
Starter Cultures and 

Fermented Milk 

Products 

 

 

 

 

 

 

 

 

 

 

J. B. Prajapati, I. Sankara Reddy & V. Sreeja 



Starter Cultures and Fermented Milk Products 

 

 

Author 
 

J. B. Prajapati & Mrs. V. Sreeja 

Department of Dairy Microbiology & Biotechnology 

AAU, Anand 

 

I. Sankara Reddy 

Department of Dairy Microbiology 

SVVU, Tirupati 

 

 

 

 



Index 

Lecture  Page No 

Module 1. Introduction  
 

Lesson 1. Introduction to Starter Cultures and Fermented Milks  5-10 

Module 2. Classification Of Starters  
 

Lesson 2. Starters cultures and Their Classification 11-19 

Module 3. Propagation Of Starter Cultures  
 

Lesson 3. Purpose Of Propagation, Traditional Methods-Advantages And 
Limitations. 

20-24 

Lesson 4. Mechanically and Chemically Protected Systems for Starter 
Propagation 

25-28 

Module 4. Metabolism of starters and biochemistry of fermentation  
 

Lesson 5. Metabolism in Starter Cultures 29-34 

Lesson 6. Vitamin Metabolism in Starter Cultures 35-37 

Module 5. Quality and activity of starters 
 

Lesson 7. Antimicrobial Compounds Produced By Starters and Interactions 
among Starter Cultures 

38-42 

Lesson 8. Activity & Purity Test and Standards for Starter Cultures 43-47 

Module 6. Causes of slowness of starters 
 

Lesson 9. Problems associated with starter itself, with control of starters, with 
milk and with production method 

48-50 

Lesson 10. Bacteriophage action ultra structures, classification, detection and 
control 

51-55 

Module 7. Preservation and forms of starters  
 

Lesson 11. Need For Preservation, Criteria For Selection Of Method, 
Preservation Techniques 

56-57 

Module 8. Forms of Starters 
 

Lesson 12. Liquid, Frozen, Dried, Concentrated And DVS Cultures 58-64 

Module 9. Genetic improvement of starters  
 

Lesson 13. Scope And Need, Characteristics Which Can Be Manipulated, 
Genetic Tools – Mutation, Conjugation, Transformation, Transduction, 
Electroportion, Protoplast Fusion And Genetic Engineering 

65-70 

Lesson 14. Plasmids, Value of improved strain 71-74 

Module 10. Starter distillates 
 

Lesson 15. Composition of Synthetic and Bacterial Distillates, Production and 
Application 

75-76 

Module 11. Introduction – Fermented Milk Products 
 

Lesson 16. History, Definitions/ types, Classification of fermented milk 
products 

77-81 

Module 12. Yoghurt  
 

Lesson 17. Definition, types and microflora, starter symbiosis, enumeration of 
yoghurt starters. 

82-89 

Lesson 18. Types of yoghurts, Yoghurt Production-significance of each 
processing steps. 

90-96 

Lesson 19. Post production processing of yoghurt into various types, 97-100 



Biochemistry of yoghurt 

Lesson 20. Nutritive value, Therapeutic value, Spoilage, defects and quality 
assurance. 

101-106 

Module 13. Dahi  
 

Lesson 21. Definition and standards, Methods of production, Types of starters 107-111 

Lesson 22. Desirable properties of dahi and factors influencing it , Composition 
of dahi 

112-115 

Lesson 23. Modified dahi- Bhapa dahi and misti dahi, Defects 116-120 

Module 14. Cultured butter milk 
 

Lesson 24. Preparation of cultured butter milk, Composition and Quality 
Characteristics 

121-124 

Lesson 25. Flavour in cultured butter milk, advances in CBM production 125-129 

Module 15. Probiotics, Acidophilus and Bifidus milk products 
 

Lesson 26. Probiotics: Importance, Definition, Types and selection criteria for 
cultures 

130-135 

Lesson 27. Probiotic products, Production flow diagrams and effects of 
processing on microbiological quality. 

136-141 

Lesson 28. Acidophilus and Bifidus Products 142-148 

Lesson 29. Nutritional, Therapeutic, Safety and Quality aspects of Probiotic 
products 

149-156 

Module 16. Kefir 
 

Lesson 30. Kefir-Manufacture, Composition, Nutritional and Therapeutic 
Properties 

157-165 

Module 17. Koumiss  
 

Lesson 31. Koumiss- Manufacturing, Nutritive and therapeutic Values 166-169 

Module 18. Other fermented milks 
 

Lesson 32. Kishk, Yakult, Villi 170-173 

 



 Starter Cultures and Fermented Milk Products 

 

 

5 

 

 

Module 1. Introduction 

Lesson-1 

Introduction to Starter Cultures and Fermented Milks  

1.1. INTRODUCTION 

Starter cultures are those microorganisms that are used in the production of cultured dairy 

products such as dahi, yogurt and cheese. 

The organisms selected for this purpose need to produce the desired effect in the finished 

product. 

Starters are a group of active and desirable microorganisms capable of bringing about 

desirable changes in the milk product through the process of fermentation. These are 

carefully selected microorganisms that are deliberately added to milk to initiate (‘start’) and 

carry out the desired fermentation in the production of fermented milk products. In other 

words starters bring about the specific changes in the appearance, body, texture and flavour 

characteristics of the final product. 

The natural microflora of the milk is inefficient, uncontrollable and unpredictable, or is 

destroyed altogether by the heat treatments given to the milk. A starter culture can produce 

particular characteristics in a more controlled and predictable fermentation when added to 

milk. 

The most common use of starter cultures is for the production of lactic acid from lactose 

(milk sugar), which in most cases causes or assists in the coagulation of milk protein by 

lowering pH of milk. Cultures that produce lactic acid are generally referred to as ―lactic acid 

bacteria‖ (LAB). Certain starter organisms are added specifically for their ability to produce 

flavour compounds such as diacetyl. Starter organisms can also influence texture of cultured 

and/or aged products through the breakdown of proteins, fats and other milk constituents in 

addition to the pH effect. The lower pH of cultured products can be inhibitory to certain 

spoilage organisms, although inhibition is associated with other by-products of growth with 

some starters.  
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More recently, probiotic cultures are finding their way into cultured milk products. These 

organisms possess some claimed health benefit for the consumer, e.g., better digestion, anti-

cancer compounds, and prevention of heart disease etc. Probiotic cultures may be added as 

adjuncts or they may be directly involved in the fermentation process. 

1.2. HISTORY OF STARTER CULTURES AND FERMENTED MILKS 

Fermented foods are of great significance since they provide and preserve vast quantities of 

nutritious foods in a wide diversity of flavours, aromas and textures, which enrich the 

human diet. Over 3500 traditional, fermented foods exist worldwide. Fermented foods have 

been with us since early ages and of these fermented milks have long been an important 

component of nutrition and diet. Originally fermented milks were developed as a means of 

preserving nutrients (Milk and other products). 

When our ancestors acquired the knowledge to use milk, they also learnt how to use lactic 

acid bacteria (LAB) in dairy products even though they did not know about the existence of 

microorganisms. When milk was left at room temperature, it was spontaneously fermented 

and was used as such or after dilution with water. 

As an alternative fermented mix could be concentrated by drainage of whey, resulting in a 

new product, which could be stored for several months: the first cheese. Owing to this long 

period of consumption, such products were found to be safe and healthy. By trial and error, 

the practice of inoculating milk with a small amount of previously fermented milk was 

developed. Heating the milk before inoculation increased the quality of the product and it 

became possible to develop a range of specific, traditional fermented milk products. 

About two hundred years ago, cheese and butter production became industrialized. 

Traditional products were standardized and slightly modified to adjust them to industrial 

production. Starters were grown in manufacturing plants, but, as the size of the operations 

grew, the importance of standardized starters increased. In the late 19th century companies 

with specialized in the starter production were founded. In the beginning the constraints 

were that, the starters were still undefined, containing an unknown mixture of different 

strains of the suitable species. Later on, starters were analysed and defined, allowing them to 

be composed of specific strains with selected properties selected to give a standard product. 

In general, defined starters are composed of some specific strains with less species variety 

than undefined starters, and do not usually contain yeast. 
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1.3. CONSUMPTION AND PRODUCTION STATISTICS 

Table-1.1: Consumption statistics of fermented milk products 

Country Kg/ head 

Year  2001 2002 2003 2004 

Denmark  37.0 40.7 43.0 44.6 

Germany  26.1 27.0 28.5 28.9 

France  20.5 21.1 21.9 21.9 

EU 15  18.2 18.1 19.3 19.6 

Czech republic  14.3 14.1 14.8 14.9 

Cyprus  11 10.8 10.8 10.9 

Hungary  11.5 11.9 14.3 15.4 

Poland  8.7 11.1 11.5 11.9 

10 new EU member countries  9.1 10.5 10.7 11.1 

EU 25  16.7 17.5 17.9 18.2 

Iceland  34.0 35.2 36.3 40.7 

Norway  19.0 20.0 20.7 21.1 

Switzerland  24.2 23.7 25.6 27.0 

Canada  5.2 5.7 6.2 6.7 

Mexico  3.1 3.2 3.8 3.9 

Argentina  7.3 6.8 7.3 9.4 

South Africa  3.2 3.2 1.3 1.5 

The manufacture of cultured dairy products represents the second most important 

fermentation industry only after the production of alcoholic drinks. 

The consumption of milk drinks and fermented products has been recently reviewed by the 

International Dairy Federation, as shown briefly in the above Table-1.1. It is quite clear from 

the data that the consumption of fermented milks has generally increased around the globe 

over a period from 2001 to 2004. According to another report by Euromonitor a global 

market analyst, largest fermented dairy market till 2003 was Japan, where the leading brand 

Yakult is the reference product for the entire category, having been available in Japan for 

more than 50 years. The next most significant markets are South Korea and Brazil, followed 

by a number of Western European markets including US probiotic drinking yoghurts, 

booming on the basis of their portability, snack appeal and health claims which match those 
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of fermented dairy drinks; offering improvement to digestive health and a boost to the 

immune system.  

In the Indian subcontinent also, fermented milk products such as dahi (curd), Lassi 

(sweetened yoghurt drink like product), buttermilk and shrikhand (drained curd added with 

sugar and flavoring) figure prominently in people‘s diet. The demand for fermented milk 

products is increasing and it has been estimated that about 10% of total milk produced in 

India is used for preparation of traditional fermented milk products. Dahi is an age-old 

indigenous fermented milk of India and has retained its popularity in Indian diet despite 

changing lifestyles and food habits. About 6.9% of total milk produced in India is utilized for 

making dahi intended for direct consumption.  

1.4. ADVANTAGES OF MILK FERMENTATION /ROLE OF FERMENTATION IN FOOD 

Enrichment of human diet through a wide variety of flavours, aroma and texture of foods 

Preservation of foods via lactic acid, alcoholic, acetic acid and alkaline fermentations 

Bio-enrichment of food substantially with proteins, essential amino acids, Essential fatty 

acids and vitamins 

Detoxification during food fermentation processing 

Nutritional and physiological benefits such as 

Promotion of growth and digestion 

Settling effect on the GI tract by deceasing harmful bacteria 

Improvement of bowel movements 

Suppression of cancer 

Suppression of blood cholesterol 

Suppression of tumours 

Catering to the needs of lactose intolerant people 

1.5. SCOPE FOR FERMENTED MILK INDUSTRY  

Over the past century, voluminous scientific knowledge has been well established regarding 

the technological aspects of fermented milks, including the physiology of starter cultures and 

related probiotic microflora. It is also very important to preserve this pool for future 

application. It is necessary to have better understanding of enzymic pathways in these 
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starters in order to be able to select strains with specific, desired characteristics. Among 

various milk products the fastest market growth at almost six times to that of total dairy 

sector growth was observed for probiotic based fermented milk products during the last one 

decade. The increasing demand from consumers for dairy products with 'functional' 

properties is a key factor driving value sales growth in developed markets. This led to the 

promotion of value-added products such as probiotic and other functional yoghurts, 

reduced-fat and enriched milk products and fermented dairy drinks and organic cheese. 

Another important global trend observed is the increasing demand for consumer 

convenience. Present day consumers prefer foods that promote good health and prevent 

disease. Furthermore, these foods must fit into current lifestyles providing convenience of 

use, good flavour, and an acceptable price- value ratio. Such foods constitute current and 

the evolution of the food development cycle.  

It is evident that the market for fermented milks is booming especially for probiotics and 

those with special added ingredients. Modern consumers are increasingly interested in their 

personal health, and expect the food that they eat to be healthy or even capable of preventing 

illness. Producers and marketers of cultured milks are making every effort to keep them 

growing through product development and packaging innovations suited for all occasions of 

gastronomic indulgence with supporting scientific documentation; a health claims strategy 

and successful presentation.  

.Appropriate international definition(s) of yoghurt and other fermented milks including other 

probiotic products are required to show the relationship between food, intestinal bacteria, 

human health and disease in the field of probiotics along with properly designed clinical 

studies to establish the proper health benefits to humans. Many a times in vitro results 

cannot be found in vivo, and observations reported in animals cannot be translated directly 

to humans; there are problems in generalizing the results in the given types of 

microorganisms used, thus more number of clinical studies should be conducted on humans 

of different races in different countries to properly substantiate the health benefits in 

humans. New product categories, containing difficult raw materials with regard to technology 

of probiotics, will certainly be the key research and development area for future functional 

food markets.  

There are products with complete supplementation offered as medical foods, as well as 

healthy products for people who have problems obtaining all the nutrients they needed. It is 

clear from the literature that new kinds of fermented milks containing various nutrients are 
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being tested as curatives for specific diseases and are approaching medical food effectiveness 

in conventional food format and will continue to be introduced to the food supply. The 

occurrence of diet-related diseases of deficiency and excess, points to the importance of the 

development of functional foods. Functional food science must be viewed world over beyond 

the short-term commercial prospects and should be considered for long-term research and 

development. 

 

 

 

 

 

*****☺***** 
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Module 2. Classification of Starters 

Lesson-2 

Starters cultures and Their Classification  

 2.1 INTRODUCTION 

 A starter culture is a microbial culture which actually performs fermentation. Starter 

preparations assist the beginning of the fermentation process in preparation of various foods 

and fermented drinks. A number of bacterial and other microbial strains have been used 

either in single or in combination for producing the desired effect in the finished product.  

 2.2 DEFINITIONS  

  Starter cultures are bacterial or fungal strains either pure or mixed, used to initiate a 

fermentation process.  

  Starter culture means  selected strains of food-grade microorganisms of known and 

stable metabolic activities and that is used to produce fermented foods of desirable 

appearance, body, texture and flavour 

  Starter culture means the microorganisms that are selected based on their ability to 

produce lactic acid for curd production and a low pH to prevent spoilage, produce 

metabolites that give desirable flavours: or produce enzymes that ripen the dairy 

product. 

2.3 ROLE/ FUNCTIONS OF STARTER CULTURES 

 The primary function of lactic starters is the production of lactic acid from lactose. In 

addition to lactic acid production the starter cultures are also useful in different ways as 

stated below. 
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Table-2.1: Functions of starter cultures 

Function Result 

Acid production � Gel formation 

� Expulsion (syneresis) of whey for texturing 

� Preservation of milk 

� Helps in the development of flavour 

Flavour � Formation of flavour compounds like diacetyl and 

acetaldehyde 

Preservation � Lowering of pH and redox potential 

� Production of lactic acid 

� Production of antibiotics 

� Production of H2O2 

� Production of acetate 

Gas formation � Eye formation in certain cheeses 

� Production of open texture Ex. blue veined cheese 

Stabilizer formation � Development of body and viscosity  

    Ex. Polysaccharide materials 

Lactose utilization �Reduces the development of gas and off flavours 

� Suitable for lactose intolerant people 

Lowering of redox potential � Helps in preservation 

� Helps in development of flavour 

Proteolysis and lipolysis � Helpful in the ripening/maturation of cheeses 

Miscellaneous compounds � Production of alcohol in kefir and kumis 
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 2.4 CLASSIFICATION /TAXONOMIC GROUPS AS PER BERGEY'S MANUAL 

 Starter cultures are generally classified based on their ability to utilize the lactose as shown 

in Fig. 2.1  

                                                         

Classification of starter cultures 

RODS    COCCI BACTERIA 

 Bifidobacteria 
Brevibacterium 

linens           

    Acetobacter 

acetii        

      
Propionibacteria 

   YEASTS             MOLDS 

Lactobacillus Lactococcus 
Streptococcus         
                            
Leuconostocs        
Pediococcus   

Candida kefir 
Kluyveromyces 
Torulospora 
Saccharomyces 

Penicillium 

camembertii 

Penicillium 
roquefortii              
          Aspergillus 

oryzae  

Mucor  rasmusen 

Geotricum 
candidum 

2.4.1. Bacteria             

2.4.1.1 Genus Lactococcus:  Bergey‘s Manual of Systematic Bacteriology (1986), combined 

all the mesophilic lactic acid bacteria (LAB) with Lactococcus lactis to form a single species as 

they possess  

1.      Identical isoprenoid quinines and the enzyme β-phosphotase 

2.      Indistinguishable lactic dehydrogenase 

3.      Identical percentage of guanine and cytosine. 

4.      High DNA homology 
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The only properties that distinguish them are plasmid controlled. 

Lactococcus lactis subsp lactis Acid producer but non-flavour producer 

Lactococcus lactis subsp cremoris       Acid producer but non-flavour producer 

Lactococcus lactis subsp lactis biovar 

diacetylactis 

Both acid & flavour producer 

 All the above organisms are mesophilic in nature and their optimum growth temperature is 

between 25-30°C.  All are homofermentative organisms 

 2.4.1.2. Genus Streptococcus: The members of the Streptococcus are Gram-positive 

organisms that usually form pairs or chains. In 1937, Sherman separated the genus 

according to physiological and growth characteristics, especially with regards to temperature 

limitations on growth.  Four general groups designated by Sherman are (1) pyogenic, (2) 

viridans, (3) enterococcus, and (4) lactic.  This categorization has become somewhat obsolete 

as relationships between species have been shown to overlap.  

The only species used as starter culture is Streptococcus salivarius subsp thermophilus. This 

is a yoghurt culture, which is thermophilic in nature with optimum growth temperature of 

38-420C. All are homofermentative organisms.  

 2.4.1.3. Genus Leuconostoc: All are heterofermentative organisms capable of producing 

lactic acid, CO2 and aromatic compounds (ethanol and acetic acid) from glucose.  These 

organisms are normally used along with lactic acid bacteria (LAB) in multiple or mixed strain 

cheese starter cultures, which produces flavour compounds.  

Leuconostoc cremoris 

Leuconostoc citrovorum 

Leuconostoc dextranicum 

 2.4.1.4. Genus Lactobacillus: Lactobacillus delbruekii subsp bulgaricus is used for the 

preparation of yoghurt along with Streptococcus salivarius subsp thermophilus. These two 

organisms exhibit a symbiotic relationship. 
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Lactobacillus acidophilus is a probiotic culture, used for preparation of acidophilus milk and 

other probiotic milk products like Bifighurt, Bioghurt, etc. The members of lactobacillus are 

classified based on fermentation of glucose into 3 groups as shown in Figure 2.2. 

  

  

  

 

 

Orla-Jensen Group Thermobacterium Streptobacterium Betabacterium 

Growth at 15 C - + + 

Growth at 45 C + - ± 

Pentose fermentation - + + 

CO2 from glucose - - + 

CO2 from gluconate - + + 

Phosphoketolase Absent Inducible by pentose Present 

FDP aldolase Present Present Absent 

Example Lactobacillus 
acidophilus 

Lactobacillus casei Lactobacillus brevis 

  Lactobacillus 
helveticus 

Lactobacillus 
plantarum 

Lactobacillus 
fermentum 

Fig. 2.2: Classification of lactobacillus based on glucose fermentation. 

2.4.1.5. Genus Bifidobacterium: Found in the gut of infants, intestines of man, various 

animals and honeybees.  These organisms are generally used in preparation of therapeutic 

fermented milk products in combination with yoghurt, acidophilus milk or yakult starter 

cultures. 

Eg: Bioghurt, Biograde, Bifighurt, Cultura ‗AB, Yakult, Miru-Miru. 

Bifidobacterium bifidum, Bifidobacterium longum, Bifidobacterium infantis, Bifidobacterium 

breve, etc. 

The optimum growth temperature is 37°C-41°C. Anaerobic conditions are essential for 

optimum growth.  Milk fermented with bifidobacteria has a distinctive vinegar taste due to 

the production of acetate plus lactate from the metabolism of carbohydrates.  
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 2.4.1.6. Genus Propionibacterium: Propionibacterium freudenreichii and Propionibacterium 

shermanii are used in swiss cheese.  It has the ability to produce large gas holes in the 

cheese during ripening / maturation period. P. jensenii, P. thoenii and P. acidipropionici are 

other organisms present in these genera.                                              

2.4.1.7. Genus Brevebacterium: Brevebacterium linens is used as starter culture in 

preparation of bacterial surface ripened cheeses.  It imparts distinctive, reddish orange 

colour to the rind of (or formation of smear on) Brick and Limburger cheese or Camembert 

cheese.  

2.4.2 Molds 

Moulds are used for the manufacture of some semi soft cheese varieties and in some 

fermented milk products.  Moulds enhance the flavour and modify slightly the body and 

texture of curd. 

2.4.2.1 White mold is used in manufacture of surface mould ripened cheeses like 

Camembert and Brie cheeses. 

Eg: Penicillium camemberti, Penicillium caseicolum, Penicillium candidum 

 2.4.2.2 Blue mold is used in manufacture of internal mould ripened cheeses like Roquefort, 

 Blue Stilton, Danish blue, Gorgonzola and mycella cheeses. 

Eg: Penicillium roquefortii 

2.4.2.3 Other molds 

Mucor rasmusen – used in Norway for the manufacture of ripened skim milk cheese. 

Asperigillus oryzae – used in Japan for the manufacture of Soya milk cheese 

Geotricum candidum– used in the manufacture of Villi a cultured product of Finland.  The 

mould grows on the surface of the milk to form the white velvety layer. 

2.4.3   Yeasts: Yeasts are used in the manufacture of Kefir and Kumiss 
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2.4.3.1 Kefir grains: Kefir grains consist of a mixture of different microorganisms such as 

    Candida kefir,        Kluyeromyces marxianus, Saccharomyces kefir, Torulopsis kefir. 

2.4.3.2 Kumiss:  The important starter microflora of kumiss include Torulopsis spp.     

                          Kluyeromyces marxianus var lactis, Saccharomyces cervisiae  

2.5 TYPES OF STARTERS 

Starters are grouped under different categories based on composition of microflora, growth 

temperature, type of products, flavour production and type of fermentation into the following 

categories 

2.5.1 Based on the composition of micro flora/ organisms 

a.          Single: Always used as a single organism in the preparation of dahi or cheese. The 

only problem is there will be sudden failure of starter due to bacteriophage attack which 

leads to heavy loss to the industry.  

b.         Paired compatible strain: Two strains of cultures having complementary activities 

in know proportion are used. This will reduce chances of culture failures. . In case of 

bacteriophage attack, only one type of organism will be affected and the other organism 

will carry out the fermentation without any problem.  

c.          Mixed Strain: More than two organisms which may have different characteristics 

like, acid production, flavour production, slime production etc. in unknown proportion 

are used. 

d.         Multiple mixedstrain: More than two strains in known proportion are used. The 

quality and behaviour of these strains is predictable.  

2.5.2. Based on the growth temperature:  Based on the growth temperature organisms can 

be divided into mesophilic and thermophilic. 

Mesophilic starter cultures: The optimum growth temperature of these cultures is 30°C 

and they have a growth temperature range of 22- 40°C. The mesophilic starter cultures 

generally contain the organisms of Lactococci. 
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Ex. Dahi cultures : Lactococcus spp. 

        Cheddar cheese: Lactococcus lactis subsp lactis, Lactococcus lactis subsp cremoris 

 Lactococcus  lactis subsp lactis biovar diacetylactis, Leuconostoc mesenteroides subsp 

cremoris 

Thermophilic starter cultures: The optimum growth temperature of these cultures is 

40°C and they have a growth temperature range of 32- 45°C.  

       Ex:  Streptococcus thermophilus 

 Lactobacillus delbrueckii subsp bulgaricus 

 Lb. delbrueckii subsp lactis 

 Lb. casei 

 Lb. helveticus 

 Lb. plantarum 

2.5.3. Product for which used 

Yoghurt:  Streptococcus thermophilus 

            Lactobacillus delbrueckii subsp bulgaricus 

Swiss cheese:  Streptococcus salivarius subsp thermophilus 

            Lactobacillus delbrueckii subsp bulgaricus 

            Lactobacillus helveticus 

           Lactobacillus casei 

2.5.4. Based on the flavour production: The starters are grouped into B, D, BD and N type 

based on their ability of flavour production 

B (L) type:  Leuconostocs as flavour producer (old name is Betacocccus) 



 Starter Cultures and Fermented Milk Products 

 

 

19 

D type: L. lactis subsp lactis biovar diacetylactis 

BD (LD) type:  Mixer of both of the above cultures 

N or O type:  Absence of flavour producing organism 

2.5.5. Based on the type of fermentation: The starters are classified as homo or hetero 

fermenter based on end products resulting from glucose metabolism. 

Homo fermentative cultures: eg. Lactococcus lactis subsp lactis 

Hetero fermentative cultures eg. Leuconostoc dextranicum  

  

 

*****☺***** 
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Module 3. Propagation of Starter Cultures 
 

Lesson 3.  
Purpose of Propagation, Traditional Methods-Advantages And Limitations.  

 

3.1. INTRODUCTION  

Starter propagation is the most important operation of the quality control unit of dairy plant 
as the quality of starter is having a direct bearing on the quality of finished product. The 
main aim of propagation is to maintain pure cultures and activate cultures without any loss 
of viability . The culture organisms are preserved in small quantities known as‗stock 
cultures‘. Fermentation process of any cultured dairy product relies on the ‘purity’ and 

‘activity’ of the starter culture. 

An active starter must have the following characteristics  

1. Must be active  

2. Must contain maximum number of viable organisms  

3. Must be free from contaminants  

 

To obtain the above qualities of culture  

1. The inoculum (Inoculation) is carried out under aseptic conditions  

2. Growth is initiated in a sterile medium  

3.2. TRADITIONAL METHOD 

The traditional method is also known as simple microbiological technique. In this method the 
starter are propagated in the laboratory itself taking the stock cultures which are in in-active 
state or dormant state. Commercial manufacturers provide starter cultures in lyophilized 
(freeze-dried), frozen or spray-dried forms. These cultures cannot be added directly in the 
milk to initiate fermentation process because they are in an in-active state. They need to be 

brought in to active form and also scale up to prepare bulk quantities.  

The dairy product manufacturers need to inoculate the culture into milk or other suitable 
substrate. Number of steps are to be followed during propagation of starter culture for ready 
to use. They can be seen from the following:  
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I. Stock culture: can be obtained from  

1.Research establishments  

a.WDCM - The World Directory of collection of cultures of microorganisms.  

Situated at the National Institute of Genetics, Shizuoka, Japan  

http:// wdcm.nig.ac.jp  

b. NCDC - National Collection of dairy Culture- NDRI ,Karnal.  

c. ATCC -American Type Culture Collection  

P.O Box 1549,Manassa, VA 20108, USA  

Web: http:// www.atcc.org.  

d.ECCO - European Culture Collections Organization  

e.NCFB - National Collection of Food Bacteria-UK  

f.NCIM - National Collection of Industrial Microorganisms- Pune  

g.NIZO - Netherlands Dairy Research Institute  

2. Educational Colleges  

3. Cultural stock Organizations  

4. Commercial manufacturers  

a. Chr.Hansen laboratoriam-Harsholm, Denmark. Specialized in DVS (Direct 
vat Set) cultures and ready set cultures. In India- ESDEE chemocrats, 46 
White Hall, 143 A, Kranti Marg, Mumbai-400 036  

b. Wisby laboratoriam - Tonder , denmark.Specialized in DIP (Direct-in-
product) cultures for direct inoculation of milk.In India- Food & Pharma 

specialities, D-22, Nizamuddin East, New Delhi  

c. Gist-brocades- Delft, TheNeteherlands- In Australia & USA  

II. Mother culture - (first inoculation): allcultures will originate from this preparation.  

III. Intermediate culture (feeder) –is used in preparation of larger volumes of prepared starter.  

IV. Bulk starter culture - this stage is used in dairy product production.  

 



 www.AgriMoon.Com 

 

 

22 

3.2.1. Scale up system of propagation:  

 
Stock and mother cultures are propagated in laboratory and feeder and bulk cultures in the 

starter room of the dairy plant.  

 

 
 
 

Different stages of starter propagation are:  

1. Selection of milk  

2. Treatment of milk  

3. Inoculation  

4. Incubation  

5. Cooling of starters  
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3.2.2. Selection of milk : Milk is a good medium for the propagation of starters because it 
gives better and milder flavour,better viscosity. The milk meant for the starter propagation 
should be of high quality.  

 Milk of first grade should be used  
 Milk of abnormal quality i.e. mastitis milk or colostrums milk or late lactation milk 

should not be used  
 Milk should be free from antibiotic residues  
 Milk should be free from bacteriophage  
 Milk should not contain residues of detergents and sanitizers  
 Milks should have a low bacterial load  
 Milk should have high SNF content  

 Milk should have clean flavour and odour  

Milk of above characteristics is difficult to obtain and hence the NFDM (SMP) is used for the 
propagation of starters as it avoids daily variations. Flavour and odour defects are easy to 
detect if skim milk is used for the starter propagation.Skim milk with a total solids content of 

10-11 % is desirable for the propagation of starters.  

3.2.3. Treatment of Milk: Milk is usually subjected to heat treatment before using for the 
inoculation of starters.  

The purpose of heat treatment is  

 To inactivate harmful organisms and bacteriophage in milk  
 To inactivate the natural germicidal properties of milk such as immunoglobulin, LP 

system, lactoferrin and lysozyme.  
 To reduce the oxidation reduction potential of milk by driving out the dissolved oxygen  
 To denature the proteins to make available the nitrogenous compounds for the 

bacteria and also formation of SH compounds which in small concentration act as 
stimulants for the growth of starters.  

 To improve the viscosity of the finished culture due to denaturation of whey proteins 

by improving their water retention properties to minimize the wheying off.  

A heat treatment of milk to 90 0C for 1 hour or boiling/steaming for 30 min is usually 
preferred. Autoclaving at 121 0C for 15 min is also followed but this may result in the 

formation of curd with soft and sloppy body and texture. It may also give rise to scorched 
flavour making the curd difficult to judge. Tyndalization of reconstituted skim milk is the 
best.  

Tyndalization  

a. First day the reconstituted skim milk is autoclaved at 110 0C under 10 lbs pressure for 10 
minutes. The milk samples are kept at room temperature so that the spores which escaped 
the heat treatment may geminate and cause curdling of milk if they are present in large 

number.  

b. On the second day the samples are examined for any curdling. The curdled samples are 

discarded and the other samples are steamed for 30 minutes.  
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c. After steaming the milk samples are kept at room temperature.  

d. On the third day the samples are again examined for any curdling. The curdled samples 

are discarded and the other samples are again steamed for 30 minutes.  

e. The samples so sterilized are either kept at room temperature or in refrigerator till they are 

used.  

3.2.4. Inoculation: Inoculation is preferred with sterilized equipment. Inoculation has to be 
carried out in separate rooms with UV lamp designated for this purpose or by using Laminar 
flow system. Freeze dried ampoule is sterilized with alcohol and liquid culture tubes are 

shown to flames.  

The amounts of inoculums depend on the activity of starter, temperature of incubation and 
time of incubation. Normally 0.5% to 2.0% is used subject to variations depending upon the 
situation. Possibilities of external contamination are minimized as far as possible by working 

quickly.  

 

3.2.5. Incubation: Incubation temperature depends on the amount of inoculum and on the 
type of starter culture. For the mesophilic organisms the temperature is 21-22 0C for 14-16 
hours and for the thermophilic organisms it is 41-43 0C for 3 -4 hours. Change in 
temperature may affect the composition of starters in mixed population.  

3.2.6. Cooling: After incubation the culture is cooled to stop further development. 

Refrigeration appears to give appropriatecooling effect.  

The drawbacks in traditional method of propagation is  

1. Time consuming  

2. Requires skilled operators  

3. May lead to contamination by bacteriophage.  

 

*****☺***** 
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Lesson-4 

Mechanically and Chemically Protected Systems for Starter Propagation 

4.1 INTRODUCTION 

Starter cultures are generally propagated by using traditional method which is a 

cumbersome process involving several steps. Always a technical person is required to 

propagate the active and pure culture without any contamination. To avoid starter 

contamination and variation in activity of cultures, now-a- days, several methods have come 

into practice as detailed below.  

4.2 PRODUCTION SYSTEMS FOR BULK STARTER CULTURES 

The aim of production systems used for bulk starter cultures is to produce a pure active 

culture free from contamination, mainly from bacteriophage. 

1. Simple microbiological technique 

2. Employment of mechanically protected equipment 

3. Propagation in Phage Resistant Medium /Phage Inhibitory Medium (PRM/PIM) 

4.3 MECHANICALLY AND CHEMICALLY PROTECTED SYSTEMS  

4.3.1 Employment of mechanically protected equipment: 

Two aspects are important, when employing mechanically protected equipment i.e, 

a) Growth medium is heated and cooled to incubation temperature in a completely 

closed vat 

b) Inoculation of the starter takes place through a barrier which prevents the entry of 

contaminated external air. 
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4.3.1.1. Lewis system: This system involves the use of a two way hypodermic needle to 

carry out the transfer of stock cultures to mother culture, mother to feeder and feeder to 

bulk starter. All inoculations take place through a barrier of chlorinated water. Re-usable, 

collapsible polythene bottles are used at each stage. The bottles are fitted with Astell 

rubber seals and a screw cap. 

 

4.3.1.2. Alfa-Laval system: The principle is similar to the above but the tank is of different 

design. Sterilized air is used instead of squeezing. Two needles are used. Short needle are 

used for sending sterilized air in and to force the culture through long needle to next 

container. 

The other systems are- Terlet-Zutphen system, Jones system, Silkberg /Pasialc system etc., 

4.3.2 Propagation in Phage Resistant Medium /Phage Inhibitory Medium (PRM/PIM) 

Phage resistant medium is used mostly for mesophilic starter cultures by using the 

ingredients like milk solids, sugar, stimulatory compounds (yeast extract, pancreatic extract), 

phosphate citrate buffer, chelating agents (ammonium or sodium phosphate). These 

chelating agents bind with Ca++ and Mg++ as these ions are required by the bacteriophage 

during the proliferation and replication. The bacteriophage also requires these ions for the 

phage adsorption onto the bacterial cell. 

 

4.4 STARTER SYSTEMS  

4.4.1. Bulk set: The supplier provides the user with a small amount of culture which is then 

fermented by the user through one or two stages to produce a volume of bulk starter. 

Typically fermentation takes place at 22-26 °C for 14-16 hr for mesophilic and at 43 °C for 

4.5 to 5 hr for thermophilic starter. A significant portion of this time is taken up by the lag 
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phase as cells repair themselves from their storage mode. This starter then may be used 

immediately by inoculating into production milk (1% for cheddar, 3% for yoghurt). 

4.4.2. Direct vat inoculation: - This is made available in more concentrated form in large 

volumes such that the product can be inoculated directly into the production milk. In both 

cases inoculation into pasteurized medium ensures an active starter dominating the 

fermentation. 

4.5 MAIN OPERATING METHODS  

The main starter operating systems for controlling the bacteriophages are 

a) Rotational  

b) Non-rotational  

c) Dutch P/L system 

4.5.1 Rotational: This is the method of choice traditionally. Different culture is used for 

each fill of the vat and the same culture would not be reintroduced for 5 days or for one 

production week. The concept is that the regular change of a culture would prevent the 

build-up of a bacteriophage and thus avoid starter failure because phages are generally but 

not exclusively virulent against one host type. The effectiveness of the system can be 

improved by regular phage monitoring to highlight problematic cultures allowing them to be 

removed from use before they fail. 

4.5.2 Non-Rotational: This is originally developed in New Zealand. This is based on the 

identification of a small number of highly characterized single strain phage resistant 

bacteria. These individual strains are introduced into the plant normally as blend of three, 

where they are used continuously. Phage testing to monitor the development of phage 

against any of the strains is carried out. When the phage levels are likely to affect acid 

production (105 or above are detected) the strain is removed and replaced by a suitable 

alternative. It is normal for such systems to require very great attention to hygiene and 

production discipline. Such systems have been attended by outstanding success particularly 

in their ability to practically eliminate bacteriophage problems. However, staff knowledge and 

plant design must be compatible with the hygienic standards. 

4.5.3 Dutch P/L system: It is based on the proposition that if mixed cultures are 

transferred in an environment which deliberately exposes them to bacteriophage and the 

resulting mix of cultures may include new phage resistant mutants and this will help operate 

satisfactorily in the production environment. But it is heavily dependent on having skilled 

microbiologists on site to manage the system. 
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4.6. SOME POINTS FOR AN EFFECTIVE STARTER SYSTEM 

 Define the starter objectives in the plant. 

 Recognize the physical as well as human constraints. 

 Ensure all staff involved understands the system and what is required of them. 

 Ensure all staff involved understands the bacteriophage, its seriousness and the part 

they can play in limiting its effects. 

 Ensure that the movements of air, water, people and product are known and their role 

as potential channels for phage attack. 

 Consider the role of HACCP. 

 Be obsessive in hygiene and production disciplines associated with starter production 

and usage. 

 Institute prospective phage monitoring by daily whey testing. 

 Monitor the results against the objectives defined. 

 

 

*****☺***** 
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Module 4. Metabolism of starters and biochemistry of fermentation 
 

Lesson-5 

Metabolism in Starter Cultures 

5.1 INTRODUCTION  

The primary function of Lactic Acid Bacteria (LAB) is to produce lactic acid by fermenting the 

milk sugar lactose. Fermentation of lactose is carried out by different pathways by different 

types of starter cultures. Microbial cells derive their energy requirements via  

Fermentations 

Tri-carboxylic acid cycle 

Cytochrome system for terminal electron transport 

Enzymes that operate anaplerotic pathway 

5.2 PRODUCTION OF LACTIC ACID (CARBOHYDRATES METABOLISM) 

Lactose is a disaccharide constituting about 40% of milk solids. Lactic acid bacteria use two 

strategies to hydrolyse lactose. 

β-D galactosidase ( lactase or β- gal) 

β-D phosphogalactosidase (β- p-gal) 

Many lactic acid bacteria possess both β- gal and β- p-gal enzymes. Most lactobacilli have β- 

gal enzyme except L. casei which exhibits β- p-gal activity. Lactococci in natural systems 

posses both but in starter cultures only β- p-gal activity is seen.  

Lactose is transported into the lactic acid bacteria via two systems i.e through Permeases 

and through Phospho-enol-pyruvate dependent phospho-transferase system (PEP:PTS). 

Lactose is broken down to glucose and galactose by β-D galactosidase by catalization of 1-4 

β- galactosidic bond in lactose. 

Glucose is used in both aerobic and anaerobic organisms. Aerobic organisms are evolved 

from anaerobes and retained the fermentative pathway, but being able to utilize oxygen, the 

aerobes have mechanisms to complete the catabolism of end products to CO2 and H2O. 

Anaerobic pathway leads to incomplete breakdown of glucose releasing small amounts of 

energy. TCA cycle is aerobic and in this glucose or acetate is oxidized to CO2 and H2O. 

Electrons removed from substrates, as they get oxidized, are transported to molecular 

oxygen. 
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5.2.1 Homo-fermentation:  

In homo-fermentative lactic acid bacteria the lactose transport across the cell membrane 

involves the Phospho-enol-pyruvate dependent phospho-transferase system wherein the 

lactose is phosphorylated to lactose-P (glycosyl β galactoside-6-Phosphate) during its 

translocation (Figure 5.1).  

In this system the lactose-P is hydrolyzed by β-phospho-galactosidase (β-D 

phosphogalactoside- galactohydrolyse) to D-glucose and galactose-6 phosphate. Glucose is 

metabolized to pyruvate via Embden Meyerhof Pathway (EMP). In the metabolism of galactose 

it is first converted to glyceraldehydes -3 phosphate via D-tagatose-6 phosphate pathway.  

So two pathways are involved 

EMP for the metabolism of glucose 

tagatose 6-phophate pathway for metabolism of galactose 

Lactose in organisms like S. thermophilus and Lb. bulgaricus is transported into the cell by 

the enzyme Permease and or PEP: PTS system. These organisms possess β-D galactosidase 

(β-gal) enzyme which hydrolyses lactose into β-D galactose and D-glucose. Glucose is 

converted into lactic acid via EM (Embden Meyerhof) pathway. Galactose is excreted from the 

cell or may be utilized by other bacteria producing other than lactic acid. But some of the 

homofermentative organisms under some special conditions such as absence or limiting 

glucose or lactose or particular pH under take heterofermetations. 
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5.2.2 Hetero fermentation: Lactic acid bacteria producing large quantities of ethanol, co2 as 

well as lactic acid when grown on lactose or glucose are considered as hetero fermentative 

organisms. The end products of CO2, lactic acid and ethanol during heterofermetation are 

formed through three distinctive chemical reactions as detailed below and as depicted in 

Figure 5.2. 

CO2 is produced by the oxidative decarboxylation of 6-phosphogluconate 

Ethanol is produced by reduction of acetaldehyde 
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Lactic acid is produced by EM pathway 

 
5.3 PRODUCTION OF FLAVOUR COMPOUNDS (CITRATE METABOLISM) 

Citrate content of milk varies between 1.4 – 2.0 g per kg of milk. Cellular uptake of citrate is 

by plasmid encoded enzyme citrate Permease in Lactococcus lactis ssp lactis biovar 

diacetylactis. Citrate lyase is induced by the presence of citrate. There are two pathways for 

the formation of diacetyl, as shown in Figure 5.3.  
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Chemical—by oxidative decarboxylation of α acetolactate which is excreted into milk by 

bacteria cells.  

Enzymatic—diacetyl is formed in cells by the reactions of acetyl Co-A and activated 

acetaldehyde 

Diacetyl is an intermediate product. So concentration varies during manufacturing of 

cultured dairy products and it may disappear subsequently. There is relationship between 

the concentration of diacetyl and acidity of the product. To achieve the highest concentration 

of diacetyl in fermented milk the following criteria are to be fulfilled i.e pH has to ≤ 4.6 for 

controlling diacetyl and the citric acid has to be completely fermented. 

Dairy products require some diacetyl concentration for acceptable flavour. Active diacetyl 

reductase reduces flavour by converting diacetyl to acetoin. The potential source of the 
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diacetyl reductase is the contaminating bacteria especially Gram negative psychrotrophs, 

coliforms and yeasts. 

5.4. PROTEIN METABOLISM  

The hydrolysis of protein to yield amino acids can be accomplished in two major stages: 

The range of products released by proteolysis is dependent on two main factors:  

Firstly, the components of the milk protein fraction, and  

Secondly, the types of proteolytic enzymes that the starter organisms may possess. 

Proteolytic enzymes: These enzymes, as the name suggests, are specific in their action, and 

their main function is to catalyse the hydrolytic cleavage of the peptide bonds which form the 

backbone of the protein molecule.  

Enzymes acting on peptide bonds are known as peptide hydrolases, and till date a large 

number of such enzymes have been identified. In the past the name given to an enzyme was 

derived from the substrate involved. At present it can be observed that the peptide 

hydrolases are divided into two main groups, i.e. the peptidases and the proteinases. The 

peptidases are also known as exopeptidases which specifically catalyse the hydrolysis of 

terminal α-amino or α-carboxyl groups of the peptide bonds 

The proteinases are also known as proteolytic enzymes, endopeptidases or peptidyl-peptide 

hydrolases, which catalyse the hydrolysis of the internal peptide linkages of protein. 

Yoghurt starter cultures are weak in proteolytic fermentation. S. thermophilus and L. 

bulgaricus may produce proteolytic enzymes, during the fermentation, which cause a 

significant degree of proteolysis, and this activity may be important for the following reasons: 

The enzymatic hydrolysis of milk proteins results in the liberation of peptides of varying sizes 

and free amino acids,  

The possible changes due to proteolytic activity can affect the physical structure of yoghurt. 

The liberation of amino acids into the milk is essential to the growth of S. thermophilus. 

Although amino acids and peptides may not contribute directly towards the flavour of 

yoghurt, they do act as precursors for the multitude of reactions which produce flavour 

compounds. 
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Lesson-6 

Vitamin Metabolism in Starter Cultures 

6.1. INTRODUCTION 

Milk and yoghurts contains both fat- and water-soluble vitamins and various 

antimicrobial compounds synthesised by the starters. The content of these vitamins 

changes during the growth of starter cultures in fermented milk products preparation. 

The change in vitamin content could be either an increase or decrease in the finished 

product as explained below. 

6.2. INCREASE IN VITAMIN CONTENT 

 Vitamins which increase during the actual manufacture of yoghurt are niacin and folic 

acid, because they are actively synthesised by the starter cultures. The increases in 

folic acid and niacin in yoghurt (made from whole milk fortified with 2 % solids-not-fat 

and incubated for 3 hours at 42°C) amounts to 3.946 and 22µg/ 100 g respectively 

and the losses in storage may exceed these gains in due course. Although there is a 

general agreement that vitamin B12 decreases during yoghurt production, but some 

species of Lactobacillus and strains of yoghurt starter culture synthesise vitamin B12.  

 S. thermophilus and Lactobacillus delbrueckii subsp bulgaricus synthesise niacin and 

folic acid and, to a lesser degree, than vitamin B6 during the production of yoghurt. 

6.3. DECREASE IN VITAMIN CONTENT  

An excess of dissolved oxygen and/or a moderate heat treatment of milk can reduce 

significantly the vitamin content, and the most susceptible ones are vitamin C, B6, B12 

and folic acid.  

 Excessive heat treatments of the milk, e.g. boiling for 5 minutes, cause even greater 

losses of the above vitamins; for example, vitamin B12 is reduced to 1.78 µg/litre.  

 The yoghurt starter bacteria utilise some of the vitamins present in milk during the 

fermentation period to meet their growth requirements. This factor contributes, to 

some extent, to a reduction of the nutritional properties of the product. However, the 
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quantities consumed are dependent on the rate of inoculation, the strain of yoghurt 

starter and the conditions of fermentation.  

 Some vitamins decrease during the storage of yoghurt at 4°C. During the storage of 

yoghurt at 5°C for 16 days, loss of folic acid and vitamin B12 is 28.6 and 59.9 % 

respectively. A decrease in the biotin, niacin and pantothenic acid contents, and these 

losses were due to the combined effect of microbial catabolism during the incubation 

period, and chemical decomposition of these vitamins during cold storage. This latter 

aspect was confirmed in yoghurt made by the direct acidification method rather than 

by microbial fermentation. 

6.4. BIOSYNTHESIS OF FOLIC ACID (FOLACIN)  

  The "folic acid group" (or "folates") is a generic name given to around ten different 

compounds which share a basic structural unit connected to "conjugates" of different 

numbers of glutamic acid residues. Many organisms require folacin as a growth factor. It 

functions as a coenzyme in many different biochemical reactions, i.e. as an activator and 

carrier of carbon units during oxidation and it participates in the metabolism of purines, 

pyrimidines and some amino acids 

6.5. BIOSYNTHESIS OF NIACIN 

The niacin activity was exhibited by nicotinic acid and nicotinamide. The former 

compound constitutes part of the structure of the two important coenzymes, i.e. NAD 

and nicotinamide adenine dinucleotide phosphate (NADP). These two coenzymes are 

composed of adenylic acid and nicotinamide ribotide linked through their phosphate 

groups. As NAD and/or NADP are essential for many oxidative/reductive biochemical 

reactions, the niacin synthesised by S. thermophilus and Lactobacillus delbrueckii subsp 

bulgaricus may originate from the nicotinamide fraction arising during the formation of 

NAD and/or NADP. The biosynthesis of these nucleotides involves, basically, the 

following steps: firstly, the synthesis of a sugar moiety and secondly, the synthesis of the 

pyrimidine or purine base. Alternatively, after this formation of NAD and/or NADP, the 

nicotinamide fraction could be released as a result of the degradation of these 

nucleotides. 
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Nicotinic acid is derived by a few bacteria from the metabolism or breakdown of 

tryptophan, a pathway which is dependent on the availability of certain vitamins, e.g. 

thiamine, riboflavin and vitamin B6, to activate the required enzymes. As S. thermophilus 

and Lactobacillus delbrueckii subsp bulgaricus utilises these vitamins and tryptophan 

does not accumulate during yoghurt production, it is possible that these organisms use 

the vitamins for the synthesis of niacin. 

6.6. Biosynthesis of Vitamin B6: The activity of vitamin B6 is exhibited equally by the 

following compounds: pyridoxine, pyridoxal and pyridoxamine. The basic structure of 

these compounds is similar which consists of a pyridine ring, but they differ in the 

respect of the radical components as follows: 

 
 

No information is available on the biosynthesis of the pyridine ring in microorganisms, plants 

or animals; however, the different forms of vitamin B6 are inter convertible by 

microorganisms. In view of the limited knowledge of the synthesis of vitamin B6 in general, it 

is difficult to suggest any possible metabolic pathway by which S. thermophilus and 

Lactobacillus delbrueckii subsp bulgaricus might synthesis this vitamin. 

 

*****☺***** 
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Module 5. Quality and activity of starters  

Lesson- 7 

Antimicrobial Compounds Produced By Starters and Interactions among Starter 
Cultures 

7.1 INTRODUCTION  

Starter cultures are known to produce a number of antimicrobial compounds during the 

preparation of fermented milk products. These antimicrobial compounds are very effective 

against many Gram positive bacteria and exhibit therapeutic properties. The starter cultures 

grow in association with other bacterial cultures and such association will vary depending 

upon the characteristics of the organisms grown in a particular environment.  

7.2. ANTIMICROBIAL COMPOUNDS 

Fermented milks are well known for their therapeutic properties. This is primarily due to 

their ability to fight against intestinal pathogens. The effect is exerted by LAB through 

production of several antimicrobial compounds and /or creation of unfavourable conditions 

for other bacteria. The primary compounds responsible for such effects are, 

1. Organic acids: Lactic acid, acetic acid, propionic acid etc 

2. Hydrogen ion concentration (pH) 

3. Low oxidation reduction potential 

4. H2O2 and CO2 

5. Aroma compounds- diacetyl, acetaldehyde 

6. Fatty acids 

7. Bacteriocins 

7.2.1. Organic acids: Lactic acid is the major metabolite of LAB fermentation. At low pH it is 

found in its undissociate form and is toxic to many microorganisms. 

Acetic acid and propionic acid are more antimicrobial than lactic acid due to higher pKa 

values. 

The antimicrobial effect of organic acid lies in the reduction of pH as well as the undissociate 

forms of molecules. The low external pH causes acidification of cell cytoplasm, while the 

undissociate form of molecule may cause alteration in the cell membrane permeability, 

collapsing the electrochemical proton gradient that results in disruption of substrate transfer 

system.  
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7.2.2. H2O2 and CO2: Some lactobacilli are known to produce H2O2 in the presence of 

flavoprotein oxidase or NADH peroxidase from glycerol, under aerobic conditions. The 

antimicrobial activity of H2O2 results from the oxidation of –SH groups causing denaturation 

of number of enzymes and from the peroxidation of membrane lipids thus the increased 

membrane permeability. H2O2 also acts as a precursor for the production of bactericidal free 

radicals such as superoxide O2
- , hydroxides –OH that can damage DNA. 

 

Flavoprotein  
Glycerol --------------------- H2O2 
Oxidase 
Xanthine oxidase  
Acetaldehyde --------------------- H2O2 
Glucose oxidase 
Lactobacillus species and Lactococcus species can produce H2O2 while CO2 is mainly 

produced by heterofermentative LAB. The precise mechanism of its action is still unknown, 

but it is believed that it may play a role in creating an anaerobic environment which inhibits 

enzymatic decarboxylation reactions and the accumulation of CO2 in the membrane lipid 

bilayer may cause defunctioning in permeability. 

7.2.3. Aroma compounds 

Diacetyl produced by LAB inhibits the growth of Gram negative bacteria by reacting with the 

arginine (Arg) binding protein, thus affecting Arg utilization & finally interfere with protein 

synthesis. 

Acetaldehyde can also be toxic to many bacteria and it is converted to H2O2 in the presence 

of xanthine oxidase or glucose oxidase activities. 

Xanthine oxidase 

Acetaldehyde --------------------- H2O2 

glucose oxidase 

7.2.4. Fatty acids 

Under certain conditions some lactobacillus and lactococci possessing lipolytic activity may 

produce significant amount of fatty acids. The unsaturated fatty acids are active against 

many Gram +ve bacteria and antimicrobial action may be due to the undissociated molecule. 

7.2.5. Bacteriocins 

These are proteinaceous compounds produced by bacteria which are inhibitory to many 

bacterial species. 

As shown in Table 7.1 many LAB produces bacteriocins & other antibiotic like proteineous 

substances. These substances are found to be active against many spoilage and pathogenic 
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microorganisms. Their nature and structure is not well known, except for nisin. However, 

many reports claim them to be proteinous in nature, which are stable at low pH, high 

temperature and many other adverse conditions. The pathways of their metabolism are still 

to be studied. Further it is known that production of such compounds is encoded by plasmid 

DNA. 

Table-7.1: Bacteriocins produced by lactic acid bacteria 

S.N. Species Compound 

1. Lactococcus lactis subsp lactis Nisin 

2. Lactococcus lactis subsp cremoris Diplococcin 

3. Lb. reuteri Reuterin (non-protein) 

4. Lb. acidophilus Acidolin 
Acidophilin 
Lactocidin  

5. Lb. brevis Lactobacillin 
Lactobrevin 

6. Lb .bulgaricus Bulgaricin 

7. Lb .fermenti Bacteriocin 

8. Lb. helveticus Lactacin 27 
Helveticin J 

9. Lb. plantarum Lactolin 

10. Pediococcus acidolactici Pediocin 
Bacteriocin 

11. S. thermophilus Unnamed 

 

Nisin: It has a narrow spectrum anti-bacterial activity and does not inhibit Gram –ve 

bacteria, yeast, or fungi. Closely relative organisms like Lactococcus lactis subsp cremoris are 

more sensitive. It is effective against spore formers. Its synthesis occurs as pronisin in the 

cell and it converts form pronisin to nisin in the outer layer of the cell.  

7.3. TYPES OF INTERACTIONS AMONG STARTER CULTURES  

Microbial association in the same environment can be Neutralism, Antagonistic (negative) 

and Symbiosis (Positive) 

Neutralism: This type of association is most unlikely as the two organisms living in a close 

proximity are not affected by each other. This may exist between two organisms whose 

growth requirements are quite different and hence affect neither kind as there will be no 

competition between these two for nutrients. 

Antagonistic association: When an organism adversely affects the environment of another 

organism it is said to be antagonistic. Antibiosis is antagonistic association between two 

organisms in which one is adversely affected 
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Eg. Production of antibiotic or inhibitory substances by one organism that affect the 

growth or survival of another organism. Lactic acid bacteria produce lactic acid that is 

inhibitory to spoilage organisms 

Symbiosis: Symbiosis is defined in the dictionary as the relationship between two (or more) 

organisms that live in a close association that may but is not necessarily of benefit to each. 

This dictionary definition is a bit misleading. In the vast majority of symbioses one or both 

partners gain something positive from the association. A pair of symbionts may be able to 

live separately, but they almost always do better in the long run by living together.  

Mutualism – each organism benefits from the association but the manner in which benefit is 

derived varies 

Exchange of nutrients between two species (Syntrophism) 

Association results in metabolic end products which are different from association as 

compared with sum of the products of separate species.  

eg. Proteus vulgaris ferment lactose and produce acid, Staphylococcus aureus  

ferment lactose and produce acid but together they produce gas and acid 

Commensalisms: It refers to a relationship between microorganisms in which one organism 

benefits from the association but the other organism is not affected. Host organism by its 

growth affects the physical or physiological environment in such a way that the 

commensal species is favoured. 

Facultative organism grows and produces anaerobic conditions that favour growth of 

anaerobes 

Growth of yeasts in sugar solutions reduce the concentration of sugar thus permitting 

growth of bacteria 

Synergism: The ability of two or more organisms to bring about an effect greater than the 

sum of their individual effects, (or the changes usually chemical in nature that neither can 

accomplish alone) 

The growth association between the two organisms (S. thermophilus and Lactobacillus 

delbrueckii subsp bulgaricus) of the yoghurt starter culture is termed a symbiosis. The two 

lactic acid bacteria grown in association in milk and their growth is considered symbiotic 

because the rate of acid development was greater when mixed yoghurt cultures of S. 

thermophilus and Lactobacillus delbrueckii subsp bulgaricus bacteria were used as compared 

with the single strains. 

When mixture is inoculated into the milk, the cocci grow much more rapidly than rods often 

out numbering the rods by three or four to one at the end of the first one hour of the 
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incubation at 45°C. Thus the initial acid production is mainly due to activity of S. 

thermophilus. Gradually rods increase in number and at the end of incubation period they 

again approximate the cocci numbers. Acid production during that latter part of the 

incubation period is accomplished by Lactobacillus delbrueckii subsp bulgaricus. 

Lactobacillus delbrueckii subsp bulgaricus stimulates S. thermophilus by releasing several 

amino acids (example histidine, leucine, lysine, cystine, valine etc.,) and the most important 

being Valine. S. thermophilus produces formic acid which promote the growth of Lactobacillus 

delbrueckii subsp bulgaricus. The other stimulatory compounds produced by S. thermophilus 

are pyruvic acid and carbon dioxide. Module 5. Quality and activity of starters  

 

 

 

 

*****☺***** 
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Lesson-8 

Activity & Purity Test and Standards for Starter Cultures 

8.1. INTRODUCTION 

The starter cultures, for the production of a fermented milk product, are chosen based on 

certain properties. The ideal properties that a good starter should possess should be 

assessed regularly. The quality control tests include organoleptic, chemical and 

microbiological tests.   

8.2. PROPERTIES OF IDEAL STARTERS  

1. A good starter should have the ability to produce lactic acid at vigorous and steady rate. 

2. A starter should be pure without any contaminants 

3. It should be able to grow rapidly in suitable organic substances 

4. It can be easily cultivable in large quantities 

5. It should be able to maintain physiological constancy  

6. It should be able to produce necessary enzymes readily and profusely in order to bring 

about the desired chemical changes 

7. It should have the ability to carry out transformation under comparatively simple and 

workable modifications of environmental conditions 

8.3. ACTIVITY AND PURITY TESTS OF STARTER CULTURES  

Activity and purity of starter cultures are judged by organoleptic, chemical and microbial 

tests such as  

1. Organoleptic tests 
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2. Chemical tests 

3. Microbial tests 

4. Purity tests 

5. Activity rating tests 

8.3.1 Organoleptic tests  

Organoleptic tests require high degree of training and experience. These tests measure the 

qualities i.e appearance, flavour and consistency  

8.3.1.1 Body: The body should be like firm custard. The texture should be such that the 

curd be able to retain its shape during gentle tapping of culture and on pronounced tapping 

it should break clearly and smoothly.  

8.3.1.2 Texture: It should not be lumpy and should not have whey pockets and should be 

smooth and viscous after thorough agitation. 

8.3.1.3 Taste: The taste should be clean and acidic, without bitterness and saltiness.  

8.3.1.4 Flavour: Should have typical aroma; be free from off flavours and free from aroma 

like malty, bitter, rancid, unclean, yeasty, fruity and putrid etc. 

8.3.2 Chemical tests:  

Various chemical parameters used for assessing the activity of starters include  

Titratable acidity 

Volatile fatty acids 

Tests for diacetyl and acetyl methyl carbinol 

Tests for acetaldehyde 
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8.3.3 Microbiological methods:  

The microbiological methods used for determining the activity and purity of starter 

microorganism are 

• Plate count test 

• Direct microscopic count test: The ratio between rods and cocci can be obtained 

• Selective plating techniques 

• Tests for the contaminants like coliforms, yeasts and molds (both should be absent in  1 

ml of culture). Starter must be free from foreign bacteria, yeasts and molds.  

Depending upon the type and number of contaminants, the starter bacteria could be 

edged out in the competition for essential nutrients. Use of poor quality milk powder or 

improper heat treatment of the starter media are two possible reasons. 

8.3.4. Purity tests  

The purity of the starters is evaluated by using microscopic or chemical tests  

8.3.4.1 Microscopic examination: This is performed by Grams staining or Newman‘s stain. 

Gram -ve bacteria, spore formers, yeasts and molds and staphylococci etc should be absent. 

The lactic bacteria should appear as Gram +ve cocci or thin rods. 

8.3.4.2. Catalase test- Add few drops of 3% hydrogen peroxide to starter culture. Presence 

of effervescence indicates possible contamination of the given culture. Lactic acid bacteria are 

negative for catalase and thus catalase positive test indicates contamination of starters 

8.3.5. Activity rating  

The starters are evaluated for their activity using different methods 

8.3.5.1 Titratable acidity test: The cultures lose their activity due to acid injury if they are 

 allowed to over ripen. A developed acidity in the range of 0.7 to 0.85% LA is optimal. 
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8.3.5.2. Horral Elliker’s test: It is used mainly for mesophilic type of cultures. Prepare and 

sterilize the reconstituted milk. With sterile pipettes, transfer 0.3 ml of starter culture to be 

tested into each tube with 10 ml portions of this milk. Place tubes of milk in a water bath 

and adjust temperature to 37.7°C. Incubate inoculated tubes at 37.7°C for 3 1/2 hours. At 

end of incubation period, the entire contents of each tube are titrated with N/10 sodium 

hydroxide and phenolphthalein indicator. A titration value of 0.4 %LA or higher indicates 

that the culture should be well suited for cheese making. A titration value of 0.30% to 0.35 % 

LA indicates a slow culture. Starter developing acidity of less than 0.30 % LA invariably 

graded as inactive as it produces little or no acid during cheese manufacture. 

8.3.5.3. Whitehead-Cox Activity Test: Whitehead and Cox have recommended an activity 

test simulating some basic conditions of starter development in cheddar cheese and have 

used their method extensively for determining how well suited cultures are for this purpose  

Take 1,000 ml pasteurized milk and adjust to a temperature of 30°C. 

Add 10 ml of culture, to be tested.  

Ripen for one hour or the usual ripening time used, in any specific factory.  

Add 2 ml of rennet.  

Cut the curd when set. The curd is cut with a spatula or knife.  

Heat the curd to the usual cooking temperature, ranging from 38-39°C, or higher, 

whatever is commonly used.  

Hold the curd at the final cooking temperature for about 1/2 hour, or a little longer. 

Drain the whey and test its acidity. About 25 minutes later, test the whey which has 

drained from the curd and dump the remaining whey from the container. This is 

assumed to be equivalent to packing.  

Now test the acidity of whey which has drained from the curd, and this is the final 

activity test value.  
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8.3.5.4. Creatine test: The creatine test makes it possible to quickly secure general 

information on the comparative amounts of acetyl methyl carbinol plus diacetyl. It is a 

common method used for indicating diacetyl content in flavour producing mesophilic 

cultures (dahi, lassi, buttermilk, cultured cream, cottage cheese etc.).The cultures form a 

pink coloured complex with creatine. 

8.3.5.5. Dye reduction test: An excellent culture reduces the resazurin dye or methylene 

blue dye in 35 min and a fairly good culture takes 50 to 60 min. 
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Module 6. Causes of slowness of starters 
 

Lesson 9 
Problems associated with starter itself, with control of starters, with milk and with 

production method 

9.1. STARTER DEFECTS  

1. Insufficient acid production  

2. Insufficient flavour production  

3. Flavour defects  

4. Body and texture defects  

9.1.1. Insufficient acid production or non-acid curd: One of the most common defects in 
lactic acid starter cultures. A good starter should produce lactic acid at vigorous and steady 
rate. The slowness in starters may occur with dramatic suddenness or starter culture may 

slowly lose its viability. The reasons for the insufficient acid production could be  

a) Spontaneous loss of vitality inherent in starter itself : starter strain variation or 

genetic instability usually associated with plasmids, loss of lac‘ plasmid  

b) Incompetence in the control of starters  

i. allowing the starters becoming contaminated  

ii. Frequent sub-culturing  

iii. Use of unsuitable media  

iv. Use of wrong incubation temperatures  

c) Causes of slowness inherent in milk itself  

i. Use of Milk of abnormal quality i.e. mastitis milk or colostrums milk or late 
lactation milk or silage milk or winter milk  

ii. Milk containing antibiotic residues  

iii. Milk contaminated with bacteriophage  

iv. Milk containing residues of detergents and sanitizers  
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v. Milk shaving inhibitory bacteria  

vi. Seasonal variations in milk composition  

vii. Milk containing natural inhibitory substances like leucocytes, antibiotics 

etc.,  

viii. Excessive aeration of milk  

d) Changes in the method of making fermented milk : Sudden change in the methods 

adopted for the preparation a particular fermented milk causes slow acid production  

9.1.2. Insufficient flavour production: Factors that affect the acid production also affect 

flavour production. In addition to these the following factors also affect the flavour  

• Improper acid production  

• Milk having low citrate ions  

• Milk containing high Gram negative organisms that reduce diacetyl content by  

• Producing diacetyl reductase  

9.1.3. Flavour defects :  

a) Sharp acid taste : this is due to the over ripening of the culture which maybe due 
to increased inoculum or higher incubation temperature or prolonged incubation 

period.  

b) Malty flavour: This is due to the variants of Lactococcus lactis ssp. lactis var 

maltigenes  

c) Metallic flavour: This is due to over ripening of the culture or due to the use of 
poorly maintained containers with metallic contamination or due to the over growth of 

Leuconostoc sp.  

d) Green flavour: This is due to under development of Leuconostocs as result of 

repeated transfer of culture before adequate development  

e) Flat flavour: Due to small amounts of citrates in milk or due to under development 

of aroma culture  

f) Bitterness : due to the activity of proteolytic contaminants  

9.1.4. Body and texture defects :  

a) Weak body : It is due to insufficient acid production or milk with low total solids or 

milk subjected to severe heat treatment  

b) Hard and lumpy: It is due to over ripening  
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c) Wheying off: It is due to over ripening or due to low total solids in milk resulting in 
fracturing, defective starters, use of un-homogenized whole milk, agitation or vibration 
of culture soon after curd begins to form. Whey may collect on the surface or at the 

bottom of the culture or beneath the cream layer  

d) Ropiness : due to the contamination of starter with Alcaligenes viscosus or due to 

the ropy strains of starters like Leuconostocs or L. lactis ssp lactis var hollandicus .  

e) Gassiness: Production of CO2 by the coli forms or yeast. CO2is also produced by 
certain strains of Leuconostocs and in case of cottage cheese these may contribute to 
the floating curd defect. In cheddar cheese gas production may be troublesome 

because it results in eye formation or bulging of cans.  

9.1.5. Problems with starter itself: Spontaneous loss of vitality inherent in starter itself i.e. 

starter strain variation or genetic instability usually associated with plasmids  

9.1.6. Problems with control of starters: These are due to i ncompetence in the control of 

starters 

i. Allowing the starters becoming contaminated  

ii. Frequent sub-culturing  

iii. Use of unsuitable media  

iv. Use of wrong incubation temperatures  

9.1.7. Problems with milk-antibiotics, abnormal milks etc. : Milk with abnormalities or 

other contaminants can create problems for starters  

1. Use of abnormal Milk i.e. mastitis milk or colostrums milk or late lactation milk  
2. Milk containing antibiotic residues  
3. Milk contaminated with bacteriophage  
4. Milk containing residues of detergents and sanitizers  
5. Milks having inhibitory bacteria  
6. Seasonal variations in milk composition  

7. Milk containing natural inhibitory substances  

9.1.8. Problems with production method: Many problems will be encountered during the 

production of fermented milk products  

1. Use of abnormal milk  
2. Use of poor quality starter cultures  
3. Use of improperly cleaned utensils and equipment  
4. Use of milk subjected to improper heat treatment  
5. Use of unhygienic production practices  
6. Handling persons with unclean habits and unhealthy persons  
7. Use of improperly cleaned and sterilized packaging material  

8. Use of improper storage conditions and temperatures.  
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Lesson 10 
 Bacteriophage action ultra structures, classification, detection and control 

 

10.1.INTRODUCTION  

Bacteriophages are the viruses that infect bacteria. Viruses are not plants, animals, or 
bacteria, but they are the quintessential parasites of the living kingdoms. ‗Phage‘ literally 
means devouring just like phagocyte (to swallow or eat up greedily). Bacteriophages are 
widely distributed in nature & most abundant in intestinal contents of animals and 

Bacteriophages were first invented by Twort in 1915.  

All viruses contain nucleic acid, either DNA or RNA (but not both), and a protein coat, which 
encases the nucleic acid. Some viruses are also enclosed by an envelope of fat and protein 
molecules. Without a host cell, viruses cannot carry out their life-sustaining functions or 
reproduce. They cannot synthesize proteins, because they lack ribosomes and must use the 
ribosomes of their host cells to translate viral messenger RNA into viral proteins. Viruses 
cannot generate or store energy in the form of adenosine triphosphate (ATP), but have to 
derive their energy, and all other metabolic functions, from the host cell. They also parasitize 
the cell for basic building materials, such as amino acids, nucleotides, and lipids (fats).  

10.2. BACTERIOPHAGES  

They are significant from processing point of view. Phages attack Lactic acid bacteria & lyses 
them by multiplying inside the host cell leading to the release of many phages which can re-
infect the fresh cells in the culture. This results in the failure of starters to act & bring about 

the changes during preparation of fermented products.  

 Bacteriophages are highly host specific, a rotation of starter cultures help to control 

the problem to some extent.  
 Ca ion deficient medium for maintaining starter cultures prevent phage attack as the 

ion helps in phage adsorption to host cell.  
 Genetic manipulations to construct phage resistant strains.  

Phages attach themselves to living cells & as they divide phages also multiply. The infective 
material is injected (nucleic acid) through hollow tail of the phage particle into the bacterial 
cell. The rate of phage proliferation is greater than that of bacterium. Consequently, a point 
is reached at which lysis begins. Lysis is preceded by swelling of the bacteria to 6-16 times 
their normal size. Phage action may cause a number of variations in the properties of 
bacteria. Irreversible adsorption of phage to the cell triggers a no. of steps which lead to the 
transport of viral nucleic acids into the cytoplasm & nucleic acid gets metabolically active 
transforming cellular function to one of synthesizing viral components. As the phage 
assembly completed the lysis of the host cell occur. All this occur approx. in one generation 
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time of the host phage multiplying to hundred in one generation & in two generations to 

10000& so on.  

Ultra structures : Typical bacteriophagehas a structure like tadpole.  

Head – enclosing nucleic acids in protein sheath.  

Tail – a hollow tube of proteins & bearing tail plate & tail fibers.  

10.2.1. Structure of Bacteriophage T4:  

 

1. Head  
2. Tail  

3. Nucleic acid  
4. Capsid  
5. Collar  
6. Sheath  
7. Tail fiber  
8. Spikes  
9. Base plate  

Phages of lactic-acid bacteria are having either prolate or isometric heads with contractile 
tails in some cases and a variety of terminal fibres or plates in addition to collars and other 

structures along their length.  

Phages of Mesophilic Streptococci i.e all Lactococcus lactis ssp lactis and Lactococcus lactis 
ssp cremoris haveisomeric heads of 45-65 nm diameter with non-contractile tails 100-250 
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nm longor, less frequently, prolate heads(55-65 nm X 40-48 nm) with shorter non-contractile 

tails (80-110 nm long)  

Phages of Thermophilic Streptococci i.e Str.thermophilus contains isomeric heads of 50-70 

nm diameter with non-contractile tails 200-300 nm long  

The bacteriophages of Lactobacillushelveticus show isometric heads(49-56 nm diameter) and 
contractile tails(150-230 nm long) with sheaths. Lb.bulgaricus phages have isometric heads 
(44-55nm diameter), non-contractile tails 120-215 nm in length with cross-bars andcollars 

and base plates sometimes present  

Since temperate phages released from lysogens may show virulence against other starter 
strains or mutate to virulence against their own lysogenic host,meaningful distinction 

between temperate and virulent phages is not always possible.  

10.2.2. Classification of Bacteriophages: On the basis of presence of single or double 

strands of genetic material, the bacteriophages are categorized as under: 

1. The ssDNA Bacteriophages  
2. The dsDNA Phages  
3. The ssRNA phages  
4. The dsRNA phages  

The dsDNA tailed phages, or Caudovirales,account for 95% of all the phages reported in the 

scientific literature, and possibly make up the majority of phages on the planet. However, 

there are other phages that occur abundantly in the biosphere, phages with different 

virions,genomes and lifestyles. Phages are classified by the International Committee on 

Taxonomy of Viruses (ICTV) according to morphology and nucleic acid. 
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10.3. DETECTION  

A method for detection,identification and/or quantification of bacteriophage of bacterial host 
specificity for bacterial genus, speciesor serotype, based upon the occurrence of release of 
cell contents,particularly nucleotides e.g. ATP, on lysis of bacterial cell walls on incubation 
with bacterial host cells. When new phage particles are released at the end of the phage 
replication cycle nucleotide levels are measured and compared with controls. The method 
provides for the detection of specific phages which is faster and more sensitive than known 
techniques. The method is only limited by the availability of host bacteria/target phage 

pairings.  

Viruses are ubiquitous in natural environments where they can exist as natural inhabitants 
or as contaminants from the disposal of human and animal wastes. A modified hybridization 
assay is available for detection of bacteriophage, which employs DNase protection and slot 
blot methods to measure quantitatively the concentration of soluble and bacteriophage-
encapsulated DNA in fluid samples. The potential use of this assay for estimating virus 
viability was tested with a model system consisting of inactivating bacteriophage lambda 
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particles. These experiments show that the new hybridization assay provides upper-limit 

estimates of bacteriophage viability when inactivation results in the release of DNA.  

10.4. PRECAUTIONARY MEASURES TO CONTROL PHAGE ATTACK  

1) Use aseptic techniques for propagation and production of starter cultures  

2) Ensure effective sterilization of equipment and utensils  

3) Ensure proper heat treatment of the milk  

4) Restrict movement of plant personnel in starter handling room, and locate starter room far 

away from production area  

5) Check filtration of air into the starter room and production area  

6) Fog the atmosphere in the starter room with hypochlorite solution, or the use of laminar 

flow cabinets for small scale culture transfers  

7) Grow starter cultures in phage inhibitory/resistant medium(PIM/PRM)  

8) Use a daily rotation of phageun related strains(or phage resistant strains)  

9) Produce the bulk starter culture or even the retail product using a direct-to-vat system  

 
 

 

*****☺***** 
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Module 7. Preservation and forms of starters 

 

Lesson 11 
 Need For Preservation, Criteria For Selection Of Method, Preservation Techniques 

 

11.1. INTRODUCTION  

The starter cultures have to be preserved so as to use them in when starting the preparation 

of fermented milk products.  

11.2. Purpose  

1. To maintain an available stock organisms especially in case of starter failure  

2. Successive sub culturing can inducemutant strains, which may alter the overall  
behaviour and general characteristics of the starter  

11.3. BASIC PRINCIPLES ADOPTED TO MAINTAIN THE ACTIVITY OF THE CULTURE  

1. Reducing or controlling the metabolic activity of the organisms by ordinary refrigeration. 
This is a short time storage of cultures where they can be kept viable for a week or fortnight  

2. Separate the organisms from their waste followed by concentration and re-suspension in a 
sterile medium and preserving by freezing and drying for extended periods of storage. This is 
used during the production of concentrated active bulk starter culture either in a continuous 

fermented or batch process for direct inoculation of milk in the vat.  

11.4. CRITERIA FOR SELECTION OF METHOD  

The type of starter culture used depends on the desired product.Culture supply companies 
can provide processors with a variety of cultures tailored for their operation that can be 
purchased frozen or dehydrated,typically as a mixture of several strains. It is very important 
to follow the supplier‘s advice on the handling, storage,rotation, use rate, and incubation 
temperature for their cultures. Generally,dairy cultures are classified as Mesophilic cultures 
with optimum growth at21-35oC or Thermophilic cultures with optimum growth at 42-45 oC. 
Varying the incubation temperature of certain cultures can influence the flavour profile and 

other attributes of the final product.  

11.5. METHODS FOR PRESERVATION OF STARTERS  

Starters are preserved in liquid, frozen and dried forms. Liquid sub-cultures is for routine 

use, while frozen and freeze dried forms are for long term preservation.  



 Starter Cultures and Fermented Milk Products 

 

 

57 

1. Sub-culture by transferring in skim milk  
2. Use of chalk-litmus milk  
3. Use of buffered media  
4. Slant culture  

5. Stab culture  
6. Storage under oil/ glycerol stock  
7. Deep freezing at -20C  
8. Ultra-deep freezing at -40C  
9. Storage under liquid nitrogen at -196C  
10. Spray drying  
11. Vacuum drying  

12. Freeze drying/ lyophilization  

 

 

 

 

 

 

 

*****☺***** 

 

 

 

 

 

 

 

 

 



 www.AgriMoon.Com 

 

 

58 

 

 

 
Module 8. Forms Of Starters 

 
Lesson 12 

 Liquid, Frozen, Dried, Concentrated And DVS Cultures 

12.1. FORMS OF STARTERS  

12.1.1.Liquid: Most popular and widely used form. The starters are normally preserved in 
small quantities. Working cultures are maintained with either weekly or daily sub-culturing. 
Starters can be preserved in liquid form using one of the following two different growth media 
viz.,Reconstituted skim milk, litmus milk. Reconstitute the Non-fat dry milk which is free 
from antibiotics to a total solid content of 10-12%. It is sterilized by auto claving at 10-15 psi 

/ 10-15 minutes. Check the sterility by incubating at 30 °C for one week.  

Factors affecting the starter culture activity  

1. The rate of cooling after incubation  

2. Level of acidity at the end of incubation period.  

3. The temperature of storage  

4. Duration of storage  

12.1.2. Litmus milk: Prepare the litmus milk containing the following composition. 
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It is sterilized by autoclaving at 10 psi/ 10 minutes. Check the sterility by incubating at 30°C 

for one week.Reactivate the cultures once in every 3 months  

Disadvantages:  

• Labour intensive  

• Expensive  

• Induces mutations  

• Requires trained and skilled personnel  

Lactococcus lact is ssp cremoris and leuconostocs can be sub-cultures up to 50 times 

without fear of mutation and they can be incubated at 22 °C for 16-18 hours or at 30 °C for 
8-10 hours with1% inoculum. The yoghurt cultures can be sub-cultured up to 15-20 
times.Yoghurt cultures are incubated at 42 °C for 3-4 hrs with 1-2 % inoculum. It can be 

stored for one week without loss of activity.  

12.2. FROZEN, DEEP FROZEN AND FROZEN CONCENTRATES  

12.2.1. Frozen: The cultures are frozen to -20 °C. Liquid starters (Mother and Feeder 

cultures) can be preserved for few months.  

12.2.2. Deep freezing: Propagate cultures in continuously neutralized growth medium to 
optimize cell population. Cell mass is then separated and re-suspended in sterile growth 
medium and protective agent is added prior to packing and freezing. Preserved cultures are 

stored at -40 ° to -140 °C.  

The cryo-protective agents like sodium citrate, glycerol and sodiumβ-glycerophosphate etc., 
are used. In the absence of the cryo-protective agents there may be destruction of bacterial 
cells due to an increased concentration of electrolytes and other solutes inside the cell and in 
the outside suspending medium. The increased concentration of electrolytes and other 
solutes inside the cell results in denaturation of protein components and enzymes of 
bacterial cells, while the concentration of electrolytes outside the cell results in the 
dehydration of the protoplasm due to diffusion of the water through the cell wall membrane. 

Mechanical damage also may be caused as result of ice crystal formation.  

12.2.3. Ultra low temperature freezing : This is carried outwith help of liquid nitrogen at -
196 °C using only sterile reconstituted SMP containing 16 % solids. Single strain inoculated 
at 2 % v/v, dispensed in 4 ml quantities in sterile polypropylene, screw top tubes and frozen 
at -196 °C in liquid nitrogen. In this methods water molecules do not form large ice crystals. 
The biochemical processes inside the cell will cease i.e. the cell are at‘ standstill‘. These 

cultures can be stored for 2 years.  

12.2.4. Freeze dried, vacuum dried and spray dried  
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12.2.5. Dried Cultures : There are different methods of drying the cultures. They are:Spray 
drying, Vacuum drying, Freeze drying/ lyophilization, Concentrated freeze dried cultures 
(CFDC)  

Advantages of dried cultures  

 An alternative method for culture retention.  
 To overcome the work involved in maintaining liquid stock culture  
 It facilitates the dispatch of dried cultures by post without any loss in activity.  

 Can be stored for a very long time  

Disadvantages  

 Dried starter contains less number of viable cells  

 Require several subcultures before regaining maximum activity  

The viability of preserved culture depends on  

 Basic growth medium  
 Presence of cryo-protective agents  
 Rapid removal of metabolic compounds like lactic acid and carbonyl compounds  
 Nature of suspending medium  
 Conditions of freezing / drying  
 Rate of thawing of deep frozen cultures  

 Method of concentration referred as biomass concentration  

Concentration of cell biomass is achieved by  

a. Mechanical - by ultra centrifugation at 20,000 X g  

1. Chemica l neutralization by removing or neutralizing acid. Usually ammonium 
hydroxide is recommended. Cell biomass is limited to 1010 cfu / ml L. bulgaricus 
withstands beyond 2 % lactic acid and S. thermophilus upto 1.5%.  

2. Diffusion - fresh nutrients are permeated in and metabolic waste materials are 
diffused out through semi-permeable membranes. But some lactic acid may be 

retained which may limit the concentration of cell biomass.  

12.2.6. Vacuum drying: Survival rate is very poor and is 1 -2 %. Several sub-cultures are 

required to obtain maximum activity.  

Method of preparation  

a. Mix the liquid culture with lactose  

b. Neutralize the excessive acid with calcium carbonate  

c. Concentrate the mixture partially by separation  

d. Partially concentrated granules are vacuum dried  
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12.2.7. Spray Drying: Evolved in Holland 

 

The survival rate with mesophilic lactic acid bacteria is 10 % and with L. lactisssp. lactis 
biovar diacetylactis is 44 %. Survival rate can be improved by the addition of certain 

compounds like ascorbic acid and monosodium glutamate and propagation of cultures in 
buffered medium to increase viable cells per volume of sample or by neutralizing certain 

metabolites like lactic acid.  

The activity of spray dried cultures can be retained for six months when stored at 21˚C.  

12.2.8. Freeze drying : This is also called as lyophilisation. This method enjoys widespread 
popularity because the survival rate is very high. In this method the cultures are dried in 
frozen state i.e.the organisms are frozen and then water is removed by ―sublimation‖ i.e. from 
ice as vapour and thus preserving the structure and preventing the damage. Only a small 
quantity is required to inoculate the mother culture.  

The process damages the bacterial cell membrane by the formation of ice crystals which can 
be minimized by the addition of cryo-protective agents to the cell suspension. The cells are 
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also subjected to lethal effect due to the high presence of electrolytes as the ice crystals 
separate out. Both these processes can remove water from proteins and DNA and damage 
them. The protective solutes are of hydrogen bonding and or ionizing in nature which 

stabilize the cell membrane and prevent cellular injury during preservation  

 

 

Starter culture is propagated in sterilized reconstituted SMP (16 %) at 2 %inoculation. The 
starters are held at 5 °C for 18 hrs. Two to three ml is dispensed in sterilized glass vials. 
Vials are frozen at -40 °C for 2-3 hrs.They are freeze dried and vacuum sealed and stored at 

5°C. L.bulgaricus is sensitive for freeze drying.  

1. Growth medium: Milk fortified with yeast extract and hydrolyzed protein. Neutralize 
the growth medium to pH range of 5-6 and propagate organisms at optimum growth 
temperature.  

2. Cell biomass and suspending medium: Cell biomass has to have. 1010 cfu / ml and 
neutralize the suspending medium to 5-6 pH. Starter cultures are harvested towards 
the latter part of exponential phase with exception of L. bulgaricus which is in the 
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early stages of stationary phase. The suspending medium for S. thermophilus is Skim 
milk + Sodium maleate and for L. bulgaricus it is Skim milk + lactose + Arginine Hcl 
solution and for Leuconostocs skim milk with glutamic acid  

3. Freeze Drying: Freeze the cultures at -20 °C to -30 °C and dry at -10 °C to 30 °C to a 

final moisture of less than 3 %  
4. Packaging: The cultures are vacuum packed as the presence of oxygen damages 

bacterial cells. Pack in glass ampoules, vials, laminated aluminum foil sachets.  
5. Storage: 5-10 °C  
6. Reactivation: Follow the instructions of the manufactures. Re-hydrate at 20-25 °C to 

prevent leakage of cellular ribonucleotides from damaged cells of L. bulgaricus. Others 

can vary.  

12.2.9. Freeze dried concentrates: Traditionally 'bulk starter' in liquid form was used to 
inoculate the milk used in the manufacture of fermented products. Over the past few 
decades, the use of starter cell concentrates designated as either Direct Vat Set (DVS) or 
Direct Vat Inoculation (DVI) cultures have increasing being used, particularly in small plants, 
to replace bulk starter in cheese manufacture. Note that the terms DVI and DVS are used 

interchangeably although particular culture suppliers will tend to use only one term.  

Starter concentrates used in DVI cultures are concentrated cell preparations containing in 
the order of 1011-1013 cfu/g. They are available as frozen pellets or in freeze-dried granular 

form. Commercial DVS frozen cultures are in pellet form.  

12.2.10. Production of starter concentrates: Under normal conditions starter growth in 
milk results in a cell concentration of about 109CFU/ml. Growth of starters in milk is limited 
by a number of factors including the accumulation of lactic acid. Concentrates can be 
produced by neutralisation(traditional fermentation technology) or removal of the lactic acid 
(using diffusion culture), recovering the cells by centrifugation, not required if diffusion 
culture is used, and by maintaining starter activity by freeze drying or freezing. Freeze-dried 
concentrates can be stored for some months at 4 °C.Frozen concentrates are usually stored 
at -45 °C or lower.  

Higher cell densities(greater than 1010 cfu/g) can be obtained by harvesting the cells from the 
ferment or medium by centrifugation, to give a starter population of 1011- 1012 cfu/ml. Even 

higher cell densities can be obtained by freeze drying the 'sludge' obtained by centrifugation.  

The starter bacterial cell population can be increased about 10-100 fold depending on the 
neutralizer used to neutralize the lactic acid formed. Both sodium hydroxide and ammonium 

hydroxide have been used and the use of the latter results in higher cell densities.  

To maintain constant pH during the production of cell crops, the growth medium must be 

agitated.  

12.2.11. Direct of vat cultures  

Advantages  

1. Convenience. The new generation of highly concentrated direct-vat inoculation cultures 
have the strength to go for inoculating much more milk with much less culture. The result is 

a narrowing of the cost-in-use gap between batch-set and direct-vat culture  
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2. Culture reliability. More reliable cultures can be obtained in direct-vat culture method  

3. Improved daily performance and strain balance. Use of carefully selected bacterial strains 
along with innovative fermentation and blending technology allow cultures to provide a fast 
fermentation at a very low inoculation rate. A rotation of six cultures is available in 

convenient frozen pellet form.  

4. Greater flexibility. The cultures can be chosen depending upon the requirement.  

5. Better control of phage. Direct –vat cultures help to overcome phage issues, one of cheese 
makers' biggest nightmares. Phage viruses only pose a threat when the Direct –vat cultures 
are growing, unlike the greater window of time when batch-set cultures are being grown on 

site.  

6. Possible improvement in quality. The direct-to-the-vat cultures can neutralize the lack of 
experience to a large degree if lot of experienced staff is not available. Training the staff 
regarding bacteriophage, sanitation, equipment operation, calibration etc., is a tough task 

but the direct-to-the-vat cultures streamline the educational curve‖.  

Disadvantages  

1. Difficulties in providing liquid nitrogen facilities  

2. Higher cost  

3. Greater dependence on starter suppliers  

4. Apportioning of responsibility in case of starter failure. 

 

 

*****☺***** 
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Module 9. Genetic improvement of starters 
 

Lesson 13 

 Scope And Need, Characteristics Which Can Be Manipulated, Genetic Tools – Mutation, 
Conjugation, Transformation, Transduction, Electroportion, Protoplast Fusion And 

Genetic Engineering 

 

13.1. INTRODUCTION  

Modern approaches towards starter and protective culture improvement rely on advances in 
molecular biology. For most microorganisms used for food production, genetechnological 
methods have been well developed. By recombinant DNA technology, ‗tailor-made‘ starter and 
protective cultures may be constructed so as to combine technically desirable features. A 
single strain which normally would fail to accomplish a given ‗task‘ may now be improved so 
as to meet a set of requirements necessary for a specific production or preservation process 
(e.g. wholesomeness, no off-flavour production, overproduction of bacteriocins or particular 
enzymes).In addition, undesirable properties (e.g. mycotoxin or antibiotic production by 

cheese moulds) may be eliminated by techniques such as ‗gene disruption‘.  

Most strains of lactic acid bacteria employed as starter cultures contain plasmids as well as 
chromosomalgenes. Plasmid-borne genes are of particular importance both because of their 
accessibility for molecular genetic analysis and because they code for many properties 
essential for successful starter activity. There is considerable interesting applying knowledge 
of the genetics of lactic acid bacteria to improve existing or produce new strains. Both 
conventional techniques such as conjugation and recombinant DNA technology are used and 

directed integration of genetic material into the bacterial chromosomes, is also being 
investigated with the intention of improving the stability of genetically manipulated cultures.  

13.2. CHARACTERISTICS WHICH CAN BE MANIPULATED  

Natural isolates usually produce commercially important products in very low concentrations 
and therefore every attempt is made to increase the productivity of the chosen organism. 
Increased yields maybe achieved by optimizing the culture medium and growth conditions, 
but this approach will be limited by the organism‘s maximum ability to synthesize the 
product. The potential productivity of the organism is controlled by its genome and, 

therefore, the genome must be modified to increase the potential yield.  
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Research will continue on the plasmid biology, gene transfer system characterization, 
cloning, gene expression, and regulation of metabolic properties vital for producing fermented 
food products  

Dairy field deals with two variables.  

1. The bacteria: used generally as starter cultures for the production of lactic acid,flavours, 
proteolysis and also in the by-product utilization.  

2.Enzymes: they are used for various metabolic changes in dairy foods for bringing desirable 
changes.  

Starter failure due to antibiotic residues in milk could be eliminated by the isolation of drug 

resistant starter strains.  

13.2.1. Properties of Interest  

Ø Acid production is one of the primary functions of lactobacilli during fermentation. 
Increasing the number of copies of the genes that code for the enzymes involved in acid 
production might increase the rate of acid production, ensuring that the starter will dominate 

the fermentation and rapidly destroy less-aciduric competitors.  

Ø Certain enzymes are critical for proper development of flavour and texture of fermented 
foods. For example,lactococcal proteases slowly released within the curd are responsible for 
the tart flavour and crumbly texture of aged cheddar cheese. Cloning of additional copies of 
specific proteases involved in ripening could greatly accelerate the process.  

Ø Diacetyl is an industrially important compound used to impart buttery flavour and aroma 
to many foods. Diacetyl is derived from citrate metabolism by LAB, and knowledge of the 
enzymology and genetics of citrate metabolism has identified several strategies to 
metabolically engineer L. lactiss trains for enhanced diacetyl production.One effective avenue 
toward this end involves inactivation of the gene encoding alpha-acetolactate decarboxylase 
(aldB), the enzyme that converts alpha-acetolactate to acetoin. This mutation promotes an 
accumulation of alpha-acetolactate, the immediate precursor to diacetyl, which in turn leads 

to an increased level of diacetyl in the growth medium. 

Ø Bacteriocins are naturalproteins produced by certain bacteria that inhibit the growth of 
other often closely related bacteria. In some cases, these antimicrobial agents are 
antagonistic to pathogens and spoilage organisms commonly found as contaminants in 
fermented foods. Transfer of bacterioc in production to microbial starter cultures could 

improve the safety of fermented products.  

Ø An engineered Saccharomycescervisiae (baker's yeast), which is more efficient in leavening 
of bread,has been approved for use in the United Kingdom and is the firststrain to attain 
regulatory approval. This strain produces elevated levels of two enzymes, maltose permease 

and maltase, involved in starch degradation.  

Ø Bacteriophage resistance:  

Ø Rennet substitutes:  
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Ø Lactose intolerance:  

Ø Microbial polysaccharides:  

 

13.2.2. Genetic Tools – Mutation, Conjugation, Transformation,Transduction, 

Electroporation, Protoplast Fusion and Genetic Engineering  

The potential productivity of the organism is controlled by its genome and, therefore, the 
genome must be modified to bring improvement in desired characteristics to increase the 
potential yield. The process of strain improvement involves the continual genetic modification 
of the culture, followed by reappraisals of its cultural requirements.  

Several traditional and non traditional methods have been used to improve metabolic 
properties of food fermentation microorganisms. These include mutation and selection 
techniques; the use of natural gene transfer methods such as transduction,conjugation and 

transformation; and, more recently, genetic engineering. These techniques will be briefly 
reviewed with emphasis on the advantages and disadvantages of each method for genetic 

improvement of microorganisms used in food fermentations.  

13.2.3. Mutation: The empirical approach to strain improvement involves subjecting a 
population of the microorganisms to a mutation treatment and then screening a proportion 
of the survivors of the treatment for improved productivity.  

In nature, mutations(changes in the chromosome of an organism) occur spontaneously at 
very low rates (one mutational event in every 106 to 107 cells per generation. These mutations 
occur at random throughout the chromosome, and a spontaneous mutation in a metabolic 
pathway of interest for food fermentations would be an extremely rare event. The mutation 
rate can be dramatically increased by exposure of microorganisms to mutagenic agents, such 
as ultraviolet light or various chemicals, which induce changes in the deoxyribonucleic acid 
(DNA) of host cells. Mutation rates can be increased to one mutationalevent in every 101 or 
102 cells per generation for auxotrophic mutants, and one in 103 to 105 for the isolation of 
improved secondary metabolite producers. A method of selection is critical for effective 
screening of mutants as several thousand individual isolates may need to be evaluated to 
find one strain with improved activity in the property of interest.  

Mutation and selection techniques have been used to improve the metabolic properties of 
microbial starter cultures used for food fermentations; however, there are severe limitations 
with this method. Mutagenic agents cause random mutations,thus specificity and precision 
are not possible. Potentially deleterious undetected mutations can occur, since selection 
systems may be geared for only the mutation of interest. Additionally, traditional mutation 
procedures are extremely costly and time-consuming and there is no opportunity to expand 
the gene pool. In spite of these limitations, mutation and selection techniques have been 
used extensively to improve industrially important microorganisms and, in some cases, yields 
of greater than 100-times the normal production level of bacterial secondary metabolites 

have been achieved.  

13.2.4. Transduction: Transduction involves genetic exchange mediated by a bacterial virus 
(bacteriophage). The bacteriophage acquires a portion of the chromosome or plasmid from 
the host strains and transfers it to a recipient during subsequent viral infection.Although 
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transduction has been exploited for the development of a highly efficient gene transfer system 
in the gram-negative organism Escherichia coli,it has not been used extensively for improving 
microorganisms used in food fermentations. In general, transduction efficiencies are low and 
gene transfer is not always possible between unrelated strains, limiting the usefulness of the 

technique for strain improvement.  

The value of transduction as a gene transfer process in starter cultures is limited, because 
only host strains which have the relevant bacteriophage receptors can be used and because 
the head capacity of the phage limits the amount of DNA that can be transferred. 
Transduction of lactose plasmid causes deletions to be generated because the whole material 
is too large to be accommodated in the phage head.Transduction sometimes causes lactose 
and proteinase genes to become integrated into the bacterial chromosome with two important 
consequences, the genes become stabilized by their new location and the levels of gene 

expression are reduced.  

The transduction of streptomycin resistance in Lactococcus lactis ssp. lactis C2 and 
tryptophanin dependence in Lactococcus lactis ssp.lactis biovar diacetylactis 18-16 was 
reported. In Lactococcus lactis ssp. lactis C2 transduction of maltose and mannose markers 

and plasmid-encoded lactose genes were detected  

13.2.5. Conjugation : Conjugation,or bacterial mating, is a natural gene transfer system 
that requires close physical contact between donors and recipients and is responsible for the 
dissemination of plasmids in nature. Numerous genera of bacteria harbour plasmid DNA. In 
most cases, these plasmids are cryptic (the functions encoded are not known), but in some 
cases important metabolic traits are encoded by plasmid DNA. If these plasmids are also self-
transmissible or mobilizable, they can be transferred to recipient strains. Once introduced 
into a new strain, the properties encoded by the plasmid can be expressed in the recipient. 
The lactic acid bacteria naturally contain from one to more than ten distinct plasmids,and 
metabolically important traits, including lactose-fermenting ability,bacteriophage resistance, 
and bacterioc in production, have been linked to plasmid DNA. Conjugation has been used to 
transfer these plasmids into recipient strains for the construction of genetically improved 

commercial dairy starter cultures.  

Gene transfer by conjugation process has been widely reported in lactic streptococci.Conjugal 
transfer of plasmid-encoded lactose genes between marked strains of Lactococcus lactis ssp. 
lactis 712and from Lactococcus lactis ssp. lactisbiovar diacetylactis 18-16 into a plasmid-free 

derivative of Lactococcus lactis ssp. lactis C2. Although these transfer processes were initially 
detected as relatively low frequency events, high frequency donors have been isolated 
amongst the progeny from some mating experiments. These variant strains were first 
discovered in Lactococcus lactis ssp.lactis 712, exhibiting a novel cell aggregation 
phenomenon which causes a striking change both in colony morphology and in the 
appearance of broth cultures. Similar, aggregating progeny strains were found after lactose 
plasmid transfer from Lactococcus lactis ssp.lactis ML3, into a plasmid-free derivative of 
Lactococcus lactis C2. From an evolutionary standpoint it is of interest that cell aggregation 
is also an established feature of a sophisticated inducible conjugation system found to 

operate in some E.faecal is strains.  

Various bacterioc in plasmids and the plasmid-like gene blocks for sucrose utilization and 
nisin production and for diplococcin production are able to effect their own transfer by 

conjugation.  
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Conjugation has considerable potential for the construction of new dairy starter strains. 
There is no theoretical limit to the amount of DNA that can be transferred and the 
promiscuous nature of pAMß1conjugation makes transfer between widely different strains a 

possibility.  

 

13.2.6. Transformation: Certain microorganisms are able to take up naked DNA present in 
the surrounding medium.This process is called transformation and this gene transfer process 
is limited to strains that are naturally competent. Competence-dependent transformation is 
limited to a few, primarily pathogenic, genera, and has not been use dextensively for genetic 
improvement of microbial starter cultures. For many species of bacteria, the thick peptidogly 
can layer present in gram-positive cell walls is considered a potential barrier to DNA uptake. 
Methods have been developed for enzymatic removal of the cell wall to create protoplasts. 
Protoplast production and regeneration of lactic cultures involves cell wall digestion with 
lysozyme, mutanolysin or a combination of amylase and lysozyme.In the presence of 
polyethylene glycol, DNA uptake by protoplasts is facilitated. If maintained under osmotically 
stabilized conditions, transformed protoplasts regenerate cell walls and express the 
transformed DNA. Protoplast transformation procedures have been developed for some of the 
lactic acid bacteria; however, the procedures are tedious and time-consuming, and frequently 
parameters must be optimized for each strain. Although the initial transformation efficiencies 
were considerably improved, results are now being obtained with frequencies of about 105 

transformants per µg of DNA.  

13.2.7. Electroporation: The above mentioned gene transfer systems have become less 
popular since the advent of electroporation, a technique involving the application of high-
voltage electric pulses of short duration to induce the formation of transient pores in cell 
walls and membranes. Under appropriate conditions, DNA present in the surrounding 
medium may enter through the pores. Electroporation is the method of choice for strains that 
are recalcitrant to other gene transfer techniques;although optimization of several 
parameters (e.g., cell preparation conditions,voltage and duration of the pulse, regeneration 

conditions, etc.) is still required.  

13.2.8. Genetic Engineering: Genetic engineering provides an alternative method for 
improving microbial starter cultures. This rapidly expanding area of technology provides 
methods for the isolation and transfer of single genes in a precise,controllable, and expedient 

manner. Genes that code for specific desirable traits can be derived from virtually any living 
organism (plant, animal,microbe, or virus). Genetic engineering is revolutionizing the science 
of strain improvement and is destined to have a major impact on the food fermentation 

industry.  

Although much of the microbial genetic engineering research since the advent of 
recombinant DNA technology has focused on the gram-negative bacterium E. coli, significant 
progress has been made with the lactic acid bacteria and yeast. Appropriate hosts have been 
identified, multifunctional cloning vectors have been constructed, and reliable, high-
efficiency gene transfer procedures have been developed. Further, the structural and 
functional properties, as well as the expression in host strains, of several important genes 
have been reported. Engineered bacteria, yeast, and molds could also be used for the 
production of other products, including food additives and ingredients, processing aids such 

as enzymes, and pharmaceuticals.  
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Eventually the genetics of lactic acid bacteria will be applied to improve or produce new dairy 
starter cultures or strains. Two plasmid-encoded mechanisms of phage resistance, restriction 
modification and adsorption blocking, have been discovered. The genes for these properties 
will be introduced into a variety of starter strains either on their existing plasmids or after 

their isolation by gene cloning. A system of starter strains with much improved protection 
from bacteriophage attack could result. Stabilization of lactose and protein hydrolyzing 
enzymes by insertion into the chromosome has been achieved in L.lactis ssp lactis C2 and 
712 and this approach may be extended to generally stabilize starters and eliminate slow 

variants.  

The proteolytic enzymes and their roles in cheese maturation and off-flavour production will 
be better defined. Genes for different proteinases will be exchanged between strains, and 
control over the levels of gene expression will be possible. The most rewarding development 
may be the creation of strains capable of accelerating the ripening of Cheddar cheese either 
by manipulating existing starter genes or by the introduction of new genes from non-dairy 
sources.  

 

*****☺***** 
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Lesson 14 

 Plasmids, Value of improved strain 

14.1. INTRODUCTION  

Genes of bacteria are arranged in two ways; as a major long DNA molecule the bacterial 
chromosomes and additional smaller non essential units of DNA, the plasmids. Plasmids are 
extra chromosomal covalently closed circular DNA molecules existing independently of main 
genetic machinery of cell i.e. chromosomal DNA and exhibiting autonomously replicating 
nature. Under normal conditions a plasmid is dispensable. However plasmids are reported to 
contain genes that are essential or confer a selective advantage to cells in certain 
environments. Plasmids are characteristically unstable entities. When a bacterial cell divides, 
each daughter cell receives a copy of chromosomal DNA along with a copy or copies of 
plasmids in parent. Though plasmid replicated independently of the chromosome, any 
mutation resulting in failure of plasmid replication results in daughter cell that does not 
receive a copy of that plasmid and thus is unable to perform the functions dictated by the 
plasmid. For this reason plasmid associated traits may be more unstable than functions 
controlled by chromosomal genes.  

14.2. Lactic acid bacteria : Lactic Acid Bacteria (LAB)are gram positive non spore forming 
micro aerophilic bacteria whose main fermentation product from carbohydrate is lactate and 
comprises of cocci such as streptococus, pediacoccus, leuconostoc and rods such as 
lactobacillus and bifidobacterium. These bacteria are exhibiting different pathways of 
carbohydrate fermentation with end products that are exclusively lactates termed as 
homofermentative and if produces at least 50% lactate they are termed as heterofementative. 
With the exception of bifidobacteria all genera of lactic acid bacteria are phylogenetically 

related as evidenced by serological and 16s rRNA homology studies.  

LAB play an important role in the manufacture of a large variety of fermented dairy products 
viz,yoghurt, dahi, cheese, acidophilus milk, cultured cream and cultured buttermilk. These 
fermentations are initiated with starter cultures for which over the years specific strains and 
combinations of strains have been used. The main function which have been selected are 
efficient and reproducible fermentative conversion of lactose into lactate, formation of desired 
aroma compounds or proteolytic degradation products of milk proteins so it is essential that 

dairy industry have its disposal microorganisms capable of fermenting milk satisfactorily.  

Now it has been established that those fermentation of the lactic acid bacteria are controlled 
by plasmids. In addition to the wide spread use of lactic acid bacteria for biotechnological 
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processes particularly dairy and other food fermentations has undoubtedly provided a major 

stimulus for the recent advances in genetic analysis of these bacteria 

 

14.3. Plasmid Mediated Functions:  

a) Lactose utilization  

b) Proteinase activity  

c) Metabolism of citrate  

d) Production of bacteriocin like substance  

e) Resistance to nisin  

f) Resistant to certain antibiotics  

g) Utilization of sucrose &other sugars  

h) Resistance to bacteriophage  

i) Bacteriophage adsorption  

j) Restriction – modification system.  
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14.4. Important of Plasmids:  

 Plasmids are unstable and this explains the irreversible loss of properties which are 
required for successful dairy fermentation  

 Bacteria also gain plasmids and acquire new properties via gene transfer systems 
 Provide a useful fingerprint which can be exploited in a sample way to investigate 

strain identities and interrelationships 

 Developing the recombinant DNA technology, to develop new strains or super strains.  

The most definite studies on plasmid biology and their molecular genetics involving various 
gene transfer systems have been made with lactococci but to some considerable extent 

lactobacilli were also studied with the emphasis on their plasmids.  

Lactococci are reported to contain remarkably large and complex plasmid complements with 
observed number varying between 2 to 11 with molecular weights ranging between 1.0 
and80.0 Mdal. Most of the plasmids in lactococci are cryptic i.e. no known function is 
associated with particular plasmid. The large no of plasmids of cryptic nature are formed be 
due to coexistence of deletion derivatives from aparental plasmid. Usually the higher 

molecular plasmids are known to code important dairy fermentative properties like lactose 

utilization and Proteinase activity.  

14.5. Value of improved strains  

Starter cultures for fermented foods are today developed mainly by design rather than by 
screening. The design principles are based on knowledge of bacterial metabolism and 
physiology as well as on the interaction with the food product. In the genomics era, we will 
obtain a wealth of data making design on a rational basis even simpler. The design tools 
available are food grade tools for genetic,metabolic and protein engineering and an increased 
use of laboratory automation and high throughput screening methods. Successful cultures 
based on modern technology is expected to be launched in the areas of: probiotics, 
bioprotection, general improvement of yield and performance for the existing culture market 

and probably the introduction of cultures for fermenting other food products.  
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14.6. Some notable research achievements  

1. Peptidolytic activity can be increased by overproduction of peptide degrading enzymes 
originating from the same species or from other species. An example of the self-cloning 
strategy is the overproduction of an aminopeptidase (PepN) by L. lactis. GM-LAB with 
increased proteolytic properties are generated by the over expression of the genes encoding 

PepN, PepX, PepC and PepI peptidases from a highly proteolytic L.helveticus strain  

2. The transformation of industrially important strains with phage resistance genes from 
other LAB could generate new phage resistant strains. Engineering of starter strains aimed at 
inhibiting phage development is possible by creating a system of lethal gene induction upon 

phage infection or by production of antisense RNA inhibiting translation of phage RNA.  

3. Another important feature of food products is texture. Complete gene clusters, encoding 
exopolysaccharide producing enzymes could be transformed from one LAB strain to another 
one. The newly generated strains could influence viscosity and texture of the fermented 
product. In S. thermophilus the phosphoglucomutase gene was inactivated resulting in 

improved exopolysaccharide production enhancing the viscosity of the fermented food 
product. Engineering of exopolysaccharide production in L.lactis was also achieved by using 

a self-cloning strategy.  

4. The flavour and flavour stability of buttermilk could be improved by inactivation of the 
aldB gene encoding α-acetolactate decarboxylase. The over expression of peptidasegenes in 
LAB via self-replicating plasmids could also enhance flavour formation and cheese ripening.  

5. The quality of food fermentation processes could be further improved when they are 
protected from spoilage by other bacteria. The expression of the food-grade antibiotics in 
dairy starter strains could prevent spoilage from Gram positive bacteria during the process of 

cheese ripening.  

6. The nutritional value of fermented foods can be improved via use of GM-LAB. It was shown 
that by over expressing the complete riboflavin gene cluster (four genes) via a multi copy 
plasmid and strong promoter, riboflavin production reached levels as high as 8mg/L. With 
this production level in fermented dairy products, average servings would already contain the 
DRI of riboflavin. Similarly by the over expression of genes encoding for the folate 

biosynthesis pathway in L. lactis,folate levels ranging from 5 - 8 mg/L can be achieved  

Engineering of a L. lactis strain that contributes to the formation of lactose-free and naturally 
sweetened foods is now a reality. By the deletion of three genes involved in glucose uptake 
and degradation, and introduction of the genes for lactose-PTS and tagatose-6P pathway, the 
strain can grow on lactose. The galactose-moiety of lactose is used as a C-source,whereas the 

glucose moiety is completely excreted.  

*****☺***** 

 

 



 Starter Cultures and Fermented Milk Products 

 

 

75 

 

 

Module 10. Starter distillates 
 

Lesson 15 
 Composition of Synthetic and Bacterial Distillates, Production and Application 

 
 

15.1. INTRODUCTION  

Starter distillate is made from fermentation of skim milk or non fat dry milk by several 
bacteria. Starter distillate is considered as GRAS (generally recognized as safe) by FDA and 

regulated under code of food regulation title 21part 184.1848.  

According to FDA, starter distillate or butter starter distillate is a steam distillate of the 
culture of any or all of the following species of bacteria grown on amedium consisting of skim 
milk usually fortified with 0.1% citric acid: Lactococcus lactis ssp .lactis, L. lactis ssp 
.cremoris, and L.lactis ssp . lactis biovar diacetylactis, Leuconostoc citrovorum, and 
L.dextranicum. The ingredient contains more than 98% water, and reminder is a mixture of 
butter like flavouring organic compounds. Besides diacetyl, starter distillate contains minor 
amounts of acetaldehyde, ethyl formate, ethylacetate, acetone, ethyl alcohol, 2-butanone, 

acetic acid and acetoin.  

These all-natural butter flavor systems possess a smooth, rich, fresh butter character, 
making them ideal for applications in numerous food formulations. Especially popular is the 
usage in the manufacture of:  

• Dairy products, 

• Baked goods,  

• Confections,  

• Salad dressings, 

• Snack foods,  

• Marinades, and as well as imitation dairy flavors 

Further they are excellent natural replacements for synthetic diacetyl.  
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15.2. COMPOSITION OF SYNTHETIC AND BACTERIAL DISTILLATES  

Starter Distillates are derived from selective lactic culture fermentation of milk and further 
purified by steam distillation. These Liquid Butter flavours have a standard identity as 
described in the food additive regulations of 21 CFR 184.1848. They are Generally 

Recognized as Safe (GRAS) ingredients and can be labeled as ―natural flavours‖. 

15.3. PRODUCTION AND APPLICATION 

15.3.1. Bacterial Distillates: Natural butter aroma distillate can be prepared by growing the 
mixed cultures consisting of Lactococcus lactis ssplactis, Lactococcus lactis ssp cremoris and 
Lactococcus lactis ssp lactisbiovar diacetylactis in the culture medium containing skim milk 
or whey as substrate. The cultures will produce substantial amount of α-acetolactic acid. The 
bacterial culture medium having a substantial amount of α-acetolacticacid is acidified to a 
pH of about 3.5 . water vapour distillation is carried out effectively in the presence of oxygen 
to convert the α-acetolactic acid to diacetyl and to distill off approximately 5-15% of the 
bacterial culture medium. The resultant distillate has a diacetyl content ranging from 1369- 

2666 mg/kg. 

15.3.2. Synthetic Distillates: The synthetic distillates contains edible fats which replaces 

souring by starter cultures  

Advantages  

1. Results in yield of sweet buttermilk.  

2. Greater freedom when optimizing the temperature treatment of cream before churning.  

3. Yields more consistent product quality in particular as regards odour and flavour.  

Disadvantage  

1. Addition of pure synthetically prepared diacetyl gives a harsh undesirable taste of diacetyl.  

A balanced butter flavour can be obtained by adding other important aroma substances, 

such as acetic acid, dimethyl sulphide, acetaldehyde and certain lactones.  

*****☺***** 
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Module 11. Introduction – Fermented Milk Products 

Lesson 16 

 History, Definitions/ types, Classification of fermented milk products 

 

16.1. INTRODUCTION  

The fermented milks are the products obtained by souring of milk by use of starter cultures. 
Historically speaking,the art of fermentation of milk might have been learnt by mankind by 

accident. The nomadic communities acquired the art of preserving their merge supplies of 
milk by souring them in animal skims or crude earthenware pots. Initially the intention 
could well have been simply to keep the milk cool through the evaporation of whey from the 
porous surface but the chance transformation of the raw milk into a refreshing,slightly 
viscous food stuff would soon have been recognized as a desirable innovation. Later on, the 
art of fermentation has been refined and has come to the present day knowledge of several 
types of fermented milks. Table 1 depicts various types of fermented milks originated from 
different parts of the world.  

The fermented milks are popular because of following reasons:  

1. Preservation-Fermented milk has higher shelf-life than normal raw milk. This is because 
fermentation of milk results in a product that is hostile to undesirable bacteria.  

2. Organoleptic Properties - A variety of flavours in fermented milk, refreshing taste, and 
specific consistency and viscosity favourably influence the consumption of these products.  

3. Production of varieties - it is possible to make several modifications in fermented milks to 

have varieties like sweet or sour,salted or spiced, beverage or gel, etc.  

4. A ―healthy‖image - Fermented milks undoubtedly possess a ―healthy‖ image and smart 

popularity. Generally people look at fermented milks as natural food that is good for them.  

5. Ideal for probiotics – fermented milk is an ideal medium for carrying probiotic 

microorganisms and also make probiotic and symbiotic foods.  
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16.2. Classification of fermented milks  

There are several types of fermented milks and are classified based on several parameters 

viz.,  

(1) Type of cultures used  

(2) Type of fermentation  

(3) Temperature at which prepared  

(4) Type of flavour and body-texture characteristics  

(5) Type of raw materials used  

(6) The form of the product, i.e. liquid,gel, set, drink, etc.  

The classification of fermented milks as reported by IDF is given in Figure 1.  
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The following types of fermented mils will be discussed in the present course.  

1. Yoghurt  

2. Dahi  

3. Cultured butter milk  

4. Probiotics, Acidophilus and Bifidusmilks  

5. Kefir  

6. Koumiss  

7. Other miscellaneous fermented milks  

 

 

 

 

 

*****☺***** 
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Module 12. Yoghurt 
 

Lesson 17 
 Definition, types and microflora, starter symbiosis, enumeration of yoghurt starters. 

 

 

17.1.INTRODUCTION  

Yoghurt is the most popular and widespread fermented milk product in the world. The 
word‗yoghurt‘ or ‗yogurt‘ is derived from the Turkish word ‗Jugurt‘. Yoghurt is a traditional 

food and beverage in the Balkans and the Middle East. However its popularity has now 
spread to Europe and many other parts of the world. The product is popular with different 
names in different countries. Some examples of names by which it is popular is given in 

Table 19.1.  

 
 

17.2.DEFINITION  

The general definition of yoghurt was given by Tamime and Deeth (1980). They defined 
yoghurt as a product resulting from milk by fermentation with a mixed starter culture 

consisting only of Streptococcus thermophilus and Lactobacillus bulgaricus.  

FAO/WHO(1977) gave a more legal and scientific definition of yoghurt. Accordingly "Yoghurt 
is a coagulated milk product obtained by lactic acid fermentation through the action of 
Streptococcus thermophilus and Lactobacillus bulgaricus from milk and milk products 
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(pasteurized or concentrated) with or without the optional additions (SMP, WMP, whey 

powder, etc) and the final product must contain viable organism in abundance".  

FAO/WHO expert committee also permitted the use of other suitable lactic acid bacteria in 
addition to S. thermophilus and L. bulgaricus for the manufacture of yoghurt. These 

organisms however, should only be used as the supplementing flora when justified.  

In India, Yoghurt has been defined byPFA as under:  

17.3. YOGHURT means a coagulated product obtained from pasteurized or boiled milk or 
concentrated milk, pasteurized skimmed milk and or pasteurized cream or a mixture of two 
or more of these products by lactic acid fermentation through the action of Lactobacillus 
bulgaricus and Streptococcus thermophilus. It may also contain cultures of Bifidobacterium 
bifidus and Lactobacillus acidophilus and other cultures or suitable lactic acid producing 
harmless bacteria and if added, a declaration to this effect shall be made on the label. The 
microorganisms in the final product must be viable and abundant. It may contain milk 
powder,skimmed milk powder, unfermented buttermilk, concentrated whey, whey 

powder,whey protein, whey protein concentrate, water soluble milk proteins, ediblecasein, 
and caseinates manufactured from pasteurized products. It may also contain sugar, corn 
syrup or glucose syrup in sweetened yoghurt and fruits in fruits yoghurt. It shall have 
smooth surface and thick consistency without separation of whey. It shall be free from 
vegetable oil/fat. animal body fat,mineral oil and any other substance foreign to milk. The 
product may contain food additives permitted in Appendix C. It shall conform to the 
microbiological requirements prescribed in Appendix D. It shall conform to the following 

requirements:-  
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Provided that titratable acidity aslactic acid shall not be less than 0.85 percent and not more 
than 1.2 percent.The specific lactic acid producing bacterial count per gram shall not be less 
than 10, 00,000.  

Provided further that the type of Yoghurt shall be clearly indicated on the label otherwise 
standards of plain Yoghurt shall apply. The Yoghurt subjected to heat treatment after 
fermentation at temperature not less than 65°C shall be labelled as Thermized or Heat 
Treated Yoghurt and shall conform to the above parameters except the minimum 

requirement of specific lactic acid producing count per gram;  

 

Micro flora of yoghurt  

Micro flora in yoghurt can be classified in to 3 groups.  

A Essential (Starter culture)  

Lactobacillus delbrueckii subsp bulgaricus  

Streptococcus thermophilus  

B Non-essential  

L.acidophilus  

Bifidobacterium bifidus  

Lactococcus lactis  

Lactococcus . lactis subsp diacetyl lactis  

Pediococcus  
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These are not essential for acid production but sometimes used for other purposes. They can 

be added with specific label on the pack.  

C Contaminants  

Yeast and moulds  

Coli forms  

Other bacteria  

These groups should not be present in the final product. They are not wanted and they may 

cause defects, makes product unsafe and reduce the shelf-life.  

Yoghurt starters  

Microflora of yoghurt culture consist of selected strains of S. thermophilus and L. bulgaricus.  

Orla-Jensen (1919, 1943) made a valuable contribution to the nomenclature and 
identification of lactic acid bacteria. He concluded that large, rod shaped LAB present in 
yoghurt with high temperature range of growth belongs to genus Thermobacterium. Of these 
Thermobacterium bulgaricus, isolated from Bulgarian yoghurt and Thermobacteriumjugurt, 
isolated from English yoghurt (Lactigens) were recognized as the important components of 
the yoghurt microflora.  

Some important properties of yoghurt cultures are given inTable 17.4  
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Qualities of an ideal yoghurt starter  

1 Purity, i.e. free from contaminants  

2 Vigorous growth  

3 Production of the right consistency  

4 Production of good flavour without off flavour  

5 Stability i.e. its balance should be easily maintained  

6 No tendency to induce syneresis.  

7 Should not develop excessive acidityon cold storage.  

8 Should have a reasonable tolerance to sugar.  

9 Should be resistant to penicillin and other antibiotics.  

10 Its maintenance should be easy.  

11 It should be phage resistant.  

Symbiosis  

The observation of symbiotic relationship between S. thermophilus and L. bulgaricus in the 
yoghurt starter culture was first reported by Orla-Jensen.  

Mechanism of Symbiosis:  

Lactobacillus bulgaricus has got cell wall bound proteases. It has been established that 
numerous aminoacids liberated from casein by proteases produced by L. bulgaricus stimulate 
the growth of S. thermophilus. In particular glycine and histine are produced by Lactobacillus 

bulgaricus.  

It is demonstrated that S. thermophilus produces formic acid which stimulates the growth of 
L.bulgaricus. Apart from formic acid. carbondioxide, creating anaerobic conditions and 

pyruvic acid produced by S. thermophilus stimulategrowth of L. bulgaricus .  

Effects of Symbiosis  

Asa result of symbiosis of the two cultures, several benefits have been observed for the 

culture as well as product quality.  

1. Higher rate of acid production: As compared to either S. thermophilus or L. bulgaricus 
alone, the combination of culture, produces higher amount of acid at all times of 

incubation (Figure L-1)  
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2. Higher amount of flavour produced: In yoghurt, the major flavour producers in L. 
bulgaricus. In mixed culture, the acetaldehyde production of L. bulgaricus is 
stimulated and it produces higher amount of acetaldehyde.  

3. Resistance to sugar: more than 11% sugar slows down growth of yoghurt cultures 
individually, but they produce acid at faster rate even with 15% sugar in combination.  

4. Higher cell numbers: Overall, the cell count increases, but depends on the stage of 

incubation.  

The stimulatory effect of by L.bulgaricus results in a shortened generation time of 
streptococci and increased numbers. As a result, the streptococci grow faster in the early 
part of incubation, outnumbering the lactobacilli by 3 or 4 to 1after the first hour. During 
this stage it drives excess O2 and produce formate, CO2 and lactic acid for stimulatory growth 
of lactobacilli. Hence in the later stage, proportion of lactobacilli increases and streptococci 

decreases due to inhibitory effect of lactic acid. The ratio of rod: cocci become almost 1:1 

after 4 hours.  

Enumeration of yoghurt bacteria  

Several countries have specified standards for viable count of lactic acid bacteria in yoghurt. 
Hence, a suitable medium is necessary to enumerate these bacteria in the product. 

Differential counting can be done in two ways.  

1. By counting each microbe by cultivating separately on selective media .  

e.g. L.bulgaricus on MRS medium or reinforced clostridia agar at pH 5.5.  

S.thermophilus on LPA or M17 medium or PCMA medium at pH 7.0.  
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2. Use of single medium to allow the growth of both bacteria .  

Certain media can give differential count of both yoghurt starters, for example;  

 PPY-Eriochrome agar (Trytose,proteose-peptone yeast extract, Erichrome black T-dye, 
agar, glucose, lactose,Tween-80). After 24h of incubation, S. thermophilus appeared as 
circular colonies, 1-3 mm in diameter, convex, opaque, and white-violet, often with a 
darker centre while L. bulgaricus appeared as transparent, diffuse colonies (4-6 mm 
diameter) of undefined shape,irregular edge.  

 LAB medium containing lactose, typtone,meat extract, yeast autolysate, tomato juice, 
Tween 80, K2HPO4and agar using double pour plate technique. Differentiation is made 
by colonytype under a low power microscope. S. thermophilus gives smooth, round or 
lenticular colonies and L. bulgaricus gives irregular, or roughcolonies in the deapth of 
the medium.  

 A medium in which b -glycerophosphate is incorporated. This inhibits the growth of 

Lactobacillus bulgaricus but not that of S. thermophilus.  

 
 

 

 

 

*****☺***** 
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Lesson 18 
 Types of yoghurts, Yoghurt Production-significance of each processing steps. 

 

 

18.1. TYPES OF YOGHURT  

The types of yoghurt that are produced world-wide can be divided into various categories, 

and the sub-divisions are usually made on the basis of:  

1. Legal / Standards/ Chemical composition: FAO/WHO (1973)  

i. Full fat > 3% fat  

ii. Medium fat 0.5 to 3% fat  

iii. Low fat < 0.5%  

iv. Balkan yoghurt – 4.5 to 10% fat  

2. Method of production  

i. Set yoghurt  

ii. Stirred yoghurt  

iii. Fluid yoghurt – diluted or stirred yoghurt (yoghurt with <11% T.S.)  

3. Flavours  

i. Naturalor plain yoghurt – traditional type with sharp, acidic taste  

ii. Fruit yoghurt- addition of fruits & sweetening agents to plain yoghurt  

iii. Flavoured yoghurt – in which synthetic flavouring & colouring agents are added.  

4. Post –incubation processing  

i. Pasteurized yoghurt  

ii. Frozen yoghurt  

iii. Dietetic yoghurts- may include less calorie yoghurt, low lactose yoghurt or 

vitamin/protein fortified yoghurt.  
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iv. Concentrated(>24% T.S.) and  

v. Dried yoghurts (>90-94%).  

18.2.PRODUCTION OF YOGHURT  

The entire technology of yoghurt manufacture is centered at the ‗care of culture‘. The 
selection of raw material, processing conditions, environment, storage, etc. should be decided 
in such a way that the culture exhibits predictable behaviour. Here under the influence of 
each step during manufacture of fermented milk is discussed on the quality of the final 
product.  

The manufacture of yoghurt involves several steps.  

1. Selection of raw materials  

2. Standardization  

3. Homogenization  

4. Heat processing  

5. Inoculation  

6. Incubation  

7. Cooling  

8. Post incubation processing  

9. Packaging  

These are given in the form of flow diagram in Figure 18.1  
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1. The Selection of Raw Materials  

Raw milk is the major raw material used in manufacture of yoghurt. During its selection it 
should always be kept in mind that a live microbial culture is required to proliferate in it. 
Hence, the raw milk selected for the product must support good growth of the culture. It 

should have following attributes too:  

• It should be fresh,  

• have normal composition,  

• free from mastitis and other diseases,  

• free from antibiotics and other inhibitors,  
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• free from off-flavours,  

• has low bacterial count.  

• Free from pre-enzymatic activities  

2. Standardization and pre- treatments  

Buffalo milk should be preferred for set types of product as it gives firm curd while cow milk 
may be good for stirred product, which will be smoother and uniform. The manufacturer has 
to standardize the milk to meet legal requirements for fat and SNF (Solids-not-fat). 
Technologically, good quality set yoghurt is obtained from the milk having 13-15% total milk 
solids. Fat do not have significant role to play infermentation, but contributes to integrated 
pleasant flavour and richness to the product. About 3% fat is sufficient to have good quality 
product, while SNF can be increased to 10-12%, preferably by concentration or by 

supplementation with skim milk powder.  

The ingredients added during this standardization process should be carefully selected as 
poor quality ingredients can not make good quality product. If SMP,Whey powder, Butter or 
any other materials used for standardization has high microbial count, especially spore 
counts, it will increase load in fermented milk and the product will show defects early.  

As such stabilizer is not needed in the product, but to increase the smoothness and decrease 
whey separation in stirred product, it can be added at the rate of 0.1-0.2%, while heating the 

milk. This should not add to the total microbial load of the product.  

Pre-treatments like filtration/straining removes dirt, dust and extraneous matters that help 
in reducing the microbial load to a great extent. Fore-warming will lead to activation of 
microbes, but before they multiply, the milk should be heat processed so that the microbial 

count does not increase.  

3. Homogenization  

The milk maybe homogenized at 100 Kg/cm2 at 60-70 C. This is an optional step done in-

between the final heat processing of milk. This process is useful as;  

 it gives uniform mixing of all raw materials,  
 reduce the problem of fat separation in curd,  
 improves gel stability and  

 improves digestibility.  

From the microbiological point of view, homogenizer and the line connecting to it becomes an 
additional source of contamination. If it is not properly cleaned,it may add to the total 
microflora of the milk. The process of homogenization also breaks the clumps of microflora in 
milk and hence, if such milk is tested by plating methods, it apparently shows more cfu/ml, 

while actually the number of microflora might not have increased.  
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4. Heat Processing  

The milk intended for fermented product manufacture must be heated in the range of 80-95 
C for5-30 minutes. Generally it is practiced at 80C for 30 min, or 85C for 20 min or 90C for 
10 min or 95 C for 5 min. The heat treatment is made legal from public health point of view, 
as heat processing should destroy the pathogens likely to come in milk and make the milk 
safe for human consumption. However, such a high heat treatment is useful from many 

other angles too as shown below. 

 It supports good growth of the culture as it destroys other competing microflora giving 
free ground for the starters to proliferate.  

 It inactivates natural inhibitory substances in milk,  
 drives out oxygen  
 produce some growth stimulating agents for starters  
 Higher heat treatment denatures whey proteins which help in improving the gel 

stability  

Heat treatment is the only severe treatment applied during the entire process of fermented 
milk manufacture, which can destroy microorganism. After this step,there is no other step 
which can destroy microorganisms and hence care should be taken that after heat treatment, 
the milk should not get contaminated by extraneous microorganism. That is why heat 

treatment is considered as critical control point (CCP) in HACCP program for yoghurt.  

5. Cooling  

Just after heating, the milk is cooled to incubation temperature, which is around 42-45C. 
The cooling is essential before inoculation, because if the culture is added in hot milk, 
obviously it will die. Care should be taken that milk after cooling should be inoculated as 
early as possible. If the time gap before inoculation is more, the survivors of pasteurization 

will grow. The microbial count just after cooling should be minimum.  

If set-product is to be prepared, the colour and flavour in appropriate concentration is mixed 
at this stage. In case of stirred product, flavouring is done while stirring. The milk is now 
ready for inoculation.  

6. Inoculation  

The milk is inoculated with active yoghurt cultures, S. thermophilus and L. delbrueckiis ubsp. 
bulgaricus at the rate of 2% (v/v) of milk. Usually both the cultures are added in equal 

proportion (1% each).  

7. Filling in retail packs for set yoghurt  

If set yoghurt is required, the inoculated milk is required to be packed in retail containers 
before incubation. The packing material must efficiently be treated, sanitized to minimize 

contamination. Risk of mould and bacterial spores decreasess helf-life.  
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8.Incubation  

After adding culture in the milk, it is uniformly mixed without aeration. It is then incubated 
in bulk or in the same tank, if stirred product is to be made. If set-product is required, the 
milk is filled in retail containers before incubation. Incubation is purely a biological process 
during which the culture grows and brings necessary transformations in milk to get a 
desirable fermented product. Incubation temperature should be kept 42 C. The period of 
incubation varies between 3-6 h,depending upon the rate of acid production by the culture in 
the milk. However, the best end point to stop fermentation is just after the milk sets. Setting 
takes place at about 0.6% acidity and the remaining acidity required in the product can 
develop while cooling. During incubation, the milk is very sensitive to mechanical 

disturbances and other changes. Hence, it should not be disturbed.  

9. Cooling  

As soon as the curd sets or desired acidity in the product is achieved, it must be cooled. 
Cooling is done to reduce the rate of multiplication of starter cultures and stop their growth 

at the end of cooling. This is essential to avoid over acidification in the product. The final 
acidity desired in the product and total count of starter cells excepted in the product will 
depend on the rate of cooling and how much times it takes to reduce the temperature below5 
C.  

The rate of cooling affects the quality characteristics of the product and should be decided 
according to the per cent lactic acid expected in the final product. Rapid cooling may lead to 
more contraction of gel and separate more whey, while too slow cooling may sour the 
product. In yoghurt, two stage cooling is preferred, i.e. in first stage cooling from 42 C to 20 C 

and in the second stage from 20 C to 5 C in cold store.  

In the stirred products, cooling and stirring are simultaneously done. It is advisable to stir 
the product at lower temperature to reduce the problems of wheying-off. In most cases, the 
product is stirred at about 20 C and also blended with colour, flavour, fruits, nuts and other 
additives and then packed in retail containers. The product is to be stored at less than 5 C, 

until its consumption.  

10. Packaging  

The packaging for set product is done in retail containers before incubation. However, for 
stirred product, the packing is done during cooling. The packaging materials may be 
polythene pouches, polystyrene cups,bottles or cartons. All such packaging materials serve 
as additional source of contamination and their sterility should be ensured before packaging. 
Packaging materials should also prevent the contamination during storage and distribution. 

Yoghurt packaging machines are based on one of the following principles. 

1. Volumetric level filling- When fluid yoghurt is poured in to glass bottles.  

2. Volumetric piston filling- As applied to the packaging of stirred yoghurt in the plastic 
container.  

This is more widely used, but the piston pump can cause some shearing of the coagulum. To 
minimize this reduction in viscosity, it is recommended to use low speed of filling and the use 
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of a filling nozzle with a large orifice. It is also important that the design of the filling head 

should allow for a high standard of hygiene.  

11. Storage  

All packaged retail units are packed in larger cartoon and stored in cold stores. The yoghurt 
must be stored at less than 5 C to ensure inhibition of growth starters and non-starter 
microorganism. If there are temperature fluctuations or temperature increases during 
storage, the growth of culture as well other microorganisms may take place and it will make 
the product sour or produce other defects. Hence, maintenance of temperature during 

storage is very important.  

The distribution of the finished product should always be through cold-chain.  

A good quality yoghurt has shelf-life of 2-3 weeks days at 5 C.  

 

 

 

 

 

*****☺***** 
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Lesson 19 
 Post production processing of yoghurt into various types, Biochemistry of yoghurt  

 

19.1.INTRODUCTION  

If yoghurt is heated after incubation, it is called as ―Pasteurized yoghurt‖ or ―Heated yoghurt" 
or ―Thermized yoghurt‖ or ―UHT Yoghurt‖. Pasteurization of yoghurt can be done to improve 

the shelf-life. It can increase shelf-life between 4-6 weeks at refrigeration temperature.  

The heat treatment given to yoghurt, is less Because yoghurt has low pH, short time of heat 
treatment is required to achieve in habitation of starter and contaminants. The range of 

temperature required is 60-70 ° C for 1-20 min.  

19.2. DISADVANTAGES OF HEAT TREATMENT  

 Loss of flavour.  
 Increased whey syneresis  
 Loss of vitamins  
 Loss of enzymes, especially Lactase.  
 It destroy live starter flora which may reduce therapeutic value of the product  
 It violates legal FAO/WHO definition of yoghurt, which states that yoghurt should 

have starter flora in abundance.  

19.3. LIQUID/DRINKING YOGHURT  

Yoghurt is cooled to about 20-25Cand then stirred with addition of pasteurized water. The 
quantity of water depends upon the final total solids desired in the product. Liquid yoghurt 
generally is defined as the one having less than 9% total solids. This product resembles to 

cultured buttermilk. It can spiced and taken as a refreshing beverage.  

19.4. CARBONATED YOGHURT  

Carbondioxide is injected in stirred and diluted yoghurt to make carbonated yoghurt.The 
carbonation of finished yoghurt beverage improves its thirst quenching quality and enhance 

its refreshing character. It may have higher shelf-life but show more whey separation.  

19.5. FREEZING (FROZEN YOGHURT)  

The yoghurt base produced in conventional way and the mix can be prepared by adding 
several other ingredients including milk, cream, skim milk powder, etc. The mix is then 
frozen like ice-cream and air is incorporated to have over run. Yoghurt can be hard frozen, or 

can be served as soft with or without additional flavourings.  
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19.6. DIETETIC YOGHURT  

Various types of dietetic yoghurts can be prepared by supplementations of required 
ingredients and standardization. These may low fat yoghurt, low calorie yoghurt, high 
calcium yoghurt, etc. Most important form of dietetic yoghurts is the probiotic yoghurt, which 
is prepared by incorporation of probiotic culture in yoghurt. Some of these varieties are;  
 

 
19.7.CONTINUOUS MANUFACTURE OF YOGHURT  

Continuous method may be of two types  

1. Involving continuous incubation and cooling.  

2. Involving two stage fermentation  

i.e. pre-incubation and in flow inoculation.  

19.8. Lactose hydrolyzed yoghurt  

This product is designed for lactose intolerant people. The milk is first treated with lactase to 
partially hydrolyse lactose and then finally heat treated and inoculated with yoghurt 
cultures. The product will have faster growth of starters requiring less incubation time. 
Yoghurt will be milder and sweeter.  
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19.9. BIOCHEMICAL CHANGES DURING YOGHURT PRODUCTION  

19.9.1. Acid production  

The main biochemical change during yoghurt production is fermentation of lactose by 
starters to produce lactic acid as the major end product through EMP. The acid produced 

brings down the pH of the milk,which leads to coagulation of milk proteins forming the gel.  

The percentage of lactic acid is affected by  

a) Temperature of incubation  

b) Starter inoculums rate  

c) Ratio of rod: cocci  

d) Age of yoghurt  

e) level of lactic acid produced  

S. thermophilus produces L(+) form of lactic acid while L. bulgaricus produces D(-).  

During storage the level of D (-)lactic acid increases due to activity of L.bulgaricus. Similarly 
as during later part of incubation L.bulgaricus grows faster, over incubated yoghurt has 
more D(-) type of lactic acid.  

 
19.9.2.Flavour production  

The flavour compounds in yoghurt are carbonyl compounds-acetaldehyde, acetone, acetoin 
and diacetyl. Acetaldehyde is a major flavour compound. The normal concentration is around 
13-17 mg/kg, which gives normal yoghurt flavour. Mix culture in symbiosis produces more 
than in individual. L.bulgaricus is the main contributor to acetaldehyde. Acetaldehyde is 

produced from various substrates. .It is produced from lactose via pyruvate and acetyl co-A. 

It can also be produce from milk protein via threonine with the help of enzyme aldolase.  

Flavour also comes through thermal degradation compounds of fat, protein, lactose, volatile 

fatty acids, amino acids.Acetaldehyde to acetone ratio of 2.8 gives the best flavour.  

19.3. Proteolysis  

Yoghurt cultures are weakly proteolytic  

Proteolysis in yoghurt brings;  

1. Changes in physical structure  
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2. Contribution to flavour production e.g. peptides, amino acids directly act as flavour 

compounds or act as precusor for reaction that produces flavour compounds.  

3. Yoghurt bacteria increases soluble NPN by 50%.  

4. Lactobacillus bulgaricus is more proteolytic and has ability to hydrolyse casein.  

5. Beta and kappa casein more degraded than a -casein by S.thermophilus.  

6. Ratio of rod: cocci affect proteolysis.  

 

19.4. Lipolysis  

Lipolysis in yoghurt occurs due to bacterial lipases and esterases. 

1. Occurs very slightly.  

2. Affects flavour. 

3. Increases FFA during storage.  

4. Lactobacillus bulgaricus produces more volatile fatty acids than S. thermophilus.  

 

*****☺***** 
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Lesson 20 

 Nutritive value, Therapeutic value, Spoilage, defects and quality assurance. 

20.1.NUTRITIONAL VALUE OF YOGHURT  

Milk contains well-balanced macronutrients including carbohydrate, fat, and protein and 
micronutrients including calcium, phosphorus, magnesium, and zinc (Table 21.1). Milk 
proteins have high nutritive value due to the favourable balance of essential amino acids. 
While fermentation of this milk for making yoghurt, most of these nutrients remain and 

hence yoghurt has excellent nutritive value.  
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Adapted from Holland et al. (1991) and Buttriss (1997) as cited in Yoghurt Science 
&Technology Book by Tamime & Robinson, (1999) 

While manufacture of yoghurt, quality and quantity of nutrients are affected by two ways.  

 Changes due to modification/fortification 
 Changes due to fermentation  

Changes due to modification or fortification of supplementation of any ingredient can easily 
be calculated. However, changes during fermentation depend upon fermentation conditions 

and the type of cultures.  

20.2. CHANGES DUE TO FERMENTATION  

 During fermentation some nutrients like lactose, protein, fat and some vitamins 
decrease while nutrients like lactic acid, peptides, amino acids, volatile flavour 

compounds, vitamins, enzymes and bacterial proteins increase.  
 Fermentation improves the digestibility of the proteins. It helps in formation of softer 

curd and its digestibility is facilitated by presence of lactic acid.  
 Availability of some minerals like calcium and phosphorous increases in yoghurt 

mainly because of the lactic acid and their more soluble forms.  
 Vitamin content may increase or decrease depends upon the strain of the culture. 

Some yoghurt cultures are known to synthesize vitamin B2, B12, Folic acid, Niacin, 

etc and hence they can improve its nutritive value.  

20.3. THERAPEUTIC VALUE OF YOGHURT  

Yoghurt and related products have been used for health properties since very longtime. The 
normal yoghurt cultures do not survive passage through digestive system and do not implant 
in intestine and hence it do not give the benefits of ingestion of live probiotics. However, the 
metabolites of and cell contents of yoghurt cultures do confer several health benefits. Some of 

the applications of yoghurt for therapeutic benefits are listed below.  

1. Used as therapeutic agents in gastro-intestinal disorders: Yoghurt flora is known to inhibit 
several food spoilage organisms and intestinal pathogens due to presence of several 

inhibitory substance and low pH. This helps in prevention of infections and control of several 

gastro-intestinal tract illness including diarrhea and constipation.  

2. Can be digested by lactose intolerant people: Yoghurt has lower lactose due to 
fermentation and it also provides lactase from autolysed bacteria in gut and hence it helps in 
digestion of lactose.  

3. May have hypocholesterolemic activity: There are some reports that yoghurt flora can 
reduce cholesterol in the body by different mechanisms. This can help in reducing the risk of 

heart diseases.  

4. Anticarcinogenic activities: Yoghurt, especially having probiotic cultures are known to have 
some tumor inhibiting properties. They also reduce the activity of enzymes that convert pro-

carcinogen to carcinogen in gut which reduces the possibility of colon cancer.  
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5. Immunostimulatory properties: Increase in specific and non-specific immune functions 
have been reported by consumption of fermented milks. Some reports on anti-mutagenic 
activity are also published.  

6. Other applications: Yoghurt and other fermented milk products have been found to be 
useful in several other health conditions also. However, the therapeutic effect is dependant 

on the strain of the culture used for the preparation of the product. .  

20.4. QUALITY TESTING OF YOGHURT  

Yoghurt is tested in laboratory for various quality aspects. Various set of tests applied to 

judge the quality are given below: 

 Physical tests: Physical appearance, free whey, presence of gas slits, package 
conditions, etc.  

 Organoleptic tests: Colour & appearance, body& texture, flavour.  
 Chemical tests: Titratable acidity, pH, presence of flavour compounds, flavour, etc.  
 Microbiological tests: Microscopic examination, starter bacterial count, Coli form 

count, Yeast-mold count, etc  
 Tests for specific properties: If any specific property or function is claimed from the 

product, a test to justify is required to be done.  

 

20.5. SHELF-LIFE  

Shelf-life of a good quality yogurt is 2-3 weeks at refrigeration temperature. The produce is 
required to be stored in cold conditions and transported and distributed in cold chain, 

otherwise several defects develop and the shelf-life is reduced.  

20.6. DEFECTS IN YOGHURT  

Defects in yoghurt can be classified as;  

1. Appearance defects  

2. Body & texture defects  

3. Flavor defects  

4. Acidification defects  

5. Storage related defects.  

Some of the common defects and their remedies aregiven in Table 20.2  
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20.7. STANDARDS FOR YOGHURT AND QUALITY REQUIREMENTS  

In India, Yoghurt has been defined by PFA as under:  

"A.11.02.17 YOGHURT means a coagulated product obtained from pasteurized or boiled 
milk or concentrated milk,pasteurized skimmed milk and or pasteurized cream or a mixture 
of two or more of these products by lactic acid fermentation through the action of 
Lactobacillus bulgaricus and Streptococcus thermophilus. It may also contain cultures of 
Bifidobacterium bifidus and Lactobacillus acidophilus and other cultures or suitable lactic 
acid producing harmless bacteria and if added, a declaration to this effect shall be made on 
the label. The microorganisms in the final product must be viable and abundant. It may 
contain milk powder,skimmed milk powder, unfermented buttermilk, concentrated whey, 
whey powder,whey protein, whey protein concentrate, water soluble milk proteins, 
ediblecasein, and caseinates manufactured from pasteurized products. It may also contain 
sugar, corn syrup or glucose syrup in sweetened yoghurt and fruits infruits yoghurt. It shall 

have smooth surface and thick consistency without separation of whey. It shall be free from 
vegetable oil/fat. animal body fat,mineral oil and any other substance foreign to milk. The 
product may contain food additives permitted in Appendix C. It shall conform to the 
microbiological requirements prescribed in Appendix D. It shall conform to the following 

requirements:-  
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Provided that titratable acidity as lactic acid shall not be less than 0.85 percent and not more 
than 1.2 percent. The specific lactic acid producing bacterial count pergram shall not be less 
than 10, 00,000.  

Provided further that the type of Yoghurt shall be clearly indicated on the label otherwise 
standards of plain Yoghurt shall apply. The Yoghurt subjected to heat treatment after 
fermentation at temperature not less than 65°C shall be labelled as Thermized or Heat 

Treated Yoghurt and shall conform to the above parameters except the minimum 
requirement of specific lactic acid producing count per gram;  

 
 

 

 

 

 

 

 

 



 Starter Cultures and Fermented Milk Products 

 

 

107 

 

 

 

Module 13. Dahi  

 
Lesson 21 

 Definition and standards, Methods of production, Types of starters 

21.1. INTRODUCTION  

Since time immemorial, surplus milk has been used in India for preparing a wide variety of 
dairy delicacies. The first of these products developed was dahi (curds), obtained by 
fermenting milk. Dahi (Sanskrit:Dadhi) is considered the oldest Indian fermented milk 

product and is equivalent to Western Yogurt. It is believed that dahi has valuable therapeutic 
properties and helps curing gastrointestinal disorders. In the Indian system of medicine dahi 
has been recommended for curing dyspepsia, dysentery, and other intestinal disorders. Dahi 
is prepared and consumed in the household on a day to day basis and a huge portion of dahi 
production in the country is still confined to the unorganized sector. Recently several 
commercial dairies have come up with production of dahi on large scale and are having good 

market.  

21.2.DEFINITION OF DAHI  

PFA rules (2006), defines dahi or curd as : ―It is the product obtained from pasteurized or 
boiled milk by souring, natural or otherwise, by aharmless lactic acid or other bacterial 
culture. Dahi may contain added canesugar. Dahi shall have the same minimum per cent of 
milk fat and milk solids-not-fat as the milk from which it is prepared. Where dahi or curd is 
sold or offered for sale without any indication of the class of milk, the standards prescribed 
for dahi prepared from buffalo milk shall apply. Milk solids may also be used in the 

preparation of this product‖.  

21.3. STANDARDS FOR DAHI  

According to Bureau of Indian Standards (1978) specifications for fermented milk, dahi 
should have a pleasing flavour and a clean acid taste, devoid of undesirable flavour,should 
have firm, solid body and texture and be uniform with negligible whey separation. Other 

characteristics (Table-21.1) should be as follows:  
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A good quality dahi made from whole milk has a cream layer on the top, the rest being made 
up of a homogenous body of curd and the surface being smooth and glossy, while the 

cutsurface should be firm and free from cracks of gas bubbles and it should have a pleasant 
acid taste with sweetish aroma. Composition and quality of dahi vary widely from one locality 
to another as it is being prepared under different domestic conditions as well as milk with 
variable chemical and bacteriological quality used for the preparation. However, the chemical 
composition of dahi has been reported as fat ranging from 5 to 8 per cent, protein 3.3 to 3.4 
per cent,ash 0.75 to 0.79 per cent and lactic acid 0.5 to 1.1 per cent. Diacetyl is the major 
flavor compound in dahi. Table 21.2 shows the specifications recommended by FSSA, 2006.  
 

 
21.3. Methods of Production of Dahi  

The traditional method for preparation of dahi invariably involves a small scale,either in 
consumers‘ household or in the sweet makers shop in urban areas. In the household, milk is 
boiled, cooled to ambient temperature and inoculated with 0.5 – 1 per cent of starter 
(previous day‘s dahi or butter milk) and allowed to set overnight (Figure-21.1) . It is then 
stored under refrigeration and consumed. In cooler weather the dahi setting vessel is usually 
wrapped in a woolen cloth to maintain warmth. In shops, the method is more or less the 
same except that milk is concentrated somewhat before inoculation and the dahi is usually 
set in a shallow circular earthen pot, which helps in the absorption of any whey that may 

ooze out.  
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Restaurants and sweetmeat shops make dahi by the short set method (curd within 4-6 h). 
They use inoculum at the rate of 2-4% followed by incubation at 42-45°C till setting of the 
curd. The procedure for commercial production of dahi is depicted in Figure. 21.2.  
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21.3. Starter cultures for Dahi  

The inoculum used to initiate fermentation in milk is called starter. The type and 
characteristics of starter organisms used in the production of fermented milk is an important 
factor that determines the type and characteristics of the final product. Traditionally,the 
previous day dahi or chhash, containing an unknown mixture of lactic acid bacteria was 
used as starter culture. However, to manufacture dahi on large scale with predictable 
uniform quality, it is desirable to use known mixtures of starters. Usually the starter bacteria 
consist of Lactococcus lactiss ubsp. lactis, cremoris and diacetylactis, 
Leuconostocs,Lactobacilli sp. and Streptococcus thermophilus . Lactobacilli (Figure21.4) 
dominate in sour dahi due to their higher acid resistence, while streptococci dominate in 
sweet dahi. Surveys have also indicated that in summer dahi Lactobacilli dominate, while in 
winter, Streptococci dominate. Similarly in southern parts of India, where people are 
habituated to take sour dahi, lactobacilli and yeast dominate, while in northern parts where 

mildly sour dahi is preferred,Streptococci predominate.  

 
 

According to BIS: 9617 (1980), the following cultures shall be used in preparing dahi.  

(a) Streptococcus lactis, Streptococcus diacetylactis, Streptococcus cremoris, singly or in 
combination, with orwithout Leuconostoc species.  
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(b) Also as above, along with species of Lactobacillus such as Lactobacillus acidophilus, 

Lactobacillus bulgaricus and L. casei and Streptococcus thermophilus.  

Starter cultures can be classified in to different groups based on certain criteria as shown in 

Table-21.3.The starter cultures for dahi making are available in the form of 
liquid,concentrated, freeze dried cultures from culture suppliers and Culture collection 
centres. Alternatively a Direct Vat Inoculum (DVI) concentrated culture can be used directly 

in fermentation vat for the preparation of dahi.  
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Lesson 22 
 Desirable properties of dahi and factors influencing it , Composition of dahi 

 
 
Composition of Dahi  

The composition of dahi depends upon the type of milk and manufacturing conditions.The 
average composition of dahi is depicted in Table 2.1.  

 

 
 

Desirable properties of dahi and factors influencing it  

A good quality dahi made from whole milk has a creamy layer on the top, the rest being made 
up of a homogenous body of curd and the surface being smooth and glossy, while the cut 
surface should be firm and free from cracks of gas bubbles and it should have a pleasant 

acid taste with sweetish aroma.  

(1) Quality of milk as a raw material for dahi making  

The type and quality of milk used for dahi making has great influence on the quality of dahi 
as it affects the starter activity as well as sensory characteristics of the dahi. The milk should 
be fresh, clean and free from developed acidity and any off flavours. It should be free from 
antibiotic residues and inhibitory substances which can adversaly affect the starter activity. 
The chemical composition, status of fat,protein, minerals, enzymes and vitamins, etc. of dahi 
can vary with the type of milk used in its manufacture. Milks of different species of mammals 
have been used for the production of dahi depending on the availability. Treatments like 
filtration,clarification, bactofugation, etc. can be applied to make the milk clean and 
bacteriologically better. Milk with abnormal composition like colostrum, late lactation milk 
and mastitic milk should not be used as it adversely affects the growth of starter culture 

which subsequently results into poor quality product.  
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(2) Additives  

Except sugar, no other additives are legally permitted in dahi. However, various additives 
such as starch,alginate, gelatin, CaCl2 and MgCl2 are frequently used to control the texture 

and also to reduce whey separation in dahi.  

(3) Homogenization  

Homogenization of milk is anessential step in the commercial level preparation of dahi. This 
step increases the viscosity and coagulum stability. It also improves the mouth feel of the 
product, and thus increases the organoleptic quality of dahi. If, not done hygienically this 

step can serve as a source of contamination in dahi.  

(4) Heat treatments given to milk  

Generally milk is heated to higher temperatures than the normal pasteurization. This higher 

temperature is necessary to produce :  

 relatively sterile and conducive environment for the growth of starter culture  
 to denature and coagulate whey proteins to enhance the viscosity and texture of the 

final product.  
 The heat treatment also affects the activity of the culture by causing stimulation and 

inhibition of lactic cultures during fermentation of milk depending on changes in O-R 
potential.  

 denaturation of whey proteins and destruction of inhibitors  

(5) Starter cultures  

Starter cultures used for dahi making is of utmost importance owing to the inevitable role 
(Table 2.2) it plays during the entire manufacturing process. The type and characteristics of 
starter organisms used in the production of dahi and their associative growth during the 
fermentation process plays an important role in determining the overall quality of the final 
product. Some important starter culture criteria, which can decide the dahi quality include 
activity and purity of the culture, composition of starter microflora, type of fermentation, 

growth temperature, etc.  
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The ability of the starter culture to perform its function during the manufacture of dahi 
depends on its purity and activity. Almost any standardized test of metabolic activity is 
suitable for testing the activity, but the rate of acid production is easy to measure and is 
considered the most suitable test. Depending on the requirement the starters are tested for 
flavour production also. Starter cultures should be periodically examined for contamination 
by extraneous organisms. The presence of contaminants is highly objectionable as they not 
only reduce starter activity but also bring about undesirable changes in the dahi. 
Microscopic examination of stained smears of cultures may give preliminary idea about the 
contaminating organisms but conclusive detection of certain groups of organisms should be 
done by cultural methods. Now a days commercial dahi makers use DVS starters for direct 
vat inoculation. These starters avoid the need for propagation of the starter cultures.  

(6) Inoculation and Incubation  

The amount of inoculum to be used for the production of cultured milk products should be 
optimum. The use of minimum amount of culture causes greater fluctuations in acid 
production and high amount will result in defect in the texture and aroma of the final 
product. An optimum amount of inoculum will result in normal course of lactic acid 
fermentation. The amount of inoculum can vary depending on the method of production. A 

short set production method requires more amount of inoculum where as a long set requires 
less amount of inoculum. Different research workers have tried rate of inoculum varying from 
1 to 10% for making dahi. The incubation temperature and period depends on the optimum 
growth of starter culture ,manufacturing schedule (short set or long set),etc. Mesophilic 
starters are generally incubated between 20oC to 30oC where as for thermophiles the 
temperature range is 37oC to 45oC.The inoculated milk is either retail packed or set in bulk. 
The packaging before or after setting depends upon whether the product is stirred type or set 

type.  

(7) Cooling and Packaging of dahi  

The product is immediately cooled after setting to less than 5 °C to arrest excessive acid 
development and ‗whey-off‘. Cooling should give minimum mechanical damage to the curd. In 
India, earthern pots or kulhars are used for setting as well as selling large quantities of dahi. 
Dahi packaged in earthern pots has a firm body and these packages are eco friendly and 
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easily degradable after disposal,but the limitations are, heavy, breakable and can cause 
excessive shrinkage of the product during storage due to moisture seepage through pores. 
Polystyrene cups are the most convenient packaging material for set dahi in case of 
commercialization. The other commonly used plastics for packaging of dahi are 

polypropylene, polyvinylchloride and polyvinyledene chloride. The polystyrene containers are 
clean in appearance, give a good shining look, light in weight and unbreakable, but causes 
wheying off in dahi during storage and are nonbiodegradable.  

*****☺***** 
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Lesson 23  

Modified dahi- Bhapa dahi and misti dahi, Defects 
 
 

23.1. DEFECTS IN DAHI  

The major spoilage of dahi is through souring or growth of yeasts and molds due to its acidic 
nature. The defects in dahi vary depending on the type of product (set or stirred). Table-23.1 

shows causes and remedies for common defects in dahi.  
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23.2.NUTRITIVE AND THERAPEUTIC VALUE OF DAHI  

Dahi contain all the valuable constituents of milk except for the changes caused as a result 
of heat treatment of milk, microbial growth and fermentation processes. The milk 
constituents are predigested by microorganisms, hence become easily digestible.The 
digestibility of proteins in dahi is higher due to formation of softer curd, high acidity, release 
of peptides and amino acids. The hydrolyzed lactose becomes more easily digested. The 
bioavailability of essential minerals increases. As compared to milk, dahi will have higher 
lactic acid , amino acids, fatty acids, bacterial cell mass, carbohydrates and certain 
vitamins.The status of vitamins in dahi will depend upon the starter strains employed for 

dahi making.  

The value of dahi as the rapeuticagent in the treatment of gastrointestinal disorders and 
other ailments of man has been recognized in the Ayurvedic system of medicine in India quite 
a long time ago. The beneficial effect of dahi in the treatment of intestinal diseases may be 
ascribed partly to the effect of lactic acid and antibacterial substances present in them. Dahi 
can be safely consumed by lactose intolerant people. Lots of research works are being done 
on the therapeutic aspects of dahi. Dahi can significantly reduce the duration of diarrhoea in 
children. Dahi is also believed to improve appetite and vitality. Dahi containing probiotic 
bacteria is found to have Antidiabetic, Anticarcinogenic, Antiatherogenic effect. Dahi has 
found its applications in the cosmetic field also. It is used as a beautifying, soothing, 

cleansing and moisturizing agent.  

23.3. MODIFIED DAHI - MISTI DAHI  

 
 

Misti dahi is an indigenous sweetened fermented milk product popular in the eastern parts of 
the India. Misti dahi has creamish to light brown color, firm consistency, smooth texture, 
and pleasant aroma.Because of its brown colour as a result of caramelization of sugar during 
heating, it is also called Lal Doi. At present no legal standards are available for the product. 
However a typical composition of mishi dahi is given in Table 3.2. 
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Mishti dahi production is mainly confined to household or cottage industries. Traditionally,it 
is prepared by boiling cow, buffalo or mixed milk with a required quantity of sugar and 
partially concentrated by simmering over a low fire during whichmilk develops a distinctive 
light cream to light brown caramel color and flavor. This is followed by cooling and culturing 
at ambient temperature using lactic culture and pouring into retail earthen cups and left 
undisturbed overnight for fermentation. When a firm body curd has set, it is stored at a low 
temperature (4°C) and served chilled. The manufacturing process is depicted in Fig. 23.1.  

 

 
 

The starter cultures for mistidoi mainly comprises of combinations of Streptococcus salivarius 

ssp. thermophilus,Lb. acidophilus, Lb. delbrueckii ssp. bulgaricus andLb. acidophilus, Lc. lactis 

ssp. lactis and Saccharomyces cerevisiae. Microbiological examination of market samples of 
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misti doi revealed the presence of yeasts such as Saccharomyces, Candida and Rhodotorula, 

besides the LAB like Lactobacillus, Lactococcus and Streptococcus. 

The packaging of misti doi is similar to that of dahi. It is packaged in earthern ware or plastic 

cups with aluminium foil lids of various sizes.  

 

23.4. BHAPA DOI  

Bhapa Doi is a steamed, unsweetened yoghurt popular in Bengal . It resembles a soft 

cheesecake in its texture and consistency and has a mild sweet taste.  

23.5. DAHI BASED PRODUCTS POPULAR IN INDIA  

Dahi is consumed by large segments of our population either as apart of daily diet or as a 

refreshing beverage. The surplus dahi is used as the intermediate product and churned into 
makkhan (butter), while the liquid whey — chhach or mattha— is consumed as are freshing 
beverage or converted into kadhi, a spicy dish served hot with rice. Dahi is also used as a 
base for producing other products like shrikhand and lassi. Figure 23.2 shows some very 

popular dahi based products existing in different parts of India.  

 

 
23.6.CONCLUSION  
Fermented milks have been produced and consumed since ancient times in India and dahi 
being the most ancient has managed its popularity in Indian diet despite changing life styles 
and food habits with time. It is preferred over milk due to good taste, high nutritive and 
therapeutic value and most importantly, enhanced keeping quality than milk in a tropical 
climate like ours. It is being consumed as plain, sweetened or salted and spiced. The 
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commercial manufacture of dahi started recently only and majority production is still 
confined to cottage industries. Lots of research works are being done and are going on on the 
therapeutic aspects of dahi, especially using probioticbacteria.  
 

 

*****☺***** 
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Module 14. Cultured butter milk 
 

Lesson 24 
 Preparation of cultured butter milk, Composition and Quality Characteristics 

 

Drinking of butter after churning dahi in to country butter is a very common habit in India. 
This product has most of the fermented milk solids except fat which goes in butter.It also has 
mixed lactic acid bacteria, especially Lactococci and Leucostocs,which gives it a typical 

diacetyl flavour.  

Manufacturing cultured butter milk on industrial scale involve selection of good quality raw 

material,standard cultures and optimized process of fermentation, packaging and storage.  

True buttermilk is the fluid remaining after cream is churned into butter. If butter is made 
from sweet cream, its buttermilk has approximately the same composition as skim milk. 
Cultured butter milk is prepared by souring true butter milk or more commonly, skim milk 
with a butter starter culture that produces a desirable flavor and aroma.  

Starter culture  

Cultured butter milk is prepared with the help of normal mesophilic lactic acid bacteria.  

 
There should be satisfactory balance between acid and flavor producers in the starter.  

Making of cultured butter milk  

The typical process flow diagram for preparation of culture butter milk is shown in Figure 1.  

Each step in the process has significance on the technological, microbiological and sensory 

qualities of the product.  

Selection of milk: The quality of raw material decides the quality of final product. The raw 
milk selected for CBM manufacture should normal composition, be free from off flavor and 

odours and free from inhibitory substances. It should have lower microbial count.  
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Standardization of milk : It is usual practice to standardize milk for fat and solids-not-fat 

content looking to legal requirements and also as per consumer demands. Generally skim 

milk is the starting material and it may be added with approximately 1.7% fat. In certain 

commercial processes, fat is added as granules in cold fermented butter milk.Sodium 

chloride at the rate of 0.1 – 0.2% and sodium citrate at the rate of 0.1 – 0.2% may be added 

for enhancement offlavor.  

Heat treatment :Proper heat treatment of at least pasteurization equivalence is mandatory 
for CBM production. This is to ensure destruction of pathogens and make the product safe 
for human consumption. It also helps in proving suitable environment for the cultures. 
Based on earlier experiences and scientific evidences, it found that heating at 85 ° C for 30 
min is the optimum heat treatment for CMP production which gives best quality product in 
terms of flavour and shelf-life. Heating below 82 ° C or above 88 ° C causes a weak body, that 
allows whey separation in cultured butter milk.  

Cooling  

Milk must be cooled down to inoculation temperature as soon as holding period is over. 
Inoculation in hot milk will destroy the culture. It should be 22-25 C for cultured buttermilk.  

Inoculation  

The milk should be inoculated with appropriate mesophilic starter culture just after cooling. 
Inoculation rate varies from 0.5 to 2.0%, depending upon the starter activity and time of 
incubation At the time of inoculation,starter should have 0.80-0.85% acidity. Over ripe 
culture are not suitable as the lactic streptococci have passed their peak of acidity. If it is 
under ripenedi.e. less than 0.8% lactic acid, it will not have sufficient number of aroma 

bacteria.  
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Incubation  

The typical incubation temperature for CBM is 21.6C. There are several reasons for selecting 

21-22 ° C as incubation temperature.  

 Any departure of more than a degree or two above or below will cause imbalance in the 
bacterial mixture and will adversely affect the product.  

 At lower temperature, the starter organisms grow too slowly, and curdling is delayed 
excessively  

 At much higher temperature, the streptococci overgrow aroma bacteria and product 
lack flavor and aroma.  

 At higher incubation temperature the curd forms at a lower acidity and it tends to 
shrink, causing whey separation.  

 Use of lowest practicable temperature inhibits the growth of undesirable bacteria that 

survive the heat treatment given to the milk.  

Cooling, Agitation and Dilution  

After desired stage of ripening, the curd must be cooled rapidly to avoid over ripening. Mixing 
may be necessary to hasten cooling, but it should not be done in a manner that incorporate 
air. Excessive agitation decreases the stability of butter milk and increases whey separation. 
Gentle agitation is required to break curd and to have efficient and quick cooling. At the 
stage dilution of the product may also may be done to adjust solids level to desired level. 
Some manufacturers also add some spices and condiments to falvour it . The final cooling of 

the product should be to less than5C.  

Packaging & Storage  

Bottle or cartons packaging material are commonly used. Packaging material should not 
excessively increase the microbial load in the product. Product will have better shelf-life if 

stored below 5C.  

Composition of cultured butter milk  

The normal compostioj of cultured butter milk is given in Table 2.  
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Characteristics of good quality cultured butter milk 

A good quality butter milk, after packaging has a pH 4.5 and a possess smooth viscous body 
giving a slow even flow when poured. The flavor should be clean acid with an integrated 
aromatic diacetyl and free volatile acid background. It exhibits no free whey or whey 

separation. The keeping quality of good buttermilk at 5 ° C is approximately 2 weeks  

The standards for quality and hygiene apply to butter milk too. In India the standards for 
contamination prescribe that coli form count should be less than 10 per ml and yeast & mold 
count should be less than 100 per ml.  
 

 

 

*****☺***** 
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Lesson 25 

 Flavour in cultured butter milk, advances in CBM production 
 
25.1. FLAVOR IN CULTURED BUTTER MILK  

The true cultured butter milk is popular for its flavour. The product has a fine delicate 
flavour of diacetyl with acidic taste. The flavour is delicate and is affected by several cultural 
and environmental factors. Hence, efforts are concentrated in CBM industry to produce 

optimum concentration of flavour and than maintain it still the product is sold.  

The principal flavouring component in cultured butter milk is diacetyl produced by the 
aroma bacteria. This is produced by fermentation of citric acid (about0.2% present in fresh 

milk). To prevent deterioration of fine flavor citric acid may be added (0.1-0.2%) to milk before 
pasteurization to provide sufficient substrate and maintain diacetyl levels between 2-4 ppm. 
A proper balance of different flavour compounds namely diacetyl, acetoin, acetate and 

CO2will give a characteristic flavor to the product.  

Lactococcus l actis subsp diacetylactis and Leuconostoc are the major diacetyl producing 
microorganisms in cultured butter milk. Neither L. lactis subsp diacetylactis nor Leuconostoc 
can use citrate as an energy source. However they produce different end products from 
citrate. L. lactis subsp diacetylactis,however grows better in milk than does the leuonostoc 
and as its name suggests,accumulates high concentration of diacetyl (up to 5 ppm). It can 
therefore be used to produce both acid and aroma. This organism unfortunately produces 
acetaldehyde, an undesirable flavor in butter milk (described as a ―green‖ or yoghurt like off 
flavour). On the other hand, Leuconostoc don‘t have this disadvantage and they help to 
scavenge acetaldehyde.  

25.2. MODES OF DIACETYL PRODUCTION  

Diacety is produced by fermentation of citric acid by selected lactic acid bacteria in milk. 
These are two theories which explain the pathways for formation of diacetyl in milk.  

One theory explains that diacety is formed by oxidative decarboxylation of α-acetolactate 

which is excreted in to milk by bacterial cells (Figure-25. 1) 
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1. According to Van Beynum Pette (1938); Deman (1956); Seitz et al. (1963) the diacetyl is 

formed by oxidative decarboxylation of α-acetolactate which is excreted into milk by bacterial 

cells. 
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2. According to Speckman & Collins(1968) and Cogan (1984) diacetyl is formed in the 

bacterial cells by reaction of acetyl CoA and activated acetaldehyde. This process occurs 

totally intracellularly and not via α-acetolactate.  

 
In L.lactis subsp diacetylactis maximum accumulation generally coincides with the total 

disappearance of citrate after which the diacetyl and acetoin level decreases. The presence of 
citrate represses the synthesis of acetoin and 2, 3butydene glycol reductases) which explain 
why diacetyl and action accumulates during growth of this organism. 
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Leuconostocutilize citrate rapidly once growth has begun producing acetate and traces of2,3- 
butydene glycol but no diacetyl or acetoin unless citrate is present at low pH. This is thought 
to be due to inhibition of acetolactate synthatase activity by several intermediates of 
heterofermentation. The inhibition by some of these intermediates is relieved at low pH 
allowing the production of acetoin.This however, does not explain why diacetyl does not 
accumulate during growth of leuconostoc.  

25.3. FACTORS AFFECTING DIACETYL CONTENT IN CULTURED BUTTER MILK  

Flavour in cultured butter milk is due to presence of diacetyl and acetoin. These compounds 
are affected by several factors as listed below:  

1. Type of culture and culture balance : cultures inherent physiological properties decides 
the metabolism. More important is the balance among different strains and especially the 

proportion of acid and aroma producers in culture decides the fate of diacetyl.  

2. Citric acid concentration in milk: Citrate is the substrate as well end product inhibitor 
of the diacetyl and hence it is most important. Surplus citrate in the product after 

fermentation helps stabilize diacetyl content.  

3. Acidity and pH : The metabolism of citrate involving various enzyme activities depends 
mainly on pH of the medium. Further, it is seen that diacetyl in cultures like Leuconostocs is 
produced externally from alpha-acetolactate in presence of lactic acid. It is found that pH 4.6 
is optimum for stabilizing the concentration of diacetyl.  

4. Aeration and oxygen content in milk: The diacety and acetoin can easily reduce to 2,3 
butynediol, which is flavourless. As all these compounds interchange based on oxidation-

reduction potential, aeration and oxygen are important.  
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5. Type of packaging material :It decided permeability for oxygen. Fro examples, when 
bottles are used as packaging material, there can be decrease in diacetyl; while when 
polyethylenepouches are used, because of permeability to oxygen, the diacetyl may remain 

stable.  

6. Concentration of Manganese and magnesium in milk: These ions act as co-factors for 
keyenzyme activities in metabolic pathway and hence affect the concentration of end 

product.  

7. Age of milk and other contaminants : If the milk is stored and other contaminants 

which can produce diacetyl reductase are present, it may reduce flavour.  

8. Temperature of incubation: The growth of cultures and the activities of enzymes in 

flavour production pathway depend on temperature.  

9. Agitation and cooling : It can affect the growth of culture as well as oxygen content in 
product and hence the diacetyl concentration. It is observed that fast cooling and aeration for 
1hour has favourable effect. Too slow cooling in incubation vessel has adverse effect. If it is 

not cooled immediately, especially in large tanks,the diacetyl may quickly decrease.  

25.4. ADVANCES IN CULTURED BUTTER MILK TECHNOLOGY  

Over the period, several changes and modifications have come in manufacture of CBM.Some 
examples of modifications suggested based on research are given below.  

1. Double stage homogenization of milk for 1.7% fat butter milk adds to richness of flavor.  

2. Controlled fermentation process involving the chilling of buttermilk at pH 5.2 to arrest the 
growth of added L. diacetylactis followed by acidification of the product to pH 4.5 with added 
lactic acid has been reported gives fine flavor through increased diacetyl, but without 

developing acetaldehydeovertones.  

3. Various types of flavoured butter milks can be produced with incorporation of natural 

fruits or essences.  

4. To improve texture and viscosity of the product, membrane filteration technology can be 

used. Concentration of milk by UF can be done to increases protein and decrease lactose 

content.  

Vacuum de-aeration before cooling for removal of excess carbon dioxide, helps get better 
flavor in CBM.  

*****☺***** 
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Module 15. Probiotics, Acidophilus and Bifidus milk products  
 

Lesson 26 
 Probiotics: Importance, Definition, Types and selection criteria for cultures  

 

26.1. INTRODUCTION 

GI tract is one of the most diverse and metabolically active organs in the human body. The 
human gut and its microbiota cannot be realistically considered as separate entities as they 
represent a dynamic biological system that has co-evolved from birth. The ability of the gut to 
sustain its beneficial microbiota, agains tharmful or opportunistic microbiota, in a desirable 
community structure, is critical for host health and reduction of disease risk. It is apparent 
that the intestinal microbiota directly influences gastrointestinal health and systemically 
affects host health. In healthy individuals, the gastrointestinal microbiota exists in a state of 
eubiosis. However, this dynamic equilibrium can be ‗disturbed‘ by the stresses of modern-day 
living, or antimicrobial intake,with serious repercussions for the host. The failure of 
antibiotics to treat infection as a consequence of increased microbial resistance, and the fear 
that new, more successful, antibiotics will not be developed has necessitated a new 
perspective on an age-old problem. These circumstances, in combination with the consumer 
demand for dietary supplements to maintain gastrointestinal health,have fuel led scientific 
research into alternative approaches. Within this context, the potential for preventing 
dysbiosis or indeed fortifying the GI tract through modulation of the intestinal microbiota 
seems a tangible solution. Metchnikoff (1907) was perhaps the first to recognize the health-
enhancing attributes of fermented products containing microbes. He hypothesized that the 
harmful effects of the undesirable bacteria could be overcome through ingesting LAB 
(probiotics) and that the longevity of Bulgarians was due to the consumption of large 
quantities of lactobacilli-fermented milk. In the ensuing 90 years, there has been a plethora 
of published studies to support Mechnikoff‘s hypothesis. It is now well recognized that a 
healthy (balanced) microflora is pivotal to optimum health and that supplementation with 
probiotics could be used to shift the balance of the gut microflora away from potentially 
harmful/pathogenic bacteria towards abeneficial or health-promoting microorganisms, like 
lactobacilli,bifidobacteria. Fermented foods, including milk and dairy products, have played 
important roles in the diet of humans worldwide for thousands of years.Fermented milk with 
health-promoting ―probiotic‖ properties is one of the oldest functional foods. Since the mid-
1950s, there has been increasing knowledge of the benefits of probiotic gut flora and their 
impact on human biological processes and, at the same time, of the identity of certain dairy 
or non-dairy components of fermented milks and their role in human health and body 
function. Indeed, probiotics are food components fulfilling particularly the term ―beyond 

nutrition‖ or ―functional‖ since bacteria have no nutrient character.  
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26.2. DEFINITION 

Probiotic is derived from Greek and means pro-life. It is an opposite word of antibiotic and it 
means ‗for life‘ or ‗in support of life‘. Any microorganism and or substance which improve 
health can be called as probiotic. The term probiotic was coined by Lilly and Still well in 1965 
who terms probiotics for growth promoting factors produced by microorganisms. Later on 
parker in 1974 used the term for‗organisms and substances‘ and Fuller in 1989 defined 
probiotic as a live microbial feed supplement which beneficially affects the host animal by 
improving its intestinal microbial balance. During the journey of science from1965 to till 
date, probiotic‘s definition has been revised several times. But at present, the definition given 
by WHO/FAO (2002) has been universally accepted and as per that probiotic is defined as ― 
Live microorganisms which when administered in adequate amount confer a health benefit 

on the host‖.  

26.3. TYPES OF PROBIOTIC MICROFLORA 

There are several microorganism which has been used as probiotics (see Table 1), but lactic 

acid bacteria enjoying the GRAS (generally regarded as safe) status have been most 
frequently used. This status is based on their historic association with fermented foods, 
which have been found to be safe and healthy. Several non-GRAS status microbes are also 
being used, but they need to prove their safety by appropriate safety trials. Recently one work 
group formed by International Dairy Federation is looking to gather information on microbes 

having long history of association with foods which can give GRAS status. 
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26.3.1. Criteria for selection of probiotics: 

The probiotic microorganisms are required to function in vivo in the body and hence any 

orally administered microbe need to withstand the adverse conditions in gastro-intestinal (GI) 
tract and establish in human GI tract. Further, it need to remain viable in the food product 
and hence it need to resist production conditions and remain viable in sufficient numbers till 
the end of shelf life of the product. The most important condition is that the culture should 
be safe for human consumption. Following is the list of criteria used for selection of strain of 

probiotic microorganism. 

1. The source from where the culture is isolated. There is host specificity. 

2. Capability of passage in live condition to gastro-intestinal tract. 

   

- tolerance to gastric acids 

- tolerance to low pH 

- tolerance to digestive enzymes 

- tolerance to lysozyme 

 

3. Capability of persistence in live condition in gastro-intestinal tract. 

- tolerance to bile salts 

- resistance to lower surface tension 

- tolerance to phenolic compounds 

- resistance to peristalsis 

4. Ability of intestinal implantation 

- production of exopolysaccharides 

- hydrogen bonding 

- surface structures 

- non-specific ionic bridges 

- surface hydrophobicity 
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5. Tolerance to production conditions 

- resistance to temperature 

- resistance to salt 

- resistance to sugar 

6. Resistance to antibiotics 

7. Production of antibiotic like substances 

8. Safety 

As several probiotic cultures have come in market with several health claims, it has become 

important to protect the consumers from false claims and misleading information. Hence, 

FAO/WHO has given guidelines(see Figure 1) to explain that what can be called as probiotic? 

Only those cultures, which fulfills criteria for survival in GI-tract and which has clinically 

demonstrated some health benefit can be called as Probiotic. 
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Health benefits of probiotics: 

1. Antimicrobial properties  

2. Antimutagenic effect  

3. Improved lactose digestion  

4. Anticarcinogenic effect  
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5. Lower serum cholesterol level  

6. Management of diarrhoea  

7. Immune system stimulation  

8. Lowering blood pressure  

9. Management of inflammatory bowel disease  

10. Control of urinary tract infection  

Prevention of allergies.  
 

 

 

 

*****☺***** 
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Lesson 27 
 Probiotic products, Production flow diagrams and effects of processing on 

microbiological quality. 
 
 

Introduction  

Milk and dairy products have been used as the base material for manufacture of majority of 
probiotic products as milk is has an excellent nutritional value. Among the probiotic 
cultures, Lactobacilli and Bifidobacteria are enjoying GRAS status and are considered as the 

most promising microbes for manufacture of probiotic and synbiotic products. This is 
basically because the selected species of these groups are autocathonous to the intestinal 
tract and hence can give the maximum advantages in the host. Hence, most of the probiotic 
products in the market are milk based and are prepared using Lactobacilli and/or 
Bifidobacteria.  

Types of Products 

The traditional acidophilus milk is sour,non-pleasant and having rather medicinal type 
flavour. Bifidobacteria produce more of acetic acid than lactic acid and hence they also give a 
vinegar type flavour in the basic product. Further, as both these cultures are slow growers in 
milk, the initial milk used in their preparation is severely heated. That makes it almost sterile 
so that the chance of survivors overgrowing during incubation can be avoided. This milk also 
give a cooked type of flavour to natural Acidophilus or Bifidus milk. These limitations did not 
make these products popular. However, increasing number of reports on their heath benefits, 
tempted the scientists to develop alternate technologies to make these products more 

palatable or acceptable. This was overcome by 2-3 different approaches.  

1. Not to ferment- The growth and flavour problems were coming when the milk was 

allotted to fermented. This can be avoided by not fermenting milk. That lead to 
development of non-fermented products, that contained only viable cells of these 
organisms in chilled milk.  

2. Blending with other bacteria- To enhance the flavour it was thought to supplement 
additional microflora as starter culture that give good flavour.  

3. Concentration and Drying – This changed the form of consumption and improved the 
shelf-life.  

4. Carry acidophilus and bifidus in other popular products.  

Based on these concepts number of products has been developed, which can be grouped as 

under: 

1. Traditional fermented products  

 Acidohpilus Milk (sour)  
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 Bifidus Milk 

 
2. Non-fermented milks  

 Acidophilus sweet milk 

3. Blending with yoghurt cultures  

 Acidophilus yoghurt  
 ACO yoghurt  
 Acidohpilsbifidus yoghurt  
 Bioghurt  

 Bifighurt  

4. Blending with other cultures  

 Acidophilin  
 Acidophilus yeast milk  

5. Concentrated products  

 Acidophilus cream  
 Acidophilus paste  

6. Dried Products  

 Acidophilus powders 
 Infant/Baby foods  
 Tablets 

 Capsules  

7. Blending in other products  

 Acidophilusice cream  
 Probiotic cheese  

 Probiotic fruit juices  

Following is the brief description of production methods and effect of different processing 

steps on quality and microbiology of the product taking example of acidophilus milk.  

Acidophilus Milk 

Acidophilus milk is a sour product that has been allowed to ferment under conditions that 
favour the growth and development of a large number of Lactobacillus acidophilus organisms. 
This acidophilus milk is considered as a probiotic since it aids in the well being of the 
consumer. Acidophilus milk differs from Indian dahi or curd in body, texture, consistency, 
flavour, chemical composition and in antibacterial activities. 
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Manufacture of Probiotic Acidophilus Milk 

Acidophilus sour milk, as the name indicates, is a sour milk beverage made out of 
standardized milk by acidifying it with pure culture of acidophilusrods. The steps involved in 

its manufacture are given in Figure 1. 

The acidophilus milk thus obtained is sour with 1 to1.25% lactic acid and pH 3.7 - 4.0. The 

product should contain more than200-300 million viable L. acidophilus organisms per ml, 

which possess satisfactory antibiotic effect against E.coli as well as other pathogenic and 

non-pathogenic undesirable bacteria of the intestinal tract. The viability of the organism is of 

primary importance in the use of the acidophilus milk.  
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Effect of processing steps on quality of the product:  

Each of the processing steps shown in Figure 1 affects the quality of the product and 
probiotic microflora in it. The manufacturing technology is centered at the‗care of culture‘. 
The selection of raw material, processing conditions, environment, storage, etc. should be 
decided in such a way that the culture exhibits predictable behaviour and probiotics are 
available in maximum viable numbers. .  

Selection of Raw Milk  
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The basic principle to be kept in mind is that ‗good quality raw material can give good quality 
end products‘. The raw milk selected here is meant for allowing the growth of live 
microorganisms. It must support good growth of the culture. It should be fresh, have normal 
composition,free from mastitis, free from antibiotics and other inhibitors, free from off-

flavours and should have low bacterial count. Buffalo milk should be preferred for set types 
of product as it gives firm curd while cow milk may be good for stirred product, which will be 

smoother and uniform.  

Pretreatments to milk  

Pre warming of milk to about 45 C is required to facilitate filtration/ clarification to remove 
extraneous matter from milk. The manufacturer has to standardize the milk to meet legal 
requirements for fat and SNF (Solids-not-fat). Technologically, good quality set product is 
obtained from the milk having 13-15% total milk solids. Fat do not have significant role to 
play infermentation, but contributes to integrated pleasant flavour and richness to the 
product. About 3% fat is sufficient to have good quality product, while SNF can be increased 

to 10-12%, preferably by concentration or by supplementation with skim milk powder.  

Heat Processing  

The milk intended for fermented product manufacture is generally heated to 80-85 C for30 
min. or 90-95 C for 5-10 min. However,the milk for acidophilus milk manufacture is nearly 
boiled. This higher heat treatment is useful from many angles to the product. It supports 
good growth of the culture as it destroys other competing microflora, inactivates many other 
natural inhibitory substances in milk, drives out oxygen and also produce some growth 
stimulating agents in milk. Higher heat treatment also improves gel stability, thereby 

reducing the problems of whey separation in the curd. 

Cooling 

Just after heating, the milk is cooled to incubation temperature, which is around 37-40 C for 

acidophilus cultures. Adding culture in hot milk destroys the culture. 

Inoculation 

The tempered milk is inoculated with 1-5% of active culture of Lactobacillus acidophilus. The 

exact rate of inoculation depends upon the type of culture. 

Incubation  

After adding culture in the milk, it is uniformly mixed without aeration. It is then incubated 
in bulk or in the same tank, if stirred product is to be made. If set-product is required, the 
milk is filled in retail containers before incubation. Incubation is purely a biological process 
during which the culture grows and brings necessary transformations in milk to get a 
desirable fermented product. In general, incubation temperature should be kept around 37 
C. However, precise temperature of incubation can be determined based on the strains of the 
culture and their combination used in the product. The period of incubation varies between 
4-16 h, depending upon the rate of acid production by the culture in the milk. However, the 
best end point to stop fermentation is just after the milk sets. Setting takes place at about 
0.6% acidity and the remaining acidity required in the product can develop while cooling. 
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During incubation, the milk is very sensitive to mechanical disturbances and other changes. 

Hence, it should not be disturbed. 

Cooling  

As soon as the curd sets or desired acidity in the product is achieved, it must be cooled. The 
rate of cooling affects the quality characteristics of the product and should be decided 
according to the per cent lactic acid expected in the final product. Rapid cooling may lead to 
more contraction of gel and separate more whey, while too slow cooling may sour the 
product. In thermophilic cultured products, two stage cooling is preferred, i.e. in first stage 

cooling from 40C to 20 C and in the second stage from 20 C to 5 C in cold store.  

In the stirred products, cooling and stirring are simultaneously done. It is advisable to stir 
the product at lower temperature to reduce the problems of wheying-off. In most cases, the 
product is stirred at about 20 C and also blended with colour, flavour, fruits, nuts and other 
additives and then packed in retail containers. The product is to be stored at less than 5 

C,until its consumption. 

The stirred product can be packed in consumer convenient sizes in attractive 
cups,polyethylene pouches or cartoons. However, the packaging material used, should be 
thoroughly sanitized so that it does not add spoilage microorganism to the product. The 

distribution should always be through cold-chain. 

At all times care must be taken to see that sufficient level of live probiotic cells are present in 

the product upto the end of shelf-life.  

 

 

 

 

*****☺***** 
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Lesson-28 

Acidophilus and Bifidus Products 

28.1. INTRODUCTION 

Several products containing live lactobacilli or bifidobacteria have been developed in various 

forms using milk as the base material or by supplementation of cereals, oats, fruits, 

vegetables and other juices. Certain products are strictly hygienically made and prescribed 

by medical professionals for specific ailments 

28.2. ACIDOPHILUS PRODUCTS 

28.2.1. Sour Acidophilus Milk 

Acidophilus milk is a sour product that has been allowed to ferment under conditions that 

favour the growth and development of a large number of Lactobacillus acidophilus organisms. 

This acidophilus milk is considered as a probiotic since it aids in the well being of the 

consumer. Acidophilus milk differs from Indian dahi or curd in body, texture, consistency, 

flavour, chemical composition and in antibacterial activities. 

28.2.2. Sweet Acidophilus Milk 

As natural fermented acidophilus milk was sour and having medicinal type of flavour, it was 

thought appropriate to sell as non-fermented milk. This gave birth to sweet acidophilus milk. It 

is probiotic dairy product based on unfermented milk. It is produced by adding concentrated 

probiotic bacteria to intensively heat treated and chilled milk. Heat treatment is necessary to 

achieve sufficient microbiological stability during storage of the final product.  

In some cases it is also prepared by adding concentrated cells of Lb. acidiophilus in chilled 

pasteurized milk. 

28.2.3. Acidophilus Yoghurts 

Yoghurt is a popular product in many parts of the world. Many probiotic products have been 

developed taking yoghurt as a base. In some products, acidophilus or other probiotic bacteria 

are added as a supplement or in other cases one of the yoghurt culture is replaced by Lb. 

acidophilus. 
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The acidophilus yoghurt produced from cow milk is popular in Germany, USA, Scandinavia, 

Australia, and many other countries,. It is believed that human intestinal strains of acidophilus 

culture increase the beneficial value of the yoghurt made with them. The starter culture 

consists of yoghurt culture (Streptococcus thermophilus and Lactobacillus delbruckii subsp. 

bulgaricus) and Latobacillus acidophilus. 

A product known as ACO-Yoghurt is also reported from Switzerland and U.K with improved 

dietetic and therapeutic values of the yoghurt. The starter cultures consist of yoghurt culture 

and culture of an intestinal strain of Lb. acidophilus, 

28.2.4. Acidophilus Bifidus Yoghurt 

This product is very popular in Germany, United States, Japan and several other countries, 

obtained from cow milk. The product was first manufactured in Germany in order to improve 

the nutritive as well as the therapeutic value of yoghurt. The products involve three groups of 

bacteria, a. Yoghurt culture (Streptococcus thermophilus and Lactobacillus delbruckii subsp. 

bulgaricus), b. Strains of Lb. acidophilus and c. Bifidobacterium bifidum or B. longum. 

The final product is expected to contain 107 per ml each of Lb. acidophilus and B. bifidum and 

large numbers of Yoghurt organisms. 

28.2.5. Acidophilin 

It is the product originated from the USSR, obtained from cow‘s milk which is set or stirred, 

flavor may vary from mild to acid depending on the quality of starter culture. The principle of 

processing is mixed acid and alcoholic fermentation involving Lb. acidophilus, Lb. lactis subsp. 

lactis or Lb. delbruckii subsp bulgaricus and Kefir culture) at the rate of 6 – 9 %.  

28.2.6. Acidophilus Cream 

The product has originated from Czechoslovakia, obtained from cream of cow milk. The 

cultures involved is Lb. acidophilus. The process involves cream with 40 – 45 % fat, which is 

homogenized, pasteurized, added with sugar syrup and then inoculated with the culture of Lb. 

acidophilus.. 

28.2.7. Acidophilus Ice Cream 

Ice cream is one of the most popular dairy products and probiotics can be easily dispensed 

through this medium. The acidophilus ice cream finds its origin from USA. It is prepared with a 

mix added with concentrated Lb. acidophilus culture (109 per ml) and frozen. 

Now several reports are available wherein the study of viability of Lb. acidophilus in ice cream 

has been studied. Recently, Amul launched ‗Prolife‘, a probiotic icecream containing Lactobacilli 

and Bifidobacteria. 
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28.2.8. Acidophilus Yeast Milk 

The manufacture of the product using the culture Lb. acidophilus and lactose fermenting yeast 

was mainly for the therapy of the gastrointestinal disorders and tuberculosis. The viability of 

the acidophilus bacteria is expected to improve when they are grown together with yeasts. The 

product has a final acidity of 0.8-1.0% and contains about 0.5% ethanol in addition to carbon 

dioxide. 

28.3. BIFIDUS PRODUCTS 

28.3.1. Bifidus Milk 

The product finds its origin from Germany. The product is named accordingly to the bacteria 

used in fermentation. Bifidobacteria sp are the predominant intestinal flora and the major 

components of large intestine of human adults. Bifidus milk is produced in small quantities in 

some of the European countries. The consumption is linked to the dietetic and therapeutic 

values rather than the sensory properties. However, as Bifidobacteria ferment milk producing 

more of acetic acid than lactic acid, it has a vinegar like flavour and people do not enjoy it as a 

food. It remained a product to be used for therapeutic purposes. Further, Bifidobacteria are 

anaerobic in nature and hence it is very difficult to grow them in milk. 

28.3.2. Bifidus Baby Foods 

Several formulations containing Bifidobacteria are in the market intended for use as baby foods 

or infant food formulae. The product aims to increase the population of bifidobacteria in 

intestinal tract. 

Some of the commercial baby foods are  

· The dried formulae product called Lactana – B, containing lactulose and viable B. bifidum, 

produced from modified milk. 

· The liquid formulae product called Bifiline, containing viable Bifidobacteria, first developed by 

the Russians in 1982. It is made by using milk formulae called Malutka (Acidophilus baby 

foods) and selected strain of Bifidobacteria.  

· The dried formulae product called Femilect, containing viable Bifidobacteria, which was 

developed in Czechoslovakia in 1984, made by fermenting heat treated cream (12% fat) 

with mixed culture consisting of B. bifidum, Lb. acidophilus and P. acidilactici. The final 

product when reconstituted has 28oTh (0.25% T.A) and contains 108-109 / ml viable culture 

bacteria. 
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28.3.3. Bifidus Yoghurt 

The product is made with yoghurt cultures supplemented selected cultures of Bifidobacterium 

bifidum or B. longum. The product is made either by simultaneous fermentation or by mixing 

into cultured yoghurt separately cultured bifidus milk at a desirable ratio. 

28.3.4. Bifighurt 

This is a commercial product from Germany. The starter culture used in this product is 

Bifidobacterium longum C KL 1969 of B. longum and S. thermophilus. The final product 

contains 95% L (+) lactic acid and about 107 bifidobacteria per ml. 

28.3.5. Biogarde R  

This product also is from Germany, known for its mild acidic taste and flavor. The 

manufacturing procedure of the product was developed by BioghurtR Company in Germany. 

The BiogardeR culture contains Lactobacillus acidophilus, Bifidobacterium longum and 

Streptococcus thermophilus. Biogarde R produces fermented milk as well as icecream.  

28.3.6. Biokys 

The technology of biokys as a health product was developed in Czechoslovakia, where the 

product is commercially produced. It is a cultured sour cream like beverage obtained by 

fermenting milk with a mixed culture of bifidobacteria, acidophilus bacteria, and Pediococcus 

acidilactici. 

Brief information about milk based acidophilus-bifidus products is given in Table 28.1, while 

non-milk based products are delineated in Table-28.2. The commercially available probiotic 

products are listed in the Table-28.3.  

Table- 28.1: Milk Based Acidophilus/Bifidus Products 

Name 
Physical 

Type 

Country of 

Origin 

Microflora 

Fermented acidophilus  Gel 
Most 
Countries 

Lactobacillus acidophilus 

Sweet acidophilus  Liquid USA Lactobacillus acidophilus 

Nu Trish a/ B Liquid USA Lb. acidophilus + Bifidobacteria species 

A- 38 Fermented milk Liquid Denmark 
Lb. acidophilus + Mesophilic lactic 
culture 

Acidophilus Yoghurt Gel 
Most 
Countries 

Lb. acidophilus + S. thermophilus and 
Lb. bulgaricus 

ACO-Yoghurt Gel Switzerland 
Lb. acidophilus + S. thermophilus and 
Lb. bulgaricus 

Cultura Liquid Denmark Lb. acidophilus + B. bifidum 

AB – Yoghurt Gel Denmark 
Lb. acidophilus + B. bifidum + Yoghurt 
culture. 

Biograde Liquid --- Lb. acidophilus + B. bifidum, S. 
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thermophilus 

Bifighurt  Gel FRG 
Lb. acidophilus + S. thermophilus, B. 
bifidum 

Mil – mil E Gel --- 
Lb. acidophilus + B. bifidum + Yoghurt 
culture 

Miru-Miru Liquid Japan Lb. acidophilus + L. Casei, B. breve, 

Yakault Liquid --- L. casei 

Smetara Liquid/Gel 
Eastern 
Europe 

Lb. acidophilus + S. lactis subsp. 
diacetylactis 

Zdorov E.(+ malt extract) Liquid USSR Kefir culture 

Kefir Liquid 
Most 
Countries 

Lb. delbruckii subsp. bulgaricus, S. 
thermophilus, S. lactis, Leuconostoc sp, 
S. cerevisiae 

Biogarde Ice Cream Frozen FRG Lb. acidophilus + B. bifidum 

Big M (Cheese Whey) Liquid FRG Lb. acidophilus  

  

Table-28.2: Non Milk Based Acidophilus/Bifidus probiotic Products 

Soy yo Gel USA 
Lb. acidophilus + Lb. delbruckii subsp. 
bulgaricus, S. thermophilus 

Lupinseed Gel Korea 
Lb. acidophilus + S. thermophilus, 
Leuconostoc mesenteroides subsp. 
mesenteroides, , Lb. casei, L. lactis 

Matsoni Liquid /Gel 
Eastern 
European 

Lb. acidophilus + S. thermophilus 

Smetana Liquid /Gel --- Lb. acidophilus + S. thermophilus 

Tvorog Liquid /Gel --- 
Lb. acidophilus + S. faecalis, L. 
fermentum 

Suluguni Cheese Solid --- Lb. acidophilus + S. thermophilus 

Prostokoasha Liquid /Gel --- Lb. acidophilus + S. thermophilus 

Ryazhenka Liquid /Gel --- 
Lb. acidophilus + S. thermophilus, Lb. 
delbruckii subsp. lactis 

Sourdough Solid FRG 
Lb. acidophilus + Lb. farciminis, yeast 
species mixture 

Recombined milk (NFDM  

+ anhydrous milk fat) 

Liquid /Gel UK Lb. acidophilus  

Soy protein concentrate Liquid /Gel Korea Lb. acidophilus + Yoghurt culture 

Soy flour plus WPC Liquid /Gel Italy 
Lb. acidophilus + Yoghurt culture, B. 
bifidum 
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Table-28.3: Therapeutic Acidophilus/Bifidus products used as probioitics in market 

Strain of the Organism Company  

Lb. acidophilus La 5 Chr. Hansen 

Lb. acidophilus NCFM Rhodia 

Lb. casei Shirota Yakult 

Lb. acidophilus Johnsonii La1 Nestle 

Lb. plantarum 299v Probi 

Lb. reuteri MM2 Biogaia 

Lb. rhamnosus GG Valio 

B. longum BB-536 Morinaga Milk Industry 

B. longum SBT-2928 Snow Brand Milk Products 

B. breve Yakult 

B. lactis LaftiTM B94 DSM 

B. longum UCC35624 UCC Cork 

B. lactis DR-10/Howaru Danisco 

28.4. PROBIOTIC CHEESES 

Success in the use of probiotic bacteria with fermented liquid milk products has inspired the 

development of other dairy products with probiotics. The production of cheeses, especially 

the ripened types, with probiotic bacteria presents unique challenges because of the need for 

co-survival of these bacteria with the conventional lactic acid bacteria, mould or yeasts that 

are used for cheese making. These micro-organisms may be antagonistic, competitive or 

symbiotic towards each other. Some key characteristics of cheeses/cheese making that are 

relevant to the inclusion of probiotics are; (1) Relative low moisture content; (2) Presence of 

salt (3) Starter culture organisms; (4) Extended storage over 3 months, which can influence 

the biochemical activities, alteration of redox potential and re-organisation of the cheese 

structure.  

Various cheese varieties have been successfully used as carriers of probiotic microorganisms. 

Some cheeses may be particularly suitable for the delivery of probiotic bacteria relative to 

fermented milks such as yoghurt, because of lower acidity and the existence of a complex 

cheese matrix of protein and fat that will provide protection to probiotic microorganisms 

during their passage through the gastrointestinal tract. Studies have demonstrated that 
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Turkish white brined, Feta-type, Cheddar, Philippine white soft, Edam, Emmental, Domiati, 

Ras, soft, Herrgård cheeses, Quarg, and cheese-based dips compare favourably with yoghurt 

as delivery systems for viable probiotic micro-organisms. Probiotic bacteria may be 

introduced into cheese as adjunct cultures along with the lactic starter cultures. The 

introduction of probiotic organisms along with lactic starter cultures directly into milk prior 

to cheese making raises the risk of losing large numbers of the probiotic cells to whey or 

domination by lactic starter culture. This can particularly be a problem with slow-growing 

probiotic bacteria, but with proper strain selection the method has been used successfully. 

Microencapsulation may be used to protect probiotic organisms and improve viability and 

encapsulated B. bifidum, B. infantis and Bifidobacterium longum have been used in the 

manufacture of Crescenza cheese. Another method of introduction, particularly into semi-

hard and hard cheeses, is through the addition of a dried culture during salting of curd, as is 

done with some accelerated ripening enzyme preparations. This method minimises the losses 

of bacterial cells to whey and eliminates the effects of competition with lactic acid bacteria 

during milk ripening.  
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Lesson-29 

Nutritional, Therapeutic, Safety and Quality aspects of Probiotic products 

29.1. INTRODUCTION 

Probiotic, prebiotics and synbiotic products are known for their therapeutic benefits. However, 

when they are sold as food, other aspects like sensory attributes, nutritional value, safety, 

quality, etc are also given due importance.  

29.2. PREBIOTIC 

A prebiotic is ―a selectively fermented ingredient that allows specific changes, both in the 

composition and/or activity in the gastrointestinal microflora that confers benefits upon host 

well being and health‖, whereas synergistic combinations of pro- and prebiotics are called 

synbiotics. Prebiotics encompass fructo-oligosaccharides (FOS), trans-galacto-

oligosaccharides (TOS), isomalto oligosaccharides (IMO), xylo-oligosaccharides (XOS), 

soyoligosaccharides (SOS), glucooligosaccharides (GOS), lactosucrose and many more. Non-

digestible oligosaccharides (NDOs) are dietary substrates which meet the criteria of 

prebiotics. Oligosaccharides are sugars consisting of between approximately 2 and 20 

saccharide units – that is, they are short-chain polysaccharides. Some occur naturally in 

several foods such as leek, asparagus, chicory, Jerusalem artichoke, garlic, onion, wheat, 

banana and oats, as well as soybean. The premise is that the selective substrate would be 

metabolised by the live addition in the gut. This would enhance probiotic survival, as well as 

offer the advantages of both gut microbiota management techniques.  

29.3. SYNBIOTICS 

A synbiotic has been defined as ‗a mixture of probiotics and prebiotics that beneficially 

affects the host by improving the survival and implantation of live microbial dietary 

supplements in the gastrointestinal tract‘. Prebiotics and synbiotics are much newer 

concepts than probiotics, and as such information on their health-promoting properties is 

more sparse. Nevertheless, the beneficial outcomes are likely to be similar to those of 
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probiotics, with the chance that these are more enhanced, given the issues of reduced 

survivability. 

29.4. NUTRITIONAL VALUE OF PROBIOTIC FOODS 

Nutritional value of any food depends on the type of raw material used, their nutrient content 

and the quality of nutrients. When milk is used as the raw material to make probiotic food, it 

is obvious that all the nutrient present in milk will also be present in the probiotic food. 

However, during the process of manufacture and standardization some changes occur in 

nutrient content. Further, the process of fermentation brings major changes in nutrients 

quantitatively and qualitatively (Figure 30.1). 

 

29.4.1. Changes due to processing  

These changes can be due to standardization or supplementation of some substances in the 

product formulation. This can be easily understood and can be calculated while calculating 

nutritive value of the final product. There can be some changes in nutrients due to heat 

processing also.  
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29.4.2. Changes due to fermentation 

During the process of fermentation due to the microbial growth and metabolism, several 

quantitative and qualitative changes occur in nutrients of the substrate. Microbial growth 

and metabolism results in the production of diversity of metabolites. These metabolites 

include enzymes which are capable of breaking complex carbohydrates, proteins and lipids 

present within the substrate and/or fermentation medium; vitamins, antimicrobial 

compounds (e.g. bacteriocins and lysozymes), texture forming agents (e.g. xanthan gums); 

amino acids, organic acids and flavour compounds. 

29.4.3. Carbohydrates 

Carbohydrates are the principle substrates for fermentative microorganism. Different acids 

are produced from sugars which bring down the pH of the fermenting medium and help in 

absorption of proteins and minerals. During the fermentation of milk for yoghurt or dahi 

production, about 20-30 % of the lactose is utilized resulting mainly in lactic acid 

production. Lactic acid and other organic acid like acetate, butyrate, propionate, etc 

produced during fermentation act as bio-preservative by reducing pH, which inhibits the 

growth of potentially spoilage and harmful bacteria. Lactic acid also influences physical 

properties of the food. Lactic acid, the major metabolite of several fermented foods is reported 

to improve the absorption of calcium and phosphorous besides forming a ready source of 

energy to the body.  

The partial hydrolysis of lactose in milk based fermented foods make them suitable for 

lactose intolerant people.  

29.4.4. Proteins 

The native milk proteins, which are known to form hard curd in the stomach, are converted 

into a soft curd containing finely dispersed casein particles due to bacterial action in 

fermented products. As a result, fermented milk proteins are particularly useful to children, 

old people and persons suffering from stomach ulcers. 

Any proteins, after fermentation, in general become more easily digestible due to enzymatic 

actions of microbes. The microbes do part of the work required to be done by the body to 

digest the proteins and hence, they are easier to digest. During fermentation, the proteolytic 

action of microbes release some peptides and amino acids. The soluble nitrogen content is 
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higher in fermented foods. The fermented food is also enriched by presence of microbial cell 

proteins.  

29.4.5. Minerals 

There are no quantitative changes in mineral content of food as a result of fermentation. 

However, the fermentation improves the availability of minerals for the body as they are 

partly modified and are consumed with lactic acid. Fermented milks are excellent source of 

calcium and phosphorus which are essential for the bones. Further, hydrolysis of chelating 

agents such as phytic acid during fermentation, improves the bioavailability of minerals. 

Because of these reasons, fermented foods are recommended to reduce the problem of 

mineral deficiencies. 

29.4.6. Vitamins 

During the process of fermentation, the microorganisms need certain vitamins for their own 

growth. Hence, it is reported that some vitamins of B-complex, orotic acid, etc reduce in 

fermented foods. However, several bacteria, while growing, synthesize many other vitamins 

too. There are several reports indicating the increase in the vitamin contents in fermented 

foods which are supplemented by vitamin producing probiotic bacteria. However, the 

quantity and quality depends upon the culture and the method of manufacture of the 

product.  

29.5. THERAPEUTIC VALUE OF PROBIOTIC FOODS 

The therapeutic value of health effect of probiotics can be classified as  

1. Reducing the risk of a disease. 

2. Prevention of a disease or disease conditions 

3. Supportive therapy 

4. Curative therapy.  

The health claims are classified and regulated in most of the countries so as to prevent mis-

guiding claims by the manufacturers and suppliers of probiotic products. The health effect of a 

probiotic can not be generalized, but it is strain dependant. Hence, for each strain of probiotic 

bacteria, if a health claim is given, it is required to be proved by sound, reliable, clinical trials. 

Following is the list of possible heath effects of probiotic foods. As the probiotic bacteria, taken 

orally through food, acts via gastro-intestinal tract.  
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29.5.1. Role in gastrointestinal tract 

Many Lactic Acid Bacteria(LAB) are normal habitat of GI tract 

LAB have inhibitory activity towards intestinal pathogens 

They regulate intestinal population 

Have the ability to implant in intestinal tract 

Thereby they can control diarrhea, gastric acidity, constipation, inflammatory bowel 

disease and other diseases too. 

29.5.2. Role in cardiovascular diseases 

Some probiotic organisms help in lowering of cholesterol 

Beneficial in controlling cardio-vascular diseases 

29.5.3. Bioactive peptides produced from fermented milks are beneficial 

Opiates act as sleep inducers 

Angiotensin converting enzyme (ACE) inhibitors have anti-hypertensive effect 

Platelet aggregation inhibitors 

Antibacterials help in preventing growth of pathogens 

Digestive system regulators help in solving digestive disorders 

Immunomodulators increase specific and non-specific immune response 

29.5.4. Anticarcinogenic activities 

Selected LAB exhibit anti-tumor properties in in vivo experiments against human cancer 

cell lines. 

Animal experiments have shown reduced rate in proliferation of tumor. 

Are most effective against colon cancer by regulating intestinal population. 
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29.5.5. Immunostimulating effects 

Check translocation of undesirable bacteria through mucosal barriers 

Increase circulating and intestinal antibodies 

Production of specific antibodies 

Increase macrophage activity 

Enhance NK-cell (Natural killer) activity 

Increase T-cell and B-cell activities 

Production of gamma-interferon 

29.5.6. Can help aid’s patients  

Fermented milks and Lactobacilli can inhibit the initiation and promotion of tumors  

They can reverse the immunosuppression induced by chemical carcinogens 

They can alleviate the symptoms of AIDS and provide protection against infection 

They can help in control of secondary infections. 

29.5.7. Delays the process of ageing  

 Calcium availability is higher particularly in fermented milks 

 Vitamin D is important for uptake of dietary calcium and in calcium metabolism.  

 Protein content is high in fermented milks which is shown to slow down bone loss 

 Slows down other age related diseases like impaired lactose digestion, improved 

immune defense system, less dehydration etc. 

29.5.8. Controls and reduces chances of hepatic encephalopathy 

 Reduces the content of ammonia in blood by suppressing the enzymes that convert 

urea to ammonia. 

29.5.9. Other possible benefits 

 Prevention and treatment of food allergy 

 Fermented milks have been found to be very useful for lactose intolerant people. 

 Use as oral vaccines 
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 Control of urinary tract infections 

 Degradation of toxins 

 Treatment of diseases other than GI tract. Higher intake of low fat fermented dairy 

products may lower the risk of diabetes in men. 

 Local application for control of infection 

 Alleviation of depression 

 Food fermentations that raise the protein content or improve the balance of essential 

amino acids or their availability will have a direct curative effect on some of the protein 

or protein-calories deficiency nutritional diseases. 

Now a days, detailed scientific investigations are going on to explain the mechanism of 

probiosis and also see the effect on specific conditions. Some of the specific areas being 

investigated are;  

 Prevention and/or reduction of duration and complaints of rotavirus-induced diarrhea 

studies,  

 Prevention or alleviation of antibiotic-associated scientific community diarrhea  

 Reduction of the concentration of cancer promoting enzymes and/or putrefactive 

(bacterial)metabolites in the gut effects,  

 Prevention or alleviation of allergies and atopic diseases in infants groups,  

 Beneficial effects on microbial aberrancies, inflammation and other complaints in 

connection with: inflammatory diseases of the gastrointestinal tract, Helicobacter 

pylori infection, bacterial overgrowth,  

 Treatment of urogenital infections,  

 Prevention of respiratory tract infections (common cold, influenza) and other infectious 

diseases,  

 Amelioration of autoimmune diseases (e.g. arthritis),  

 Improvement of the mouth flora, caries prevention,  

29.5.10. Safety of probiotics 

Probiotics are safe for human consumption. However, depending upon the strain of the 

organism, rare cases of infection, such as bacteraemia, endocarditis, pneumoniae, septic 

arthritis and meningitis have been reported, mostly in immunocompromised patients. The 

risk that probiotic bacteria carrying acquired antimicrobial resistance traits may be 

horizontally transferable to autochthonous gut microbiota and issues such as virulence and 
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transfer of antibiotic resistance have eaten into the confidence of consumers and the sale of 

manufacturers.  

As these are a very few reported cases of minor safety concern, there is no foundation for 

safety concerns in relation to probiotic dairy products on the market today. Probiotics are 

generally considered safe. As evidenced by epidemiologic studies, bacteremia, or sepsis from 

lactobacilli is extremely rare. Several probiotics have had a long history of safe use and no 

health concerns have been observed. A long history of safe use is still the most credible safety 

test. However, it can not be said that probiotics have zero risk.  
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Module 16 Kefir 

 
Lesson-30 

Kefir-Manufacture, Composition, Nutritional and Therapeutic Properties 

30.1. INTRODUCTION 

Kefir is a viscous, slightly carbonated dairy beverage that contains small quantities of alcohol 

and, like yoghurt, is believed to have its origins in the Caucasian mountains of the former 

USSR. It is also manufactured under a variety of names including kephir, kiaphur, kefer, 

knapon, kepi and kippi with artisanal production of kefir occurring in countries as 

widespread as Argentina, Taiwan, Portugal, Turkey and France. It is not clear whether all 

kefirs originate from a single original starter culture, since microbial analyses of kefir 

samples taken from different locations indicate microflora population differences. 

DEFINITION 

Although no clear definition of kefir exists, it is a viscous, acidic, and mildly alcoholic milk 

beverage produced by fermentation of milk with a kefir grain as the starter culture 

(FAO/WHO 2003). The Codex Alimentarius description of kefir state it as Starter culture 

prepared from kefir grains, Lactobacillus kefir, and species of the genera Leuconostoc, 

Lactococcus and Acetobacter growing in a strong specific relationship. Kefir grains constitute 

both lactose-fermenting yeasts (Kluyveromyces marxianus) and non-lactose-fermenting 

yeasts (Saccharomyces unisporus, Saccharomyces cerevisiae and Saccharomyces exiguus). 

30.3. COMPOSITION 

The composition of kefir will be essentially dependant on the type of milk that was used. The 

major change caused by fermentation measured in term of acid production and alcohol 

production may also reflect in the composition. Table-30.1 shows the composition standards 

prescribed by the Codex 
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Table-30.1: Codex Standard for Kefir 

Milk protein (% w/w) min. 2.8 

Milk fat (% m/m) <10 

Titratable acidity, expressed as % of lactic acid min. 0.6 

Ethanol (% vol. /w) not stated 

Sum of specific microorganisms constituting the starter culture 

(cfu/g, in total)  

107 (minimum) 

Yeasts (cfu /g) 104 (minimum) 

(From Codex Standard for Fermented Milks CODEX STAN 243 – 2003) 

30.4. KEFIR MANUFACTURE  

Although commercial kefir is traditionally manufactured from cow‘s milk, it has also been 

made from the milk of ewes, goats and buffalos. Moreover, kefir produced using soy milk has 

also been recently reported. The various steps of kefir manufacture are depicted in Figure 

30.1. 

Traditionally, kefir is produced by adding kefir grains (a mass of proteins, polysaccharides, 

mesophilic, homofermentative and heterofermentative lactic acid streptocci, thermophilic and 

mesophilic lactobacilli, acetic acid bacteria, and yeast) to a quantity of milk. The size of the 

initial kefir grain inoculum affects the pH, viscosity and microbiological profile of the final 

product. A grain to milk ratios of 1:30 to 1:50 were found optimum. In some manufacturing 

procedures, a percolate of the grains from a coarse sieve is used as the mother culture to 

inoculate fresh milk. Fermentation of the milk by the inoculum proceeds for approximately 

24 hours, during which time homofermentative lactic acid streptococci grow rapidly, initially 

causing a drop in pH. This low pH favours the growth of lactobacilli, but causes the 

streptococci numbers to decline. The presence of yeasts in the mixture, together with 

fermentation temperature (21-23˚C), encourages the growth of aroma producing 

heterofermentative streptococci. As fermentation proceeds, growth of lactic acid bacteria is 

favoured over growth of yeasts and acetic acid bacteria.  
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Kefir grains are key to kefir production, and it has been found that the finished product has 
a different microbiological profile from the grains and therefore cannot be used to inoculate a 
new batch of milk. Grains have been shown to possess a dynamic and complex flora which is 
not conducive to commercial production of a uniform, stable product; this has prompted 
researchers to try to produce kefir from a mixture of pure cultures. Some researchers 
produced a starter consisting of two bacteria (Lactobacillus helveticus and Lactococcus lactis 
subsp lactis) and one yeast (S. cerevisiae) isolated from kefir grain and combined with two 
yoghurt strains (Lactobacillus delbrueckii subsp bulgaricus, and Streptococcus thermophilus). 
Yeast was added to the starter with sucrose either at the beginning, or after lactic acid 
fermentation. The two resulting kefirs produced were found to have high numbers of viable 
cocci and lactobacilli and had chemical and organoleptic properties that were similar to 
traditional kefir. A commercial kefir is being produced in the United States using a mixture of 
defined microorganisms rather than kefir grains. This starter culture mixture has been 
reported to contain Streptococcus lactis, Lb. plantarum, Streptococcus cremoris, Lb. casei, 
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Lactococcus lactis subsp Lactis biovar diacetylactis, Leuconostoc cremoris and Saccharomyces 
florentinus. 
CHARACTERISTICS OF KEFIR 

The flavour, viscosity and microbial/chemical composition of the final kefir product can be 

affected by the size of the inoculum added to the milk, the occurrence of any agitation during 

fermentation, and the rate, temperature and duration of the cooling and ripening stages 

following fermentation. Natural kefir has a refreshing, yeasty taste and a ‗sparkling‘ mouth 

feel. Modern manufacturing procedures for kefir result in ethanol levels in the finished 

product of 0.01– 0.1% although kefir with ethanol concentrations as high as 0.25% have 

been produced from grains in the laboratory. The amounts of ethanol and CO2 produced 

during fermentation of kefir depend on the production conditions used. CO2 content of kefir 

has been said to be ‗comparatively low‘ in relation to other fermented drinks. The distinctive 

taste of kefir results from the presence of several flavour compounds which are produced 

during fermentation. Kefir produced from pure cultures did not receive high sensory 

evaluation scores. Acetaldehyde and acetoin have received particular attention with regard to 

their roles during kefir manufacture because of their contribution in the taste; both have 

been found to increase in concentration during kefir fermentation. During storage, 

acetaldehyde increases in concentration and acetoin decreases. 

30.6. KEFIR GRAINS 

Kefir grains (Figure-30.2) resemble small cauliflower florets: they measure 1-3 cm in length, 

are lobed, irregularly shaped, white to yellow-white in colour, and have a slimy but firm 

texture. Grains are kept viable by transferring them daily into fresh milk and allowing them 

to grow for approximately 20 hours; during this time, the grains will have increased their 

mass by 25%. Grains must be replicated in this way to retain their viability, since old and 

dried kefir grains have little or no ability to replicate. In addition, washing grains in water 

also reduced viability. It has been recommended that in a commercial operation using grains 

to produce kefir, grains should be kept viable through daily transfers and should only be 

replaced if their ability to ferment milk becomes impaired. Low temperature storage appears 

to be the best way to maintain kefir grains for long periods. Storage of kefir grains at 80° or 

20° C for 120 days did not change their fermentation properties compared to grains that had 

not been stored; however, grains stored at 4° C did not produce acceptable kefir after 

thawing. 
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MICROBIOLOGY OF KEFIR GRAINS 

30.6.1.1. Bacteria found in kefir grains and kefir 

The microbial population (Figure 30.3) found in kefir grains have been used as an example of 

a symbiotic community. This symbiotic nature has made identification and study of the 

constituent microorganisms within kefir grains difficult. 

Table-30.2: Bacteria found in kefir grains and kefir 

Lactobacilli 

Lactobacillus kefir  

Lactobacillus delbrueckii 

Lactobacillus kefiranofaciens Lactobacillus rhamnosus  

Lactobacillus kefirgranum Lactobacillus casei 

Lactobacillus parakefir Lactobacillus paracasei 

Lactobacillus brevis Lactobacillus fructivorans 

Lactobacillus plantarum Lactobacillus hilgardii  

Lactobacillus helveticus Lactobacillus fermentum 

Lactobacillus acidophilus Lactobacillus viridescens 

Lactococci 

Lactococcus lactis subsp lactis 

Lactococcus lactis subsp cremoris 

Enterococci 

Enterococcus durans 
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Streptococci 

Streptococcus thermophilus 

Leuconostocs  

Leuconostoc mesenteroides 

Acetic acid bacteria 

Acetobacter pasteurianus 

Acetobacter aceti 

Other Bacteria 

Bacillus spp, Micrococcus spp. 

Bacillus subtilis, Escherichia coli 

30.6.1.2. Yeasts found in Kefir grains and kefir 

The yeasts in kefir (Table-30.3) have been less well studied than kefir bacteria, although it is 

obvious that the yeasts in kefir grains provide an environment for the growth of kefir 

bacteria, producing metabolites that contribute to the flavour and mouthfeel of kefir. To 

prevent excessive CO2 production (particularly after fermentation), a two stage fermentation 

process starting with a non-lactose fermenting yeast such as Saccharomyces cerevisiae can 

be done. The properties of yeasts found in kefir grains vary. For example, some of the yeast 

found in kefir grains are capable of fermenting lactose, while some are not. Also, it has been 

observed that some type of yeasts are located at the surface of the grain, while others inhabit 

the interior. It may be that yeasts located at different locations in the kefir grains play 

different roles in the fermentation process. Like kefir bacteria, the profile of yeasts is different 

in kefir grains when compared to the final kefir product. 
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NUTRITIONAL SIGNIFICANCE OF KEFIR 

The composition of kefir depends greatly on the type of milk that was fermented. However, 

during the fermentation, changes in composition of nutrients and other ingredients have also 

been shown to occur. L(+) lactic acid is the organic acid in highest concentrations after 

fermentation and is derived from approximately 25% of the original lactose in the starter 

milk. The amino acids valine, leucine, lysine and serine are formed during fermentation, 

while the quantities of alanine and aspartic acid increase as compared to raw milk. 

Appreciable amounts of pyridoxine, vitamin B12, folic acid and biotin were synthesized during 

kefir production, depending on the source of kefir grains used, while thiamine and riboflavin 

levels were reduced. Some workers reported decreases in biotin, vitamin B12 and pyridoxine, 

and significant increases in folic acid, as compared to non-fermented milk. 

BIOACTIVE INGREDIENTS IN KEFIR  

Kefir has a long tradition of offering heath benefits. There are several compounds in kefir that 

may have bioactive properties. 
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Exopolysaccharides  

Exopolysaccharides of differing structures and compositions are produced by a variety of 

lactic acid bacteria including Lactobacillus, Streptococcus, Lactococcus and Leuconostoc. 

These cell-surface carbohydrates confer protective and adaptive properties on their bacterial 

producers; since they are often loosely bound to the cell membrane, they are therefore, easily 

lost to their environment. In food products, exopolysaccharides often contribute to 

organoleptic and stability characteristics. A unique polysaccharide called kefiran has been 

found in kefir grains. Grains may also contain other exopolysaccharides. Kefiran contains D-

glucose and D-galactose only in a ratio of 1:1. Kefiran dissolves slowly in cold water and 

quickly in hot water, and forms a viscous solution at 2% concentration. 

Bioactive peptides  

Many organisms possess enzymes (e.g. proteinases and peptidases) that are able to hydrolyse 

the protein in a medium, thereby supporting growth of the organism by liberating peptides 

and amino acids. The action of proteinase and peptidase enzymes on milk proteins can 

theoretically result in a very large number of possible peptides. An analysis of the proteinase 

activity of kefir grain bacterial isolates has shown that several isolates have high proteinase 

activities which increases the possibility that bioactive peptides may be present in kefir. 

Studies on the peptide content of kefir drink have shown that kefir contains a large number 

of peptides. 

THERAPEUTIC SIGNIFICANCE OF KEFIR 

Kefir has had a long history of being beneficial to health in Eastern European countries, 

where it is associated with general wellbeing. It is easily digested and is often the first 

weaning food received by babies. 

It has been proposed that stimulation of the immune system may be one mechanism 

whereby probiotic bacteria may exert many of their beneficial effects. Peptides formed 

during the fermentation process or during digestion have also been shown to be 

bioactive, and demonstrate a variety of physiological activities, including stimulation of 

the immune system in animal models. Stimulation of the immune system may also 

occur due to the action of exopolysaccharides found in kefir grains. 

Anti tumour effects of a water-soluble polysaccharide (approximate molecular weight 

10,000,00 Da) isolated from kefir grains is reported. 

A water soluble polysaccharide fraction from kefir grains was shown to inhibit pulmonary 

metastasis of Lewis lung carcinoma, whether the kefir-derived polysaccharide was 

given orally before or after tumour transplantation. 



 Starter Cultures and Fermented Milk Products 

 

 

165 

Some kefir grains have been shown to possess b-galactosidase activity which remains 

active when consumed and thus can be beneficial for lactose intolerant people. 

Many lactobacilli are capable of producing a wide range of antimicrobial compounds, 

including organic acids (lactic and acetic acids), carbon dioxide, hydrogen peroxide, 

ethanol, diacetyl and peptides (bacteriocins) that may be beneficial not only in the 

reduction of food borne pathogens and spoilage bacteria during food production and 

storage, but also in the treatment and prevention of gastrointestinal disorders and 

vaginal infections. Fresh kefir grains were found to inhibit the growth of the pathogens 

Staphylococcus aureus, Klebsiella pneumoniae and Escherichia coli. Leuconostoc 

mesenteroides and Lactobacillus plantarum, isolated from kefir grains, have been 

shown to produce antimicrobial compounds which can inhibit Gram-positive and 

Gram-negative bacteria. These antimicrobial compounds are found to be heat stable. 

But their antimicrobial properties are reduced after exposure to proteolytic enzymes. 

Lactobacilli isolated from kefir grains had antimicrobial activities against E. coli, 

Listeria monocytogenes, Salmonella Typhimurium, S. Enteritidis, S. flexneri and Yersinia 

enterocolitica. Bacteriocins were thought to be responsible for the antimicrobial 

activities . 

Kefir is a microbiologically complex product with a large number of different bacteria and 

yeast involved in its making . Many of these microorganisms are only now being identified by 

using advanced molecular biological techniques. The study of kefir is made more difficult, 

because it appears that many different sources of kefir grains exist that are being used to 

produce kefir. The production of kefir depends on the synergistic interaction of the microflora 

in kefir grains. During the fermentation process, the yeasts and bacteria in kefir grains 

produce a variety of ingredients that give kefir its unique taste and texture. After 

fermentation, the finished kefir product contains many ingredients that are proving to be 

bioactive and may be used as functional ingredients. 

*****☺***** 
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Module 17. Koumiss 

Lesson-31 
Koumiss- Manufacturing, Nutritive and therapeutic Values 

31.1. INTRODUCTION 
Koumiss (Turkish: kimiz, Mongolian: airag) is a fermented dairy product traditionally made 

from mare's milk as a result of lactic-acid and alcoholic fermentation. It is a traditional drink 

of normands-cattle-breeders and remains important to the people of the Central Asian 

steppes, including the Turks, Bashkirs, Kazakhs, Kyrgyz, Mongols, Yakuts and Uzbeks. It is 

also known as "Milk Champagne".  

HISTORY 
Koumiss is native to parts of southern Russia. This product is also a traditional drink of 

Central Asia. The name Koumiss was derived from a tribe called Kumanes, who lived along 

the river Kumane in the Asiatic Steppes. In earlier days, to accelerate the fermentation of 

Koumiss, pieces of horse flesh or tendon or some vegetable matter were added to the mare's 

milk placed into bags made from the skin of lamb presumably to provide microflora needed 

for fermentation. Mare's milk does not coagulate at the isoelectric point of casein and hence 

koumiss is not considered as a curdled product. However, its modern counterpart is based 

on cow's milk instead of mare's. It is now widely consumed in Eastern Europe.  

TYPE OF KOUMISS 
Based on different concentration of lactic acid and alcohol, three types of koumiss can be 
prepared.  
1. Weak koumiss (0.7% lactic acid, 1.0 % alcohol)  
2. Ordinary koumiss (1.1% lactic acid, 1.8% alcohol) 
3. Strong koumiss (1.8 % lactic acid, 2.5% alcohol)  
In addition to acid and alcohol, carbon dioxide is also produced to impart fizziness to the 
final product.  
PRODUCTION OF KOUMISS 
Koumiss is made by fermenting mare's milk. During the fermentation, Lactobacilli bacteria 

acidify the milk, and yeasts turn it into a carbonated and mildly alcoholic drink. 

Traditionally, this fermentation took place in a horse-hide container, which might be left on 

the top of the yurt (Figure 31.1) and turned over on occasion, or strapped to the saddle and 

joggled around over the course of a day's riding. Today, a wooden vat or plastic barrel may be 

used in place of the leather container. Other accounts from some cities in northern or 

western China have it that the skin, partially filled with mares' milk, is hung at the door of 

each home during the season for making such beverages, and passersby, who are familiar 
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with the practice, give each such skin a good punch as they walk by, agitating the contents 

so that they would turn into koumiss rather than coagulate and spoil. 

 

 

 
 
Industrial-scale production of koumiss generally uses cow's milk because of the limited 

availability of mare's milk even in the areas of the world where koumiss is popular today. 
Cow milk is richer in fat and protein but lower in lactose than the milk from a horse. Before 
fermentation, mare's milk has almost 40% more lactose than cow's milk. Therefore, the cow's 
milk is fortified in one of the several ways. Sucrose may be added, to allow a comparable 
fermentation. Another technique adds modified whey in order to better approximate the 
composition of mare's milk. During fermentation, the lactose in mare's milk is converted into 
lactic acid, ethanol, and carbon dioxide, and the milk becomes an accessible source of 
nutrition for people who are lactose intolerant. The flow diagram of manufacture of koumiss 
is given in Figure 31.2.  
One of the essential points in the making of koumiss is that during the whole process of 
fermentation milk should be kept constantly agitated by stirring. This helps in incorporation 
of oxygen to the fermenting fluid. It also causes breaking up of the precipitated casein into 
very fine particles. This contributes to ease of digestibility of koumiss. Figures 31.3 and 31.4 
depicts the traditional vessels used for serving koumiss as well as a traditional way of 
pouring the product. 
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STARTER CULTURES 
In the early days koumiss from a previous batch was used as starter. Nowadays purified 

starters are being used for the production of koumiss. It mainly comprised of L. bulgaricus 

and Saccharomyces lactis. Various strains of lactic acid bacteria and yeasts have been 

isolated from commercial koumiss viz., Lactobacillus delbruckei subsp. bulgaricus, 

Lactobacillus paracasei subsp paracasei, Lactobacillus rhamnosus, Lactobacillus paracasei 

subsp tolerans, Candida kefir and Kluyveromyces marxianus subsp lactis. It is also possible 

to find lactic streptococci, coliforms and some spore forming bacilli in koumiss.  
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NUTRITIVE AND THERAPEUTIC ADVANTAGES OF KOUMISS 
Koumiss has almost a similar nutritive value as the milk from which it is prepared except 

that during the making of koumiss, the sugar has been to a large extent replaced by lactic 

acid, alcohol and carbon dioxide gas. The casein has been partly precipitated in a state of 

very fine division and partly predigested and dissolved. There was not much change in fat 

and salts. The acid and alcohol produced help in the process of digestion and ease of 

absorption of fat and minerals. Nutritive and stimulating qualities of Koumiss render it very 

valuable for nursing females. Koumiss is considered to be a refreshing therapeutic drink. In 

USSR, this preparation is used for the treatment of pulmonary tuberculosis. Koumiss 

possesses diuretic properties and helps in restraining intestinal putrefaction. Koumiss has 

been and is employed with success in diabetes.  

Koumiss has been described as the greatest of the fermented milk. In terms of experience 

and traditional manner of consumption this effervescent acidic, alcoholic fermented milk is 

comparable to beer and is well known for its therapeutic benefits. Koumiss can be a 

promising carrier of currently-in-use and future probiotic microorganisms which could 

provide consumers with health benefits beyond traditional nutrition, thus contributing to 

sustaining human health and well-being. 

 

 

*****☺***** 
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Module 18 Other fermented milks 

 

Lesson-32 

Kishk, Yakult, Villi 

32.1. INTRODUCTION 

Several fermented food products have been evolved from various parts of the world with 

different regional requirements. Some of the important products are described below. 

32.2. KISHK 

Kishk, is a typical wheat – milk mixture fermented food popular in Egypt and most of the 

Arab World. It consists of small, round or irregular pieces, yellowish brown in colour, which 

have a rough surface and hard texture. When moistened with water, it becomes white and 

breaks up after a short time. 

Kishk is rich in nutritive constituents, and is a possible source of many vitamins and growth 

factors associated with the microbial fermentative processes. It is of good keeping quality and 

consumed throughout the year. 

32.2.1. Micro flora in kishk  

Kishk is naturally fermented product and aerobic spore formers like B. subtilis and 

B.megaterium are high in numbers in initial stage, but inhibited later on due to high acid.  

The most predominat microflora, which are responsible for fermentation are lactic acid 

bacteria. Among LAB, homo and heterofermentative lactobacilli, mainly Lb. plantarum, 

Lb.casei and Lb. brevis are predominate bacteria.  

During the later stage of fermentation, yeasts develops, which produce gas and improve 

porosity and also enrich product with vitamins. 

32.2.2. Manufacture of kishk 

Kishk preparation involves three main stages. 

Preparation of Par-boiled wheat  

Wheat grains, are placed in large cooking pan, covered with water and heated slowly to 

boiling and simmered until soft. The cooked wheat or helila is then washed with cold water, 

spread on straw mats and left to dry in air. The dry material which is hard in texture is 

coarsely ground in stone mills, then sieved and seed coats are removed. 

Preparation of Laban Zeer  
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Laban-zeer is sour coagulated milk. Traditionally, the milk was churned in skin bag and left 

out fluid is called as sour milk. In hot weather, milk coagulates spontaneously and is then 

often considered unsuitable for cheese making. Such sour milk is stored in earthenware 

containers known as zeer. A suitable quantity of salt judged by taste is added and the 

contents of the zeer are mixed. The whey oozes through the walls and thus consistency of 

sour milk becomes considerably thicker. Accumulated laban zeer is especially used in 

summer, when wheat are plentiful in the farmers store for making kishk. 

The most dominant microflora of laban zeer compose of Lb. casei, Lb. plantarum and Lb. 

brevis. 

Preparation of hamma (kishk mix)  

The coarser power of the par boiled wheat is placed in large pots and moistened with slightly 

salted boiling water. Then raw milk or laban zeer diluted with water is added and thoroughly 

mixed to obtain a homogenous paste, called hamma.  

After 24h, the hamma, which has meanwhile increased in volume as a result of fermentation, 

is kneaded by hand. Later on Laban zeer, twice the volume added before is diluted with water 

or milk with syrupy consistency, is added in portions to the hamma and left for a further 

24h. Subsequently, the fermented mix is thoroughly remixed, cut in small balls and placed 

on straw mats to dry in the open. The dried product is kishk. Some times spices like cumin 

or pepper are added for enhancing taste. Complete drying of product takes 5-7 days and 

during this period also fermentation goes on gradually at reducing rates. 

32.2.3. Advantages of kishk fermentation  

Outlet for surplus milk 

Higher protein content (average 23%) 

Contains fair amounts of iron, phosphorous and calcium. 

Contains higher amounts of (i) phenylalanine (ii) threonine (iii) isoleucine (iv) leucine 

(v) arginine (vi) valine (vii) tyrosine (viii) lysine; while low amount of tryptophane & 

sulphur containing amino acids. 

Net protein utilization is comparable with casein ( 60 for casein, 59 for Kishk) 

Has higher digestibility. 

The milk protein makes up for the amino acid deficiency of most of the cereal product. 

About 50 g of Kishk, would meet the daily requirement of lysine for a man of average 

60 kg body weight. 

Milk and cereals would supplement each other with vitamins and salts. 
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Wheat is relatively good source of iron while milk is deficient in iron. The 

complementary effect makes the product nutritionally sound. 

Excellent shelf-life of more than one year at room temperature. 

Convenient to use. It can be taken as breakfast food along with milk or used for 

preparation of vegetable curries for lunch or dinner. 

32.3. YAKULT 

Yakult is a probiotic fermented milk product which originated from Japan almost 70 years 

before. It is made with the help of a culture of Lactobacillus casei strain Shirota, which is 

named after the inventor Prof. Minoru Shirota. The product is most widely studied for clinical 

benefits and it is claimed that the product aids digestion, modulates immunity and prevents 

infection.  

Yakult is originally made from skim milk & sweetener agents like sucrose, glucose, liquid 

sugar & starch syrup. It may contain fruit juices & flavouring essences. 

The average composition of yakult is given below: 

Fat 1.1 % 

Protein 1.2 % 

Lactose 1.1 % 

Other Sugar 14.1 % 

Ash 0.34 % 

It has a junket like consistency. Colour is slightly brown, which indicates that the milk / 

sugar base may be highly heat treated. Now it is available in different flavours blended with 

different fruits juices. The product is proprietary item of M/s Yakut Hansa Ltd. in Japan and 

is being consumed now by 25 million people every day in 31 countries across the world as 

per company‘s claim. The company is now producing Yakult in India also. Yakult is available 

in 65 ml bottle, which contains 6.5 billion live cells of Lactobacillus casei strain Shirota. 

The main reasons for the popularity of Yakult in Japan are  

It psychologically, meets the desire of people to be healthy and it is now scientifically 

confirmed also. 

It suits the taste of most Japanese people. 

It is readily acceptable in every day diet. 

It has a reasonable price. 
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32.4. VILLI 

Villi is a traditional Finnish fermented milk product made from pastuerized unhomogenized 

milk with capsule or slime forming starters that have adapted to grow at lower temperature 

than the ambient temp., viz. 18 - 19⁰C. 

32.4.1. Starters for villi 

Lactic streptococci – Lactococcus lactis subsp lactis, L. lactis subsp cremoris 

Mold – Geotrichum candidum 

Because villi is made from unhomogenized milk, the cream rises up to the top in the cup 

during fermentation and this mold grows on its, so there is a uniform velvet like layer is seen 

when the cup is opened for eating. 

Geotricum candidum has different metabolic activity and is symbiotic with lactic streptococci. 

It assimilates glucose and galactose but not lactose and sucrose, while assimilating sugars in 

villi, the mold consumes oxygen from air space of air tight cup and produce CO2. When all O2 

is consumed its growth is restricted. So much CO2 is produced by mold that it is partially 

dissolved in the milk to form carbonic acid and carbonates, and as a consequence of it, slight 

under pressure is generated in the cup. The mold also shows lipolytic activity, while growing 

on the surface layer, the concentration of monoglycerides and free fatty acids increases and 

gives typical flavor to the product. 

32.4.2. Other fermented milk products 

Fermented beverages 

Fermented dietetic preparation 

Fermented milk ingredients in food. 

Soups & Sauces 

Confectionary 

Sweets 

Chocolate 

Bakery products 

Cereal products 

Liqueur 

Spreads 

Meat products 
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