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Abstract Hippophae rhamnoides L. commonly called as

seabuckthorn belongs to family Elaeagnaceae and grows in

abundance in Ladakh, the eastern-most part of the state of

Jammu and Kashmir (India). In the present study, phenolic

content and antioxidant activity was determined in shade

dried leaves of ten seabuckthorn populations of Kargil.

Total phenolic content varied from 42.8 to 72.4 mg GAE

and antioxidant activity quantified by DPPH assay varied

between 37.4 to 89 %. Karl Pearson’s coefficient of cor-

relation was calculated to ascertain whether any relation-

ship exists between antioxidant activity and phenolic

content.
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Chemo profiling of plants for natural antioxidants is of

immense interest and has gained importance in food

industry after the emergence of report that synthetic

antioxidants like BHA (butylated hydroxyl anisole), BHT

(butylated hydroxyl toluene), PG (propyl gallate), TBHQ

(tert-butyl hydroxyl quinine) etc. are carcinogenic [1].

Among the various medicinal taxa, Seabuckthorn has

acquired the status of food and medicinal fad of the next

century. Found to contain more than 190 bioactive sub-

stances including flavonoids, phenols, carotenoids, vita-

mins (A, E, K, C, B1, B2, Folic acid), pigments, fatty acids

(Omega 3, 6, 7, 9), organic acids, tocopherols, terpenes,

sterols, tannins and minerals [2, 3], the plant is extensively

used in the traditional system of medicine in many Asian,

Chinese, Mongolian and Tibetan countries. In Ladakh, use

of seabuckthorn in Amchi system of medicine has been in

vogue since times immemorial despite the locals not

knowing about its active constituents [4]. A recent report

from Russia showed that oil extracted from leaves and

fruits of seabuckthorn are used for wound-healing, as anti-

bacterial, anti-ulcer, anti-inflammatory and as a multivita-

min product [5]. The leaves are extensively used in the

treatment of diarrhoea, rheumatoid arthritis and dermato-

logical disorders [6]. Similarly, the polyphenols in

seabuckthorn have multiple uses ranging from protection to

human body against free radicals, in plants to infection by

pathogens and defence against herbivory [7]. In order to

assess antioxidative potential of plants growing in Kargil

district (J&K, India), shade dried leaves were chosen as

study material.

Collections were made in October from male and female

plants from each of ten different populations growing in

their natural habitats during the field visits to different parts

of Kargil. Kargil lies between 3400300N and 7600130E lon-

gitude and these populations were located at Sankoo,

Shilikchey, Pashkum, Mingee, Andoo, Shargol, Barootsog,

Akchamal, Kanoor and Chanigund. For each population,

sample size remained constant (n = 5) with the exception

of Chanigund since this population was devoid of female

plants. The leaves were collected, shade dried at room

temperature (20–25 �C) in Ladakh and then stored in deep

freezer at -20 �C (Vestfrost) at Department of Botany,

University of Jammu. Phenols were extracted, as described

by ISO [8] with slight modification. Total phenolic content

of 70 % methanolic extract was determined by spec-

trophotometry using gallic acid as standard and expressed

as mg GAE [9, 10].
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A freshly prepared DPPH (1, 1-diphenyl-2-picryl

hydrazyl) solution has a deep purple color with maximum

absorption at 517 nm. The purple color generally fades/

disappears completely when an antioxidant is present in the

medium. Thus, antioxidants present in the extract can

quench DPPH free radicals and convert them to colorless

form resulting in decrease in absorbance at 517 nm. Hence,

more rapid decrease in absorbance more potent the

antioxidant activity of that extract. DPPH radical scav-

enging activity of 70 % methanolic extract was determined

according to the method of Blois [11]. The absorbance was

determined at 517 nm. Lower absorbance of the reaction

mixture indicated higher free radical scavenging activity.

Gallic acid was used as positive control. DPPH radical

scavenging activity was calculated using the following

formula:

% ¼ A0 � A1=A0 � 100

A0-Absorbance of the control

A1-Absorbance of extract/Standard sample.

Results were expressed as mean ±standard error and

data were analyzed by two-way ANOVA to determine the

effects of population type and plant sex on phenolic content

as well as antioxidant activity.

Existence of relationship between antioxidant activity

and different antioxidants were calculated by Karl Pear-

son’s method [12] and t-test was applied for checking

significance of relation.

The total phenolic content of shade dried leaves in 70%

methanolic extract is presented in Fig. 1a. Across popula-

tions, the average phenols ranged between 42.8 and

72.4 mg. In males, the highest quantity was found in plants

of Barootsog (72.4) and lowest in those of Pashkum (42.8).

Females of Barootsog showed a reverse trend; they had

lowest quantity among those across populations. Statisti-

cally significant differences occurred among sexes (F (1, 8) =

6.06; P\0.05) but not between populations (F (8, 8) = 0.139;

P [ 0.05). With the exception of Barootsog and Mingee,

majority of the populations had female plants with greater

phenolic compounds than their male counterparts. The sig-

nificant differences in the quantity of bioactive compounds

between male and female plants can be attributed to several

reasons some of which are purely genetic and others eco-

logical in nature. Reproductive functions associated with

each sex also impose resource constraints, which inturn,

affect the quantitative profile of the bioactive compounds

[13]. Critical and crucial among these are the different

resource needs and constraints encountered during different

phases of life cycle like growth, defence and reproduction

[14]. This is because each phase has its own physiological

demands and accordingly seasonal changes are required for

regulation and production of appropriate biochemical con-

stituents, both qualitative and quantitative. These together

with environmental stresses contribute to variations within

sexes and among populations [15]. In dioecious plants,

female plants allocate more resources to reproduction than

male plants. Therefore, it is expected that asymmetrical

allocation to reproduction may lead to a reproduction-

growth tradeoff, whereby female plants grow less than male

plants, but invest more in defenses and thus experience

lower herbivory than male plants. In the present study,

collections were made in October when fruits were still

attached to the plant, ready to harvest and if not collected,

persist on the parent plant (non-deciduous) and remain

available to the foragers. Plants have to face the severe

winters ahead. Presence of greater amount of phenols in

females around this time could be a strategy to ensure sur-

vival by being as defensive as possible and sufficient to

discourage herbivory and prevent damage to the fruits but

less enough to be desirable as food for humans.

Leaves collected from male as well as female plants

showed comparable levels of radical scavenging activity,

with respective averages ranging from 37.4 to 89 % and

69.7 to 81.3 %. The percentage inhibition was maximum in

male plants of Barootsog (89 %) and least in those of

Mingee (37.4 %). Among female plants the maximum

populational average of 81.3 was recorded for Sankoo and

least i.e. 69.7 for Mingee. Figure 1b enlists antioxidant

activity values for each population. Overall, females had a

Fig. 1 Multiple bar diagrams depicting sex and between population

difference in a total phenolic content in 70 % methanolic extracts,

b antioxidant activity (as determined by DPPH method) of leaf extract

H. rhamnoides. Note the comparable acitivity with Gallic acid
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narrower range (52.0–95) than the male plants

(6.3–96.3).The average DPPH radical scavenging activity

in males and females was 72.3 and 77 % respectively.

Gallic acid used as standard is equally good as far as its

antioxidant activity is concerned; it was equivalent to

males of Barootsog (Fig. 1b). Results of two-way ANOVA

reveal significant variation in antioxidant activity between

sexes (F (1, 8) = 12.36; P\ 0.05) which, however, doesn’t

change among various populations (F (8, 8) = 0.064; P[
0.05).

Both positive and negative correlations were found

between phenols and antioxidant activity with respect to

different populations which is rather intriguing. Relation-

ships of phenols with antioxidant activity were significant

only in males of Shargol, Shilikchey and Andoo. The

r-values were accordingly significant (Table 1). Addition-

ally perfect positive correlations were found in males of

Barootsog and Pashkum and in females of Mingee and

Barootsog; while perfect negative correlation was specific

to Akchamal males and Shilikchey females.

The amount of total phenols varied between 42.8 and

72.4 mg in plants of different populations irrespective of

sexes. However, between sexes, the average quantity of

phenols exceeds in females. On the contrary, Attrey et al.

[16] found more phenols in males than females in 70%

alcoholic extract. A trend similar to the present study i.e.

Aqueous[Alcohol exists but the yield reported for male

(both in aqueous and alcoholic) and female (aqueous only)

plants is very high. At the population level, highest total

phenolic content was found in plants of Barootsog followed

by those of Kanoor, Sankoo and Shilikchey.

Results of DPPH radical scavenging decolourization

assay reveal high degree of antioxidant capacity in 70 %

methanolic extracts of all the populations studied. Recent

investigations have shown that many phytochemicals e.g.

phenols are more potent antioxidants than vitamin C and E

due to their efficiency in scavenging peroxy radicals [17].

The antioxidant capacity of seabuckthorn is largely

accrued to the plants because of the ample quantity of

bioactive substances present in its leaves. This is also

evident from a positive correlation between the different

antioxidants and their antioxidant activity. However, cor-

relation coefficients between different compounds and their

antioxidant activity do not show a consistent trend across

populations. Some coefficients are perfect, and some strong

and others too less to suggest any relationship. Within and

between sexes, similar trend was observed. Except for

Barootsog and Shilikchey where the correlations within

and between sexes were perfect or near perfect, all others

vary. As of now, the relationship between the different

antioxidants and their antioxidant activity in seabuckthorn

is rather difficult to generalize or interpret by statistical

methods. Goyal et al. [7] found a significant positive linear

correlation between the phenolic content and DPPH

activity in Hippophae salicifolia. Many other workers have

also reported a direct significant relationship between the

antioxidant activity and total phenolic content in several

plants like tea, pineapple, vegetables, etc. [18, 19] although

contributions of other secondary metabolites like volatile

oils, proteins, vitamins, carbohydrates, tannins, etc. has not

been ruled out completely [7, 20–22]. In buckwheat, two

out of three methods i.e. Rancimat or beta-carotene

bleaching showed no correlation between antioxidant

activity and total phenolic content while DPPH method

revealed a strong and significant positive correlation [23].

Similar results have been obtained in Chenopodium qui-

noa, Amaranthus spp., Zizyphus jujube and many other

taxa [24–26].

Several reasons have been attributed to the ambivalent

relationship between antioxidant activity and total phenolic

content by Sun and Ho [23] in buckwheat. One, that total

phenols exclude many antioxidants like ascorbic acid,

carotenoids and tocopherols. Second, that antioxidant

activity does not depend exclusively upon the concentra-

tion of antioxidants but also on their structure and various

interactions between them. Third, different methods of

estimation are likely to lead to different conclusions.

Among these, first two seem plausible to the present results

since only one method was used to determine antioxidant

activity (DPPH free radical scavenging assay). Because

total phenols were estimated instead of polyphenols,

therefore these do not include antioxidants like flavonoids,

ascorbic acid, carotenoids and tocopherol and antioxidant

activity could be conferred by synergistic interaction

between different substances of antioxidative potential.

Howsoever, one cannot rule out the antagonism among

Table 1 Correlation between antioxidant activity and total phenolic

content in males and females of different populations

S.No. Populations r-value

Male Female

1 Kanoor 0.56 0.45

2 Mingee 0.03 1

3 Barootsog 1 1

4 Shargol 0.81* 0.46

5 Shilikchey 0.99** -1

6 Sankoo 0.67 0.18

7 Andoo 0.98* -0.38

8 Akchamal -1 0.56

9 Pashkum 1 -0.50

10 Chanigund -0.48 –

* P\ 0.01, 0.05 (Significant)

** P\ 0.01 (Significant)
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some antioxidants as well. That is why probably some

correlations were negative.

In conclusion, result of the present study suggests that

methanolic extracts of shade dried leaves of different

populations of Seabuckthorn is a potential source of

antioxidants, which could be used as a natural preservative

and in the development of nutraceutical formulations to

overcome adverse affects of synthetics.

Acknowledgments The authors are highly thankful to the Head,

Department of Botany, University of Jammu for providing the nec-

essary laboratory and library facilities and DBT, Government of India

for financial assistance. Thanks are also due to Sonam Tamchos for

preparing the photographic plates.

References

1. Branen AL (1975) Toxicology and biochemistry of Butylated

hydroxyanisole and Butylated hydroxyanisole. J Am Oil Chem

Soc 52:59–63

2. Gupta D, Kaul V (2013) Qualitative analysis of bioactive com-

pounds in the leaves of seabuckthorn. Natl Acad Sci Lett. doi:

10.1007/s40009-013-01600

3. Gupta D, Kaul V (2012) Phytochemical screening of bioactive

compounds from different populations of H. rhamnoides L.

growing in Kargil district (J&K, India). Int J Pharm Biosci

3(4):447–455

4. Kumar R, Kumar GP, Chaurasia OP, Singh SB (2011) Phyto-

chemical and pharmacological profile of seabuckthorn oil: a

review. Res J Med Plant 5:491–499

5. Eidel’nant A (1998) Seabuckthorn (Hippophae rhamnoides) in

medicine and cosmetics. Culinary. Kron press, Moscow, p 376

6. Khalmatov KhkH, Kharlamov IA, Alimbayeva PK, Karriev MO,

Khaetov IH (1984) Osnovnuiye Lekarst vennuiye Rasteniya

Srednei Azii (The main medicinal plants of Central Asia).

Meditsina, Tashkent (in Russian)
7. Goyal AK, Basistha BC, Sen A, Middha SK (2011) Antioxidant

profiling of Hippophae salicifolia growing in sacred forests of

Sikkim, India. Funct Plant Biol 38:697–701

8. ISO 14502-1(2005) Determination of substances characteristic of

green and black tea. Part 1: content of total polyphenols in tea.

Calorimetric method using Folin-Ciocalteu reagent

9. Zainol MK, Abdul-Hamid A, Yusof S, Muse R (2003) Antiox-

idative activity and total phenolic compounds of leaf, root and

petiole of 4 accessions of Centella asiatica (L.) Urban. J Food

Chem 49:5165–5170

10. Gupta D (2012) Biochemical characterization of leaves of

seabuckthorn (Hippophae rhamnoides L.) from Kargil- a Pre-

liminary study M.Phil. Dissertation submitted to the Department

of Botany, University of Jammu, Jammu (J&K, India)

11. Blois MS (1958) Antioxidant determinations by the use of a

stable free radical. Nature 181:1199–1200

12. Sokal RR, Rohlf JF (2001) Biometry: the principles and practice

of statistics in biological research. W.H. Freeman and Company,

San Francisco

13. Grant MC, Mitton JB (1978) Elevational gradients in adult sex

ratios and sexual differentiation in vegetative growth rates of

Populus tremuloides Michx. Evolution 33:914–918

14. Mc key DD (1979) The distribution of secondary compounds

with in plants. In: Rosenthal GA, Janzen DH (eds) Herbivores:

their interaction with secondary plant metabolites. New York

Academic Press, New York, pp 55–133

15. Waterman PG, Mole S (1994) Analysis of phenolic plant

metabolites. Blackwell Scientific Publications, Oxford

16. Attrey DP, Singh AK, Katyal J and Naved T (2011) Comparative

Studies on male and female leaves of Hippophae rhamnoides. In:

Proceedings of National Conference on Seabuckthorn (Hip-

pophae rhamnoides L.): Emerging Trends in Research and

Development on Health Protection and Environmental Conser-

vation (December 1–3, 2011) in CSK Himachal Pradesh Agri-

cultural University Palampur-H.P pp 108–113

17. Vinson JA, Xuehui S, Zubik L, Bose P (2001) Phenols antioxi-

dant quantity and quality in food, fruits. J Agric Food Chem

49(11):5315–5321

18. Gardner PT, McPhail DB, Duthie GG (1997) Electron spin res-

onance spectroscopic assessment of the antioxidant potential of

teas in aqueous and organic media. J Sci Food Agric 76:257–262

19. Gardner PT, White TAC, McPhail DB, Duthie GG (2000) The

relative contribution of vitamin C, carotenoids and phenolics to

the antioxidative potential of fruit juices. Food Chem 68:471–474

20. Veliglou YS, Mazza G, Gao L, Aomah BD (1998) Antioxidant

activity and phenolics in selected fruits, vegetables, and green

products. J Agric Food Chem 46:4113–4117

21. Ara N, Nur H (2009) In vitro antioxidant activity of methanolic

leaves and flowers extracts of Lippia alba. Res J Med Med Sci

4:107–110

22. Goyal AK, Middha SK, Sen A (2010) Evaluation of the DPPH

radical scavenging activity, total phenols and antioxidant activi-

ties in Indian wild Bambusa vulgaris ‘Vittata’ methanolic leaf

extract. J Nat Pharm 1:40–45

23. Sun T, Ho CT (2005) Antioxidant activities of buckwheat

extracts. Food Chem 90(4):743–749

24. Nsimba R, Kikuzaki H, Konishi Y (2008) Antioxidant activity of

various extracts and fractions of Chenopodium quinoa and

Amaranthus spp. seeds. Food Chem 106:760–766

25. Kamiloglu O, Ercisli S, Sengul M, Toplu C, Serce S (2009) Total

phenolics and antioxidant activity of jujube (Zizyphus jujube

Mill.) genotypes selected from Turkey. Afr J Biotech

8(2):303–307

26. Rafat A, Philip K, Muniandy S (2010) Antioxidant potential and

phenolic content of ethanolic extract of selected Malaysian

plants. J of Biotech 5(1):16–19

56 D. Gupta, V. Kaul

123

http://dx.doi.org/10.1007/s40009-013-01600

	Antioxidant Activity Vis-a-Vis Phenolic Content in Leaves of Seabuckthorn from Kargil District (J&K, India): A Preliminary Study
	Abstract
	Acknowledgments
	References




