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Abstract 

Fruits are natural sources of nutrients. It has rich amount of vitamins, minerals and 
antioxidant components. The present research was employed that amla fruit was irradiated 
with various does of electron beam irradiation to improve the shelf life.  The antioxidant activity 
of irradiated and control samples were evaluated by 2, 2-diphenyl-1-picrylhydrazine(DPPH), 
tannins, vitamin C and phenolic compounds. In order to study the microbial enumeration 
(Bacterial and fungal) were determined after the irradiation at dose level of 0.05 to 0.25kGy. 
Results showed that, no significant effect on antioxidant and antimicrobial activities of electron 
beam irradiated amla were observed. Tannin and total phenolic compound activities were 
increased in high dose (0.25kGy) and decreased in 0.05kGy. Vitamin C and tannin contents were 
increased and no adverse effect of amla sample. Sliced pieces of amla samples the microbial 
load increased in 0.05kGy to 0.25kGy. 
Key words: Emblica officinalis, Antioxidants, microbial load, kGy, electron beam irradiation 
Highlights 
Amla fruit contains ample sources of antioxidants compounds 
Electron beam irradiation is an ideal preservation method, no release of radiolytic products 
Surface sterilization used to eradicate the microbes on epidermal layer 
 
 
1. Introduction 

Plants have been the component of many traditional medicine networks throughout the 
world for thousands of years and continue to serve humans with new cures (Mondal et al., 
2013). Generally, fruits are important natural basic food and are excellent sources of anti-
oxidants, vitamins, minerals, fibres and enzymes (Lamikanra et al., 2002). Fresh fruits and 
vegetables promoting the good health for humans and increased consumption of fresh fruits 
and vegetables resulted in a corresponding increased the food borne diseases (Palekar et al., 
2004).                 Emblica officinalis is highly assessed herb in the Indian traditional medicine 
system (Scartezzini et al., 2006). Amla fruit is spherical in shape and pale yellow in colour with 
six vertical furrows. The matured amla fruits are hard (Sampath et al., 2012). The powder of 
amla fruit seed is useful to treat asthma, bronchitis and disorder of liver (HMRC, 
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2002).Irradiation is a nonchemical treatment, approved for use by the U.S. Food and Drug 
Administration on fresh fruits or vegetables for human Consumption (U.S. FDA, 1986). A major 
advantage of food irradiation is used to improve the shelf life, reduced the spoilage of bacteria 
and mold and inhibiting growth and maturation of many fruits and vegetables (Beyers et 
al.,1983).  Electron beam irradiation technology is maintaining the overall quality of irradiated 
chyavanaprash (Ramathilaga and Murugesan, 2011) chamomile powder (Bachir, 2014)medicinal 
herbs (Shim et al., 2009), cinnamon (Salum et al., 2009), red pepper (Rico et al., 2010),turmeric 
(Dhanya et al., 2009) and jam and jelly products (Satheeskumar and Murugesan, 2014).  

 
 
 

2. Materials and methods 
2.1 Sources of fruit 
 The fresh Chakaiya variety of amla fruit was sourced from farms in the local area of 
Tirunelveli District and brought to the laboratory. Physically damaged and immature fruits were 
discarded. The healthy, sound fruits are sliced in to small pieces (0.2cm thickness) using the 
sterile knife.  The sample without any irradiation was served as control. 
2.2 Electron beam irradiation 

The fruit samples were packed in polypropylene bags (2×2 cm). Each bag containing six 
numbers of sliced amla fruit was kept and exposed to electron beam irradiation at doses of 0, 
50, 100, 150, 200 and 250 Gy. The beam conditions like Beam energy – 8 MeV, Electron pulse 
current- 15 mA, the dose distribution is uniform for an area of 8 cm x 8 cm at 30 cm from the 
beam exit port. The irradiation was carried out at the Microtron Centre, Mangalore University, 
Mangalagangothri, India. Irradiation was carried out by exposing both sides of fruits in 
uniformity.  In this study, Fricke dosimeter was employed to measure the absorbed dose. The 
doses measured using all these dosimeters are correlated to the display of numbers on the 
current integrator. 
2.3. Determination of antioxidants  

Vitamin C (Ascorbic acid, AA mg/100g) assessed by using 2,6dichlorophenol-indophenol 
method followed by Guha et al. (1996).  0.5 g of fruit sample was extracted with 5 mL of 3% 
Meta phosphoric acid and extracted made up with 3% Metaphosphoric acid.  The extract was 
titrated against indophenol dye solution and measured the Vitamin C in indophenol dye 
solution.  

Total Phenolic compounds were examined by Folinciocalte method of Mazumdar and 
Mazumdar (2003).  1 g of fruit was crushed with addition of 5 ml of methanol,1 ml Folinciocalte 
phenol reagent and 2 ml of 35% sodium carbonate solution were added. After 30 minutes of 
incubation read the total phenolic compounds at 760 nm in spectrophotometer (Systronics Au 
2701 Double beam spectrophotometer). The result was expressed in gallic acid equivalents 
(GAE mg/100g). 

2.4. Determination of antioxidant activity 
The DPPH (2, 2-diphenyl-1-picrylhydrazine) was estimated by following the protocol of 

Blois (1958).  The methanolic extract of fruit sample was added with 1ml of 0.1 mM DPPH 
methanolic solution and stored at room temperature for 30 minutes. The reaction mixture was 
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read at 520 nm in spectrophotometer.  The result was expressed in mg/100g following the 
formula  

% of DPPH radical scavenging activity =  

Tannin content was determined following the protocol of Schanderi (1970). 0.5 g of fruit 
sample was extracted with methanol thoroughly squashing and it was boiled at 1000C for 30 
minutes and centrifuged at 3000 rpm for 10 minutes. 1mL of supernatant was collected, to this 
added 7.5 mL of distilled water and 0.5 mL of Folin-Denis reagent, after one minute add the one 
mL of 35 % sodium carbonate solution. The reaction mixture was shaken thoroughly and kept 
for 30 minutes at room temperature.  The OD value was read at 760 nm in spectrophotometer. 
The total tannin compound was calculated by using tannic acid as a standard. 

 
 

2.5 Enumeration of microbiological study 
The bacterial and fungal colonies were counted using the nutrient agar and rose bengal 

agar medium.  In addition, presence of E.coli and Salmonella species were identified using the 
eosine methylene blue and shigella salmonella agar. One gram of fruit sample was crushed with 
the peptone water and serially diluted from 10-2 to 10-7.The experiments were done in pour 
plate method (Saroj et al., 2006). The colonies were in the form of colony forming unit (CFU/g). 
2.6 Statistical analysis 

Data were reported as mean ± standard deviation. Analysis of variance (ANOVA) was 
executed using Minitab16 software. Tukey’s new multiple range tests was used to determine 
significant differences in mean values. Significance was set at P ≤ 0.05. All of the analyses were 
done in three repetitions for each sample. 
3. Results and Discussion 
3.1 Effect of electron beam irradiation on antioxidants  

Antioxidants are playing as reducing agent in the oxidative damage and to neutralize the 
free radicals and reactive oxygen species, which was produces under stress condition in human 
(Braca et al., 2002). Ascorbic acid (vitamin C) is the one of the most sensitive vitamins to 
irradiation (Kilcast, 1994). Electron beam irradiated amla the values ranges from 102.33 to 
318.17mg/100g. This finding was agreed with gamma irradiated pequi fruits (Marcio et al., 
2009). The similar investigations were studied in the determine the different doses of radiation 
and slice thickness of potatoes on vitamin C content and resulted in significant differences were 
observed on vitamin C content. The product which was preserved by using higher doses 
radiation and it reduces the vitamin C content of the products at after irradiation (Wang and 
Chao, 2003). Irradiated potatoes the vitamin C content was first two months was lower and 
subsequently higher (Joshi et al., 1990). Sliced pieces of amla the vitamin C content was 
decreased in higher dose of irradiation. Irradiated Nelumbo nucifera (Khattaket al., 2009),  

lyceum fruit (Wen et al.,2006), tomato varieties of Cherry, Cherry para and Rambo (Guil 
and Rebollso, 2009) gamma irradiated Garlic (Croci et al., 1995)irradiated mango (Lacroix et al., 
1990) and star fruit (Moy and Wong, 2002). Vitamin C content was unchanged after the 
irradiation of green gram and garden pea sprouts Hajrae et al. (2007).In the present study, 
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Sliced pieces of Chakaiya variety of amla vitamin C was slightly decreased but not in significant 
manner (Fig.1). 
Fig. 1 Effect of electron beam irradiation on Vitamin C content of Sliced Pieces of  Chakaiya 
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Phenols are substances of aromatic compounds with hydroxyl groups.  Verma et al., 

1988 reported that flavonoids have also been potential chemo preventive effects against 
certain types of tumors.  Sliced pieces Chakaiya the values range from 0.96 to 1.41% (Table 1). 

 
 
 

Table 1 Effect of electron beam irradiation on total phenolic compounds of Chakaiya 
 
 
 
 
 
 
 
 
 
 

       
        a-d Mean separation within columns by Tukey new multiple range test  

*- Values are average of 3 ± SD 
 
Phenolic compounds were increased in Citrus mandarin peels and pomace samples 

applied microwave power (Hayat et al., 2010b). Antioxidant activity of mint extract was 
increased due to heat treatment at 1000C for 15minutes (Arabshahi et al., 2007) and turmeric 

Doses (kGy)                                         Total phenols (%) 

 0 day 10th day 20th day 30th day 

0 1.41*±0.12a 1.24±0.24b 1.19±0.10a 1.17±0.03c 

0.05 1.23±0.06a 1.21±0.12b 1.18±0.05b 1.14±0.02c 

0.1 1.17±0.12a 1.19±0.13c 1.17±0.08a 1.13±0.05b 

0.15 1.20±0.15a 1.16±0.14b 1.11±0.11c 1.03±0.05d 

0.2 1.27±0.10a 1.23±0.11b 1.18±0.15c 1.12±0.07c 

0.25 1.01±0.19a 1.02±0.26ab 0.98±0.08c 0.96±0.09d 
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essential oil compounds increased in antiradical activity (Tiwari et al., 2006).Tapan, 2011, 
studied the phenolic compounds of Bauhinia purpurea, Ficus pomifera and Gyno cardiaodorata 
plant material was 27.67%, 7.50%and 4.43%, respectively. These findings were coincided the 
present investigation.  Total phenolics ratio was highest in E. officinalis seed followed by          F. 
bengalensis Ranesh et al., 2009.Total phenolic compounds found to be 40.9 mg/g in galangal 
roots (Pornpimon and Sakamon, 2008).The acetone extract of Bauhinia purpurea plant has 
27.67% of phenolic compounds, Ficuspomifera 7.50% Gynocardiaodorata 4.43%(Tapan, 2011). 
TPC increased with irradiation dose, but only significantly in fresh samples of irradiated 
tamarind juices (JuWoon et al., 2009).    Khattak et al., 2008 studied Nigella sativa seed showed 
that the phenolic content in radiation processed samples increased with the increases in 
radiation doses (2–16kGy) for acetone extract.   
3.2 Effect of electron beam irradiation on antioxidant activity 

DPPH (2, 2-diphenyl-1-picrylhydrazine) is stable free radical form molecule, it will as 
scavenger of other radicals. Increased the DPPH activity was applied to reduced the oxidation 
reaction; it may induce the compounds and alter the flavor and odor of the fruit (Bondet et 
al.,1997).Electron beam irradiated Chakaiya variety of amla the scavenging activity ranges from 
1.05 to 1.85% (Fig.2) in non irradiated amla and irradiated amla the DPPH values from 0.22 to 
1.24%. The shrubs like trees such as Bauhinia purpureahas, Dillenia pentagyna and Ficus clavata 
DPPH activity of was 0.34, 0.51 and 0.31%, respectively (Tapan, 2011). Charoenteeraboon et al. 
(2010) studied the DPPH scavenging activity of the water extract of Emblica officinalis the EC50 
value of 51.3±16.5 μg/ml.  Sebnem et al.,2012 investigated that strawberry fruits has81.3% at 
50 microgram of DPPH activity. Electron beam irradiated Tommy Atkins mango DPPH activity 
was 4.53% initial day and it was decreased in 4.29% of 21st day (Maria et al., 2007) and 
Ethanolic extract ofT.thymusantioxidant was increased due to gamma irradiation may be the 
reason of increased the biological activity (Lee et al., 2010).These results were tallying the 
present study. 
Fig. 2  Effect of electron beam irradiation on DPPH activity  of Sliced Pieces of  Chakaiya 
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Tannins are phenolic substances of plant origin, used in tanning and in medicine. Large 
variations of tannins in fruits have been reported according to the degree of maturation and 
also with their distribution on the fruit (Macheix et al., 1990). Tannins are considered the major 
antioxidant components of the fruits of Emblica officinalis (Ghosal et al., 1996). Antioxidant 
content of tannins was responsible for the astringency of many edible fruits. The process of 
fruit aging brings about changes in the composition and quality of tannins, thus lowering 
astringency and improving acceptability of the fruit (Shahidi and Naczk, 1995). 
Proanthocyanidin tannin of blackcurrant was 1.12 mg/100g fresh weight, Apricot 1.32 mg/100 g 
fresh weights, Cranberry 7.26 mg/100 g, Apple 5.94 mg/100 g, blueberry 3.46 mg/100g and 
Grapes 1.36 mg/100 g (Shahidi and Naczk, 1995 ; USDA, 2004). Tannin content was slightly 
increased in higher doses (Fig.3). 

 
 
 

Fig. 3  Effect of electron beam irradiation on Tannin  content  of Sliced Pieces of  Chakaiya 
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3.3 Effect of electron beam irradiation on enumeration of microbes 
The bacterial load of sliced pieces of Chakaiya fruit ranges from 1.25 to 2.58×106CFU/g. 

Non irradiated amla samples the values from 0.80 to 0.94×106CFU/g. The microbial load was 
increases with higher doses as well as the bacterial count was increased (Table 2). 
Table 2 Total bacterial count in sliced pieces of irradiated and control Chakaiya 
 

Doses (kGy)  log10 CFU/g   

 0 day 10th day 20th day  30th day  

0  1.33*±0.41d  1.61±0.18c 2.70±0.18b  3.86±0.11a 

0.05  0.80±0.32d 1.25±0.22c 2.27±0.23b 2.35±0.17a 
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             a-d   Mean separation within columns by Tukey new multiple range test  

       *- Values are average of 3 ± SD 
Some spoilage microbes are capable to colonize and create lesions on healthy, 

undamaged plant tissue (Tournas, 2005b). In the present study, microbial load was fully absent 
in some samples treated with electron beam irradiation. Other samples showed reduced and 
detectable level of bacterial load. Salmonella and E.coli are main contaminant of food were also 
absent in control itself after irradiation with higher doses also it was not occurred. In sliced 
pieces of Chakaiya fungal colonies were enumerated and values are demonstrated in Table 3.  
Table 3 Total fungal count in sliced pieces of irradiated and control Chakaiya  
 

Doses (kGy)  log10 CFU/g  

                         0 day                      10th day                     20th day                30th day  

0  11.23*±0.22d 1.59±0.28c 2.66±0.27b 2.84±0.15a 

0.05  ND  0.60±0.29c 1.90±0.21b 2.26±0.13a 

0.10  ND  0.90±0.30c 2.15±0.23b 2.30±0.12a 

0.15  ND  1.20±0.32c 2.28±0.25b 2.40±0.11a 

0.20  ND  1.38±0.33c 2.49±0.34b 3.63±0.10a 

0.25  ND  1.54±0.36c 2.64±0.23b 3.72±0.14a 

 
 
        ND- Not detectable 
        a-d Mean separation within columns by Tukey new multiple range test  

*- Values are average of 3 ± SD 
 

In control the fungal countsfrom1.23±0.22×102 to 2.84±0.15×102.Food irradiation to 
decontaminate insect and microorganisms has been studied for more than 40 years. Doses 
lower than 1.0kGy effectively control a large number of insects (Patil et al., 2004) and have 
already been used in many countries.  Mesophilic bacteria counts was acceptable limit at the 
dose of 2kGy, this results was agree with irradiated carrots (Chervin and Boisseau, 1994), 
vegetables (Farkas et al ., 1997), cilantro leaves (Fan et al ., 2003a) and diced celery (Prakash et 
al., 2000b). Heterotrophic bacterial count in Mangiferaindica was 5.4×104 and in Curcuma longa 
was 8.8×104  (Idu et al., 2011). 

Fruits have large quantity of extracellular pectinases and hemicellulases that are 
important factors for fungal spoilage in fruits. In fruits and vegetables most of the 
contamination occurs in the surface. The use of ionizing radiation depends on the radiation 
source in addition to factors such as food shape and type of packaging material (ICGFI, 1999). 

0.10  0.94±0.24d 1.51±0.30c 2.54±0.26b 2.57±0.18a 

0.15  0.95±0.21d 1.55±0.13c 2.56±0.27b 2.58±0.19a 

0.20  0.91±0.27d 1.64±0.14c 2.67±0.24b 3.68±0.21a 

0.25  0.94±0.28d 1.68±0.30c 2.69±0.31b 3.77±0.24a 
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The mesophilic aerobic bacterial load was ranges between 2 and 5 log10 CFU/g of fresh cut fruits 
depending on the producing season and area of growing region etc. (Zhuang et al ., 2003).   
Medicinal plant of Termina liachebula and Mentha piperita extracts exposed to gamma 
irradiation at the dose of 5.0kGy the mesophilic bacterial count was reduced in 5log and 4log 
reduction, respectively (Prakah et al., 2011). Curcuma longa and Syzygium aromaticum 
bacterial load was decreased in increased the gamma irradiated doses. Total plate count of 
ultra violet irradiated pine apple juice microbial load was reduced after adding the dicarbonate 
in between the two cycles of ultraviolet irradiation. The reduction occurs in 1.91 log CFU/ml 
and 1.73 log CFU/ml respectively (Rosnah et al., 2014).  The values of bacterial count were 
more in number than that of the fungal count. Of these values, orange was recorded in 39 
log10CFU and 25 log10CFU for mesophiles while the fungal population was put at 36 log10CFU 
for mold and 19 log10 CFU/in2 for yeast (Obetta, 2011). The fungal population ranged from 24 
log10CFU to 29 log10CFU for the yeast for apple and banana while the values ranged from 16 
log10CFU to 19 log10CFU for the same yeast or mold for carrot and orange (Obetta, 2011). The 
bacterial and fungal count was reduced during the exposure of electron beam irradiation in 
amla fruit (Antony and Murugesan, 2014).Vaccum packaged red pepper powder was not 
affected by irradiation, in addition gamma radiation up to 7kGy was reduced the population of 
mesophilic bacterial and fungal population (Lee et al., 2006). 

 
 
 

Conclusion 
In conclusion, irradiation is one of the good methods available for ensuring 

microbiological food safety. Amla contains good sources of some nutrients and 
antioxidantcompounds, especially vitamin C, DPPH and tannin. In this study proved that the 
antioxidant components and microbiological enumeration of amla slightly changed but not in 
significantly.  
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