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"colxlp·ositio~ for Promoting Gr£-Wth of Bifidobacteria and the Method 
. for. Manufacture ·Thereof'' . 

. This invention relates to: a composition capable of promoting 

. growth of bifidobacteria~ and a method for manufacture thereof. 

A nun.iber o( substances capable of promoting growth of 

bifidobacteria (hereina~ter r~ferred to a·s Bifidus growth_factors) 

have bee~ reported. and there has _been a variety of proposals for 

manufacturing methods. Powdered milk containing such substances 

are described for instance.in the.Japanes~ Patent Publications · .. . . . . . . 

Nos. 32_908/66. 6_510/7_0_, _ 6865/70, 2.1606/70~ 40956/74 and 40957 /74. 

However,, most of the Bifidus· growth factors reported so far have been 

. found to be effective only ~rough culture tes_ts conducted outside of 

the living body., the activity of these factors inside the living body 
. . . . 

. remaiµing thus unclear or often unsatisfactory. 

Bifidobacteria form a genus of bacterium living iii human 

intestines with well-known useful physiological significance. 

Needless to say, ·efforts have been made to raise the ratio of said . . . . . 

. bacteria r~lative to other bacteria living in the intestines of 

artificially fed infants. Aside from the ·case of using the Bifidus 

20 gro~th factors· only for growth o_f bifidobacteria outside. of a living 

body. Bifidus ·growth factors for use in food or culture. media should 

desirably exhibit-positive and sufficient effects within the living 

body as well. 

The obje<?t of the present .invention is.to provide Bifidus · 
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. growth factors that may ex,hibif~igh activity. in:lhe living body .. · 

·. Towards ·this objeC:!t, the present inventiq~ provides a 

composition for promoting growth of bifi.dobacteria~ the composition 

containing as eff~ctive c.onstituent an oligo~~cchride having· the 
. •" . . . 

5 general formula Gal-(Ga~)~ :..ale. whereiil Gal denotes a galactose 

residue, Glc a glucose residue anci nan integer of 1 to04~ . .. ·. - . 

The present. invention also re~ides iii a method for 

· manufacture of a material for promoting gr~wth of bif~dobacteria 

characterized in that lactose or a lactose-containing material is 

10 treated with a /3-galactosidase. usually that produced by Aspergillus 

oryzae. 

Most of the oligos·accharides which are. the effective 

co~stitue~ts contained in the Bifidobacteria ·growth: promOting 

comp9sltion or Bifidus growth factor of the invention have been 
. . . . 

15 discovered by the present inventors during their r.esearch into. . . 

. . 

transfer reactions taking· place along with hydrolysis when lactose 

is acted upon byB..:galatosidase. Many reports have·been_made of 

the transfer reaction .since the first one by Wallenfels appeared in 

1951. The. transferr~d oligosaccharides ·whose· possible isolation .. 
. . . 

20 has been reported are disa:ccharides, natnely Gal-(/3 .;.l, 2)-Glc.;. 

Gal-(,B-1, 3}-Glc. Gal-(13-1,6)-.GIC. Gal;..(,8-1,3)-Gal and Gal-(8- . 

. 1,, 6) ;.Gal an~ trisacchaI-icies, namely, Gal-(i3 :..1, 6 f-G~l-{{3-1, 4)-

V: 

Glc and Gal-($-1, 6)-Gal:-(B-1. 6);Glc,, wherein the mode of galactoside .· 

linkage is indicated within brackets •.. The pre~ence of tetrasaccharides 

2 s has be.en confirmed by Huber et ~ .. · but· the structure thereof 

has n()t been clarified. Production of ·polysaccharides 
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including pe.ritas&ccharides has not. be.en reporte.d. The reports 

are limited to. clarification. of the t~ansf er -~ echanis m and studies 
. ! . . . . . . . . 

of the structure of the oligosacchari_des thus produced •. and no 

report has been mad~ of the relation between the transferred 

5 oligosaccharides- and the .. growth of Bifidobactel-ia. 

The oligosaccharides, which constitute the· Bifidus growth 

factor and are of the above 'general formula (hereinafter simply 
. . 

referred to by the term "oligosaccaride") may be produced by 

treating lactose with /3 -galactosidase produced by Aspergillus 

lO oryzae. Following this treatment. there exist in the reaction 
. . . . 

mixture non-reacted lactose as well as: galactose and glucose· 

produced by hydrolysis. Therefore, in order to obtafu a product 

having higher activity as Bifidus growth factors. the oligosaccharide 

concentration should be raised either by carrying out. a suitable 

15 · refining step followirig enzyme treatnent. or by preselecting enzyme 
.. l 

treatment conditions tbat w.ill give a·higher oligosaccharide ratio, 

or by a combination thereof. · ... · · 

Preferred methods of the present invention for manufacture . 

·of a materiai fo:t" promoting growth of Bifidobacteri.a will be 

20 explafned in II10re detail, . m_aking refere~ce to the drawings in ~hich: 

Figure l is a graph showing the relation between the saccharide 

yfeld and reactiOn time in. the case of treating lactose with f3 -

galactosidase; · . 

Figure 2 is a graph .. showing the result of gel filtration 

2 5 · on oligosaccharides; and 

· Figures 3 to 6 show the results. of Examples 2 to 5 respect- , 

ively. · 
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··commercially.available-lactose.may be used as.it is ~or v 
treatment by {3-galactosidase., it being unnecessary to .use· a . . : . . . . 

specially refined lactose. Whole milk or skim milk containing 

lactose as constituent may also be used as. starting material. 

· For enzyme treatment~ a substrate ·c·oncentration· of 

10 to .5.0o/o; pH of 3 to 8; enzyme concentration of 1 to 100 units; 

. 0 
and temperature of 20 to 50 c are preferred. 

The reacti.011 time has a ma~ked effect on oligosaccharide 

yield. As seen.from Figure 1 · showing the relation between the 

10 reaction ti.me· and the amount of the result~g saccharid.e ·in a typical 

enzyn_ie treatment,, glucose,, gab1.ctose. and oligosaccharide inc~ease 

in quantity substantially l~early at the initial stage of reaction 

but follow thereafter rather complicated curves,, whe.reas the 

oligosaccharide will be reduced in quantity as from a certain time 

15 ·point. The time at which the· oligosaccharide yield will be maximum 

may d~pend on other factors as well and hence the optimum reaction 

time should preferably be decided through experiments. 

.. The. oligosaccharide contained in .the reaction mixture may 

be .separated from other constituents by thin layer chromatography 
. . . 

20 and determined by the .Anthrone method •. 

The enzyme reaction ma·y_be terminated by heating the 

I"eaction mixture for 5 i.o 10 minutes at higher than··9o
0
c. 

The. reaction mixture following an enzymet~eatment 

. may })e used as Bifidus growth factors or one c~ use a comp-. .. . . . . . .. 

. . 

25 osition such as dairy products containing· sa.me~ either ~s it is or 

:after suitable. concen~ration or drying to a powdered form. 
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; "i:r;h.e "rea~tiqn· mixture may be subjected to purification as the 

occasion'maY.'·demand for inc~easing the concentration of the· 

effective consti~uent, namely, oligosaccharide. The purification 

may ~e carried out in a numb~r of ways such as by preliminary 

5 refining of the reaction mixture with an iqn. exchange resin fallowed 

10 

by passage through ·an activated charcoal column for adsorbing 
. . 

Oligosaccharide thereto,, and e!l.ution. with &(IUeOUS alcoholic 

solutions. It is also possible to inoculate mono- and disaccharide. 

fermenting micro-orgaiiisms into the reaction mixtur_e for ctilture 

and consumption ·of the mono- and disaccharides, thereby facilitating 

isolation of oligosaccharides • 

. An analytic .example of oligosaccharide contained in the 

inventive composition, namely that according to th~ Example 1 

whiCh is described below, and carried out tinder standard conditions 

15 is as follows: 

a) mole~ular weight distribution 

Figure 2 shows the result of gel filtration with Bio-Gel P-2. 

Peaks A, Band C correspond to tri-, tetra- and pentasaccharides, 

respectively, with the composition ratio as calculated from the 

20 area ratio of these peaks beiilg about 550/o for trisaccharide. about 

32% for tetras_accharide and about 13o/o for pentasaccharide and 

higher saccharides. 

. b) c.onstituent saccharide 

Lactose, olig<?saccharide (not sepa_rated into its constituents) 

25 and •tri- and tetrasa:ccharides of the oligosaccbaride were hydrolyzed 

at 1_00°C.for 4 hours in a o. 5 N-HCL solution. The same product 

was also hydrtilyzed at 50°c fo~ 4 hours with 8-galactosidase. 
. ·. . ·.. . - . . 
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. The' molar ratios of the resulting saccharides· for these respective . y . · 

cases are illust.rated in the following Table 1. · . It ·1s seen from this 

Table that the-mola_ia ratios glucose/galactose ·for trl-~ tetra- and 

pe,ntasaccharides of the oligosaccharide·amount to 1:2, 1:3 and 

1 :4, respectively. TABLE 1 

.. gaiactose/glucose · 
. . 

acidic enzyme 
hydrolr!;is decomposition 

lactose 0.98 0.98 
-

oligosaccharide 2.44 2.42 

trisaccharide 1.94 1.92 

tetrasaccharide 2.88 .. 2.84 

pentasaccharide 3.82 3.80 

c) mode of linkage of constituent sacc~arides 

From a .product obtained by partial acid hydrolysis of main 

constituents of tr.isaccl:!.aride (as separated us_ing active charcoal 

column chromatography}. the presence of lactose and Gal-(8 -1 .• 6 )-

10 Gal was confirmed,, in additio_n to glucose.and galactose. From this 

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

product being 1:2. the trisaccharide structure was estimated to be 

Gal-(B-1,, 6)-Gal-{B-1. 4)-Glc. 

As a result of our similar analyses· of a number of 

25 oligosaccharide constituents,, it.has _been discovered.that the 

oligosaccharide _has the above general forhilila and that galactose-: 

galactose linkage is @-1, 3, (3-1, 4, or S-1, 6 linkage, with the 

· (3-1, 6 linkage being predominant and the gaiactose-glucose linkage 
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fs /3 '.'"1~ 3! /3-1, 4. or /3. -1, 6 linkage with the /3 .:.1, 4 linkage being 

predominant. · 

As discussed above, so far as isolated oligosaccharides 
. .. 

of the inventive c_omposition, are concerned_, it may be affirmed 

5 that the individual oligosaccharides per~ act as Bifidus growth 
. . . 

. . 

·factors~. not to speak of a ·mixture of various oligosaccharides 

which will operate excellently for promoting the growth of 

bifidobacteria. 

An advantage of the oligosaccharid~ contained in the. 

10 inventive composition is that the action. thereof is highly effective 

not only outside but ais·o inside of the living body. 

The growth promoting action on Bifidobacterium proper 

··.to the inventive composition has substantially no relation w~th the 

species of bifidobacteda and thus may be effective with 

15 Bifidobacterium breve, B. bacterium bifidum, B. infantis, B. 

adolescentis etc living fixed in human intestine·s~ 

20 

T~e inventive composition may be reaction products 

obtained by treating highly ·purified oligosaccharide itself or any 

mixture containing oligosaccharide such as lactose or a lactose­

contamir.ig.material with /3 ~galactosidase to oligosaccharide; 

powdered or fermented milk or the like food or medicine 

consisting of a second.ary product "of such reaction product or any 

desired food or medicine added with purified oligosaccharides . ·. ... . .. 

The present invention will be further described by 

25 referring to several examples. 

Q v 
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Example 1 
.. 

3. 6 kg of lactose was dissol"'.'ed "ill. about 6 liters of warm 

water to which were added 50 mi of 1 M~acetic acid buffer 

solution (pH .. 4. "6) .. 100 .. 000. units of .B-galactosidase 
. . ·. . . . . 

·":. ·_-:. 
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and· water to. a 10 liter·. solution which was then reacted 

at. 37°c for. 5 hours •. ·The reaction soltition was .then 
. . : ·. 

heated for denaturing enzyme, the.de?iatilred protein waa 

filte~ed off and. the remairiilli soiution was passed through .. 

5 a·· column of anionic exchange resin and a column. o'f cationic 

ion excharlge resin. The filtrate was .contacted 
·. . . . 

averzlight with a .,0 x ,0 cm column f111ed with active 
. . 

charcoal. The active charcoal was washed with 60 liters 

of deionated water for elution of monosaccharides. The 

10 active charcoal· thµs treated was then eluted with 60 

liters of 5%.etha~ol a.nd. 60 liters of 50% ethanol in this 

order. The-eluate-o'!Jtained with" the 50% ethanol was 

concentrated to. tilbout 7 liters·, filtered in germ-fre_e 

manner -through a membrane. filter (pore size, 0.2)1) and 

15 again ·subj~cted to :1.on exchange to a· transparent saccharide 

solution. · The solution was concentrated in vacuum to a 

viscous solution cf about 2.5.~iters which again was 

filtered through a membrane filter and the filtrate 

solution was freeze dried to.white oligosaccharid.e 
. . . . 

20 powders (hereafter stated as TOS) •. · 

Example 2 

To 6 adult germ-free Fischer series female rats 

were ·administered 10 different. bacteria (inclu.ding B. breve) 

separa~ed from human feces and these· bacteria were ma~e 

25 to be fixed 1n the _intestines. ·Then, a)· a 3% aqu.~ous 

solution of lactUJ.ose., · b) a ·3" aqu.eous sol11tion of TOS 

ob:t;ained ~ram-the Example 1 and c) a 31'.aqueou.s solu.tion 

of lactose were a"dministered. daily for l week periods in 
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the order of. a) to c) •. The solutions were administered · 

in amounts of o. 6 g per day as solid material, and 1 "wee'k . 

rest peri~ds were provided.for changeover between the 

different solutions. During th~ interval, t~e rat feces 

5 were taken for· measuring: the number of live B. bre.v.e 

bacteria contained in the feces.. . The resul't. is shown 

in Fig. 3 ~ . 

10 

As seen from this Figure, the number of B. breve 

bacteria is increased by about 10 times by administration 

of TOS. Only minor. increase in .the .number of the bacteria 

may be noted -by administration of lactose, whereas no 

change is caused for the case of lactulose administration. 

· Example 3 

The following experiment was conductedwith.6 

15 adult common Fischer series male- rats·. The bifidobacteria 

used was &breve o~ B. infantis which· were .obtain~d in 

such manner that bacteria resulting from 48-hour culture 

ori VL·G medium and ensuing centrifugal separation were 

made to float in a milk cuiture medium arl adm1nistered 

20 . as it was. The administered amount was 2 x 108 p.er day 

in terms of the number of bacteria and 'c ml per day of 

5% aqueous solution· of TOS. 

25 

a) The rats were made tJ drink only the bacterial 

solution· only one day·. 

b) The.rats were administered every day for the 

second week only with bacter~al •oluiion. . 

c) The bactetial solt,ltion and TOS were administered 

every day for the third week. 

v. 
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. d) Only TOS was administered every day for the fourth· 

· week. 

Fig. 4 shows the result ()f the measured number of 

live. bacteria of B bacteria. (of the kinds as administered)· 

S . contained in the rat's feces •. 

10 

15 

20 

25 

lt may be· seen from this Figure _that the number of 
. .· . 

· B bacteria in intestines is increased markedly by parallel 

administration·. of, the bacterial solution and TOS and 

that the number of bacteria may be maintained upon inter­

ruption of the. administration of the bacterial solution~ 

Example 4 

The· following experiment was . conducted with 5 

healthy adult men.· The bacterial solutions as adm~nistered 

was that of B.·breve obtained in the same way as in the 

Bxample.3. 

Experiment schedule 

first week administ_ration only of bacterial solution 

second week administration of bacteria1 solution 

and TOS (3 g per day) 
. . 

third week administration· of bacterial solution 

and TOS (10 g per day) 

Number of adminis.tered bacteria: 109 per day 

The way of administering TOS: Dissolved in lukewarm 

water to be drunk after lunch 

Measurement: on:the third, ·fifth and seventh days 

of the respec~ive weeks, the.numbers 

. of the B •. breve .bacteria in the 

· excrements of each man under test 
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were me~sured and averaged .for the 

respective weeks. 

The r~sult of the expe~im~nts are as shown in 

Fig. S, from which i.t ·is seen that the numb~r of the B 

s bacteria is inc·reased markedly .by TOS administration. 

10 

15 

Example 5 

The following experiment was conducted with S 

healthy adult men~ 

Experiment schedule 

first week 

second week 

third week 

No TOS administration 

No-TOS administration 

~ .jl; per day of TOS 

10 jl; Per day of TOS 

The way of administering TOS: same as in Example 4 

Measur~ment: The total number of bifidobacteria 

in excrements were measured 

in the same way a_s in Example 4. 

The. result. of the-experi~ent is show~ in Fig. 6 

from which it is seen·th~t the.number of bifidobacteria 

fixedly livin~_in human intestines may be increased by 

7-0 TOS administration. 
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CLAIMS 

1. A composition- effective for promotinq the qrowth of 

bitidobacte[i_a. the composition containinq as effective 

· constituent at. least one oliqosaccha-ride represented by 

the qeneral formula Gal-(Gal) -Glc,·wherein Gal n . 

denotes·a qalact6se residue. Glc a qlucose residue and n 
an inteqer from 1 to 4, the oligosaccharide beinq 

obtained from lactose or a lactose-containing material 

by treatment with B-galactosidase produced by 

10 Asperqillus oryzae. 

2. A composition effective for _promotinq the qrowth of 

bif idobactecia. the compositi~n being composed of 

ollqosacchacides cepresented by the general formula 

Gal-(Gal) -Glc, wherein Gal denotes a qalactose . n 

15 residue, Glc -~ glucose residue and n an int~ger of· 1 to 

4 and in which.the·qalactose-galactose linkage is B-1,3, 

8-1,4 or B-1,6 with the B-1,6 linkage being predominant 

and the qalactose-qlucose linkage is a-1,·3, B-1. 4 or 

B-1,6 with the 8-1,4 linkage bei~g predominant, said 

20 oliqosaccharides beinq ·produced· -by reacting a material 

containinq 10-50\ lactose with 1-100 units/ml of 

8-qalactosidase· produced by Asperqillus oryzae at a 

temperature of 20-so 0 c and ~t a pH of· 3-8, and 

optionally purlfyinq the oligos·accharides with ion 

25 ex_cb.anqe resin. active charcoal and aqueous -alcohol. or 

with mici:oorganisms tha·t ferment mono- and disaccharides. 

~­

L7 . . . 


