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Abstract 

To investigate the effect of temperature (5, 10 and 15 °C) and storage time of 1 to 5 days on the RR (RO2 

and RCO2) of pomegranate cultivar (cv. ‘Bhagwa’) fresh arils. A study was conducted to determine the 

influences of storage temperature (5, 10 and 15 ◦C) and duration on RR of whole pomegranate fruit and 

arils of two pomegranate cultivars. This requires an adequate mathematical model for prediction of RR as 

a function of both time and temperature. This study investigated the effect of temperature (5, 10 and 15 

°C) and storage time of 1 to 5 days on the RR (RO2 and RCO2) of pomegranate cultivar (cv. ‘Bhagwa’) 

fresh arils. RO2 and RCO2 were within the range of 2.54 to 8.36 ml/kg.h and 2.76 to 10.04 ml/kg.h, 

respectively for both cultivars. Reducing storage temperature of arils from 15 to 5°C decreased RO2 and 

RCO2 by about 67 and 70%, respectively. Temperature had the greatest influence on RR and the 

interaction of time and temperature also significantly affected RO2 and RCO2.The dependence of RR on 

temperature and time was accurately described with a combination of an Arrhenius-type and power 

equation model for RO2 and RCO2 of fresh pomegranate arils and fruits. 

 

Keywords: Pomegranate, modelling, respiration rate, respiration quotient 

 

Introduction 
In recent years, considerable effort has been made to ensure the quality and safety of 

minimally processed fruits until they are consumed. Controlling product temperature during 

refrigerated storage is of critical importance: an optimum temperature maintains the visual 

quality of fresh cut fruits and reduces their respiration rate, tissue softening and microbial 

spoilage (Cantwell and Suslow, 2002). A break in the cold chain can lead to a sharp rise in a 

fruit’s respiration rate, affecting the stationary oxygen and carbon dioxide levels inside the 

package. Therefore, knowledge of the evolution of food products throughout the refrigerated 

storage process is essential and can be gained through experimental procedures and numerical 

study. Although experimental research is needed in order to identify real conditions and 

problems, it can be costly and time consuming. Numerical study is an alternative tool that can 

be used to reproduce refrigerated storage conditions in order to study the influence of different 

factors on food product preservation. 

Pomegranate fruits is excellent source of sugars, vitamin c and minerals namely iron, 

potassium, calcium and bioactive compounds, mainly anthocyanins which exhibit strong 

chemo-preventive activities such as anti-mutagenicity, anti hypertension, antioxidative 

potential and reduction of liver injury (Lopez-rubira et al., 2005). It has high antioxidant 

activity, which is attributed to its large amounts of phenolic compounds and sugar containing 

polyphenolic tannins and anthocyanins (Cam et al., 2009).  

Modified atmosphere packaging (MAP) technology extends the shelf-life and maintains 

quality of fresh-cut produce by lowering the respiration rate and retarding the development of 

physiological disorders and proliferation of spoilage pathogenic microbes (Artés and others 

2000). MAP is the dynamic process of altering gaseous composition within a package to 

extend storage life and optimize fresh produce quality. It relies on the interaction between the 

RR of the produce, and the transfer of gases through the packaging material, with no further 

control exerted over the initial gas composition (Caleb et al. 2012) [11]. However, a quantitative 

description of RR of fresh produce via mathematical modelling is essential for the design of 

MAP (Fonseca et al., 2002). When fruit respiration does not correlate to the permeability 

properties of packaging film, increase in the concentration of CO2 will build up beyond 

acceptable levels, leading to anaerobic respiration and ethanolic cumulation inside the fresh 

produce package. This results in the development of off-flavours, odours and decay (Caleb et 

al. 2012) [9]. Although, some studies have reported information on the RR of arils of selected 

pomegranate cultivars (Ersan et al., 2010), there is no predictive model on the RR of fresh 

pomegranate arils describing the effect of time and temperature. Therefore, the objectives of  
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this study were (i) to investigate the effect of temperature and 

time temperature on RR of whole pomegranate fruit and fresh 

arils cultivars of ‘Bhagwa thereby provide valuable 

information on the design of MAP for pomegranate fruit. 

 

Materials and Methods 

Fully ripe pomegranate (Punica granatum L.) fruit cvs. 

‘Bhagwa’ were procured from koyambed fruit market, 

Chennai to the Food science and Technology Laboratory, 

College of Food and Dairy Technology. The duration of 

transportation was about 2 hours. On arrival, fruit were 

immediately stored at 5 °C until the next day, when they were 

peeled manually in a clean cold room at 5°C by carefully 

removing the arils to avoid damage. Samples of arils were 

weighed (≈ 150 g each sample), and each sample was placed 

inside a glass jar of about 500 ml, and equilibrated atthe 

desired storage temperature (5, 10 or 15 °C) for at least 1 hour 

prior to experiment. 

 

Experimental setup 
Respiration rates measurement using flow through system is 

technically difficult; since it requires highly accurate 

analytical equipment (Cameron et al., 1989). A closed system 

is the convenient way of measuring the respiration of fresh 

produce (Hagger et al., 1992). Hence the respiration rate data 

was experimentally generated for different temperatures using 

the closed system method. The respiration rate measurement 

of pomegranate was done as per the method adopted by Singh 

(2011). A closed system is used to measure the respiration 

rate of pomegranate arils. A known weight of mature 

pomegranate fruit and arils was filled into air tight glass 

container of known volume. The container was sealed 

carefully using vacuum grease. A single hole covered with 

silicon septum was made in container for measurement of gas 

concentrations. After packaging, container was kept at 

different temperature i.e. 5 °C, 10 °C, and 15 °C at 75% RH 

in an Environmental chamber and time was recorded. The O2 

and CO2 concentrations in the headspace was measured and 

recorded after every 0.5 h directly by piercing syringe inside 

closed glass chamber through septum by a Headspace 

gasanalyser. To ensure a hermetic seal, Vaseline was 

incorporated into the gap between lid and jar for all the glass 

jars.  

The gascom position within the glass jars was monitored over 

time with an O2/CO2 gas analyser with an accuracy of 0.5% 

(Checkmate 3, PBI Dan sensor). Gas samples were taken at an 

hourly interval from the jar head space through the rubber 

septum. An additional set of experiments was performed at 

8◦C in order to validate the mathematical model. RO2 and 

RCO2 were determine d by fitting experimentally obtained 

data on yO2 and yCO2 with Eqs.(1) and (2), respectively, 
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Ro2 and Rco2 
- 

Respiration rate, in terms of O2 and CO2 

evolved respectively, m3/kg/h 

V - Free volume inside the package 

yo2
ti and yo2

tf - 
volumetric concentration of O2 at initial and 

final time respectively,% 

yco2
ti and yco2

tf - 
volumetric concentration of CO2 at initial and 

final time respectively,% 

m - Mass of the stored product, kg 

ti and tf - Initial and final time respectively, h 

 

Additionally, in order to characterise the effect of time 

onrespiration rate of the arils, periodic gas samples were taken 

hourly over a period of 5 hours from the hermetic sealed jars, 

after which the glass jars were opened slightly to minimize 

rapid moisture loss and also to avoid built-up of sub-

atmospheric gases. Following overnight storage time the jars 

were closed hermetically and gas samples were taken. This 

cycle was repeated over a 5 day storage period and no 

spoilage was observed over this period. The gas samples 

taken during 5 hour measurement period were used to 

calculate RO2 and RCO2 using Eqn. 1 and 2. 

 

Statistical analyses 

Response surface methodology (RSM) was used with two 

factors (time and temperature) each at three levels of 

temperatures 5, 10and 15 ◦C at 95% confidence interval to 

assess the effects of time and temperature, and the interaction 

between time and temperature on the RR data. One-way 

analysis of variance (ANOVA) at the 95% confidence interval 

was applied to evaluate the effect of time and temperature on 

RR and respiratory quotient (RQ). All experiments were 

carried out in triplicate and data were analyzed using 

Statistical software (SPSS, 10.0). 

 

Results and Discussion 

Rate of respiration 
The O2 concentration decreased and CO2 increased with time 

inside the container at all the temperature. The respiration 

data corresponding to the different temperature indicated that 

as the temperature increased the respiration progressed at 

faster rate. The rate of respiration was higher at the start of the 

experiment and gradually declined as the storage period 

prolonged, before becoming almost constant. 

 

Effect of temperature on the respiration rate 

The influence of temperature on the O2 consumption (RO2) 

and CO2 production (RCO2) of both whole pomegranate fruit 

and fresh arils for the two cultivars was significant, as shown 

in Fig. 1. RO2and RCO2 were within the range of 4.58±0.34–

15.21±1.16 mL/kg h and 5.72±0.28–18.7 ±1.62 mL/kg h, 

respectively, for whole fruit, and in the range of 2.52±0.20–

8.36±0.60 mL/kg h and 2.72±0.12–10.12±0.26 mL/kg h, 

respectively, for fresh arils. Reducing temperature from 15 to 

5 ◦C decreased RO2 and RCO2 by about 68 and 67% for whole 

fruit 67 and 70% for fresh arils; respectively. This significant 

reduction in fruit respiration rate at lower storage temperature 

corroborates the findings reported for other types of fresh 

produce (Nie et al., 2005). For instance, Terrier et al. (2010) 

reported a decrease in RR by 88and 84% for RO2 and RCO2, 

respectively, when the storage temperature of minimally 

processed broccoli was reduced from 20 to 3 ◦C. The slightly 

lower percentage reduction in respiration rates of both whole 

fruit and fresh arils found in the present study compared 

toother types of fresh produce such as broccoli may be 

attributed to the non-climacteric nature of pomegranate fruit 

and differences in temperature regimes tested. 
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(a) 
 

 
 

(b) 
 

Fig 1: (a, b) Effect of storage temperature on respiration rate of 

pomegranate fruit and arils of two Indian cultivars: (a) Bhagwa. 

Continuous and dotted lines represent the respiration rate of 

pomegranate whole fruit and arils, respectively. Circle and triangle 

represents the O2 consumption rate and CO2 production rate, 

respectively 

 

There was no significant difference in RR of the two cultivars 

(‘Bhagwa’ at all experimental temperatures (p > 0.05) studied. 

However, irrespective of cultivar, the RR of whole fruit was 

significantly higher than those of fresh arils, as shown in Fig. 

1.  

 

 
 

(c). Relationship between experimental and predict respiration rate 

values of pomegranate whole fruits and arils 
 

The RR of whole fruit was two to three folds higher, in 

comparison to those of the fresh arils across all experimental 

temperatures. Contrary to other fresh-cut fruit in which 

membranes and cells are damaged, resulting in increased 

tissue metabolic processes such as enzymatic browning, 

increased rate of water loss andrespiration rates due to the 

increased surface area in contact with atmospheric oxygen 

(Zagory, 1998; Iqbal et al., 2009; Torrieri et al.,2009), 

pomegranate arils have a protective membrane which 

prevents direct tissue or cellular interaction of its succulent 

portion with atmospheric conditions after the husk is carefully 

removed. 

 

 
 

(a) 

 

 
 

(b) 
 

Fig 2: (a, b) Changes in respiration rate of arils with time at 

different temperatures: (a) and (b): RCO2 and RO2 of arils 

(“Bhagwa’) 

 

The observed effect of temperature on RR of arils as shown in 

Fig. 2, is similar to those reported by Gil et al. (1996) [24], who 

reported respiration rates of 1.94, 1.30, and 0.53 mL CO2/kg h 

for pomegranate arils (cv. ‘Mollar’) stored at 8, 4, and 1◦C, 

respectively. However, the difference between the responses 

of the two cultivars in this study at 15 ◦C highlights the 

possible influence of physiological differences between 

cultivar responses to storage condition (Al-Mughrabi et al., 

1995). Furthermore, the spike observed in RR at  

15 ◦C (Fig. 2), suggests the possible influence of ethylene. 

Devlieghere et al. (2003) found a linear relationship when RR 

at a specific temperature was plotted against the ethylene 

production rate for different O2 and CO2 concentrations for 

climacteric and non-climacteric fruit. 
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Fig 3: A fitted surface plot showing the effect of temperature and time on RO2 (mL/kg h) for pomegranate arils (‘Bhagwa’) 

 

 
 

Fig 4: A fitted surface plot showing the effect of temperature and time on RCO2 (mL/kg h) for pomegranate arils (‘Bhagwa’) 

 

In terms of relevance to MAP design, the pattern of RR of 

pomegranate arils in relation to storage temperature and times 

shown in Fig. 3. Can serve as guiding tool towards other 

MAP parameters such as package volume to packed arils 

volume, typeof packaging material, barrier properties and 

temperature sensitivity of packaging material (Fonseca et al., 

2002). For instance at15 ◦C, if the permeability property of a 

packaging film does not correlate with the respiration rate 

observed. This can lead to excessive accumulation of CO2, 

resulting in cell membrane damage and physiological injuries 

to the product (Caleb et al., 2013) [12]. 

Furthermore, at 5 ◦C storage temperature, the respiration rate 

was at its lowest and appeared to be relatively constant over 

time. Thus, if an inappropriate ratio of package volume to 

packed arils volume or packaging material is used the gas 

equilibrium level at steady-state required inside the package 

for passive-MAP will take a longer time to establish. MAP 

has been reported to strongly reduce water loss and chilling 

injuries without incidence of decay in pomegranate fruit 

(Artés et al., 2000), and to maintain arils pigments 

(anthocyanin’s) better in comparison to samples packed 

without MAP (Gil et al., 1996) [24]. 

RQ of pomegranate arils ranged between 1.08 ± 0.06 and 1.64 

±0.08 for cv. ‘Bhagwa’. The RQ value of arils estimated by 

linear regression of RCO2 vs. RO2 was 0.98 ± 1.14 (R2 adj = 

98%) at 95% significant level. These values compares 

favorably with normal RQ limits (0.7 to 1.3) for aerobic 

respiration (Kader et al., 1989), with the exception of 

pomegranate arils (cv. ‘Bhagwa’) at 15 °C. However, 

experimental evidence suggests that the significant (p < 0.05) 

influence of time and temperature on the observed high RQ 

for pomegranate arils (cv. ‘Bhagwa’) occurred under aerobic 

conditions, similar to the findings reported by Wang et al. 

(2009) for guava fruit. 

Based on the experiments, it was concluded that the steady-

state respiration rates were found to be decreasing with 

storage time. Temperature had the most significant impact on 

the RR of arils of both pomegranate cultivar (cv. ‘Bhagwa’) 

and the RR were 3-4 folds significantly higher with increased 

temperature from 5 to 15 °C. The influence temperature and 

time also had a significant influence on the RR of fresh arils. 

This highlights the importance of maintaining optimal cold-

storage condition for fresh produce along the supply chain. 

The applicability of two different models for the prediction of 

respiration rate was verified for pomegranate fruit using the 

experimental data generated at different temperatures. The 

respiration rates obtained through the models exhibited a 

trend, which was in close agreement with the experimentally 

determined respiration rates. The RQ was dependent on both 

temperature and time as the RQ value increased with rising 
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temperature from 5 to 15 °C towards the end of the storage 

time. An Arrhenius type equation accurately predicted the 

effect of temperature on RR of fresh pomegranate arils. The 

power function equation combined with Arrhenius-type 

equation adequately predicted the influence of time and 

temperature on RR of fresh pomegranate arils for both 

cultivars. These models would be useful towards the design of 

appropriate modified atmosphere package for freshly 

processed pomegranate arils. 

 

References 

1. Artes F, Tudela JA, Gil. Improving the keeping quality of 

pomegranate fruit by intermittent warming Z. Lebensm. 

Unters. Forsch A. 1998; 207:316-321. 

2. Association of Official Analytical Chemists-AOAC,. 

Official methods ofanalysis. 17th ed. Maryland: AOAC, 

2007. 

3. Aviram M, Dornfeld L, Rosenblat M, Volkova N, Kaplan 

R, Coleman T. Pomegranate juice consumption reduces 

oxidative stress, atherogenic modifications to LDL, and 

platelet aggregation: studies in human and in 

atherosclerotic apolipoprotein E-deficient mice. 

American Journal of Clinical Nutrition. 1998; 71:1062-

1076. 

4. Bailey MJ, Rainey PB, Zhang XX, Lilley AK. Population 

dynamics, gene transfer and gene expression in plasmids, 

the role of the horizontal gene pool in local adaptation at 

the plant surface. Phyllosphere microbiology, 2002, 173-

192. 

5. Beaudry RM. Effect of carbon dioxide partial pressure on 

blueberry fruit respiration and respiratory quotient. 

Postharvest Biology and Technology. 1993; 3:249-258. 

6. Beltran D, Selma MV, Tudela JA, Gil MI. Effect of 

different sanitizers on microbial and sensory quality of 

fresh-cut potato strips stored under modified atmosphere 

or vacuum packaging. Postharvest Biology and 

Technology. 2005; 37(1):37-46. 

7. Beltrán D, Selma MV, Tudela JA, Gil MI. Effect of 

different sanitizers on microbial and sensory quality of 

fresh-cut potato strips stored under modified atmosphere 

or vacuum packaging. Postharvest Biology and 

Technology. 2005; 37(1):37-46. 

8. Bhatia K, Asrey R, Varghese E. Correct packaging 

retained phytochemical, antioxidant properties and 

increases shelf life of minimally processed pomegranate 

(Punica granatum L.) arils Cv. Mridula, 2015. 

9. Caleb OJ, Opara UL, Witthuhn C. Modified atmosphere 

packaging of pomegranate fruit and arils: A review. Food 

and Bioprocess Technology. 2012; 5:15-30. 

10. Caleb OJ, Mahajan PV, Manley M, Opara UL. 

Evaluation of parameters affecting modified atmosphere 

packaging engineering design for pomegranate arils. 

International Journal of Food Science and Technology, 

2013. 

11. Caleb OJ, Opara UL, Witthuhn CR. Modified atmosphere 

packaging of pomegranate fruit and arils: a review. Food 

and Bioprocess Technology. 2012; 5(1):15-30. 

12. Caleb OJ, Opara UL, Mahajan PV, Manley M, Mokwena 

L, Tredoux AG. Effect of modified atmosphere 

packaging and storage temperature on volatile 

composition and postharvest life of minimally processed 

pomegranate arils. Postharvest biology and technology. 

2013; 79:54-61. 

13. Caleb OJ, Belay ZL, Opara UL. Impacts of low and 

super-atmospheric oxygen concentrations on quality 

attributes, phytonutrient content and volatile compounds 

of minimally processed pomegranate arils (cv. 

Wonderful). Postharvest Biology and Technology. 2017; 

124:119-127. 

14. Cameron AC, Boylan-Pett W, Lee J. Design of modified 

atmosphere packaging systems: modeling oxygen 

concentrations within sealed packages of tomato fruits. 

Journal of Food Science. 1989; 54:1413-1421. 

15. Carrillo-Garcia A, Bashan Y, Bethlenfalvay GL. 

Resource-island soils and the survival of the giant cactus, 

cardon, of Baja California Sur. Plant and Soil. 2000; 

218(1):207-214. 

16. Davies JN, Hobson GE, Mc Glasson WB. The 

constituents of tomato fruit the influence of environment, 

nutrition, and genotype. Critical Reviews in Food Science 

and Nutrition. 1981; 15(3):205-280. 

17. Ekrami Rad N, Khazaei J, Khoshtaghaza M. Selected 

mechanical properties of pomegranate peel and fruit. 

International journal of food properties. 2011; 14:570-

582. 

18. Elyatem SM, Kader AA. Post-harvest physiology and 

storage behaviour of pomegranate fruits. Scientia 

Horticulturae. 1984; 24:287-298. 

19. Ergun M, Ergun N. Maintaining quality of minimally 

processed pomegranate arils by honey treatments. British 

Food Journal. 2009; 111(4):396-406. 

20. Farber JM. Microbiological aspects of modified-

atmosphere packaging technology-a review. Journal of 

Food Protection. 1991; 54(1):58-70. 

21. Faria A, Calhau C. Pomegranate in Human Health: An 

Overview. In: Bioactive Foods in Promoting Health: 

Fruits and Vegetables, Amsterdam: Academic Press, 

2010, 551-563. 

22. Fawole OA, Opara UL. Composition of trace and major 

minerals in different parts of pomegranate (Punica 

granatum) fruit cultivars. British Food Journal. 2012; 

114:1518-1532. 

23. Fawole OA, Opara UL. Effects of storage temperature 

and duration on physiological responses of pomegranate 

fruit. Industrial crops and products. 2013; 47:300-309. 

24. Gil MI, Martinez JA, Artes F, Minimally processed 

pomegranate seeds. Lebensmittel-Wissenschaft and 

Technologie. 1996; 29:708-713. 

25. Guevara JC, Yahia EM, Beaudry RM, Cedeño L. 

Modeling the influence of temperature and relative 

humidity on respiration rate of prickly pear cactus 

cladodes. Postharvest biology and technology. 2006; 

41(3):260-265. 

26. Guilbert S, Gontard N, Gorris LG. Prolongation of the 

shelf-life of perishable food products using biodegradable 

films and coatings. LWT-food science and technology. 

1996; 29(1):10-17. 

27. Hardy S, Sanderson G. Citrus maturity testing. Prime 

facts. 16/09/2013., 2010. 

28. Herner RC. High CO2 effects on plant organs. In J 

Weichmann, 1987, 239-253. 

29. Jayas DS, Jeyamkondan S. Modified Atmosphere Storage 

of Grains Meats Fruits and Vegetables. Biosystems Eng. 

2002; 82:235-251. 

30. Kader AA. Respiration and gas exchange of vegetables. 

In J Weichmann. 1987, 25-43. 

31. Kader AA. Regulation of fruits physiology by controlled 

and modified atmosphere. Acta Horticulturae. 1995; 

398:59-70. 

http://www.phytojournal.com/


 

~ 186 ~ 

Journal of Pharmacognosy and Phytochemistry http://www.phytojournal.com 
32. Lee DS, Haggar PE, Lee J, Yam KL. Model for fresh 

produce respiration in modified atmospheres based on 

principles of enzyme kinetics. Journal of Food Science. 

1991; 56(6):1580-1585. 

33. Maghoumi M, Gómez PA, Mostofi Y, Zamani Z, Artés-

Hernández F, Artés F. Combined effect of heat treatment, 

UV-C and super atmospheric oxygen packing on 

phenolics and browning related enzymes of fresh-cut 

pomegranate arils. LWT-Food Science and Technology. 

2013; 54(2):389-396. 

34. Mahajan PV, Rodrigues FA, Motel A, Leonhard A. 

Development of a moisture absorber for packaging of 

fresh mushrooms (Agaricus bisporous). Postharvest 

Biology and Technology. 2008; 48(3):408-414. 

35. Melgarejo P, Sánchez AC, Vázquez-Araújo L, Hernández 

F, José-Martínez J, Legua F et al. Volatile composition of 

pomegranates from 9 Spainish cultivars using headspace 

solid phase microextraction. Journal of Food Science. 

2011; 76:114-120. 

36. Opara LU, Al-Ani MR, Al-Shuaibi YS. Physiochemical 

properties, vitamin C content, and antimicrobial 

properties of pomegranate fruit (Punica granatum L.). 

Food and Bioprocess Technology. 2009; 2:315-321. 

37. Pathare PB, Opara UL, Al-Said FAJ. Colour 

measurement and analysis in fresh and processed foods: a 

review. Food and Bioprocess Technology. 2012; 6:36-60. 

38. Pool RM, Weaver RJ, Klliewer WM. The effect of 

growth regulators on changes in fruits Thomson seedless 

during cold storage. J of American Society of Hort. Sci.. 

1972; 97:67-70. 

39. Robertson GL. Modified atmosphere packaging. In: Food 

Packaging, Principles and Practice. 2006; 2:313-330. 

40. Robertson GL. Modified atmosphere packaging. In: Food 

Packaging, Principles and Practice. 2006; 2:313-330. 

41. Sadasivam S, Manickam. Biochemical Methods for 

Agricultural Sciences. New Age International, 1992, 20-

217. 

42. Sayyari M, Salvador C, Daniel V, Huertas MD, María S. 

Acetyl salicylic acid alleviates chilling injury and 

maintains nutritive and bioactive compounds and 

antioxidant activity during postharvest storage of 

pomegranates. Postharvest Biology and Technology. 

2011; 60:136-142. 

43. Sayyari M, Castillo S, Valero D, Díaz-Mula HM, Serrano 

M. Acetyl salicylic acid alleviates chilling injury and 

maintains nutritive and bioactive compounds and 

antioxidant activity during postharvest storage of 

pomegranates. Postharvest Biology and Technology. 

2011; 60(2):136-142. 

44. Serrano M, Martinez-Romero D, Guillen F, Castillo S, 

Valero D. Maintenance of broccoli quality and functional 

properties during cold storage as affected by modified 

atmosphere packaging. Postharvest Biology and 

Technology. 2006; 39(1):61-68. 

45. Torrieri E, Perone N, Cavella S, Masi P. Modelling the 

respiration rate of minimally processed broccoli 

(Brassica rapa var. sylvestris) for modified atmosphere 

package design. International journal of food science and 

technology. 2010; 45(10):2186-2193. 

46. Ulrich R. The biochemistry of fruits and their products. 

Organic acids. 1970; 89-118. 

47. Visai C, Vanoli M. Volatile compound production during 

growth and ripening of peaches and nectarines. Scientia 

Horticulturae. 1997; 70:15-24. 

48. Viuda-Martos M, Fernandez-Lopez J, Perez-Alvarez JA. 

Pomegranate and its many functional components as 

related to human health. Comprehensive Reviews in 

Food Science and Food Safety. 2010; 9:635-654. 

49. Wills RHH, Lee TH, Graham D, McGlasson WB, Hall 

FG. Postharvest: an introduction to the physiology and 

handling of fruit and vegetables AVE Publ. Co, 1989, 

50. Yang CC, Chinnan MS. Modeling the effect of O2 and 

CO2 on respiration and quality of stored tomatoes. 

Transactions of the American Society of Agricultural 

Engineers. 1988; 31:920-925. 

51. Zhang M, Xiao G, Peng J, Salokhe VS. Effects of single 

and combined atmosphere packages on preservation of 

strawberries. International Journal of Food Engineering. 

2003; 1(4). 

http://www.phytojournal.com/

