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Development of Probiotic Dairy Products using Lactic Acid Bacteria Isolated from Human Intestine
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Lactobacillus Bifidobacterium Other lactic acid bacteria Non—lactic acid bacteria

L. acidophilus B. adolescentis Enterococcus faecalis Bacillus cereus var. toyoi

L. amylovorus B. animalis Enterococcus faecium Escherichia coli Nissle 1917

L. casei B. bifidum Lactococcus lactis Propionibacterium freudenreichii

L. crispatus B. breve Leuconstoc mesenteroides Saccharomyces cerevisiae

L. delbrueckii ssp. bulgaricus B. infantis Pediococcus acidolactici Saccharomyces boulardii

L. gallinarum B. lactis Streptococcus thermophilus

L. gasseri B. longum Sporolactobacillus inulinus

L. johnsonii

L. paracasei

L. plantarum

L. reuteri

L. rhamnosus
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Microbial group Stomach i Dodenum 10‘_—104 Jejunum-+lleum i Colon 109—5_- 10"
10'=10° CFU - ml™" CFU - ml™* 105—108 CFU - ml™' CFU - ml™*
Actinomyces spp. 10*-10°
Bacteroides—Prevotella— Porphyromonas up to 10? ca. 10° 10*-107 10°-101
Bifidobacterium spp. 10°-10%
Clostridium spp. 10*-10° 103-10°
Coprococcus cutactus 107-10°
Enterobacteriaceae up to 107 10>-10* 10°-10° 105-10’
Enterecoccus spp. 10>-10* 103-10°
Eubacterium spp. 10°-10"
Fusobacterium spp. 103-10° 105-107
Lactobacillus spp. 101-10° 10°-10* 10*-10¢ 10°-108
Megamonas hypermegas 107-108
Megasphaera elsdenii 107-108
Methanobacteria up to 10°
Peptostreptococcus spp. 10%-10° 103-10°
Proteus spp. 10°-10¢
Pseudomonas spp. >10°
Staphylococci ca. 10°
Streptococcus spp. 10'-10° 10°-108 up to 107
Veillonella spp. 10°-107 10°-108
Yeasts ca. 10°
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Lactobacillus acidophilus, Lactobacillus casei, 19

11 Lactobacillus rhamnosus T+55°] THrFE 24
skal glom, o]gje
Lactobacillus  johnsonii, Lactobacillus plantarum,

Lactobacillus fermentum,

Lactobacillus salivarius, Bifidobacterium lactis, Bifi-

dobacterium longum, Bifidobacterium breve ¥=7}
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Human
origin

Clinically validated .
; Acid and salt

d doc ted
and documente: bile stability

health effects

Safety in food and Probiotic strain Adhrence to human

clinical use

characteristics intestinal cells

Antagonism against Survival in the human

pathogenic bacteria intestinal tract

Production of

antimicrobial substances
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Strain Identification by Phenotypic and Genotypic Methods
*  Genus, Species and Strain
*  Deposit strain in an Internationally Recognized collection
Screening of Potential Probiotic Strains
o Invitro Tests

In vivo studies in validated animal models for:

= Safery
!

* Efficacy
In vive studies in humans for clinical evaluations
*  Phasel (safety)
*  Phase 2 (efficacy)
* Phase 3 (effectiveness)*

PROBIOTIC FOODS

].abelmg Requirements
Genus, Species, Strain

*  Minimum viable numbers of probiotics at the level at
which efficacy is claimed and at the end of shelf- life.

+ Health claim(s)

*  Serving size for efficacy

*  Storage conditions
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‘ pH and acidity ‘ Saliva(amylase)

UETEEETE Gastric acidity
Food
‘aue aclds and enzymes |\
Molecular oxygen In intestine

Viability of probiotics
in food products

Viability of probiotics
in gastrointestinal tract

‘ Low level of oxygen
Strains of probiofic
bacteria
Freezing and thawing Competitive exclusion
operations Of pathogens
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Processing Step

Stress factor

Presence of organic acids during cultivation
Concentration—high osmotic pressure, low water activity, high concentration

Production of probiotic preparations

of particular ion

Temperature freezing, vacuum and spray drying
Prolonged storage oxygen exposure

Nutrient depletion, strain antagonism, increased acidity, positive redox poten-
Production of probiotic containing product tial, presence of antimicrobial compounds(hydrogen peroxide and bacteriocin)

storage temperature
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Standardization of milk

Homogenization
55-65°C and 15-20/5 MPa

Pasteurization
80-85 °C for 30 min or 90-95 °C for 5 min

Cooling to incubation temperature (43-45 °C)

Inoculation of starter culture (2% v/v)

Packing into individualcontainers Fermentation/Incubation (42-45 °C)

(Until desired pH is reached)

Fermentation/Incubation (42-45 °C)
(Until pH reached to 4.6) Cooling

|

Cooling and cold storage (<4 °C) Stirring

Cooling, Pumping and Packaging

Cold Storage (<4 °C)

Ser-yogurt | Stirred-yogurt |

Figure 1: Manufacturing process of set- and stirred-yogurt (Adapted from Lee and Lucey, 2010) [13]

12l 5. Set—yogurt & Stired—yogurt H = 37 (14)

5. Z=H[O|QE Q312 E(Probiotic Yogurt)
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H 4 ZZHOIHA SH0| =F0| &= Z2[H[O0| 28 A (3)

Prebiotics Probiotics

. . L. plantarum, L. rhamnosus,
Fructooligosaccharide P .
Streptococci

. . B. lactis, L. rhamnosus, B.
Galactooligosaccharide )
adolescentis

Xylooligosaccharide, Lactulose Bifidobacteria

Inulin Larger total bacterial counts

Bifidobacteria and Lactoba-
Isomaltooligosaccharides cillus

Soybean oligosaccharide

Raffinose
Stachynose
Oligomate
Palatinose
Pyrodextrin
Raftiline
Guar
lactosucrose
Lactitol

Pectic oligosaccharide Lactobacillus

Gentiooligosaccharides

Plant cell wall polysaccharides Lactobacillus
(from soybean and sugar beet)
- Arabinogalactooligosac-
charides
- Arabinooligosaccharides
- Rhamnogalactouronooligo-
saccharides
- Soyoligosaccharides

Extra cellular laevans Lactobacillus
(from L. sanfranciscensis &

Erwinia herbiola)

- Extra cellular polysaccharide

- Commercial laevan

F A% P NGLE, WEA, AFLE 53}
U T R 1=

T —

Cream, milk
powder

Incubation

Vegetable fat,
stabilizer, peservative

T=402C

/ Probiotic culture /L; Inoculation / stirring

13 6. ZZHIO|2EIAE 0| &t philadelphia type cheese A &
SE(4)
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Strain (alternative designations) Brand name Producer
Bifidobacterium animalis DN 173 010 Activia Danone/Dannon
Bifidobacterium animalis subsp. lactis Bb—12 Chr. Hansen
Bifidobacterium breve Yakult Bifiene Yakult
Bifidobacterium infantis 35624 Align Procter & Gamble
Bifidobacterium lactis HNO19 (DR10) Howaru Bifido Danisco
Bifidobacterium longum BB536 Morinaga Milk Industry
Enterococcus LAB SF 68 Bioflorin Cerbios—Pharma
Escherichia coli Nissle 1917 Mutaflor Ardeypharm
Lactobacillus acidophilus LA=5 Chr. Hansen
Lactobacillus acidophilus NCFM Danisco
Lactobacillus casei DN-114 001 Actimel, DanActive Danone/Dannon
Lactobacillus casei CRL431 Chr. Hansen
Lactobacillus casei F19 Cultura Arla Foods
Lactobacillus casei Shirota Yakult Yakult
Lactobacillus johnsonii Lal (Lj1) LCI Nestlé
Lactococcus lactis L1A Norrmejerier

Lactobacillus plantarum 299V GoodBelly, ProViva NextFoods Probi
Lactobacillus reuteri DSM 17938 L. reuteri Protectis BioGaia
Lactobacillus rhamnosus ATCC 53013 (LGG) Vifit and others Valio
Lactobacillus rhamnosus LB21 Verum Norrmejerier

Lactobacillus salivarius UCC118

Saccharomyces cerevisiae (boulardii) lyo

DiarSafe, Ultralevure, etc.

Wren Laboratories, Biocodex, etc.

Lactobacillus acidophilus CL1285 & Lactobacillus casei Lbc80r Bio K+ Bio K+ International
Lactobacillus rhamnosus GR—1 & Lactobacillus reuteri RC—14 FemDophilus Chr. Hansen
VSL#3 (mixture of one strain of Streptococcus thermophilus, four Lac- VSLA3 Sigma—-Tau

tobacillus spp., & three Bifidobacterium spp. strains

Pharmaceuticals, Inc.

Lactobacillus acidophilus CUL60 & Bifidobacterium bifidum CUL 20

Lactobacillus helveticus R0052 & Lactobacillus rhamnosus R0011

A’Biotica and others

Institut Rosell

Bacillus clausii strains O/C, NR, SIN, and T

Enterogermina

Sanofi—Aventis

B 249 B AL FE oS At}
#) yolol gk, gk ~Ehe AH o) WH(F3 7]
W) k4] oA wjH)el A FA1EE 2 Glojof g,
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Standardization of the mixture for
ice cream

Pasteurization
85°Cf15s

b
Homogenization
70-75°C,17-18.5MPa

F
Ripening
3-5°C,10-24 h

3
Preparation and probiotic addition
Stirring 10 min., 4-6 °C

r

Stirring-freezing
-4.3-3.8°C J 80-90 % Overrun

)

| Packaging

l

Freezing
-25 to -30 °Cf 10-20h
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Figure 1. Diagram of the encapsulation process of probiotics by extrusion technique (a)
and by emulsification technique (b).
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