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ABSTRACT

Background: Seabuckthorn (Hippophae rhamnoides L.) is a deciduous shrub belonging to the genus sea
buckthorn in the family Elaeagnaceae. It is a berry plant with unique ability to endure both drought and cold
conditions. Sea buckthorn is a worldwide known medicinal plant enriched with flavonoids, B-carotene, amino
acids, folic acid, fatty acid, tannic acid, zeaxanthin, lycopene, vitamins, etc. These bioactive compounds show
biological activities like anti-inflammatory, anti-radiation effects, immunomodulatory, wound healing,
antimicrobial, hepatoprotective and cardioprotective. To our knowledge, this is the first comprehensive review
to summarize the phytochemicals, pharmacological activities, extraction process, analytical techniques, and its
benefits in cosmetics and nutraceuticals.

Purpose: This study aimed to summarize sea buckthorn's phytochemicals, pharmacological activities, extraction
process, analytical techniques, and its benefits in cosmetics and nutraceuticals.

Methods: This study comprehensively searched from PubMed, Google Scholar and China National Knowledge
Infrastructure.

Results: The review confirms that Hippophae rhamnoides L. (sea buckthorn) is rich in bioactive compounds
including flavonoids, carotenoids, vitamins, polyunsaturated fatty acids, phytosterols, and polysaccharides.
Analytical techniques such as GC-MS and FTIR validated its chemical composition, while extraction methods
like cold pressing and solvent extraction influenced yield and bioactive preservation. Pharmacological evidence
shows  significant  antioxidant, anti-inflammatory, cardioprotective, antimicrobial, antidiabetic,
immunomodulatory, and wound-healing activities. Toxicity studies indicate a favorable safety profile in animal
models. Overall, findings support sea buckthorn's strong potential for applications in nutraceutical,
pharmaceutical, and cosmetic industries.

Conclusion: As we have seen, sea buckthorn is a rich source of phytochemicals and a wide spectrum of
biological activities. Observed evidence demonstrates that the berries, seeds, leaves, and barks of sea buckthorn
contain varieties of phytochemicals which are beneficial for human health as it shows immunomodulatory,
antimicrobial and antiviral, hepatoprotective, cardioprotective, wound healing, antioxidant and anti-radiation
activities. It is useful in different fields like nutraceutical, cosmetics, functional foods and pharmaceuticals.
However, future progress depends on improved standardization, clinical research and sustainable cultivation
practices.

Keywords: Sea buckthorn, Hippophae rhamnoides L., phytochemicals, pharmacological activities, bioactive
compounds, extraction techniques, analytical methods, nutraceuticals, cosmetics, medicinal plant.
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Abbervation
COX-2, Cyclooxygenase-2; DCM,
Dichloromethane; DNA,

DeoxyribonucelicAcid;FTIR, Fourier Transform
Infrared Spectroscopy; GC-MS, Gas
Chromatography—Mass Spectrometry; HDL, High-
Density Lipoprotein;IL-6, Interleukin-6; KBr,
Potassium Bromide; LDL, Low-Density
Lipoprotein; NK Cells, Natural Killer Cells; PUFA,
Polyunsaturated  Fatty = Acids;ROS, Reactive
Oxygen Species; TC, Total Cholesterol; TG,
Triglycerides; TNF-a,Tumor Necrosis Factor-
alpha; UV, Ultraviolet; ®», Omega (fatty acid
notation).

1. Introduction

“Seabuckthorn biological name is
Hippophaerhamnoides which is the deciduous
shrub belonging to the family Elaeagnaceae’ .
Seabuckthorn is also called as sandthorn,
sallowthorn or seaberry. This plant isgrown in
Europe, Caucasus, Asian minor and Central Asia,
Siberia, China and Tibet>. Sea buckthorn is the
plant which can tolerate both drought and cold
condition®. Furthermore,commonlyseabuckthorn’s
flowers in late April and May and these plants
contain long lanceolate leaves covered in silvery
hairs underneath* Seabuckthorn shrubs produce
larger number of small green and brown flowers,
after flowering period, it turns into tasty and
nutritious rich usually round yellowor orange
berries which ripe in September*.The fruit have
smooth and small stone with long groove and
covers an oily seed which has the bitter taste and
have delicate aroma’.“It’s fruits and leaves contain
large amounts of bioactive substances like
vitamins, trace elements, amino acids, f-carotene,
flavonoids, folic acid, tannic acid,etc’”.

2. Methodoloy

This study comprehensively searched from
PubMed, Google scholar and China National
Knowledge Infrastructure.

3.Taxonomyand Geographic Distribution

“The taxonomic classification of
HippophaerhamnoideLinnisis given below”.
Seabuckthorn is naturally distributed in Asia and

Kingdom Plantea

Sub kingdom Phanerogamia
Division Angiospermae
Class Dicotyledons

Sub class Monochalamydae
Series Daphnales
Family Elaeagnaceae
Genus Hippophae
Species rhamnoides Linn.

Europe and also introduced in north and south
America and Seabuckthorn “consists of 6 species
and subspecies, of which Hippophaerhamnoideis a
unique plant found in several parts of world”-*°. In
Indiaseabuckthorn inhabits in “dry temperature

region and high-altitude regions of Himachal
Pradesh, Jammu and Kashmir and
Uttarakhand”'?.“Sea buckthorn found in different
countries like India, China, Nepal, Russia,

Pakistan™?.

Fig: Sea buckthorn Fruit

4.Traditional andEthnomedicinal Uses
Seabuckthorn oilis widely used in cosmetic
productsbecause it has anti-ageing and anti-wrinkle
property!'!. However, it is also used in dry, irritated,
rough, flaking and itchyskin'?. “Seabuckthorn is
used as cardioprotective, hepatoprotective, anti-
oxidant, anti-inflammatory and
immunomodulatory”!3“It is seen that seabuckthorn
is useful in treatment of burns, chilblains, bedsores,
healing of wounds'*and it is also effective against
peptic ulcer, exhibits an anti-atherosclerotic
effectand its berry found to suppress platelet
aggregation”!!"Moreover, in Russia it has been
recorded that seabuckthorn oil found to be used in
the treatment of eye condition like corneal lesions,
dark adaption, and visual acuity'>.

5.0bjectives of Review

Objective of this review complies an understanding
of sea buckthorn following activities like its
phytochemistry, extraction, methods, analytical
characteristics, pharmacological actions,
nutraceutical and cosmetic applications, and
commercial relevance.

6.Phytochemistry of Sea buckthorn

Seabuckthorn are the rich sources of “vitamins,
minerals, carbohydrates, fatty acid, polyphenols,
carotenoids, flavonoids, etc”*

6.1. Minerals and Vitamins

Seabuckthorn commonly contains broad spectrum
of minerals and vitamins andit is rich inminerals
like “iron, calcium, magnesium, manganese,
hydrogen,sodium, phosphorus, zincetc™®. It
contains high content of vitamin c¢ so, it acts
asimmunomodulatory. Besides vitamin c, berries
are rich source of P-carotene,tocopherol, vitamin
A, folate, riboflavin, vitamin B2, pantothenic acid
and niacin'®.

6.2. Lipids and Amino Acids

Oil obtained from seed of seabuckthorn contain
unsaturated fatty acid (82 -85%),polyunsaturated
fatty acids (40-45%), and monounsaturated fatty
acid (35-45%)'6.“Rich in sources like palmitoleic
acid, oleic acid, alpha-linolenic acid and linolenic
acid”!'”.Berries contains almost of “I19 types of
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aminoacids and 8 essential amino acids andamino
acid likealanine, aspartic acid, cysteine, glutamic
acid, glycine, histidine, isoleucine, methionine,
phenyl alanine, prolein, serine, theornine, and
tryptophan'?.

6.3. Carbohybrates and Organic Acids
Seabuckthorn berries contain monosaccharide like
xylose andberries also contain major sugars like
“glucose,fructose (90% of total sugar content) and
contain low content of sugar alcohols like inositol,
xylitol, sorbitol and mannitol”'®. “Report shows
thatberry  juice  contains  0.6-0.1mg/100ml
concentration  of  ethyl-B-D-glucopyranose”!’.
Organic acid present in seabuckthorn like malic
acid and quinic acid which together constitute 90%
of the total fruit acid. Furthermore, malic acid
produces sourness and astringency to berries and
juice.“Sour taste of seabuckthorn fruit is due to
presences of high concentration of malic acid”?.
7.Phytochemical Content

Seabuckthorn berries and juice are rich in phenolic
compounds like “gallic acid, isorhanetin3-o-
glucoside-7-o-thamnoside,  isorhamnetin ~ 3-0-
rutinoside,quercetin ~ 3-o-glucoside, catechin,
epicatechin, protocatechuic acid”?'. Berries also
contain phytosterols such as sitosterol, kampesterol
which help in reducing blood cholesterol?!. “Major
categories of phytochemicals constituents present
in seabuckthorn are Carotenoids(a,p- carotene),
quinines,tocopherols,  flavonoids, isoflavones,
terpenoids, anthocyanins, tannins, phenols (ellagic
acid and ferulic acid), etc”?2.

Table 1. Major bioactive compounds in sea
buckthorn and their biological roles
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8.Analytical Methods and Quality Control
Analytical techniques like GC-MS analysis?’and
FTIR spectroscopy?*were done to identify presence
of fatty acid methyl ester and triglyceride in sea
buckthorn.

8.1.GC-MS Analysis

GC-MS analysis of seabuckthorn oil with the help
of Perkin Elmer Clarus 600/600c GC-MS
PerkinElmer,Inc.Waltham, Massachusetts, US. In
this oil sample was methylated with 2mol/l
methanolic potassium hydroxide and stirring for

Smin at 35-40° C. Elite-5ms capillary
column(30m_25mmi.d, 0.25Im film thickness) was
used for GC-MS analysis. Then the oven

temperature was maintained to 60 °c for Smin and
then programmed from 60 t0220 °cat 5 ¢/min using
nitrogen as the carrier gas at 1.5 ml/min.
Temperature of injection and detector were
maintained at 250 °c. However,split ratio was
1:20;injection volume was0.5 IL. Qualification of
fatty acidmethyl ester was obtained from GCpeak
area integrations using an electronic integrator
(Peak Simple-II programme) and expressed as
percentage?’.

8.2.FTIR Spectroscopy

Infrared(IR) spectra were recorded by using Perkin
Elmer Spectrum II (PerkinElmer, Inc. Waltham,
Massachusetts, US). All spectra were recorded
from 4000 to 500cm_1. a small amount of oil
sample was dissolved in DCMafter that the sample
get deposited over a KBr disk. Then the frequency
band specific to the functional group was seen and
vibration wascompared with the reported literature
values for triglyceride?®.

9.Extraction and Fractionation Techniques
Extraction techniques include cold pressing
extraction,solvent extraction and refinement’(Li
and Beveridgeet al., 2003).

9.1.Cold Pressing Extraction
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Cold pressing method is widely used for the
extraction of fruit oil as it can retain thermolabile
compounds like tocopherols and
carotenoids.Furthermore, cold pressed oil retains
higher content of minor lipophilic bioactives as
compare to refined oils’.

9.2. Solvent Extraction and Refinement

In solvent based extraction, solvents like hexane,
and ethanolare used to yield high oil contents those
this process is mainly applied at industrial scale.
However, this process needed careful process
control during losses of volatile compounds and
downstream refining’.

9.3.Fermentation and Bioprocessing

Sea buckthorn seed and fruit matrices is fermented
by using microbes like lactobacillus, bacillus, etc.
as it can produce bioactive peptides, improve
organoleptic properties and increase bioaccessibilty
of certain phytochemicals. Mixed strain
fermentation helps to generate low molecular
weight peptides which shows hypoglycemic
activity?*,

10.Pharmacological Activities

10.1. Antioxidant andAnti-inflammatory Effects
As seabuckthorn berries are rich in “natural anti-
oxidants such as vitamin ¢ and vitamin E,
flavonoids, carotenoids, chlorogenic acid, catechins
and pro-anthocyanidins®. Phenolic compounds
interfere with the generation of ROS and also helps
in scavenging free radical and helps to prevent
cellular damage?’. It shows high antioxidant
enzyme activity and inhibition of oxidase
activities.“Seabuckthorn  oil  containsoleanolic
acids, ursolic acid and triterpens causes
downregulates of inflammatory mediators (IL-6,
TNFo,COX2).

10.2.WoundsHealing and Dermatological Effects
Seabuckthorn is used for the wound healing and it’s
phytochemicals like Omega-3,6,7, vitamins E and
K, carotenoids, and phytosterolspresent works
together to improve cell regeneration and safeguard
cell membranes®*. According to certain reports,
seabuckthorn oil can prevent and treat several
forms of stomach ulcer, chronic cervicitis and
atopic dermatitis'!.
10.3.CardioprotectiveandAnti-atherogenic
Action

“Sea buckthorn acts as antioxidant and rich in
phytochemicals  with  beneficial fatty acid
profileand it protects from myocardial stress by
reducing atherosclerotic index (TC-HDL/HDL
ratio)28.2%, TG by 19% and increasing HDL
by18% and also helps to reduce cholesterolTGand
ischemic heart ischemic heart
disorder”** Flavonoids such as isorhamnetin and
quercetin  inhibits LDL oxidation, enhance
endothelial and modulate lipid metabolism.
“Phytosterols, linoleic acid, oleic acid, sitosterol,
vitamin E and B-caroteneact by reducing serum
cholesterol™!.

10.4.Antimicrobial and Antiviral Properties
“Phenolic and organic acid contents of
seabuckthorn shows both antimicrobial and
antiviral effect and Hiporamin is a polyphenol
extracted from seabuckthorn reported to have
strong antiviral activity against common herpes
virus and influenza°.Sea buckthorn found to be
activity in S.aureus, E. coli, influenza, Candida
albicans®.It acts by inhibiting viral neuraminidase,
glycoside hydrolase enzyme that hydrolyse the
glycosidic neuraminidase acids’!. “In addition,
seabuckthorn also found to enhance immune
system during Covid 19 and acts as anti-
coronavirus”32,

10.5.Anti-Radiation = and  Metabolic and
Antidiabetic Effects

“Sea buckthorn extracts prevent DNA damage
induced by radiation, free radical
scavenging,topoisomerase lactivity inhibition that
leads to protection from cytotoxicity caused by
radiation  exposure”®.  Seabuckthorn  shows
antidiabetic effect by improving glucose tolerance,
reduces fasting glucose and enhances insulin
sensitivity in animal models??.
10.6.Immunomodulatory Effects

“Seabuckthorn shown high immunomodulatory
effect by modulating cytokines production,
increasing macrophage activity and NK cell
activityandit also activates T and Blymphocytes,
stimulates antibodies to fight against foreign
particles”??. Furthermore, sea buckthorn stimulates
cytokines like IL2, TL6 and TNFa*.

11.Toxicity and Safety Evaluation

Safety and toxicity of seabuckthorn were
evaluatedby doing 2week acute toxicity studies
where mice were administered with 20ml/kg of sea
buck thorn oil which results in no adverse reactions
and on same day, chronic toxicity study of 90 days
was performed in which rats administered with
10ml/kg of seabuckthorn oil that also showed no
adverse effects®®. Furthermore, sea buckthornoil
was given to pregnant rats started on gestation day
16, in no maternal toxicity orembryotoxicity was
observed.Genotoxicity study findings provide
information that sea buckthorn oil did not show
mutagenic activity in histidine dependent strains of
Samonella typhimurium®. Then 90days of
safetystudy  of  aqueous sea  buckthorn
extract(100mg/kg body weight per day) in rat did
not produce any adverse effect on mean body
weight, organ to body weight ratio, histological,
hematological, biochemical parameters®>.Some
studies reported that seabuckthorn produces
potential adverse gastrointestinal signs.
12.Nutraceutical Applications

12.1. Functional Foods and Beverages
“Seabuckthorn juices, jams, yogurts, fermented
beverages, teas, and fortified bakery products are
widely incorporated into functional food products”.
As sea buckthorn berries are highly rich in vitamin
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¢ s0, it can be used as antioxidant’. Its juice can be
used as immunobooster. Furthermore,
Seabuckthorn is also blend with other sweeter fruits
like mango, apple, etc to improve palatability
during retaining bioactivity?°.
12.2. Dietary Supplements and Dosage Forms
Sea buckthorn is available in different forms like
oils, capsules, tablets, soft gels, powders, syrups,
and standardize extracts. Among all this sea
buckthorn oil such seed oil, pulp oil or mixed oil
are widely marketed as nutraceutical form’. Seed
oil supplements contain high amount of ®-3 and ®-
6 fatty acid so, it effective against cardiovascular
disease and pulp oil supplement promotes better
skin health, mucosal integrity and hormonal
balance?!.
12.3. Role in Metabolic Health and Chronic
Disease Prevention
Investigation  shows  that sea  buckthorn
nutraceuticals play important role in reducing
oxidative stress, reduce blood glucose levels,
improves glucose tolerance, and modulates lipid
metabolism by reducing triglycerides and
cholesterol®’.
12.4. Gastrointestinal and Gut Microbiota
Modulation
Investigation suggests that sea buckthorn derived
polyphenols actas prebiotic like compound which
stimulates gut microbes like lactobacillus and
bifidobacterium species®. Sea buck thorn leaf and
berry used to protect gastric mucosa, reduction of
inflammatory markers in colitis, etc'’.
12.5. Stability, Bioavailability and Encapsulation
Strategies
Sea buckthorn bioactive like carotenoids and
polyunsaturated fatty acids causes oxidative
degradation. So, advanced formulation strategies
are employed like “microencapsulation,
nanoemulsions and liposomes and solid lipid
particles”?! These leads to increase oxidative
stability, shelf life and bioavailability of lipophilic
compounds®. Furthermore, encapsulation masks
unpleasant taste and improves consumer
acceptability and sustainable release.
12.6. Challenges and Future Prospects in
Nutraceutical Development
Challenges in nutraceutical application includes:
e Variability in raw material
composition.
e Lack of standardized extraction
and dosage guideline.
e Limited long- term human
clinical data.
Future prospects involve:

e Few studies reported sea buckthorn found
to be effective against female reproduction
disorders as well as neurological
disorders.

e Development of standardized extracts with
defined marker compounds.

e Expansion of personalized nutrition
products using sea buckthorn bioactive.

e Integration of omics technologies to
understand bioavailability and
metabolism.

12.7. Cosmetic and Topical Application

As sea buckthorn pup oil content high content of
palmitoleic acid so it is used for dry, rough, flaking
and itchy skin and barrier repair?'. Carotenoids
present in sea buckthorn prevents oxidation
breakdown of collagen and elastin and acts as anti-
ageing®®. Seabuckthorn extracts absorb UV an
reduce photodamage through free radical
quenching’.Sea buckthorn used as ointments for
burns, wounds, cuts and dermatitis*®.Moreover, itis
widely used in anti-aging serums, moisturizers,
sunscreens, lip balms and shampoos™.
12.8.CommercialStatus and Market Trends

In 2023, the global market size of sea buckthorn
was USD 347.56 million and is projected to grow
from USD 381.40 million in 2024 to USD 837.26
million by 2032. Now a days, 40 countries is
cultivator of sea buckthorn and it covers a global
production area of about 3 million hectares*.
Almost about 90% of the worldis sea buckthorn
production like China, Russia, Canada, Mongolia
and northern Europe. China is the largest producer
of sea buckthorn over the global?. In addition, 80 to
100 thousand tons of sea buckthorn fruit is
processed and utilized annually and total annual
output value of 3.3 — 3.6 billion dollars are
contributed in various sea buckthorn industries'*.
Mainlysea buckthorn hashigh demand in following
fields like natural cosmetics, functional foods and
for its therapeutic potentials*!. These are available
in different forms like breads, yogurts, jams,
beverages, teas and other formulations*? which
have shown following activities like appetite, boost
energy levels®®, and stimulate immune system™®.
Table 2:Functional Applications of Sea
buckthorn in Food,Pharmaceutical, and
Cosmetic Industries
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13.Challenges,  Limitations, and Future

Perspectives
13.1. Research Gap
More human clinical trials should be carried out to
validate following activates of sea buckthorn like
metabolic, anticancer, and cardioprotective
benefits. In addition, “few investigationsshow that
sea buckthorn is active against lung cancer, breast
cancer, female reproductive disorder, Alzheimer
disease and other neurodegenerative disease”**.
13.2.Innovation Opportunities
Advancements in nanoencapsulation, genetic
improvement, and precision agriculture to enhance
high yield and consistency. Moreover, development
of innovation processing technologies,increases
public awarenessof sea buckthorn products needs
and more promotion of uses of seabuckhorn in food
and medicine.  According  to Chinese
pharmacopoeia, sea  buckthorn’s  medicinal
nutritional properties like reducing phlegm,
promoting digestion, and relieving cough®’.
13.3.Future Research Directions

e Know more about the mechanism of

individual bioactives.
e Novel extraction and formulation

technologies.

e Randomized controlled trials  for
dermatological and metabolic
applications.

14.Conclusion

As we have seen sea buckthorn is a rich source of
phytochemicalsand wide spectrum of biological
activities. Observed evidence demonstrates that the
berries, seeds, leaves, and barks of sea buckthorn
contain varieties of phytochemicals which are
beneficial for human healthas“it shows following

type of activities like immunomodulatory,
antimicrobial and antiviral, hepatoprotective,
cardioprotective, wound healing, antioxidant
andantiradiation”. It is useful in “different fields
like nutraceutical, cosmetics, functional foods ad
pharmaceuticals”. However, future progress
depends on improved standardization, clinical
research and sustainable cultivation particles.
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