ENCAPSULATED FOOD CONTAI NI NG DUNALI ELLA ALGAE AND PROCESS FOR THE

PRCDUCTI ON THEREOF The present invention relates to encapsul at ed f@@mq %‘
contai ning Dunaliella al gae and processei for the production ther $
particularly, the present invention relattes to encapsul ated food obtai ned

by 5 utilizing various kinds of active conponents present in Dunaliella
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it, as well assto a pi o p | gae, which
belong to the speciesk 1 FOR TH D EREORave been used to
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extracted solution fromor drieqd powder of the algae. Dunaliella alg

produce a | ot of [efPe- EEF@FQﬁe1P&Sﬂ§¥?qMﬁﬁ}§ﬁ%ﬁwF?neECEEFPﬁﬁgeFIﬁpﬂd
contaumru;enﬁtghniﬁgcnunamﬁeauaoaL@heuﬂndmpfwmbssesafbraﬁhant of nitrogen

under inte t he r QRI.1ad It =
[err]-car o[é"e 'g'g{r:#‘ggd rggﬁqBEu el %%xlltgla‘%%gpf%éegﬂétP%@ | n the for%-—-
of a suspensm%ﬁnthonegeiabaé GPI&@?&PS“%&#Q# ﬁmw@r¢hgaageﬂthor food,

cosneti o§ Cﬁtiffﬂmésvggladg' k'ﬂ:a% ¥ *&ﬂi&bfe&dpaﬁeﬁés”ﬁkéééﬁh &ﬁgu' ating
vital functions suc aiga nour i shi,n dletdgﬁgﬁgenent However

practical prapRtieliasapgas ngges ¥ifi ?%%de?SFUFI}nuFPP|Z|ng
Dunal i el | a algae pﬁtheatfdesheayuhgomtaﬂasiﬁemm asttoua peetesygi figr

[err]- carohggg?u éPng such fopWnaliella algae contain proteins, |ipids,
sugars, ers such as iron and calcium vitam ns such as

provitam n A and vi €akPreBlyr adgaconmduiths keltiong vbei the spegipsr of
physi oln®i Gahi¥eBELLYS Cﬁﬁlb@ébﬁ&b’éaemmé hesén nibéa efbSprbphkk- ¢a86at €ne,

Lo o o SR PLORR R el e B R R o

utilizing extracted solutlon from or dried powder of the

algae. Dunaliella algae produce a lot of S-carotene
therein when grown in'a culture fluid containing a high

15 concentration of saline and a small amount of nitrogen

- under intense sunlight and other appropriate conditions.
Natural fg-carotene derived from Dunaliella algae has been
utilized in the form of a suspension'in vegetable o0il as a
natural coloring agent for food, cosmetics or feed, as

20 additives in health food or as material regulating vital
functions, such as a nourishing diet supplement. However,

_ no practical-proposal has been made concerning a method of
o fully utilizing Dunaliella algae per se for health-oriented
food without destroying g-carotene.

25 Dunaliella algae contain proteins, lipids, sugars,
mineral matters such as iron and calcium, vitamins such as
provitamin A and vitamin B group compounds and a variety of
other physiologically active ingrédients. Among these
nutrients, f-carotene, a provitamin A group compound, is

30 easily oxidizable bec::ise it contains conjugated double
bond chains. This presents a serious problem in the
manufacture of health food containing Dunaliella algae. It
has therefore been strongly desired to develop a method by
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manuf acture of heatth food containing Dunaliella algae. It has therefore
been strongly desired to devel op a nmethod by -2- which the al gae can be
processed w thout destroying natural [err]-carotene and the product
obtained can al so be preserved in a stable state. According to the

i nvention thereis provided a 5 lighttight hard capsul e contai ning food
whi ch conprises a granul ar conposition, the granular conposition being
obt ai nabl e by m xing from15 to 50 parts py-wei ght of a cyclodextrin with
100 parts by weight of Dunaliella algae in dried powder formto forma
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10 o 0.25 parts by weight of an antioxidant and from

o/ 35.4 to 40.6 parts by weight of a binder with 100 parts by
weight of said mixture. A lubricant may optionally be
ptesent in the mixture, for example 100 parts by weight of
the mixture may additionally comprise from 3.50 to 4.50

15 parts by weight of a lubricant. |

) The invention further prov1des a process for
producing a 11ghtt1ght_hard capsule containing food which
comprises Dunaliella algae, which process comprises

adding from 15 to 50 parts by weight of

20 cyclodextrin to 100 parts by weight of a dried powder of
the algae and blending the two to forﬁ'a mixture;

adding to 100 parts by weight of the mixture from
0.1 to 0.25 parts by weight of an antioxidant and from
35.50 to 40.6 parts_by weight of a binder and blending

25 these materials;

granulating the résulfing binder-containing
mixture; and

encapsulating the resulting granules thus formed in
a hard capsule which is not trénsparént to light.

30 Three hundred parts by Veight of said granules may
typically be encapsulated'in a single capsule. |



encapsul ating the resulting granules thus formed in a hard capsule which is
not transparent to light. 30 _ Three hundred parts by weight of, said
granul es may typically be encapsulated in a single capsule. .-3- The s
i nvention also provides a lighttight soft capsul e containing food which
conprises a suspension in which 300 parts by weight of the suspension
conprise from10 to 240 parts by wei ght_ Dunaliella algae in dried 5

powder form from 10 to 260 parts by wei ght .of ‘at | east one of an animal or
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10 parts by ht, -of an -ant.i oxi dant;; stirrin hese mterials to forma
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sof t 10 encapsulation, produc1ng first an emulsion and then an
emu1s1f1ed suspension after addition of algae, 011 and
antioxidant. _ ' _
Additionally; theﬂinvention”provides a process for
producing a lighttight soft capsule containing food which
15 comprises Dunaliella algae, which comprises.
blending from 1 to 10 parts by weight of a natural
- wax, from 1 to 10 parts by weight of an emu1s1f1er to form
a mixture. :
'adding to the mixture thus formed from 10 to 240
20 parts by weight of the algae in dried powder form, from 10
to 260 parts by weight of at least one of an animal or
vegetable 0il and from 1 to 10 parts by weight of an
antiox1dant. _ B
stirring these materials to form a suspens1on. and iuj
25 encapsulating the suspen51on thus formed in a soft
capsule which is not transparent to light.
ﬁ-carotene is present in the resulting encapsulated
food in a stable condition.
The 1nvent1on seeks to provide a process for
30 produc1ng soft-capsuled food containing Dunaliella algae
wherein stirring and treatments to obtain a suspension of
Dunaliella algae and encapsulating treatments of the
suspension are carried out in the absence of air so as not
to destroy g-carotene present in the algae. For example,
35 the stirring treatment to form a suspension may be carried
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capsul e which is not transparent to light. [err]-carotene is present in the
resul ting encapsul ated food in a stable condition. The invention seeks to
provi de a process for 30 producing soft-capsul ed food contai ning .
Dunaliellla al gae wherein stirring and treatnments to obtain a suspension of
Dunal i el la al gae and. encapsul ating treatments of the suspension are carried
out in the absence of air so as not to des%roy [err]-carotene present in
the al gae. For exanple; 35 ‘the stirring treatnent to forma suspension

may be carri Vagle + il ﬁﬁﬁﬁ? lated in a
soft capsul ee‘fhn Hh%%%ﬂ?ence of andslﬁiﬁ?ﬁyg%?%%ﬂ#} er é‘*l ﬁ%

Dunal i el | a alspft papsuke dnithe mgemaltaf am inertprggsnt i nvention neans
such 5 powder as is obtained by the followi ng steps: (1) prelimnarily

rennving about 50% by wei ght of water gradually fromthe culture fluid of
ﬁé yella algae by a dehydrator such as a centrifuge so as to nmake it
easker
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10 right amount each of an anticaking agent, preferably
dextrin, an antioxidant, preferébly vitamin E, and other
suitable additives and (3) spray-drying, vacuum-drying or
'freeze-drying the mixture thus prepared. Dunaliella algae
. are morphologically characterized by the absence of a hard
15 cell wall composed of polysaccharides though the algae have
a thin cell membrane, whereas the other green algae, such
as Chlorella algae, have both a cell wall and a cell
membrane. It is also characteristic of Dunaliella algae
that they contain a large amount of g-carotene. Typical
20 examples of Dunaliella employed in the present invention
include Dunaliella bardawil and Dunaliella salina.

U In accordance with the present invention, in the
case of hard-capsuled food, dried powder of_Dunalielia
algae and cyclodextrin are mixed in an amount rénging from

25 15 to 50 parts by weight per 100 parts by weight of the
former. The ratio of each other additive material per 100
patts by weight of the mixture is as follows:



include Dunaliella bardawi| and Dunaliella salina. In accordance with the
present invention, in the case of hard-capsuled food, dried pomder of
Dunali el |l a al gae and cyclodextrin are mxed-in an anmount ranging from25 15
to 50 parts by weight per 100 parts by weight of the forner. The ratio of

each other additive material per 100 parts by weight of the mxture is as

fol | ows: - -5- a lubricant - 5§;§0 - 4.50 parts by weight
(optionally added) an anti oxi dant 0.10 - 0.25 parts by weight a

bi nder 40.60 " " 4 205 |ca | ard
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Especially if the food contains a |large anDunt of [err]-carotene, its full,

useful ness can be sec n th case soft sul ed food prep red
suspensi dn to be eng % 5?@ 4%5% by peight
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Anti oxi dant two or three capsules ofl®he granulated food containing -
10 Dunaliella algae a day. Especially if the food contains a \
large amount of ﬁ-carotene, its full usefulness can be _ </
secured. C ' '
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In the case of soft-capsuled food, prepared
suspension to be encapsulated in soft capsules may include
15 the following 1ngredients per capsule.

‘Natural wax R 1 - 10 parts by weight
Emulsifier 1-10 % 0w w
Dried powder of ' ' _
Dunaliella algae - 10- 240 " 0w
20 At least one animal or
vegetable oil =~ . 10 - 260 " 0w w
nt ida S . ' 1-_ 10 ® " ow .
Total suspension 300 parts by weight \“)
25 A typical soft capsule contains 300 parts by weight

(for example, 300 mg) of encapsulated suspension. The"
maximum content of the dried powder is 80%. 1It would be
'fully good for health to eat two or three capsules of the
suspension food containing Dunaliella algae.

30 _Examples of suitable antioxidants which can be used
in the present invention include'vitamin C and vitamin E.
Among suitable binders are, for example, sugars, preferably_
maltose. _Examples-of lubricants include talc and
preferably esters'formed by reaction of sucrose with fatty

35 acid. Examples of cyclodextrin (the term cyclodextrin is
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Total suspension 300 parts by.wei.ght 25 A typica
soft capsul & contains 300 parts by weight (for exanple, 300 ng) of
encapsul at ed suspension.. The naxi num content of the dried powder is 80%
It would be fully good for health to eat two or three capsules of the
suspensi on food contai ning Dunaliella al gae. 30 Exanpl es of

sui tabl e anti oxi dants which can be used in the present invention include
vitamin C and vitamn E. Anong suitable ginders are, for exanple, sugars,
preferably maltose. Exanples of lubricants include talc and preferably
esters forneeréyftencrefervéd storase' bt intlydd5a-apj dg~-chxamptps of
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advant ageoueétzei‘OGﬂ glPeebin peith hat fattyraeid@| suéhedssaspension is 10
advantageo ng £r§$20 cps. Exanple 1 To 100 parts by weight of dried
powder of ae was added 25 parts by weight of cyclodextrin and
both were bIended b@he.mm&@@sxtYhQ£wafsnsngnabont1$|a@vnnh@geguSIb 100
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Example 1
To 100 parts by weight of dried powder of
Dunaliella algae was added 25 parts by weight of
cyclodextrin and both were blended by a Model-V mixer for
15 about five minutes. To 100 parts by weight of the resultant
mixture were added 0.2 parts by weight of vitamin E as an
antioxidant and 37 parts by weight of dried thick malt
syrup of maltose as a binder to form a mixture. The
mixture thus obtained was granulated into fine particles by
20 a roller converter and the resultant granules were '
encapsulated in lighttight hard capsules to obtain the
product. It was confirmed that the content of dried powder

N\ of Dunaliella algae in encapsulated food in a hard capsule
was about 58.3%. '

25 Example 2
10 mg of monoglyceride and 10 mg of yellow bees wax
were stirred at a temperature of about 60°C for about
fifteen minutes to obtain a mixture (2000 cps). |
_ ‘The resultant mixture, 100 mg of dried powder of

30 Dunaliella algae, 2 mg of vitamin E and 178 mg of corn oil
were stirfed by a vacuum emulsiinng machine or a pudding
mixer at 700 rpm and then were further stirred by a
homogenizing mixer at 100 rpm to form a suspension. The



syrup of maltose as a binder to forma m xture. The m xture thus obtained -
was granulated into fine particles by 20 a roller converter and the
~resultant granules were encapsulated in lighttight hard capsules to obtain
the product. It was confirnmed that the content of dried powder of
Dunaliella algae in encapsul ated food in a hard capsul e was about 58.3% 25
Exanple 2 10 ny of nonogl yceride and 10 ?g of yell ow bees wax were stirred
at a tenperature of about 60C for abouf fifteen minutes to obtain a mxture
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occurring [®Hrinishingthenf cpptente vInyokhe sﬂeﬁdﬁesﬁags coul d
not be xdt gpresemy imeeption Ras. produced remarkably good results, _

utilizing naturally occurring g-carotene while keeplng its
activity and such results could not be attained by the
prior art.
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-8- CLAIM5S 1. Alighttight hard capsul e containi-ng food which conprises a
granul ar econposition, the granul ar conposition being obtainable by m xing
from15 to 50 parts by weight of 5 a cyclodextrin with 100 parts by wei ght
of Dunaliella algae in dried powder formto forma m xture and then m xi ng
fromO0.10 to 0.25 parts by weight of an antioxidant and from35.4 to 40.6
parts by weight of a binder with 100 parls?by wei ght of said mixture. 10 2.
A capsul e according to Claim1 and substantially as herei nbefore descri bed.
3. Alighttight soft capsul e containinge mhich conpri ses a suspensi on

whi ch 300 _parts f the sus ensi on rise from10 to 240
Ipzr;rtsI ‘t:)y wei &E‘t & ﬁé*‘t’fﬁ%ﬁ}% aré.|IpRs %Pcﬁ‘?’&? r£9QR Whiehm 10 to 260
parts by wei gumprisss |eaptamiianicorpssi tion Orthe gpfaikrari compoditfoh o 10

S 11 or ot i, nteiidle BV m{ LA iridh 35 15 do Barbh by wpidht o

cap2ll e adcoradiguskadextrin vithi 00 parts By Wekglitraf rmmmjaam calgmel. -
5. A process frpraﬁéai%m@ fa:&htéd Frd' A S LARDEE S ! Omﬁ‘fg& %Ch

conprises Dunaliella al whi process conpri ses, a d|n

parts by wei ft®hiteP I%& r‘?¥1 weldh ofran kaﬂﬂn%faraﬂ df¥@® powder
of the al gae 35\dt terth g padirts Wy tweiglith &f na Pinder LN NO® PPy S by

and°from 32“%51%*%% 488 BRPGET e OF o binder and bl endi ng 30 t hege
material 40 2. A capsule according to Claim 1 and substantially as '
hereinbefore described. ,
3. A lighttight soft capsule containiné food which
comprises a suspension in which 300 parts by weight of the
suspension comprise from 10 to 240 parts by weight of
15 Dunaliella algae in dried powder form, from 10 to 260 parts
by weight of at least one of an animal or vegetable oil,
from 1 to 10 parts by weight of a natural wax, from 1 to 10
parts by weight of an emulsifier and from 1 to 10 parts by
weight of an antioxidant.
20 4. A capsule according to Claim 3 and substantially as
hereinbefore described. _
5. A process for producing a lighttight hard capsule
containing food which comprises Dunaliella algae, which
U process comprises adding from 15 to 50 parts by weight of
25 cyclodextrin to 100 parts by weight of a dried powder of
- the algae and blending the two to form a mixture;
adding to 100 parts by weight of the mixture from
0.1 to 0.25 parts by weight of an antioxidant and from
35.50 to 40.6 parts by weight of a binder and blending
30 these materials; _ |
_ granulating the resulting binder-containing
mixture; and '
encapsulating the resulting granules thus_formed in
- a hard capsule which is not transparent to light.
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granul ating the resulting binder-containing m xture; and encapsul ating the
resulting granules thus forned in a hard capsule which is not transparent
to light. -9- 6. A process according to Claim5 and substantially as

her ei nbefore described. 7. A process for producing a lighttight soft
capsul e contai ning food which conprises Dunaliella al gae, which 5
conprises: blending from1l to 10 parts Dbygweight of a natural wax, from1l
to 10 parts by weight of an emulsifier to forma m xture; adding to the

m xture thus.foprdoens dodorditty b Reldfn by A% GibobanbEapigagsin dried

powder for £é¥$§%€§#%fggsé§gts by wei ght of at |east one of an animal or

veget abl e oi ts by wei ght of an antioxidant; stirring
t hese mat eri’al s & PHagess mmmngm lighttight smambswlé ng the
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8. A process according to daim?/ rr|ng
suspen5|%h COMPriSesf out in vacuo. 9.° A process. accordlng to Claim7 anc

subst anti al I y as 20 haendimy ofzonles o el parts by weight of a natural
wax, from 1 to 10 parts.by weight of an emulsifier to form
a mixture; S : - e '
- adding to the mixture thus formed from 10 to 240
10 parts by weight of the algae in dried powder form, from 10
to 260 parts by weight of at'least one of an animal or

vegetable oil and from 1 to 10 parts by ‘weight of an e

_antioxldant. _ _ _
stirring these materials to form a suSpension, and
15 : encapsulating the suspension thus formed in a soft
capsule which is not transparent to light.
8. A process according to Claim 7 in which the stirring
treatment to form a suspension is carried out in vacuo.

9. A process according to Claim 7 and substantially as
20 hereinbefore described.
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