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Abstract

Sea-buckthorn fruits (Hippophae rhamnoides L.) are used in Mongolia as traditional medicine due to 
the health-benefits associated with its bioactive components. The purpose of this study was to investigate 
the chemical composition of Mongolian sea-buckthorn fruits. In terms of proximate composition, crude 
fat content was the highest, whereas its crude ash content was the lowest. In organic acid contents, 
malic acid content (6.30±0.005 mg/g) was the highest. Free sugars were composed of sucrose, xylose, 
glucose and mannitol. Vitamin C and carotenoid content were 320 mg/100 g and 715.25 mg/100 g, 
respectively. The major fatty acids were palmitic (C16:0), palmitoleic (C16:1), caprylic (C8:0) and linoleic 
(C18:2) acid.
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Introduction

Sea-buckthorn(HippophaerhamnoidesL.),amember

ofthefamily Elaeganaceae,isahardy shrub.

Sea-buckthornisadioeciousspecieswhichmeansthat

themaleandfemaleflowersareonseparatetrees.It

bears delicious and nutritious orange colored

berries,widelydistributedthroughoutthetemperatezone

ofAsia,Europeandalloversubtropicalzonesathigh

altitudes.ThegenusnameHippophaeisclassicalLatin

for“shininghorse”(‘Hippo’-horseand‘phaos’-to

shine)anamethatwasgiveninancienttimesafter

itwasfoundthatfeedingtheleavestohorsesimproved

thehealthandlusteroftheirhair(Lu1992).The

sea-buckthornindustryhasbeenthrivinginRussiasince

1940 when scientists began to study bioactive

substancesfoundinitsberries,leaves,andbark.The

firstRussian factory for sea-buckthorn product

developmentwaslocatedinBisk.Theseproductswere

utilizedinthedietofRussiancosmonautsandasa

creamforprotectionfromcosmicradiation(Delabays

andSlacanin1995).Sea-buckthorn cultivationin

Mongoliabeganinthe1960sandrelatedstudieswere

begun(Ochirbatetal.1986).In1977,sea-buckthorn

wasofficiallylistedintheChinesePharmacopoeiaby

theMinistryofPublicHealthasatraditionalmedicine

andmorethantendifferentdrugshavebeendeveloped

fromsea-buckthorn.Itsberriesarearichsourceof

phytochemicalssuchasascorbicacid,tocopherols,fatty

acids,andorganicacids(Beveridgeetal.1999,2001),

phenolsandcarotenoids(Gaoetal.2000;Yangand

Kallio2001).Thesechemicalcomponentsoftheberries

areinfluencedbygrowingconditions,cultivars,ripeness

andharvesttime(Beveridgeetal.1999).InMongolia,
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sea-buckthornberriesarewidelycultivatedinspiteof

severelyadversegrowingcondition.Evenso,the

chemicalsandnutrientsofthefruitshavenotbeenwell

studied.Therefore,theproximatecompositionand

organoleptic chemicalcomponents ofMongolian

sea-buckthornfruitshavebeenstudiedandarereported

inthispaper.

MaterialsandMethods

Raw materials

Sea-buckthornfruits(Chatsargana)werepickedatan

orchardintheKhovdoregioninMongolia,atthe

late-Augustin2008,andstoredatarefrigerator(-20℃).

Aftereliminatingtheseeds,peelsandpulpsofthefruits

werelyophilizedusingafreezedryerandusedasthe

analyticalsample.

Table1.ProximatecompositionofMongoliansea-buckthorn
fruit

Proximatecomponent(g/100g)

Moisture
Crude
protein

Crudefat
Crude
fiber

Crude
ash

Nitrogen
free
extract

4.67
±0.647

1)
4.49
±0.5

50.3
±0.735

9.17
±0.5

1.7
±0.042

29.67
±0.356

1)
Dataareexhibitedasthemean±standard(n=3).

Proximatecompositiondetermination

Moisturecontentwasdeterminedbythestandard

vacuumovenmethod,andcrudeproteinwasdetermined

bytheKjedhalmethod.Thecrudefatcontentwas

determinedbytheSoxhletmethod.Crudefiber,and

crudeashdeterminationwerealsoexecuted(AOAC

1998).

Organicacidscontent

Thecontentoforganicacidsweredeterminedbya

modifiedmethod(Tiitinenetal.2005),usinganHPLC

(Waters,Milford,MA,USA)associatedwithrefractive

index(RI)detector(KI-410,Waters,USA)witha

ShodexRspakKC-811column(8.0×300mm,i.d).The

mobilephasewas0.1%phosphoricacidwiththeflow

rateof1.0mL/minat40℃.

Table2.OrganicacidcontentsofMongoliansea-buckthorn
fruit

Organicacid(mg/g)

Malicacid
Tartaric
acid

QuinicacidCitricacid
Succinic
acid

6.30±0.005
1)
5.55±0.0041.67±0.0070.31±0.0020.29±0.005

1)
Dataareexhibitedasthemean±standard(n=3).

Freesugarcontents

ThecontentoffreesugarswasdeterminedbyaHPLC

(Waters,Milford,MA,USA)withRIdetector(KI-410,

Waters,USA)inaSugar-PakIColumn(6.5×300mm,

id.)at90℃.Themobilephasewas0.005%Ca-EDTA

intheflowrateof0.5mL/min.

Table3.FreesugarcontentofMongoliansea-buckthorn
fruit

Freesugar(mg/g)

Glucose Fructose Sucrose Xylose Mannitol

3.66±0.01
1)

-
2)

38.3±0.02 9.13±0.03 0.90±0.02
1)Dataareexhibitedasthemean±standard(n=3)
2)
Notdetected.

VitaminCcontent

VitaminC contentwasdeterminedbythe2,

4-dinitrophenylhydrazine(DNP)method.

Totalcarotenoidcontent

Totalcarotenoidcontentwasexaminedbythe

spectrophotometricmethod(AOAC1998).Fattyacid

composition

Thelipidextractionfromthedriedfruitswascarried

outbythemethodofBlighandDyer(1959),andthe

lipidextractwassaponifiedwith15mLof1NKOH

inethanol.Fattyacidmethylester(FAME)wasprepared

by 14% BF3/MeOH afteracidification ofthe

saponifiables,andfattyacidcompositionwasdetermined

usingagaschromatograph(GC-17A,ShimadzuCO.,
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Kyoto,Japan)equippedwithaflameionizationdetector

(FID).Acapillarycolumn(SP2560fusedsilicacolumn

30m×0.25mmID,0.20μM film)wasused.The

chromatographicconditionswereasfollows:initial

temperature,80℃,for10min;programrate,4℃/min;

finaltemperature,240℃;injectortemperature,220℃;

detectortemperature,240℃;carriergas,H2at0.6

mL/min.Bycomparingtheretentiontimeofstandard

FAMEcompoundsunderthesameconditions,eachof

thefattyacidswereidentifiedandthecontentswere

expressedastheratiooftotalfattyacids.

Table4.VitaminC andtotalcarotenoidcontentof
Mongoliansea-buckthornfruit

Component VitaminC Totalcarotenoid

Content(mg/100g) 320±8.60
1)

715.25±5.50
1)Dataareexhibitedasthemean±standard(n=3)

Statisticaltreatment

Alldeterminationswerecarriedoutintriplicate,and

theexperimentalresultswereexpressedasmean±

standard.Statisticalanalysiswasperformedwiththe

StatisticalAnalysisSystem(SASversion9.1,Institute

Inc.,Cary,NC,USA).

Table5.FattyacidcontentofMongoliansea-buckthornfruit

SFA
1)

C8:0 C14:0 C15:0 C16:0 C18:0 C20:0 C22:0 Sum

Content
(g/100g)

2.2±0.012) 0.2±0.2 0.1±0.05 7.2±0.02 0.4±0.02 0.1±0.01 0.1±0.01 10.3±0.32

USFA
3)

C14:1 C16:1 C18:1 C18:2 C18:3 C20:1 C22:1 Sum

Content
(g/100g)

0.4±0.04 2.9±0.1 0.7±0.04 2.2±0.02 0.1±0.02 0.2±0.01 0.1±0.1 6.2±0.24

1)Saturatedfattyacid
2)
Dataareexhibitedasthemean±standard(n=3)
3)Unsaturatedfattyacid.

ResultsandDiscussion

ProximatecompositionofMongoliansea-

buckthornfruit

Theproximatecompositionprovidesageneral

overviewofthenutritionalvalueofafoodandincludes

analysisoftheash,moisture,lipid,fiberandprotein

content(Kirk1991).Inchemicalcomposition,thecrude

fatcontentreachedmuchhighervaluesthanthoseof

the crude protein,crude fiber,and crude ash.

Sea-buckthornfruitshavealotofoilcontentbothin

theirseedsandsoftpartsincludingthepeelsandpulps

(YangandKallio2001).Moreover,theiroilshave

becomepopularashealth food ingredientsand

supplements(Johanssonetal.2000)becauseoftheir

highcontentsoftocopherolandcarotenoids.Nitrogen

freeextractwascalculatedbythesubtractionfromthe

totalcontent.

Organicacidscontents

Organicacidsaremajororganolepticcomponentsof

sea-buckthornfruit.Largevariationsintheorganicacid

contentsofsea-buckthornfruithavealsobeenreported

fromdifferentorigins.Theorganicacidofsea-buckthorn

fruits werecomposedofmalicacid(6.30mg/100

g),tartaricacid(5.55mg/100g),quinicacid(1,67

mg/100g),citricacid(0.31mg/100g),andsuccinic

acid(0.29mg/100g).Malicacidandtatraicacidwere

themajororganicacidsinsea-buckthornfruitswhich

accountedforabout90%oftotalorganicacids.The

organicacidprofileandthecompositionsofbothquinic

andmalicacidcouldbeusedasachemicalmarker

fortheevaluationofthequalityofsea-buckthornjuice

(Beveridgeetal.2002).
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Freesugarcontents

Freesugarscanalsobeimportantorgenoleptic

chemicalsoffruits.Therefore,freesugarcontentplaysa

usefulroleindeterminingthesweetnessoffruitsand

theirprocessedproducts.Sucrose(38.3mg/100g)was

amajorsugarcomponentinMongoliansea-buckthorn

fruit.Inaddition,glucose(3.66mg/100g),xylose(9.13

mg/100g),andmannitol(0.90mg/100g)wereanalyzed.

Althoughglucoseandfructoseaccountedforaround

90%ofthetotalsugarcontentinsea-buckthornfruits

originatingfromChinaandRussia(Maetal.1989),

fructosewasnotdetectedinthisstudy.Thehighcontent

ofmalicacidwithlowsugarshasbeencommonly

knowntothetypicalorganolepticqualityofsea-

buckthornfruit(Tiitinenetal.2005).

VitaminCandtotalcarotenoidcontent

TheVitaminCcontentvariedfrom28to310mg/100

ginthefruitsofEuropeansubspeciesrhamnoides(Gao

etal.2000),andfrom200to2500mg/100ginChinese

subspeciessinesnsis(Yaoetal.1992).ThevitaminC

contentoftheMongoliansea-buckthornfruitwas

320mg/100g.Variouscolorsofripenedsea-buckthorn

fruit,from yellowtobrightred,arerelatedtothe

occurrenceofcarotenoidcompounds.Plantcarotenoid

compoundsaretheprecursorofvitaminAandtake

arolein preventing severalcardiovascularand

degenerativeeyediseasessuchasmaculardegeneration

andcataracts.Thetotalcarotenoidcontentofthe

Mongoliansea-buckthornfruitwas715.25mg/100g.

Thecarotenoidcontentsofthefruitsmaydiffer

dependingontheirgrowthconditionsandthematurity

(Ochirbatetal.1986).

Fattyacidcomposition

Thefattyacidcompositionofseedsandberriesof

H.rhamnoidesgrowingindifferentregionsoftheworld

havebeenextensivelyreported(YangandKallio2001).

Incontrasttothefattyacidcompositionofseedoils

which are rich in linoleic and α-linoleic acid,

sea-buckthornfruitoilshavebeenreportedtoberich

inpalmiticacid(C16:0)andpalmitoleicacid(C16:1)

(YangandKallio2002).Thesaturatedfattyacid(SFA)

andunsaturatedfattyacid(USFA)compositionof

Mongoliansea-buckthornfruitareshowninTable5.

Themajorfattyacidswerepalmitic(C16:0),palmitoleic

(C16:1),caprylic(C8:0)andlinoleic(C18:2)acid.

Palmiticacid(C16:0)intheMongoliansea-buckthorn

fruitsreachedabout40% ofthetotalfattyacids.

Conclusion

ThechemicalcompositionofMongoliansea-buckthorn

fruitswasinvestigated.Crudefataccountedforthe

highestpercentageoftheproximatecomposition.Malic

acidandsucroseweremajororganolepticcomponents

inMongoliansea-buckthornfruits.ThevitaminCand

carotenoidcontentswerefairlyhigh.Themajorfatty

acidswerepalmiticandpalmitoleicacids.
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