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- : "Compos1t1on for Promoterc.wth of B1f1dobacter1a and the Method
. for. Manufacture Thereof" ' _

-'This_ _i__n__veht_ion relates to.a _composjitio_n_ capable of promoting.

growth of bifidobacteria','. and a thethod for th'anufacture thereof,

A number of substances capable of promotmg growth of

b1f1dobacter1a (heremafter referred to as B1f1dus growth factors)

_ have been reported ‘and there has been a varlety of proposals for

' manufacturmg methods‘. Powdered m11k contauung such substances

are descr1bed for mstance in the Japanese Patent Pubhcat:.ons

Nos. 32908/66 5510 70 6865/70 21606/70 40956/74 and 40957/74, '

: However, most o_f--the B1f1dus growth factors repor_ted so far have been
_found to be effective only through culture tests conducted outside of |
 the living body, the activity of these factors inside the living body

're_-mai_t__ling'thus unclear or of_teh'uns'ati'sfactory. |

o Bifid_obacte_ri_a_ form a genus of bacterium living in human

: intestines: with well-known useful physiological significance,

Needless to say; "effort's have been n':ade'to raise the ratio of said

3 bactena relatJ.ve to other bactena hving in the intestines of
C o _art1fic1a11y fed mfants A31 e from the case of using the _B1f1dus'

| g.rowth factors only_ for _growth o_f' bifidobacteria ou't_side'of a living =

body, Bifidus growth factors for use in food or culture_tnedi_a should

- desirably exhibit -' positive and suff_icient effects within the living

body as _well.- |

. The object_of _the'present_ihvention is to provide Bifidus
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. growth factors that may exh1b1t h1gh act1v1ty in. the 11v1ng body

3

N Towards th1s obJect the present 1nvent10n prov1des a.
compos1t10n for promotmg growth of b1f1dobacter1a the compos1t10n
conta.mmg as effectwe const1tuent an ol1gosacchr1de havmg the
general formula Gal- (Gal) -Glc, wherem Gal denotes a. galactose -
res1due, Glc a glucose res1due and nan mteger of 1to 4 |

The present mventlon also res1des ina method for

' _'Inanufacture of a mater1al for promotmg growth. of b1f1dobacteria

charactenzed in that lactose or a lactose contammg mater1a1 is "

treated with a 8- galactOS1dase, usually that produced by Asperglllus

- oryzae,

~ Most of the oligos‘accharides which are the eft‘ective

constltuents contamed in the B1f1dobacter1a growth promotmg _

compos1t10n or Bifidus growth factor of the mventmn have been

dlscovered- by the present inventors durmg-the1r r_esearch into.

transfer reactions takin'g'place along with hydroiysis when lactose

" is acted upon by 8 -galatosidase. Many reports have been made of

the transfer 'reacti'on .since_the first one by W'allenfels appeared in
1951, The transferred ohgosacchamdes whose poss:.ble 1solat10n

has been reported are d1sacchar1des namely Gal (B 1, 2) Gle;

" Gal- (B 1, 3)- Glc, Gal 8- 1 6)-Gle, Gal B- 1 3) Gal and Gal B-

"_.1 6)- Gal and tr1sacchar1des, namely, Gal-(8- 1 6) Gal B- 1 4)-

Glc a_nd Gal-(8-1, 6-)-Galg(3-1, 6);G1c_, _whe_rein the mode__ of galactoside - |

~ linkage is indicated w_ithin brackets. ; 'The '.pres_enoe_Of t'etra'Saccharide's o

has been confirmed- by Huber'et al, but the structure thereof

has not been clar1f1ed Productmn of polysacchamdes
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o mcludmg pentasaccharldes has not been reported The _reports
- are 11m1fed to clar1f1cat1on of the transfer mechanism and stud1es .

"-of the structure of the ol1gosacchar1des thus produced -and no

report has been made of the relatlon between the transferred

. ohgosacchamdes and the growth of B1f1dobacter1a

The ohgosaccharldes, th.ch const1tute the Bifidus growth

fa'cto"r and are of th'e above general formula (h_erein‘after simp_ly’

referred to _by.the term '_'oligosaccaride'-") may be produced by
treating lactose with B -gaiactosidase produced by Aspergillus

oryzae, | Following this treatment, there exist in the reaction °

 mixture non-reacted lactose as well as’ galactose and glucose

produced by h;'ydrolysis. Therefore, in order to obtai'n a product

. ‘having 'h_igher- activity as Bifidus growth factors, the olig‘osaccharide

conc'entration should be raised either by carrying out'a suitable

refining step followmg enzyme treat.nent or by preselectmg enzyme

| ‘treatment condztlons that w111 g1ve a h1gher ol1gosacchar1de rat1o,

or by a comb1nat1on thereof

Preferred methods of the present invention for manufacture

~ofa materlal-_for promotl_ng. growth of B1ftdobacter1a will be

explained in more detail, making reference to the drawings in which:

- Figure 1 ts- a graph showing' the relation between the saccharide

| y'i'e_l_d_and_ 'reacti'on time in the case of treating lactose with 8-

| galactos1dase,

F1gure 2isa graph showmg the result of. gel filtration |
on ohgosacchandes- and
FJ.gures 3 to 6 show the results of Examples 2to5 reSpect-

ively,
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"COmmercially“ava'ila-ble-l'actos'e.may he'usé_d as it is _for |

treatment by B-galactos:.dase, 1t bemg unnecessary tousea

_.speclally refmed lactose Whole m;lk_or sk_:.m. milk _c_ontammg 2

lactose as .const-ituent .m-ay also be used as Starting material.

) _F'or enayme -treatinen_t, a sub_strate -c'onc'ent'ration' of
10 to 50%:; pH of 3 ‘t-o.' 8, .enzyme -concentration of 1to 100 uni_ts;
and t_e'mperature of 20 to 50°C are preferred |
The reactmn t1me has a marked effect on ohgosacchamde
y1e1d As seen from F1gure 1 showmg the relatlon between the

reaction t1me and the amount of the resultmg saccharlde ina typ1ca1

enzyme treatment, glucose, galactose and ohgosacc-hamde inerease

in quantlty substantlally lmearly at the m1t1a1 stage of reaction -

but follow thereafter rather comphcated curves, whereas the

ohgosacchamde will be reduced in quantlty as- from a certam t1me

" point, The time at wh1ch the ohgosacchamde y1e1d will be maximum

may depend on other factors as we11 and hence the opt1mum reactlon :

time should preferably be dec1ded through expenments

' The. ohgosa_ccharlde contained 1_n,the reactlon- mixture may

~ be separated from other constituents by thin iayer...chromatography '_

and determined by the' Anthrone method' .
The exuyme reaction may be termmated by heatmg the B
reactlon m1xture for 5 to 10 m:.nutes at h1gher than 90 C

The. react1on mixture followmg an enzyme treatment

_ _._:may be used as B1f1dus growth factors or one: can use a comp-

081t1on such as da1ry products contauu.ng same, e1ther as 1t is or

: ;:after sultable concentratmn or drymg to a powdered form
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L -The reactzon ml.xture may be sub]ected to. pur1f1cat1on as the
) 'occasz.on may demand for mcreasmg the concentratlon of the

effectwe constltuent namely, ol1gosacchar1de The purlﬁcauon

may be carr1ed out m a number of ways such as by prelnmnary

. refmmg of the react:.on mlxture w1th an ion exchange resin followed

by passage through an actwated charcoal column for adsorbing

ohgosacchande thereto, and elntmn thh aqueous alcoholic

- solutions. It is also- poss:.ble to inoculate mono- and d1saccbar1de

fermentmg_ mlcro-orgamsms into the reactlon m1xture for culture

and co'nsumpti_on of the mono'-'_ and disaccharides, thereby facilitating

. isolation of oligosaccharides,

“An analy_tic _ex'_anxple of oligosacc_haride contained in-the_
inyentiye -cOmpositlon, namely that according to the Example 1
y'vhich is described helow, and carried out.u'nder' standard conditions
is as follotv‘s:' | o |

| a) molecular weight dlstrlbutmn
Flgure 2 shows the result of gel f:.ltratlon with BlO Gel P-2,
Peaks A, B and C correspond to tr1- tetra- and pentasacchar1des,

respectlvely, w1th the composrt:.on ratlo as. calculated from the

_area ratio of these peaks bemg about 55% for trlsaccharlde, about

3.,0 for tetras,accharide and about 13% for pentasacchande and
hig’he'r 'saccharides
" b) constltuent saccharlde

_ Lactose, ol:.gosacchande (not separated mto its constltuents)

.and tr1- and tetrasacchar:.des of the ohgosaccharxde were hydrolyzed
: at 100 C for 4 hours in a 0 5 N HCL solutlon The same product

_ w‘as als_o hydrolyzed at __50_ C _for-4 hours w1th B-galactoszdase.
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' The molar ratios of the resulting saccharides for these 'respective

' cas’es are illustrated in the fo'llov'ving-Talbl'e 1 It is seen from th1s

Table that the molar rauos glucose / galactose for tr1- tetra- and
pe,ntasacchandes of the ol-1gosacchar1de amount ‘to 1:2, 1:3 and

1:4, respectively, |

TABLE 1
galactose/glucose
acidic | enzyme
hydrolysis .| decomposition =
lactose . o 0.98 | .'0.98
oligos#dcharide 2.4 1 2.42
trisaccharide _ - 1.94 o 1.92
tetrasaocharide l-_-f . 2.88 - . , 2.84_
- pentasaccharide - 3.82 . | - 3;80_

c) 'n_iod'e of linka'ge of constituent saccharides
From a product obtained by partial acid hydrolysis of main

constituents of trisaccharide (as separated using active charcoal

‘column chrofnatography), "'the oresenoe of le.ctose and .Gal—_(B-ll, 6)-

- Gal was conf1rmed in addltlon to glucose and galactose From this

result and the- glucose / galactose ratio in the wholly hydrolyzed

' product being l 2, the trlsaccharld_e s‘t-ructure.was estimated to be |

Gal- (B 1, 6) Gal (B 1,4)- Glc,
As a result of our s1m11ar analyses of a number of

oligdsacchamde const1tuent's, it ‘has been 'dlscovered that the

galactose lmkage 1sB 1 3 B 1,4, orB 1 6 lmkage, w1th the

'B-1, 6 lmkage bemg predommant and the galactos_e-gluc_ose 11nkage"-

ohgosacchande has the above general formula and that galactose- . _' N
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| .-":_:"-:15 B 1, 3 B 1 4 orB 1 6 lmkage w1th the B 1, 4 lmkage be1ng.
| "predommant
| As dlscussed above, SO far as isolated ol1gosacchar1des |
of the 1nvent1ve composltmn, are concerned it may be aff1rmed :
.' .that the md1v1dua1 ollgosacchandes per se act as Bifidus growth
- factors,. not to speak of a _rmxt_ure of var1ous ol1gosacc_:har1des
which wili operate excelleritl_y for promoting the growth of

| b1f1dobacte r1a

An advantage of the ol1gosacchar1de contained in the

. inveritive composition is that the actmn. thereof is highly effective .

not only outside but also inside o’f'the liying body.

The growth promoting action on Bifidobacterium proper

~ -to the inventive com'posi_tion' has substantially no relation with the

‘species of bifi_dobaetefia. and thus may be effective with

Bifidobacterium breve, B. bacterium bifidum',' E_ infantis;ﬁ

" adolescentis etc liVing fixed in human intestines,

The mvent1ve compos1t10n may be reaction products
obtamed by treating hlghly pur1f1ed ol1gosacchar1de itself or any '

mlxture contamlng ol1gosacchar1de such as lactose or a lactose-

contammg m_aterlal with B -galactosmase to oligosaccharide;

powdered _o'r fermented milk or the like_"feod or medicine

" desired food or rxiedie.ine added with purified oligosaccharides o

The_ present izivention will be further described by

referring to several examples,

~ consisting of a secondary product of such reaction prodﬁét or any
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Example 1
3,6 kg of lactose was disso_lvéd-i;x aﬁouf 6 liters of warm
‘water to wh.ic-h were _a_dded 50 ml of 1 -M'-'-ac._eti_c acid buffer

solution (pH, 4.6), 100,000 units of 8-galactosidase



_and'water'toﬁa lb'liter"solution vwhich was then reacted'

at 37°C for 5 hours. The reaction solution was then

: heated for denaturing enzyme, the denatured protein was

10

15

filtered off and “the remaining gsolution was passed through

a: column of anionic exchange resin and a column of cationic

“ion exchange resin. The filtrate was contacted

overnight with a 30 x 30 em column filled with active

charcoal. The active charcoal was wa:hed with 60 liters_

of deionated water for ehnnon E of monosaccbarides. The

active_charcoal_thus treated was then eluted with 60

liters of 5% ethanol and 60 liters of 50% ethanol in this

order. The eluate obtained with the 50% ethanol was

| concentrated to about T liters, filtered in germrfree

manner-through_a membrane. filter (pore sizé, 0.24) and .
again-subjected'to iorn exchange to a'transparent saccharide

' solution. " The solution was concen*rated in vacuum to 2

Viscous solution cf about 2, 5 liters which again was

' 'filtered through a membrane filter and the filtrate

20

" golution was freeze dried to white oligosacchariae

powders (hereafter stated as TOS)
Example 2 _
To 6 adult germpfree Fischer series female rats.

were administered lO different bacteria (including B.. breve)

o separated from human feces and these bacteria were mad=

25

%0 be fixed in the in estines. Then, a) a 3% aqueous

solution of‘lmmiﬂose, 'b) a 3% aqueous solution of 708

'_obtained frcm the Example l and c) a 3%. aqueous solution

of lactose were administered daily fcr 1 week periods in |
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every day for the thlrd week.

-

) the order of. a) to c) The solutions were administered

in amounts of 0. 6 g per day as 5011d mater1a1, and 1 week
rest perlods were provrded for changeover between the '
different solutlons. Dur1ng the 1nterva1, the rat feces
were taken for measurlng the number of live B. breve
bacterla conta1ned in the fecesc_ The result 1s shown
in Fig. 3. h | ' |

 As aeen'from this'Figure,-the[number'of B. .breve
bacteria is increased bv'about 10 times hy'adminietration
of TOS. Only m1nor 1ncrease in the number of the bacter1a
may be noted by admlnlstratlon of lactose,'whereas no
change is caused for the case of 1actulose adm1n15trat1on

Example 3
The foIlowing.experiment was conduCted_withﬂ6'

adult common Fischer series male rats. The bifidobacteria

used was B. breve -or B. infantis which-were obtained in

such manner that bacterla resultlng from 48- hour culture

‘on VL-G medium and ensuing centrlfugal separatlon were

made to float in a milk culture medium arl adm1nlstered

as it was. The adm1nlstered amount was 2 x 108 per day

in. terms of the number of bacter1a and ¢ ml per day of

5% aqueous solutlon of TOS _
_ | a) The rats were made tv drlnk only the bacter1a1
solutlon only one day.‘,. |
b) The rats were admlnlstered every day for the
second week only w1th bacter1a1 solutlon._t :_ |

' c) The bacter131 solutlon and TOS were admznlstered
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- week.

ird):OniyhTOS.mes,édministeredherery day for.the.feurthff

- F1g 4 shows the result of the measured number of

';11ve bacterla of B bacterla (of the k1nds as adm1n1stered)

.contalned 1n the rat' s feces.,'

It may be seen from . thrs Flgure that the number of

- B bacterla 1n 1ntest1nes 15 1ncreased markedly by parallel

adm1nlstrat1on of the bacter1a1 solutlon and TOS and

that the number of bacterla may be maintained upon 1nter-iihfh

rupt1on of the adm1n1strat10n of the bacterial solutlon
Example 4

The f0110W1ng experiment was. conducted with 5

: healthy adult men, - The bacter1a1 solutions as adm1n15tered

was that of B breve obtalned in the same way as in the
Example 3.
Experlment schedule o
first week admlnlstratlon only of bacter1a1 solutlon-
secqnd'ueek :admlnlstratlon of bacter1a1 solution
| | | and TOS 3 g per day) |
'third ueeij:adm1n1strat10n of bacter1a1 solut1on .
o .“ | 'and TOS (10 g per day)
= Number of adm1nlstered bacterla 109 per day
hThe way of admlnlsterlng TOS: Dlssolved 1n lukewarm '
'. water to be drunk after lunch |
'.Meaeurement On ‘the th1rd £ifth and seventh days
i S ' of:the_respect1ve weeks, the numbers .
-f;!of'the B:}breve.bacteria'in-the

"~ excrements of each man under test
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d. were meééufed_and aferaged for the
respeetite Weekea_ |

" The result of the experiments are as shown in
Fig. §, frOmiwhich it'ie'eeeh that thelnumber of the B
5 bacteria'is'inereased markedly by TQS administration.

| Example 5 | |
The folloW1ng exper1ment was conducted with S
healthy ‘adult men.

Experlment schedule "Nd:TOS'administration

10  first week ~No-TOS administration
second week - 3 g per day of TOS
third week 10 g-per'day of'TOS“

The way of admlnlsterlng TOS same as in'Example 4
Measurement The total number of blfldobacterla

15 ~in excrements were measured

in the same way as in Example 4.

The result. of the.experiment is shown in Fig. 6
from which it is seen that the number of bifidobacteria
fixedly living in human intestines may be increased by

20 TOS administration.
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1._ A composition ettective tor promoting the growth of L

bitidobacteria. the composition containing as effective

-constituent at least one ollgosaccharide represented by

the general formula Gal-(Gal) -Glc.-wherein Gal

_ denotes a galactose re51due. Glc a glucose residue and n

an integer from 1l to 4, the oligosaccnaride being

. obtained from lactose or a 1actose containing material

by treatment with 8- galactos1dase produced by

Aspergillus orzzae.

2. A comp031tion effective for .promoting the growth of

bitidobacteria. the’ compositlon being composed of

oligosaccharides'repreSented5by the general formula

Gal—(Gai)n-GlcQ wherein'Gal_denotes a galactose

residue, Glc a glucose_reSidue and n an integer of 1 to

4 and in whichfthe'galactose-galactose linkage is 8-1,3,
B- 1 4 or B-1, 6 w1th the - 1 6 linkage being predominant
and the galactose glucose linkage is B- 1 3, B 1,4 or

B-1,6 w1tn the B-l 4 linkage being predominant..said

'oligosaccharides being produced by reacting a material

containing 10 50% lactose w1th 1-100 units/ml of

B~ga1actosidase-produced by Aspergillus orzzae at a

-_temperature of 20 50°C and at a pH of 3~ 8. and

ptionally purifying tne oligosaccharides w1th ion:

excnanqe resin. active cnarcoal and aqueous alcohol. or

.w1tn microorganisms tnat ferment mono-_and disaccharides.




