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Natural compounds of animal and plant origin play a key role in maintaining human health and preventing
diseases. Camel milk and sea buckthorn Hippophae rhamnoides are traditional food products and medicinal remedies
with a unique composition and therapeutic properties. The aim of this work was a comprehensive study of the natural
compounds in camel milk from Bactrian and Dromedary camels in the village of Nura (lli District), as well as a
comparative analysis of the biochemical composition of large-fruited and dessert varieties of sea buckthorn from the
highland region of the village of Narynkol (Raiymbek District), Almaty Region. The scientific novelty lies in obtaining
new data on the natural compounds of camel milk (proteins, fats, lactose, protein fractions, amino acids) and sea
buckthorn (vitamins, antioxidants, flavonoids, carotenoids, organic acids, sugars, serotonin, omega fatty acids),
considering species and varietal characteristics. An analysis of the chemical composition, protein fractions, and amino
acids of the milk was conducted. In sea buckthorn, vitamins, antioxidants, flavonoids, carotenoids, organic acids, sugars,
and serotonin were determined. The main natural compounds identified in camel milk were: proteins (3,4-5,2%), fats
(5,8-7,3%), lactose (4,6-5,0%). Electrophoresis revealed casein fractions (as, g, x, ) and whey proteins (immunoglobulins,
serum albumin, a-lactalbumin, lactoferrin, lysozyme). Amino acid analysis showed a high content of essential amino
acids (38,56-39,41 g/100 g protein). In sea buckthorn, a high content was found for vitamins C (up to 297 mg/100g), E
(6,9-8,3 mg/100g), A (as carotenoids up to 55,3 mg/100g); flavonoids (265-346 mg/100g); phenolic compounds (600-795
mg/100g); carotenoids (20,0-55,3 mg/100g); organic acids (1,5-3,2%); sugars (9,6-15,0%); serotonin (0,8-1,2 mg/100g).
Differences were revealed between large-fruited (high content of carotenoids, sugars) and dessert (high content of vitamin
C, balanced sugar-acid index) varieties. For the first time, a detailed analysis of the natural compounds of camel milk
and sea buckthorn was conducted, identifying species and varietal characteristics of their accumulation. The results can
be used in the development of functional food products and biologically active supplements.

Keywords: natural compounds, camel milk, proteins, casein, lactoferrin, lysozyme, amino acids,
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Kanyap rncane ocimoik mexkmec maduzu KocobliblCmap adam 0eHcaynavbleblH CAKmayod Heane aypynapovit ai0bli
anyoa manwt30et pon amxapaowt. Tyite cymi men wwipzanax; Hippophae rhamnoides dacmypai mazam onimoepi scone
eMmOiKk Kacuemmepi Oap Oipezeii Kypameaa ue 02pinik 3ammap 6oavtn maodwviiaovl. Feinvimu 3epmmeydiny, maxcanmol,
Hezi3zi bazeimmapvl men udeanapwl. byn sicymvicmoiy maxcamovr Hypa ayvinvt (Ine ayoanst) daxmepuanoapvt men
opomeodapnapvinbly, myile cyminoezi maouzu Kocoliblcmapobvl KeuweHol zepmmey, COHOau-aK Anmamol 001bICbIHbIY
Hapuvinkon ayvinivinoa (Paiivimbex ayoanwvt) ocemin ipi scemicmi dHcoHe Oecepmmi WbIPAHAK COPMMAPbIHDIY
OUOXUMUATIBIK KYPAMBIHA CANBICIBIPMATIbL MARoay xcacay 06010vl. Kymvicmoll 2bliblMu HCIHE NPAKMUKATbIK
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MAHBI30bLIbIZLINGIH KbICKauia cunammamacst. Folnsimu scanansix myite cyminin (akyvizoap, maiinap, 1aKmao3a, aKysl3
dpaxkuyusnapol, amunKblWKbLIOGPDY) JHCIHE WILIPZAHAKMOIY (BUMAMUHOED, AHMUOKCUOAHMMApP, (rasoHouomap,
KapomuHnouomap, op2anuKaiblK KblKbLA0ap, KARMMmMAap, cepomoHun) maduzu KocoliblCmapsl mypaisl mypiuiK yHcoHe
copmmulK epeKuienikmepin eckepe OMbIPbIN, MHcaHa Manimemmep ainy 6onvin maowvinadsl. Cymmiy XUMUATBIK
KYpamvina, axyvl3 (Opakyusaniapelna, amMuHKblUKbLI0apulHa manoay ucypeizindi. Illvipzanakma eumamunoep,
anmuoxcuoanmmap, hragonouomap, KapomuHOUOmMaAp, OPAHUKANLIK KblUKbLIOAD, KAHMMAp, CEepOmOHUN
AHLIKMANObl. 3epmmey HCYMBICHIHBIY He2i32i Hamuicenepi men manoayst, Kopvimoinovinapel. Tyiie cyminode nezizei
mabuzu Kocovlivicmap anvikmanowl: axyvizoap (3,4-5,2%), maiinap (5,8-7,3%), naxkmosa (4,6-5,0%). Inexkmpodghopes
a0icimen Kazeun gpaxyuanapul (as, f, x, 7) rHcane capuicy aKyvizoapvl (UMMYHO2N00yIUHOED, CAPLICY ATbOYMUHI, O-
JAKMans0ymMuHt, JAaAKMOGEppun, JaU0UUM) AHLIKMAAObL. AMUHKLIUKBUIOBIK mMAnoay aiMacmulpbliMaiimoli
AMUHKBIUKDBLTOAPBIHBIH Jco2apbl Moiuepin kopcemmi (38,56-39,41 2/100 2 akywi3). IHlvipzanaxma C oapymeninin (297
m2/100 ¢ oeiiin), E 0apymeninin (6,9-8,3 m2/100 2), A dapymeninin (kapomunouomap mypinoe 55,3 m/100 2 oeitin);
dnasonouomapowviry (265-346 m/100 2); heronovix Kocvinvicmapoviy (600-795 me/100 2); kapomunouomapowiry (20,0-
55,3 m2/100 2); opzanuxanvik Kbtuukovlioapovty (1,5-3,2%); kanmmapowy (9,6-15,0%); cepomonunnin (0,8-1,2 m2/100
2) ocozapvl monuwiepi anvlKkmanovl. Ipi scemicmi wbipzanviKma (KapomuHouomapowly, KAHMMApPObIH XHCO2apbl
Mmeonutepi) rncane decepmmi mypinoe (C 0apymeniniy Hcozapvl monuiepi, meHOecmipiizeH KAHM-KblUIKbLT UHOEKCI)
COpMmMapsl apacslHOAzbl AbIPMAMBLILIKINGD aAHbIKmanowl. Kypeizinzen zepmmeyoin, KyHObLIbIZbL. Anzaut pem myiie
cymi MeH meHi3 WbIP2AHAZLIHLIY MAOUSU KOCBLILICINAPBLIHA 0aPOblH HCUHAKMATYbIHLIH MYPIIK HCIHE COPMMBIK,
epeKuielikmepin aHbIKMai Omulpolh, e2xceii-meziiceliii manoay yHeypizinoi. JKymvic Hamuoicenepiniy npaKmuKaivik
manwizvl. Homuowcenepoi gpynxyuonanovt mazam onimoepi men ouonousnvlk 0eicenoi Kocnanapowl a3ipaey Kesinoe
Koioanyza 601ao0bol.

Heri3ri ce3nep: Taburu KoCbUIBICTap, Tyile cyTi, aKkybI31ap, Ka3enH, JakToQeppuH, JU30LHUM,
AMUHKBIINIKBLIIAPbI, IBIPFAHAK, JOPyMeHAep, (pIaBoHOMATAP, KAPDOTHHOUATAP, CEPOTOHUH, OMera-
Mail KbIIIKbLIAAPbI.
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Ilpupoonvie coedunenus HCUBOMHO20 U PACHMUMENbHOZ0 HPOUCXONHCOCHUA UZPAIOM KIIIOYEEyl0 pPOilb 6
noooepicanuu 300p06vs uenoeeka u npogunakmuke 3abonesanuii. Beponioscve monoko u oonenuxa Hippophae
rhamnoides signaomca mpaouyuoHHbIMU RPOOYKIMAMU RUMAHUS U JIEKAPCMEEHHBIMU CPEOCH 8aMU, 001400 WUMU
VHUKAJIbHBIM COCMABOM U mepaneemuueckumu ceoiicmeamu. Ilenvio oannoit pabomwvl s6uUn0CL KOMNJIEKCHOE
uccnedosanue npupoOHbIX COCOUHEHUTl 6ePONINIICHE20 MONIOKA DaKkmpuanos u opomeoapos u3 c. Hypa (Unuiickui
DailoH), a makKyice CPAGHUMENbHBII AHAIU3 OUOXUMUUECKO20 COCMABA KPYRHONIOOHBIX U OeCepHHBIX COPHIO08
001enuxu u3 6vlcokozopnozo paiiona c. Hapwvinkon (Paiivimbexckuil paiton) Anmamunckou oonacmu. Hayunas
HOBU3HA 3aKIOYAEMCA 8 NOAYYEHUU HOGBIX OAHHBLIX O NPUPOOHBIX COCOUHEHUAX 6ePONIoINChez0 MONI0Ka (DenKu,
Jrcupol, 1aKmMo3a, GenKosvle Ppakyuu, AMUHOKUCIOMbL) U 001enuxu (6UmMamunsvl, AHMUOKCUOAHMDbL, ()1ACOHOUOL,
KapomuHouowl, op2anuyecKue KUciomol, caxapa, cepoOmoHUH, OMe2d-HCUPHble KUCIONbL) € YUEemOM GUOO0BLIX U
copmogwvix ocobennocmeii. Ilposeden ananus Xumuueckozo cocmasa, 6enKosvlx Gpaxkuuil, AMUHOKUCI0M MO10Ka. B
obnienuxe onpeoensiu GUMAMUHbBL, AHMUOKCUOAHMDBL, (PIABOHOUOBl, KAPOMUHOUObl, OPZAHUYECKUE KUCIOMDbL,
caxapa, cepomonut. B eeponiorcoem monoke udeHmuuuuposansl 0CHOGHbIE NPUPOOHDBIE COeOuUHeHUA: OeaKu (3,4-
5,2%), ncupwt (5,8-7,3%), naxkmosa (4,6-5,0%). Memooom snekmpoghopesa evisngennvt hpaxyuu xazeuna (os, f, x, v)
u cvleopomounvie Oenxku (UMMYHO2N00YIUHbL, CLIBOPOMOYHLIIL ANLOYMUH, O-TAKMATLOYMUH, JAKmMogeppuH,
auzouum). AMUHOKUCIOMHBLI AHAU3 NOKA3AI 6bICOKOE COOEPIHCAHUE HE3AMEHUMDBIX amunokuciaom (38,56-39,41
/100 z 6enka). B obnenuxe ycmanosneno evicokoe cooeprcanue eumamunog C (00 297 me/1002), E (6,9-8,3 m2/1002),
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A (8 6ude xapomunoudos 0o 55,3 me/1002); prasonoudos (265-346 me/1002); gpenonvnvix coeounenuit (600-795
m2/1002); kapomunouoos (20,0-55,3 me/1002); opeanuueckux kucnom (1,5-3,2%); caxapoe (9,6-15,0%); cepomonuna
(0,8-1,2 m2/1002). Bvisagnennt paznuuus mexcoy KpynHona100HbIMU (6bICOKOE COOEpICARUEe KAPOMUHOUOO8, CAXAPOE)
u oecepmuvimu (6bicokoe cooepicanue eumamuna C, cOANanHCUpPOBAHHBLI CAXAPO-KUCTIOMHBII UHOEKC) copmamu.
Bnepevie nposeden oemanvhulii ananuz npupoOHbIX COCOUHEHUIL 8PONIVIHCHE20 MOSIOKA U 00SIENUXU C BbIAGICHUEM
6UO0BBIX U COPHIOBHIX OCODEHHOCHEN UX HAKONAeHuA. Pe3ynomamol mozym 0vime ucnoivb308ansl npu papadome
DYHKUUOHALHBIX RPOOYKNI06 RUMAHUA U OUO0102UYECKU AKMUBHBIX 000ABOK.

KuioueBble ¢j10Ba: NpUpoOaAHbIe COeTUHEHUS, BepOJII0KbE MOJIOKO, 0eJIKU, Ka3euH, JaKkTodeppuH,
JIM301[UM, AMUHOKHUCJIOTHI, 00/1eN1nxXa, BUTAMHHBbI, (MIABOHOU/bI, KAPOTUHOWIAbI, CEPOTOHUH, OMera-

KHPHbIEC KUCJI0ThI.

Introduction

Natural compounds of animal and plant origin
are an inexhaustible source of biologically active
substances necessary for maintaining human health
and preventing various diseases. Among products of
animal origin, camel milk holds a special place — a
traditional food product of the peoples of Kazakhstan
and Central Asia, possessing a unique composition
and medicinal properties [1-5]. Among plant sources,
sea buckthorn (Hippophae rhamnoides), widely
distributed in Kazakhstan, including in the highland
regions of the Almaty region (village of Narynkol,
Raiymbek District), and long used in folk medicine,
deserves special attention [6-17].

Camel milk contains a unique complex of
natural compounds that distinguish it from the milk
of other farm animals. Sea buckthorn is a powerful
natural source of wvarious biologically active
substances, the composition of which varies
depending on the variety. The aim of this work is a
detailed analysis of the natural compounds of camel
milk and sea buckthorn, with an emphasis on their
gualitative and guantitative composition.

Materials and methods

The objects of the study were 30 samples of
camel milk (Bactrian and Dromedary) from the
village of Nura, Ili District, Almaty Region, as well
as samples of Hippophae rhamnoides (sea
buckthorn) collected in the village of Narynkol,
Raiymbek District, Almaty Region.

Milk was collected during the active lactation
period (June-August). Sea buckthorn fruits were
collected at the stage of full biological maturity. All
studies were performed in triplicate.

Camel milk sampling was carried out into
sterile containers. Transportation was carried out at a
temperature of +4 °C. Analysis was performed within
24 hours after collection. Before analysis, samples
were homogenized. If necessary, centrifugation was
performed to separate the fat phase.

Sea buckthorn fruits were cleaned of
impurities, washed with distilled water, and dried at a
temperature not exceeding 40 °C to constant weight.
Samples were ground to a powdery state.
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Determination of the chemical composition of
camel milk. The mass fraction of protein was
determined by the Kjeldalhi method in accordance
with GOST 23327-98. Results were expressed as
percentages.

The mass fraction of fat was determined by the
acid-butyrometric method (Gerber method). Lactose
was determined by the refractometric method.
Fractional composition of proteins. Casein was
isolated from milk by isoelectric precipitation at pH
4.6.

Fractional composition was determined by
polyacrylamide gel electrophoresis. The as-, -, -,
and y-fractions of casein were isolated. Whey
proteins were studied after separation of the casein
fraction. Identification was carried out by comparison
with marker proteins. Amino acid composition.
Proteins were subjected to acid hydrolysis (6N HCI,
110°C, 24 hours).

Quantitative determination of amino acids was
carried out by ion exchange chromatography. Results
were expressed in g/100 g protein. The content of
macro- and microelements was determined by atomic
absorption  spectrophoto-metry  after  sample
mineralization.

Methods for studying sea buckthorn. Vitamin
C was determined by the titrimetric method.

Tocopherols and carotenoids were deter-
mined by the spectrophotometric method.

Flavonoids and phenolic compounds were
determined by the Folin—Ciocalteu method and the
complexation method with aluminum chloride.

Antioxidant activity was assessed spectro-
photometrically. Organic acids and sugars were
determined by high-performance liquid chromato-
graphy. The sugar-acid index was calculated as the
ratio of the sum of sugars to the sum of organic acids.

The fatty acid composition of sea buckthorn
oil was determined by gas chromatography.

Statistical analysis. Results are presented as
mean value and standard deviation (M + SD).
Statistical significance of differences was deter-
mined using Student's t-test. Differences were
considered significant at p < 0,05.
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Results and discussion
Natural compounds of camel milk. Basic
nutrients (macronutrients). Camel milk contains a

Table 1. Content of basic nutrients in camel milk (%)

complex of basic nutrients, the quantitative content of
which varies depending on the animal species (Table
1).

Indicator Bactrian Dromedary
Proteins 4,0-4,1 (up to 5,2 in bulk) 3,2-3,4 (up to 4,2 in bulk)
Fats 6,2-6,6 (up to 7,3 in bulk) 5,3-5,6 (up to 6,9 in bulk)
Lactose 4,6 4,6

Camel milk proteins are represented by
complete proteins containing the full spectrum of
essential amino acids. The protein content in
Bactrian milk (4,0-4,1%) is higher than in
Dromedary milk (3,2-3,4%), which corresponds to
literature data on the higher nutritional value of
Bactrian milk [1]. In bulk milk, the protein content
reaches 5,2% in Bactrians and 4.2% in
Dromedaries, which is associated with the presence
of highly productive animals in the herd and the
characteristics of the lactation period [2-4].

Camel milk fats are characterized by a high
content (5,8-7,3%), significantly exceeding that of
cow's milk (3,5-4,5%). Camel milk fat contains
valuable fatty acids, including polyunsaturated
ones, and is characterized by small fat globules,
which facilitates its absorption. Bactrian milk
contains more fat (6,2-6,6%) than Dromedary milk
(5,3-5,6%), and in bulk milk these indicators reach
7,3% and 6,9%, respectively.

Lactose is the main carbohydrate in camel
milk. Its content (4,6%) is close to that of cow's
milk (4,7-4,9%). An important feature is the
absence of B-lactoglobulin, the main allergenic
protein in cow's milk, which makes camel milk a
hypoallergenic product [18-23].

Protein fractions. Camel milk proteins are
represented by two main groups: caseins (80-85%
of total protein) and whey proteins (15-20%). The
casein complex of camel milk is characterized by
high heterogeneity. Using agar gel electrophoresis,
casein was separated into 10 fractions with the
following quantitative content: as-casein — 39,7%,
[-casein — 36,9%, yx-casein — 20,6%, y-casein —
2,9% [18].

Polyacrylamide gel electrophoresis revealed
significantly higher heterogeneity of the casein
complex and interspecific differences. Bactrian
milk casein was separated into 21 fractions,
including:
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B-casein — 9 fractions (Rf 0,05-0,39), total
content 32,5%.

as-casein — 7 fractions (Rf 0,45-0,70), total
content 42,2%.

y-casein — 3 fractions (Rf 0,72-0,82), total
content 19,7%.

y-casein — 2 fractions (Rf 0,97-0,98), total
content 5,6%.

Dromedary milk casein was separated into
17 fractions (4 fractions less), indicating breed
differences in protein composition [19, 20].

Whey proteins of camel milk are represented
by 8-9 fractions. Using marker proteins, the
following were identified:

Immunoglobulins (Rf 0,09-0,11) — provide
immunological protection.

Serum albumin (Rf 0,15-0,18) — transport
function.

a-lactalbumin (Rf 0,92-0,93) — participates
in lactose synthesis.

Lactoferrin — an iron-binding glycoprotein
with antimicrobial, antiviral, immunomodulatory,
and antitumor activity. The content of lactoferrin in
camel milk (0,02-2,1 g/L) is higher than in cow's
milk (0,02-0,5 g/L), which gives it unique
therapeutic properties [5,18].

Lysozyme — an enzyme that destroys
bacterial cell walls, providing bactericidal
properties of milk. The content of lysozyme in
camel milk (0,00015-0,005 g/L) is significantly
higher than in cow's milk (trace amounts) [20].

Lactoperoxidase an enzyme with
antibacterial properties, part of the body's natural
defense system.

Whey proteins also show interspecific
differences: 9 fractions were identified in Bactrian
milk, and 8 fractions in Dromedary milk [18-20].

Amino acid composition. Amino acid
analysis showed a high content of essential amino
acids in camel milk proteins (Table 2).
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Table 2. Amino acid composition of camel milk proteins (g/100 g protein)

Amino Acid Casein Whey Proteins
Lysine 6,67 6,89
Threonine 5,59 5,77
Valine 6,30 6,42
Methionine 2,92 2,87
Isoleucine 4,67 4,65
Leucine 8,41 8,66
Phenylalanine 3,09 3,04
Tryptophan 1,18 1,18
Essential amino acids (sum) 38,56 39,41
Histidine 2,67 2,70
Arginine 3,79 3,81
Partially essential (sum) 6,46 6,51
Aspartic acid 6,24 6,14
Serine 6,19 5,69
Glutamic acid 13,30 6,14
Proline 5,80 5,38
Glycine 3,80 3,30
Tyrosine 2,30 2,20
Non-essential (sum) 43,59 40,97

Camel milk contains a complex of macro- and
microelements:  calcium  (120-150 mg/100g),
phosphorus (80-110 mg/100g), potassium (150-180
mg/100g), sodium (50-70 mg/100g), magnesium (10-
15 mg/100g), iron (02-0,5 mg/100g), zinc (0,4-0,6
mg/100g), copper, manganese, selenium. A special
feature is the high content of iron and zinc in a readily
available form [18].

The vitamin composition includes vitamins
A (0,03-0,05 mg/100g), E (0,1-0,2 mg/100g), C (5-
10 mg/100g), B1 (0,05 mg/100g), B2 (0,06-0,18

mg/100g), B12, PP. The vitamin C content in
camel milk (up to 10 mg/100g) is significantly
higher than in cow's milk (1-2 mg/100g) [20].

As a result of a comparative study of large-
fruited and dessert varieties of sea buckthorn from
the village of Narynkol, a high content and
significant variability of natural compounds were
found depending on the variety.

Sea buckthorn is a multivitamin plant
containing a complex of water- and fat-soluble
vitamins (Table 3).

Table 3. Vitamin content in fruits of different sea buckthorn varieties (mg/100g)

Vitamin Large-fruited varieties Velikan Dessert varieties Lyubimaya
Vitamin C (ascorbic acid) 82-156 up to 297
Vitamin E (tocopherols) 6,9-8,3 7,0-8,0
Carotenoids (provitamin A) 20,0-55,3 10,7-25,0
Vitamin K 0,8-1,2 0,8-1,0
B vitamins: B1 (thiamine) 0,03-0,05 0,03-0,05
B2 (riboflavin) 0,04-0,06 0,04-0,06
B6 (pyridoxine) 0,7-0,8 0,7-0,8
B9 (folates) 0,02-0,03 0,02-0,03

Vitamin C is the dominant vitamin in sea
buckthorn. The ascorbic acid content varies from
82 to 297 mg/100g, which significantly exceeds
that of lemon (40-50 mg/100g) and most other fruit
and berry crops [12]. The highest vitamin C content
(up to 297 mg/100g) was noted in dessert varieties
[8]. The high vitamin C content determines the
immunomodulatory, antioxidant, and general
strengthening properties of sea buckthorn.

Vitamin E (tocopherols) is represented by a
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complex of isomers with antioxidant activity. The
vitamin E content in sea buckthorn fruits is 6,9-8,3
mg/100g, making sea buckthorn one of the richest
plant sources of this vitamin [13].

Tocopherols protect cell membranes from
oxidative damage and participate in the regulation
of reproductive function.

Carotenoids (provitamin A) are a group of fat-
soluble pigments that give sea buckthorn fruits their
characteristic orange color. The carotenoid content
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varies from 10,7 to 55,3 mg/100g, with large-fruited
varieties characterized by maximum accumulation of
carotenoids (55,3 mg/100g) [8]. The main caro-
tenoids of sea buckthorn are B-carotene, y-carotene,
lycopene, zeaxanthin, and lutein. Carotenoids possess
antioxidant properties, are precursors of vitamin A,

and support vision and immunity.

Phenolic compounds are one of the most
important groups of biologically active substances
in sea buckthorn, determining its antioxidant, anti-
inflammatory, and capillary-strengthening pro-
perties (Table 4).

Table 4. Content of phenolic compounds in sea buckthorn fruits (mg/100g)

Compound group Large-fruited varieties Velikan Dessert varieties Lyubimaya
Flavonoids (sum) 265-320 300-346
- including quercetin 45-60 50-70
- including isorhamnetin 80-100 90-120
- including kaempferol 30-40 35-45
Phenolic acids 105-150 130-170
Total phenolic compounds 600-720 650-795

Flavonoids are represented by glycosides of
quercetin, isorhamnetin, and kaempferol. The
flavonoid content varies from 265 to 346 mg/100g,
with dessert varieties characterized by higher values
[12]. Sea buckthorn flavonoids exhibit vitamin P
activity, strengthen capillary walls, and have
antioxidant, anti-inflammatory, and choleretic effects.

Phenolic acids (caffeic, ferulic, salicylic,
ellagic) are present in amounts of 105-170
mg/100g and possess antioxidant, anti-inflamma-
tory, and antimicrobial properties [14].

The antioxidant activity of sea buckthorn
fruits, correlating with the content of phenolic
compounds and vitamin C, varies depending on the
variety. Varieties with a high content of vitamin C
and flavonoids exhibit the highest antioxidant
activity. It was found that the antioxidant activity
of alcohol fractions is 1,3-1,7 times higher than that
of aqueous fractions [14].

The carbohydrate-acid complex determines
the taste qualities of the fruits and their nutritional
value (Table 5).

Table 5. Sugar and organic acid content in sea buckthorn fruits (%)

Indicator Large-fruited varieties Velikan Dessert varieties Lyubimaya
Total sugars 9,6-15,0 8,0-12,0
- fructose 4,5-7,0 4,0-6,0
- glucose 4,0-6,5 3,5-5,5
- sucrose 1,0-15 0,5-1,0
Organic acids 1 15-2,5 2,0-3,2
Sugar-acid index 3,8-6,0 2,5-4,0

Sugars are represented mainly by fructose and
glucose, the content of which varies from 8,0 to 15,0%
[13]. Large-fruited varieties are characterized by a
higher sugar content (9,6-15,0%), which determines
their sweet taste and suitability for processing.

Organic acids (malic, citric, oxalic, succinic,
quinic) are present in amounts of 1,5-3,2%. Dessert
varieties are distinguished by a higher content of
organic acids (2,0-3,2%), which, combined with an
optimal sugar content, provides a balanced sweet-
sour taste and a high sugar-acid index — an important
indicator of the taste qualities of the fruit [8].

Sea buckthorn oil is a unique product
containing a complex of fatty acids and fat-soluble
biologically active substances.

A unique feature of sea buckthorn is the
presence in the fruits of serotonin (5-hydro-
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Xytryptamine), a neurotransmitter known as the
"happiness hormone". The serotonin content is 0,8-
1,2 mg/100g [7]. Serotonin regulates emotional state,
appetite, sleep, and participates in the regulation of
vascular tone and intestinal peristalsis. The presence
of serotonin determines the mild antidepressant effect
of sea buckthorn products.

Sea buckthorn contains a complex of macro-
and microelements (mg/100g): potassium (150-200),
calcium (20-30), magnesium (25-35), phosphorus
(15-25), iron (1-2), zinc (0,5-1,0), copper (0,1-0,2),
manganese (0,3-0,5), boron (0,1-0,2) [13].

The conducted studies revealed clear
differences in the accumulation of natural compounds
between large-fruited and dessert varieties of sea
buckthorn (Table 6).
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Table 6. Comparative characteristics of natural compounds in large-fruited and dessert sea buckthorn varieties

Natural compounds

Large-fruited varieties Velikan

Dessert varieties Lyubimaya

sugars

High content (9,6-15,0%)

Moderate content (8,0-12,0%)

Organic acids

Moderate content (1,5-2,5%)

Increased content (2,0-3,2%)

Sugar-acid index High (3,8-6,0)

Balanced (2,5-4,0)

Vitamin C Medium (82-156 mg/100g) High (up to 297 mg/100g)
Carotenoids High (20,0-55,3 mg/100g) Medium (10,7-25,0 mg/100g)
Flavonoids 265-320 mg/100g 300-346 mg/100g

Phenolic compounds 600-720 mg/100g 650-795 mg/100g

Antioxidant activity High Very High

Fruit size Large (1.1-1.4 g) Medium

Yield High (up to 5.2 kg/bush) Medium

Purpose Processing (juice, oil) Fresh consumption, functional foods

Large-fruited varieties are characterized by a
high content of carotenoids (up to 55,3 mg/100g),
sugars (up to 15,0%), large fruits (weight up to 1,4
g), and high yield [8]. These varieties are most
suitable for obtaining juice, oil, and various types
of processing.

Dessert varieties are distinguished by a high
content of vitamin C (up to 297 mg/100g), a
balanced sugar-acid index, and an increased
content of flavonoids and phenolic compounds,
which ensures their high taste qualities and
antioxidant activity [8,12,14]. These varieties are
optimal for fresh consumption and the production
of functional food products aimed at boosting
immunity and antioxidant protection.

Conclusion

Camel milk contains a unique complex of
natural compounds, including complete proteins with
a high content of essential amino acids (38,56-39,41
0/100 g protein), easily digestible fats (5,8-7,3%),
lactose (4,6-5,0%), a wide range of protein fractions
— caseins (as, B, x, y-fractions) and whey proteins
(immunoglobulins, serum albumin, o-lactalbumin,
lactoferrin, lysozyme, lactoperoxidase) [1-5, 18-20].
Interspecific differences were revealed: Bactrian milk
is characterized by a higher content of protein and fat,
as well as a larger number of casein fractions (21
versus 17 in Dromedaries) and whey proteins (9
versus 8). The high biological value of camel milk
proteins is confirmed by the amino acid score
exceeding 100% for six of the eight essential amino
acids [22].

Sea buckthorn (Hippophae rhamnoides) is a
source of various natural compounds: vitamins (C
up to 297 mg/100g, E 6,9-8,3 mg/100g, carotenoids
up to 55,3 mg/100g, K, B group), flavonoids (265-
346 mg/100g), phenolic compounds (600-795
mg/100g), organic acids (1,5-3,2%), sugars (8,0-
15,0%), serotonin (0,8-1,2 mg/100g) [6-10,12-23].
Varietal differences were revealed: large-fruited
varieties are characterized by a high content of
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carotenoids and sugars, while dessert varieties are
characterized by a high content of vitamin C and a
balanced sugar-acid index [8,12-14].

The obtained data can be used in the
development of functional food products and
biologically active supplements based on camel
milk and sea buckthorn, considering their species
and varietal characteristics.
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