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Abstract:- Food wastage as a consequence of 

deterioration and short shelf life is a major issue 

impacting food security and the economy of Nigeria and 

Cameroon in particular in the context of a rising 

population and constant natural resources. This study is 

aimed at investigating the effects of X-Irradiation on the 

physicochemical properties, and shelf life of red and white 

onion (Allium cepa), and Garlic (Allium sativum), in Benue 

State, Nigeria. The samples were sorted from local 

markets in Makurdi for homogeneity in shapes, 

dimensions, colour, freshness, maturation, and weights 

for the common goal of this research. Six samples each 

were exposed with 𝟎 𝒌𝑽𝒑, 𝟔𝟎 –  𝟏𝟎𝟎 𝒌𝑽𝒑 of X-

irradiation. The samples were stored at room 

temperature of 27 – 30oC. The density, moisture content, 

pH, masses, and physical condition were evaluated. The 

results for the ranges of density, moisture content, and pH 

respectively were: 𝟎. 𝟖𝟖𝟕𝟏 − 𝟏. 𝟎𝟔𝟒𝟔 𝒈/𝒄𝒎𝟑, 𝟕𝟗. 𝟔 −
𝟖𝟔. 𝟑%, and 𝟓. 𝟕 − 𝟔. 𝟓 for red Onion, 𝟎. 𝟖𝟐𝟑𝟏 − 𝟏. 𝟔 𝒈/
𝒄𝒎𝟑, 𝟕𝟒. 𝟐𝟏 − 𝟖𝟐. 𝟔𝟗%, and 𝟓. 𝟔 − 𝟔. 𝟒 for white Onion, 

and 𝟏. 𝟎𝟐𝟒𝟕 − 𝟏. 𝟐𝟑𝟕𝟓 𝒈/𝒄𝒎𝟑, 𝟓𝟖. 𝟒𝟑 − 𝟔𝟑. 𝟐%, and 

𝟔. 𝟐 − 𝟓. 𝟏 for Garlic. The mass shrinkage increased with 

storage and an increase in 𝒌𝑽𝒑 values increased shelf life 

extension. The study showed that the 𝟖𝟎 − 𝟏𝟎𝟎 𝒌𝑽𝒑 of X-

irradiation was best at preserving Onion for an additional 

3 weeks of storage, and the 𝟏𝟎𝟎 𝒌𝑽𝒑 of X-irradiation was 

best at preserving Garlic for an additional 3 – 4 days of 

storage. Hence diagnostic X-irradiation is recommended 

for the preservation of Onion and Garlic. 

 

Keywords:- Onion, Garlic, X-irradiation, Physicochemical 

Properties, Shelf Life. 

 

I. INTRODUCTION 

 
Over time, food has been eaten as processed or in raw 

form to obtain energy and sustain growth [1]. Human has 

prioritised concern over availability, access and supply of 

food since these factors influence food usage. Regarding 

food-consumption and food-producing patterns, many 

nations, regions and social groups of the world experience a 

relatively fixed pattern with minute changes occurring [2]. 

The following data was reported for food wastage distribution 

regarding production, processing, distribution, and 

consumer-generated wastage as 42% for fruits and 

vegetables, 26% for dairy, 19% for grains, and 13% for others 

[3–7]. As a consequence of rising population, climate change, 

inefficient supply chains, a great population experienced a 

shortage of food supply [8]. 
 

Onion is a shallow-rooted, biennial vegetable crop 

among the Alliums as well as cash crops that are grown as 

annual [9]. It is considered to be the second most important 

vegetable crop grown in the world after tomato. It is semi-

perishable, can be transported for long distances without 

much injury, with the number of hybrid varieties increasing 

rapidly each year [10,11]. Onion is liked for its flavour and 

pungency which is due to the presence of a volatile oil ‘allyl 

propyl disulphide’, an organic compound rich in sulphur. The 

beneficial compound called ‘quercetin’ present in onion is a 

powerful antioxidant. Recently onion is being used by the 
processing industry to a greater extent for preparing 

dehydrated forms like powder and flakes [12]. It was reported 

in 2018, the average highest world production countries of 

onion according to yield (kg/ha), quantities (tons), and Area 

(ha); Nigeria was ranked 29th (436 kg/ha), 16th (929,469 tons), 

and 3rd (2,542,936 ha) respectively, while Korea Rep., China, 

and India respectively topping the ranking [13]. Garlic is a 

species of plant of the genus Allium as well, which is not 

limited to leeks, chives, among other species, and represents 

one of the largest plant genera on Earth. The name garlic 

comes from the Anglo-Saxon word “garlec,” meaning 
“spear,” [14]. Like onions and other Alliums, garlic forms 

bulbs (which can either be white or red) that develop entirely 

underground, and the plant may or may not flower in the 

spring [15]. 

 

Spoilage responses occur in all varieties of food 

especially vegetables, immediately after harvest that can be 

countered by food preservation. Finding ways to keep food 

fresh and edible in ancient times, our ancestors brought about 

the idea of food preservation, which were not limited to 

concepts like sun drying, salting, and pasteurization, 

depending on seasonal factors and climatic conditions [1]. 
Food preservation refers to the techniques employed to 

reduce food spoilage and to extend the shelf life of food 

[16,17]. Different preservation and processing techniques 

exist which are classified as chemical, biological and physical 

processes [18–20] which gave a better shelf life extension by 

controlling the pathogens. Recent it has been shown that food 

transmission of the coronavirus disease 2019 (COVID-19) is 

misheed [21]. 
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Nowadays the food industries have widely explored 

irradiation as a key technique in food processing, 
preservation, and extending the shelf life of food that employs 

ionizing energy which alters the physical, chemical, or 

biological characteristics of food materials and products [22]. 

The application of ionizing radiation using X-rays, gamma 

rays, or electron beams can serve many purposes, such as 

eliminating organisms that cause food-borne illness, un-

contamination by killing organisms that cause deteriorations, 

controlling quarantine insects to check their spread, inhibiting 

sprouting and delaying ripening, and sterilizing food for 

patients with impaired immune systems [23]. The safety and 

endorsement of food irradiation have been approved by the 

World Health Organization (WHO), the Centres for Disease 
Control and Prevention (CDC), the US Department of 

Agriculture (USDA), and many other institutions around the 

world [24–27]. 

 

With the development of pathogen resistance to some of 

the common chemical synthetic compounds and with the 

increased wish to receive fresh products free of chemical 

residues leading to public risk, research for alternative 

substances or treatments has led to the utilization of ionizing 

radiation [28–31]. 

 
Consumer perception and horticultural commodities are 

ascertained by the quality of vegetables and fruits which 

constitutes a great aspect of the physiochemical properties 

[32,33]. The challenge in elaborating a general definition of 

quality about horticultural products stems to an extent from 

the different stakeholders partaking in the horticultural supply 

chain, each acting importantly as a consumer in relation to the 

preceding chain member [34,35]. Postharvest 

recommendations for harvesting, handling and packaging 

products along with the supply chain aim at maximizing the 

period of acceptable quality [33]. Hence the physicochemical 

properties such as pH, density, moisture content as depicted 
by [36]  of the various samples in this study will be discussed 

and the shelf life associated with preservation. As a 

consequence of the perishable nature of Onions, and Garlic, 

the high demand for these products and their daily use as food 

and spices for other foodstuffs, their preservation via the 

safest method remain a priority to research. There exist a 

great number of reports, books, conference proceedings and 

scientific articles available depicting that irradiation of food 

products, in the form of X-irradiation, electron beams or 

gamma rays, is effective in overcoming quarantine barriers in 

the international market, as a mode of disinfection, 
decontamination, and improvement of shelf life, 

physicochemical properties and nutritional attributes [37–

43]. 

 

 

 

 

 

 

 

 
 

 

II. MATERIAL AND METHOD 

 
A. Materials 

The Onion (Allium cepa) species and Garlic (Allium 

sativum) were collected freshly from the local markets around 

Makurdi in the Benue State of Nigeria. The samples were 

sorted for homogeneity in shapes, dimensions, colour, 

freshness, maturation (with the help of some experts), and 

weights for the common goal of this research [44]. 

 

B. X-rays spectroscopy 

The Five samples of Red Onion, White Onion, and 

Garlic were sealed in plastic paper and exposed to X-

irradiation from an X-ray machine from The Joseph Sarwuan 
Tarkan University Clinic. A sample of the various species 

was kept as control (non-irradiated). The product of the tube 

current and exposure time (mAs) was kept constant, with 32 

mA at 2 s, while varying the exposure voltage in the interval 

of 60-100 kV for different sealed samples, at a distance of 

80cm. 

 

C. Physicochemical properties 

The percentage moisture content of the samples was 

obtained using the microwave oven-dry, a balance, and a 

crucible dish. The sample was cut to a particular shape and 

size. The mass (𝑀1) of the crucible dish without the sample 

was measured. The sample was placed in the crucible dish 

and the mass (𝑀2) measured as well. The crucible dish 

containing the sample was placed in the microwave oven to 

dry for 4 hours. After this time, the dish containing the dried 

sample was removed, cooled in a desiccator, and the mass 

(𝑀3) was measured.  

 

The moisture content (𝑀. 𝐶) on a wet basis (w.b) was 
calculated by Equation (1): 

2 3

2 1

. (%) 100%M C M M
M M


 


 (1) 

 

The density was measured as follows: The juice from 

the samples was extracted with the help of a Juicer and the 

solution got from it was used to measure the density via the 

density bottle, and a balance. The density (ρ) was calculated 
from the mass M and the volume (V) of the solution from the 

sample as in Equation (2): 

 
M

Density
V

  (2) 

 

The pH was measured by extracting the juice from the 

samples with the help of a Juicer. The solution got from it was 
used for pH measurements via the Radiometer (Cleveland, 

OH) Model ROHS pH meter with standard glass electrode at 

room temperature. 
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D. Shelf life 

The mass of the samples, both the control and X-
irradiated were weighed during the storage period. This was 

done as demonstrated by Dwijananti et al. and Akrom et 

al.[41,45]. 

 

i f
M M M    (3) 

  

and, 

(%) 100%
i fi

i

M
M M

M


   , 

(4) 

 

where ∆𝑀 is the mass shrinkage of the sample, ∆𝑀(%) 

is the percentage mass shrinkage of the sample, 𝑀𝑖 is the mass 

of the sample before irradiation, 𝑀𝑓 mass of the sample after 

storage time intervals, and 𝑀𝑓𝑖 mass of the sample after the 

final storage period and just before discarding. 

 
III. RESULTS AND DISCUSSION 

 

The results of the study evaluated for 4 months periods 

were in intervals depending on the sample involved. The 

three most important variables that affect the storage of this 

perishable commodity include; the quality of the product at 

the start of the storage process, storage conditions, and the 

period of storage [46]. Storage losses are often likened to 

weight losses and losses in the quality of the product which 

are a consequence of; respiration [47], sprouting [48], 
evaporation of water from the product [49], changes in 

chemical composition and physical properties of the product 

[50,51], and damage by extreme temperatures. 

 

The density of the Onion cultivar for the control sample 

varies from 1.0477 − 0.8871 𝑔/𝑐𝑚3 for red Onion and 

0.9625 − 0.8231 𝑔/𝑐𝑚3 for the white onion species during 

the storage period as shown in Fig. 1. (a) and (b). X-

irradiation has a slight effect on the density of the samples 

which varies in the intervals 1.0477 − 1.0687 𝑔/𝑐𝑚3, 

0.9625 − 1.0750 𝑔/𝑐𝑚3, and  1.1376 − 1.2375 𝑔/𝑐𝑚3 for 

the Red Onion, White Onion and Garlic respectively. The 

density observed a decreasing trend during the storage period, 

with the greater trend observed in the control sample as 
depicted in Fig. 1. (a-c). 

 

The samples lost moisture and the moisture content 

decreases during storage with a decreasing trend as observed 

in Fig. 2. (a-c). The moisture content of the control sample 

varies from 81.3% - 79.6%, for red Onion, 76.670% - 

74.210% for white Onion and 62.610% − 61.021% for 

Garlic. The 100 kVp sample showed a minimum decrease of 

86.3% - 84.4%, 82.696% - 78.689%, and 63.380% - 61.021% 

for Red Onion, White Onion and Garlic respectively. 
 

The pH of the samples turns toward the acidic stage as 

the storage period increases. The trend is observed to be 

decreasing as depicted in Fig. 3. (a-c). The control samples 

registered a pH range of 6.5 – 5.8, 6.2 – 5.6, and 6.2 – 5.1 for 

the Red Onion, White Onion, and Garlic respectively. The 

minimum decreasing trend was observed in the 100 kVp of 

X-irradiated samples in the range 6.3 – 5.8, 6.4 – 6.0, and 6.5 

– 6.0 for Red Onion, White Onion, and Garlic respectively. 

 

Storage of foods encounters an exceeding range of 

environmental conditions such as temperature, humidity, 
oxygen, and light which trigger several reaction mechanisms 

that may lead to food degradation. This is not limited to post-

harvest losses reducing the benefits of freshness in produce 

due to mishandling, rotting, sprouting, and dehydration [52]. 

As a consequence of these mechanisms, it is therefore 

imperative that a good understanding of different reactions 

that cause food deterioration is gained before developing 

specific procedures for the evaluation of the shelf life of foods 

[53]. 

 

 

0.8

0.85

0.9

0.95

1

1.05

1.1

0 5 10 15

D
en

si
ty

 (g
/c

m
^3

)

Storage time (Weeks)

0 kVp

60 kVp

70 kVp

80 kVp

90 kVp

100 kVp

(a) 

http://www.ijisrt.com/


Volume 7, Issue 1, January – 2022                International Journal of  Innovative Science and Research Technology                                                 

                                        ISSN No:-2456-2165 

  

IJISRT22JAN480          www.ijisrt.com                     312 

 

 
Fig 1 Variation of Density with storage periods of samples at different kVp values of X-irradiation for: (a) Red Onion; (b) White 

Onion; (c) Garlic. 
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Fig 2. Variation of Moisture Content with storage periods of samples at different kVp values of X-irradiation for: (a) Red Onion; 

(b) White Onion; (c) Garlic. 
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Fig 3. Variation of pH with storage periods of samples at different kVp values of X-irradiation for: (a) Red Onion; (b) White 

Onion; (c) Garlic. 

 

 
Fig 4. Mass shrinkage ∆M (g) of red Onion against storage period in weeks of samples for different kVp values of X-irradiation. 
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Fig 5. Mass shrinkage ∆M (g) of white Onion against storage period in weeks of samples for different kVp values of X-

irradiation. 
 

The mass shrinkage ∆M is shown to increase with storage. This increase was relative since the control sample had the 

greatest increasing variation and the 100 kVp had the lowest increasing variation as seen in Fig. 4, 5, and 6 for the Red Onion, 

White Onion and Garlic respectively. The percentage mass shrinkage ∆𝑀(%) for the 0 kVp and 100 kVp samples respectively 

were: 29.8% and 24.7%, 28.2% and 21.1%, and 7.9% and 4.0% for the Red Onion, White Onion, and Garlic respectively. 

 
Fig 6. Mass shrinkage ∆M (g) of Garlic against storage period in weeks of samples for different kVp values of X-irradiation. 

 

IV. CONCLUSION 
 

The study revealed that diagnostic X-rays affect the 

density, moisture content, and pH of Red Onion, White 
Onion, and Garlic. It was concluded that increasing kVp 

values of X-irradiation from 0, 60, 70, 80, 90, and 100 kVp 

values have slight changes in the physicochemical properties 

like the density, moisture content, and pH, keep the firmness, 

and freshness of the product which affected the products shelf 

life as; the 80-100 kVp of X-irradiation was best at preserving 

Onion for an additional 3 weeks of storage, the 100 kVp of 

X-irradiation was best at preserving Garlic for an additional 

3 – 4 days of storage. 

 

ACKNOWLEDGEMENT 

 

The authors appreciate the management of the Centre 
for Food Technology and Research (CEFTER), Benue State 

University, Makurdi for their support toward the realisation 

of these results. 

 

 

 

 

 

 

0

5

10

15

20

25

0 5 10 15 20

∆M
 (g

)

Storage time (Weeks)

0 kVp

60 kVp

70 kVp

80 kVp

90 kVp

100 kVp

250

350

450

550

650

0 5 10 15

∆
M

 (
m

g)

Storage time (Weeks)

0 kVp

60 kVp

70 kVp

80 kVp

90 kVp

100 kVp

(a) 

(a) 

http://www.ijisrt.com/


Volume 7, Issue 1, January – 2022                International Journal of  Innovative Science and Research Technology                                                 

                                        ISSN No:-2456-2165 

  

IJISRT22JAN480          www.ijisrt.com                     316 

REFERENCES 

 
[1]. Sridhar, A. Ponnuchamy, M. Kumar, P.S. and Kapoor, 

A. 2020. Food preservation techniques and 

nanotechnology for increased shelf life of fruits, 

vegetables, beverages and spices: a review.  Environ. 

Chem. Lett. 2, 1–21.  

[2]. Rubatzky, V. E. and Yamaguchi, M. 1997. World 

Vegetables: Principles, Production, and Nutritive 

values., 2nd ed. Dordrecht: Springer-science+Business 

Media, B.V. 

[3]. Griffin, M. Sobal, J. and Lyson, T.A. 2009. An analysis 

of a community food waste stream. Agric Hum. Values 

26, 67–81.  
[4]. Filimonau, V. and De Coteau, D.A. 2019. Food waste 

management in hospitality operations: a critical review. 

Tour Manag 71, 234–245.  

[5]. Gomez-Zavaglia, Mejuto, A.J.C. and Simal-Gandara, J. 

2020. Mitigation of emerging implications of climate 

change on food production systems. Food Res Int 134, 

109256.  

[6]. Silvennoinen, K. Katajajuuri, J.M. and Hartikainen, H. 

2014. Food waste volume and composition in Finnish 

households. Br Food J 1161058–1068.  

[7]. ReFED. 2016. A Roadmap to Reduce U.S. Food Waste 
by 20 Percent. Cent. Food loss waste Solut.  

[8]. Leisner, C.P. 2020. Review: climate change impacts on 

food security- focus on perennial cropping systems and 

nutritional value. Plant Sci 293, 110412.  

[9]. Tekle, G. 2015. Growth, Yield, and Quality of Onion 

(Allium Cepa L.) as Influenced by Intra- row Spacing 

and Nitrogen Fertilizer Levels in Central Zone of 

Tigray, Northern Ethiopia. Haramaya University, 

Haramaya.  

[10]. Jilani, M. Ahmed, S.P. Waseem, K. and Kiran, M. 2010. 

Effect of plant spacing on growth and yield of two 

varieties of onion (Allium cepa L.). Pak. J. Sci. 62, 37–
41.  

[11]. Rubatzky, V. and Yamagunchi, M. 1997. World 

Vegetables, Principles, Production, and Nutritive Value. 

2nd edition. International Thomson publishing Pp 804.  

[12]. Singh, G. 2015. Effect of integrated nutrient 

management on growth, yield and quality of onion. 

University of Horticulture and Forestry, Nauni Solan –

173 230 (HP), INDIA.  

[13]. Hanci, F. 2018. A Comprehensive Overview of Onion 

Production: Worldwide and Turkey. IOSR J. Agric. Vet. 

Sci. 11, 17–27.  
[14]. White, K. and Zellner, J. 2008. Scientific Classification 

and Etymology. In College Seminar 235 Food for 

Thought: The Science, Culture, & Politics of Food 

Spring, 2008.  1885, 1–29. 

[15]. Estes, J. 2000. Garlic, The Cambridge World History of 

Food. Cambridge University Press.  

[16]. Rahman, M.S. 2007. Handbook of food preservation, 

2nd ed. Boca Raton: Taylor and Francis.  

[17]. Rodriguez-Gonzalez, O. 2015. Energy requirements for 

alternative food processing technologies principles, 

assumptions, and evaluation of efficiency. Compr Rev 
Food Sci Food Saf. 14, 536–54.  

 

[18]. Drake, M.A. Drake, S. Bodyfelt, F.W. Clark, S. and 

Costello, M. 2008. The sensory evaluation of dairy 
products, 2nd ed. New York: Springer.  

[19]. Karel, M. and Lund, D.B. 2003. Physical principles of 

food preservation, 2nd ed. New York: CRC Press.  

[20]. Ohlsson, T. and Bengtsson, N. 2002. Minimal 

processing technologies in the food industry, 1st ed. 

Florida: CRC Press.  

[21]. Han, J. Zhang, X. and He, S. 2020. Can the coronavirus 

disease be transmitted from food? A review of evidence, 

risks, policies and knowledge gaps. Env. Chem Lett.  

[22]. Peivaste, I. and Alahyarizadeh, G. 2019. Comparative 

Study on Absorbed Dose Distribution of Potato and 

Onion in X-ray and Electron Beam System by 
MCNPX2.6 Code. J. Metrol. Soc. India. 9, 1–11.  

[23]. Barkai-Golan, R. and Follett, P.A. 2017. Irradiation for 

Quality Improvement, Microbial Safety, and 

Phytosanitation of Fresh Produce. London, San Diego, 

Cambridge, Kidlington: Academic Press, Elsevier Inc.  

[24]. World Health Organization. WHO. 1988. Food 

Irradiation, a Technique for Preserving and Improving 

the Safety of Food. Geneva.  

[25]. CAST, 1996. Radiation Pasteurization of Food. Counc. 

Agric. Sci. Technol. Ames., IA. 7.  

[26]. International Atomic Energy Agency, IAEA. 2006. Use 
of irradiation to ensure the hygienic quality of fresh, pre-

cut fruits and vegetables and other minimally processed 

food of plant origin. In Proceedings of a final research 

coordination meeting organized by the Joint FAO/IAEA 

Programme of Nuclear Techniques in Food and 

Agriculture and held in Islamabad, Pakistan, 22-30 July 

2005. 170–187. 

[27]. European Food Safety Authority, EFSA. 2011. 

Scientific opinion of the efficacy and microbiological 

safety of irradiation of food. EFSA J. 9 1–88.  

[28]. Charles, M.T. Arul, J. and Stevens, C. 2008. Emerging 

approaches and technologies to improve the diseases of 
horticultural crops. Recent Adv. Agric., 99–128.  

[29]. Cia, P. Benato, E.A. and Pascholati, S.F. 2010. Use of 

irradiation in postharvest disease management: 

problems and solutions. Int. J. Rev. Postharvest Biol. 

Technol. 6, 1–7,  

[30]. Niemira, B.A. 2013. Antimicrobial application of low-

dose irradiation of fresh and fresh-cut produce. In Food 

Irradiation Research and Technology, Second ed., X. 

Fan and C. H. Sommers, Eds. New York: 

WileyBlackwell IFT Press. 255–270. 

[31]. Terry, L.A. and Joyce, D.C. 2004. Elicitors of induced 
disease resistance in postharvest horticultural crops: a 

brief review. Postharvest Biol. Technol. 32, 1–13.  

[32]. Huang, K. Li, F. Wei, Y. Fu, X. and Chen, X. 2014. 

Effects of earthworms on physicochemical properties 

and microbial profiles during vermicomposting of fresh 

fruit and vegetable wastes. Bioresour. Technol. 170, 45–

52.  

[33]. Kyriacou, M.C. and Rouphael, Y. 2018. Towards a new 

definition of quality for fresh fruits and vegetables. Sci. 

Hortic. (Amsterdam). 234, 463–469.  

[34]. Abbott, J.A. 1999. Quality measurement of fruit and 
vegetables. Postharvest Biol. Technol. 15, 207–225.  

 

http://www.ijisrt.com/


Volume 7, Issue 1, January – 2022                International Journal of  Innovative Science and Research Technology                                                 

                                        ISSN No:-2456-2165 

  

IJISRT22JAN480          www.ijisrt.com                     317 

[35]. Watada, A.E. 1980. Quality evaluation of horticultural 

crops: the problems. HortScience 15, 47.  
[36]. Barbosa, C. Alves, M.R. Rocha, S. and Oliveira, M.B.P. 

2015. Modified atmosphere packaging of precooked 

vegetables: Effect on physicochemical properties and 

sensory quality. Food Chem. 194, 391–398.  

[37]. Lacroix, M. and Ouattara, B. 2000. Combined industrial 

processes with irradiation to assure innocuity and 

preservation of food products: A review. Food Res. Int. 

33, 719–724.  

[38]. Teets, A.S. Sundararaman, M. and Were, L.M. 2008. 

Electron beam irradiated almond skin powder inhibition 

of lipid oxidation in cooked salted ground chicken 

breast. Food Chem. 111, 934–941.  
[39]. Ghosh, S. and Das, M.K. 2014. Attenuation coefficients 

and absorbed gamma radiation energy of different 

varieties of potato, mango and prawn at different storage 

time and physiological conditions. Food Chem. 145, 

694–700.  

[40]. Lacroix, M. Bernard, L. Jobin, M. Milot, S. and Gagnon, 

M. 1990. Effect of irradiation on the biochemical and 

organoleptic changes during the ripening of papaya and 

mango fruits. Radiat. Phys. Chem. 35, 296–300.  

[41]. Dwijananti, P. Handayani, L. Marwoto, P. and Iswari, 

R.S. 2016. Study of Post-Harvest Ambon Banana (Musa 
acuminata) Preservation Using X-Ray. In Journal of 

Physics: Conference Series 739, 1–4. 

[42]. Arias-Rios, E.V. Acuff, G.R. Castillo, A. Lucia, L.M. 

Niebuhr, S.E. and Dickson, J.S. 2019. Identification of 

a surrogate to validate irradiation processing of selected 

spices. LWT - Food Sci. Technol. 102, 136–141.  

[43]. Premi, D. M. et al., 2018. Effect of gamma irradiation 

on nutritional properties and antinutrient contents of 

Citrus jambhiri Lush. Fruits In vitro mass-multiplication 

and conservation of some endangered Citrus species of 

NEH Region of India View project Effect of gamma 

irradiation. J. Pharmacogn. Phytochem. 7, 4.  
[44]. Tiam, D.P. 2013. A review on image feature extraction 

and representation techniques. Int. J. Multimed. 

Ubiquitous Eng. 8, 385–396.  

[45]. Akrom, M. Hidayanto, E. and Susilo, 2014. Kajian 

Pengaruh Radiasi Sinar Gamma Terhadap Susut Bobot 

Pada Buah Jambu Biji Merah Selama Masa 

Penyimpanan. J. Pendidik. Fis. Indones. 10, 86–91.  

[46]. Burton, W.G. Van, E.A. and Hartmans, K.J. 1992. The 

physics and physiology of storage. In The potato crop, 

2nd ed., P. M. Harris, Ed. London: Chapman and Hall. 

Pp. 608–727. 
[47]. Basker, D. 1975. Centigrade scale temperature 

corrections to the specifie gravity of potatoes. Potato 

Res. 18, 123–125.  

[48]. Amoros, W. Espinoza, J. and Bonierbale, M. 2000. 

Assessment of variability for processing potential in 

advanced potato populations. Lima: CIP.  

[49]. Kabira, J. and Berga, L. 2003. Potato processing quality 

evaluation procedures for research and food industry 

applications in East and Central Africa. Nairobi, Kenya: 

Kenya Agricultural Research Institute.  

 
 

 

[50]. Cronk, T.C. Kuhn, G.O. and McArdle, F.J. 1974. The 

influence of stage of maturity, level of nitrogen 
fertilization and storage on the concentration of solanine 

in tubers of three potato cultivars. Bull Env. Contam 

Toxicol. 11, 163–168.  

[51]. Maga, J.A. 1980. Potato glykoalkaloids. Crit Rev Food 

Sci Nut 12, 372–405. 

[52]. Munir, N. Hameed, N. Haq, R. and Shagufta, N. 2017. 

Effect of gamma radiation on the shelf life, 

physiological and nutritional value of onion (Allium 

cepa L.). Philipp. J. Crop Sci. 42, 61–65.  

[53]. Man, C.M.D. and Jones, A.A. 1994. Shelf Life 

Evaluation of Foods, 1st edition. Dordrecht: Springer 

Science+Business Media.  
 

http://www.ijisrt.com/

