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PATENT  SPECIFICATION

- (22) Filed 31 Dec. 1976
(44) Complete Specification published 1 June 1978

(21) -Application No. 54450/76

(51) INT CL* A23C9/12
(52) Index at acceptance A2B  1E 1H 1X

(72) Inventors MASAHIKO MUTAI, KENJI ASO, KUNIYOSHI
KAMIYAMA, TAKAHARU YANAGISAWA, *
YOSHINORI KATAYAMA and MASAHARU

ONOUE

(54) A METHOD FOR MANUFACTURING LACTIC ACiD
FERMENTED MILK BEVERAGES

(71) We, KABUSHIKI KAISHA
YAKULT HONSHA, a Japanese Body Cor-
porate, of 1—19, Higashi Shinbashi 1-chome,

Minato-ku, Tokyo, Japan,< o hefeby declare

the jnvention, for which we pray that a.patént
maj” be granted to us, and the method -by
which it is to be performed, to be particularly
described in and by the following statement:—

The present invention relates to a method
for manufacturing lactic acid fermented milk
beverages.

Lactic acid fermented milk beverages (or,
more simply lactic acid beverages) are now
widely manufactured by fermenting .with lac-
tic acig bacteria a medium comprising mainly
milk which is cow’s milk or the milk of other
animals, skim milk, powdered milk, or other
milk products; sweetenips agents, flavoring
materialg, fruit=jaicés and the like additive;
and by diluting and sterilizing the resultant
products.

Lactic acid beverages can be divided into
two classes: (i) beverages contained viable
lactic acid bacteria from the fermentation and
(ii) heat-sterilized beverages. The former,
which hereinafter will-be referred to as bever-
ages containing viable bdctéria, have recently
attracted notice because of their intestinal
controlling activity,“and their” production has
been increased remarkably. . -

While strains like Lactobacillus casei, and
L. acidophilus ars generally used for the
manufacture of lactic acid beverages, lactic

acid prodystion is slow as compared to their -

bacterial growth. Since lactic acid beverages
“are chayikcterized by moderate acidity with &
fresh, &te, lactic acid fermentation should
be costrthued until a sufficient amount of lactic
acid ‘is produced; that is a titratable acidity
(volume in ml of 0.IN sodium hydroxide
required to neutralize a sample of 1 .ml) of

from 2.8 to 3.0,.in the product to be con-

sumed and after-dny necessary dilution. Gen-.

erally, at least 5 to
required for this purpose.
To reduce this long incubation time, the
use is widely accepted of mixed strain cultures
with bacteria, which rapidly produce lactic

days’ incubation is

.

. 7""3’-

acid, as also is the use of lactice acid bacteria
growth-promoting substances such as yeast
extract, chlorella, or a chlorella extract.: The
use of a mixed strain culture; however, has
in no instance been satisfactory because the

 bacteria -which rapidly produce lactic acid
‘also generally produce diacetyl and the other
characteristic by-products which result in

deterioration of the final product and .often

also result in mutual growth inhibition béfwiéen,
the strains used. Moreover, a diacetyl odéuf,..
noticeably spoils the taste in a liqaid-type™ 60

lactic acid beverage while it is not noticeable

in a solid-type fermented milk such as yoghurt. "~
The invention thus provides a method for - -~

producing lactic acid beverages which com-
prises lactic acid fermentation of a medium

csemprising pilk weina” - Macillus helveticus
YT %700 (FERM — P No. 2646) 0T L.

Helveticus YIT -0019 ¢FERM — P No.
3083). Preferably the fermentation uses a
mixed strain culture of the present strains with
complementary lactic acid bacillus strains.
The complementary strain will typically be
of a low acid-producing, acid-resistant hacillug,
preferably that which we call PS§ — 1, ie.
L.-casei PS — 1 (FERM — P 17¢6).

The above inentioned two stralas of L.
helveticus used in the method of this inven-
tion were so identified according to the classi-
fication standard in Bergey’s Manual Volume

8 (1974) and have features commonly found

in strains of L. helveticus such as: (1) No
gas is formed from glucose, and (2) Acid
producing activity is high — an acidity of
2.8 to 3.0 is reached in 40 to 48 hours’ incu-
bation at a temperature of 37C. The two
strains also exhibit specific desirable features
when used in a mixed strain culture with
various strains of L.casei especially with PS

"= 1 such as (A) Diacetyl production is

negligible and other flavor components pro-
duced do not spoil the otherwise pleasant
flavor of the products, and (b) Inhibition
of mutual bacterial growth does not take

place. Other biological properties are shown
in Table1. = o
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CTABLE1, o o ot =

Mictoscopic appearance
Growth at 15°C
Growth at 45°C _

- 8kim milk qoagulabil'i-ty
Carbohydrate reactions

Arabinose
Xylose
Rhamnose
Glucose
Mannose
Galactose '
Sucrose .
Maltose
Lactose '
Cellobiose
Trehalose,
. Melibiose
Raffinose

~ Melezitose
Mapnnitol
Sorbitol
Salicin .

. Amygdalin

Optimum grbwth conditions

Pt f\.—\hqd\/ﬁ

Growth temperattcre range - .

Presence of sei;ologlcal group A .
(accordmg to Rogosa and Sharp)

\'leth reéd test
.. Voges, Proskaner reactlon
cIndolettest- .
Hydrogen sulfide formanon S
Ammonia production..
Nitrate reduction.
" Catalase production
.Liquifaction of gelatin and casein
Citrate utilization

. Milk coagulability

~ Litmus milk reduction
Ammonium salt and urea utilization

. Gram-positive, medium-size rods

LI Y B S I I

'pnss t07.0

: -Tempetatute 37°C to 40°C .

- YIT-0100: -24°C to 46°C
YIT-0019: 25°C to 48?C

+

RN NN

Note: No difference between YIT-OIOO and YIT- 0019 was observed except

the growth tempetatures

. The strain PS — 1 has already disclosed in

a Japanese Patent; Petition No. SHO-45 —
71777, (Patent Publication No. SHO-49 —
38824), as an excellent lactobacillus strain

for manufacture of lactic acid beverages.pro- -

viding fast growth rate in a single strain

il et
———— y

culture '_and a pleasan' ﬂavor in final pro-

ducts.

The strains, “Lactobacillus helveticus YIT -

-0019” “Lactobacillus helveticus YIT -0100*
and “Lactobacxllus ‘casei. (PS — 1)” iised in

the present ‘invention were respectively de- -
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posited at the FERMENTATION RE-
SEARCH INSTITUTE, Agency of Indus-
trial Science & Technology, No. 8 — 11 Inage
Higashi - 5 - chome, Chiba-shi, Chiba-ken,

- Japan, and the deposit numbers are respec-

tively FERM — P No. 3083, FERM — P
No. 2946 and FERM — P No. 1766. :
Due to their high acid and low diacetyl

producing activities the strains YIT - 0100
and YIT 0019 can be to advantage in single
strain cultures for manufacture of lactic acid
beverages, more particularly of beverages
wherein viable cell numbers and viability
theréof in the human intestine are not a
primary concern; however, these strains can
be more effectively utilizéd in a combination
with acid-tolerant strains of L. casei, L acido-
philus and the like known bacteria which as .
mentioned above require a long incubation
time due to their low acid producing activity.
The above mentioned L. casei strain PS — 1
is pagicularly useful in mixed strain cultures .
wherein fast growth of PS — 1 and high. acid
productivity of L. helveticus symbiotically
cooperate to give in 40—48 hours’ incubation
viable cell numbers of 1.0x to 10°/ml and
a titratable acidity of above 2.8. Besides,
the pleasant flavor characteristic in a single
strain PS — 1 culture is not spoiled at all..

The following is a detailed description for
preparing lactic acid beverages in -accordance
with th& invention and is mainly directed
to preparing lactic acid beverages containing
viable bacteria by use of a mixed strain cul-
ture; however, thi~=iT3Iided to illustrate
the inventhon afid not to limit ir. ° -

Two single strains of lactic acid bacteria
are individually precultured for preparation
of starter cultures. Preculturing is effected at
37°C for 24 hours in a sterile medium’ con- .
taining 109, nonfat' milk solids and 3% .
glucose to obtain viable cell -numbers of 3
to 4 x10°/ml for PS — 1 and '1.0 x'10°/ml
for YIT -0K00 (or YIT -0019). The-starter
cultures thus prepared are inoculated into a
sterile medium containing 8 to 16°, nonfat
milk solids and about 3% glucose. The

- amounts in the inoculum are typically 0.2 to

2.0% (by weight on the weight of the
medium; the same basis is used hereinafter
for all inocf"a percentages) for PS — 1 and
0.0005%, to 0.005% for YIT -0100 (or,
YIT -0019), the weight ratio of the two ™

-

usually being adjusted to be in the range from
40:1 to 4,000:1 according to the incubation
conditions. The medium is thoroughly mixed
and incubated at a temperature of 37+2°C
for 40 to 48 hours to reach an ‘acidity of
2.75. The resultant culture is cooled and aged
at 20°C, giving a final acidity of 2.8 1o 3.0,
Flavoring materials, fruit juices, water and
theé like additives ar® usually added when
manufactured for beverages. '

Figure 1 illustrates change in the titratable

acidity in mixed strain cultures of PS — 1
with YIT strain prepared as mentioned above;
curve a is for a mixed strain culture whereas

b is for PS — 1 in a single strain’ culture. -

Figure 2 illustrates the change in numbers
of viable lactic acid bacteria in mixed strain
culture; ¢ is for PS — 1 in a mixed strain
culture whereas d for YIT -0100 is a single

55
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strain _culture, ‘The incubation conditions for
the plots in Figures 1 and 2 are the same - -

as in Example 1 hereinafier. Figure 3 ilius-

trates the change in titratable acidity in the

75

case of a single YIT -0100 strain culture;

curve e is for an inoculum of 0.0005%, and '

f for .that of 0.05%. The arrows on each

curve in Figure 3 indicate the scales which -

apply to the particular curve. It is

from the Figures that the mixed straift. cul-’

80 l' .'. .

ogvxous JUTR

tures provide sufficiently high acidity and

viable cell number in only. half -the period .
‘required in the case of a single strain culture.

Shortening of the incubation time has further
advantageously a;ﬁj';ts__ly--wdu_cing the num-
lems due to the prolonged incubation.
. Moreover, since PS — 1 are still -in their
highly biologically active growing phase at
40 to 48 hours’ incubation time, products con-

taining the bacteria of long-lasting stable via- .
- -bility can be obtained. .

85
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tently introduced and othef unexpected prob-
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. Table 2 illustrates the results of gensory :
tests of product “A” from a single' S — 1.- -

strain culture and product “B” from

mixed, "

strain PS — 1/YIT -0i00 culture, and Table -

3 illustrates the results during storage.stability
tests. From these results -t ‘is- obvious that
the products obuined by the :mixed strain’

100

culture using a short incubation period were

comparable, in respect of sensory test and
storage stability, to those obtained by a single
strain PS — 1 culture.
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TABLE 2 -
(1-) Triangle test * N

Number of panel | Number of members who | Significance in ’
members differentiated difference |

Male. 1¢4 55 None

Female .EZ 49 - None e
Total 291 104 . None |

10

%A d1fferent1at10n test for choosing the correct sample from

_ three samples, see Krum, J.K.; Truest evaluation in sensory _
. panel testing, Food Engmeenng, 27, 1955 No. F,74.

Furthermore advantageous features in the

use of either strain of YIT -0100 or YIT
-0019 as a complement strain for a mixed
strain culture with PS — 1 are demonstrated

in Table 4 in comparison with other strains .

of lactic acid bacteria. A medium containing

14%, powdered  skim milk and 3% glucose

was inoculated with 0.5%, PS — 1 and

-0.005%, of a complement strain, and incu-

bated a£.37°C+2°C. The results in Table 4
represent summarized data for about 20
strains, except for YIT -0100 and YIT -0019,

of each complement species. Sensory tests for

(2) Sensory test

s1gm'ﬁcance in difference were conducted by

. 20 trained panel mgmbers repeatedly at regu-
— represents non-s1gn1ﬁeant, )

lar intervals:.
and + s1gmﬁcant in difference. @
It is clearly .understood that strains YIT
-0100 and YIT -0019 have characteristics
such as not to interfere with the fermentation
by PS — 1 without spoiling flavors of the
final products, while other strains tested have
adverse effects. (The effect on flavor was

'quantitatively confirmed by remarked dlﬁer-

ence in dxacetyl producnvxty)
]

- 15
20

25

e / ;‘n - T ’
< /-‘:-—-H\, ALY

Ho. of members No. of members .
Number of -panel| who preferred . who preferred = | No Special | Significance
members LA “B*? . | Preference | in difference
Male 91 _ 38 ;30 .23 None
€ ’ {1 .o LN
-Femalg 69 . 22 .29 - - 18 None
RS e . — _ —_—
"Fotal . 160 . 60 - 59 _ 41 None
C
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" TABLE3
Storage in days
Storage temperature | - - —— _
1 Measurement C 1 Product 0 3 T
A 069 o 0.71 0.72
: 5 B 0.69 0.69 0.70
Acidity
- AL - 0.87 1.0
24 B - 0.83 0.99
A 3.69 3.68 . 3.55
pH 5 B 3.68 3.60 3.56
A - 3.53 .3.37
24 B - - 3.83 3.32 -
N W 9 . [ 3 8
Viable cells/ml . 5 A 1.2x10 9.7x10 5.3x10
{PE-1) o B ‘1.1X1O9 " 9,8x10° 5.1x10%.
24 A - 7.6x106  3.4x10°
B - 7.8x10*  3.0x10°
Viable cells/ml 5 B 6.8x107.  5.9x10° 3.5x107
(YIT-0100) -
24 B —_ 4.5x107  2.8x107
e

. v
- ‘f Il e
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. " TABLE 4 -
T rhw
-, ,... Cgmplementary_ s\%im 0 _
1 ‘ | L. jugurti
. i Other strains | . Streptococcus fast acid
YIT- 0100 1{3\‘?-0019 of L. helveticus | thermophilus producl_ng
Difference in fermentative odour - ‘*( /} + | + -+
from that in single-strain culture ", o ,,4{ ez _ A
Diacety! production (ppm) <0.3 : /\.J'\' 0.5 >l >1 l
Sensory test for diacetyl odour . - ""(In - + + + ‘
i '
Time required to reach an acidity I
of above 2.75 (hours) 40 +3 : _\;0 t3 40 23 40 £3 4013
Viable PS—1 cells/ml at C.. a2 . .
40 hours’ uncubd ion 3.5%10° 390 x 10° 3.5 x 10° <107 <10
) In order to illustrate the present mvennon,. ' " reached above .2.75. The culture was then 15
the following examples are gtven cooled to 20°C by -stirring and allowed to
. a stand for 1 hour for ageing. It required 48
(‘s Example 1; hours’ incubation to obtain viable cell num-
‘ 5 A milk medium containing 14%, skim mi;; bers of 2.0 x 10°/ml for PS — 1 and 3.0x -
" powder and 39,  glucose ‘was heat-sterilizef, 10°/ml for YIT -0100. The acidity increased = 20
cooled 1o 37°C-and simultaneously inoculat ,ﬁ to 2.8 during ageing. The resultant milk cul- ~ "~ "
- with PS == 1 and YIT -0100 starter mlni _ ture was homogenized with a homogenizer,
-+ which had been individually precultured and sugar syrup and flavoring materials were’
10 10%g%im milk medium at'37°C for 24 hours. added to produce a stock liquid for lactic
The amounts of inoculum were 0.5 % “Nefor acid beverages containing viable bacteria._. The 25

PS — 1 and 0.005%, for YIT -0100 weight.
After being stirred for 30 minutes, the medium.
was incubated at 37-=2°C until the acidity

stock liquid is diluted with 1.5 times its vol-
ume of sterile watetsto manufacture. beverages
for drmkmg

068°ZIS‘T
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Exzample 2.

A mixed strain culture of PS — 1 and
YIT -0019 was prepared as in Example 1.
The amounts of inoculum were 0.5%, for
PS — 1 and 0.005% for YIT -0619. The
incubation was continued for 40 hours to
give an acidity of 2.75 and viable cell num-
bers -of 3.0x 10°/ml for PS — 1 and 5.0x

10°/mi for YIT -0019. The acidity increased
to 2.8 during ageing. The culture was homo-
genized and sugar syrup, flavoring materials
and fruit juices were added to prepare a stock_

" liquid for lactic acid beverages containing

viable bacteria. The stock liquid was diluted
with 1.5 times its volume of sterile water to
manufacture a beverage for drinking.

Example 3.

A starter culture was previously prepared
by incubating a 10%, nonfagmilk solids med-
jum inoculated with YIT -0100 at 37°C for
24 Kours, and said starter culture (0. 05%)
was inoculated in to the same medium as in
Example 1. After being stirred -for 30 min
the medium was incubated at 37+2°C for
about 40 hours, when the acidity thereof had
reached 2.5. The culture was cooled to 20°C,
allowed to stand for 1 hour ar the same
temperature, heat-sterilized at 100°C for 2
seconds and homogenized. A stock liquid for
a lactic acid beverage was prepared by adding

sweetefings and .flavoring materials to said -
culture. The product when diluted 2.5 times

everages, the
ACa'a.t..L..

was sensory-evaluated by 20 trained panel
members, No dis==yroudt ind no astrmgency

was repor;..:l -

- Example 4. -
Starter cultures of L. acidophilus and YIT

-0100 were individually prepared as in Ex-
ample 1, and sunultaneously inoculated in to” |

a milk medium. The amounts of inoculum
were 1.0%, for L. acidophilus and 0.0005%,
for YIT 0100. After being stirred, the
medium was incubated at 3742°C for 48
hours, the acidity was then above 2.75 and

the numbers of viable cells were 5.0 x 10*/ml
- for L. acidophilus and 3.0 x 10°/ml for YIT

~0100. After being cooled to 20°C and main-
tained at the same femperature for 1 hour
the culture was processed as in Example 1
for manufacturing beverages containing viable

bacteria. The beverage was subjected for a
sensory test and the absence of a diacetyl odor.
-and astringency thereof was noted.

WHAT WE CLAIM 1S:—
1. A method for manufacturing a lactic

' acid beverage which comprises lactic. acid =~
- fermentation of a medium comprising animal - -~

milk using Lactobacillus helveticus YIT -0100
(FERM—P 2946) or L. helveticus YIT -0019
(FERM -—-9 No. 3083).

. 2. A method according to claim 1 wherein

 the fermentation uses a mixed strain culture
of one or both of the said L. helveticus strains = |
with a strain of a complementary lactic acid . -’

65 |

bacillus. -
3. A method for manufacturmg lactic acxd

beverages according to claim 2, wher€in said’

complementary lactic acid “bacillus is Lacto-

bacillus casei (PS —1) (FERM —P No. .

1766).
4. A method for anufact\mng lactic acid

: substant:ally as
ua AR rwﬂ% 'E'va-

5.A lactzc acid bevera
by a method according t6 any one precedmg
claim.

' MARKS & CLERK,
Agents for the Applicants.
[ ]

Printed for Her Majesty's statlonery Office by the Courler Press, Leamlngton Spa,
Publishéd by the Patent Office, 25 ‘Southampton Buildings, London, WC2A 1AY,
o which copies may be obtained.
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Example 2.
A mixed strain culture of PS — 1 and

YIT -0019 was prepared as in Example 1.

The amounts of inoculum were 0.5%, for
PS — 1 and 0.005% for YIT -0G19. The

incubation was continued for 40 hours to -

give an acidity of 2.75 and viable cell num-
bers of 3.0x10°/ml for PS — 1 and 5.0 x
10°/ml for YIT -0019. The acidity increased
to 2.8 during ageing. The culture was homo-
genized and sugar syrup, flavoring materials
and fruit juices were added to prepare a stock
liquid for lactic acid beverages containing
viable bacteria. The stock liquid was diluted
with 1.5 times its volume of sterile water to
manufacture a beverage for drinking. .

Example 3.
A starter culture was previously prepared
by incubating a 10%, nonfa::milk solids med-
ium inoculated with YIT -0100 at 37°C for

'24 Kours, and said starter culture (0.05%)

was inoculated in to the same mediunt as in
Example 'l. After being stirred -for 30 min
the medium was incubated at 37:2°C for
about 40 hours, when the acidity thereof had
reached 2.5. The culture was cooled to 20°C,
allowed to stand for 1 hour at the same
temperature, heat-sterilized "at 100°C for 2
seconds and homogenized. A stock liquid for
a lactic acid beverage was prepared by adding
sweeterlings and flavoring materials to said

culture. The product when diluted 2.5 times -

was sensory-evaluated by 20 trained panel
members, No ‘Qi!};"‘.eyrtswr”ﬁnd no astringency
was reporivd. ’

: Eﬁample 4. e
Starter cultures of L. acidophilus and YIT

-0100 were individually prepared as in Ex-
~ ample 1, and simultaneously inoculated in to”

a milk medium. The amounts of inoculum
were 1.0% for L. acidophilus and 0.0005%,
for YIT 0100. After being stirred,
medium was incubated at 37+2°C for 48

hours, the acidity was then above 2.75 and

the numbers of viable cells were 5.0 x 10°/ml’
- for L. acidophilus and 3.0 x 10°/ml for YIT

-0100. After being cooled to 20°C and main-

tained at the same Yemperature for 1 hour

the culture was processed as in Example 1

for manufacturing beverages containing viable
bacteria. The beverage was subjected for a
sensory test and the absence of a diacetyl odor

-and astringency thereof was noted.

WHAT WE CLAIM IS:—
1. A method for manufacturing a lactic

" acid beverage which comprises lactic acid
_ fermentation of a medium comprising animal "

milk using Lactobacillus helveticus YIT -0100

(FERM—P 2946) or L. helveticus YIT -0019

(FERM —9 No. 3083). .

. 2. A method according to claim ‘1;'§¥herein
¢tulture

_ the fermentation uses a mixed strain

45

- 50

)

of one or both of the said L. helveticus straims .
with a strain of a complementary lactic acid . -~

bacillus. ~ - :
3. A method for manufacturing lactjc acid

65

beverages according to claim 2, wherein said”

complementary lactic acid bacillus is Lacto-

bacillus casei (PS — 1) (FERM —P No.

1766). L

4. A method for+#anufacturing lactic acid
gverages, the = \egsubstantially as
JCS"‘..‘;“R_,—_'-\ ) f,.i"' diiy . AC T o, o
5. A lactic acid beverag} when manufa
(l:alz.a method according t0 any one preceding

im, B

- MARKS & CLERK,
Agents for the Applicants,
. [ ]

Printed for Her Majesty's Stationery Office by the Courier Press, Leamington Spa, 1f78.
Office, 26 Southampton Buildings, London, WC2A 1AY, f:om-

Publisnéd by the Patent
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