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Abstract 

Recently the sea buckthorn became one of cultivated species. Research in the food industry aims to 

capitalize on sea buckthorn in a wide range of products due to the benefits it may brings to the human 

body. The recovery and use of sea buckthorn waste is also valuable regarding the nutritional value. 

Sea buckthorn contains various types of nutrients and bioactive substances, such as vitamins, 

carotenoids, flavonoids, polyunsaturated fatty acids , free amino acids, minerals and more. Sea 

buckthorn fruits can produce juices, jams, oils, food pigments, tea, and its waste may be valorized in 

sea buckthorn flour which is used as a bioactive ingredient other food products. This paper presents 

aspects such as: identification of sea buckthorn products and the waste which can be transformed in 

new functional ingredients. 
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1. Introduction 

Research on the cultivation and use of sea 

buckthorn (Hippophae rhamnoides L.) is the subject 

of research in the food industry, human and 

veterinary medicine, agriculture, horticulture, 

animal husbandry and landscape architecture. It was 

intended that the plants, fruits and waste from the 

processing could be used in multiple forms for food 

purposes. At the base of the scientific name is a 

legend, the name being given by Charles Linne, the 

species appears in 1753 in "Specie Plantarum" at 

number 1023. Sea buckthorn is already used in a 

wide range of foods, we will describe the known 

ones and the improvements it brings. Sea buckthorn 

contains various types of nutrients and bioactive 

substances, such as vitamins, carotenoids, 

flavonoids, polyunsaturated fatty acids, free amino 

acids, elemental components and more [38,39]. 

The sea buckthorn products now on the European 

market, some on a large scale, some on a small 

scale, are: Sea buckthorn juice, Jellies, Liqueurs, 

sweets, vitamin C tablets, sea buckthorn oil, beer, 

wine, tea, food pigment, jam, sea buckthorn 

cookies, medicines, cosmetics, shampoos, pet 

supplements. 

 

He presence of valuable chemicals and nutritionally 

important constituents in sea buckthorn berries, and 

from the scientific knowledge of their importance, it 

is clear that sea buckthorn berry is one of the most 

important sources of these constituents, and should 

be used as alternative nutritional sources in the 

commercial market. Similarly in depth investigation 

on the effect of processing on the total nutrient 

content of sea buckthorn berries species growing in 

different agro-ecological regions needs to be carried 

out [3]. 

2.The content of bioactive substances in Sea 

Buckthorn 

2.1.Phenolic Compounds 

The whole plant of sea buckthorn-berries, roots, 

leaves, steams and branches -contain various kinds 

of phenolic, including flavonoides, phenolic acids, 

and hydrolysable tanins [16]. The concentration of 

phenolic compounds differs depending on the part 

of the plant or fruit. A total of 15 phenolic 

compounds, classified into 4 categories (flavones, 

phenolic acids, flavonol-monoglycosides, and 

flavonol-diglycosides), were identified by Guo et al. 
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Only in the free fractions of all sea buckthorn 

subspecies, using the RP-HPLC tehnique [19]. 

Flavonoids and phenolic compounds more than 60 

flavonoids and 10 phenolic acids were founded in 

Sea Boukthorn [50,51]. Flavonoids ar the most 

common polyphenols found in food, especially their 

glycosides, which form the largest group of 

antioxidants found in nature [10]. Their 

concentration in sea buckthorn berries is several 

times higher than the content recorder in other high-

flavonoid plants such as hawthorn, cornelian cherry, 

whild grown European black-bery, blacktorn or dog 

rose, mulberry, pomegranate, red raspberries, end 

blueberry [12]. A recent studi of sea bucktorn 

berries from Poland reported a flavonoid content 

from 4,63 to 8,93 mg/g DW [48]. Fruits, over 98% 

of flavonoids were flavonols; and isorhamnetin 

derivatives were dominant (from 66% to 72% of 

total flavonols), followed by quercetin derivatives 

(from 25% to 32% of total flavonols) [49]. Flavonol 

glycosides form the most concentrated class of 

phenolic compounds in sea buckthorn [44, 33]. 

They are found mainly in gycosylated forms of the 

aglycones of isorhamnetin, quercitin, myricetin, and 

kaempferol [12,33]. Regarding the phenolic acid 

content of sea buckthorn fruit, Zadernowski et al. 

described that the salicylic acid is the dominating 

phenolic acid in sea buckthorn berries [56]. In 

addition to flavonoids and phenolic acid, Hippophae 

species contain tanins. Tanins in sea Buckthorn are 

divided into two grupsȘ hydrolysable and 

condensed tannins. Gallo- and ellagitannins of 

monomeric type are the most abundant subgrups of 

hydrolysable tannins and includes stachyurin, 

casuarinin, casuarictin, hippophaenin B, strictinin, 

and isostrictinin [22,28]. Condensed (procianidins), 

while the other group consist of (+)-gallocatechin or 

(-)-epichatechin units (procianidins), while the other 

group consist of (+)-gallocatechin or (-) 

epigallocatechin units (prodelphinidins) [40, 42]. 

They are present in higher concentrations in sea 

buckthorn seeds, roots, flowers, green berries, and 

stems [31]. 

2.2. Ascorbic Acid 

Ascorbic acid (vitamin C) is the most important 

therapeutic element in sea buckthorn fruit, as it acts 

as an antioxidant and supports the integrity of the 

cell membrane [25,26]. In H. rhamnoides, extensive 

variation of vitamin C were found between different 

shrubs, populations, and subspecies.  

The most stand-out trait of Sea Buckthorn is high 

content of vitamin C. Beveridge et al. (1999) [4] 

reviewed vitamin C values from 360 to as high as 

1676 mg/100 g of berry, whereas Tiitinen et al. 

(2006b) [47] reported values from 128 to 

1300 mg/100 ml of berry juice, which is clearly 

higher than the concentration naturally found in 

naturally vitamin C rich fruits, such as lemons, 

oranges [11] or even kiwis [13]. The highest 

concentrations are only comparable with exotic 

fruits like acerola [6]. Thus, Sea Buckthorn emerges 

as a great source of vitamin C after considering that 

one of the lowest values found in literature is 

80.58 mg of vitamin C/100 g of fresh berries [46]. 

Nevertheless, vitamin C is rapidly degraded under 

certain processing conditions. Light, temperature, 

pH, enzymes, metallic catalyzers, and oxygen are 

parameters that can severely accelerate vitamin C 

degradation [20,41]. The starting concentration of 

vitamin C in the raw product is a major factor 

affecting the final concentration of this vitamin after 

processing. The high concentration values reported 

for Sea Buckthorn allows obtaining high vitamin C 

products even after processing. This is of great 

importance since a lot of products have difficulties 

in conserving adequate vitamin C levels after 

processing. The ascorbic acid content in sea 

buckthorn berries is 5 to 100 times higher than most 

other fruit or vegetable crops independently of 

Hippophae species [8]. The vitamin C content in sea 

buckthorn was found to be 20 times higher than of 

hawthorn, 3 times higher than in kiwi, 6 times 

higher than in citrus, 80 times higher than in 

tomatoes, and 200 times higher than apples [55].  

2.3. Lipids and Fatty Acids 

The composition of sea buckthorn seed and pulp 

oils varies depending on the subspecies, origin, crop 

care activities, fruit harvesting time, and extraction 

method [17,51].  Morphologically, sea buckthotn 

berries consist of seeds 23%, pulp 68%, and sckin 

8% [17]. The main constituents of neutral lipids in 

sea buckthorn are cerides (esters of C20-C26 fatty 

acids whith aliphatic alcohols), concentrated in the 

peel of the fruit and in the seed, C23-C29 

hydrocarbons (most of the surface layer of the peel) 

and phytosterols (70-100% β-sitosterol, α—and β-

amyrins, erytrodiol and other constituents of the 

unsaponifiable lipid fraction of seeds) [23]. 

 

 

https://fppn.biomedcentral.com/articles/10.1186/s43014-020-00032-y#ref-CR11
https://fppn.biomedcentral.com/articles/10.1186/s43014-020-00032-y#ref-CR87
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Sea buckthorn seed oils contain mainly the 

following acids: linoleic, α-linolenic, oleic, palmitic, 

and stearic, whith small amounts or traces of 

vaccenic, palmitoleic, arachidic, eicosanoic, 

myristic, pentadecanoic, and margaric acid. A 

notable feature of sea buckthorn seed oils is the 

extremely low level of palmitoleic acid (0,1-0,5%). 

Large relative deviations were observed for oleic 

acid (13-21%) and linoleic acid (33-43%) 

concentrations. Unlike pulp oils, seed oils had 

higher amounts of polyunsaturated fatty acids (65-

72%) and lower amounts of monounsaturated fatty 

acids (16-21,5%) and saturated fatty acids (11-

16%), respectively [14]. The high content of 

palmitoleic acid, unusual for a vegetable oil, 

distinguishes the oil from sea buckthotn pulp/peel 

from those from sea buckthorn seeds [37]. 

2.4. Carbohydrates and Fibers  

In addition, the sugar content varies depending on 

the origin, population, and genetic background of 

the plant [35]. The catbohydrates contained in sea 

buckthorn berries are mostly glucose and fructose, 

with small amounts of xylose, mannitol, sorbitol, 

xylitol [35], ethyl glucose end saccharose [47]. As 

sea buchthorn berries have a low sugar content and 

a high titratable acidity, an important factor in 

improving the flovor of sea buckthorn berries is a 

high sugar/acid ratio [24,58].  The seeds are source 

of highly unsaturated oil, containing saponifiable 

and unsaponifiable matter. Phytosterols are the 

major constituents of the unsaponifiable fraction of 

sea buckthorn, which are capable of lowering 

plasma cholesterol upon consumption by humans. 

[14,51]. Furthermore, due to its constituents, the oil 

from fruits and seeds has been tested in various 

pathological conditions [3] (such as liver diseases, 

inflammation, disorders of the gastrointestinal 

system, eczema, wounds, inflammation, burns, 

lupus erythematosus, and chronic dermatoses. Oil 

from seed or pulp absorbs ultraviolet light and 

promote healthy skin [18]. 

The polysaccharides of sea buckthorn berries are 

especially non-starchy type of polysaccharides, 

composed of cellulose, hemicelluloses, pectin, and 

hydrocolloids that are together with lignin the major 

constituents of dietary fiber [8]. Pilat et al. reported 

only sea buckthorn seeds contain starch, a dietary 

polysaccharide whith high digestibility in the human 

small intestine, in an amount of 49 g/kg dry weight 

[60]. 

 

Both peel and pulp contain pectin, in much smaller 

quantities of 5 g/kg dry weight and 15 g/kg dry 

weight, respectively. The content of raw fiber in 

seeds was 130 g/kg dry weight, in peel 66g/kg dry 

weight, and pulp 47 g/kg dry weight [60]. 

2.5. Proteins and Amino Acids 

Distribution of protein in sea bucktorn berry varies 

widely in particular parts, the sea buckthorn seeds 

being considered a unique protein surse [8]. 

Comparing to other berry varietes, the berries of sea 

buckthorn are caracterized by a relatively high 

content of protein [54]. A total of 18 out of 22 

known amino acids have been found in 

seabuckthorn fruit [32,57], half ofwhich are 

essential since they play a critical role in various 

processeswithin our bodies such as energy 

production, building cells andmuscles, fat loss, and 

mood and brain functions. Sea buckthorn juice 

isrich in various free amino acids [3]. In addition, 

the protein levels in sea bucktorn juice are quite 

high for a fruit juice and this in reflected in the fact 

that sea buckthorn juice is a cloudy or opalescent 

product. The source of opalescence in most juice is 

duet o the presence of cellular debries, but largely 

duet o the precence of cell membranes that contain 

considerable proteins and give a stable turbidity to 

the juice [27]. 

The total protein content reported for various 

species of sea buckthorn were 46-129g/kg dry 

weight (India variety)and 93 g/kg dry weight 

(Polish variety) [29,56]. Asparagine was also found 

quantitatively predominant in sea bucktorn in other 

more recent studies [26]. Aspartic acid as the 

predominant free amino acid in sea buckthorn 

berries followed by proline, and thereonine [57]. 

2.6. Carotenoids 

Various carotenoids are the main substances present 

in large quantities in the pulp of sea buckthorn fruits 

[24,36], acting as an antioxidant and helping to 

syntesize and epithelialize collagen [25]. The 

different carotenoids generally increased in 

concentration during ripening and comprised from 

120 to 1425 µg/g to 1425 µg/g of DW of total 

carotenoids (1.5-18.5 mg/100 g of FW) depending 

on cultivar, harvest time, and year [2].  
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Pop et al. reported a total carotenoid content of a 

Romanian H. rhamnoides variety of 860 mg/kg dry 

weight of berries, identifying zeaxanthin dipalmitte 

and other zeaxanthin ester, β-carotene, non- 

conjugated zeaxanthin, lycopene and β-

cryptoxanthin palmitate as dominant carotenoids 

[36]. The carotenoid content is one of the key 

characteristics by which sea buckthorn oi lis traded 

commercially. Carotenoids in oil vary widely 

depending on the source of the oil from 0,5 to 21,4 

g/kg [27].  

3. Industrial sea buckthorn fruit products 

3.1. Juice sea bucktorn 

Sea buckthorn juice is one of the imperative product 

obtained from the sea buckthorn berries, is now 

commercially very important. The juice provides a 

nutritious beverage, high in suspended solids, and 

very high in vitamins especially in vitamin C and 

carotenoids. It contains different kinds of nutrients 

and bioactive substances including vitamins, fatty 

acids, free amino acids and elemental components. 

These components vary substantially among 

individuals, populations, origins or subspecies [53]. 

The sea buckthorn juice is yellow in color; the high 

amount of carotene is responsible for this yellow 

coloration. The presence of some of the other 

pigments also contributes to the color. Granules or 

clumps are embedded in the juice, which are 

actually yellow-brown in color [4,5]. The oil 

droplets also contribute to the yellow coloration 

[53]. The chemical composition of sea buckthorn 

berries varies with the origin, climate and method of 

extraction.  

3.2. Sea buckthorn jam 

Selvamuthukumaran and co-workers studied 

obtaining sea buckthorn jam with a strong 

antioxidant effect. They were used to make frozen 

sea buckthorn jam, commercial grade food sucrose, 

baking soda and carrageenan. Thus they obtained a 

stable product. The ingredients, viz. sugar and 

carrageenan were chosen as independent variables, 

while sensory attributes, i.e. taste and consistency as 

dependent variables. Effects of various independent 

variables on chosen response show that the 

ingredient sugar had more prominent effect on taste 

score and carrageenan on consistency score, 

respectively. The optimum conditions to yield 

maximum scores of taste and consistency of jam 

were sugar of 85 gm and carrageenan of 3.4 gm per 

100 gm of recipe.  

Jam contains more natural antioxidants with good 

texture when compared to commercial products. 

Shelf stability of jam shows that significant changes 

in nutritional constituents were observed except 

acidity and pH during the entire storage period. The 

microbial population of stored sample was found to 

be non detectable and product showed a stability of 

8-months at room temperature [43].  

3.3. Oil sea buckthorn 

Zielińska and Nowak studied obtaining sea 

buckthorn oil. Vegetable oils are obtained by 

mechanical extraction or cold pressing of various 

parts of plants, most often: seeds, fruits, and 

drupels. Chemically, these oils are compounds of 

the ester-linked glycerol and higher fatty acids with 

long aliphatic chain hydrocarbons (min. C14:0). 

Vegetable oils have a variety of properties, 

depending on their percentage of saturation. This 

article describes sea-buckthorn oil, which is 

extracted from the well characterized fruit and seeds 

of sea buckthorn. The plant has a large number of 

active ingredients the properties of which are 

successfully used in the cosmetic industry and in 

medicine. Valuable substances contained in sea-

buckthorn oil play an important role in the proper 

functioning of the human body and give skin a 

beautiful and healthy appearance. A balanced 

composition of fatty acids give the number of 

vitamins or their range in this oil and explains its 

frequent use in cosmetic products for the care of 

dry, flaky or rapidly aging skin. Moreover, its 

unique unsaturated fatty acids, such as palmitooleic 

acid (omega-7) and gamma-linolenic acid (omega-

6), give sea-buckthorn oil skin regeneration and 

repair properties. Sea-buckthorn oil also improves 

blood circulation, facilitates oxygenation of the 

skin, removes excess toxins from the body and 

easily penetrates through the epidermis. Because 

inside the skin the gamma-linolenic acid is 

converted to prostaglandins, sea-buckthorn oil 

protects against infections, prevents allergies, 

eliminates inflammation and inhibits the aging 

process. With close to 200 properties, sea-buckthorn 

oil is a valuable addition to health and beauty 

products [59]. 

4. Functional potential of its waste  

Numerous studies have shown that waste from fruit 

processing has a high content of bioactive 

compounds with high antioxidant capacity [1,15], 

with a beneficial role on human healt [9,34].  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zieli%26%23x00144%3Bska%20A%5BAuthor%5D&cauthor=true&cauthor_uid=28526097
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International scientific research has focused on the 

characterization of fruit by-products and their 

further incorporation for the development of 

functional foods and beverages [50]. Choosing the 

most appropriate extraction method for obtaining 

bioactive compounds from agri-food by-products is 

a broad topic of discussion. On the one hand, we are 

looking for ways to increase the amount of valuable 

nutrients and biocomposites while optimizing the 

extraction parameters in order to minimize the 

negative impact on the obtained extract, and on the 

other hand, we aim to reduce costs and processing 

time. Additionally, a constant challenge is finding 

the best method to ensure a low impact on the 

environment and consumer health, reduce energy 

costs, and use safe solvents. The chosen extraction 

method is characterized by parameters such as the 

type of solvent, its pH, the solid–liquid ratio, the 

process temperature, and the contact area between 

the solid and the solvent. In turn, these variables 

affect the energy consumption, the quantity of 

solvent used and its recovery capacity, the 

extraction yield, and other factors, which have been 

increasingly studied through the optimization of 

parameters and comparison between techniques for 

different target compounds and their matrix 

(Leichtweis et al. 2021; Kumar et al. 2021).  

Another way to capitalize on sea buckthorn grains is 

to dry the residue obtained by extracting the juice, 

drying it and grinding it, thus obtaining sea 

buckthorn flour, which can be used to obtain new 

functional products. Following the research carried 

out by Stoin D., he indicated that the addition of 

10% dry sea buckthorn in the dough of cookies was 

observed to improve the sensory and nutritional 

qualities [44]. 

 Sturza R. demonstrated hows the impact of 

biologically active substances on structural and 

mechanical, physicochemical, microbiological 

properties as well as the antioxidant activity of 

products under the conditions of in vitro gastric 

digestion. It has been demonstrated that the sea 

buckthorn flour increases the porosity of pastries, 

reduces the wet gluten amount and this contributes 

to moisture loss. The organoleptic assessment 

indicates that the addition of 2 % sea buckthorn 

flour improves the appearance, the color and the 

consistency of pastries. Microbiological analysis 

showed that samples with added sea buckthorn flour 

exhibit microbiological stability due to the sea 

buckthorn chemical composition.  

The antiradical activity DPPH• in conditions of in 

vitro gastric digestion of the samples with added sea 

buckthorn flour increases in a positive way, 

indicating a clearly positive effect on health [45]. 

Conclusions 

Research on sea buckthorn fruit has developed 

worldwide due to its health benefits, easy 

processing in the food industry and recovery of by-

products and waste. It was found that the waste 

obtained after processing has significant amounts of 

bioactive ingredients that can be recovered. Trends 

in the food industry are focused on the safe handling 

of waste and its subsequent processing to obtain 

new functional products or their use in traditional 

products to bring a nutritious contribution. Sea 

buckthorn flour can be used successfully in bakery 

products, in an optimal amount so as not to 

negatively influence the sensory qualities of the 

products and to be accepted by the consumer.  

Compliance with Ethics Requirements. Authors 
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requirements. Authors declare that they have no conflict 
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