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[57] ABSTRACT

By giving mammals, fowls, fish, etc. feeds containing
Bacillus subtilis C-3102 FERM BP-1096), an excellent
body weight gain and feed efficiency can be obtained.

2 Claims, No Drawings



Re. 34,837

1

FEEDS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made
by reissue.

FIELD OF INDUSTRIAL APPLICATION

The present invention relates to feeds containing
Bacillus subtilis C-3102.

Bacillus subtilis C3102 in accordance with the present
invention exhibits the remarkable effects of increasing
weight and improving feed efficiency, when it is given
to animals, such as mammals, fowls and fishes as a feed-
stuff.

Accordingly, the present invention plays an impor-
tant role not only in the art of microorganisms but also
in the arts of livestock industry and fisheries.

PRIOR ART

Animal meat is very important as a foodstuff or a
feedstuff. Accordingly, it has been strongly desired in
the industrial world to efficiently raise economic ani-
mals.

For this reason, extensive investigations have been
made from old on a formulation ratio of main ingredi-
ents which are inexpensive and have good nutritional
balance, vitamins and minerals as trace components,
and the like. Further a variety of probiotics (live bacte-
rial agents) have been examined and the effects thereof
have been noted to a certain extent but are yet unsatis-
factory.

SUMMARY OF THE INVENTION

The present invention relates to feeds containing
Bacillus subtilis C3102; such bacteria have been neither

found heretofore nor has it been known that this new
strain can show an excellent effect as a probiotic.

PROBLEM TO BE SOLVED BY THE
INVENTION

As described above, it is the actual situation that any
satisfactory probiotic having excellent safety and hav-
ing a weight-increasing effect is unknown in the current
feed industry and microorganism industry.

MEANS FOR SOLVING THE PL.ROBLEM

In view of the circumstances described above, the
present invention has been made and from the view-
point that there is no alternative other than finding
hitherto unknown, new bacteria in order to solve the
problem described above, various screening tests have
been repeated. As a result, a novel strain belonging to
the genus Bacillus has been discovered and has been
named Bacillus subtilis C-3102.

A useful and novel finding has been noted that when
this Bacillus subtilis C-3102 is incorporated and con-
tained in animal feeds, it can accelerate the gain of
weight in animals and at the same time, can improve
feed efficiency; and as a result of further investigations,
the present invention has been accomplished.

Namely, the present invention relates to probiotics
comprising Bacillus subtilis C-3102 and relates to feeds
containing Bacillus subtilis C-3102.
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The strain used in the present invention is Bacillus
subtilis C-3102 newly 1solated from the natural world
by the present inventors.

Bacillus subtilis C-3102 has been deposited in Fer-
mentation Research Institute, Agency of Industrial Sci-
ence and Technology, Japan, under FERM BP-1096.
Bacteriological properties of this strain are as follows.

A. Morphological Properties

(1) Cells: rods having a width of 0.6 to 1.0 um and a
length of 1.5 to 2.0 82 m.

(2) Gram-positive

(3) Spores: oval

(4) Mobility: positive

(5) Aerobic

B. Growth Conditions in Various Media

{1) Nutrient agar: excellent
{2) Anaerobic glucose bouillon; —
(3) 7% NaCl:+

C. Physiological Properties

(1) Growth at 50° C.; 4

(2) Growth at pH 5.7:+

(3) Utilization of citrate: 4

(4) Acid production from carbohydrates arabinose,

glucose, xylose, mannitol: +
(5) VP reaction:+
(6) Hydrolysis of starch: +
(7) Reduction of nitrate: +
(8) Production of indole: —

(9) Liquefaction of gelatin: +

(10) Decomposition of casein:+

(11) Film formation of liquid medium: +
(12) Coagulation of milk: —

(13) Peptonization of milk: 4

(14) Catalase: +

Next, a method for culturing Bacillus subtilis C-3102
of the present invention will be described.

As media, there can be widely used media ordinarily
used for culturing microorganisms containing carbon
sources, nitrogen sources, inorganic matters, vitamins,
amino acids, etc. The carbon source can be any carbon
compounds which are assimilable and, for example,
glucose, sucrose, starch, molasses, etc. can be em-
ployed. The nitrogen source can be any nitrogen com-
pounds which are utilizable and, for example, peptone,
meat extract, casein acid hydrolysate, ammonium sul-
fate, etc. can be employed. In addition, phosphates, salts
of metals such as magnesium, sodium, potassium, cal-
cium, iron, manganese, etc.; vitamins, amino acids, de-
foaming agents, surfactants, etc. can also be used, de-
pending upon necessity.

As the media, both liquid media and solid media can
be used and incubation under aerobic conditions is ap-
propriate.

Incubation can be suitably effected at an initial pH of
the medium is pH of 5 to 9, preferably 6 to 8, at cultur-
ing temperatures at 20° to 50° C., preferably 35° to 40°
C. and for a culturing time period of 12 hours to 7 days.

The thus obtained culture can be used as it is or as
washed bacteria. Further the culture or bacteria can
also be used as it is or after additives (carriers innocious
to animals) are added thereto followed by drying or
preparations thereof are produced. The probiotics of
the present invention include these forms for use, which
comprises Bacillus subtilis C-3102. It is sufficient that
Bacillus subtilis C-3102 be incorporated in an amount of
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10 to 1012 cells, preferably 104 to 108 cells, per 1 g of a
feed but the amount is not limited only to such a range.

When the feed containing this bacteria is given to
amimals, a great weight-increasing effect can be ob-
tained and feed conversion can also be greatly im-
proved.

Moreover, the feed containing the bacteria is ex-
tremely effective for a variety of animals, in addition to
mammals such as cows, pigs, horses, sheep, etc., various
fowls such as chicken, quails, etc., and fishes. Further-
more, the feed is also useful for various pet animals such
as dogs, cats, goldfishes, canaries, etc.

Hereafter preparation examples of the bacteria and

reference examples showing fatting tests using the ob-
tained probiotic will be described in detail.

PREPARATION EXAMPLE 1

Medium obtained by dissolving 400 g of soybean
peptone, 10 g of dibasic potassium phosphate and 200 g
of molasses in 60 liters of tap water and adjusting pH to
7.5 with 1N sodium hydroxide solution was charged in
a jar fermenter and sterilized at 121° C. for 15 minutes.
A culture solution of Bacillus subtilis C-b 3102, FERM
BP-1096, which had been previously subjected to pre-
liminary incubation, was inoculated thereinto followed
by spinner culture under aeration at 37° C. for 40 hours.

The thus obtained culture solution was centrifuged to
collect the cells. After drying, the cells were incorpo-
rated in skim milk powder to give 10 kg of a probiotic
of Bacillus subtilis C-3102. The viable count contained
in this probiotic was 1 103 cells/g.

PREPARATION EXAMPLE 2

To 5 kg of soybean oil meal granules (Fujinic Ace
500, manufactured by Fuji Purina Protein Co., Ltd.)
was added 5 kg of tap water followed by sterilization at
121° C. for 120 minutes. A culture solution of Bacillus
subtilis C-3102, FERM BP-1096, which had been previ-
ously subjected to preliminary incubation, was inocu-
lated thereinto followed by culture at 37° C. for 40
hours.

The thus obtained culture solution was dried and
reduced into powder. The powder was incorporated in
calcium carbonate to give 4 kg of a probiotic of Bacillus
subrilis C-3102. The wviable count contained in this
probiotic was 1 1010 cells/g.

EXAMPLE 1

Male ICR mice of 6 age in weeks were divided into 2
groups (test gr. and control gr.) of 10 each and the feeds
having the compositions as shown in Table 1 were
given to the respective groups to conduct growth test.
The probiotic obtained in Preparation Example 1 by
incorporating into skim milk powder was used. The
viable count in the feed in which the probiotic was
added was 13 10° cells/g. The results are as shown in
Table 2.

TABLE 1
(unit: wt %)
Invention Control
CE-2(feed for mouse, 99.9 §0.9
manufactured by
CLEA JAPAN, INC.
Skim milk powder — 0.1

Probiotic of the
present invention

iage—
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TABLE 2
Invention Control

Feeding period (days) 19 19
Mean body weight at start (g) 29.0 29.0
Mean body weight at end (g) 35.2 33.6
Mean body weight gain (g) 6.2 4.6
[Body weight gain index] [135] [100]
Mean feed intake (g) 109.2 103.0
Feed conversion ratio 17.6 22.4

As shown in Table 2, it is understood that by feeding
the formula feed added with the probiotic of the present
Invention, an outstanding body weight-increasing effect
was obtained and at the same time, the feed conversion
ratio was also improved.

EXAMPLE 2

Piglets of 3 to 4 weeks were divided into 2 groups
(test gr. and control gr.) of 6 each and the feeds having
the compositions as shown in Table 3 were given to the
respective groups to conduct growth test. The probiotic
obtained in Preparation Example 2 by incorporating
into calcium carbonate was used. The viable count in
the feed in which the probiotic was added was 13x 106
cells/g. The results are as shown in Table 4.

TABLE 3
—f(unit: Wt Fo)
Invention Control
Bakery waste (PANBIS, 7 37
manufactured by Koike-Shoten Co.)
Skim milk powder 35.99 35.99
Feed which has adsorbed soybean 11 11
extract (BITAZE & manufactured
by Enaze Sangyo Co., Ltd.)
Glucose 6 6
Dehulled soybean powder 3 3
(PAFESU 109, manufactured by
Kikkoman Co., Ltd.)
Vitamins, minerals and 7 7
other additives
Calcium carbonate — 0.01
Probiotic 0.01 —_
of the present invention
TABLE 4
Invention Control
Feeding peniod (days) 21 21
Mean body weight at start (kg) 6.1 6.1
Mean body weight at end (kg) 13.9 13.2
Mean body weight gain (kg) 7.8 7.1
[Body weight gain index] [110] [100]
Mean feed intake (kg) 67.9 67.3
Feed conversion ratio 1.45 1.58
Observation of feces 19 54
(ponts: cf. Note)

Note: Total points of each group when normal feces,
soft feces, diarrhea and watery feces were designated 0,
1, 2 and 3 points, respectively.

As shown in Table 4, it is understood that by feeding
the formula feed added with the probiotic of the present
invention, an outstanding body weight-increasing effect
was obtained and at the same time, the feed conversion
ratio was also improved, and further that the occur-
rence of diarrhea and soft feces was greatly reduced.

EXAMPLE 3

Broilers of 2 to 3 age in days were divided into 2
groups (test gr. and control gr.) of 30 each (15 females
and 15 males) and the feeds having the compositions as
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shown in Table 5 were given to the respective groups to
conduct growth test.

The probiotic obtained in Preparation Example 1 by
incorporating into skim milk powder was used. The
viable count in the feed in which the probiotic was 5
added was 1< 10° cells/g. The results are as shown in
Table 6.

TABLE 5§
_ (umit: wt %) (0
Invention Control
Commercial formula 99.9 99.9
feeds for broilers for
use in & former feeding period
QOdays)aqdfuruuinalatter
feeding period (36 days) 15
(manufactured by Kumiai Feed Co.)
Skim milk powder — 0.1
Probiotic of the present invention 0.1 —
TABLE 6 70
Invention Control
Feeding period (days) 56 56
Mean body weight at start (kg) 40 40
Mean body weight at end (kg) 2159 2000
Mean body weight gain (g) 2110 1960 25
[Body weight gain index] [108] [100]
Mean feed intake (kg) 4642 4528
Feed conversion ratio 2.20 2.31

As shown in Table 6, it is understood that by feeding
the formula feed added with the probiotic of the present 30
invention, an outstanding body weight-increasing effect
was obtained and at the present time, the feed conver-
sion ratio was also improved.

EXAMPLE 4

Laying chickens were divided into 2 groups (test gr.
and control gr.) of 30 each and the feeds having the
compositions shown in Table 7 were given to the re-
spective groups to conduct a test. The probiotic ob-
tained in Preparation Example 1 by incorporating into 40
skim milk powder was used. The viable count in the
feed in which the probiotic was added was 1106
cells/g. The results are as shown in Table 8.

TABLE 7

35

45
unit: wt %
Invention Control
Commercial formula 99.9 99.9
feed (Kumiai Feed Co.)
Skim milk Powder —_ 0.1
Probiotic of the present invention 0.1 — 50
TABLE 8
invention Control
Feeding period {days) 28 28 33
Total number of laid eggs 712 672
[Laid-egg number index) 1106] [100]
Mean egg weight (g) 60.2 59.2
[Egg weight index] [102] [100]
60
As shown in Table 8, it is understood that by feeding
the formula feed added with the probiotic of the present
invention, the number of laid eggs increased and at the
same time, the mean egg weight also increased.
65

EXAMPLE §

Rainbow trout fry of approximately 14 g were di-
vided into 2 groups (test gr. and control gr) of 30 each

6

and the feeds having the compositions as shown in
Table 9 were given to the respective groups to conduct
a growth test. The probiotic obtained in Preparation
Example 1 by incorporating into skim milk powder was
used. The viable count in the feed in which the probi-
otic was added was 110 cells/g. The results are as
shown in Table 10.

TABLE 9

— f(unit:wt %)

Invention Control
Northern-sex fish meal 55 55
a-Starch 20 20
Dextrin 5 3
01l mixture 10 10
Cellulose 3 3
Vitamins, minerals and other 6.9 6.9
additives
Skim milk powder —_ 0.1
Probiotic of the present 0.1 —
mvention

TABLE 10

Invention Control
Feeding penod {days) 45 45
Mean body weight at start (g) 14.3 14.0
Mean body weight at end (g) 39.6 37.6
Mean body weight gain (g) 25.3 23.6
[Body weight gain index] [107] [100]

As shown in Table 10, by feeding the formula feed
added with the probiotic of the present invention, an
outstanding body weight-increasing effect can be noted.

EXAMPLE 6

Calves of 1 week age after birth were divided into 2
groups (test gr. and control gr.) of 4 each and the feeds
having the compositions as shown in Table 11 were
given to the respective groups to conduct growth test.
The probiotic obtained in Preparation Example 2 by
incorporating into calctum carbonate was used. The
viable count in the feed in which the probiotic was
added was 1< 10 cells/g. Upon performing the test, 1
part by weight of the feed was dissolved and dispersed
in 7 parts by weight of hot water, which was then fed to

the calves. The resuits are as shown in Table 12.
TABLE 11
(unit: wt %)
Invention Control
Skim milk powder 70 70
Whey 10 10
Beef tallow 12.49 12.49
Lecithin 0.5 0.5
Vitamins, minerals and other 7 7
additives
Calcium carbonate — 0.01
Probictic of the present 0.01 —-—
invention
TABLE 12
Invention Control

Feeding period {days) 28 28
Mean body weight at start (kg) 43.7 43.9
Mezan body weight at end (kg) 75.3 73.9
Mean body weight gain (kg) 31.6 30
[Body weight gain index] [105] {100]
Mean feed intake (kg) 44.9 44.1
Feed conversion ratio 1.42 1.47

Observation of feces 29 45
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TABLE 12-continued

Invention

Control

(ponts: cf. Note)

Note: Total points of each group when normal feces,
soft feces, diarrhea and watery feces were designated 0,
1, 2 and 3 points, respectively. As shown in Table 12, it
1s understood that by feeding the formula feed added
with the probiotic of the present invention, an outstand-
ing body weight-increasing effect was obtained and at
the same time, the feed conversion ratio was also im-
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proved, and further that the occarrence of diarrhea and
soft feces was greatly reduced.

What is claimed is:

1. A method for increasing the weight gain in animals
comprising feeding to said animals a food which is sup-
plemented with an amount effective to increase the
weight of a probiotic comprising a carrier and Bacillus
subtibis C-3102 (FERM PB-1096).

2. A method for increasing the weight of eggs com-
prising feeding to laying hens a food which is supple-
mented with an effective amount to increase the weight
of said eggs of a probiotic comprising a carrier and
Bacillus subtilis C-3102 (FERM BP-1096).
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