts were not able to penetrate through the outer membrane, 
which was composed of a lipopolysaccharide monolayer surrounding the cell wall that restricts diffusion of 
hydrophobic compounds (Walsh et al., 2003). 

Jirawan et al. (2006) reported that, the compounds of galangal extracts affected the phospholipids layer, 
which was a cell wall component of S. aureus (gram positive bacteria). The extracts might attach to the lipids 
partition of cell membrane, and hydrophilic parts of extract act on cell proteins embedded in the cell membrane 
and interfered with the enzyme located in the cytoplasmic membrane (Marquis et al., 2003). The rhizome of 
galangal has a wide range of applications in traditional medicine as the essential oil shows an antimicrobial 
activity against Gram-positive bacteria, yeast, and dermatophytes. The most active compound is terpinen-4-ol 
(Mahae and Siree 2009).  

The dried galangal methanol and ethanol extracts inhibited the growth of Staphylococcus epidermidis and 
Saccharomyces cerevisiae. The extracts were less antimicrobial activity against Bacillus cereus and Bacillus 
megaterium and there were no antimicrobial activity against some gram negative bacteria: Salmonella sp., 
Enterobacter aerogenes and Pseudomonas aeruginosa. (Jirawan et al., 2006). The authors also reported that, the 
galangal extract could not inhibit the growth of E. coli (Gram-negative bacteria) because the extract could not 
penetrate through the outer membrane which was composed of a lipopolysaccharide monolayer surrounding the 
cell wall that restricts diffusion of hydrophobic compounds. The authors also reported that, phenolic compounds 
exert their antimicrobial effects at the cytoplasmic membrane by altering its structure and function. Efflux of 
potassium ions is usually early sign damage and is often followed by efflux of cytoplasmic constituents. The 
loss of the differential permeability character of the cytoplasmic membrane is frequently identified as the cause 
of cell death. Some researchers have explored this further, reasoning that loss of membrane function is only part 
of the explanation for antimicrobial activity. 
 
3. 6. Effect of different concentrations of irradiated galangal on the shelf life of minced chicken meat: 

 
Preservatives are designed to prevent food decay and the growth of food-borne pathogens, and to increase 

the storage shelf lives of foods. Currently, many food additives i.e., benzoic acid and ascorbic acid are used in 
the food industry. Although these synthetic preservatives are effective, they can be detrimental to human health 
and consequently an increasing number of consumers choose food products which are preservative-free or 
contain only trace amounts (Kim et al., 2005). The exploration of naturally occurring antimicrobials for food 
preservation receives increasing attention due to consumer awareness of natural food products and a growing 
concern of microbial resistance towards conventional preservatives (Draughon, 2004). 
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  The growth of microbes, such as bacteria, yeasts and molds deteriorate the safety and quality of meat 
products especially poultry products and cause significant economic loss (Asefa et al., 2010).Generally the 
chicken meat samples treated with irradiated galangal had significantly (P < 0.05) lower total bacterial count 
and mold – and - yeast than the control. Count reached 7.0 log cfu/g, considered as the upper microbiological 
limit for acceptable quality meat as defined by ICMFS (1986). 

The total plate count (TPC) of galangal treated chilled chicken meat compared with un-treated samples are 
shown in Fig. 1. A decline in the microbial populations of treated samples with different concentration of 
irradiated spice at 3 kGy (1, 3, 5 and 7 mg/g) than the control during storage at chilled temp. (4oC) for 15 days 
was observed throughout the experiment. It was also noticed that, the TPC showed remarkable decrease when 
the concentration of plant powder increases i.e 7 mg/g from irradiated galangal showed maximum antibacterial 
property. In the present study, the control sample was rejected after 6 days of storage at 4 oC while the sample 
treated with galangal extended the shelf-life of chicken samples up to 15 day. Similar results of TPC were also 
found in case of total molds – and - yeasts (Fig. 2).  It was observed that, the TPC of treated samples was 
reduced with increasing the concentration of irradiated galangal powder under study. 
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Fig. 1: Effect of irradiated galangal at different concentrations on the mean microbial  population (total bacterial  
             count) of minced chicken meat stored under chilling temperature for 15 day 
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Fig. 2: Effect of irradiated galangal at different concentrations on the mean microbial population (total molds &  
             yeasts counts) of minced chicken meat stored under chilling temperature for 15 day 
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Mechanism of antibacterial action of spices and derivatives is not yet clear (Lanciotti et al., 2004). 
Hypothesis have been proposed which involve: hydrophobic and hydrogen bonding of phenolic compounds to 
membrane proteins, followed by partition in the lipid bilayer; perturbation of membrane permeability 
consequent to its expansion and increased fluidity causing the inhibition of membrane embedded enzymes; 
membrane disruption; destruction of electrons transport systems and cell wall perturbation. (Odhav et al., 2002). 
The fungistatic or fungicidal effect of spices is due to the inhibitory action of natural products and the 
mechanisms involved are cytoplasm granulation, cytoplasmic membrane rupture and inactivation and/or 
inhibition of intracellular and extracellular enzymes. These biological events could take place separately or 
concomitantly culminating with mycelium germination inhibition (Cowan, 1999). Moreover, it is also reported 
that plant lytic enzyme act in the fungal cell wall causing breakage of β-1,3 glycan, β-1,6, glycan and chitin 
polymer (Brull and Coote, 1999). 

 Alpinia galanga contains volitle oils, resins, galangol, galangin,  kaempferid, alpinin and starch. The major 
constituents of its essential oils are β- farnesene, myrcene and 1, 8 cineol, β-caryophyllene and β- selinene 
(Kubota et al., 1999 and Sunilson, et al.,  2009) which maybe responsible for its antibacterial and antifungal 
activities. Mahae and Siree (2009) reported that, the phenolic compounds present in the herb extract may 
interfere with energy metabolism, disrupt electron transport or nutrient uptake or affect nucleic acid synthesis, 
ultimately resulting in cellular death. It is well known that the phenolic OH group is quite reactive and easily 
forms hydrogen bonds with active sites of target enzyme. In fact, the mode of action of phenolic compounds is 
generally thought to involve interference with functions of the cytoplasmic membrane, including proton motive 
forces and active transport. 

Jirawan et al. (2006) reported that the galangal extract might affect the S. aureus cell by the cell osmolality, 
ribosomes and cell coagulation compounds; they also reported that the galangal extract ruptured the outer 
membrane of S. aureus. As a result, there was a loss of cell permeability properties. The essential oils are 
hydrophobicity which enables them to a partition in the lipids of the bacterial cell membrane, disturbing the 
structures and rendering them more permeable. Besides, the essential oils are able to induce the leakage of ions 
and other cell contents. The authors also reported that, galangal ethanol extract caused the internal pH changing 
and denaturing of proteins inside the cell and also disrupted the cytoplasmic membrane function of S. aureus 
cells which resulted in a loss of cytoplasmic constituents and ions. It leads to understanding the roles of the 
chemical compounds in galangal extract in microbial physiology and gain more information on their actions, 
including information on mechanisms. This should lead to effective application of the spice extracts as natural 
antimicrobial agents to control foodborne pathogens, food spoilage organisms in food industries. 

On the other hand,  the high concentrations of phenolic compounds in natural products accounts for their 
antioxidant property (Burt, 2004).The present study are in good agreement with the researchers suggesting that, 
there are high positive correlation between antimicrobial activity, total phenolic compound and antioxidant 
property (Shan et al., 2005 and Kudo et al., 2006). 

3. 7. Effect of galangal powder irradiated at 3kGy on survival of bacteria inoculated in ground chicken meat 
The purpose of refrigeration of foods and vegetables to keep them fresh and to dump spoilage. 

Unfortunately, these types of food possess some potential microbiological safety problem. Some psychotropic 
pathogen can grow in refrigerated foods, which can survive at extremely low temperature. Addition of 
antimicrobial ingredients in combination with refrigeration may compensate the combination of food and 
provide more protection to low temperature alone. The combination of flavouring and antimicrobial potential 
would be of great benefit, as more natural food ingredients are favoured in the food trade above the presently 
used synthetic food additives. (Romero et al., 2005). Plant derived antimicrobial compounds have been 
recognized for hundreds of years as a means of inhibiting undesirable bacteria. The spices imparted strong odour 
and flavor to the product. The flavor component consists of compounds such as, aldehydes, alcohols, esters, 
terpenes, phenols, organic acids and others. 

The present investigation was conducted to evaluate the efficiency of irradiated galangal powder on the 
most important pathogens and toxin producing bacteria frequently found in meat products especially chicken 
meat. The survival of S. typhi, E. coli, S. aureus and E. fecalis inoculated into sterile minced chicken meat 
containing galangal powder irradiated at 3kGy in concentrations (1,3 and 5 mg/g). A significant differences 
(p≤0.05) between the counts of inoculated strains in chicken meat with or without the used spice were observed 
during storage at 4 oC. Fig. (3) showed that, minced chicken meat containing different  concentrations of 
galangal powder irradiated at 3 kGy applied had a marked effect in reducing counts of S.typhi, E.coli, S.aureus 
and E. fecalis as compared to the control. 

The growth of S. Typhi on ground chicken meat with or without treatment of irradiated galangal during 
storage at 4oC is shown in Fig. (3A), the initial count for S. typhi (control) in ground chicken meat was 2.9 log 
cfu/g. The microbial count steadily increased during storage, reaching 7.06 log cfu/g. after 12-day. The S. typhi 
population decreased by 0.77, 1.06, and 1.56 log when treated with 1, 3 and 5mg/g respectively of irradiated 
spice under study after12-day at refrigerated storage. Fig.(3B) showed that, the initial populations of S. aureus 
in control samples were significantly increased (P<0.05) and reached to 6.95 log cfu/g by the end of storage (12-
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day). However, the period samples treated with the applied dose (3kGy) lowered the populations of S. aureus 
significantly (P<0.05) than the samples of control. The addition of irradiated spice reduced the viable cell counts 
by a 1.14, 1.58 and 1.93 log cfu with 1, 3 and 5mg/g respectively. 

Escherichia coli one of the bacteria that have been identified as the cause of several major foodborne 
outbreaks involving chicken meat Fig. (3C) showed that, The initial E. coli population on control was 3.05 log 
cfu/g, the microbial count increased steadily during storage, reaching 6.74 log cfu/g after 12-day. E. coli count 
on treated minced chicken meat decreased by 1.24, 1.74 and 2.36 after 12-days compared to control (P < 0.05). 
Regarding the inhibition and reduction in numbers of foodborne pathogens such as Salmonella spp. and 
Escherichia coli reports have been carried out (Fisher et al., 2007) .The same results also observed with 
Enterococcus  fecalis where the initial microbial population of E. fecalis was 3.89 log cfu/g at zero time, where 
by the end of storage time (12 day), this count became 6.97 log cfu/g, the log count was reduced by 0.74, 
1.12and 1.97 log cfu/g with treatment of irradiated galangal 1, 3 and 5mg/g, respectively as compared with the 
control samples Fig. (3D). 

The Zingiberaceae family such as galangal, ginger, turmeric and krachai are the main spices in Thai 
cuisine. Several studies showed that, the essential oils in these spices possess inhibitory effects on the growth of 
some bacteria. These compounds including flavonoids have antimicrobial and antioxidative properties. The 
essential oils from both fresh and dried rhizomes of galangal have antimicrobial activities against bacteria, 
fungi, yeast and parasite (Jirawan, 2005; Mahae and Siree 2009). 

Rao et al. (2010) reported that, A. galanga represents a potent antimicrobial system for the development of 
natural drugs, as the whole plant can be used. Though in a crude form, the plant extracts have displayed broad 
spectrum activity towards the microorganisms. It contains a mixture of compounds like phenylpropanoids, 
monoterpenes, sesquiterpenes and essential oils that help in checking the antibiotic resistance. A. galangal can 
be used for preservation of foods, as it possesses characteristic flavour as well as antimicrobial activity.  
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Fig. 3A: Inhibition effect of irradiated galangal at 3 kGy on S.Typhi inoculated into minced chicken meat and  
               changes the counts during storage at 4±1°C (log cfu/g). 
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Fig. 3B: Inhibition effect of irradiated galangal at 3 kGy on S. aureus  inoculated into minced chicken meat and  
               changes the counts  during storage at 4±1°C (log /g). 
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Fig. 3C: Inhibition effect of irradiated alangal at 3 kGy on E. coli inoculated into minced chicken meat and   
               changes the counts  during storage at 4±1°C (log cfu /g). 
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Fig. 3D: Inhibition effect of irradiated galangal at 3 kGy on E. Fecalis inoculated into minced chicken meat and  
               changes the counts during storage at 4±1°C (log cfu /g). 
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Conclusion: 
 
The present study indicates the radiation processing of galangal powder at 3 kGy post their antimicrobial 

activity and therefore it concluded that, all methanolic extracts from irradiated galangal especially at 3 kGy 
possesses a potent antimicrobial activity against selected food borne pathogens, which may be due to the 
presence of phenolic compounds and is well substantiated with the evidence of previously documented study. 
Hence, due to its strong antimicrobial activity imparting extended shelf- life with less harmful effects, irradiated 
galangal at 3.0 kGy can be used for preservation of foods, as it possesses characteristic flavour as well as 
antimicrobial activity. 
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