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Abstract

Sea buckthorn, a bioactive and nutritional plant, rich in fat soluble vitamins (A, K, E), water soluble vitamins (C, B1,
B2, folic acid), beneficial fatty acids, flavonoids, phenols, terpenes, tannins, organic acids, and amino acids, is
cultivated especially for its juice obtained from fruits which have demonstrated beneficial properties for human
health. Sea buckthorn meal is the principal by-product and can be successfully incorporated into poultry diets, as
demonstrated by numerous in vivo studies on poultry. This review synthesizes studies investigating the effects of sea
buckthorn components, by-products, and extracts in poultry, with particular emphasis on production performance
(body weight, carcass traits, egg production, and egg quality), intestinal health, hypocholesterolemic effects, and
improvements in egg yolk and meat color. Other beneficial effects regarding meat quality are n3-polyunsaturated
fatty acids enrichment and delayed lipid oxidation. In conclusion, the available evidence indicates that sea buckthorn
and its by-products can be considered functional ingredients with real benefits on the health of birds and the quality
of the products obtained. They can be included in sustainable poultry production systems, oriented towards the
valorization of natural resources.
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1. Introduction nitrogen-fixing nodules, with having Frankia-
actinorhizal symbiotic association. Sea buckthorn
General characteristics of sea buckthorn was also cultivated over centuries for its orange-
(Hippophae rhamnoides L.) yellow berries, which have been used as food, as
Sea buckthorn (Hippophae rhamnoidesL.) is a traditional medicines and cosmetics, especially
dioecious shrub (or tree), branched, spiny plant of for skincare treatment. In addition, the sea-
the genus “Hippophae” in the family buckthorn plant is a good source of firewood and
Elaeagnaceae that originated in Mongolia, Russia the leaves of sea-buck-thorn are good for forage.
and northern Europe. It is an exceptionally hardy Hippophae rhamnoides is the most important and
plant able to withstand winter temperatures as low widespread family species, followed
as —43 °C (—45 °F). It is planted for water and soil by Hippophae salicifolia and Hippophae
conservation in eroded areas because Hippophae tibetana in Eurasian region. Recent taxonomical
develops a strong and extensive root system so classification established that H. rhamnoides has
can inhibit soil erosion. Also, it is used inland eight subspecies. Plant grows to a height of 2-5
reclamation for its nitrogen fixing properties by its meters [1]. Leaves are alternate, narrow and

linear, or lanceolate, with a silver-gray color and
length of 2—-6 cm. It has alternate and golden-
* Corresponding author: Tatiana Panaite; brown buds [2]. The male bud consists of four to
tatiana.panaite@ibna.ro six apetalous flowers, whereas the female bud
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usually consists of one single apetalous flower
with one ovary and one ovule. The flowers are
tiny and yellowish in colour, appearing before the
leaves, and grow into berry-like 6-8 mm long,
subglobose to ovoid in form yellow or orange
pulpy fruits that are high in oils [1]. The fruits
produce a single seed that is ovoid tor elliptical in
shape, glossy, and dark brown in colour ([3], [1]),
2.8-4.2 mm in size, and contain 8—18% oil [4].
Sea buckthorn is a plant resource rich in bioactive
compounds because its fruits and leaves are rich in
nutrients and bioactive components such as
carotenoids, vitamin E (tocopherol), ascorbic acid
(vitamin  C), amino acids, flavonoids,
xanthophylls, phenolics, fatty acids, phytosterols,
lipids and sugars. The leaves, seeds, and fruit
residues of the sea buckthorn have the potential as
a feed material for livestock and poultry. There are
a lot of studies on the use of sea buckthorn
residues in poultry feeding. This plant is
considered with high nutraceutical potential for
animal feeding, and the major interest is twofold:
the valorization of by-products (pomace resulting
from juice processing, meal as a result of sea
buckthorn oil processing, leaves after harvest) in
the context of the circular bioeconomy and the
functional effects on birds (antioxidant status,
immunity, intestinal integrity, lipid metabolism)
and on the quality of the products obtained as a
result of the use of these by-products in poultry
feeding (for eggs/meat — lipid profile, cholesterol,
oxidative stability, pigmentation intensity) [9].
Although numerous studies have evaluated the use
of sea buckthorn products in poultry diets, the
available information remains fragmented.
Existing research differs in terms of the by-
products investigated, poultry species, inclusion
levels, processing methods, and response
parameters measured. In particular, there is still a
need for a clearer synthesis of the bioactive
compounds present in different sea buckthorn by-
products and of their specific physiological effects
in poultry, including their roles in antioxidant
defense, immune modulation, lipid metabolism,
gut health, and product quality. Therefore, a
synthesis of current knowledge is needed to clarify
their nutritional value, functional effects, practical
limitations, and future research directions. This
review was eclaborated based on the hypothesis
that sea buckthorn by-products, including pomace,
meal, seed cake, berry oil, seed oil, leaf extracts,
flavonoid-rich extracts, and fermented sea
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buckthorn-based products, may be used as natural
feed resources or bioactive supplements in poultry
diets. Due to their content of antioxidants,
polyphenols, carotenoids, unsaturated fatty acids,
vitamins, and other biologically active
compounds, these products are expected to
improve oxidative balance, modulate lipid
metabolism, support immune function, enhance
gut health, and improve egg and meat quality. At
the same time, their use may contribute to circular
bioeconomy by transforming plant-derived
residues into valuable ingredients for animal
nutrition.

2. Materials and methods

The literature search was conducted using a
structured approach, with the aim of identifying
scientific studies evaluating the nutritional
characteristics and biological effects of sea
buckthorn (Hippophae rhamnoides L.) and its by-
products effects of inclusion in poultry diets. To
identify the relevant scientific literature, several

international ~ databases and  bibliographic
platforms were consulted, such as Google
Scholar/Google Academic, PubMed,
ScienceDirect, Scopus, Web of Science,

SpringerLink, Wiley Online Library, MDPI
Journals, Taylor & Francis Online. The search
terms included simple or different combinations of

the keywords: “sea buckthorn,” “Hippophae
rhamnoides,” “chicken,” “broiler,” “laying hen,”
“hen,” “egg,” “meat,” and “poultry.” Additional

9 <¢

keywords such as “performance,” “egg quality,”
“meat quality,” “antioxidant status,” “cholesterol,”
“intestinal health,” and “immune response” were
also used to refine the search. The selection
criteria focused on original experimental studies
conducted on poultry species in which sea
buckthorn fruits, berries, leaves, seeds, pomace,
meal, oils, extracts, flavones, flavonoids, sea
buckthorn products were administered through the
diet or by other controlled supplementation
research methods. Studies were considered
eligible when they reported the poultry species,
the sea buckthorn product used, the dosage, and
relevant results related to poultry productive
performance, egg quality, meat quality,
antioxidant status, lipid metabolism, immune
function, intestinal health, or protective effects
against stress or toxic challenges.
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Overview of the main bioactive compounds in
sea buckthorn

a) Sea buckthorn berries/fruits nutritional
characteristics

Sea buckthorn is popular due to its high nutritional
contents in the berries. However, the chemical
composition of sea buckthorn berries varies
widely depending on the species, climatic and
growing conditions, variations between years,
degree of maturation, storage conditions, time of
harvest, and method of processing and analysis
[10].The moisture average content of the berries is
73%, the protein 0.4-2.5%, and carbohydrates
0.48-2.87% with soluble sugar varying 5.2—43.0%
[11]; the fiber content is high 6.2 -10.0%.These
fruits are rich in amino acids (with eight free
essential amino acids) and vitamins, organic acids
and fructose.

Sea buckhorn berries include high levels of
vitamin C or ascorbic acid (up to 695 mg/100g)
and this rich content is five to hundred times
higher than any other fruit or vegetable known
[12]. Their high vitamin C content could vary
considerably depending on the cultivar and
growing conditions [13]. Much more, these berries
do not contain ascorbate oxidase, the enzyme
responsible for the degradation of ascorbic acid
and therefore, sea buckthorn products and even
dried fruits still contain large amounts of vitamin
C[14].

The berries are also, a rich source of other
bioactive antioxidants molecules such as vitamin
E (tocopherols) and carotenoids (3-15 mg/100g)
especially beta-carotene, lycopene, zeaxanthin. In
sea buckthorn oil, tocopherols range from roughly
100 to 481 mg/100g in pulp oil and 64-300
mg/100g in seed oil. The alpha-tocopherol is the
dominant form, accounting for approximately
85% of total tocopherols. Also, alpha-tocopherol
concentration is higher in the pulp/peel,
while gamma-tocopherol found in larger
quantities in the seeds.

The carotenoid content is one of the key
characteristics by which sea buckthorn oil is
traded commercially. Their concentrations range
from 300-2000 mg/100g in pulp oil and roughly
67.5-85 mg/100g in seed oil. Key components
include zeaxanthin, beta-carotene, and lycopene,
with zeaxanthin dipalmitate often being the most
abundant. As berries ripen, carotenoids tend to
form more stable esterified forms.
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Sea buckthorn berries contain oil in considerable
quantities, as an inherent part of the fruit(20.41, or
even 48% % oil content in the pulp and peel, and
8.82-15 % in the seeds, as presented by Li et al.
[15], and this oil combines high levels of
beneficial unsaturated fatty acidssuch as a-
Linolenic acid (ALA) (C18:3n-3) (20-35%), or
linoleic acid (LA) (C18:2n-6) (30-40%), oleic (14-
28%), with others more saturated like
palmitoleic(C16:1n-7) (16-54%) and palmitic
acids (C16:0) (17-47%) [16]. The equivalent
proportion of ALA and LA, the balance between
omega-6 and omega-3 acids, is particularly
important because can influence the regulation of
thousands of metabolic functions which are
interconnected [17], [3]. The palmitoleic acid is a
valuable fatty acid because it is included in skin
fat and has the ability to support cell tissue and
speed wound healing [17], also has
hypocholesterolemic ~ and  hypoglyceridemic
actions [18]. For 6 Romanian plant cultivars Dulf
et al., [19] found in berry pulp oil a content of
palmitic (16:0) (23-40%), oleic (18:1n-9) (20-
53%) and palmitoleic (16:1n-7) (11-27%) acids.
Beside fatty acids constituent of the lipid part of
the berries there are also present the phytosterols,
such as B-sitosterol, campesterol, stigmasterol, and

alfa- and beta-amyrins or erythrodiol [13].
Phytosterols are wused in prophylaxis of
cardiovascular diseases induced by
hypercholesterolemia.

In the berries were identified many phenolic
compounds and classified into 4 categories
(phenolic acids, flavones, flavonol-
monoglycosides, and flavonol-diglycosides) as
Guo et al. [20] presented flavonol glycosides form
the most concentrated class of phenolic
compounds in sea buckthorn [21], and of these,
flavonol-diglycosides were predominant: 233 + 46
mg/100 g dry weight [20], more exactly the
isoramnetin glycosides and quercetin derivatives,
the latter being the most significant in terms of
quantity [21]. The quercetin level in berries was
between 6.57 and 9.01 mg/g fresh weight as
presented by Criste et al. [22]. Seventeen phenolic
acids were tentatively identified in several plant
varieties according to Zadernowski et al. [23].
Salicylic acid was the principal identified phenolic
acid, accounting for 55 to 74.3% of the total
phenolic acids present and the phenolic acids
liberated from esters and glycosidic bonds were
the major fractions of phenolic acids in the berries,
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whereas free phenolic acids constituted only up to
2.3% of total phenolic acids. Total content of
phenolic acids ranged from 3570+£282 to
44394405 mg per kg of berries, on a dry basis.
Sea buckthorn fruits have the highest antioxidant
activity among medicinal plants [17], and must be
mentioned that the antioxidant activity of seed and
root sea buckthorn extracts is better than that of
leaf and stem extracts [24], [25].

b) Sea buckthorn pomace or meal nutritional
characteristics

Sea buckthorn pomace is the residue resulting
from juice processing and/or oil extraction, which
consists of skins, pulp residue, and seeds, and can
serve as a high-value by-product for animal
feeding. It is notable for its high content of
structural fibers, including cellulose. It was
reported as 16.11% in a study on broilers by
Saracila et. al [26], but it can be up to 21.9% [5],
[6]. There is also a high percent of insoluble
dietary fiber (approximate 58.7 g/100 g dry
matter) with reduced solubility, a relevant aspect
for establishing the doses to be included in poultry
diets and for anticipating the effects on
digestibility and intestinal function.

The protein content of the sea buckthorn pomace
is generally moderate, but presents some
variability, depending on the plant variety, the
processing technology (pressing/extraction) and
the proportion of seeds included in the residual
fraction. Thus, the level of 12.43% crude protein
was reported by Saracila et al. [26] or 14.5% by
Panaite et al. [7]. Other authors presented higher
levels of crude protein (27% to 33.2%) [5], [6]
The pomace is a rich source of tocopherols
(vitamin E), with concentrations highly dependent
on the extraction method, but typically they are in
the range of 630 to over 1000 mg/kg. Also, the
high carotenoid content of the pomace ranges
from approximately 45 to 73 mg/ 100 g powder
[27] although values vary based on extraction
method and cultivar. Major present carotenoids
include  zeaxanthin  (often in  esterified
forms), beta-carotene, and lycopene, and they are
efficiently transferred to the yolk as presented by
[7]. The sum of lutein and zeaxanthin were
recorded as 168.75 mg/kg in the hen diet with
dried sea buckthorn pomace vs. 91.8 mg/kg in the
control group diet. This content determined a
significant increase of yolk color, expressed as a
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Roche score (e.g. 7.50 compared to 5.94 in the
control group after two weeks of feeding).

Some amounts of polyphenols were identified in
the pomace, compounds associated with
antioxidant activity, anti-inflammatory effects and
a potential modulatory role on the intestinal
microbiota. It is a very wide range of total
phenolic  content depending on cultivar,
pedoclimatic conditions and fruit maturity stage,
of approximately 32.93-1417 mg GAE/100 g
plant material [28]. Between flavonoids frequently
found was quercetin-3-rutinoside (rutin). The
vitamin C content was very variable because it is
strongly influenced by processing, especially by
the oxidation processes and exposure to
heating/drying; in fresh pomace was between 25
to 48 mg/100g.

¢) Sea  buckthorn nutritional
characteristics

The leaves, as fresh form contain carotenoids
(26.3 mg/100g), chlorophyll (98.8 mg/100g),
proteins (15-20.7%), amino acids (0.73% lysine,
0.13% methionine & cystine), minerals (Ca, Mg
and K), folic acid, catechins, esterified sterols,
triterpenols and isoprenols [11] depending on
harvesting and processing conditions. The leaves
contain greater flavonoids than that of berries, and
isorhamnetin, quercetin and kaempferol-3-
rutinoside (300 mg/100 g dry matter) were
identified by Tian et al. [29]. The
presented phytochemicals make plant ideal for
medicinal and cosmetic industries, giving
synergistic power to protect the cell membrane,
enhance epidermal regeneration and
microcirculation, to act as a potent antioxidant and
antibacterial agent, and to have cholesterol
lowering effects. All these therapeutic potentials
for human health can be also provided to animals
after including sea buckthorn in their feeding.

leaves

3. Results and discussion

Potential Benefits of Sea Buckthorn for Poultry
Feeding and Health

There is a high potential of Hippophae
rhamnoides or sea-buckthorn (SBT) utilization for
livestock feeding. Leaves collected from sea
buckthorn branches can be used as a feed resource

for animals, particularly small ruminants,
providing  both  protein and  valuable
phytochemicals. Also, the pomace from
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the Hippophae rhamnoides fruit processing can be
used as animal feed. It determined a higher egg
weight rate when was used in the cold and arid
regions of northern India for poultry feeding.
Separated plant fractions, such as leaves, seeds,
seed meal, seed cake, and fruit residues, can be
valorized as feed ingredients or functional
supplements in poultry nutrition. These by-
products may provide valuable nutrients,
including protein, residual lipids, fiber, vitamins,
minerals, and essential fatty acids, as well as
bioactive compounds such as flavonoids,
carotenoids, tocopherols, phenolic acids, and
phytosterols. Their inclusion in poultry diets may
contribute to improved antioxidant status, immune
response, intestinal health, lipid metabolism, and
the oxidative stability and nutritional quality of
eggs and meat. However, their practical use
depends on the chemical composition of each
plant fraction, the processing method applied, the
inclusion level in the diet, and the category of
poultry for which they are intended. Given the
benefits of sea buckthorn in improving lipid
metabolism, exerting antioxidant effects, and
protecting intestinal health another type of studies
used specific purified extracts from fruits or leaves
to improve overall health or growth performances
of broiler and laying hen. The beneficial effects of
different parts of SBT for poultry health and
production are summarized in Tables 1 — 3.

SBT leaves, seeds and fruit residues play an
important role in improving the efficiency of feed
and may be considered to be utilized as an
alternative feedstuff, particularly in poultry to
maintain their production, performance and the
high-quality yield [30]. The beneficial effects of
sea buckthorn (SBT) application in poultry
production are discussed below, with particular
emphasis on its specific contributions to overall
poultry health and productive performance:

eimmune boosting - Administering SBT berries
alone they protected the immunosuppressant
action of T-2 mycotoxinin for 15-day-old chicks
[31]. Kalia et al. [32] observed
immunomodulatory activity of berries extract in
chicken lymphocytes through in-vitro studies.

SBT  standardized ethanol  extract (50
micrograms/mL) clearly enhanced the
macrophage membrane function and high
concentrations of this extract (400

micrograms/mL) inhibited leukocyte proliferation,
in a study presented by Dorhoi et al. [33]. SBT has
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also, an anti-inflammatory effect as presented by
LiuDongkai et al. [34] when his product reduced
expression of TNF-a and IL-6 in the ileum
mucosa.

eprotecting intestinal health — Liu Dongkai et
al. [34] showed increased abundance of benefic
bacteria (Fusobacterium, Lactobacillus genus and
Firmicutes) in cecum microflora, and a reduced
microbial diversity; the cecum pH was reduced
but did not alter the volatile fatty acids. Pirgozliev
et al. [35] using 3, 6, 9 and 12 g dried berries/kg
diet of broiler chickens obtained an increased
jejunal crypt depth, linear decreases in caecum
concentrations of acetic, butyric and valeric acids
and no increase in pro-inflammatory cytokines.
Panaite et al. [7] found an increase in duodenal
and jejunal vilus height (VH) when feeding 20
g/kg SBT meal to Tetra SL laying hens for 28
days. There were no significant differences in
crypt depth (CD) and VH: CD ratio in the
jejunum. Authors Panaite et al. [7] found
increased relative abundance of Lactobacillus
spp., which could explain the linear reduction in
acetic acid as it is metabolized to lactic acid. A
corresponding reduction in Bacteroidetes relative
abundance was also found so that SBT addition
may modulate intestinal morphology and hind gut
bacterial fermentation in poultry. Polyphenols can
inhibit the growth of certain species (i.e.,
Bacteroides) while favoring other species (i.e.,
Firmicutes). For implications in maintaining
normal intestinal digestion and the absorption
functions of nutrients the enzymes were
determined and results showed that maltase and
invertase activity increased only in the duodenum,
while alpha-amylase decreased in the duodenum
and jejunum. Reducing of the pathogenic bacteria
could be due to the polyphenolic content and
antioxidant activity of SBT meal and its mixture
with bilberry leaves as authors Saracila et al. [26]
presented. Polyphenols, prevent harmful bacteria
from adhering to the gut microbiota and boosting
the growth of friendly bacteria.

eimproving lipid metabolism and cholesterol
level - This effect is due to formation of a non-
absorbable complex of cholesterol and SBT
phytosterols at the absorption site of intestine. In a
study of Chand et al. [5] whole egg cholesterol
and yolk cholesterol were significantly (p<0.01)
low in eggs of hens obtained from hens at 3 g
SBT/kg diet. It was demonstrated that SBT
phytosterols have shown their anticholesterolemic
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action. Also, Panaite et al. [7] found that the
inclusion of SBT meal in laying hen determined
blood cholesterol and triglycerides to decrease
significantly (p<0.05).

eimproved body weight gain - The weight of
chickens increased 5.74% and that of hens 7.81%
after feeding with sea buckthorn leaves and fruit
residues. Pathak et al. [36] studied on broilers
chicks the effect of 3 part of the plant: leaves
extract, lyophilized pulp and the seed oil, in
separately groups. He obtained significant
(p>0.05) increase in body weight, and the
processing live weight and chilled weight
increased (p>0.05) significantly. Bentea et al. [37]
improved body weight, average daily gain, and
feed conversion on Ross-308 hybrid broiler
chicken supplemented with 0.5% SBT meal in the
diet; the protein content in meat was also
increased.

eoptimized carcass traits - Even the body weight
was increased in Pathak et al. [36] study other
carcass traits were increased non significantly; a
significant decrease in feed conversion rate was
obtained, and an improvement in protein content
and fat content of breast and thigh muscles of
carcass. Ma et al. [38] who tested effect of
flavones from SBT fruits on broiler chicken
registered an optimized body fat distribution (the
abdominal fat percentage was decreased and the
intramuscular fat content in the breast muscle was
increased). Ben-Mahmoud et al. [39] showed that
the percentage of breast muscles and thigh
muscles in live weight was not significantly
different between the groups of birds with 5%
SBT fruit residues. However, Li et al. [40]
concluded that crude protein of thigh muscle was
significantly increased, and fat of thigh muscle
was significantly decreased by the diet
supplemented with 0.1% and 0.2% flavones of
SBT in broilers.

estable feed conversion ratio (FCR) - The
addition of SBT pomace in poultry feed up to 5%
in the diet showed better growth response and
conversion ratio. Other authors showed that feed
consumption was not significantly influenced [30,
36].

eimproving egg production and internal and
external egg quality parameters - Shaker et al.
[30] found that supplementing 5% of the wheat
from a conventional diet with SBT fruit residue

20

leads to differences in the total number of laid
eggs at the end of the experiment. All other
measured parameters to test egg quality did not
give significant differences between groups.
Chand et al. [5] tested supplementation of SBT
seed powder (1; 2 and 3 g /kg) on hybrid Rhode
Island Red x Fayoumi laying hens. At the end of
week 40 no significant effect on feed intake was
registered. Significantly (p<0.01) higher hen day
egg production was recorded in hens
supplemented with buckthorn at 3 g/kg. Also,
significantly (p<0.01) higher egg weight was
observed in hens supplemented with buckthorn at
2 and 3 g/kg; egg yolk weight was significantly
(p<0.05) high in birds in at 3 g/kg. SBT seed
content consist of 26.4% protein and 10.2%
carbohydrate which may be a possible reason for
high egg weight in the treated groups. Panaite et
al. [7] reported that dietary additives like SBT
could increase egg yolk weight and improve egg
quality, but even the FCR (g feed/g egg) was
significantly impacted in diet, a decrease in egg
weight was registered.

eenhancing egg yolk color - The color of the egg
strongly relies on the diet with which the broiler
has been fed. Different compounds could
influence yolk color. For instance, carotenoids can
influence the color of the eggs, when included as a
supplement of a normal diet. Shaker et al. [30] on
Isa brown hens indicated that adding SBT berry
pomace flour in the hen’s feed in a relatively small
proportion (5%) had a favourable effect on the
carotenoids’ accumulation in yolk, especially
zeaxanthin and lutein. He obtained a darker and
more intense yolk color of the eggs. These results
are very important as the attractiveness of eggs
increases in respect to consumer demands of dark
yolk color. Dvoték et al. [41] used SBT pomace as
a supplement in different concentrations (20, 50,
and 100 g/kg diet) to evaluate viscosity and color
of egg yolk. The color of egg yolk changed
significantly and could be visually appreciated and
was more intense in the group fed with a higher
amount of SBT pomace. Egg yolks from hens
supplemented with SBT had a more intense red-
yellow color. These eggs also showed lower
viscosity. The authors firmly stated that both traits
found on the eggs from SBT pomace-fed hens
were those preferred by consumers.
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Table 1. Summarized poultry specific feeding studies with sea buckthorn fruit berries and pomace

Type Plant Part | Dosage Specific Use Results Reference
boiler sea 3,6,9and 12 g overall health (growth 1 jejunal crypt depth; | caecal [35]
chickens |buckthorn | dried berries/kg performances, intestinal | VFAs; IFN-y and CD40LG
SBT berries | diet tract histomorphology, | peaked at 6-9 g/kg;
antioxidant status, <> cytokines or antioxidant
caecum volatile fatty status
acids)
laying dried sea 5% in the diet egg quality slight improvement in egg [30]
hens buckthorn number and egg weight; darker
meal yolk; <> feed intake
laying sea one of the diet egg nutritional qualities | 1T polyphenols and antioxidant [44]
hens buckthorn | groups (T2) capacity in eggs; 1T n-3 fatty
meal containing 9% acids; | thrombogenicity index
flaxseed meal and
3% sea buckthorn
meal
laying sea 1;2and 3 g /kg egg quality egg production 1 for dose 3 [5]
hens buckthorn | diet g/kg, egg weight and egg
seed cholesterol were significantly 1
powder dose 2 and 3 g/kg
laying sea yolk properties 1 yolk colour; | yolk viscosity [41]
hens buckthorn 20; 50 and 100
pomace g/kg
laying sea 10 g of intestinal health; | cholesterol and triglycerides; [7]
hens buckthorn | watermelon egg weight 1 Lactobacillus and villus
meal rind/kg feed (E1) height; | harmful bacteria;
and 20 g of sea 1T FCR
buckthorn meal/kg
feed (E2).
broiler sea alone 1% inclusion | growth performance; < growth performance and [26]
chickens |buckthorn | in diet; gut health serum biochemical parameters
meal mix 0.5% sea | Entrobacteriaceae, E.coli
buckthorn with and Staphylococci in the cecal
0.5% bilberry content (diet containing sea
leaves buckthorn meal);
1 lactobacilli in the intestinal
content.
laying sea 1% and 2% sea growth performances; < feed intake; 1 egg [45]
hens buckthorn | buckthorn powder. | egg quality production, egg weight, shell
fruits quality, yolk colour intense
powder yolk colour
broiler dried sea 5% in diet growth performance «— FCR; | final body weight; [39]
chicken | buckthorn «> carcass muscle proportions
meal
broiler sea 0.5% in diet growth performance; T body weight, ADG, feed [37]
chicken | buckthorn meat quality efficiency; 1 meat protein
meal
broiler sea 1% in the diet growth and health status | 1 HDL-cholesterol; 1 blood [46]
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Type Plant Part | Dosage Specific Use Results Reference
chickens | buckthorn biochemical parameters: total
fruit powder proteins, uric acid,
GOT, amylase and lipase
laying sea -3 diets with 1,2 | egg production 1 yolk colour and Haugh unit; [47]
hens buckthorn | and 4 g/kg of SBF | performance and egg 1 fatty acids PUFAs/SFAs
fruits powder quality ratio, aroma taste at 2 and 4
powder g/kg dose
resulted in albumen height 1
and egg cholesterol | at 4 g/kg
dose
broiler sea diet where 15% of | production FCR; | body weight; 1 skin [48]
chickens |buckthorn |the wheat performances yellowness
fruit was replaced by
residues sea buckthorn
meal residues meal
eincreasing meat color - Li et al. [40] reported al. [8] after administration of 0.00002%
that broiler diets supplemented by 0.1% and chromium and 2% sea buckthorn leaves on

0.2% flavones of sea buckthorn significantly
increased meat color of breast and thigh muscle.

chicken diet obtained higher concentration of
lutein and zeaxanthin, Fe and Zn in breast and

It is probably dependent on the content of oil in thigh meat.
the residues of the SBT after pressing. Saracila et
Table 2. Poultry specific feeding studies with sea buckthorn leaves
Type Plant Part | Dosage Specific use Results Reference
coloured | sea 0.5 % and 1% in the | egg qualities 1 egg production; < immunity [49]
Chabro buckthorn | diet and production (humoral and cell-mediated
breeder leaf meal immune response)
hens
japanese | sea 2% leaf powder in kidney 1 partial protection against [43]
quail buckthorn | feed and leaf extract | protection, ochratoxin A-induced
leaf in water ochratoxin A nephropathy
powder
chicken sea 0.5% in diet growth 1 weekly body weight gain; 1 [50]
buckthorn performance HDL; |l cholesterol; l
leaf post hatch triglycerides
powder
turkey sea alone 0.5% inclusion | growth 1 body weight gain; 1 FCR; [6]
poults buckthorn | in diet; performance; <> breast and thigh yield;
(small leaf meal 0.5% sea buckthorn | meat quality 1 breast Zn; 1 ether extract in
white powder with 0.5% giloe leaf thigh samples;
variety) meal powder mix <> blood biochemistry
broiler sea one of the groups: meat quality 1 PUFA/MUFA; 1 n-3 PUFA [8]
chicken buckthorn | 0.00002% chromium and DHA; | n-6/n-3 ratio;
leaves and 2% sea 1 lutein, zeaxanthin, Fe and Zn;
buckthorn 1 breast meat oxidative stability.
leaves
Arbor sea diet supplemented growth At 1%: 1 serum BGP, ALP and [28]
Acres buckthorn | with 0.25%, 0.5% performance; 1,25-(OH)2Ds; > Ca
broilers leaves and 1% sea calcium digestibility; 1 P digestibility
buckthorn leaves metabolism
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eenhancing meat with n3-PUFA - Because the
sea buckthorn fruit is rich in unsaturated fatty
acids it can also increase the food quality of the
poultry meat. In the study of Ma et al. [38] the
chick fat in the group with SBT flavones (with
the optimal level in diet from 0.05 to 0.10%) had
a higher ratio of unsaturated fatty acids
compared to the control group and a low level of
triglycerides and cholesterol being a healthier fat
for consumers. Saracila et al. [8] administered to

one of the groups of Cobb 500 chickens a dose
of 0.00002% chromium and 2% sea buckthorn
leaves and the resulted meat composition in fatty
acids showed that n-6 and n-3 PUFA deposited
preferentially in the thigh meat and the n-6/n-3
ratio was  decreased. @ The  increased
PUFA/MUFA ratio was obtained by increasing
n-3 PUFAs, especially docosahexaenoic acid
(C22:6n-3, DHA).

Table 3. Poultry specific feeding studies with different extracts of sea buckthorn and their action

Type Plant Part Dosage Specific use Results Ref.
laying sea buckthorn | diets with 0, | production At 1.0 g/kg SBE: 1 average egg [51]
ducks extract 0.5, 1.0, and 1.5 | performance, weight; 1 feed conversion
(SBE) g/kg of SBE serum ratio/improved feed efficiency; 1
biochemical yolk weight; 1 shell strength; 1
indexes, egg | albumen height; T Haugh unit; | yolk
quality, and | cholesterol; 1 egg amino acid
cholesterol content; 1 yolk fatty acid profile; |
deposition blood lipid levels; 1 antioxidant
status, including SOD and total
antioxidant capacity; 1 immune
response, including IgA, IgG, and
IgM
one-day- | sea- diet with 1000 | growth SF alleviated the negative effects of [52]
old male | buckthorn mg SF/kg performances, LPS: 1 growth  performance
broilers flavone  SF | inflammation: intestine recovery; | serum IL-1pB, IL-2, and
chickens | (extracted broilers microbiota, D-LA; 1 1IL-10; | intestinal
from the | intraperitoneally | effect after | morphological damage; 1 Occludin
fruits, leaves, | injected  with | inflammation and ZO-1 mRNA expression; |
and branches) | 500 pg/kg LPS | induced by | TLR4, NF-kB, and IL-13 mRNA
on 16, lipopolysacchari | expression in jejunal mucosa;
18, and 20 days | de tendency to reduce intestinal
(LPS) proteobacteria abundance
chickens | sea buckthorn | 200 mg/kg body | ascites, under high-altitude conditions: 1 [32]
berries weight of | coccidiosis growth performance; 1 body weight;
extract chicken | mortality rate; beneficial effects
against ascites and coccidiosis
chickens | sea buckthorn | 0.6 mL/kg of | liver protection, | hepatoprotective  effects  against [42]
berries oil body weight | aflatoxin AFB1 | AFB1: 1 body growth; improved
once a day liver microscopic structure; 1 serum
protein and albumin; improved AST
activity; modulation of p53, COX-2,
and Bcl-2 expression; | AFBI1
accumulation in liver; | adverse toxic
effects.
broiler leaves 400 ppm and | growth 1 body weight; 1 protein content of [36]
chicks extract+ seed | 1000 ppm | performance; breast and thigh muscles; improved
oil leaves extract meat quality fat content of breast and thigh
oil (0.5 ml/kg) muscles; <> no significant decrease
in feed conversion rate
broiler flavones diet carcass at 0.1%: | thigh muscle fiber [40]
chicken extracted supplemented characteristics diameter. At 0.2%: 1 carcass
from sea | with 0.1% and | and meat | percentage; T apparent protein
buckthorn 0.2% flavones quality digestibility; 1 calcium digestibility;
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T meat color of breast and thigh
muscles; 1 crude protein content of
thigh muscle; | serum triglycerides.

broilers flavones  of | 0.05%, 0.10%, | growth 1 average daily gain; 1 final body [38]
sea buckthorn | and 0.15% in | performance; weight; 1 carcass quality; improved
fruits diet (dietary | carcass quality lipid metabolism; 1 unsaturated fatty
optimum level acid ratio; | triglycerides; |
0.05 to 0.10%) cholesterol; improved body fat
distribution.
laying pure 0.2, 0.4, and 0.6 | egg qualities; optimal estimated level: 0.367-0.369 [53]
hens quercetin g of | cecal flora; g/kg feed. 1 laying rate; improved
quercetin/kg of | liver antioxidant | feed conversion; | total aerobes and
feed status coliforms in cecal microbiota; 1
Bifidobacteria; 1 hepatic Cu-Zn-SOD
activity
laying Microbial 2 groups with | production At 750 mg/kg MA: 1 laying rate; [34]
hens antioxidant two  different | performance, egg mass; improved feed conversion
source.  (MA) | nytritional egg quality, | ratio; 7 albumen height; 1 Haugh
?}?rtj;n;d levels: control | intestinal health, | unit; 1 eggshell ratio; 1 yolk ratio; 1
Sequei tial diet and low- | and ovarian | hepatic GSH; | hepatic TG and
fermentation of nutrient diet; in | function of | MDA; 1 blood GSH and CAT
a Rosa | €ach group were | peak-production | activity; | blood MDA; 1 ovarian
roxburghii and | added 3 levels | laying hens. GSH, CAT, GSH-PX, and GSH-ST;

sea buckthorn

of MA (0, 350,

| ovarian MDA; | cecal pH; <

mixture
(20:80)
Bacillus
subtilis,
Lactobacillus,
Clostridium
butyricum, and
Saccharomyces
cerevisiae;
secondary
metabolites
were
characterized
by
metabolomic
analysis

and 750 mg/kg).
with

volatile fatty acids; 1 beneficial
bacteria, including Fusobacterium,
Lactobacillus, and Firmicutes; |
microbial diversity; | TNF-a and IL-
6 expression in ileal mucosa.

eslowing lipid oxidation in meat - Fatty acid
oxidation products are accumulated in meat and
impair its texture, colour, nutritional value and
food security. The harmful effects of lipid
oxidation products can be counteracted by natural
antioxidants like vitamin E and vitamin C. These
vitamins are rich in SBT pomace or oil that can be
a valuable feed component in mixtures for poultry.
Also, their composition in flavonoids, phenolic
compounds or quercetin exhibit strong antioxidant
properties. The antioxidant effect of SBT to
broiler muscle is tested by MDA value or TBARS
level. Saracila et al. [8] administered to one of the
groups of Cobb 500 chickens a dose of 0.00002%
Chromium and 2% sea buckthorn leaves and
improved oxidative stability of chicken breast
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meat, by lowering the TBARS level after storage.
The enhanced lutein and zeaxanthin were the
major contributors to antioxidant capacity in
breast meat, whereas lutein and zeaxanthin,
polyphenols, and Zn were in thigh meat.

eantiparasitic effect — Kalia ef al. [32] on a study
with coccidiosis showed benefit for chickens

living in high altitudes: improved growth
performance, higher body weights, lower
mortality rate.

ehepatoprotective  activity and  Kidney

protection due to rich content of vitamin C and
E, and carotenoids - In case of aflatoxin Bl
chicken toxicosis, the SBT berries oil could
reduce the concentration of aflatoxin AFBI1
residue in the liver, diminishing adverse effects.
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This protective action was evident on body
growth, microscopic changes in the liver, serum
protein, and albumin concentration, AST activity
and p53, COX-2, and Bcl-2 expression [42]. In
case of ochratoxin A toxicosis the leaf SBT water-
extract was protecting against nephropathy [43].

eantibacterial protection - The DVM Company
showed that SBT leaves inhibit the effects
against Bacillus cereus, Pseudomonas
aeruginosa, Staphylococcus

aureus and Enterococcus faecalis. The seed oil
may be beneficial against Escherichia coli.

Sea buckthorn: Nature's Answer to Modern Poultry Challenges

/\/ Productive Performances

Gut & Immune Health

Sustainable Future

<

Measurable improved performances in broiler
growth, laying hen egg production, and meat
guality — backed by scientific research.

Natural modulation of gut microflora and immune
resilience without the risks of antibiotic resistance.

Byproduct utilization, reduced waste, and lower feed
costs make sea buckthorn a truly circular feed solution.

Figure 1. Sea buckthorn as a natural strategy for improving poultry performance, health, and sustainability

This figure summarizes the main potential benefits
of sea buckthorn and its by-products in poultry
nutrition. Sea buckthorn bioactive compounds
may contribute to improved productive
performance, including broiler growth, egg
production, and meat quality. In addition, their
antioxidant, antimicrobial, and
immunomodulatory properties may support gut
microbiota balance, intestinal health, and immune
resilience. The use of sea buckthorn by-products
also supports sustainable poultry production by
promoting waste valorization, circular feed
resources, and potential reductions in feed costs.

4. Conclusions

The leaves, fruit residues of SBT, or seed oil could
be used to feed poultry having a stimulating effect
on growth and performance of poultry birds &
livestock. Supplementation with pomace or leaf
meal in poultry diet may result in immuno-
modulation, optimization of growth and
production traits. SBT is an excellent source of
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nutrients for poultry birds and it is a good feed
opportunity to improve food security and socio-
economic status of farmer as well as to improve
poultry health, production and welfare. However,
an important criterion that must be taken into
account is, first of all, the SBT availability on the
market and the purchase price, but also the form
of the raw material used (because of different
nutritional and bioactive profile) and the level of
inclusion in poultry feed. In conclusion, sea
buckthorn SBT and its by-products can be
considered functional ingredients with real
benefits on the health of birds, productive
performances and the quality of the products
obtained, so it is necessary to promote its
widespread wuse for poultry feeding. Diets
including SBT will be helpful in improving the
socio-economic status of the farming community
as well as improving, growth, health, production
performance, economic traits and immunity of the
birds. Feeding with SBT can be included in
sustainable poultry production systems, oriented
towards the valorization of natural resources.
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