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Abstract

Seabuckthorn (Hippophae rhamnoids L.), locally known as “Chharma and Surch” in Himachal Pradesh, India, belongs to the Elaeagnaceae family, grow naturally under quite adverse climatic conditions prevailing at upper reaches of Himachal Pradesh. The present paper describes the processing of seabuckthorn fruit juice into ready-to-serve beverage and changes in keeping quality of the beverage upon storage for 120 days. Seabuckthorn berries were procured from Lahaul valley of Himachal Pradesh. Pulp was extracted from the berries with the help of fruit pulper. Ready to serve beverage was prepared using variable proportions of pulp and sugar in the beverage formulations. The ascorbic acid content increased significantly (P ( 0.05) with the increase in the proportion of pulp  and decreased with the enhancement of storage period. Whereas increasing trend was observed in reducing sugars with the increasing pulp and sugar content as well as storage duration. Beverage formulation containing 10 and 13 per cent, 12.5 and 13 per cent and 15 and 15 per cent pulp and sugar were rated most acceptable by a panel of judges on a nine point hedonic scale. It was concluded that value addition to seabuckthorn can promote commercial market for  this wild fruit which has remained neglected and underutilized in Himachal Pradesh.
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Introduction

Seabuckthorn (Hippophae rhamnoides L.) belonging to the family Elaegnaceae, is a nitrogen fixing plant, grows very widely in dry temperate Himalayas.. In India, it grows on high altitudes (2000-4300m) areas of Himachal Pradesh, Jammu and Kashmir, Uttrakhand, Sikkim and Arunachal Pradesh. In Himachal Pradesh, Seabuckthorn grows on river sides and sun facing slopes of Lahaul-Spiti, parts of Chamba, Kinnaur, Kullu and Shimla (India). Plant bears foliage from April to November, flowers in June and July and red, yellow and orange coloured berries from mid August to April. Berries are picked up in September and October.. Fruit berries are  rich source of vitamin C, organic acids, (malic acid) bio-active substances, (sugars, amino acids) Vit E, K, B, P, carotenoids and flavnoids. The pulp and seed oil contains Vit. E and K, carotenoids such as lycopene, (-carotene and steroids. This makes seabuckthorn an ideal choice for the beverage and pharmaceutical industries. Commercial potential of the fruit is needed to be exploited in the form of its use in the preparation of value added products. This can boost the economical status of the tribal people of Himachal Pradesh and the country as a whole. The present study was therefore, undertaken to investigate the beverage  development potential of seabuckthorn fruit.

Materials and Methods

Seabuckthorn

The ripened berries of the Seabuckthorn harvested and collected from Gemur region of Lahaul Valley of Himachal Pradesh were brought to the Post Graduate Laboratory of the Department of Food Science and Nutrition, CSK HPKV, Palampur. The fruit was spread over aluminium trays and small leaves, stalks, spoiled fruits and other contaminants were removed by picking and washing in the running water. The cleaned berries were separated.

Seabuckthorn Pulp

Seabuckthorn pulp was extracted with the help of a mechanical pulper by subjecting a batch of 15 Kg. berries for the extraction process at the Fruit Canning Unit of Govt. of Himachal Pradesh located at Nagrota Bagwan, Kangra (India). Pulp recovery and proportions of seed and skin were recorded and analysed for important chemical constituents.  Pulp was utilized in the preparation of ready to serve beverage.

Ready to Serve Beverage (RTS)

The RTS beverage was prepared by using three different levels of Seabuckthorn pulp (10, 12.5 and 15%) and by adjusting the total soluble solids (TSS) to three different levels (11, 13 and 15 0Brix ) with cane sugar with the help of a hand sugar refractometer. Citric acid (0.2%) was also used in beverage formulations.  Although seabuckthorn is a very rich source of ascorbic acid, but its loss is evident during processing. Therefore ascorbic acid  @ 25 mg/100 mL of prepared beverage was also added to compensate the loss of ascorbic acid during processing. These prepared beverages were hot filled (80oC) into 200 mL glass bottles, sealed with crown corks, heat processed by dipping in hot water ( 90OC for 25 minutes, cooled and stored under ambient conditions for 120 days, and evaluated for chemical  and sensory qualities .

Chemical and Sensory Characteristics

The moisture, protein, crude fat and ash contents were determined by standard methods (AOAC, 1990). (-carotene was determined by the method given by Rao (1967). Lycopene and Anthocyanin pigments were determined according to Srivastava and Kumar (2003). The sugars, total soluble solids, ascorbic acid and titrable acidity were determined by the methods given by Ranganna (1991).

Brix Acid Ratios were worked out by dividing total soluble solids of the fruits with titrable acidity values of the samples. The sensory evaluation was conducted as suggested by Larmond (1977); by using a panel of 10 judges on a 9 point hedonic scale. The values were analysed for statistical effects with the help of computer software. 

Results and Discussion

Chemical  characteristics

Seabuckthorn

Mean pulp recovery was recorded as 64.60 per cent whereas the proportions of seed and skin were recorded as 10.69 and 24.71 per cent respectively (Table 1). Whole berries contained 75 per cent moisture and 25 per cent dry matter, whereas pulp contained 77.1 per cent moisture and 22.9 dry matter. Seed and skin contained relatively lower moisture contents (42.06 and 48.5%) and higher dry matter contents (57.94 and 51.5%). The protein content of seabuckthorn seeds was observed to be the highest (18.5%) followed by the skin (10.9%), whole berries (4.8%) and pulp (3.2%), respectively. The crude fat content was observed to be the highest (9.52%) in seeds followed by skin (7.3%), whole berry (8.2%) and pulp (6.5%), respectively. The mean ash content varied from 1.2 to1.9 per cent among different anatomical parts of seabuckthorn berries. 

Table 1  Proportions, proximate compositions and pigment contents of seabuckthorn and its different anatomical parts

	Parts
	Proximate compositions

	
	Proportions (%)
	Moisture (%)
	Dry matter (%)
	Protein (%)
	Fat (%)
	Ash (%)
	β-carotene (µg/100g)
	Antho-cyanin (mg/100g)
	Lycopene (mg/100g)

	Whole berry
	100
	75.00
	25.00
	4.8
	8.2
	1.7
	26985
	8.02
	43.69

	Pulp
	64.60
	77.10
	22.90
	3.2
	6.5
	1.2
	-
	-
	-

	Seed
	10.69
	42.06
	57.94
	18.5
	9.52
	1.9
	2736
	6.53
	1.87

	Skin
	24.71
	48.50
	51.50
	10.9
	7.3
	1.7
	22752
	4.96
	32.77


*Data presented are averages of triplicate determinations 

The analysis of different anatomical parts for β-carotene, anthocyanin and lycopene showed that whole berries are rich in β -carotene (26.99 mg/100g) followed by skin (22.75 mg/100g) and seed (2.73 mg/100g). The anthocyanin contents among whole berries, seed and skin varied from 4.96 to 8.02 mg/100g, respectively. The whole berries and skin were also found to be rich in lycopene (43.69 and 32.77 mg/100g).  Whereas seed contained very low content of lycopene (1.87 mg/100g). 

Ready to Serve Beverage 

 Ascorbic Acid

The ascorbic acid content increased significantly with an increase in the proportion of pulp in the ready to serve beverage formulations and decreased with the increase in duration of storage (Table 2). However, the increase in TSS showed non-significant (P ( 0.05) effect on the ascorbic acid contents of the juice beverage. Initially beverages containing 10 per cent pulp contained 54 to 58.5 mg/100g ascorbic acid which increased to 70.5 to 72.50 mg/100g as the pulp proportion increased to 12.5 per cent, and to 76.0 to 79.3 mg/100g, as the pulp proportion increased to 15 per cent. The mean initial ascorbic acid content of different beverage samples recorded as 68.84 mg/100g initially, decreased to 40.44 mg/100g after 120 days of storage. A considerable loss of ascorbic acid during storage may be due to oxidation of ascorbic acid to dehydro-ascorbic acid during storage as the ascorbic acid is highly sensitive to the presence of oxygen in its environment. 
Total Soluble Solids 

The TSS of beverage formulations as adjusted at three different level initially, decreased slightly but significantly with the enhancement of storage duration The interactions between the proportions of pulp, sugar and duration of storage were found to be non-significant (P ( 0.05).  The mean initial value of TSS of all the samples was recorded as 130 Brix which decreased to 12.80Brix after 120 days of storage. Similarly the mean values for different treatments after storage varied from 10.9 to 14.96 0Brix as compared to initially adjusted TSS values of 11 to 15 0Brix. Enhancement in the pulp content and storage duration slightly decreased the TSS of the beverage formulations which could be due to the chemical interactions taking place among the organic constituents of the beverage (Ghorai and Khurdiya, 1998).

Titrable Acidity 

The acidity of the juice beverage varied between 0.36 to 0.58 per cent initially and after 120 days of storage decreased slightly (Table 2). The statistical effect of pulp and sugar contents on the acidity values were found to be significant (P ( 0.05), whereas storage and interaction effects were recorded as non-significant (P ( 0.05). The overall mean acidity values of the fresh beverage and stored beverage samples were recorded as 0.498 to 0.97 per cent. The titrable acidity of the beverage samples varied significantly and increased with the increase in the proportion of seabuckthorn pulp from its initial level of 10 per cent to 15 per cent. This can be attributed partly to the contribution of the inherent acid naturally present in the seabuckthorn pulp and partly to the citric acid purposely added to the beverage at the time of preparation. 
Brix Acid Ratios 

The pulp and sugar proportions in the ready to serve beverages affected the Brix acid ratios of the beverages significantly, whereas the effects of duration of storage and interactions were found to be non-significant (Table 2). In general, the brix acid ratios decreased with the increase in pulp content and increased with the increase in TSS. The mean brix acid ratios among all the treatments varied from 20.11 to 33.39.

Total Sugars 

The effect of pulp proportions and interactions between pulp, TSS and storage duration were found to be insignificant (P ( 0.05) on the total sugars content of juice beverage (Table 3). Whereas the effect of TSS  and duration of storage on the changes taking place in the total sugars content of ready to serve beverage were statistically significant (P ( 0.05). Initially the total sugars content of the beverages varied from 9.94 to 13.96 per cent among nine differently prepared beverages. After 120 days of the storage the content varied from 9.91 to 13.88 per cent.   

Reducing Sugars 

The effect of pulp and sugar concentrations as well as storage durations were found to be significant (P ( 0.05) on the reducing sugars content of the juice beverage (Table 3). Whereas the interactions between pulp, sugar and storage durations were non-significant (P ( 0.05) on the reducing sugars content of the beverage. In general, the reducing sugars increased with the increase in the levels of pulp and sugars contents. Slight increases in reducing sugars level of the beverages were also observed with an increase in the duration of storage. Initially reducing sugars content of the beverages varied from 2.03 to 2.79 per cent which increased to 2.21 to 2.98 per cent after 120 days of the storage. Reducing sugars increased with the increase in the storage period, which is attributable to the hydrolysis of sucrose to glucose and fructose by the acid present in the beverages reflecting in simultaneous decreases in the non-reducing sugars (Lotha 1992) 
Non-Reducing Sugars 

The non-reducing sugars calculated by subtracting reducing sugars from total sugars also changed significantly (P ( 0.05) with the increase in pulp, sugar contents as well as storage durations (Table 3). However, interactions taking place between these three factors were observed to be non-significant (P ( 0.05). Non-reducing sugars increased with the increase in sugar and pulp contents; and slightly decreased with the increase in storage durations. In the fresh beverages, the non-reducing sugars content were recorded to vary from 7.28 – 11.13 per cent which were found to vary from 7.09 – 10.93 per cent after 120 days of storage.

Sensory Characteristics 

The initial overall acceptability scores of the beverages prepared by varying the concentration of pulp from 10 to 15 per cent and TSS from 11 to15 OB varied significantly (P ( 0.05) from 6.83 to 8.52 with a mean score of 7.21 (Table 3). There was a slight but significant (P ( 0.05) reduction in the overall acceptability scores of the beverage with an increase in storage durations and the scores varied from 6.74 to 7.60 with a mean score of 7.07 after 120 days of the storage. The best combinations of pulp and sugar proportions were observed to be 10 and 13, 12.5 and 13, 15 and 15 per cents, respectively as the beverages prepared by these combinations were rated superior to others in terms of overall acceptability ratings of the judges. The findings revealed that with an increase in pulp content, the sugar content has to be increased to mask the astringent off taste and flavor imparted to the beverages by the increased quantity of seabuckthorn pulp.
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Table 2 
Effect of pulp content, TSS, and storage duration on the ascorbic acid, total soluble solids, titrable acidity and Brix acid ratio of seabuckthorn ready to serve beverage

	Treatments
	
	Ascorbic acid (mg/100g)
	Total soluble solids (0Brix)
	Titrable acidity (% C.A.)
	Brix acid ratio

	Pulp (%)
	TSS (0Brix)
	0
	60
	120
	0
	60
	120
	0
	60
	120
	0
	60
	120

	10
	11
	58.50
	50.93
	35.75
	11.00
	10.94
	10.77
	0.363
	0.353
	0.350
	30.28
	30.95
	30.77

	
	13
	57.75
	51.77
	47.85
	13.00
	12.94
	12.90
	0.390
	0.387
	0.387
	33.62
	33.46
	33.09

	
	15
	54.00
	50.53
	41.70
	15.00
	14.96
	14.90
	0.437
	0.433
	0.430
	34.35
	34.80
	24.38

	12.5
	11
	70.50
	41.96
	48.40
	11.00
	10.96
	10.88
	0.547
	0.543
	0.537
	20.51
	20.05
	20.03

	
	13
	72.50
	52.33
	37.40
	13.00
	12.96
	12.90
	0.563
	0.560
	0.560
	23.08
	23.14
	23.03

	
	15
	72.00
	51.36
	40.70
	15.00
	14.96
	14.89
	0.527
	0.523
	0.520
	28.48
	28.59
	25.96

	15
	11
	78.50
	65.49
	35.75
	11.00
	10.97
	10.89
	0.550
	0.543
	0.540
	20.00
	20.19
	20.16

	
	13
	76.00
	65.96
	34.65
	13.00
	12.97
	12.88
	0.550
	0.550
	0.537
	24.24
	23.58
	23.42

	
	15
	79.83
	70.23
	41.80
	15.00
	14.97
	14.90
	0.580
	0.580
	0.577
	25.87
	25.80
	25.85

	CD (P ( 0.05)
	Pulp (P)
	2.46
	NS
	0.004
	0.54

	
	TSS (T)
	NS
	0.03
	0.004
	0.54

	
	Storage duration (D)
	2.46
	0.03
	NS
	NS

	
	PXTXD
	7.37
	NS
	NS
	NS


*Data presented are averages of triplicate determinations

Table 3
Effect of pulp content, TSS, and storage duration on the ascorbic acid, total soluble solids, titrable acidity and Brix acid ratio of seabuckthorn ready to serve beverage

	Treatments
	
	Total sugars (%)
	Reducing sugars (%)
	Non-reducing sugars (%)
	Sensory Scores (9)

	Pulp (%)
	TSS (0Brix)
	0
	60
	120
	0
	60
	120
	0
	60
	120
	0
	60
	120

	10
	11
	9.98
	9.96
	9.93
	2.03
	2.18
	2.21
	7.55
	7.39
	7.33
	6.83
	6.87
	6.74

	
	13
	11.96
	11.92
	11.89
	2.19
	2.24
	2.30
	9.28
	9.20
	9.12
	8.35
	7.85
	7.74

	
	15
	13.93
	13.90
	13.87
	2.21
	2.29
	2.36
	11.13
	11.03
	10.93
	6.41
	6.49
	6.76

	12.5
	11
	9.98
	9.94
	9.91
	2.32
	2.41
	2.45
	7.28
	7.15
	7.09
	6.17
	6.14
	6.48

	
	13
	11.98
	11.96
	11.92
	2.38
	2.49
	2.58
	9.12
	8.89
	8.87
	8.60
	7.81
	7.72

	
	15
	13.96
	13.93
	13.90
	2.49
	2.55
	2.62
	10.89
	10.82
	10.72
	6.75
	6.65
	6.83

	15
	11
	9.94
	9.91
	9.89
	2.57
	2.60
	2.67
	7.00
	6.94
	6.86
	6.67
	6.60
	6.90

	
	13
	11.94
	11.92
	11.88
	2.68
	2.76
	2.83
	8.80
	8.71
	8.60
	6.56
	6.26
	6.87

	
	15
	13.94
	13.91
	13.88
	2.79
	2.85
	2.98
	10.59
	10.51
	10.36
	8.52
	7.78
	7.60

	CD (P ( 0.05)
	Pulp (P)
	NS
	0.024
	0.050
	NS

	
	Sugar (S)
	0.045
	0.024
	0.050
	0.018

	
	Storage duration (D)
	0.045
	0.024
	0.050
	0.018

	
	PXSXD
	NS
	NS
	NS
	0.053


*Data presented are averages of triplicate determinations

