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ABSTRACT 

The influence of high oxygen concentrations (40, 60, 80 and 100kPa) on total phenolic, total anthocyanin 
and antioxidant capacity in raspberry fruit (Rubus hyrcanus Juz.) after storage at 5˚C for 14 days was 

investigated. Raspberries stored at high oxygen atmospheres (>40 kPa) showed higher antioxidant 

capacity, total phenolics, less dacay, and longer postharvest life than those stored in air. In conclusion, the 
storage of raspberry fruit under high oxygen concentrations significantly affected the antioxidant 

capacity, phenolic content, and overall quality. 

 

Keywords: High Oxygen Atmosphere, Postharvest Life, Antioxidant Capacity, Phenolics Compound, 
Raspberry 

 

INTRODUCTION 
Raspberry is the most important fruit belong to the Rosaceae family. Fruits raspberries are characterized 

by a high nutrition value (Ancos et al., 2000). Fruits and vegetables are a good source of natural 

antioxidants, which containing many different radical scavenger components that provide protection 
against harmful-free radicals (Wang and Lin, 2000). Previous studies have shown that raspberries have 

high oxygen radical absorbance activity against peroxyl radicals (ROO
●
), superoxide radicals (O2

●-
), 

hydrogen peroxide (H2O2), hydroxyl radicals (OH
●
), and singlet oxygen (

1
O2); noting that antioxidant 

activities were different among varieties (Wang and Lin., 2000; Wang and Jio., 2000). Phenolic contents 
were found to be an important part of human diet and are considered as active principles in many 

medicinal plants (Cooper-Driver, 2001). Interest in the role of antioxidants in human health has promoted 

research in the field of horticulture and food science to evaluate fruit and vegetable antioxidants and to 
determine how their content and activity can be maintained or even improved through crop breeding, 

cultural practices, and postharvest storage and processing (Heinonen et al., 1998). Postharvest storage 

affects anthocyanins, phenolic contentets and antioxidant activity in fruits and vegetables. In cranberries, 

storage temperature between 0 and 15 °C increased antioxidant capacity and total anthocyanin and total 
phenolic contents. Raspberries fruits stored at temperatures >0 °C also resulted in an increase in 

antioxidant capacity (Kalt et al., 1999). Controlled atmosphere (CA) storage of strawberry fruit did not 

affect anthocyanin content in external tissues but decreased anthocyanin content in internal tissues (Gill et 
al., 1997). Apples (CV. Delicious and Granny Smith) in the first 2 months of storage at -1 °C had 10-fold 

increases in the antioxidant content, whereas antioxidant content significantly decreased during the 

following 4 months of storage (Curry, 1997). An increase of the oxygen concentration in the internal and 
external fruit atmosphere could cause an increase in the free radical production that could damage the 

fruit tissue (Mencarelli et al., 1993) Fruit sensibility to storage conditions can vary among species and 

developmental stages.  

Antioxidant content is becoming an increasingly important parameter with respect to fruit and vegetable 
quality; it is of great interest to evaluate changes in the antioxidant status during postharvest storage of 

horticultural crops. Raspberries fruits are widely grown in some regions of Iran (Gilan, Arasbaran). 

Despite its wide usage in this country, little information is available regarding the effects of storage 
conditions, on the changes of phenolic compounds and antioxidant capacity in raspberries. This study has 

been undertaken to investigate the effects of high oxygen atmospheres on total phenolics and antioxidant 

capacity as well as fruit quality in raspberry during postharvest storage. 
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MATERIALS AND METHODS 

Raspberries (Rubus hyrcanus Juz.) used in this study were grown at Astarae in Gilan, Iran, and were 

hand-harvested at a commercially mature stage, sorted to eliminate damaged, shriveled, and unripe fruit, 
and selected for uniform size and color. Selected berries were randomized and used for the experiments. 

Three hundred berries were put into glass containers (three containers per treatment). Each jar was 

connected to a continuous flow (120 mL/min) of humidified air where oxygen concentration was adjusted 
to 20, 40, 60, 80 and 100kPa. The oxygen and carbon dioxide concentrations were monitored daily during 

the storage period using an O2/CO2 analyzer (AMETEK, Pittsburgh, PA, USA) to verify the actual gas 

concentrations and maintained at ±2 kPa. After 4, 6, 10, 12, and 14 dayes at 5˚C, sixty fruits from each 

treatment were removed to evaluate their overall quality and fungal decay. Afterwards, fruits were hand 
squeezed, and juice was frozen at -80 ˚C until assayes of pH, titratable acidity, total soluble solids, 

antioxidant capacity, phenolic compounds were performed. 

Overall Quality 
Thirty fruits per treatment were used for each quality evaluation. Samples from each treatment were 

evaluated subjectively on the initial day and on days 5, 7, 11, and 13 during storage. Overall quality was 

evaluated on a 1 to 5 scale according to the overall condition of the fruit, where 1=unacceptable, 2=bad, 
3=acceptable, 4=good, and 5=excellent. Results were expressed as an overall quality index. 

Fungal Decay Index 

Fungal decay was visually inspected during the course of the experiment. Raspberry fruits showing 

surface mycelia developments were considered decayed. Fungal decay was evaluated on a 1-5 scale, 

where 1=normal, 2=trace (up to 5% surface affected), 3= slight (5-20% surface affected), 4= moderate 

(20-50% surface affected), 5=severe (>50% surface affected). Results were expressed as overall decay 
index. 

Total Soluble Solids (TSSs), Total Titratable Acidity (TA), and pH Determinations 

Thirty fruits from each replicate were wrapped in cheesecloth and squeezed with a hand press, and the 
juice was analysed for TSSs, pH, and TA. TSSs were determined at 20˚C on Atago DBX-55 

refractometer (Atago Co. Ltd, Tokyo, Japan). pH was measured with a pH meter. TA was determined by 

diluting each 5 mL aliquot of raspberry juice in 95mL of distilled water and then titrating to pH 8.2 using 
0.1 mol /L NaOH. 

Total Phenolic Compound Analysis 

Total soluble phenolics in the fruit juice extract were determined with Folin-Ciocalteu reagent according 

to the method of Slinkard and Singleton (1997) using gallic acid as a standard. Results were expressed as 
milligrams of gallic acid equivalent per 100 g of fresh weight. 

Determination of the Antioxidant Capacity by FRAP Assay  

The FRAP assay (Benzie and Strain., 1996) was conducted using three aqueous stock solutions 
containing 0.1 moll

-1
acetate buffer (pH 3.6), 10 mmoll

-1
 TPTZ (2, 4, 6-tris (2-pyridyl)-1, 3, 5-triazine) 

acidified with concentrated hydrochloric acid, and 20 mmoll
-1

ferric chloride. These solutions were 

prepared and stored in the dark under refrigeration. Stock solutions were combined (10:1:1, v/v/v) to form 
the FRAP reagent just prior to analysis. For each assay laboratory duplicate, 2.97 ml of FRAP reagent and 

30µl of sample extract were mixed. After 10 min, the absorbance of the reaction mixture was determined 

at 593 nm on a spectrophotometer. The result was compared with the standard curve obtained by using 

different concentrations of FeSO4. 7H2O. 

Statistical Analysis 

Experiments were performed according to a completely randomized design. Analysis of variance 

(ANOVA) of data was performed for this experiment using SPSS. The effect of high oxygen atmospheres 
and storage time on fruit quality (decay, TSS, TA and pH) and the values of phenolics, anthocyanins, and 

their antioxidant capacity were evaluated by the Fischer test. Differences between means of data were 

compared by least significant differences (LSD). Differences at p< 0.05 were considered to be significant. 
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RESULTS AND DISCUSSION 

Figure 1 shows the effect of high oxygen atmospheres on the visual quality of raspberry fruit during 

storage at 5˚C. Fruits stored under higher oxygen concentrations (60-100kPa) maintained better quality 
than those stored under lower oxygen concentrations. High oxygen concentrations have been particularly 

effective in decreasing the enzymatic discoloration, preventing anaerobic respiration, and decreasing the 

microbial growth (Kader and Ben-Yehoshu, 2000). Increase in the oxygen concentration in the external or 
internal fruit atmosphere results in a high free radical production that could cause damage to the tissue 

(Biale and Young, 1974). Sensibility to reactive oxygen species could vary among species and 

developmental stage of the tissue (Zheng and Wang, 2003).  

 

 
Figure 1: Effect of high oxygen atmospheres on overall quality index of raspberries after 14 days of 

storage at 5˚C. Data points are means of three replicates and LSD at o.o5 levels for treatment and 

time are shown.(: 20kpaO2, Ο: 40 kpaO2, ♦: 60 kpaO2, ∆: 80 kpa O2, ▀: 100 kpaO2) 

 

Mencarelli et al., (1993) reported that there was a decrease in raspberry fruit decay with an increase in 

oxygen concentration a bove 40 kPa.  

Fungal Decay Index 

Shelf life of raspberry fruit is mainly limited by fungal decay caused by Botrytis cinerea. Fungal decay 

was severely affected by the high oxygen atmospheres used during the raspberry storage (Figure 2). 

Raspberry fruit stored under 20 kPa of oxygen showed the highest fungal decay index during storage 
period at 5 ˚C, compared to the fruit stored under higher oxygen concentrations (>20-100 kPa). Zheng et 

al., (2003) observed that high oxygen atmospheres effectively inhibited fungal decay of blueberry fruit 

after 35 days of storage at 5˚C. 
 

 
Figure 2: Effect of high oxygen atmospheres on fungal decay index of raspberries after 14 days of 

storage at 5˚C. Data points are means of three replicates and LSD at o.o5 levels for treatment and 

time are shown. (: 20kpaO2, Ο: 40 kpaO2, ♦: 60 kpaO2, ∆: 80 kpa O2, ▀: 100 kpaO2) 
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High oxygen atmospheres have to be effective in inhibiting fungal decay of several produce. Strawberry 

fruit stored under 40, 90, and 100 kPa of oxygen showed low fungal decay after 14 days at 5 ˚C (Wszelaki 

and Mithanan, 2000).  
High oxygen atmospheres (80-90 kPa) in conjunction with 10-20 kPa of carbon dioxide (at 8 ˚C) were 

effective in controlling fungal decay in raspberry fruit than when stored in a normal atmosphere (Zheng et 

al., 2003). 

PH, Titratable Acidity and Total Soluble Solids 

PH values increased during storage period (Figure 3). Raspberries stored under high oxygen atmospheres 

(>40kPa) had higher pH than raspberries stored under 20kPa of oxygen. The increase in pH values seems 

to be normal during the postharvest life of raspberry fruit. Titratable acidity was only mildly affected by 
super atmospheric oxygen levels (Perez and Sanz, 2001). 

 

 
 

Figure 3: Effect of high oxygen atmospheres on pH and titratable acidity of raspberries after 14 

days of storage at 5˚C. Data points are means of three replicates and LSD at o.o5 levels for 

treatment and time are shown. (: 20kpaO2, Ο: 40 kpaO2, ♦: 60 kpaO2, ∆: 80 kpa O2, ▀: 100 

kpaO2) 
 

The fruit stored in air showed a continuous increase in the soluble solids content until day 12, then 

decreased at the end of the storage period (Figure 4). An increase in the respiration rate could cause the 
decrease in TSS in raspberry fruits stored under high oxygen atmospheres (Agar and Strif, 1997; Haffner 

et al., 2002). Perez and Sanz (2001) reported that in other fruits high oxygen atmospheres could increase, 

decrease, or have no effect on the respiration rate, depending on the species, variety, ripening stage, 

oxygen concentration, storage period and temperature.  
 

 
Figure 4: Effect of high oxygen atmospheres on total soluble solids of raspberries after 14 days of 

storage at 5˚C. Data points are means of three replicates and LSD at o.o5 levels for treatment and 

time are shown. (: 20kpaO2, Ο: 40 kpaO2, ♦: 60 kpaO2, ∆: 80 kpa O2, ▀: 100 kpaO2) 
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Total Phenolic Compounds 

Total phenolic compounds were significantly affected (p<0.05) by the high oxygen atmosphere and by the 

storage period (Figure 5). Total phenolic compouns of fruits stored under lower concentrations of oxygen 
(20–40 kPa) was affected to a lesser extent. There was a correlation between high oxygen concentration 

(>21 kPa) and high levels of phenolic compounds. Gonzalez-Roncero and Day (1998) suggested that 

increase of the total phenolic compounds could be a response to the oxidative stress caused by high 
oxygen concentrations. 

 

 
Figure 5: Effect of high oxygen atmospheres on total phenolic compounds of raspberries after 14 

days of storage at 5˚C. Data points are means of three replicates and LSD at o.o5 levels for 

treatment and time are shown. (: 20kpaO2, Ο: 40 kpaO2, ♦: 60 kpaO2, ∆: 80 kpa O2, ▀: 100 

kpaO2) 

 

Antioxidant Capacity 
Fruit stored under 100, 80, and 60 kPa of oxygen showed a similar response, at different magnitudes 

(Figure 6). Antioxidant capacity continued to increase during storage and reached maximum values of 

8.92, 6.93, and 6.67 µmol Fe 
+
² FW on the tenth day, for the fruit stored under 100, 80, and 60 kPa of 

oxygen, respectively. Effect of high oxygen concentrations on the phenolic content and antioxidant 
capacity could vary depending on the product, oxygen concentration, storage period, and temperature. 

Wang (2003) reported a linear correlation between phenolic content and antioxidant capacity of several 

berries. High values of antioxidant capacity observed in berries stored under high oxygen atmospheres 
could be attributed to the high level of phenolic compounds. 

 

 
Figure 6: Effect of high oxygen atmospheres on the antioxidant capacity of raspberries after 14 

days of storage at 5˚C. Data points are means of three replicates and LSD at o.o5 levels for 

treatment and time are shown. (: 20kpaO2, Ο: 40 kpaO2, ♦: 60 kpaO2, ∆: 80 kpa O2, ▀: 100 

kpaO2) 
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Conclusion 

The data presented in this paper indicate that the storage of raspberry fruit under high oxygen 

concentrations significantly affected the antioxidant capacity, phenolic content, and overall quality. Data 
presented in this study suggest that even when overall quality and antioxidant capacity of raspberry fruit 

were positively affected by high oxygen atmospheres, the use of this technology significantly decreased 

the aroma compounds of the fruit. 
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