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Abstract Seventeen natural population of Seabuckthorn

(SBT), which comprised 187 plants from trans-Himalaya,

were studied to find out the variability, genotypic and mor-

phometric effect on fruit oil content. The soft part of the fruit

was found to be rich in oil content ranging from 3.16 to

17.3 %. A variation of 1–5.5-folds in oil content among the

examined fruit and univariate two-way ANOVA analysis

underlines the important role played by genetic background

for determining oil content in SBT fruit. At population level,

the highest oil content (12.02 %) was observed in TYX while

the lowest was found in CHO population (6.84 %). The

overall mean oil content was 9.74 %. Oil content in berry

was significantly correlated with fruit weight (–0.203,

p B 0.05), fruit width (–0.195, p B 0.05), tree habit (0.216,

p B 0.05), seed weight (–0.151, p B 01), seed length

(–0.177, p B 0.01), leaf area (–0.162, p B 0.01), number of

leaf per 10 cm2 (–0.151, p B 0.01), secondary branch apex

(–0.144, p B 0.01) and mature stem colour (0.186,

p B 0.01). However, none of the values were highly

significant.
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Introduction

The actinorhizal plant Seabuckthorn (Hippophae rhamno-

ides L., Elaeagnaceae) is dioecious and wind pollinated.

The female plant bears red, orange or yellow berries on

two-year-old thorny twigs. Seabuckthorn (SBT) berries are

among the most nutritious of all fruits and have immense

medicinal properties. Concentrations of vitamins B2, B3,

B5, B6, B12, C and E are much higher than other fruits such

as apricot, banana, mango, orange and peach [1]. SBT

extracts possess antibacterial activities [2] and have shown

protective effect against the toxic effect of mustard gas, a

chemical warfare agent. Many of the claims associated

with SBT are related to high nutritive value in terms of

vitamins, organic acids, flavonoids, macro- and micro-

nutrient elements. The nutritional attributes, medicinal and

therapeutic potential have recently been reviewed [3, 4].

The shrub serves as a storehouse for researchers in the field

of biotechnology, nutraceutical, pharmaceutical, cosmetic

and environmental sciences [5].

SBT oil is a valuable product used in medicine, as nu-

traceutical supplement, and in cosmetic. Oil extracted from

seed and pulp differs considerably in fatty acid composi-

tion. Oil from juice and pulp is rich in palmitic (16:0) and

palmitoleic (16:1) acids, while the oil from the seed con-

tains the essential fatty acids, which are linoleic (18:2) and

linolenic (18:3) acids. One of the many special features of

SBT fruit is the exceptionally high content of tocopherols

and tocotrienols. Total content of tocotrienols varied from

130 to 290 mg kg-1 in seed and 40 to 120 mg kg-1 in

flesh part of the berry [6]. The content of these bioactive

compounds are among the crucial criteria defining the

quality of SBT. Oil derived from juice contains more

vitamin E (216 mg/100 g of fruit) than seed

(64.4–92.7 mg/100 g of seed) [7]. The tocopherol and
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tocotrienols fraction in soft part of the berry consists of

70–80 % a-tocopherol, 4–9 % b-tocopherol, 2–6 % c-

tocopherol and 2–4 % c-tocotrienol [6]. Presence of high

content of a-tocopherol has significant healthful effect,

which acts as natural antioxidant in the human body.

Carotenoids content of SBT oil ranges from 314 to

2,139 mg/100 g [8]. The seed oil is characterized by its

high oleic acid content (17 %) and its one to one ratio of

omega-3 (alpha linoleic) and omega-6 (linoleic) at

approximately 34 and 31 %, respectively. The relationship

of equivalence between the two omegas is critical because

they self check each other in a delicate balance to regulate

thousands of metabolic functions through prostaglandin

pathways. Nearly every biological function is intercon-

nected with balance between omega-6 and omega-3 [3].

The oil content of SBT in seed and pulp has been

extensively studied. H. rhamnoides contains higher amount

of oil than for H. tibetana and H. salicifolia [9]. Fleshy part

of the berry is the main source of oil. On an average, only

10–20 % of the oil is in the seed, the proportions of which

never exceed that of the pulp oil [10]. The oil content

ranges from 4.2 to 16.5 % in seeds and 1.7 to 10.5 % in

whole berry [10]. However, quantification of the oil con-

tent has been studied either in elite selections [6, 11, 12] or

within limited number of samples [6, 9, 11, 13]. Therefore,

studies involving large population and the importance of

genotype have not been investigated. Besides, no detail

studies have been conducted to study interrelationship

between oil content and morphometric traits. Therefore, the

objective of the present study was to investigate genotypic

effect on oil content in soft part of SBT fruit from the 187

plants representing 17 natural populations. Attempts have

been made to find interrelationship between oil content and

36 morphometric traits.

Materials and Methods

Sample Collection

Seventeen natural populations of H rhamnoides L. comprising

187 female plants were sampled across the major distribution

site from Indian trans-Himalaya. The altitude of collection site

ranged from 2,765.1 to 3,336.1 m a.s.l (Table 1). The mean

maximum and minimum temperature in the study site was

18.9 ± 9.5 �C and –5.8 ± 9.8 �C, respectively while the mean

maximum and minimum relative humidity was 35.5 ± 7.3 %

and 25.0 ± 3.7 %, respectively during 2001–2011 [14]. Mean

maximum temperature during cropping season (May–Sep-

tember) was 28.4 �C while the minimum was 4.5 �C during the

last decade. Samples were collected with fruiting twigs and

berries were removed manually in the Laboratory. Seed was

separated and the remaining soft part of the fruit was

lyophilized in a Laboratory freeze dryer (ALPHA 2–4 LD plus,

Fisher Bioblock Scientific, France).

Morphological Characterization

Thirty-nine morphometric traits were analyzed in the 187

plants. Characters such as plant height and canopy width

were measured in the field while fruit, seed and leaf

characters were evaluated in the laboratory.

Oil Extraction

Oil was extracted in Soxhlet extraction unit as described by

Conkerton et al. [15] with minor modification. Briefly, 6 g

freeze dried samples per thimble was used. Hexane was used

as solvent to extract oil. The solvent-to-sample ratio was 10:1.

The extraction temperature was 68 �C and condenser was

maintained at 15 �C. Extracted oil was desolvenized in a

vacuum oven at 50 �C to determine yield. The oil content was

determined in terms of fresh weight taking into consideration

the initial fresh weight and weight of sample after freeze

drying.

Statistical Analysis

All the experiments were performed in triplicate. Influence of

populations on oil content was analyzed using univariate

General Linear Model (GLM). One way ANOVA with two-

sided Tukey’s HSD at p B 0.05 and two-tailed Pearson cor-

relation was done using SPSS 17.0 version for Windows.

Result and Discussion

Oil Content

Oil content in pulpy soft part surrounding the seed is presented

in Table 1. SBT fruits were found to be rich in oil content

ranging from 3.16 to 17.3 % between individuals in the studied

population. Therefore, a variation of 1–5.5-folds in oil content

was observed. At population level, the highest oil content

(12.02 %) was observed in TYX while the lowest was found in

CHO population (6.84 %). The overall mean oil content was

9.74 %. In comparison, Tiitinen et al. [11] reported 0.7–3.6 %

pulp oil in ssp mongolica of Russia origin grown in Finland and

2.9–3.3 % in ssp. rhamnoides of Finnish origin. Ranjith et al.

[9] reported 2.99–3.61 % pulp oil in SBT from India. In con-

trast, Sabir et al. [13] reported 17.8–29.1 % oil in softer pulp in

eight populations from Pakistan. High amount of oil in the

Pakistan origin is probably because the fruits were dried ini-

tially and the expression may be in terms of dry weight basis. In

the present study, the oil content in the soft part of berry in terms
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of dry weight basis ranged from 17.95–31.55 % and the mean

value was 25.57 %.

Significant difference in oil content was observed between

individual plants within a population in all studied 17 popula-

tions at p\0.05 (Table 1). This underlines the importance of

genetic background for determining oil content in SBT. Signif-

icant variation between plants within a population could be

observed as SBT is wind pollinated out-cross species and

therefore high genetic variation is expected in natural population.

One-way ANOVA

Authors conducted a GLM model based analysis to determine

the significant effect of populations on oil content. Popula-

tions significantly affect the oil content (Table 2). The result

suggested that choice of population is an important criteria for

selecting plant from natural population as a source of oil

content in the berry. A large number of populations are needed

to screen for their potential source as breeding stock to

improve oil content in the berry.

Correlation Analysis

Detail studies on interrelationship between oil content and

morphometric traits have not been reported. A positive

correlation between pulp oil content and fruity flavor and a

negative correlation with sweetness has been reported [11].

Table 3 displayed the correlation between oil content and

36 morphemetric traits. Oil content in berry was signifi-

cantly correlated with fruit weight (–0.203, p B 0.05), fruit

width (–0.195, p B 0.05), tree habit (0.216, p B 0.05),

seed weight (–0.151, p B 0.01), seed length (–0.177,

p B 0.01), leaf area (–0.162, p B 0.01), number of leaf per

10 cm2 (–0.151, p B 0.01), secondary branch apex

(–0.144, p B 0.01) and mature stem colour (0.186,

p B 0.01). However, none of the values were highly

Table 1 Locations of 17 populations of H. rhamnoides L. from Indian trans-Himalaya: oil content in soft part of SBT berry within 17

populations and the effect of genetic background within a population (% FW)

Sampling Localities Population ID Latitude (N) Longitude (E) Altitude (m a.s.l.) Sample size % Oil

Mean Min Max

Choglamsar CHO 34�060.700 77�350.000 3213.8 14 *6.84 ± 1.85a 3.31 9.50

Chuchot CHU 34�050.300 77�350.600 3219.9 12 *11.51 ± 2.34bc 7.84 14.87

Shey SHY 34�040.100 77�370.500 3238.8 07 *10.75 ± 2.10abc 7.25 13.23

Shey Forest SHF 34�050.200 77�360.200 3222.6 10 *9.82 ± 2.22abc 7.25 14.74

Phey PHY 34�080.200 77�290.000 3185.5 17 *11.84 ± 1.90c 8.19 15.21

Shey Picnic SHP 34�030.600 77�370.500 3239.4 35 *8.00 ± 2.21abc 3.16 12.53

Skuru SKR 34�400.100 77�170.500 3125.4 07 *11.62 ± 2.47bc 8.53 15.02

Tyaxi TYX 34�530.200 76�480.300 2765.1 07 *12.02 ± 2.07c 9.61 15.08

Turtuk TRK 34�500.500 76�490.500 2869.4 17 *10.79 ± 3.06abc 6.06 17.30

Bogdang BGD 34�480.100 77�20.400 2987.0 03 *9.67 ± 1.95abc 7.70 11.59

Changlung CHG 34�550.400 77�280.200 3303.7 06 *9.37 ± 1.47abc 7.49 10.92

Panamik PNK 34�470.400 77�310.500 3196.1 09 *9.92 ± 2.50abc 6.16 12.13

Sumur SMR 34�370.600 77�360.300 3108.0 04 *7.59 ± 1.96ab 5.77 10.06

Skuru Forest SKF 34�410.100 77�160.100 3044.6 14 *10.04 ± 2.29abc 6.13 13.68

Hunder HUN 34�350.000 77�290.500 3089.7 08 *8.58 ± 2.46abc 6.53 13.34

Thirth TRT 34�320.200 77�390.200 3212.9 14 *10.61 ± 2.33abc 6.03 13.58

Khalsar KHA 34�290.200 77�420.100 3336.6 03 *7.31 ± 2.73a 5.63 10.46

Total *9.74 ± 2.71 3.16 17.30

Values represented as mean ± SD; for each column, different lowercase letters indicate significantly different at p \ 0.05, as measured by

2-sided Tukey’s HSD between SBT populations

* Significant difference between individual samples within a population at p B 0.05

Table 2 Univariate Two-way ANOVA in GLM to estimate the effect

of populations on oil content

Source Sum of

squares

df Mean

square

F P \ 0.05

Corrected model 483.271 16 30.204 5.787 0.000

Intercept 12063.035 1 12063.035 2311.274 0.000

Population 483.271 16 30.204 5.787 0.000

Error 887.266 170 5.219

Total 19123.833 187

Corrected total 1370.538 186
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significant. The results are in agreement with the observed

phenomenon in genera Ribes, Rubus, and Arctostaphylos,

according to which the smaller the seeds within one genus,

the higher the oil content [16, 17]. However, it deviates

from the previous report in H. rhamnoides ssp sinensis and

mongolica [6].

Sabir et al. [13] observed that yellow and orange-yellow

fruits have higher level of oil than orange and orange-red

fruits. However, in the present study fruit colour has no

significant effect on oil content. A positive correlation

between pulp oil content and fruity flavor and a negative

correlation with sweetness has been reported earlier [11].

Conclusions

The influence of plant genetic background on oil content in

the pulpy fruit part surrounding the seed was demonstrated.

Significant variation was found within and between the 17

natural populations, which underline the role of genetic

background for determining the oil content in SBT. Many

fold variation in oil content (1–5.5) was observed within

the 187 studied plants. Population has significant effect on

the oil content in berry. Significant interrelationship

between oil content and eight out of 36 morphological

traits was observed. Results obtained in this study can be

considered for selection of genotype for breeding purpose

to increase oil content in the berry.
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