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Lessonl
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.ofp@nisms selected for thirposeof need to

produce the desired effect in the finished product.

Starters are a group of active and desirable microorganims capable of bringing about
desirable changes in the milk product through the process of fermantdtiese 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 tpheaapnce, body, texture and flavor

characteristics of the final products.

The natural micro flora of the milk is inefficient, uncontrollable and unpredictable or is
destroyed altogether by the heat treatments given to the milk. A starter culture care produc
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 latose (milk
sugar). Which in most cases causes or assists in the coagutnilk protein by lowering

pH of milk. Cultures that produce lactic acid are generally referred to as "lactic acid lacteria”
(LAB). Certain starter organisms are added specificaly for their ability to produce flavor
compounds such as diacetyl. Stadeganisms can also influence texture of cultures and/or
aged products though 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, althayh inhibition is associated with other byproducts of growth with some

starters.

More recently, probiotic cultures are finding their way into cultures milk products. These
organisms posses some claimed health benefit for the consumer. e.g., igetgord anti
cancer compounds and presentation 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 and beages have long been manufactured without the use of commercial
starter cultures. Traditional methods of production include Isémbping, or using a small
amount of the finished specifically preserved product to inoculate a new batch, the use of
microorganisms found naturally on the product, and the use of special containers that allow
for the survival of the starter culture microorganisms within cracks and pores. These
traditional methods allow for the development of individual varieties of fermented foull
beverages, and they are still practiced today for sr@lnid-scale production facilities, as

well as in less developed countries and in homergake products. Traditional methods,
however, are prone to slow or failed fermentations, contaminatiahjnconsistent quality.

In contrast, modern larggcale industrial production of fermented foods and beverages
demands consistent product quality and predictable production schedules, as well as stringent
quality control to insure food safetfpurso,and Hutkins, 2003)

The pureculture techniquem microbiology were not developed unPasteur in the 1860s
Similarly Lactic acid bacteriéLAB), were identified by Listein the 1870s, it is important to

note that an industry developed technique to proguce culturesonly a short time later.
Storch ( Denmark) WeigmarGérmany, and Conn(USA) in late 1880s showed that pure
cultures could be used to ripen cream, and soon the role of-fltavducing bacteria (i.e.,
citratefermenting diacetyproducers) was established. By 1878 Christian Hansen began a
culture business that continues euweday to be a major supplier of starter cultures for the
dairy, meat, brewing, baking, and wine industries.

Initially, starter strains were prepared by the manufacturer by growing pure strains-in heat
sterilized milk.Calcium carbonatwas often added as a buffer in order to maintain a neutral
pH. These liqud cultures remained popular until relatively recently, even though they had a
relatively short sheffife due to the loss afell viability and fermentative activity. Eventually,
rather crude dry culture preparations were produced which required several transfers in milk
to revive the culture to an active stateedzedried cultures also became available, but the
early product also required growth in intermediate or mother cultures. Frozen cultures, now
the most common form for dairy cultures, were not introduced until the 1960s. Significant
improvements in freezqpand freez&lrying technologies have led these types of cultures to
dominate the starter culture market.

The modern starter culture industry provides cultures for nearly every tyjperaited

foodand beverage. Most culture houses also produce and sell the media used to propagate


https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cell-culture-technique
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lactic-acid-bacterium
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/calcium-carbonate
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cell-viability
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/fermented-product
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/fermented-product

starter cultures, the enz@s used to coagulate milk for cheese production, and other ancillary
products. In addition, the starter culture companies maintain a staff of highly trained
microbiologists who provide expert technical service and support when issues or problems
related to culture performance arise. And although there are many small culture
manufacturers throughout the world, specializing in cultures for specific products or

applications, the industry is dominated by a small number of large companies.

1.3ADVANTAGES OF MILK FERMENTATION/ROLE OF FERMENTATION IN
FOOD

The Feremented food have following advantages as listed below:

1. Enrichment of human diet through ade variety of flavours, aroma and texture of
foods.
2. Preservation of foods via lactic acid, alcoholic, acetic acid and alkaline fermentations
3. Bio-enrichment of foodvith proteins, essential amino acids, Essential fatty acids and
vitamins.
4. Detoxification diring food fermentation processing.
5. Nutritional and physiological benefits such as
a. Promotion of growth and digestion
Settling effect on the Gl tract by deceasing harmful bacteria.
Improvement of bowel movements
Suppression of cancer.

Suppression of bloocholesterol

-~ o oo T

suppression of tumours

Catering to the needs of lactose intolerant people.

Q@

$,0,.9,0.0,0,0.0.0,:0.0,0,:0.0,.0,:0.0,.0,0.0,0,0.0,.0,0.0,0,0.0.0,.0.0.0,0.0.0,0.0.0,:0.0.0,0.0.0,0.0.0,0.0.0,0.0.0,0,0.0,0.0.0,0.0.0,0.0,0,0.0.0,0.4

THE END


https://www.sciencedirect.com/science/article/pii/B012227055X011469

LESSONT 2

Role, Functionand Classification of Starter Culture

2.1 INTRODUCTION

Starter cultures consist oficroorganismshat are inoculated dctly into food materials in

order to bring about desired and predictable changes in the finished pradwuctesult the

food may havenhanced preservatigmoperty improvednutritional valug modifiedsensory
gualities and increased economic value. Although many fermented foods can be made
without a starter culture, the addition of concentrated microorganisms, in the form of a starter
culture, provides a basis for insuririgat products are manufactured on a consistent schedule,
with consistent product qualities.

2.2 DEFINITIONS

Starter cultures are bacterial annfjal strains either pure or red, used to initiate a
fermentation process he culture includeselected strainsf food-grade microorganism of
known and stable metabolic activities and that is used to produce fermented foods of
desirable appearance, body, texture and flaStater culture means the mioganims that

are selected based on their ability to prodaxtid acid for curd production and a low pH to
prevent spoilage, produce metabolitkat give desirable flavoursr produce enzymes that

ripen the dairy product.
2.3 ROLE/FUNCTIONS OF STARTER CULTURES.

The primary function of lactic starters is the praglut of lactic acid from lactose. In
addition to lactic acid production the starter cultures are also usefiflarent ways as stated

below.

Table 2.1 : Functions of starter culturegAgrimoon.com)

Function Result

Acid production Gel formation
Expulsian (syneresis) of whey for texturing

Preservation of milk

©O O O o

Helps in the development of flavor



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/microorganism
https://www.sciencedirect.com/topics/food-science/nutritive-value
https://www.sciencedirect.com/topics/food-science/sensory-quality
https://www.sciencedirect.com/topics/food-science/sensory-quality

Flavour o Formation of flavor compounds like diacetyl al
acetaldehyde
Preservation o Lowering of pH and redox potential
o Production of lactic acid
0 Production of antiiotics
0 Production of HO.
o Production of acetate
Gas formation o Eye formation in certain cheeses
o Production of open texture Ex. blue veined cheese
Stablizer formation o Development of body and viscosity
o Ex. Polysaccharide materialas
lactose utilization o Redices the development of gas and off flavours
o Suitable for lactose intolerant people.
Lowering of redox 0 Helps in preservation
potential o Helps in development of flavor
Proteolysis ang o helpful in the ripening/maturation of cheeses
lipolysis
Miscellaneous o Production of alcohol in kefir and kumis

compounds

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 cukures

RODS COCCI BACTERIA YEASTS MOLDS
Lactobacillus Lactobacillus Bifidobacteria Candida kefir Penicillium
Streptococcus | Brevibacterium | Kluyveromyces | camembeiti
Leuconostocs | linens Toruloxpora Penicillium

Pediococcus Acetobacter Saccharomyces | roquefortii
acetii Aspergillus




Propionibacteria oryzae
Mucor
rasmusen
Geotricum

candidum

2.4.1. Bacteria

2.4.1.1 Genus LactococcusBergey's Manual oBystematic Bacteriology (1986), combined
all the mesophilic lactic acid bacteria (LAB) with Lactococcus lactiform a single species

as they posses.

1. Identical isoprenoid quinines and the enzyme phosphotase
2. Indistinguishable lactic dehydrogenase
3. Identical percentage of guanine and cytosine.

4, High DNA homology

The only properties that distinguish thane plasmid controlled.

ILactococcus lactis subsp lactis Acid producer but non flavor producer

Lactococcus lactis subsp cremris Acid producer but noflavour producer

Lactococcus lactis subsp lactis biov Both acid & flavor producer

diacetylactis

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

between 280°C. all are homofermentative organisms.

2.4.1.2Genus Sreptococcus : The members of the Streptococcus are Gram positive
organism that usually form paris ohains. In 1937, Sherman separated the genus according
to physiogical and growth characteristics, especially with regards to temperature limitations
on growth. Four general groupesignated by Sherman are (1) Pyogenic. (2) Viridians (3)
Enterococcus and4] lactic. This categorization has become somewhat obsolete as



relationships between species have been shown to ovéHaponly species used as starter
culture is Strptococcus alivarius subsp themophilus. This is a yoghurt culture, which is
thermophilc in nature with optimum growth temperature of 38CGi2 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 gyltidusse
organisms are normally used along with lactic acid bacteria (LAB) in multiple or mixed strain

cheese starter cultures, which produces flavor compounds.
Leuconostoc creamoris
Leuconostoc citrovorum
Leuconostoalextranicum

2.4.1.4 Genus Lactobacillus Lactobacillus delbruekii subsp bulgaricus used for the
preparation of yoghurt along witBtreptococcus salivarius subsp thermophillikese two
organismsexhibit a symbiotic relationship.

Lactobacillus acidoglus is a probiotic cuiire, used for preparation of acidophilus milk and
other probiotic milk products like Bifighurt, Bioght, etc. The members of lactobacillus are

classified based on fermentation of glucose $oups as shown in Figure given below

Obligate Facultative Obligate HeteroFermentative Grou

Homofermentative Homofermentative 1]

Group Group I

Orla Jensen Group Thermobacterium Streptobacteriun Betabacte
rium

Growth at 15 - + +

Growt h at + - *

Pentose Fermentation _ + +

CO:2 from Glucose - - +

CQO; from Gluconate - + +




Phosphoketolase Absent Inducible by Present
pentose
FDP aldoése Present Present Absent
Example Lactobacillus Lactobacillus Lactobaci
acidophilus caseii llus brevis

Fig. 2.2 Classification of Lactobacillus based on glucose fermentation.

2.4.1.5 Genus Bifidoacterium :Fourd in the gut of infants, intestines of man, various
animals and honeybees. These organisms are generally used in prepar#tiempEutic
fermented milk products in combination with yoghurt, acidophilus milk or yakult starter

cultures.
Eg: Bioghurt, Biograde, Bifighurt, Cultura 'AB, Yakult, Mi#Miru.

Bifidobacterium bifidum, Bifidobacterium longum, Bifidobacterium infantisd8lfacterium

breve, etc.

The optimum growth temperature is°@71(°C. Anaerobic conditions are essential for
optimum growth. Milk fermtneted with bifidobacteria has a distinctive vinegar taste due to

the production of acetate plus lactate from the metahadiscarbohydrates.

2.4.1.6. Genus Propionifacterium Propionibacterium, freuderveichii and Propionibactrium
shermanii are used in swiss cheese. It has the ability to produce large gas holes in the cheese
during ripening/maturation period. P. jensenii, tRoeii and P. acidipropionici are other

organisms present in these genera.

2.4.1.7. Genes Brevebaatium : Brevebacterium liness used a as starter culture in
preparation of bacterial surface ripened cheltsmparts dstinctive, reddish orange calto

the rind of (or formation of smear on) Brick and Limburger cheese or Camechkese.
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 flavor and modify sligiglypody and texture

of curd.



2.4.2.1.White mold is used in manufacture of surface mould ripened chees like camembert

and Brie cheese.
Eg; PenicilliumcamembertiPenicilliumcaseicolum, Penicillium condition

2.4.2.2. Blue molds used in manufacture afternal mould ripened cheeses like Roquerfort,

Blue Stilton, Danish blue, Gorgonzol and mycella cheeses.

Eg; Penicillium, roquefortii

2.4.2.3 Other molds

Mucor rasmusei used in Norway for the manufacture of ripened skim milk cheese.
Aspeigillus oryzae used in Japan for the manufacture of Soya milk cheese.

Geotricum candidunii 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 mdacture of Kefir and Kumiss

2.4.3.1. Kefir grains : kefir grains consist of a mixture of different microorganisms such as

Candida kefir, Kluyeromyces marxianus, Saccharomces kefir, Torulopsis kefir.
2.4.3.2 Kumiss the important starter microflora ofikiss include Torulopsis spp.
Khuyeromyces marxianus var lactis, Saccharomyces cervisiae.

2.5 TYPES OF STARTERS

Starters are grouped under different categories based on compositon of microflora, growth
temperature, type of products, flavor production g tof termentation into the following

categories.
2.5.1. Based on the Composition of Microflora/@anisms

a. Single : Used of only single organism in the prep#éian of dahi or cheese. Disadvantage
of using single coulture is that there may uelden fdure of starter due to bacteriophage
attack which leads to heavy loss to the industry.

b.Paired Compatible Srain : Two strains of cultures having complementary activities in

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



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

carryout the fermentation without gproblem.

c.Mixed Strain : More than two organism which may have different characteristics like,

acid podudion, flavorproduction, slime production etc. in unknown proportion are used.

d. Multiple/M ixed Strain : More than two strains in knowgroportion are used. The quality
and behawr of these strains is predictable.

2.5.2.Based on the @Gowth temperature. Based on thgrowth temperature organisms can
be divided into mesophilic and themophilic.

Mesophilic Starter Cultures : The optimum growth temperature of these cultures is 300C
and they have a growth temperature range o#®Z. The mesophilic starter cultures

generdly contain the organisms of Lactococci.
Ex. Dahi Cultures : Lactococcus spp.

Chedar cheese : Lactococcus lactis subsp lactis, Lactococcus lactis subsp cremoris

Lactococcus latis subsp lactis blovar diacetylatis, leuconostoe mesenteroides subsp cremoris.
Themophillic Starter Cultures : The optimum temperature of these cultures ¥C4and
they have a growth temperature range of8C.

Ex. Streptococcus themophilus

Lactobacillus delbrueckii subsp bulgaricus

Lb. delbrueckii subsp lactis

Lb. casei

Lb. helweticus

Lb. Pantarum

2.5.3. Roduct for which used

Yoghurt : Streptococcus thermophilus

Lactobacillus delbrueckii subsp bulgarious

Swiss cheeseStreptococcus salivarius subsp thermophilus

lactobacillus delbrueckii subsp bulgaricus



lactobacillus helveticsl
lactobacillus casei

2.54. Based on the flavor production The starters are grouped into B, D, BD and N type
based on their ability of flavor production.

B (L) type : Leuconostocs as flavor producer (old name is Betacoccus)
D. type L. lactis subsp lastbiovar diacetylacis

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

N or O type : Absence of flavor producing organism

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

fermenter based on end products resuliogn glucose metabolism.

Homo fermentative cultures : éigactococcus lactis subsp lactis

Hetero fermentative cultures elgeuconostoc dextranicum

THE END

), 9,0.9.0,0,9,0,0,0,0.0.0.0.0.0,0,0,0,0,0,.0.0.0.0.0,0,0.0,0,0,0.0.0.0.0.0.0.0,0,0,0,0.0.0.0.0.0.0 ¢



Lesson 3.
Purpose of Propagation,Traditional Methods-Advantage and Limitations.
3.1INTRODUCTION

Starter propagationt is the most important operation of the quality control unit of dairy
plant as the quality of starter is having a diteearing on the quality of finished product. The
main aim of propagation is to maintain perdturesand activate cultures without any loss of
viability. The culture organisms are preserved in smadllites known as stock cultures.
Fermentation procesd any cultured dairyproduct relies on thgpurity' andactivity of the

starter culture.
An active starter must have the following characteristics

1. Must be active
2. Must contain maximum number of viable organism

3. Must be free from contaminamt
To obtain the love qualities of cultures

1. The inoculums (inoculation) is carried out under aseptic condtions.

2. Growth is initiated in a sterile medium
3.2 TRADITION METHODS

The traditional method is also known as simple microbiological technique. In this method the
stater are propagfedin the laboratory itself taking the stock cultures which are {aciive

state or dormant stat€€ommercialmanufactures provide starter cultures Iyophilized
(freezedried). Frozeror spraydried forms. These cultures cannot be addieelctly in the

milk to initiate fermentation process because they are in-active state. They need to be

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

The dairy product manufactures need to inoculate the culture into mitkher suitable
substrate. Numbesf steps are to be followed during propagation of starter culture for ready
to use. They can be seen from the following.

1. Stock culture : can be obtained from

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



Situated at the National Institute of Genetics, Shizuoka, Japan

http://wdem.nig.ac.jp

b.

g.

NCDC- National Colection of dairy CultureNDRI, Karnal
C. ATCCi American Type Culture Collection

P.O. Box 1549, Manassa, V20108, USA

Web: http//www.atcc.org.

ECCO European Culture Collections Organization.
NCFBi National Collection of Food BacterldK
NCIM 1 National Collectioin of Industrial MicrooganisrisPune

NIZO- Netherlands Dairy Research Institute

2. Educational @lleges

3. Cultural stock Organizations

4. Commercial manufactures

a.

Chr. Hansen laboratoriatdarsholm, Denmark, Specialized in DVS (Direct

vat Set) cultures and ready set cultures. In WEBDEE chemocrats, 46 white Hall, 143 A,
Kranti Marg, Mumbai400 036.

b.

Wisby laboratoriami Tonder, DenmarSpecialized in DIP (Direetin

product) cultures for direct inoculation of milk In IndiBood & Pharma specialities-EP.

Nizamuddin East, New Delhi.

c. GistbroacesDelft, The Nethelands In Australia & USA

[l. Mother culture _ (First inoculatin) : I\ cultures will originate from this preparation.

I. Intermediate culturéfeeder)i is used in preparation of larger volumes of prepared

Starter.

[I. Bulk starter culturé this stage is used in dairy product pratiue.


http://wdem.nig.ac.jp/

System 1 System 2 System 3
e
// o
‘, [ Stock
v i TN
e LT|
“ . o) b OO bty A
L\‘ Mathet 1
l/,‘k"\,
L v
l -
: '
Feader
or ;
Intere
mediate i Production
’ " — Tank
4":.__.’\’}
Bulk - |

?J.
<

Figure 7.9, Starter culture preparations. Note: In System |, stock culture may be hiquid.
(reeze-dried, or frozen at =196°C for the production of bulk starter and cheese or fer-
mented milks, respectively. In Systems 2 and 3, stock culture may be concentrated
freere-dried or frozen at -60°C to <196°C for the production of bulk starter and cheese
of fermented milks, respectively. | Alter Tamime and Robinson (199). Reproduced by

ourtesy.of Woodhead Publshing, Cambridge, ngland
Same itk Publihing b Enland

Source: Prajapati,V. Sreeja and S.Reddy (Agreemoon.com)

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 startergpagation are :
1. Selection of milk

2. Treatment of milk

3. Inoculation



4. Incubation
5. Cooling of starters

3.2.2. Selection of milk : Milk is a good medium for the propagation of starters because it
gives better and milder flavor, better viscosity. The milk meantHerstarter 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 fre from bacteriophage

Milk should not contain residues of detergents and sanitizers
Milks should have a low bacterial load

Milk should have high SNF content.

= =/ =4 A4 A -2

Milk should have clean flavor and odour

Milk of NFDM (SMP) is sed for the propagation of startexs it avoids daily variations and
alsoFlavorandodordefects are easy to detect if skim milk is used for the starter propagation.

Skim milk with a totalsolids content of 102% is desirable for the propagation of starters.

3.2.3Treatment of Milk : Milk is usually subjected to heat treatment before using for

the inoculation of starters.
Treatment of milk will serve the following Purpose :

1 Inactivation ofharmful organisms and bacteriophage in milk.

1 Inactivation of natural antibacterigbroperties ofmilk such as immunoglobulin, LP

system, lactoferrin and lysozyme.
Reduction ofthe oxidation reduabn potential of milk by removinglissolved oxygen

Denaturation of proteingdo make available which in small concentration act as

stimulants for the grovatof starters.
1 Improvement of the viscosityof the finished culture due toedaturation of whey

proteins by improving their water retention properties to mininfigertheying off.



Heatng milk at 90°C for 1 hour or boiling/steamingor 30 min is usually dsirable
Autoclaving of Milk at 12PC for 15 min may beollowed but this may result in the
formation of curd with soft andloppy body and texture also it mayive rise to scorched
flavor of curd Sal'yndalization of reconstitedskim milk is the bestprctice to be followed.

Tyndalization

a. OnFirst day the reconstituted skim milk is autoclaved afClthder 10 Ibs pressure
for 10 minutes. The milk samples ate be kept at room temperature to check the
germination of sporeswhich might be escaped thbeattreatmentand cause curdling
of milk if they are present in large number.

b. On the second day the samples again examined for any curdling. The curdled
samples ardiscarded and the other samples eresteamed for 30 minutes.

c. After steaming the itk 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 samplesgane steamed for 30 minutes.

e. The samples so sterilized are either kept at room tenuperat in refrigerator till
they are used.
3.2.4Inoculation: All the microbiologicalsafetyand sterilization methods should be
used to avoid any lsacontamination. Inoculatioshould becarried out in separate
room having Laminar flow system. Freezdried ampoule is sterilized with alcohol
and liquid culture tubes are shown to flaméke 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 dependpon the situain. Possibilities

of external contamination are minimized as far as possible by working quickly.

3.2.5Incubation: Incubation, temperature depends on the amount of inoculums and
on the type oftarter culture. For the Mesophillic orgems the temperature is 20
25°C for 1214 hours and for th&hermophilic organisms it is 485°C 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 sthpther development.

Refrigeration appears to give appropriate cooling effect.
Drawbaks oftraditional method of propagation is

1. Itis Time consuming



2. It Requires skilled operatoesmd Personals
3. It May lead to contamination by bacteriophage

),0,9,0.9,9,0.0,9,0,0,0,0,0,9,0,0,9,0,0,0,0.0,0,0.9,0,0,0,0,0,0.9,0.0,.9,0.9,0,0,0,0,0,0.0,0,0.9,0,0.0,0,0.9,0,0.0,0,¢



Lesson4

Mechanically and Chemically Protected Systems for Starter Propagation
4.1INTRODUCTION

Traditional method is most commonly usetethodfor propagation of Startecultures in
spite of that itis a cumbersome process involving several st@psve have learned in the
above chapter that thimethodrequiresalways a technical person ® propagate the active
and pure culture without any contaminati@everal methods hauseen practedto avoid

starter contaminain and variation since long days.
Thedetailed argiving below.
4.2. Production system foBulk starter cultures:

Production systems uséar bulk starter cultureaimedto produce a pure active culturee

from contamintion especiallyfrom bacteriophage
It uses

1. Simple Mcrobiological technique.

2. Employment of Mechanically protected equipment.

3. Propagation in Phage Resistant medium/Phage Inhibitory Medium (PRM/PIM)
4.3. MECHANICALLY AND CHEMICALY PROTECTED SYSTEMS
4.3.1.Mechanially protected Equipment:

While employing mechanically protected equipmemd things should be kept in minice.,

a) Growth medium should be heated and cooleth@ibation temperature in a completely

closed vat.

b) Inoculation of the starteshould l2 done only in a complete safe and sterilize place where

there isacomplete control oéntry of contaminated external air.

4.3.2. Lewis System :



1. Thesystem involves the use of a two way hypodermic negdieemto carry out the
transfer of stock cultures to niar culture, mother to feeder aticenfeeder to bulk

starter.

2. All inoculations take place through a barrier ahlorinated water. Resable and

collapsible polythene bottles are used at each stage.

3. The bottles are fitted with Astell rubber seals andravg cap.

Mother culture
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Source: Prajapati,V. Sreeja and S.Reflyreemoon.com)

I.Alfa-Laval Sytem - The system isimilar to the Lewis Systerbut the tank is of
different design. Sterilized air is used instead of squeezingthis system Two

types ofneedles aresed.
U Short needle : 6 sendig sterilized air in.
U Long needle : It is used to force the culture to the next container
4.3.2. Propagation in Phage Resistant Medium/Phage Inhibitory Medium (PRM/PIM)

U The PRM/PIMmedium is used mostly for mesophilic startaltures The medium is

used the ingredients like millsolids, sugar, stimulatory compourfgeast extract,



pancreatic extract), phosphate citrate buffer, chelating agents (ammoniumuon sodi

phosphate).

U The chelating agents bind with Caehd Mg++asthese ions are required ltige

bacteriophage during the proliferation and replication.

U The bacteriophage also requires these ions for the phage adsorption onto the bacterial

cell.

U So the Bacteriophage unable to bind with the bacterial cell due to aliderazer and

mg++ ion.
4.4. STARTER SYSTEMS

4.4.1. Bulk St : In this systenthe supplier provides the user with a small amounutitice

which is then fermented tihe user through one or two stages to produce a volume of bulk
starter. Typically fermeation takes place at 226°C for 1416 hr for Mesosphiliand at

43°C for 4.5 to 5 hr for iemophilic starter. A significant portion of this time is taken up by

the lag phase as cells repair themselves from their storage mode. This starter then may be

usedimmediately 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 productioninmii&th
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-rotation

c) Dutch P/L system

4.5.1 Rotational : The concept is that the regular change of a culture would prevent the
build-up of a bacteiophage and thus avoid starter failure because phages are generally but not

exclusively virulent against one host typelraditionally his is the metha of choice.



Different culture is used for each fill of the vat and the same culture could not be
reintroduced for 5 days or fane production weeklhe effectiveness of the system can be
improved by regulamonitoring of phage to ensure any attack byrnthand to made starter

effective and active.

4.5.2 Non-Rotational : Originally developed in NewZeakhmrd. This is basedn the
identification ofsingle strain phage resistant bacteria. These individual strains are introduced
into the plant normally as blerad three, where #y are used continuously. Regulestingis
doneto monitor the development of phage against @nthe strains. Wen the phage levels

are likely to affect acid prodtion, the strain is removed and replaced by a suitable
alternative. Tis systems required maintenance of high hygiené production discipline.
Such systemseported to do outstanding in terms of elimination of bacteriophage problem.

But it required trained and a strict good plant hygienic system.

4.5.3. Dutch P/L systen : This system work on the principal of development of phage
resistant starter mixture. iked cultures are traferred in an environment and deliberately

exposed wittbacteriophage Theresulting mix of cultures may include new phage resistant
mutants ad this will help tooperate satisfactorily in the production environmdhit the

method required hlgskilled microbiologistéScientist and stafbn site to mange the system.
4.6. EFFECTIVE STARTER SYSTEM MUST SATISFY FOLLOWING CRITERIA:

Clear cutobjectivesin the plant.
Physical as well as tinanconstraintgnust be dealt with

All involved staff shouldunderstands the system and the requirement of Starter

= =2 =2 =2

All staff should understanthe bacteriophage, itseriousness and the knowledge to
protect hem.

Propemovements of air, water,

Potentialcheck on people for as a chanfeelphage attack.

Following HACCP.

Stricthygiene and production disciplines associated with starter production and usage.

Regular phage monitoring by daily testing of culture

= =2 =/ A -4 -

Proper Rsults against the objectives defined.
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Lesson5
Metabolism in Starter Cultures (Carbohydrates, Citrate and Vitamin)

5.1. INTRODUCTION

Lactic Acid Bacteria (LAB)produe@ lactic acid by fermentindactose present in milk
Fermentation of lactose is carried out by different pathways by different types of starter
cultures. Microbial cells derive their energyguirements via Fermentationg;-carboxylic
acid cycle Cytoclrome system for terminal electron transpamd an andeortic pathway

etc
5.2.CARBOHYDRATES METABOLISM:

Milk contain Lactosewhich isis a disaccharide. Lactose constitutes abkHi®o of milk

solids. There are two saitegies to hydrolyze lactose bgctic acid bacteria.
1. b-D Glactosidase (Lactase brgal).
2. b-D Phosphogalactosidasbk-p-gal)

Lactic acid bacteria possess bd@hgal andb-p-gal enzymes. Most dctobacilli have gal
enzyme excepk. casiwhich exhibitsonly b-p-gal activity. In natural systen Lactococci

posses bothctivity but in starter cultures only-gal activity is seen.

Transportation of Lactose iato cell membrane of théactic acid bacteriaccur via two
systems i.e. through Permeases and through Phesmitpyruvate dependenphosphe
transferase system (PEPPTSactose is broken down to glucose and galactoseatatytic
action of galactosidase on b,1-4 galactosidicbond in lactoseGlucose is the common
substrate used by bo#terobic and anaerobic organisms. Aetdizive completenechanisms

to complete the catabolism glucose ad end up with the formation d€0O, and HO.
Anaerobic pathway lead® tincomplete breakdown of glucose releasing small amounts of
energy. TCA cycle is aerobic and in this glucose or acetate is oxidized Az@r€iOHO0.
Electronsareremoved fromeach steps afubstratesnetabolism, as they get oxidizednd

then through a sees of oxidation reduction process in an Electron Transport chalecular

oxygento form finally water

5.2.1 Homefermentative pathway by Lactic Acid Bacteria:



In homafermentativgpathway the lactose tsansporédacross the cell membramgiich
involves the Phosphenol-pyruvate dependent phosptransferase systeriihe lactose is
phosphorylated to lacto$eP (glycosylb galactosidé 6 Phosphate) durinigs translocation
(Figure 5.1)

In this system the lactosP is hydrolyzed by - phosphegalacbsidase ¢b- D)
phosphogalzctosidiegalactohydrolyse) to ylucose and galactofephosphate. Glucose is
metabolized to yruvate via EmbdeMeyerhofPathway (EMP). In the metabolism of
galactose it is first converted to glyceraldehy@gshosphate via agatoses phosphate

pathway. $ A overalltwo pathways are involved.
a. Metabolism of Glucose by EMP pathway
b. Metabolism of Galactoseby tagatose ephophate pathway

Lactose in organisms liklhemophilus and L.b. bulgariucus is transported into the gehd
enzyme Permease and or PEP: PRISosphoenol phosphorylase: Phosphotransfesssem.
These organisms posdssD galadosidase p -gal enzyme which hydrolyses lactose ibte
D galactose and glucose. Glucose is coverted into lactic acid via EM (Embden Meyerhof)
pathway. Galacotose is excreted from the cell or may be utilized by other bacteria producing
other tlan lactic acid. But some of the homofermentative organism 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 : Heterofermentative Lactic acid bacteria producésrge

guantities of ethanol, COn addition tolactic acid when grown on dtose or

glucose. The microorganisms gone through three distinctive chemical reactions to

obtain end products as CO2 lactic acid and ethanol during heterofermeitstion

depicted in Figure 5.2.

5.2.3. COyis produced by the oxidative decarboxylation gfttbsphogluconate

Ethanol is produced by reduction of acetaldehyde.
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5.2. CITRATE METABOLISM : PRODUCTION OF FLAVOUR COMPOUNDS



Milk contain about 1-2.0 g citrate kg of milk. Cellular uptake of citrate tone by enzyme
citrate permease I@mid encodedenzyme) in Lactococcus lactis ssp lactis biovar
diacetylactis.Citrate lyase is inducible enzyme produced only in thgresence of citrate.

There are two pathways for the formation of diacetyl, as shown in Figure 5.3.

ChemicalBy oxidative decarboxylation of a at@actate which is excreted into milk by

bacterid cells.

Enzymatic-Diacetyl is formed in cells by the reaction of acetyl-£oand activated

acetaldehyde.

Diacetyl is an intermediate product. So concentration varies during manufacturing of cultured
dairy poducts and it may disappear subsequently. There is relationshiyedetthe

concentration of dia¢g@ and acidity of the product.

To achieve the highest concentration of diacetyl in fermented mmékfdllowing criteria
should bdulfilled

1. pH should be<4.6 for controlling diacetyle
2. Complete fermenatation dfitric acid

In Dairy productdiacetyl concentratiors required in small quantity to achievacceptable
flavor. Active diacetyl reductase reduces flavor lynwerting diacetyl to acetoin. he
potential source of the diacetyl reductase is the contaminating bacteria especially Gram

negative psychrotrophs, coliforms and yeasts.
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5.4 PROTEIN METABOLIM

The hydrolysisProteinyields amino acidsThe range of products released by proteolysis is

dependent on two main factors.

1. The componets of the milk protein fraction.



2. Types of Poteolytic enzymes that the starter ongammay possess.

Proteolytic enymes :These enzymes as the name suggests, are specific in their action
and their main function is to catalyse the hydrolytic cleavage of the pejotndis bvhich

from the backbone for the protein molezu

Enzymes acting on peptide bonds are knasrpeptide hyadases. Alarge number of such
enzymeshave been identified till date. In the previous date the name of enzyme were given
by the type of substrate but now a day name is given on the action on peptide bthred.

petidases ahthe proteinases.

The Pepidasesare also known asxgpeptidases which specifically catalytbe hydrolysis

of terminalaminoacid or ai carboxy) groups of the peptide bonds.

The Proteinasesare also known as proteolytic enzymes, endopeptidases or pejutide

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

Yoghurt starter cultures are vkean proteolysis fermentationS. thermopiles and..
bulgaricus may produce proteolysis enzymes during the fermentation wteéelsesa

significant degee of proteolysis and this activity may be important for the following reasons.

1. The enzymatic hydrolysis of milk proteins results in theeration of peptides of

varyingsizes and free amino acids.

2. The possible changes due to proteolysis activity ctectathe plysical structure of

yoghurts.

3. The liberation of amino acids into the milk is essential to the growthSof

thermopiles.

4. Although amino acids and peptides may not contribute directly towlaed$avor of
yoghurt, theyact as precursors for aeges of reactions which produce flavor

compounds.
5.5.Vitamin Metabolism:

INTRODUCTION



Milk and yoghurts contains both fat and wasetuble vitamins and various antimicrobial
compounds synthesized by the starters. The content of these vitamins cthamnggsthe
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.
5.5.1. INCREASE IN VITAMIN CONTENT

Niacin and folic acid areitamins which increase during thetaal manufacture of yoghurt
because they are actively synthesized by the starter cultures. The increases in folic acid and
niacin in yoghut is amounting a8.946 and 22ug/100g respectively and the losses in storage
may exceed these gains in due coun$eéime. Although trere is a decerese in vitamin B12
during yoghurt production, but some species of Lactobacillus and strains of yoghurt starter
culture synthesizevitamin Bi2. S. Thermophilusand Lactobacillus delbrueckiisubsp
bulgaricus synhesise niacin and folic to a lesser exté¢han vitamin B6 during the

production of yoghurt.
5.5.2DECREASE IN VITAMIN CONTENT

Heating of milk even at moderatemperaturer an excess bdissolved oxygen maseduce
significanty the vitamin content. Thenost susceptible ones are vitamin C, B&2 and folic

acid.

1  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 1lit8rug/

1  The yoghurt starter bacteria utilize some of the vitamins present in milk during the
fermentation period to meet their growth requirement. This factor contributes, to some
extent, to a reduction of the nutritional properties of the product. However, the
guartities consumed are dependent on the rate of inoculation, the strain of yoghurt
starter and the conditions of fermentation.

f  Some vitamins decrease during the storage of yoghurfGatBuring the storage of
yoghurt at 8C for 16 days/oss of folic acid ad vitamin BL2 is 28.6 and 59.9%

respectively.



1 A decrease in the biotin, niaciand pantothenic acid contents aagiced due to the
combined effect of microbial catabolism during the incubation period, and chemical

decomposition of these vitamins duricgd storage.
5.5.3BIOSYNTHESIS 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 aciegesidues. 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,

pyrimidinessand some amino acids.
5.5.4BIOSYNTHESIS OF NIACIN

The niacin activity was exhibited by nicotinic acid and nicotinamide. the former compound
constitutes part of the structure of the two importagnzymes, ie NAD and nicotinamide
adenine dinucleotidehmsphate (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 &sti the niacin
synthesized bys.hermophius and Lactobacillus delbrueckisubspbulgaricusmay originate
from nicotinamide fraction arising during formation oNAD and / or NADP. The
biosynthesis of these nucleotides involves, basically, the followiegs : firstly, the
synthesis of a sugaraiety 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.

Nicotinic acid is derived by afv 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 B to activate the required enzymes. As thermophilus and lactobacillus
delbrueckii sbbsp bulgaricusutilizes these vitamins and tryptophan does not accumulate
during yoghurst production, it is possible that these organism use the vitamins for the

synthesis of niacin.



5.5.5Biosynthesis of Vitamins B : The activity of vitamins B6 is exhitad equally by the
following compounds : pyridoxine, pyridoxal and pyridoxamine. The basis 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 &ailable on the biosynthesis of the pyridine ring in microorganisms, plants
or animals : however, the different forms of vitamirs Bre inter convertible by
microorganisms. In view of the limited knowledge of the synthesis of vitamjaseBtheir in
geneal, 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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Lessoni 6

Antimicrobial Compounds ProducedBy Starters and Interactions among Starter

Cultures
6.1. INTRODUCTION

A number of antimicrobial compounds produce from startéture during the preparation of
fermented milk products. hese antimicrobial compounds are very effective against many
Gram pogtive 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 particulars environment.
6.2. ANTIMICRO BIAL 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 / ortioreaf unfavorableconditions

for other bactria. The primary compounds responsible for such effects are.

Organic acids : Lactic acid, acetic acid, prop ionic acid etc.
Hydrogen ion concentration (pH)

Low oxidation reduction potential

H.0, and CQ

Aromacompounds diacetyl, acetaldehyde

Fatty acids

N o g s~ w Do

Bacteriocins

6.2.1.10rganic acids : The main metabolites of LAB fermentation is lacticdadt is un
dissociated atow pH thereforehighly toxic to many microorganisms. Acetic dcand
propionic acid have nre antimicrobialactivity than lactic acid due to its higher pkalues.
The antimicrobial effect of organic acid lies in the reduction of pH as well as the

undissociatéd forms of molecules. The low external pH causes acidification of cell



cytoplasm, whilethe undissociate form of molecule may cause alternation in the cell
membrane permeability, collapsing the elechemical proton gradient thaesults in
disruption of substrate transfer system.
6.2.1.2H202 and CO2 : H2Oz is mainly produced bysame ladobacilli in the presence
flavoproein oxidase or NADH Peroxidaderm glycerol, under aerobic conditions. The
antimicrobial activity of HO; lies in theoxidation ofi SH groups causing denaturationaof
number of enzymesAlso the peroxidaton of membranelipids increasesmembrane
permeability. HO> also acts as a precursor for the production of bactericidal free radicals
such as superoxide;Qandhydroxidesi OH radiclesthat can damage DNA.
Lactobacillus and &ctococcus species can produc®Hwhile 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 anerobic environment which inhibits enzymatic
decarboxylation reactions and the accumulatio€©% in the membrance lipitdilayer may

cause disruptiom permeability.
6.2.1.3Aroma compounds

The aroma compound likgatetyl produced by LAB inhibits the growth of Gram negative
bacteria Diacetyl reactwith the argnine (Arg) binding protein, thuaffecting Arg utilization
thatfinally interfere with protein synthesiSimilarly Acetaldehyde can also baxic to many
bacteria as it izonverted to KO, in the presence of xanthine oxg#aor glucose oxidase

activities that may damage DNA and othertabelic activity of some of the bacteria.

6.2.1.4Fatty acids. Some lactobacillus and.actococci sp posseskpolytic activity under
certain special condition thanay produce significant amount of fatty acids. Sée

unsaturated fatty acids are actigaimst many Gram +ve bacteria.
6.2.1.5 Bacteriocins

These ardow molecular weightproteinaceous compounds produced dpme group of

bacteia which are inhibitory to other closely relat&acterial species.

As shown in Table given belowmany LAB produces dcteriocins & other antibiotic like
proteineous substances. These substances are found to be active against many spoilage and

pathogenic microorganisms. Their nature and structure is not well known, écein.



Researchers claim that these are gngtous in nature,and is encoded by plasmid DNA.

which are stable at low pH, high temperature and many other adeediéans.

Table. Bacteriocins produced by lactic acid bacteria

S.N. | Species Compound
1. Lactococcus lactis subsp lactis Nisin

2 Lactococcus lactis subsp cremoris. Diplococcin
3 Lb. acidophilus Acidolin

4. Lb. helveticus. Lactacin 27

Nisin : It has a narrow spectrum aibacterial activity and does not inhibit Graime
bacteria, yeast, or fungit inhibits closely relativeorganisms likeLactococcus lactisubsp
cremoris It is effective against spore formse Its synthesis occurs as pronigirthe cell and

it further converted to Nin in the outer layer of the cell.
6.3. TYPES OF INTERACTION AMONG STARTER CULTURES

Theinteractions among various type of microorganism in dqudar starter culture may be

Neutralism, Antagonisnnegativeinteractior) and Symbiosis (Positiviateraction).

1. Neutralism : Type of association in whictwo organisms living in a cke proximiy but
not affected by each other. This may be possible due to their difigr@nth reqirement
hence do not affect each otherthsre will be no competition between these twganisms

for nutrients.

2. Antagonism: When an organism adversely affedte environment of anotherganism it
is said to be antagonistioteraction Antibiosis is antagonistic association between two
organisms in which one is adversely affecteg production of antibioticor inhibitory
substances produced bther organisnfor egLactic acid bacteria produce lactic acid that is

inhibitory tootherspoilage organisms.

3. Symbiosis:Symbiasis is definedas the relationship between two (or more) organisms that

live in a close associatioin the majority d symbioss one or botlpartrers gain something



positive fromthe associatiorAlthough thepair of symbionts may be able iwd separately,

but theyalways do better in the long run by living together.

3. Mutualism T It is a form of positive interaction in whiagach partneget benefits from the
association but the manner in which bemefitariesbetween themThere may be exchange
of nutrition between two species i.e is known as Syntrophigsociation results in desired

end products which is not possible by the organisrarsg¢gly.

4. Commensalisms: It refers to a relationship between microorganisms in whbrdly one
partner get benefifrom the association but the other organismurnis get nothingHost
organism by its growtlaffectsthe physical or physiological emonment in such a way that
favors the growth of dependegoartner.egFacultativeaerobesrganism grows and produces
anaerobic conditions that favotlme growth ofother anerobic organisrBimilarly growth of
yeasts in sugar solutions reducd® concemtition of sugar thus permitting growth of

bacteria.

5. Synergism: The ability of two or more organisms tailg about an effect greater théhe

sum of their individual effectsThe changes are usualthemical in nature that caat be
accomplisked aloneThe best example is tlassociatiorof two microorganism ithe yoghurt
starer culture The two lactic acid bacteria grown in association in milk and their growth is
considered symbiotic becauttee rate of acid development gseater when mixed yoghurt
cultures of S. thermophilusand Lactobacillus delbrueckii subsp bulgariclmcteria were
used ascompared tathe single strainghus the initial acidoroductionis mainly due to

activity of S. thermophilusind later on by.actobacillus delbrueckii subsp lgaricus.

Lactobacillus delbrueckii subsp bulgaricgimulatesS. thermophilusy releasg several
amino acids likenistidine, leucinglysine, cystine, valine etc. The most important amino acid
for the growth ofS.thermophilugs Valine. S. thermophils prodwces formic acidpyruvic
acid and carbon dioxidevhich promote the growth oEactobacillus delbrueckii subsp

bulgaricus.



LESSON-7.
Activity & Purity test and Standards for Starter cultures

7.1. INTRODUCTION:Forthe production of a ferrmed milk productthe starter cultures,
should be chosdmased on certain propertiésstarter culture should be assessed regularly at
its each steps for better production. They should be imposed a aqualitpl testshat

include organoleptic, chenatand microbiological tests.

7.2. 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 sabte 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

7.3. ACTIVITY AND PURITY TESTS OF STARTER CULTURES: Activity and puriof

starter cultures can be assedsgarganoleptic, chemical and microbial tests such as:
1. Organoleptic tests

2. Chemical tests

3. Microbial tests

4. Purity tests

5. Activity rating tests



7.3.1 Organoleptic testsThis type oftests require high degree of training and experience.

These tests nasure thefollowing Qualities i.e appearance, flavour and consistency

8.3.1.1 Body:The body should befirm like custard. Thdaexture ofcurd could be able to
retain its shape during gentle tapping of culture and on pronounced tapping it should break
clearly and smoothly.

7.3.1.2 Texture: It should not have lumps and whey pocketholild be smooth and viscous

after thorough agitation.
7.3.1.3 Taste: The taste should be clean and acidic, widmyubitterness and saltiness.

7.3.1.4 Flawur: Should hag typical aroma and shoulte free fromany off flavor andaroma

like maltinessbittemess rancidty, unclean, yeasty, fruity and putrid etc.

7.3.2 Chemical tests: Various chemical parameters used for assessing the activity of starters

include
Titratable acidity
Volatile fatty acid
Tests for diacetyl and acetyl methyl carbinol
Tests for acetaldehyde

7.3.3 Microbiological methods: The microbiological methods used for determining the

activity and purity of starter microcagism are

A Pl ate count test

A A Direct microscopic count test: The ratio
A Selective plating techniques

A Tests for the contaminants | ike colifor ms

of culture). Startemust be free from foreign bacteria, yeasts and molds.

7.3.4. Purity tests: The purity of the starters is evaluated by usioroscopic or chemical

tests.



7.3.4.1 Microscopic examination: This is per

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

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

Tube method: 1.Add 1.0 ml of hydrogen peroxide (3%) to about 5 ml of starter aoltare
test tube, The apperence of gas bubbles indicates a positive test the absence of bubbles
indicates negative te#ts lactic acid bacteria are catalase negative a positive reaction

indicates gross contamination

2. Slide Mthods: An alternative proceduréor doing catalse test is tio perform by slide
methods.Transfer two to three drops of actively growing culture on a clean glass slide and
add equabrops of 3% hydrogen peroxide on therter culture. Presence of effervescence
indicates possible contamiman of the given culture. Lactic acid bacteria are negative for

catalase and thus catalase positive test indicates contamination of starters

Catalase
Test

Fig: Catalsae test in Lab

7.3.5. Activity rating: An activity or vitality test help helps to determine the rate of cid
development by a starter culture prior to its use in the processing Vat for example A

stimulated cheese making process in the laboratory

For determining the activity of starteulture following tests should be performed in the

laboratory

7.3.5.1. Titratable acidity tesfThe activity of Starter culture is directly related to its ability to

increase titrble acidity in milk during specific intervals of timélowever for better



reliability and reproducibilitythe exact condition chosen for the test should be well defined.
Theactive fast acid producehe Titrdableacidity should not be less than 0.8% lactic acid at
30 wi t hQulturesloSehtheir activity due to acidjury if they are allowed to over
ripen. A developed acidity in the range of 0.7 to 0.85% LA is optimal.

7.3.5.2. Horral Elliked s t est : |t I esophilis tgpa of rowdtursnTheytestfiso r M
based on using a higher inoculum i.e 3%in autoclavednstitated non fat dry milk and
determinesthe TA aft er 3 . bhe test can be aNdévsd in the given flow
diagramme
Steps :

Prepare and sterilize the reconstituted milk.

|

Take25ml  of heat t r ereconstituted n@llO(NEDM)laAd adafi starjer
culture @ 3%ml into skim milk tubewith a sterilized pipettes

{

Place tubes of milk in a water batha temperature &0-42°C .

{

Incubateat 37.7°C for 3 1/2 hours.

|

At the end of incubation periaghch tubelO g curd is takem a porcéain dish anditrated
with N/10 sodium hydroxide witphenolphthalein indicator.

Fig:Fl ow di agramme of :Horr al Ell i ker ds t e
Titratable acidity is calculated and expressed as percent lactic acid as follows:
Acidity (% LA)= 9xVolumeof NaOH cansumed(ml)x Normalit of NaOH/Weight of curd
sample taken for titration.
Results and Interference:

1. A titration value of 0.4 %LA or higher indicates that the culture should be well suited for
cheese making.

2. A titration value of 0.30% to 0.35 % Lixdicates a slow culture.



3. Starter developing acidity of less than 0.30 % LA invariably graded as inactive as it
produces little or no acid during cheese manufacture.

7.3.5.2. Resazurin Reduction time test: Preparationof dye solution: Autoclave 200nof

distilled water in light resistant flaskransfer one tablet of é&sazurin tablet with clean dry

forcep to the flask of hot wateAllow the tablet to dissolve and let codbwn. With the
pipette,transfer 1 ml of Rsazurin solution ankhbelthe tube Now transfer 10 ml of starter

culture to the tubdncubate itat37 t i | | compl ete reductandbn of

Record the reduction time

7.3.5.3Voges Proskauer tegCreatine Test: Creatine test is a biochemical test generally
carried outo check aroma anfthvor producing mesophilic cultures (Dahiagsi,Buttermilk,
cultured cream, cottage cheese etmyl it based on the ability of such culture to produce
acetyl methyl carbinol and diacety¥hich form pinkcoloredcomplex with creatine. This test

is also used to detect gas producing organisms in a ndargasag culture.

Procedure: Inoculate active culture @ 1% in 2ml of citrate bidtdw add | ml of 0.5%
creatine solution and 1 ml of 5%naphthol freshly dissolved in 2.5 N NaOPlace the tube
in dark for 10 minutes and observe the development of pink cdlberappearancef pink
color is indicative of flavor production.

Fig: VogusProskauer Test



