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Sea buclcthorn iHippophae rhamnoidejl berry has a iong 
history of application as a iood and rnedicinal ingredient in 
eastern countries. 60th seeds and the SOI? parts (fruit flesh 
and peel) of the Serry are rich in Iipids. The oiis isoläted 
from the two iraccions diiier in iatty acid cornpnsitinn a n d  
Doth are äbundant in fat-soluble vitaniins and piant sterols 
The cornposition varies according to origin and harvesting 
+ime of the berries ar?d the method ot oil isolation. Results 
-f clinical inves:igations and anirrlal aperirnents suggest a 
wide range of positive eiiecti oi the oi!s. The composit!on, 
nutritionäl effects. and industrial application oi' sea buck- 
LL 
L I  ) O i l i  lipids aie reviewed in this paper. 
,c 2002 Eisevier Science Ltd. ,411 rightj reserved. 

Se3 buckthori? (genus Flippopilae] 1s a berry-bearing, 
hardy bush af the family Elueagniiceae, naturally ais- 
tributed in Asia and Europe (Rousi, 1971). It includes 
S P V ? ~ ~ !  species, ~f !?vhich H ;-Iiiiii?ii~ii!?.i i~ ZoSt impor- 
LanL 2nd is furthzr divided into nine subspecies (Rousi. 
1971). Figurr 1 presents [he narurai distribution of sea 
buckthorn (Li LQ Shroedzr. 1999; Rousi, 1971). Lian. 
Lu, Xue, and Chen 13000) cla5sified su l~sp  :yciiz~.i.eizsis 

as a separate xpecies, H. gyn~zsso~s t s .  .4 nex>? species. 
H. goniocaipa growing naturally in Sichuan and Qin- 
gnai provinces, China, has recently been described (Lian 
et 01.: 2000). 

Sea buckthorn is resistant to cold, drought, sait and 
alkali. The v i ~ o r o u s  vegetative reproduction and the 
strong, complex root system with nitrogen-fising 
nodules make sea buckthorn an  optiinal pioneer plant 
in soi1 and water conservation and reforestation of ero- 
ded areas. 

Lipophilic cornponents of s ea  buckthorn berries 
Oil content  

One special feature of sea buckthorn berry is the high 
oil content in the soft parrs, in addition to oil in seeds. 
The oil content in seeds is cornmonly - 10%: although 
higher values (up t~ 15-1f;9/,) have been L L y V L L L U  ~--n-t-.' 4- lil 

some cultivars and wild berries from the Altai, Czech 
Republic and Tajikistan (Franke & Muller, 1953: Kal- 
lio, Yang; Peippo, Tahvonen, & Pan,  3003; Knilio. 
Yang, Tahvonen, & Hakala, 3000; Yang, 3001; Yang & 
Kallio, 3003). In  contrast to the secds, the oil contents 
in the fruit flesh and peel (the so caiied soft partc) and 
thus in the whole berries vary considerabiy with origins 
and other factors. In  fresh berries, rhe oil level ranzes 
frnm. ! d0/9 in ~1217s~. r i n e ~ s t s  frrrr, Chin? zp t v  
13.7% in subsp. rul-liesraizica from the \;tTestern 
Parnirs (Table 1) (Yang, 2001). Within a single 
population, the oil content in the berries correlates 
wirh morphologicai characteristics such as size and 
colour of the berries, which maj; lead to a dikYzreiict of 
up  to 2-fold (Yanz, 2001). In  addition, harvesting t ~ x e  
influences oil content in rhe berries (Yang, 3001; Yang 
& Kallio: 2002). 

Dried niil-ifiee! h c r i o n ,  of berriss cf *uksp. c::;:c~jic:: 
r --rtr 

(growing in the North Caucasus region and Gruziya) 
and subsp. tz~r-kestaiiica growing in Uzbekictan and 
China (Xinjiang) have the highest oil content (30-34O0 
by petroleum extraction) (Tzble !). The lcwest ci! ccn-  
teri'i (Gi2'>/ó,  based on ciry weight of rhe i oh  parrs! 15 

iound in the wild bcrrizs of subsp. .rineizsis fi-on1 Hsbei 
Province, China (Yang, 2001). 

Fattv ac:ids 
Sea buckthorn seed 011 1s rich in the two ssscztj:li fatt;; 

r ~ z i d ~ ;  linolcic ! iS:2 n-6) and Y-iinolenic (iY 3 LI-3) ac:ds 
, . 

The ~ m p o r t i o n m 3 f  ths t,c"o fatty ac;cis i i ~  2::j oli ATZ 



y H. harnnoides L. subsp. harnnoides 
+ H. harnnoides L. subsp. flwiablis Soest 
J H. itiamnoides L. subsp. carpatica Rousi 
i? H. harnnoides L. subsp. caucasica Rousi * H. harnnoides L. subsp. rnongolica Rousi 

H harnnoides L. subsp. yunnanensis Rousi + H. harnnoides L. subsp. gyalsensis Rousi 
H. hamnoides L. subsp. sinensis Rousi 

$ H. harnnoides L. subsp. furkestanica Rousi + H. tibetana Schlecht. 
0 H. salicifolia Don 
( H. neurocapa Liu et He 16.0 161n-7 18ln-9 i8.ln-7 : 8 2 n 6  18.3n-3 

Fig. 1. The n2tur.l d!stribction of se2 bcckthorn !n Ecrcpe and z - Y . ,  --:.,- 
i a r L y  a ~ i u a  

Asia (Li & Shroeder, 1999, Rousi, 1971). Fig. 2. Fatry acid composition o i  seeds (A) and the soft parts (B) of 
berries o i  three subspecies o i  sea huckthorn (Kallio et ai.. 2002; 

Yang & Kallio, 2002) ' P < 0.05, " P <0 01. "' P < 0.001 

l / Table 1. O i l  content i n  sofi parts and whole berries of different ' 
subspecies of Hippophae rhamnoides 

j Subspecies Fresh whole Dry soft 

i berries (%) parts (O/O) 
l 
! 

cäucas:ca 3-5 
ccrkes t-nica 4-1 4 
mongolica 2-1 0 
car,oat/ca 4-7 
rhamnoides 3-8 
sinensis 2-3 

cornmonly 3 0 3 0  and 20-35%; respectively. Other 
major fatty acids in seeds are oleic (1S:l n-9, 13-30%), 
palmitic (:6:C, 15-20%); s~earic (1S:O: 2-5%); and vac- 
cenic. (1 5: 1 n-7, 2 4 % )  acids (Franke & hlulier; 1983; 
Kallio et al., 2000, 2002; Yang, 2001; Yang & Kailio, 
m n n m ,  
LUULI. in spite of the diirerences in some morphoiogicai 
characteristics and in growth conditions, subsp. sirzensis 
(from China), n?on.goiica (from Russia) and rlialn~zoides 
jfrom Finland) have almost identical fatty acid compo- 
sition in seeds (Fig. 7a) (Kailio et ui., 2002; Yang; 3001; 
Yang & Kallio, 3002). 

The soft parts of the berries have a fatty acid compo- 
. . 

si:ion rarher diKeren: f:-om :h3: ef thc S C I ~ S :  c h a r ~ c t r r -  
ized by the hizh levei ot' palrnitoleic (16: 1 n-7: 16--54'V/ói, 
which is very uncommon in the piant kingdoni. Other 
dominating fatty acids in the soft parts are paliniric 
(1747%) and oleic (2-35%) acids (Frank? & hliiiler: 
i983; Kallio ei ai., 2900. 2002; Yang; 2001. Y x g  & 

7. Kailic. 2G07:i. A j  ai, rxnmpic; k!g. 3h prrsc'zts 1122 

h:gh va::aricr, !n f u i t y  ac!d ccxpositior, of L ~ I C  hzrr!<': 

(i.e. the soft parts) among diEerent subspecies (Yang & 
Kaliio; 300 1). The proportion of palmitoleic acid corre- 
lates negatively with that of oleic acid (Kallio et al., 3002; 
Yang & Kallio, 3001). The highest level of palmitoleic acid 
(up tu 540/2): and the lowest !eve! cf oleic acid (rs low as 
2%) are found in subsp. nzongolicn (Kallio e t  ai.: 2002). 

Molecular weight distribution of seed triacylglycerols 
(TAGs) (Johansson, Laakso, & Kallio, 1997) and the 
fatty acids at  primary and secondary positions of TAGs in 
seeds (Ozerinina: Berezhnaya, Eliseev, & Vereshchagin, 
1957) and in the soft parts (Ozerinina, Berezhnaya, & 
Vereshchagin, 1997) as well as the changes during the 
developmental period (Berezhnaya, Ozerinina, Tsy- 
dendambaev, & Vereshchagin: 1997) have been investi- 
gated in some culiivars. 

Genetic factors (i.e. differences between species and 
subspecies) play a primary role airecting rhe famy acid 
composition (Yang ér Kaiiio, 2002j. i n  npe  berries, the 
fatty acid composition in the soft parcs varics ii-ith har- 
vesting time (Yang & Kallio, 7007). Ln berries of a spe- 
cific origin, the fatty acid compositions of serds and soft 
parts remain rather constant among difleren~ h a r ~ e s ~ i n g  
years (Yang & Kallio, 2002). The variaiion in the fatty 
acid composition, especially in the soft pnrts of the ber- 

. . . . 
ries. pr9rides r greaI potentia! inr indusrrial applicntion 
and p l a n ~  brccding ~ ~ 1 1 ~ 1 1  hceki~ig ~ A ~ I - ~ I ~ I C  SOLII-CCS af 
crrtain fntty acids. 

Tocophir-01s anc! iocot:i~noIs 
Boili iht: seeds and che SOE; p ~ ~ j  ar< g c i ~ ~ !  SaurCcS ~f 

rccophrtrils. The !ota! c o n t c ~ t  ol^ rocnpilernl': :ind toco- 
tr!cni?lc varies w i h n  rlinse !no-300 :iig kg in seeds 
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Fig. 3. The totai content of sterols and tocopherols and toco- 
ri-ieiiuis in tiesi1 berr-~es o i  5ea buckthorn ot ditferent subspecies 
iKaliio, Yang, & Peippo, in press, i<ailio er ai., 2002; Yang, 
Carisson et ai., 2001) 5, sinensis; F(: ri;amnoides; M, mongolica. 
steiol, :ota[ sterols; toco., :ota1 o i  iocopherolr and tocotrienois. 

and 10-150 mg/kg in fresh berries (Kallio; Yang, Sr 
Peippo, in press; Kallio et ui., 2002; Yang, 3001). In the 
soft parts cr-tocopherol alone constitutes up to 9094 of 
the total tocopherols and tocotrienols while both a- and 
y-isomers (each representing 30-50°h of total) are the 
major ones in seeds. a-,  6-, and y-tocotiienols each consists 
of -0.5-5% of total tocopherols and tocotnenols in soft 
parts, whereas in seeds the f-isomer (2-8%) clezrl:: 
dominates accompanied by oniy trace anounts  of 
cr- and y-isomerc (Kailio et ai., in press; Kallio et czi.: 
3002; Yang, 2001). Among the three subspecies, 
nzolz,oolica~ r-ham~zoinés and siner~sis, sinensis has the 
i o ~ ~ e s t  toral content of tocopherois and tocotrienols in 
seeds and the highest level iii ihe fiesh sofi parts (KalIio 
et al., in press; Kallio et al. ,  2002). Figure 3 presents the 
content of tocopherols and tocotrienols in fresh bernes 
of the three subspecies, showing the soft parts as the 
major source of these compounds (Kallio er al., in 
press). i n  addition, it is ciear from the iigure that szrzenszs 
berries are more abundant in tocopherols than the 
berries of [he other two subspecies. In sevds of ripe 
sirzensis berries the total content of tocopherols and 
tocotrienols increases considerably during the harvesting 
~ e r i c d  froni rhe end of Anoust ro the e ~ d  of November; 
resulting from increases in a- anci y-tocopherois: 
accompanied by a decrease in the corresponding values 
of the minor isomers (Kallio er al., in press). The levels in 
the soft partc vary consióerz'v1:v iv i~h  haresting i ine  ~ U L  

with,vijt 2 c!e~: r , l , ~ ~ ~ i ~ ~  pzttcrr? (Kl!!io e! p!,, jE n r ~ c c )  
L - i'̂ 

The level of tocopherols and tocotrienols in seed oil 
and whole berry oil is typically 0.1-0.3%. In addition to 
origin anci harvesting time, methods of oii isolation 
in3ucnc: tiic ic;-ci of rhcsc cornpouncis in riic oiis ji(:iiiio 
et cil., in Press; Kallio 21  ui.. 3002; Yang, 7001). 

content falls within tlie range of 350-500 mg;kg. of 
which 70-50% e:Ssts in the soft parts (Fig. 3 j  (Yang: 
Carlsson er al., 2001). The two subspecies do not differ 
in the sterol content (Yang, Carlsson et ui. ,  3001j The 
jevclj in o i : ~  vary accoTdii-,~ to boih nlaierialj and 

in et methods of oil isolation (Bat & Tannert, 1993; Y'  
al.,  1997, Yang, Carlsson et u!.; 3001). Typical values 
are 1-2% in seed oil and 1-3% in oil from the soft parts 
(Bat & Tannert, 1993; X n  et al., 1997; Yang, Carlsson 
et ai., 200i). Sitosteroi constitutes 60-73% of seed ster- 
01s afib 122 to 80°/c fif  thfize ifi ~ ~ f i  p a r t ~ .  I ~ ~ ~ I J c o I P ~ ~ ~ !  
is anorher major stero! representing 10-2O0/0 of seed 
sterols and 2-5Yo of sterols of the soft parts. Campe- 
sterol, stigmastanol: citrostadienol, avenasterol, 
cycloartenol, 34-methylenecycloartanol, obtusifoliol, 
each represents 1-5% of total sterols of both fractions 
(Bat & Tannert, 1993; X n ,  Li, Wu, & Aitzmuller, 1997; 
Yang, Carlsson et al., 2001). 

The total sterol content and the content of sitosterol 
in seeds of subsp. sinensis remain rather constant from 
the end of August to the end of November (Yang, 
Carlsson et al.; 2001). A clear increase in campesterol 
and a decrease in sti-mastanol are found in seeds. During 
the caixe period, a common increase is found in the levels 
of the compounds in the earlier part  of the major path- 
way, accompained by a decrease in the conipounds in the 
later part, including a decrease in sitosterol (Yang; 
Carlsson et al.; 2001). Free sterols and steryl esters dlffer 
in the relative proportions of individual compounas; 
specifically, :he free sterol fiac:ion con:ains a hi;her 
proportion of sitosterol accompanied by lower propor- 
tion of cycloartenol and 34-methylenecycloartanol~ two 
compounds in the early part of the biosynthetic pathway 
(Fig. 4) (Yang, Kallio, Koponen, QL Tahvonen, 2001). 

Carotenoids 
Carotenoids mainly exist in the soft parts, giving the 

berries their beautiful yellow-orange colour. The con- 
centration in seeds is typically 1/30-Ii5 of that in soft 
parts (Yang, 2001). ,f-Carotene consitutes 15-55% of 
t o t ~ l  caroTenoids, dependiilz (on the i r i y n  ,Tang, 2001) , . 
Even though cr-carotene, y-carotene, dihydroxy-b-car- 
otene; lycopene, zeaxanthn and canthaxanthn have 
been reported CO Se [he oiher carorenoids in szu D ~ i c k -  
thorn berrles (Ka!!io, >Ialm, Kaha!a: Oksrnan, 1989; 
Yang, 2001), much work remains to be done on the 
identification and biochemistry of carotenoids in the ber- 
ries. The coritent of ciirotenoids in tiie berries ai-e aubjsct 
~o extrcme variarion; ciifrsi-ences ~ i p  to iri-foid iias 'Dee11 
rcported zven ~vithin the same natural pop~ilation and 
subspecies. Levels of ,L-carotene from 0.2 to 17 mg; 100 2 
2nd total carotenoids (:calculated ns ,f-carotcne) from 1 
to 170 mgj100 g in fresh berries have be-n r~por tzd  in . . 
t!?.i l!teran!re (Y.n%, 3001). 

Both ratv materia1 and nilcrhocis (1: ciii :soiarion 
ir,Rurnc: thp z ~ n t c ~ :  sf cutc:tzr,v::!s in :hz :::is. 
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Fig. 4. The sterol composition iweight percentagej in iree sterols 
and steryl esters in seeds !A) and the soit parts (0) o i  sea buckthorn 
berries o i  subsp. Tlnensij (Yang, Kaiiio et ai., 2001). .!, Campesteroi; 
2, ~itosterol. 3, stigmäsianol; 4, isoiucosteroi+obtusiioliol; 5, 
cyc1oar:enol- stigmast-7-en-ol; 6, 4,14-dimethyl-9,19-cyclo-t?rgcst- 
14i21')ken-ol; 7, stigmes:a-7,24-dien-oI: 8, 24-methylenecycloartanol: 

9, citiastadienol; unidenti.. total o i  unidentiiied steiols 

C m m n  l evc l s  DL Biaro+cns _ a r e  1005Q0 _m_o:LloO g 
in pulp oil and 3il-i0fi rng;100 g iil seed oil (Yar?g: 
2001>. 

Physiological effects of sea buckthorn oils 
Sea buckthorn berries have a long history of appli- 

cation in Tibetan and Mongolian medicines for treating 
jgiikI;;  UI;^ CVU& 222 k r  ixprvvi=g h ! c d  circl-l.!.tinr? 
and the function of the digestive system (Ge, Shi; 
Zhang, Sc Wang, 1985). Since 1977: the 'Perry has been a 
medicinal ingredient listed in the Chinese Pharmaco- 
peia. During the second half of the twentieth century, 
numerous animal experimenis and clinical studies have 
heen carried out to investisate the physiological effects 
of sea buckthorn oils. 310st of these publications are 
written in Chinese and Russian; rnany are case reportc 
rathe: tha:: scicr,t$c i n v e ~ t i g ~ t i ~ ~ c .  -42 cxtensivi. rtvieïj 
2nd analysis of these papers has been made elsewhere 
(Yang, 2001). Figure 5 presents xn overview of tht: 

<atmed ~ T C C L S  -& + h e  ails su~or_td-bj-sclentfic:idly 
sornd esprrimcnta! !-erults. Sorne of the claims have 
;7ccn p:-:,.~ed hy ti72 ~?,czs[ ~ [ ~ U i r s  cïrrizd < ? I J ~  ifi zur,ai:,c 

,4ntiosidstive effec:s 
011s from secds and soft parts of 5ea buckthorn 

bzrries ha.z been s!;own Co slo-;J U V : : . ~  :he ox:d:l::on 
proccsr and to stabil!z- niembrane structure in animal - 
u:ociels (J:  (~29. 194;. R-1 iC Gao, 1999). r?!? s i ~ l i i -  

L ! irnrnune l..->z 

physiological effects 

f ig.-S. Fu6iiTaiiönr ön-tbe-p?iyiioiqicat &rct ef ieaduci<tkcwn 
oiis (Yang, 2fifiii. 

week feed supplementation with sea buckthoril ceed oil 
decreased the maiondiaidehyde (MDA) levels in ery- 
throcyte membrane and in the liver of rats (Ji & Gao, 
1991). Incorporation of the pulp oil into the feed of rats 
(Song & Gao, i995) and guinea pigs (Rui & Gao, 1989) 
suppressed the membrane hlD.4 levels of erythorcytes 
and protected the animals from cold-induced tissue 
damage. The oil supplementation increased the activ- 
ities of glutathione peroxidase (GSH-Px) (Ji & Gao. 
1991; Song & Gao, 1995): Na,K-ATPase (Rui & Gao: 
1989): superoxide dismutase (SOD) (Song & Gao. 
1989): and slucose-6-pnosphate dehydrase (G-6-PD) 

(Rue & Gao, 1989) as well as the membrane levels of 
- - - - - -  - .- - 

s i ~ l i c  acid ai;d the s U l : ' y ~ ~ ~ ~ ~ j J  xGFc; TBT.i-in 
the erythrocytes. 

Intragastrically given seed oil (Chen%, Pu, hla;  Cao? c!! 
Li, 1994) and pulp oil (Cheng, Li, Duan: Cao, Ma; Sc 
Zhang, 1990) protected against chemically induced livzr 
damage in animal models. In addition, the oil treat- 
ments  suppressed the level of MDX, maintained the 
norrnal activity of serum glutamic pyruvic transaminase 
(SGPT) and serum glutamic oxaloacetic transariinase 
(SGOT), and increased the activiry of SOD and GSH- 
Px in liver (Cheng er ui., i990: i994). 

Effects on skin and mucosa 
Topically applied sea buckthorn oils promoted the 

healin: of wounds (Mironov er ui.. 1983); burns (Lebe- 
deva. .~ .kmol~va.  Haydarov, & Isnlailova, 1997): and 
irrndiation dermariris (Zharig et  al.. 1988) in skm. Tis- 
sue-regenerative, anti-~nflammatory and anti-inicrobiai 

e ~ f f ~ c ~ s - o J ~ h ~ o ~ s - - -  gmong the mechanisms re!ated to 
- -  - - - -  - - - - - - - - - - -  

the zKects observed (Kallio et ai., 7001; Lzbedcva er czl . ,  
1992; . . Zhang et G!.:  !9SS). Bct!~ stcrc!s ( i e h c d t v ~  it 
cil., 1997) 2nd lonz chain alcohols (Kallio et c i i . ,  3(1(31) 
have Seeri reportcd to be thz ~ictivz cornponents 
respofisiblz for these effrcts 

Diet:lry supplementation with supzrcritic3iLC0,- 
I-stractzd,sced an? soft pai-1 oiis irnproved the s-mpioinj 
of :i~t:pic 2 ~ i ~ ; a t : : i ~  j.'\D) (Yunr ei  21.. 1999) T h e  sfzd 
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Fig. 6. Correlation between jyniptom improvement and Inciease 
i:: P ~ O ~ O I ~ ~ G G  ~i X-linoleiiic äiid IA 18-3n-3) i i i  pizsrnn iipids irl jea 
buckthoin seed oil group (ai aiter 1 month (1 Sl-.ABI 2nd ibi a i te i  4 

months o i  aciminiscration !A Sl-i\Cj PL, phosphoiipids; NL, neutrai 
iipids; A, beiore treatment; B, aiter 1 ,nonth o i  treatment, C, aiter 
4 months of tieatrnerit (from Yang et al., 15991 (cl999. with 

permission i rom Eisevie: Science!. 

3:: i2cr?ased :he p;opor:ion c f  Ilijoieic, c - ~ i ~ o ~ e ; j c ,  ani: 
eicosapentaenoic (20:j n-3) acids in plasma lipids (Yang 
et al., 1999). The increase in a-linolenic acid correlatzd 
positively with the improvement of AD symptoms (Fig. 6); 
suggesting positive effects of the fatty acid (Yang et ul., . nnn, 
L Y Y Y ) .  Tiie eirzcrs may be reiared to a competitive inni- 
bition of the synthesis of [he 4-series leukotrienes from 
arachidonic acid by an increased synthesis of the S-ser- 

. . irs Ieiikctrie~es. The s ~ f t  par: 011 i~cr tased  :he s i spor -  
. tion of palmitoieic acid in plasma phospholipids and 

neutral lipids. However, the changes in pahito!eic acid 
did no: correlate with sympcorri impi-~~c; i~~c; i i ts  f idag  ei 

al., 1999). The effects of the two oils may be related to 
differtnt mechanisms. The oil supplementation did not 
lead to significani changes in [he skin giycerophos- 
-1701'-',4 :, , ,ii,i,,s of AD pzitientr (Yang, K-!!Ec, T ~ h v o ~ z n ,  
Mattila, Katajista, & Kallio; 2000). 

Both animal and clinical studies have shown protec- 
e..._ LIYL zrid cuiative i.ificis ôf sza buckthorn oils on 
mucosa rnenbrane azainsr V ~ ~ ~ O U S  danagcs. The ;c:;ultj: 
of esperinicnis using anim:il models oT gastric ~ilcer 
(Che. Huo: Zhao, Feng, & Zliang, 1998; blironov c.r 'LI.. 
1989) have strongly suppcrted the clinical success oi' 
treating 2nd prcventing U I C Z ~ S  in oral and gastro-iiuo- 
denai rilucoiis ir:embranz iC)i:i L! QVO, i995j. Oii frdrn 
the soi't partc is rzported to 6e rnore efTective ihan s e r d  

(j:! (41ironov et ( ~ 1 . ;  1989). Severai stuciies j;iggest st?rois 
and steryl glycosides to be the major anti-ulcs: c o n -  
pounds in tne oils (Jiang & Li, 1955; Romero cFr 1-ich- 
tenberger? 1990). Sea buckthorn oils have been ~ised 
successfully in treating chronic cei-vicitis (Wu rr CL!. 

1992j. 

EiTects on risk iactors oi cardiovasc~~lar diseases 
Results of animal experiments and clinical tnals sug- 

gest that eating sea buckthorn oils may iower the risk 
ior caraiovascuiar disease. T h s  includes decreasin; the . . . ,-. piasma totai anS LUL-cholesceroi ieveis \; iaiig et al. ,  
1993): increasing the level of HDL-cholesterol (Lccles- 
tone, Yang, Tahvonen, Kallio, Rimbach, & Minihane, 
7002; Jiang et al., 1993; Yang et al., 1999): inhibiting 
thrombus formation and atherosclerosis (Johansson, 
Korte, Yang, Staniey, & Kallio, 3000; Xu & Chen; 
1991) and retarding oxidation of LDL (Ecciestone ei al., 
3003; Wang, Lu, Liu, Guo, & Hu,  1992). 

In a small-scale cross-over stUdy conducted with 
supercritical CO2-extracted sea buckthorn berrj; oil 
(Johansson et  al., 3000), 17 healthy men took 5 2 oil per 
day for a period of 4 weeks. The oil supplementation 
reduced the adenosine-5'-diphosphate-induced pla telet 
aggregation reaction rate (P < 0.05) and the maximum 
aggregation (azgregation percentase at 4 min: P: 0.01). 
compared wiih fractionated coconut oii (Fig. 7). Taking 
oil-containing sea buckthorn juice for a period of 8 
weeks decreased the suscepibility of LDL to osidation 
and increased HDL-cholesterol levzl in piasma of heal- 
eL.. 
L I I ~  nlen (Ecclestorie et ui.: 2002). 

Efieccs on immune function 
Effects of sea buckthorn seed oil on immune functions 

have been investigated mostly with esperimental models 
in mice. Intraperitoneai injecrion of sea bucktiiorn seed 
oil improved the immune functions of normal mice 
(IVang et al., 1989). Intragastrically given seed oil 
shovied ailtagonistic eff~cts against cyclophospharnidz- 
induced immune suppression in mice (Ren, Yan:, 
7hnno Zhong, & Su, 1942). Sez buckthorn serd c i l ~ v a s  
-11--1=> 

cBecii~e as an adjuvant Lreaiment for improving rne 
immune ftinction of cancer patientc receiving che- 
motherapy (Li & Tan, 1993). In several esperiments, sea 
buckrhorn juice improved inlmune function of rnice. l t  
is psr!h]e ti.2: horh :lle oi! fraCtiyC Ur,S za:er. 
soliible components (flavonoids. vitamin C, and l i ~ n ~ i n s )  
have contributed to the efYects. 

;?n~i-cancer C ~ ~ C C ~ S  2nd safcty Jspect j  
Intraperitoneal injection of sea buckiilorn seed oli liii.; 

bezn rzpoi-tzd to suppress thz growth of SlSO nnci Blh 
tuiiiours in mice (Zhang, Ding, Mao. Li. & Li. 1989 i .  
Intr3ptzritonea1 injection of oil from i;ca hiickthorn 21-2s; 
r~sici~ie elongarzd dose-rzsponsively thi: iivinz ptznod ot' 
micc pre-inoculateti with S180 cells (Yang ci ( 1 1 .  !9?9). 
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Fig. 7. A-Vaiues (value aker-value before suppiementation) or :he 
zdenosine-5'-diphosphate-induced platelet azgregation: (A) aiffer- 
ertce in the rate o i  aggregation reaction (Ao,/o aggregationirriin); (B) 
8i?e:er,ce i:: :tie rnaxirnun- asgre;a:;vn (l:!~ aagg:egaifc;i) äi 4 m;n. 
Resuits are mean+SE!Cl of 11 subjects. A-values in sea buckthorn 
be:ry oil and iractionared coconut oli supplementation groups difier 
jignificantly at -P < O . O j  or TP i0.01, [irom Johansson et al. i2000) 

Copyright (2000!, with permisslon from Elsevier Science! 

ln vzti,o study aiso suggested a cy-totoxic e k c r  of [ne oii 
on human leukemia cell line K563 (Yang et ui., 1959). Ilz 
vivo animal studies suggested that sea buckthorn oil pei- 
os alleviated the hemate1o;ical darnage caused by che- 
motherapy (Abartiene & Malakhovskis, 1975). 

Sen buckthorri as an edib!e berry has a long hislory of 
apphcutic:l 2s 2 food Vot& il, Asia and in Eusope, noth 
seed oil and oil from the fruit soft parts have been 
proved to be safe by toxicological studies usin; animal 
moaeis. The investigations inciuae acute and cnronic 
texicity on b!cod; !ivi3r 2nd heart 3s WC!! 2s mi!tag~ni- 
c:ty 2nd teratogenicity cf ingested cils. These studies 
have been reviewed (Yang: 2001). 

Product ion a n d  appl icat ion of sen b u c k t h o r n  oils: 
the  present  a n d  the  fu tu re  

In China and Russia, se3 buckthorn 011s have been 
used as 1 3 W  materials of hzalth products (nutraceuticals 
and naturlil medicir,es) and cosmerics for a few dzcadcs. 
R., ~ ~ ~ n ~ l y ,  .- sza buckrhoïn 011s aie b ~ ~ ~ i ~ i f i z  a o r z  aiid rncjri: 
~ o p u l a r  as spccial food suppleme::rs 2nd in2redienrs i i i  

Japan, Europe and - o r r h  Americli a, a r-.-,uit of [he 
increasing information on the nutri:ionaI eEer:s of tht: 
oils in the western countries. 

Pressing is not a suitable method for isolating oil r'rnm 
the serds due to low yield and the high price of the r a n  
materiai, aithough centrifu;ation anci decariiirig drt: 
eflicient methods for separating oil from thz juice frac- 
tion. The conventional method fo; oil isolation from 
seeds and dried press residue is solvent extraction using 
hexane or freon; of which a n a i n  d r ~ w b a c k  is solvent 
1-csidue iii the oil in addition to enuironmc+,tal pv!!u:ion. 
C)ther vrgetah!e =i!s, szel, 7s s u n f v ~ r r  crcd v:! 2nd 
rapeseed oil sometimes are used to extract oil from sea 
buckthorn seeds, yielding oils with ;ii;xed composition. 
Supercritical CO? extraction (CO2-SFE) as a new, 
organic-solvent-free technology is replacing the conven- 
tional solvent extraction iiie~hods. If :he process is 
optimized, aseptic oil with sufficient yield can be 
obtained (Manninen, Haivala, & Kallio, 1996). The oil 
composition can be adjusted by a careful selection of the 
parameters of the extraction process. 

Xs a result of both the expensive raw material and the 
high production cost of SFE process, CO2-SFE sea 
buckthorn oils are avaible at a price range of 100-200 
P =/kg, seed oil being more expensive than Che puip oil. 
Instead of as comrnon food ingredients. the oils are . . 
rnainiy marketed as food siipplemen~s ac zeiatine or 
vezetabie-based capsules and oral liquid. These pro- 
ducts are targeted especially for maintaining the health 
of skin, mucosa, cardiovascular and immune system. 

l o r  large scule food apphcation - , continiious avai!- 
ability of the raw material at a reasonble price and 
considerable reduction of the extraction cost of SFE 
process are the prerequisites. China has up to 90% of 
world's sea buckthorn resource of 1.4 million ha. The 
average yieid is ai>uut  280 kg;'iia. -.+ 1 11- - - - -  w u r i u  1 2 ; -  > ai~uuii: 

yield of sea buckthorn berries should add up to 25,000 
tons. The Ministry of Water Resources of China is 
launching a eco!ogical program including large scale 
planting of sea buckthorn in Northern China. This wi!! 
further increase the supply of Che berries in a few years. 
,iAz+;e ;rsrarch srograr;ls ,-f p!-2t hrrr&ir,r! 226 S~!EC- - 
tien for varieties with higher yield and better qualities of 
berries are in progress in the country. In Riissia selec- 
iion and cuiiivation of sea 'viickihoiii have 'been carricd 
i u t  for a few decades. Large!!! in response to growing 
!ndustrial utilization, the plantation and cult~vation of 
sea buckthorn have seen a rapid increase in European 
councries diiring the past feu- ycars. Efficicnt harvestinz 
rnethods should be develnpeti to cops with t.lie increas- 
ing yield of the berries; especially 111 the countries wirii 
liigh cost of labour. i\ ii.211-coordinated intzrnaic?nai 
collaboration nctwork is necessriry LO maks the best use 
of exiciiin~ sen buckthorn resources and to suppiy rau 
i ~ ~ ~ ~ i i ~ i l s  'at J 0 o i i ~ i ~ 1 ï : ~ b l ~  ;.rd:;ced vr;c-u ,-s?ecinl!\. i r .  

Eui-ope and Nol-tli .\mericL;. 



Incorporating the oiis into daii;~ foodstuffi. such as Ii. '/ B .  & Gz,, 'I !1CJ9.ii E k c i  ci ieeding sea buci:horri ieec oi! 

bread. juice and yoghurts, represents a new treilci in thz and SPI buckt,-,orn se'? oil si~pplernente< , ~ i t h  ~ o d i u n  s i - i ~ ~ i t ?  
$r ,/ivo gr, ;;rcctura! i-:abiiit:/ o i  er\!thrccy:e g!bos;s in :a:: C5:- 

application of sea buckthorn oil. Thc kiish content ot' 
nese Eicchemical ]ournal, 7, 44:-426 

po~~unsa tura ted  fatry acids and other oxygen-sensitive J,,,,~, Z ,  & L!, C, i lge7) Research on the ac~ibe snti-ulc::r comoo- 
lipid nutrients such as carotenoids and tocopherols ",en? c f  rea bucL rh rn  ~ ' 1 .  ~ , ~ & - i r  ici.rn,! 2: ?,te S?zszd 

make the oil susceptible to oxidation, which limits the iblilitary Medical University o i  China, 8, 119 iin Chinesej. 

application of [he 0~1s. i\/Iicroeacapsu~ation converts the Jiang: y. D ,  Z h o ~ ,  Y. C ,  B!, C. F ,  L!, !. M., Y?ng, ) X, "u, Z 
Hu, Z Y., & Zhao, 5. X 1199;) A clinical irivescigation of ei iec~s 

011 into powder fonn and protects the oil from oxi- 
o i  se2 buckthorn seed oil on hyperlipeamia. Hippophae, 6, 23- 

dation, especial!~ when combined with addition of 2 'l 

antioxidants (Partanen, Yoshii, Kallio, Yang, & For- 
ssell, 2003). This will increase the stability of the oil and 
improve the shelf life and sensory properties of oil- 
incorporated products. Both the encapsulating materia1 
and the parameters of the process should be carefully 
optirnized to obtain suficient stability of the capsules 
and high absorption eficiency of the encapsulated oil iii 
the human. intestine. The latter should be tested with 
well-designed clinical investigations using specific oil- 
incorporated products and monitoring a number of 
bigzA:.r"ers cleariy dzsEe< for the puvc,=se cf the stu&y. 
Further clinical investigation on the health effects of the 
oils and oil-containg food products are needed to prove 
the existing claims and to explore new prospects of thz 
oils as a potential ingredient of funtional foods. 
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