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PROCESS FOR ENHANCING THE VIABLE COUNTS OF LACTIC ACID

BACTERIA AND USEFUL COMPOSITIONS THEREOF
CROSS-REFERENCE TO RELATED APPLICATIONS

This apphication 15 the PCT filing drawng prionty from ULS. provisional patent apphications

Ng. 62043399 and 62063453 filed on 29 August 2114 and 14 October 2014 respectively,
BACKGROUND OF THE INVENTION
[Parafo0l] FIELD OF THE INVENTION

 Para0882] The wmvention n general relates o Baoilins coaguiuns (Jactic acid baclenia},
More specafically, the mvention relates to {1} the growth promotional activily of natural plant
based fibres on Baci{he coagulany MTCC S836; (11} The production of short cham fatty acids
(SCFA)Y by Bacilivs coagulans MTCC 5836 using plant based natural fibres: and (i) the

combination of natural plant based fibers and Bocilny coggulans MTCC 3836 1o inhubit

Gram Negative pathogemie bactena.
 Parat003 | DESCRIPTION OF PRIOR ART

{ Paralid | Combining multistrain probiotics (probiotic bacteria) and prebiotics {o achieve
enhanced mmmumosupportive eftects 13 well known 1 the art Specihically combining
probotics with natwral plant based fibers to formulate synbiotics 1s reporied as a promusmg
therapeulic approach (Stig Bepngmark and Robert Martindale, "Prebiotics and Synbiotics
Chcal Medicine”. Nutr Chin Pract vol 30 244-361, Apnil 2005} The success of such an
approach depends on carelully choosing specific probiotic mmcroorganisms whose viable
count is effectively enhanced by natural plant based fibers that are resistant (0 both enzymatic

and acid hydrolysis i the gut. These studies are enitically important to accommodate the

performance of host animals exposed to symbiotic diet regimes given the teaching that there
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arg Hmitations to fiber digestion and utilisation by microbes i termis of mucrohial
accessibility {0 substrates, phvsical and chemical nature of fibres {forage) and also kinetics of
the digestive process {Gabriella A, Varga and Enc 5. Kolver, “"Microbial and Anumnal
Linutations to Fiber Digestion and Utthization”, J Nutr. May 1, 1997 vol. 127 no. § 8195-

R238L

[ Paral008] It is the principle objective of the present invention to evaluate the performance
of selected natural fibers {enzyvme and acid hydrolvsis resistant) to enhance the viable counis

x_:.

of Baciiiug coagdany MTCU 3856,

Paraf006] It is also another ohjective of the present invention to evaluate the abiliiv of the

synbiotic composition {natural fibers and Becilhu umwmrm MTCC 58563 to inhibit

pathogenic Gram Negative bactena.

{Paralid7] it is yet another ohjective of the present invention 1o evaluate the gbility of the

desired short cham fatty acids, said property having profound therapeutic applications.

| Para0008]| The present invention fulfils 1hg atoresatd objectives and provides further related

advaniages.

SUMMARY OF THE INVENTION

| Para0069) Disclosed is () the growth promotional activity of natural plant based fibres on
Baciliuy coagudons MTCC 3856, (1) the combmation of natwal plant based fibres and
Baciltuy coagalany MTCC 5856 to mhibit Gram Negative pathogenic bacteria and {n1) the
produciion of short cham fatty acids (SCFA) by Bacillus coamdans MTCC 5856 asing pland

hased natural hibres.
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{Pamﬂm(&i Other features and advantages of the present invention will become apparent
from the following more detailed description, taken in conpmction with the accompanying

images, which illustrate, by way of example, the principle of the wvention.
BRIEF DESCRIPTION OF THE DRAWINGS

[Paraf011] Figs.ia, 1b and Ic show the graphical representation of the mcorease n viable
colony count of Baciiluy coamdany MTCC 3856 in presence of different natural plant fibres

alone (%, wiv),

[Paraf012] Figs. 2a, 2b and 2¢ show the eraphical representation of the increase in viable
colony count of Hacilluy coagufans MTCC 5836 1n presence of different natural plant fibres

(%%, w/v) in MRS media (devoid of dextrose) (1.5, 1.0, 2.0%, wiv),

[ParaBi13] Fie.3 is the graphical representation of inlubttion of £ coli ATCC 35922 growth

by B ceagidasy MTCC S§856 when co-cultured in plant based natural Bbers as media

Average mean of vigble counts are expressed m logg cliyml.

[Para8014] Fig.d shows the chvomatograph readings for short chain fatty acids.
BESCRIPTION OF THE MOST PREFERRED EMBODIMENTS

[Para0015] in the most preferred embodiment, the present invention relates to a method of
increasing  the viable colony counl of Bacillus coaguiany MTCU 3856 samd method
comprisig step of growmg Haciliuy coagrdany MTCU 3836 1 the presence of natural play
fibres selected [rom the group conswsiing of Trigonelia foermum-graccum (fenugreel} seed
Fthers, Lvcium barbarum seed fibers, Linum usitaussimum (Flax) xeed fibers, Coeas nucifera
(Coconut) fihers, Zingiber officinale (Ginger) riizome fibers, Emblica officinalis {Amda} fridi

fihers, Plari 20 vatd (Pxvi firend fibers and Vaceinium axyeoceoy (Cranherry) seed fibers,



CA 02955111 2017-01-12

WO 2016/033572 PCT/US2015/047608

:E.Pamﬁﬁ ;1.6:1; I another most preferred embodiment, the present innvention refates to a method
comtact said Gram Negative bactena with Bacilfux coagulany MTCC 53856 co-culturad with
natural plant Dibres selected from the group consisting of Trivonelle foenum-graecum
(fenugreek) seed fibers, Lycium bavbarm seed fihers, Linum usitasissinaon (Flax} seed
Fbery, Cocay nuctfera (Cocomad) fibers, Zingiber officinale (Ginger) vhizome fibers, Embiico
officinadis {4mia} fruil Sfibers, Plamago ovote (Psvitiun) fibers and Voaccinium oxyeoccos

{Cranberry) seed fibers.

[ParaB017] In vet another most preferred embodiment, the present mveniion also relates to a
method of producing short chain fatty aoids by co-culturing Bacilius coagrlans MTCC 3836
with natural plant hibres selected from the group consssting of Trivopella foenum-graecum
(fenugreek} seed hibers, fyciwm barbarum seed hibers, Limen wyitarissimum {(Flax) seed
fibers, Cocos sucifera {Cocomut) fibers, Zingither officingie {Ginger) thizome fibers, Embiica
officinalis (Amia) frait fibers, Plawago ovaia {Ps yit wm) fibers and Facohtium oxycocees
{Cranberry} seed fibers. In alternate embodiments, the present invention also relates to a
method of protecting against diet-induced obesity and josulin resistance in the mammahan
gut by adnunisterning compaosition comprising Bacillng coggulans MTOC 3856 with natural
plant fibres selecied from the group consisting ol Irigonelia foenum-gracewm {(fenugreek;
seed libers, Lycaown barbarwmwm seed hibers, Limewn wsitatissinnon {(Flax) seed bibers, Cocos
sacifera (Coconmt) Bibers, dingiber officingle {Ginger) vinzome fibers, Fmblica officinalis
(Amia) fruit Obers, Plawiawo ovara (Psvibumy Bibers and Faceinium oxyeocens (Cranberry)
seed fibres 1o bring about the effect of protection aganst diet induced obestty and syl

resisiance.

[Parafi18] The specific examples included herein below ilustrate the aforesaid most

»

preferred embodiments of the present invention.
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[Para0019] Example |
[Parat@28] Method of preparing fibres
[Parad021] Friconella foenum-graccum (Fenugreek) seed fibers

[Para0022] Trigonella focrme-graccum {also known as Fenugreek) sceds were collected
from local market and milled 1o course powder (10 mesh pass through). Further, fowr
sohanes of p-hexane was added o 1060 em of Trigonella ﬁ;e}}g;}ir ~rneci seeds course

powder and extracted at veflax temperature.  u-Hexane fraction was f{illered through

retentate was dried at 80°C for 3 h and then this was milled to obtamn 4G mesh pass through
powder. In an alternative nmethod, fat or oil from Fenugreek seeds were remwoved by Super
Critical fhad extraction method using hqund CO2 as solvent. To increase the dietary fiber
(Galactomannans} content, the enzvmatic hvdrolysis using Cellulase was camied out 88
provided in flow chart. The galactomannans content was determined by Megazvime kit (K-
GALM 03/11) as per the manufacthwrer's mstruchions (Megazyime International Ireland, Bray

Business Park, Bray, Co. Wicklow, IRELAND).
Paralf23] Lveivm barbarum seed fibers

L

[Para24] Gojp. Gojt berry or Wollberry 15 the Irait of Lyvcium barbarum. The nut of
fychan barbarun was dried and seeds were separated and mulled 1o Course powder. Further,
four volumes of n-hexane was added to {00 gm of Lyaium harbarum course powder and
extracted at reflux temperature. n-Hexane fraction was filtered through Whatman {ilier no 1
andd apain threg times same exirrction was cartied out, After extraction, retentate was dried st

RO®C for 5 b and then this was milled to obiain 60 mesh pass through powder. Total dietary

fiher was determined by Enzymatic-Gravimetric Method {ADAC 985.29),
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[Para0028] Linen usiatissinnm (Flax seed) fibers

[Paral826] Louon usitarissinnon {glso known as comnmon Hax or Hnseed or Flax) seeds were

------ A

collected and muilled to course powder {14 mesh pass through). Further, four volumes of n-

T "
r

K

'\- -

hexane was added to 100 @m of Linr wsitarissimnm course powder and extracted at reflax
temperature. n-Hexane fraction was filtered through Whatman filler no 1 and again three

fimes same extraction was carried out. After extraction, retentate was dried at 80°C for § h

’
0
.

and then this was milled to obiain 40 mesh pass through powder. Total dietary fiber was

determined by Enzymatie-Gravimetric Method {AQAL Y8329},
[Parab027] Cocos nucifera fibers

{Paral@28] A roatured coconut was procured from local market and drned. Further, the
endosperm {coconut meat) was chopped to course and uniform sire material. Further, four
vohumes of n-hexane was added 1o 100 em of Cocoy mwifera course matena! and extracted at
reflux temperature. n-Hexane fraction was filtered through Whatman filter no 1 and again
threg fimes same extraction was carried outl. Afler exiraction, retentate was dried at 8G°C for
5 h and then this was nuiled 1o obtam 60 mesh pass through powder. Total dietary hiber was

determined by Enzymatic-Gravimetric Method {(AQAC Y8529,
[Paral029)] Zingiber aofficingie (pinger) thizome {ibers

{Parall30] Zingiber officingde viizome, ginger root or simply ginger was dried and mlied fo

course powder (10 mesh pass through), Further, four vohuones of n-hexane was added o 140
am of Zingiber afficingle thizome course powder and exiracted at reflux temperature, n-
Hexane fraction was filtered through Whatman filter no 1 and again three times same

extraction was carried out. In an aliemative method, fat or oil from Fenugreek seeds were

removed by Super Critical fluid extraction method using lgquid CO2 as sobvent After
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extractiog, retentate was dried at 80°C for 3 b and then this was milled to obtain 40 mesh pass
through powder. Total dietary fiber was determuned by Ensymatic-Gravimetric Method

{AQAC 985.29).
Paralifi3l] Emblica officinatic (Amia) frutt fhers

myrobalan, mvrobalan, Indian gooseberry, Malacca tree, or amla from Sanskrit gmahka. The
fruit of Emblica officinalis was procured front tocal market and dined, pulverized and passed

through 60 mesh. This powder was used for the exiraction of fibers as shown in figure 2.

L 3

29Y,

iP a lqa {}{;‘3‘31 ‘EX‘HIY}}‘J; 2 2 "‘;%_ ﬁi {j H}? di‘Oi }:'SES

i_PamﬁﬂM}% Two grams of plant based natural fibers Hsted 1o Table 1 were dissolved m 106G
il of HOL (0,10 M) and woubated at 3770 with 100 rpm for 180 mon, Samples were taken at
(3, 30, 60, B0, 120 and 18D nun. Fructoohigosaccharide (FOS; Tata Chemicals, Indin) was also
taken m the study as reference fo compare with natargl Bibers and starch (Potato soluble
starch; HiMedia, Mumbay, fday was also faken as control. The ncrease i reducing

carbohydrates was measured by Dintrosalicylate reagent (Nisson and Bjorek 1988, Joumal

of Numtrition 118, 1482-1486),
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Table I

Total dietary hiber content of plant based natural fibers

! frivonefia foenume-gracoum (Fenugreek) seed fibers 6342412 5414204 732441 2

of

A

Lyvoium barbarum seed fibers ND 3E.Q520 9 39Tzl

fq-,,;

L usitotissimum (Flax) seed fibers 34 68204 1273201 50,2118
4 Covas sueders {Coconut) fibers 33,1607 3616202 541217
3 Lingiber officinale (Ginger} rhizome {ihers N1 43155407 42 18448
(s Fmbiicy officinadis (Amia) fruit fibers FO1I540.2 3158445 3207414

- Sohibie Fraction 19.045:0.5 1.532740.1 23 2040 4

- Insoluble Fraction 2705807 3354001 3305407
7 Plegrtago ovate (Psyiiiam) Fibers ST 13408 33 24408 {3 24418

R Faccisium oxyeoecos {Cranbervy) seed fibers 121206 SQ R 219313

ND. Not detected; Total dietary fiber was determined by Enzymatic-Gravimetric Method

{ADAC 985.29).

| Paralii3s] Table 2 shows the effect of acid hydrolvsis on (1 M HUL, 37°C, 100 rpm) on
Plant Based Natural Fibers. Total reducing sugar was determined by Dinttrosalicviic acid

(DNSA).
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Plant Based Natural Fibers

Fenugreek seed fibers
Lyveaum barbarum seed tibers
Flax seed hibers

Coconut Fiber

Ginger thizome {Thers

Amla Fruit Fiber {Soluble + nsoluble)
Amila Soluble Fiber

Amia Insolable Fiber
Paviinum husk Fiber
Cranberry seed Fiber
Frucioohigosacchande (FOS)

Poiato Soluble Nareh

CA 02955111 2017-01-12

Table 2

§ min
379201
11.91=0.2
1 2401
6112009
$.020 1
16.59x0.2
19 9621 3
6 9RH
0.62:0.01
19.70:0 4
14820,

ER SR A= R

[Paraliii3e] Example 3-Enzvmatic hydrolysis

L

PCT/US2015/047608

Percentage of Total Reducing Sugar

A mun

39001

1205202

i RGO

T 24205
16,1407
24 7500 5
6. 74401
111000
9 15403

21453202

68 mun
353309
12 9813

P70

16,8403
24 132056
(U344 2
120440 04
25009
886203

94 min

G

33340001

P15y 4

15,16+ 4

2342407

G G540 2

1 42401

19 762007

128 min
—-l : 2’“"“':’} 2

el

995302

P7.12:400

22760 8

[Parafif37] 100 mg of Pancreatin from porcine pancreas 4 » USP (Sigma-Aldnch

Corporation St. Louis MO, USA) was dissolved in 100 mi of phosphate buffer (50 mM; pH

7.03. Further, plant based nanural fibers (2 pm) were dissolved in above panereatin sclution

and mcubated at 37°C wath 100 rpm lor 1RO min. Samples were taken at G, 30, 64, 90, {20

patural fibers and starch was also taken as control. The mcorease n reducing carbohvdrates

was measured with a Dintirosahicylate reagent {Oku et al. 1984, Jowrnal of Nulnition 114,

180 min
4 4500
F2.5102
2.2 1A

105405

1O, RGO

7.60::0.1
{02440 ]
20.6{::43 R
12.52:4:0.4

34.2040.3
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137415813, The effect of enzvmatic hydrolysis (8.1% Pancreatin in 20mM PBS pH 7.14)

-r

was determmed by Dimstrosaliovhic acid {DNSA)

Piani Based Natural Fibers

Fenugreek seed fibers
Lvein barbarum seed Nibers
Flax seed fibers

Covomut Fiber
{nnger thizome [thers

Amla Frat Fibers {(Soluble + Insolable)
Amia Soluble Fibers

Amia Insoluble Fibers

Psvihum husk Fiber

Cranberry seed Fiber

Fructooligosaceharide (FOS)

Potato Soluble Starch

Table 3

§ min
72001
P 8602

o2t
88502

41440 .09

16, {15316
201007
I Bt 4

377C, 100 rpm) on plant based natural fibers 15 represented in Table 3. Total reducing sugar

Percentage of total reducing sugar

3 min

R IR

18, 138

2. 536::0.05

1165402

19 7440 9

1102001

16, 9344 2

23 1808

&) ipin

11.83:0.8

78802

J dnfd 2

2531204
7.94:40.6
2.26:441 1

23 3380 73

1124000

B4 min

1360402

73104

13396402
20,9040 R
S 19401
228002
23 9540 4
3130 i

32304122

LS M B ] 'H o

126 pun

1O.55443,

LYY 3

17,5320 &

JER o § R E

1690404

6R101

17.40:0.5

23 58404

- e u . T . SRR

188 mun
170602

6 K240 0%

3072401

[Para0038] Example 4-Growth Promuotional activity of Plant Based Natural Fibers with

Bacitlus cocsuians NYTCC 8856

10
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:{Pamﬁ{};&?}; Single iselated colony of Bacillus coagulans MTCL 3856 was inoculated info
MRS broth (pH 7.0=20; Himedia, Mumbai, India} and incubated at 37°C wih 120 rpm for
overnight. Plamt based natural fibers alone (0.5, 1.0, 2.8%, wivi and i MRS media {deviud
of dextrose) (0.5, 1.0, 2.0%, wiv} were prepared. MRS broth and MRS {devoid of dexirose}
were also prepared separately. Sumilarly, Fructooligosaccharide {(FOS) was also taken m the
study as refersnce control 1o compareg with plant based natural ibers. The final pH of all the

media was adjusted to 7.0, Five percent of overmght grown Bacillus coagulans MTCC 3836

,I'

calture was inoculatad to all the fasks and incubated at 37°C with 100 rpam tor 24 b pH
values at © h of incubation and after fermentation {24 h} were also recorded. Samples were
serially difoied in stertle saline and the viable count was enumerated by plating on glucose
yveast extract agar {(FhMedia, Mumbas, India} at O b and after fermentation {24 h} The plates
were mcubated at 37°C for 48 1o 72 h. Each analysis was performed in triphicate at two
different occasions. Average mean ol viable counts are expressed m fogld chw/mi (Figs 1a,

b and ¢
[Paratitdt| Example S-Inhibition of K. coli growth

{Paralitdl] The me-vilro experiment was dest gried to evaluate the effect of Plant bhazed
Gram negative pathogemce bacteria E. coli. Briefly, 2.0 ¢ of plant based natuwral {ibers were
added to 100 mid of demineralized water. Psvihiam hask Fiber and Flax seed hibers were added
(1.3 wm to 100 mb of demineralized water due to high gelling property. The pH was adjusted
to 70202 and avtockaved af 121°C for 20 min. ARer stenbzation, oxyeen reducing enzyme
Crsyrase {Oxyrase® for Broth, Oxyrase, Inc, Mansfield, OH, USA} was added to each {flask.
Bacillus congulans MTCC 3856 was grown on glucose yeast extract agar (Himedia, Mumbay,

{ndia) and E. coh ATCC 23922 was grown on tryvpticase sova agar {Hmwedsa, Mumbay,

India}. Single isolated colony of both the cultures was used and the turbadity of the bacterial

11
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suspension was adjusted to 0.5 McFarland standards (equivalent to 1.5 « 108 colony forming
units {CFUYmi)., One millifiter of E. colil ATCC 23922 was added o flask contaming plant
pased natural Gber. Simularly, m other group 1 mi of B coli ATCC 253922 and I mi of B
coagutans MTCC 5856 were added to flask contammg plant based natural hiber. The {lasks
were wncubated at 37°C with 18 rpm for 24 h. Samples were senially diluted m sterile saling
and the viable count of B colt ATUU 25922 was enumerated by planng on Bosin Methyiene
Bhe Agar (EMRB Agar: H iMedia, Mumbai, India) at 0 h and after ‘l’f‘trmEz.i.'i;im.im:z (24 h). The
plates were cubated at 37°C for 48 h. Each m‘nlw}s was performed m{iplieaﬁ:e at bwo

different occasions. Average mean of viable counts are expressed in logw cftdmi {Fip.3).

|Paratid2] Example 6-Production of SCFA by Bacillus coaguians MTOC 5856 using

Plant Based Natural Fibers

Paraliid3] The m vire fermentation with the Bacillus coagulans MTCC 3836 was camried
out by following method described by McBurney and Thompson {McBumey M1 and
Thompson LU {1987} Elfect of human {aecal inoculum on m vitro {ermentation variables.
Brit J Nufr 58; 233-243) with somme modifications. Briefly, 2.0 g of glucose or Plant Basad
Natural Fibers were added to 100 mb of demurabized watar. Psyllium husk Fiber and Flax
seed [thers were added 0.5 gm to 100 mi of demsmiralized water due to lngh gelhing property.
The pH was adpusted to 7.040.2 and autoclaved at 12170 for 20 min. After stenlization,
oxyeen reducmg engvime Oxvrase (Oxyrased for Broth, Oxvrase, Inc, Mansfield, OH, LISA)
was added to each Hlask, to indace anaerobic conditions. Five percent of overnight grown

willus congulans MTCC 3856 culture was moculated to all the flasks and mcobated at 37°C
with gentle shaken rpm for 24 b, The botdes were tightly closed and sealed with paraiim 1o
framiam anaeroie conditions generated by the enxyvme supplement. pH values at O b of
mcubation and after fermentation (24 h} were also recorded. One mil of copper sulphate

{10g/L}) was added to each sample to iithibit further nucrobial growth (5; A, St Louis, MO,
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USA) The analvsis of short chain fatty acids in the aforesaid fermentation samples was dong

adopting the following parameters.
Reagents

b, Dicthvl Ether (AR Grade)
2. H2804
3. RO Water

4. Sodnpn Chioride (AR (Grade)
Chromatographic conditions
{ven:

Rate . Temperature

initial 8T C

......................................................................................................................................................

Hold tme

100 mumnute

...........................................................................

8% Ciminte L2000 O

' , ey ey 13
. Post run temperatare 220°C

£

Fost Time 5.0 mun

inlet

Injection Volume
Temperature
Mode

Sphit ratio

3. Run time 18,00 nun

13
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{Column

I, DB-FFAP (Terephthabic acid moedified poly ethylene Ghecol)

Dimenstons: 30.00m X 250,00 mm X .25 pm.
3. Carrier gas : Nifrogen

4. Flow: L.Oml/ min
Detector

i, Tvpe FiD

-2

Temperature 3507
3. Hydrogen Flow 30 0mlimin
4. Air How 36000 mi‘min

5, Make Up Flow 5.0 mi/nun
|Paratid4] Standard solution preparation

[Paraff43] 100.0 my of each of Fatty acid standard {Acetic acid, Propiomic scid and Butvric
acidy was weighed accurately in a 100ml volumetric Bask & dissolved in 50.0 ml of water
and made up o the mark with water and puxed well (Stock solution). Farther, 10.0 mi of the

stock solntion was diduted o 100.0 mi with water and mxed well to get standard solution. 3

ml of standard solution was subjected to extraction as described herein below.

b, Taken Smi of Standard solution / sample.

2. To Standard solution added Smi of water with vortexing for 0.5 mun.

3. Adjusted pH 1o 1-1.5 with 3M H:80, with vortexing for (0.3

4. Kept diethvl ether in ~20°C up to Thr before adding to the ssmple /"Working Standard,

LA

Added 10ml of diethyi ether with vortexing for 1 min.

6. Added 4g of Sodium Chiloride with vortexing for T mm.

14
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7. Centrifuged (o separate Witer Laver & Diethyl Laver

&, Traunsferred 1.0 mL of Diethyl Ether laver in GC Vial & Injected.
Procedure:

1 ui cach of extracted standard solution was mjected mto the chromatograph m inphicate and
recorded the responses of maor peaks due 1o Acetie acid, Propironic acid and Bubyric aad.
The % Relative Standard Deviation [or area of peaks due 1o Acetic acid, Propionic acid and
Butyric acid m inplet miections should not be more than 2.0 %, hyected 1.0 @l each of

exiracted sample solution into the chromatograph. The content of Acetic acid, Propionic acid

anid Butvric acid was calculated as ollows.

Sample area x Std. cone. {(ppm)
CG?.I-{E‘HE- . {.}[’ ii?l (.i i\‘: i {itl El l Ei{: id il’l i.);}i}l - g B Sy, W B B By v-w---- B Bt I P i ey g g g o S L N M o e
Standard ares

Paratidé] The results of the chromatographic analvsis are presented in Fips 4 and 3,

[Para0047] While the mvention has been described with reference o a preferred

limited theveto. Rather, the scope of the mvention is (o be mterpreted only i conjunction

with the appanded claims.

15
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We claim,

I. A method of increasing the viable colony count of Bacillus coagulans MTCC 5856
saild method comprising step of growing Bacillus coagulans MTCC 5856 i the
presence of natural plant fibres selected from the group consisting of Trigonella
foenum-graecum (fenugreek) seed fibers, Lycium barbarum seed fibers, Linum
usitatissimum (Flax) seed fibers, Cocos nucifera (Coconut) fibers, Zingiber officinale
(Ginger) rhizome fibers, Emblica officinalis (Amla) fruit fibers, Plantago ovata
(Psyllium) fibers and Vaccinium oxycoccos (Cranberry) seed fibers.

2. A method of inhibiting pathogenic Gram Negative bacteria said method comprising
step of bringing to contact said Gram Negative bacteria with Bacillus coagulans
MTCC 5856 co-cultured with natural plant fibres selected from the group consisting
of Trigonella foenum-graecum (fenugreek) seed fibers, Lyctum barbarum seed fibers,
Lmum usitatsstmum (Flax) seed fibers, Cocos nucifera (Coconut) fibers, Zingiber
officinale (Ginger) rhizome fibers, Emblica officinalis (Amla) fruit fibers, Plantago
ovata (Psylirum) fibers and Vaccinium oxycoccos (Cranberry) seed fibers.

3. A method of producing short chain fatty acids by co-culturing Bacillus coagulans
MTCC 5856 with natural plant fibres selected from the group consisting of Trigonella
foenum-graccum (fenugreek) seed fibers, Lycium barbarum seed {fibers, Linum
usitatissimum (Flax) seed fibers, Cocos nucifera (Coconut) fibers, Zingiber officinale
(Ginger) rhizome fibers, Emblica officinalis (Amla) fruit fibers, Plantago ovata
(Psyllium) fibers and Vaccinium oxycoccos {(Cranberry) seed fibers.

4. A method of protecting against diet-induced obesity and msulin resistance in the
mammalian gut by administering composition comprising Bacillus coagulans MTCC

5856 with natural plant fibres selected from the group consisting of Trigonella

16
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foenum-graecum (fenugreek) seed fibers, Lycium barbarum seed fibers, Linum
usitatissimum (Flax) seed fibers, Cocos nucitera (Coconut) fibers, Zingiber otticinale
(Ginger) rhizome fibers, Emblica officinalis (Amla) fruit fibers, Plantago ovata
(Psylltum) fibers and Vaccinium oxycoccos (Cranberry) seed fibres to bring about the

effect of protection against diet induced obesity and insulin resistance.
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FIG. 1a
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FIG. 2a
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