The antioxidant capacity of sea buckthorn (Hippophae rhamnoides L.) berries depends
on the genotype and harvest time
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Summary: Berries of sea buckthorn (Hippophae rhamnoides L.) are characterized by
increasing popularity due to their presumable health-effects. The aim of this study was to
compare the antioxidant capacity and total polyphenolic content in the berries of six
Hungarian grown sea buckthorn genotypes and characterize the genetic variability in this trait.
The harvest time of sea buckthorn berries affects the antioxidant capacity and total phenolic
contents in berries of three popular cultivars of German origin. Berries harvested in October
had higher antioxidant capacity compared with those harvested one month later. The extent of
the difference was genotype-specific. Our analysis revealed a nearly 3-fold difference
between the lowest and highest antioxidant capacities of the 6 tested genotypes with ‘Leikora’
showing the highest ferric reducing antioxidant power and total phenolic content. The TEAC
values ranged between 1.76 and 3.13 mmol Trolox/100g fresh weight with Peté 1 and
‘Frugana’ having the highest values. The results presented in this study demonstrated that
Hippophae rhamnoides berries possess in vitro antioxidant activity strongly determined by
genotype but also influenced by harvest time.

Introduction

Sea buckthorn (Hippophae rhamnoides L. of the family Elaeagnaceae), a unique and
valuable plant has recently gained worldwide attention, mainly for its medicinal and
nutritional potential (Schmidt & Toth, 2006; Lalit et al., 2011; Negi et al., 2005). Sea
buckthorn is a native species of sunny areas of sand dunes such as river banks. It is a dioecious
species, with separate male and female plants, the latter can be easily recognized in early autumn by
their orange coloured berries. Sea buckthorn leaf has flourishing epidermis hair, thicker cuticle and
developed palisade tissue (Dai-Qiong et al., 2004) characteristic for plants facing with sun
exposure and limited water availability (Jager et al., 2011).

Berries contain more than 100 different nutrients and bio-active substances and are
rich sources of vitamins (A, C, E, K, riboflavin, folic acid), carotenoids (a, B, d-carotene,
lycopene), flavonoids, organic acids (malic acid, oxalic acid) minerals, essential oils, and
essential fatty acids. The fruit of sea buckthorn is a good source of vitamin C (500-900
mg/100g), which is 4-100-times higher than any vegetable and fruit (Farkas, 2011; Yan-Jun et
al., 2011; Lalit et al., 2011; Vinay et al., 2012, Negi et al., 2005; Baoru & Heikki, 2002).
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Sea buckthorn leaves contain nutrients and bioactive substances which mainly include
flavonoids, carotenoids, free and esterified sterols, triterpenols, and isoprenols. The leaves are
equally rich sources of important antioxidants including B-carotene, vitamin E, catechins,
ellagic acid, ferulic acid, folic acid and also significant amounts of calcium, magnesium and
potassium are accumulated (Al, 2001, Suryakumar & Gupta, 2011).

A wide spectrum of pharmacological effects of sea buckthorn has been recently reported
including antioxidant, immunomodulatory, anti-atherogenic, anti-stress, hepatoprotective,
radioprotective as well as tissue repair promoting effects (Suryakumar & Gupta, 2011;
Eccleston et al., 2002).

The aim of this study was to compare the antioxidant capacity and total polyphenolics
content in the berries of six Hungarian grown sea buckthorn genotypes and characterize the
genetic variability in this trait. We also wanted to monitor the effect of harvest time on the
antioxidant parameters in case of three popular cultivars of German origin.

Materials and methods
Plant material

The berries of German sea buckthorn (Hippophae rhamnoides L.) cultivars ‘Leikora’,
‘Hergo’ and ‘Frugana’ were collected in Budapest, Hungary two times (16. 10. 2012 and 26.
11. 2012) and unknown genotypes of Russian origin labelled Pet6 (1, 2, 3) were harvested in
Jaszapéti, Hungary.

Sample preparation

After sorting, washing, cleaning, the fresh pomace was stored frozen (-32 °C) until
freeze drying (ScanVac, Denmark). The freeze-dried samples was ground to a fine powder in
a mortar, and sample solution of 20 mg/ml was prepared in Milli-Q (MQ) water (18.2
MQcm). Subsequently, the resulting suspension was placed in an ultrasonic water bath for
one hour, and then the solutions were centrifuged (Micro 22 R, Hettich centrifuges,
Tuttlingen, Germany; 6000 rpm, 20 min, 23 °C). Finally, the extracts were stored at -32°C
until the determination of in vitro antioxidant parameters. The measurements were performed
using a Nicolet Evolution 300 BB (Thermo Electron Corporation, Cambridge, UK)
spectrophotometer.

Ferric reducing antioxidant power (FRAP) assay
FRAP assay was performed according to the methods of Benzie & Strain (1999). The
values obtained were expressed as mmol ascorbic acid equivalent (AS)/100g of fresh weight.

Total phenolic content determination

Total phenolic contents of samples were determined using the Folin-Ciocalteau (FC)
assay as described by Singleton & Rossi (1956). Results were expressed as mmol gallic acid
equivalents (GA)/100g of fresh weight.

Measurement of total antioxidant activity

Miller et al. (1993) described the Trolox-equivalent antioxidant capacity (TEAC)
method. The method is based on the formation of ABTSet+ cation [2,2’-azinobis (3-
ethylbenzothiazoline-6-sulfonic acid)] and its scavenging by antioxidant sample constituents
measured by spectrophotometry (decay of green/blue chromophore absorbance is inversely
associated with antioxidant content. The standard antioxidant compound used for the
quantification is Trolox, a hydrophilic analog of vitamin E.



Results and discussion

The harvest time of sea buckthorn berries seems to affect the antioxidant capacity and
total phenolic contents in berries of three popular cultivars of German origin. Berries
harvested on 16™ October 2012 had higher antioxidant capacity compared with berries
harvested one month later. The extent of the difference was genotype-specific with ‘Hergo’
and ‘Frugana’ showing a marked decrease while ‘Leikora’ had only a slightly reduced
antioxidant capacity. It indicates an association between the antioxidant capacity of berries
and harvest time at the overripe stage. Our analysis revealed a nearly 3-fold difference
between the lowest and highest antioxidant capacities of the 6 tested genotypes (Figure 1).
Peté 3 showed the lowest FRAP value, while the highest values were measured in berries of
‘Leikora’.

Total phenolics content showed smaller differences (slightly smaller than two-fold
variations) between the lowest and the highest values determined in the accessions Pet6 3 and
Pet6 1 and ‘Leikora’, respectively (Figure 2). The FRAP and TPC data showed a close
correlation, indicating that a crucial part of the sea buckthorn antioxidant capacity is
attributable to a wide range of polyphenols present in berry skin and flesh. The high levels of
phenolic compounds in plant extracts indicate radical scavenging activity. Polyphenols are
very important compounds in berries because of their radical scavenging ability due to their
several phenolic hydroxyl groups. They inhibit lipid peroxidation and are associated with
antioxidant activity (Pfeiffer & Hegediis, 2011).

Sea buckthorn extracts have been reported to possess strong antioxidant activity
measured in terms of TEAC (1.76-3.13 mmol trolox/100g FW) using 2,2-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) assays (Figure 3). Peté 1 and
‘Frugana’ had the highest TEAC values. The values of ‘Leikora’ cultivar were not so
outstanding compared with those determined in other antioxidant assays. In conclusion, the
results presented in this study demonstrated that Hippophae rhamnoides berries possess
strong in vitro antioxidant activity and hence may have cytoprotective effects. Sea buckthorn
berries may improve the antioxidant defence system of cells by increasing the intracellular
GSH levels and inhibiting ROS production (Vijayaraghavan et al., 2006; Manickam et al.,
2014).

Conclusions

The antioxidant capacity of sea buckthorn is mainly genotype-dependent but harvest
time also influences it. On the basis of the present study, it could be concluded that berries of
sea buckthorn exert pronounced antioxidant properties and might be important as
nutraceutical after conducting safety and toxicological studies. Their curative power against a
range of diseases might be exploited, especially those associated with oxidative stress.
Antioxidant capacity is an important fruit quality parameter together with the related
parameters such as total phenolic content and antioxidant capacity (FRAP and TEAC).
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Figure 1. Antioxidant capacity in sea buckthorn berries according to genotypes and harvest
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Figure 2. Total phenolic content in sea buckthorn berries according to genotypes and harvest
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Figure 3. Antiradical capacity (TEAC assay) in sea buckthorn berries according to genotypes

and harvest times



