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Abstract
Selected soluble sugars were analyzed in six Oregon strawberry genotypes and two cultivars at harvest and after two weeks of cold storage by High Performance Liquid Chromatography. The strawberry genotypes and cultivars were grown at the North Willamette Research and Extension Center in Aurora, Oregon, USA. The sugars analysis by HPLC was conducted at Food Science and Technology Department, Oregon State University, Corvallis, Oregon, USA. Fructose and glucose were found to be the predominant sugars in all strawberry genotypes and cultivars. The average amount of sucrose, glucose, xylose and fructose were 3.1, 30.2, 7.4 and 46.5 g/kg respectively in advance genotypes and cultivars of strawberry at harvest while 2.2, 33.4, 7.6 and 49.5 g/kg were recorded at storage. The maximum sucrose (4.9), glucose (49), xylose (8.6) and fructose (60 g/kg) were recorded by ORUS 2427-4, hood, albion and hood respectively at harvest while 3.6, 54.1, 8.9 and 63.5 g/kg at storage. The minimum sucrose (1.4), glucose (13), xylose (6.4) and fructose (38 g/kg) were recorded by ORUS 2427-1, ORUS 2240-1, ORUS 2493-2 and ORUS-2493-2 respectively at harvest while 0.7, 16.2, 6.5 and 40.5 g/kg at storage.    
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Introduction
Strawberry (Fragaria x ananassa. Duch) belongs to family Rosaceae and it is grown throughout the world (Salamat et al., 2013). The fruit of strawberry is small in size and astringent at immature stage. Strawberry can be grown successfully in sub-tropical, tropical and temperate climates and various types of soils are suitable having normal moisture, good drainage and essential nutrients (Westwood, 2009). The mature fruit is sweet in taste with a soft and juicy texture (Rahman et al., 2014). The strawberry fruit is a good source of vitamin C and its juice makes a good tonic, containing several minerals (Lester et al., 2012). It is estimated that 100 grams edible portion of strawberry contain 88.9% water and 34 k calories energy. In addition it contains 0.7 g protein, 0.3 g fat, 8.5 g carbohydrates, 1.2 g crude fiber, 0.4 g ash, 0.03 mg thiamin (B1), 0.03 mg riboflavin (B2), 0.3 mg niacin, 40 mg B carotene, 52 mg vitamin C, 25 mg calcium, 30 mg phosphorus and 1.1 mg iron (Kallio et al., 2000). 
The growing potential of strawberries both as a food and cash crop has received much attention in the world including Pakistan (Tahir et al., 2012). The commercial importance of strawberry as a nutritive and functional food commodity has stimulated the researchers to investigate the sugars and chemical composition of different cultivar and genotypes of strawberries (Crespo et al., 2010). Research has shown that strawberry accumulate different sugars (Bordonaba and Terry, 2010), However, there are some quantitative variations reported in the composition of individual sugars in relation to the cultivar and genotype thus affecting the overall nutritive quality and postharvest changes in individual sugars during storage (Pelayo et al., 2005). Reducing sugars (glucose, fructose, xylose) of strawberry fruit increases during storage (Ruiz et al., 1997) due to conversion of sucrose to glucose and fructose (Sturm et al., 2003). It is due to this reason that glucose and fructose are the predominant sugars of strawberry (Kafkas et al, 2007; Basson et al., 2010). The increase in reducing sugars during cold storage could be due to moisture loss, hence increases concentration of reducing sugars (Artes et al., 2006). The non-reducing sugar (sucrose) of strawberry fruit decreases during storage due to conversion of sucrose in to glucose and fructose (Ruiz et al., 1997). 

Keeping in view the importance of strawberry fruits, the present study was initiated to evaluate individual sugars in relation to postharvest changes in advance strawberry genotypes and cultivars. 

Materials and methods
Individual sugars in six strawberry genotypes and two cultivars were measured at harvest and after 2 weeks of cold storage at 5±2 °C and 90% R.H. The genotypes include six advanced selections with promise for fresh market production (ORUS 2180-1, ORUS 1754-2, ORUS 2240-1, ORUS 2427-1, ORUS 2427-4, and ORUS 2493-2) and two cultivars, ‘Albion’ and ‘Hood’. The strawberry genotypes and cultivars were grown at the North Willamette Research and Extension Center in Aurora, Oregon, USA. The individual sugars analyses by HPLC were conducted at Food Science and Technology Department, Oregon State University, Corvallis, Oregon, USA. 
Fresh samples of strawberry (10 g) were homogenized with 20 mL of distilled water using a commercial blender (Ika-Labortechnik). The fruit puree was clarified by centrifugation at 3000g for 10 min. The supernatant was filtered through 0.25-μm Millipore filters. Samples were prepared in triplicate, stored in a refrigerator and analyzed within 12 h of preparation.

High Performance Liquid Chromatography analysis of individual sugars was conducted on Agilent 1100-series HPLC attached with a quaternary pump (G1311A), vacuum degasser (G1379A), auto-injector (G1313A ALS), column compartment (G1316A Colcom) and a refractive index detector (model RID10A). The sugars (sucrose, glucose, xylose and fructose) were separated on a Bio-Rad Aminex HPX-87K 300 × 7.8 mm column (Cat. #1250142). A Bio-Rad Guard column containing the same stationary phase as the separation column was fitted to the front of the separation column. The mobile phase was ultra-pure water at a flow rate of 0.6 mL/min. The sample volume injected was 20-μL. A refractive index detector maintained at 68°C was used for detection purposes. The sugars were identified on the basis of comparison of their retention times with those of pure standards (Sigma-Aldrich) and quantified using standard calibration curves.
Statistical Analysis
The data was analyzed using analysis of variance technique and computer software (Statistix-9) was used. The means were separated by least significant difference (LSD) at 5% level of probability as described by Steel and Torrie (1980).  
Results and discussion 
Sucrose (g/kg): The amount of sucrose in strawberry genotypes and cultivars was significantly different from each other at harvest (Table-1) and also at two weeks of storage (Table-2). The maximum amount of sucrose (4.9 g/kg) was recorded by 2427-4 while the minimum amount (1.4 g/kg) by 2427-1 at harvest. The amount of sucrose decreases during two weeks storage and 2427-4 recorded 3.6 g/kg while 2427-1 recorded 0.7 g/kg. The average amount of sucrose recorded at harvest was 3.1 g/kg which declined to 2.2 g/kg during two weeks storage. The average decrease in sucrose content of strawberry fruit during two weeks of storage was 29%. Sucrose comparison of strawberry genotypes and cultivars at harvest and loss during two weeks storage are shown in Fig. 1A. Sugars content of strawberry cultivars are quantitatively inherited and moreover these appear to be genetically different from each other (Moing et al., 2001). The decrease in sucrose content may be due to the utilization of carbohydrates in the process of respiration by the strawberry fruit (Day, 1990; Park et al., 2005). Sturm et al. (2003) reported that the amount of different types of sugars increases at the final stages of maturity. The increase in non-reducing sugar content at certain level may be due to the accumulation of more dry matter content including sucrose (Modise et al., 2006). The non-reducing sugar content of strawberry fruit decreases during storage due to the conversion of sucrose in to glucose and fructose (Ruiz et al., 1997). Similarly the strawberry fruit during storage may result in hydrolysis of the cell wall and juice vesicles (Echeverria et al., 1989), it is likely to observe the decrease in non-reducing sugars with increase in storage duration (Asif et al., 2004).  

Glucose (g/kg): The amount of glucose in strawberry genotypes and cultivars was significantly different from each other at harvest (Table-1) and also at two weeks of storage (Table-2). The maximum amount of glucose (49 g/kg) was recorded by hood while the minimum amount (13 g/kg) by 2240-1 at harvest. The amount of glucose increases during two weeks storage and hood recorded 54.1 g/kg while 2240-1 recorded 16.2 g/kg. The average amount of glucose recorded at harvest was 30.2 g/kg which increased to 33.4 g/kg during two weeks storage. The average increase in glucose content during storage was 11%. Glucose comparison of strawberry genotypes and cultivars at harvest and increase during two weeks storage are shown in Fig. 1B. Soluble sugars differences among cultivars appeared during maturation stage (Moing et al., 2001). Glucose content of strawberry fruit increases during storage (Ruiz et al., 1997) due to conversion of disaccharides sugar in to monosaccharides sugars (Sturm et al., 2003). It is due to this reason that glucose and fructose are the predominant sugars of strawberry (Kafkas et al, 2007; Basson et al., 2010). The increase in reducing sugars during cold storage could also be due to the reason that fruit stored in cold storage allow some moisture loss, hence increases concentration of reducing sugars (Artes et al., 2006). 

Xylose (g/kg): The amount of xylose in strawberry genotypes and cultivars was not significantly different from each other at harvest (Table-1) while the increase in xylose contents at two weeks of storage was significantly different (Table-2). The maximum amount of xylose (8.60 g/kg) was recorded by albion while the minimum amount (6.40 g/kg) by 2493-2 at harvest. The amount of xylose increases during two weeks storage and albion recorded 8.9 g/kg while 2493-2 recorded 6.5 g/kg. The average amount of xylose recorded at harvest was 7.4 g/kg which increased to 7.6 g/kg during two weeks storage. The average increase in xylose content during two weeks storage was 2.7%. Xylose comparison of strawberry genotypes and cultivars at harvest and increase during two weeks storage are shown in Fig. 1C. Xylose is a monosaccharide, reducing sugar and classified as aldopentose (Khalil and Manan, 1990). Reducing sugars content of strawberry fruit normally increases during storage due to break down of disaccharide sugar in to monosaccharides sugars (Ruiz et al., 1997) loss of moisture at postharvest stage may also increases concentration of reducing sugars to some extent and hence increases xylose contents (Artes et al., 2006). Xylose is a neutral sugar and its quantity slightly increases during cold storage (Rodriquez et al., 1999).
Fructose (g/kg): The amount of fructose in strawberry advanced selections and cultivars was significantly different from each other at harvest (Table-1) and also at two weeks of storage (Table-2). The maximum amount of fructose (60 g/kg) was recorded by hood while the minimum amount (41 g/kg) by 2427-1 at harvest. The amount of fructose increases during two weeks storage and hood recorded 63.5 g/kg while 2427-1 recorded 43.1 g/kg. The average amount of fructose recorded at harvest was 46.5 g/kg which increased to 49.5 g/kg during two weeks storage. The average increase in fructose content during two weeks storage was 7%. Fructose comparison of strawberry genotypes and cultivars at harvest and increase during two weeks cold storage are shown in Fig. 1D. Fructose (monosaccharide sugar) content of strawberry fruit increases during two weeks storage (Ruiz et al., 1997) due to conversion of sucrose (disaccharide sugar) in to fructose, a monosaccharide sugar (Sturm et al., 2003). It was concluded from the current study that some of the advance selections of strawberry are improved in accumulating optimum amount of sugars at maturity and retaining during two weeks of cold storage than the cultivars ‘Hood’ and ‘Albion’. It needs further investigation by considering other quality parameters for selecting most appropriate cultivars. 
Table-1. Content of individual sugars in fresh market strawberry genotypes and cultivars at harvest.
	S. #
	Samples
	Sucrose (g/kg)
	Glucose (g/kg)
	Xylose (g/kg)
	Fructose (g/kg)

	1
	2180-1 


	4.1 ab
	35.6 b
	8.00 a
	41.0 e

	2
	1754-2


	3.6 abc
	34.0 bc
	7.50 ab
	51.1 b

	3
	2240-1 


	4.0 ab
	13.0 f
	7.10 ab
	50.0 b

	4
	2427-1 


	1.4 d
	17.6 e
	7.20 ab
	41.0 e

	 5
	2427-4 


	4.9 a
	24.0 d
	6.50 b
	43.0 d

	6
	2493-2 


	2.1 cd
	32.9 c
	6.40 b
	38.0 f

	7
	Hood   


	2.4 bcd
	49.0 a
	7.80 ab
	60.0 a

	 8
	Albion  


	1.7 d
	35.3 b
	8.60 a
	48.0 c

	Average
	3.1
	30.2
	7.4
	46.5

	Significance Level
	*
	*
	N.S
	*


Means followed by similar letters in column do not differ significantly from one another at P = 0.05.
* = Significant, NS = Non significant
Table-2. Content of individual sugars in fresh market strawberry genotypes and cultivars
after two weeks storage at 5±2 °C and 90% R.H.
	S. #
	Samples
	Sucrose (g/kg)
	Glucose (g/kg)
	Xylose (g/kg)
	Fructose (g/kg)

	1
	2180-1 


	3.2 b
	38.6 b
	8.5 b
	44.1 f

	2
	1754-2


	2.8 c
	37.1 d
	7.6 d
	54.1 b

	3
	2240-1 


	3.3 b
	16.2 h
	7.2 f
	53.1 c

	4
	2427-1 


	0.7 g
	20.6 g
	7.4 e
	43.1 g

	5
	2427-4 


	3.6 a
	27.2 f
	6.8 g
	46.1 e

	6
	2493-2 


	1.5 d
	35.3 e
	6.5 h
	40.5 h

	7
	Hood   


	1.2 e
	54.1 a
	8 c
	63.5 a

	8
	Albion  


	0.9 f
	38.3 c
	8.9 a
	51.5 d  

	Average
	2.2
	33.4
	7.6
	49.5

	Significance Level
	*
	*
	*
	*


Means followed by similar letters in column do not differ significantly from one another at P = 0.05.
* = Significant, NS = Non significant
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Fig. 1. Comparison of A) Sucrose, B) Glucose, C) Xylose, D) Fructose contents(g/kg) of six advanced genotypes and two cultivars of strawberry at harvest and two weeks of cold storage.
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